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29 February 2016
Patty Bennett
Humane Handling Enforcement Coordinator
Office of Field Operations
Food Safety and Inspection Service
U.S. Department of Agriculture
RE: Comments on Docket No. FSIS-2015-0002; National Residue Program: Monitoring Chemical Hazards;
Request for Comments
Dear Dr. Bennett,
The International Life Sciences Institute (ILSI), North American branch appreciates the opportunity to share ILSI
North America’s supported scientific work published in peer‐reviewed journals in response to Docket No. FSIS2015-0002; National Residue Program: Monitoring Chemical Hazards.
ILSI North America is a public, non-profit foundation that actively collaborates with government, academia and
provides a neutral forum to advance understanding of scientific issues related to the nutritional quality and
safety of the food supply by sponsoring programs, workshops and publications. The core mission of the ILSI
North America organization is to foster the advancement of science for the benefit of the health of the public,
and specifically through the Food and Chemical Safety Committee, the Committee’s work promotes a sciencebased determination of the chemical safety of foods to support the advancement of public health. ILSI North
America’s programs are supported primarily by industry member companies. ILSI North America’s Technical
Committee on Food and Chemical Safety developed these comments, the evidence submitted herein provides
sound science and supports U.S. Department of Agriculture (USDA) Food Safety Inspection Service’s (FSIS) new
structured approach for chemicals without established tolerances.
Advancements in analytical methodologies are allowing for progressively lower detection limits, resulting in
unexpected chemicals being detected in air, water, food, etc. Developing a threshold of exposure below which
the risk of these chemicals to health is of negligible concern is important and needs reinforcement when
prioritizing the toxicological risks of these chemicals. The Threshold of Toxicological Concern (TTC) is a pragmatic
tool that provides a scientifically sound, and conservative approach to prioritizing the need for chemical-specific
safety data in the absence of sufficient toxicological data. TTC can assist risk assessors to prioritize the
assessment of chemicals and requirements for specific data generation for substances with low-level exposures
by demonstrating that no appreciable human health risk would be anticipated to occur. As the scientific validity
of TTC has been established, ILSI North America encourages USDA FSIS to consider the incorporation of the TTC
approach into its new structured approach for the monitoring of chemicals without established tolerances.
The U.S. Food and Drug Administration’s (FDA) Threshold of Regulation (ToR) approach is based on the
same general TTC principles. For example, the U.S. FDA ToR has been used to evaluate the safety of
packaging constituents. The TTC provides a well-established, sound scientific approach to the
prioritization of risk during the safety assessment process, thus allowing for resources to be
appropriately allocated against substances with the highest risk. ILSI North America Technical
Committee on Food and Chemical Safety supported a project that focused on refining the TTC approach
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for risk prioritization of trace chemicals in food (Felter et al. 2009). This project brought the concept of
exposure and the incorporation of commonly conducted genotoxicity assays into the TTC concept. To
facilitate the proper use of the TTC, the ILSI North America Technical Committee on Food and Chemical
Safety supported another study that describes issues to be considered by risk managers when faced
with the situation of an unexpected substance in food (Canady et al. 2013). Case studies were 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. While the TTC itself is a risk
assessment tool, the type of prioritization and categorization used in the TTC can be translated into
guidance on the amount of testing to perform on a new chemical with insufficient toxicological data and
without established tolerances.
The idea of a de minimis level (DML) may prove challenging when considering chemical hazards that
exist at some measurable concentration endogenously in the environment. For example, periodic
findings of heavy metal residues in a food or food ingredient require an ability to discern how the
resultant exposure to a particular hazard compares with acceptable exposure limits, particularly when
put in context with the potential background dietary exposure. The ILSI North America Technical
Committee on Food and Chemical Safety developed the Meta Dietary Exposure Screening Tool (MDEST;
ilsinatool.org ) to help scientists and risk managers evaluate the potential public health risk associated
with the detection of select heavy metals in foods and food ingredients (Tran et al. 2014). The tool
provides risk managers with information that can be used to help determine risk, including prioritizing
resources associated with conducting an in-depth exposure assessment. Default exposure limits for five
metals commonly found in the food supply (e.g., arsenic, cadmium, chromium [III and VI], lead, and
mercury) were derived based on publicly available chronic daily exposure limits such as the tolerable
daily intake (TDI), the provisional TDI (PTDI), or oral reference doses (RfDs). Background exposure from
food and water sources was taken into account to derive the default exposure limits in MDEST. The
background exposure levels in the MDEST could help inform the risk assessor in the determination of a
DML for chemicals without established regulatory tolerances as described in the USDA FSIS new
structured approach for chemicals without established tolerances.
Incorporation of tiered assessment principles such as the TTC approach and exposure assessment methodology
as described in the MDEST would strengthen the USDA FSIS new structured approach and will bring it in line
with the modern toxicological and regulatory paradigms. Once established, the application of this new scientific
approach could be extended to all USDA FSIS regulated products.
ILSI North America would like to thank USDA FSIS for their consideration and appreciates the opportunity to
share our scientific work relevant to the USDA FSIS new structured approach for chemicals without established
tolerances to efficiently and effectively address public health concerns.
Sincerely,

Eric Hentges, Ph.D.
Executive Director
ILSI North America
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a b s t r a c t
Due to ever-improving analytical capabilities, very low levels of unexpected chemicals can now be
detected in foods. Although these may be toxicologically insigniﬁcant, such incidents often garner significant attention. The threshold of toxicological concern (TTC) methodology provides a scientiﬁcally defensible, transparent approach for putting low-level exposures in the context of potential risk, as a tool to
facilitate prioritization of responses, including potential mitigation. The TTC method supports the establishment of tiered, health-protective exposure limits for chemicals lacking a full toxicity database, based
on evaluation of the known toxicity of chemicals which share similar structural characteristics. The
approach supports the view that prudent actions towards public health protection are based on evaluation of safety as opposed to detection chemistry. This paper builds on the existing TTC literature and recommends reﬁnements that address two key areas. The ﬁrst describes the inclusion of genotoxicity data as
a way to reﬁne the TTC limit for chemicals that have structural alerts for genotoxicity. The second area
addresses duration of exposure. Whereas the existing TTC exposure limits assume a lifetime of exposure,
human exposure to unintended chemicals in food is often only for a limited time. Recommendations are
made to reﬁne the approach for less-than-lifetime exposures.
Ó 2009 Elsevier Ltd. All rights reserved.
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1. Introduction
More than 40 years ago, Frawley delivered an eloquent speech
to the British Industrial Biological Research Association (BIBRA) annual meeting, presenting a pragmatic approach that could be used
to manage the safety and regulate the growing proliferation of food
packaging constituents (Frawley, 1967). The title of his talk was
‘‘Scientiﬁc Evidence and Common Sense as a Basis for Food-Packing
Regulations.” In the decades that followed, the increasing need for
a pragmatic, protective approach for assessing these packaging
materials led to the development and the statutory adoption by
the US Food and Drug Administration (FDA) of a threshold of regulation (TOR) approach for indirect food additives (Federal
Register, 1995). The TOR offered a pragmatic way to address the
safety of food packaging materials that had the potential to migrate
into food at a level that was considered to be sufﬁciently low such
that it would be considered to be toxicologically insigniﬁcant, even
in the absence of chemical-speciﬁc toxicity data.
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The TOR approach was subsequently expanded into a tiered
threshold of toxicological concern (TTC) decision tree, based on
the same principles (Kroes et al., 2004; Munro et al., 2008). Both
the Joint Food and Agriculture Organization of the United Nations/World Health Organization (FAO/WHO) Expert Committee
on Food Additives (JECFA) and the European Food Safety Authority (EFSA) have been using a TTC-based approach for evaluating
the safety of ﬂavoring agents, which are generally associated with
very low levels of exposure through the diet (JECFA, 1996, 1997;
EFSA, 2004; Renwick, 2004). Since the origin or source of a chemical (e.g., whether it is intentionally used as a food packaging
material or is added as a ﬂavor ingredient versus whether it is
present as a contaminant) has no bearing on its inherent toxicity,
a generally applicable threshold approach based on the potential
exposure is considered to be appropriate for any low-level exposure. Indeed, the TTC decision tree has also been recommended as
a tool to evaluate low-level exposures associated with contaminants in pharmaceuticals and personal and household products
(e.g., EMEA, 2006, 2008; Muller et al., 2006; Blackburn et al.,
2005; Kroes et al., 2007). This paper describes the extension of
the TTC decision tree as a tool to evaluate the safety and prioritize the further evaluation of any low-level chemical in food,
including unintentional as well as intentionally added substances.
It is acknowledged, however, that not all classes of chemicals can
currently be evaluated with the TTC method because they were
not included in the database used to establish the TTC limits
(e.g., metals, proteins). It is also recognized that the TTC method
described herein is limited to use in evaluating and substantiating
safety for systemic endpoints; additional analyses would be
needed to assess site-of-contact effects (e.g., irritation,
sensitization).
The ﬁrst objective of this paper is to emphasize the need for
putting low-level detections of unintended chemicals in food in
the context of safety assurance, using TTC as a tool to facilitate
prioritization of responses and resource allocation. As a general
principle, the ﬁrst priority is always to avoid the occurrence of
unintended chemicals in foods and, if detected, to take steps to
remove such chemicals as appropriate. The TTC approach would
be employed as a ‘‘screening” assessment to allow risk managers
to make rapid, scientiﬁcally defensible, consistent, and transparent decisions as to the urgency of responses needed to address
the discovery of unexpected chemicals in food – responses that
are protective of public health yet do not unnecessarily alarm
consumers or disrupt trade, and that reﬂect a prudent and
responsible use of limited resources. It is emphasized that the
TTC limit is a conservative screening tool and that exposures
exceeding this level are not necessarily associated with any
health concerns but rather are ﬂagged as warranting further
evaluation.
This paper also describes two areas in which the established
TTC approach can be modiﬁed to increase its utility for addressing
issues often associated with unintended chemicals in food. First is
the reﬁnement of the TTC-based decision tree published by Kroes
et al. (2004) to allow for the inclusion of Ames data on chemicals
with structural alerts for genotoxicity. Because Ames data are often the only data available in the publicly available literature or
easily generated for newly identiﬁed chemical contaminants, it
is important that the tiered approach offers a way to integrate
these data into the appropriate TTC-based exposure tier. Second
is the establishment of an approach that recognizes that higher
limits can be established for short-term exposures. The TTC method was originally developed as a tool to evaluate potentially
chronic exposures arising from food packaging materials, and as
such was based on lifetime toxicity studies in rodents. Accordingly, these exposure limits can be modiﬁed to address shortterm or intermittent exposures.

2237

2. Background
2.1. Basis of safety assurance for foods
Food safety has long been a concern of regulatory agencies and
the food industry. Many programs are already in place to prevent
food safety issues from arising during food processing and production. Current good manufacturing practices (CGMPs) are a primary basis by which food manufacturers and processors prevent,
reduce, control, or eliminate food borne hazards (CFR, 2003). In
addition, the Hazard Analysis and Critical Control Point (HACCP,
1997) system provides the means to analyze and target speciﬁc
steps in food production (critical control points) for prevention,
mitigation, or control of food contamination. Adherence to tight
speciﬁcations for purity of ingredients reduces the likelihood that
unintended chemicals are present. To this end, the Food Chemicals Codex (FCC, 2008) plays an important role. The FCC is a compendium that establishes, with public and stakeholder guidance,
internationally-recognized scientiﬁc standards for identity and
purity for food–grade substances.
CGMPs, HACCP, FCC, and the associated food regulatory apparatus have been effective tools to ensure the safety of the food
supply. Nonetheless the presence of unwanted chemicals in foods
can occur in rare situations such as:
 Incorporation of contaminants from the environment (air, soil
and water) into foods.
 Unexpected formation of chemicals during processing and preparing foods.
 Naturally occurring chemicals present in the foods.
 Accidental release of chemicals used in food production.
 Unrecognized failure of HACCP (e.g., intentional adulteration of
foods or ingredients).
It is important to emphasize that the TTC approach is to be
used in addition to strict adherence to CGMP and HACCP practices.
It does not by any means replace them. Moreover, the TTC should
not be applied to compounds where adequate toxicity data (longterm studies) are available and allow for a compound-speciﬁc risk
assessment. And ﬁnally, it is noted that there are many other considerations that go into a risk management decision such that it
may be appropriate to take steps to reduce levels of an unwanted
chemical even if it is determined that the potential human exposure is below a level of safety concern as determined by the TTC.
These decisions must be made on a case-by-case basis. The
remainder of this manuscript addresses only the evaluation of human safety, and how TTC can be used as a screening tool to help
with this evaluation.

2.2. The importance of establishing TTCs
Several factors demonstrate the need to conﬁrm the TTC
method as a valid risk assessment tool for use in evaluating
low-level exposures to unintended chemicals in food. A primary
driving force is the continuing improvement in analytical chemistry capability and lowering of limits of chemical detection. Very
low residues of unintended chemicals (often in ppb or ppt
amounts) can now be detected in foods, raising the question of
potential public health risk from dietary exposures. This trend
in improved analytical capability will continue. Hence, industry
and regulatory agencies will likely need to address a growing
number of issues associated with detection of very low levels of
chemicals in food. This will be particularly challenging given that
resources within both government and industry are becoming
increasingly limited.
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The problem is exacerbated in the case of chemicals for which
little or no toxicological data are available. An assurance of safety
or assessment of potential risk is needed quickly to determine
what risk management actions, if any, are warranted. However,
there is generally little time to develop toxicology data for a newly
detected or novel chemical. Even if time exists, in light of increased
pressure to reduce the use of animals for toxicology testing, sufﬁcient consideration should be given to alternatives and restricting
animal testing to those situations in which it is warranted. A scientiﬁcally sound TTC-based approach would reduce the need to conduct toxicology studies on such chemicals present in foods below
the appropriate TTC-based exposure limit.
The FDA is already using a TOR6 approach to assess risks of food
contact materials that have the potential to migrate into foodstuffs
at low levels (discussed in detail below). The approach has allowed
the FDA to focus on the assessment of exposures to chemicals that
may have the potential to exert a signiﬁcant impact on human
health rather than on trivial exposures. Moreover, FDA reviews made
using the TOR require signiﬁcantly less resources than petition reviews and take less time. Decisions to approve a new material can
be made relatively quickly (within 4–5 months) in contrast to the
1–4 years required for the review of a new food additive petition
and the issuance of a regulation, the only route available prior to
the TOR process. Through the TOR, the TTC approach is already in
place and effective in regulatory situations involving foods. It is a
natural extension to consider its application as a tool for screening,
prioritization, and subsequent risk management associated with
the detection of very low levels of newly detected chemicals in food.
This includes expansion of the TTC method for use with contaminants that are expected to be present in the food supply for a limited
time, as contrasted with the TOR approach that is intended to address a migrant from food packaging materials that might be expected to be present on an ongoing basis.
3. Threshold of toxicological concern
3.1. Deﬁnition and rationale for TTCs
The TTC is a human exposure threshold for chemicals below
which there is expected to be no signiﬁcant added risk to health
assuming a lifetime of exposure (e.g., Kroes et al., 2004, 2005;
Barlow, 2005; Munro et al., 2008). Central to the establishment
of TTC levels is acceptance of the concept that a safe level of exposure for humans exists for all chemicals. Recognition that practical
thresholds (based either on biological or de minimis considerations)
exist for both non-carcinogens and carcinogens is the essential
foundation that supported the development and acceptance of
TTC-based exposure limits. Regulatory agencies worldwide accept
that there is a de minimis risk level, below which regulatory action
is not warranted. For carcinogens, this ranges from doses that
correspond to lifetime incremental upper bound cancer risks of 1
per 100,000 to 1 per 1,000,000. It is noted that for carcinogens that
are not DNA-reactive, a threshold-based approach similar to that
used for non-carcinogens may be more appropriate. This is consistent with risk assessment methods published by the US EPA (2005)
and the EFSA (2005). For non-carcinogens, the NOELs from toxicology studies serve as the basis for establishing an acceptable exposure level. Extensive analysis of data from hundreds of the
chemicals that have undergone toxicology testing allows us to
study the distribution of carcinogenic or toxicological potencies
of those chemicals. These distributions are used as the basis for

6
Although the FDA refers to its practice as threshold of regulation, it is essentially
equivalent to TTC.

deriving a conservative estimate of a sub-threshold dose for a
chemical for which little or no toxicological data are available.
3.2. Brief history of the development of TTC
One of the ﬁrst efforts to describe a TTC was that by Frawley
(1967) who set out to ‘‘determine a level of use of any food-packaging component which could be considered to be safe regardless
of its degree of toxicity.” In other words, even for highly toxic
chemicals, if the exposure is sufﬁciently low, there would be no
safety concern following one of the basic tenets of toxicology,
‘‘The dose makes the poison” (c.f., ‘‘Casarett & Doull’s Toxicology:
The Basic Science of Poisons.” Fourth ed., 1991). The issue, then,
was how to establish that exposure limit in a way that assures protection of human health even for a chemical lacking toxicity data.
The starting point for establishing a TTC was to assume that an
untested chemical might pose a cancer hazard, as this is generally
the hazard associated with the most stringent exposure limits. An
acceptable exposure limit, then, could be based on an analysis of
existing data from rodent cancer bioassays, a robust summary of
which has been published in the carcinogenic potency database7
(CPDB) (Rulis, 1986; Munro, 1990). At the time it was ﬁrst considered for use in developing a TTC-based exposure limit, the CPDB contained the results of more than 3500 long-term chronic animal
studies of 975 chemicals. The CPDB also published TD50’s for each
target organ shown to have a signiﬁcant increase in tumor incidence
associated with exposure to the chemical. The TD50 is a measure of
carcinogenic potency reﬂecting the estimated dose required to induce tumors in 50% of the tested animals (corrected for the background tumor rate). The FDA analysis focused on 477 rodent
carcinogens (FDA, 1993; Rulis, 1992). The oral cancer potency value
(TD50) for the most sensitive site/species combination was chosen
for each chemical, and the distribution of potencies was determined.
FDA assumed that this distribution would be representative of both
known and unknown carcinogens, and that it would be very unlikely
that an unstudied compound would both be a carcinogen and have
an intrinsic carcinogenic potency greater than observed for the studied compounds. On the basis of the range of potencies exhibited by
these 477 animal carcinogens, FDA determined that most carcinogens pose less than 1 in 1,000,000 lifetime risk if present in the diet
at 0.5 ppb based on commonly used statistical methods for evaluating cancer risk (Rulis, 1992). Munro (1990) extended this evaluation
to consider the impact of assumptions made on the fraction of untested chemicals that might, in fact, present a cancer hazard. If one
were to assume that 50% of untested chemicals were carcinogenic,
then the TOR of 0.5 ppb would be protective for 82% of chemicals
at a risk level of 1 in 1,000,000. If, however, one were to assume that
only 10% of untested chemicals were carcinogenic, then the TOR of
0.5 ppb would be protective for 96% of chemicals at a risk level of
1 in 1,000,000. Furthermore, a re-analysis of a later update of the
Gold’s CPDB (1995) that included more than 700 chemicals showed
a similar distribution of cancer potencies (Cheeseman et al., 1999;
Kroes et al., 2004). Therefore, a 0.5 ppb dietary concentration (equating to an intake of 1.5 lg/day) is widely considered to be protective
of public health, even if the substance were later shown to be a carcinogen. To ensure a higher level of protection, and to comply with
the Delaney Clause,8 the FDA excluded known genotoxic compounds
or suspect compounds with structural alerts for genotoxicity.
Whereas the FDA’s TOR was based on assumption that an untested chemical might have the potential to be a carcinogen, the

7
The CPDB was established and maintained by Lois Gold and colleagues (reviewed
in Kroes et al., 2004) and is available online:<http://potency.berkeley.edu/cpdb.html>.
8
The Delaney Clause is a 1958 amendment to the Food, Drug, and Cosmetic Act of
1938, that prohibited the FDA from approving for use in food ‘‘any chemical additive
found to induce cancer in man, or, after tests, found to induce cancer in animals.”
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question was soon asked whether one could further expand the
TTC approach by establishing tiers with higher exposure limits
for chemicals that had no structural alerts to raise a concern for
genotoxicity (i.e., the non-carcinogens). To address this need,
Munro et al. (1996) compiled a large database of 613 chemicals
from which the distribution of oral NOELs from chronic studies,
subchronic studies (with an uncertainty factor applied), and reproductive/developmental toxicity studies was derived. This database
included a wide variety of chemical structures, including pesticides, food additives, and industrial chemicals. The compounds
were then grouped into three potency classes based on chemical
structure using a decision tree approach described by Cramer
et al. (1978). The Cramer et al. decision tree consists of a comprehensive set of 33 questions that can be used to classify chemicals
into qualitative categories that consider structure, but also recognize pathways for metabolic activation and detoxiﬁcation, presence of a chemical as an endogenous component in humans,
propensity for hydrolysis, and other factors. The three Cramer Classiﬁcations include:

Table 1
Cramer’s class and exposure thresholds for non-carcinogens (Munro, 1996).
Cramer
classiﬁcation

Number of
chemicals

Fifth percentile NOEL
(lg/kg/day)

Threshold dose for
humans (lg/day)a

I – Low
toxicity
II – Moderate
toxicity
III – High
toxicity

137

2993

1800

28

906

540

447

147

90b

a
Based on application of a 100-fold uncertainty factor and a body weight of
60 kg.
b
Munro et al. (2008) have suggested that this TTC tier can be increased to
180 lg/day if organophosphates are screened out (and assigned a separate TTC of
18 lg/day).

with structural alerts. As with the FDA’s TOR, the approach published by Kroes et al. (2004) assumes daily exposure over a
lifetime.
4. Other applications of TTC as a risk assessment tool

 Class I – Substances of simple chemical structures and efﬁcient
modes of metabolism that would suggest a low order of
toxicity.
 Class II – Substances for which there is less knowledge about
metabolism, pharmacology, and toxicology, but for which
there is no clear indication of toxicity.
 Class III – Substances of a chemical structure that permits no
strong initial presumption of safety, or that may even suggest
signiﬁcant toxicity.
The distribution of NOELs for chemicals in each of the three Cramer Classes was then plotted and the 5th percentile NOEL for each
class was calculated. The 5th percentile NOEL was then converted
to the human exposure threshold (expressed in units of lg/day) by
assuming a 60 kg body weight applying a 100-fold uncertainty factor to extrapolate from rodents to humans and to account for intrahuman variability. The TTC method is a conservative approach
since it is based on the assumption that the NOEL for a chemical
will not be signiﬁcantly lower than the lower end of the distribution (the 5th percentile) of NOELs for the other chemicals that fall
into the same Cramer class. Using the 5th percentile as a benchmark, the actual NOEL value for the untested chemical will likely
be substantially higher than the TTC. The result of this analysis
for 613 chemicals is shown in Table 1.
Since being proposed by Munro (1996), extensive use of the TTC
limits based on the Cramer classes has been made by JECFA in its
safety evaluation of close to 2000 ﬂavor substances (Renwick,
2004; Munro, personal communication). It is noted that in these
evaluations, toxicity and metabolism data are included where
available and reliance on TTC as providing assurance of safety is restricted to those substances for which exposure is below TTC and
the substance is predicted to be metabolized to innocuous
products.
3.2.1. Expanding TTC to include chemicals with structural alerts
As described above, the FDA TOR is based on the distribution of
potencies of rodent carcinogens, but the exposure limit of 1.5 lg/
day speciﬁcally excludes all chemicals with a structural alert for
genotoxicity. After the TTC-based approach was expanded to include non-cancer tiers, the question was subsequently asked
whether it couldn’t also be expanded to include chemicals that
do have a structural alert for genotoxicity. This question was addressed by an Expert Group convened by the International Life Sciences Institute European Branch (ILSI Europe). The outcome of this
work, which was published by Kroes et al. (2004) was that another
tier was added, with an exposure limit of 0.15 lg/day for chemicals

In addition to the application of TTC as a tool for evaluating food
packaging materials and ﬂavor chemicals, this approach has been
recommended as a pragmatic approach for ensuring safety to other
low-level exposures.
4.1. Pharmaceuticals
The Committee for Medicinal Products for Human Use (CHMP)
of the European Medicines Agency (EMEA) has established a TTC
value of 1.5 lg/day for a genotoxic impurity in a pharmaceutical
(EMEA, 2006). While the CHMP recognized the TTC-based exposure
limit of 0.15 lg/day recommended by Kroes et al. (2004) for chemicals with structural alerts for genotoxicity, its guidance speciﬁed
that for application of a TTC in the assessment of acceptable limits
of genotoxic impurities in drug substances a value of 1.5 lg/day,
corresponding to a 10 5 lifetime risk of cancer can be justiﬁed as
a beneﬁt exists for pharmaceuticals.
The EMEA (2006) guidance left open the possibility of using a
staged TTC under certain conditions such as short-term exposure
periods of undeﬁned duration. The topic of short-term exposures
was addressed further by Muller et al. (2006), who calculated
‘‘allowable daily intake” values for exposure durations ranging
from 1 month to >12 months. All exposures >12 months were considered by the authors to represent potential lifetime exposures,
unless speciﬁc arguments are given to the contrary. The calculated
allowable daily intake values were considered not to pose an unacceptable risk to either human volunteers or patients at any stage of
clinical development and marketing of a pharmaceutical product.
EMEA (2008) further addressed the issue of short-term exposure
for genotoxic impurities in drugs, and based its recommendations
on those published by Muller et al., 2006, but modiﬁed these recommendations by including an additional 2-fold uncertainty factor
to ‘‘account for deviations from the linear extrapolation model.”
The resulting recommended exposure limits were as shown in Table 2 for increasing durations of exposure.
4.2. Consumer products – ingredients in personal and household care
products
Blackburn et al. (2005) examined the applicability of the Munro
et al. (1996) analysis to chemicals used in personal and household
care products. They conﬁrmed that the chemical categories represented in the original Munro analysis were broad enough to be
considered to be representative of the categories of chemicals commonly used in consumer products. Moreover, the distribution of
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Table 2
Short-term exposure limits for genotoxic impurities in drugs.

Single dose
61 month
1–3 months
3–6 months
6–12 months
>12 months

Muller et al. (2006)

EMEA (2008)

(not listed)
120 lg/day
40 lg/day
20 lg/day
10 lg/day
1.5 lg/day

120 lg/day
60 lg/day
20 lg/day
10 lg/day
5 lg/day
1.5 lg/day

NOELs of these consumer product use chemicals was within the
range of NOELs for the broader collection of chemicals in the database evaluated by Munro et al. (1996). Thus, they concluded that
the TTC values associated with the three Cramer classiﬁcations
proposed by Munro et al. (1996) are sufﬁciently protective for
exposure to chemicals used in personal and household care
products.
5. Proposed framework for establishing TTCs for unintended
chemicals in food
This framework, presented in Fig. 1, addresses the safety of dietary exposures to low levels of chemicals detected in foods for
which little is known about their toxicology. It builds on the framework published by Kroes et al. (2004), which was based on the
well-established concepts of TTC that have been described in the
literature and suggested by others as being appropriate for application to unintended chemicals in food (e.g., Munro et al., 1996;
Kroes et al., 2000, 2004; O’Brien et al., 2006). It is worth reiterating
that the TTC is not intended to be used for compounds where adequate toxicity data are available and sufﬁcient to allow for a compound-speciﬁc risk assessment and that initial consideration of
using the TTC should include a comprehensive literature search
and review of relevant toxicological data on the chemical or chemical class of interest. It is also emphasized that the TTC method described herein is limited to use in evaluating and substantiating
safety for systemic endpoints; additional analyses would be
needed to assess the potential for site-of-contact effects (e.g., irritation, sensitization).
The tiered TTC ﬂow diagram published by Kroes et al. (2004),
and recently reﬁned by Munro et al. (2008), serves as the initial basis for evaluating low-level contaminants in food. Munro et al.
(2008) reanalyzed the data for Cramer class III without organophosphates (since they are treated separately and assigned a TTC
of 18 lg/day in the decision tree) and concluded that the class III
TTC tier should be increased from 90 to 180 lg/day. The concepts
described in this paper provide an opportunity to further reﬁne
this approach.
5.1. Exclusions: chemicals for which TTC should not be applied
Consistent with Kroes et al. (2004), certain chemical groups
would be excluded from using TTC to support an acceptable exposure limit. Speciﬁcally, proteins and heavy metals are excluded because these were not part of the database that was used to develop
the TTC approach. Chemical groups with the potential to be highpotency carcinogens are also excluded. These include aﬂatoxinlike, azoxy, and N-nitroso compounds. It is emphasized that these
chemicals are excluded because there has not been a sufﬁcient
analysis of the potency of these chemicals to support an appropriate TTC-based exposure tier; it is likely that the principle of TTC
can still be applied once a sufﬁciently robust evaluation has been
done. The exposure limit for these high-potency carcinogens
would likely be signiﬁcantly lower than the current limit of
0.15 lg/day for genotoxic chemicals in general. In addition, poly-

halogenated dibenzo-p-dioxins, -dibenzofurans and -biphenyls
are excluded from because there is an established risk assessment
approach for such compounds and because the linearized low-dose
method used for estimation of cancer risk is not appropriate for
these nongenotoxic carcinogens which have the potential to bioaccumulate and exhibit signiﬁcant species differences in toxicokinetics. Finally, it is also important to note that chemicals with highly
unique structures that would be considered to fall outside the domain of the hundreds of chemicals in the databases that were used
to establish the tiered TTC limits should be excluded too. Thus, it is
emphasized that the use of TTC as a risk assessment tool requires
judgment and some expertise in both toxicology and chemistry.
5.2. Chemicals with structural alerts: TTC tier = 0.15 lg/day
The second step in the process of determining the appropriate
TTC tier is to determine whether the chemical contains structural
alerts for genotoxicity. These alerts have been described by Ashby
and Tennant (1991) and Cheeseman et al. (1999). The identiﬁcation of these alerts is facilitated by a number of computer programs
including DEREK (‘‘deductive estimation of risk from existing
knowledge”; http://www.chem.leeds.ac.uk/luk/derek/) and MCase.
(Multi Computer Automated Structure Evaluation, http://
www.multicase.com/products/prod01.htm). More recently, a program called ToxTree-Carc has been developed which will also identify the structural alerts needed for application of the TTC decision
tree (Benigni and Bossa, 2008). This program is available on the
website of the European Commission’s Joint Research Centre.9
5.3. Chemicals with structural alerts but negative Ames data (or other
sufﬁcient weight-of-evidence for genotoxicity): TTC tier = 1.5 lg/day
The Kroes et al. (2004) decision tree does not explicitly address
how to handle chemicals with structural alerts (raising a concern
for possible genotoxicity) but also with negative genotoxicity data.
While the TTC method is intended to be used for assessing chemicals that have insufﬁcient toxicity data, it is emphasized that if any
data are available, they should be considered and factored into the
assessment. The range of carcinogenic potencies (e.g., TD50s in the
CPDB; cancer slope factors in EPA’s IRIS database) spans at least six
orders of magnitude. This emphasizes the conservative nature of
using a single TTC-based exposure limit that has been established
to be protective for the vast majority of these carcinogens (i.e.,
0.15 lg/day) for any compound with structural alerts that suggests
the potential for it to be a carcinogen. This represents an opportunity to further reﬁne the TTC approach if there are additional data
that can be considered.
Some of the most commonly conducted toxicity assays are
in vitro assays for genotoxicity, with the Ames test being the most
common of these. The Kroes et al. (2004) TTC ﬂow diagram establishes an initial TTC of 0.15 lg/day for chemicals that have structural alerts for genotoxicity. For chemicals with such structural
alerts, but for which there are negative Ames data,10 it is proposed
that a separate tier of 1.5 lg/day be established. The most relevant
work was that of Cheeseman et al. (1999) from the US FDA, who analyzed 709 carcinogens in the CPDB to determine whether speciﬁc criteria could reliably predict whether an untested substance is likely
to be a potent carcinogen, if it is later found to be a carcinogen at
all. They examined the use of short-term toxicity data (i.e., LD-50
data), the results of genotoxicity testing and structural alerts to identify potent and non-potent subsets of the 709 carcinogens. The potent subsets could then be used to provide the basis for excluding
9

http://ecb.jrc.ec.europa.eu/qsar/qsar-tools/index.php?c=TOXTREE.
Refers to genotoxicity studies conducted substantially in accordance with OECD
Guideline 471 – Bacterial Reverse Mutation Test.
10
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1. Is the substance a non-essential metal or metal-containing compound, or is it a polyhalogenateddibenzodioxin, -dibenzofuran, or -biphenyl?

YES

NO

Risk assessment requires compound-specific toxicity data
2. Are there structural alerts that raise
concern for potential genotoxicity?

NO

YES

YES

9. Does estimated intake exceed
TTC of 1.5µg/day?

NO
4. Does estimated intake exceed
TTC of 0.15µg/day?

YES

NO

YES

NO

YES
Substance would not
be expected to be a
safety concern

5. Is the duration of exposure
<12 months?*

NO

10. Is the compound an organophosphate?

7. Are AMES data available?

YES

NO

Negligible risk
(low probability
of a life-time
cancer risk
greater than 1
in 106 – see
text)

3. Is the chemical an aflatoxin-like,
azoxy-, or N-nitroso- compound?

NO

6. Does
estimated
YES intake exceed
TTC of
1.5µg/day?

NO
YES

YES
12. Is the compound in
Cramer structural class III?

8. Are Ames assay results and/or the weightof-evidence for genotoxicity negative?

NO

NO
YES

11. Does estimated intake exceed TTC of 18µg/day?

YES

NO
13. Does estimated intake
exceed 180µg/day? **
14. Is the compound in
Cramer structural class
II?

NO

YES
YES

16. Does estimated intake
exceed 1800µg/day?

YES

NO

NO

Risk
assessme
nt requires
compound
-specific
toxicity
data

Substance would not be expected to be a
safety concern

15. Does estimated intake
exceed 540µg/day?

YES

NO

Substance would not be expected
to be a safety concern

Fig. 1. Proposed decision tree for risk prioritization of chemicals in food. (a) Shaded boxes indicate additions made to the Kroes et al. (2004) decision tree. (b) This refers to the
results of an Ames Bacterial Mutagenicity Assay conducted according to internationally accepted protocols (e.g., OECD). In addition to Ames, all available genotoxicity data
should be considered in this determination. (c) This threshold has been increased to 180 lg/day from the 90 lg/day speciﬁed in the original Kroes et al.(2004) decision tree,
based on the new analysis of Cramer class III by Munro et al. (2008).

substances from the TOR process, or to restrict their use to dietary
concentrations at or below 0.5 ppb. Similarly, the non-potent subset
could be used to establish higher thresholds for untested substances
that are likely to be less potent carcinogens.
As part of this evaluation, Cheeseman et al. (1999) determined
that substances testing negative in the Ames test have cancer potency about an order of magnitude lower than Ames positive carcinogens. They concluded that a dietary level of 4–5 ppb
(equating to an intake of 12–14 lg/day) would be protective for
chemicals with structural alerts that have tested negative in the
Ames assay. The selection of a TTC of 1.5 lg/day for chemicals with
a negative Ames assay is conservative in comparison.
It is noted that the analysis by Cheeseman et al. (1999) focused
on results in the Ames assay and did not address the relationship
between carcinogenic potency and ﬁndings in a clastogenicity or
other assay for genotoxicity. However, these authors did acknowledge the work by Parodi et al. (1991), who evaluated the correlation between results in several genotoxicity tests with
carcinogenic potency (as measured by the TD50s in the CPDB database). Chemicals were grouped according to those that had three

positive or negative, or six positive or negative genotoxicity test results. For chemicals with three negative genotoxicity assays, the
mean TD50 was 50-fold higher (less potent) than that for chemicals with three positive genotoxicity tests. An even greater difference (100-fold) was seen for chemicals with six negative
genotoxicity studies compared to those with six positive studies.
In their review of this analysis, Cheeseman et al. (1999) suggested
that these results ‘‘seem promising for the application of genotoxicity batteries to a threshold of regulation process”, but emphasized that further analysis of a larger and more diverse data set
was needed.
It is also noted that the subject of Ames negative chemicals was
also addressed in the guidance provided by EMEA for genotoxic
impurities in pharmaceuticals (see Section 4.1). In a ‘‘Questions
and Answers” document aimed at clarifying its 2006 guidance,
EMEA (2008) clariﬁed that even if an impurity contains a mutagenic structural alert, a negative result in an Ames test on the
impurity (conducted to regulatory acceptable standards) would
be sufﬁcient to conclude that the compound is of no concern with
respect to genotoxicity. In conclusion, based on the analyses by
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Cheeseman et al. (1999) and Parodi et al. (1991), we conclude that
the assignment of a TTC-based exposure limit of 1.5 lg/day for
chemicals with structural alerts but negative Ames data is a conservative ﬁrst step in the inclusion of genotoxicity data in the
tiered TTC methodology. Additional reﬁnements may be achieved
pending further analyses of additional genotoxicity/mutagenicity
assays (and combinations thereof) as they relate to carcinogenic
potency.
5.4. Chemicals without structural alerts
For chemicals without structural alerts, the decision tree published by Kroes et al. (2004) and modiﬁed by Munro et al. (2008)
should be used. These include tiers for organophosphates and
chemicals classiﬁed into each of the three Cramer Classes based
on their chemical structure. The basis for and application of these
non-cancer TTC tiers in risk assessment has been described extensively elsewhere (e.g., Munro, 1990; Renwick, 2004) and is not
dealt with further here.
5.5. Expanding the TTC concept for short-term exposures
As described above, the TTC exposure limits that have been described in the literature for cancer and non-cancer endpoints were
set at a level that assumed a potential for lifetime human exposure.
This is appropriate for something that might migrate from an approved food packaging material that has the potential to be used
for an indeﬁnite period of time. However, many chemicals that
are found as unintended contaminants in food are likely to be present for only a short period of time either because the source of contamination was self-limiting or because measures were taken to
remove the contamination. The application of TTC-based limits
that are considered to be protective for a lifetime of exposure
would be conservative in these cases, presenting an opportunity
for reﬁnement of the assessment.
There are two ways in which short-term exposures might be
addressed. The ﬁrst is to modify the exposure assessment to determine an equivalent daily exposure. This kind of an approach was
recommended by Kroes et al. (2007) for evaluating exposures associated with cosmetics that are not used on a daily basis. While this
is a valid approach, it also requires that fairly robust data on the
nature of the exposure and its duration are available. A second approach would be to establish TTC-based limits for short-term exposure durations that are less well-deﬁned. An example of this might
be a contaminant that has been identiﬁed and is expected to be in a
particular food or group of foods for a few months. It is not appropriate in a case like this to try to calculate an equivalent daily (lifetime) exposure, but yet it is overly conservative to apply an
exposure limit designed to be protective for a lifetime of exposure.
This was the rationale used by Muller et al. (2006) to establish different TTC tiers for contaminants in pharmaceuticals corresponding to different exposure durations (see Table 2).
A similar approach can be used for contaminants in foods. We
propose that for chemicals that would be assigned a TTC limit of
0.15 lg/day based on the presence of structural alerts, a corresponding limit for short-term (e.g., up to 12 months) exposures
can be established at 1.5 lg/day. The basis for this recommendation comes from the use of lifetime cumulative dose (LCD) as the
appropriate dose metric for carcinogens that have been assessed
using linear extrapolation methods. The concept of cumulative
dose as a dose metric in toxicology states that an effect is the result
of total dose over a period of time, such that a higher daily exposure for a shorter time period is toxicologically equivalent to a lower daily exposure over a longer period of time. Expressed in
formula, Haber’s law states that: concentration * time = constant
(toxicity). For example, a dose of 10 mg/kg/day administered for

2 years would be equivalent to a dose of 20 mg/kg/day administered for 1 year. Of course, it is recognized that this is a simpliﬁcation of a much more complex relationship between dose and time,
and it is expected that dose-dependent transitions in mechanism
may be such that risk could be over- or under-estimated using this
approach.
As pointed out by Gaylor (2000), there are biological arguments
supporting the use of Haber’s law for cancer risk assessment (such
that higher exposures for shorter periods of time are essentially
equivalent to lower exposures for longer periods of time). For a
genotoxic carcinogen, it is assumed that a molecule at the right
time and location can interact with DNA resulting in the initiation
of a particular stage in the carcinogenic process. If this is a stochastic event, the number of such occurrences is proportional to the total number of opportunities. Relatively few molecules can interact
with DNA, and very few of these reactions proceed through all
stages to result in a tumor, but in the ﬁnal analysis, the probability
of the occurrence of a tumor is proportional to the total number of
molecules available (total dose).
From a cancer theory perspective, it can be anticipated that by
using the cumulative lifetime average dose as the dose metric for
shorter duration, higher dose rate exposures will either under-predict or over-predict risk depending on which stages (if any) are
dose-rate dependant and at what time the exposure occurs. Both
theoretical arguments and empirical observations suggest that
the degree to which lifetime average dose may underestimate risk
is relatively modest. It has been proposed that using lifetime average dose could theoretically under-predict risk by about an order
of magnitude, which is consistent with the results of empirical
studies. It can be anticipated that the more the dose is compressed
(the shorter the time period within which the cumulative lifetime
dose is administered and therefore the higher the dose rate), the
greater the possibility that risk will be underestimated.
5.5.1. Empirical support
It should be recognized that there have been few evaluations of
experimental data involving a comparison of carcinogenic potency
from lifetime versus less-than-lifetime dosing in animal studies.
However, this approach is regarded as being more useful than relying on theoretical calculations that involve a number of assumptions about the carcinogenic process. Epidemiological and
experimental data on the effects of ionizing radiation indicate that
the ‘‘Dose Rate Effectiveness Factor” (the radiation equivalent of
the DRCF) ranges from 1 to 106 (summarized in Verhagen et al.,
1994). Few data are available to support an analysis of chemically-induced cancer. In order to be useful, data from experimental
animal studies involving less-than-lifetime dosing must also have
lifetime bioassays conducted under essentially identical conditions
so that a comparison of potency can be made.
Verhagen et al. (1994) reported that DRCFs for genotoxic carcinogens calculated from experimental studies vary from zero to
8.3.11 The range in values reﬂect compound-speciﬁc differences
and depend on the relative contribution of all the processes that
would be expected to impact carcinogenic potency as a function of
dose rate (e.g., kinetics, saturation of metabolic processes, DNA repair, etc.). Where no or insufﬁcient data are available to estimate a
compound-speciﬁc value of the DRCF, the authors indicate that a default value of 10 is ‘‘conservatively regarded as appropriate.”
Halmes et al. (2000) evaluated data on a total of 47 chemical/tumor site combinations from NTP bioassays on 11 different chemicals that included both continuous exposures and also stopexposure studies in which the same (or similar) cumulative doses
11
A DRCF of zero means that no tumors were seen following short-term exposure. A
DRCF >0 but <1 means that the potency associated with short term exposures is less
than that for chronic exposure, given the same total dose.

Author's personal copy

2243

S. Felter et al. / Food and Chemical Toxicology 47 (2009) 2236–2245

from the continuous exposure studies were averaged over periods
of less-than-lifetime. Exposure durations ranged from 13 to 104
weeks. The ED-01 was calculated for the tumor incidences associated with the continuous exposure studies, and then re-calculated
to include the stop-exposure data. For most tumor endpoints, the
inclusion of the stop-exposure data led to a reduction in the ED01, suggesting that the shorter-term exposures to higher doses
were more effective in inducing a carcinogenic effect than lifetime
exposures to lower doses, despite the fact that the cumulative dose
was comparable.
An analysis of changes to the ED-01 shows that for 21 of the 47
datasets, there was a less-than 2-fold change in the ED-01, meaning that inclusion of the stop-exposure data had little quantitative
effect on the potency estimate. For the remaining datasets, the
authors provided the following summarized, ‘‘in most cases, inclusion of stop-exposure data in the calculation of the ED-01 for a cancer endpoint resulted in less than a 10-fold change, suggesting that
differences in potency between stop and continuous exposures
were in the range of one order of magnitude.” It should be emphasized that for almost half of the analyses (21/47), inclusion of the
stop-exposure data did not have any signiﬁcant bearing on the potency estimate.
5.5.2. Existing guidance for less-than-lifetime exposure
The underlying assumption of LCD as the most appropriate dose
metric to assess cancer risk is described in Section 3.4 of the US
EPA 2005 cancer risk assessment guidelines (EPA, 2005). It is also
the concept that underpins the accepted use of time-weightedaverage doses for risk assessments under California Proposition
65 and has been discussed as an appropriate dose metric for cancer
risk assessment in a variety of publications, including those by
authors from Canadian Health Protection Branch (e.g., Murdoch
et al., 1992) and from European organizations (e.g., Bos et al.,
2004).
In the ECHA (2008) guidance for the implementation of REACH,
there is also acknowledgement that higher exposures to carcinogens for less-than-lifetime exposures can be tolerated. Speciﬁcally
for the risk assessment of genotoxic carcinogens presumed to
have no threshold, it is recommended that a factor of 2.8 be applied to risk assessments for workers who are exposed for a fraction of lifetime (2.8 is based on an assumption of occupational
exposure of 5 days/week, 48 weeks/year and 40/75 years). This
means that a daily lifetime exposure limit for the general population is considered to be toxicologically equivalent to a daily workplace exposure that is 2.8-fold higher on a per day basis (but
equivalent on the basis of total exposure over a lifetime). Shorter-term exposures have not been explicitly addressed in the
REACH guidance but it is stated generally that ‘‘if human exposure
is not for lifetime or far from continuous during lifetime, correction of the DMEL [Derived Minimal Effect Level] may be needed”
(ECHA, 2008).
The recommendation presented here that an additional TTC tier
of 1.5 lg/day be established for short-term exposures (i.e., less
than 1 year) to chemicals with structural alerts represents a ﬁrst
screen and thus is intended to be conservative. In its cancer risk
assessment guidelines, the EPA (2005) indicated that:
The lifetime averaging implies that less-than-lifetime exposure
is associated with a linearly proportional reduction of the lifetime risk, regardless of when exposures occur. Such averaging
may be problematic in some situations. This can be illustrated
using both the multistage model and the two-stage clonal
expansion model that predict that short-duration risks are not
necessarily proportional to exposure duration and can depend
on the nature of the carcinogen and the timing of exposure
(Goddard et al., 1995; Murdoch et al., 1992). These examples

indicate some circumstances in which use of a lifetime average
daily dose (LADD) would underestimate cancer risk by 2- to 5fold, and others in which it might overestimate risk (Murdoch
et al., 1992).
Use of the LCD would suggest that the daily exposure for a 1year duration could be 70-times higher than the LADD. Even if
one were to incorporate a 2- to 5-fold factor (as described by the
EPA in the excerpt above) for uncertainty associated with this averaging approach, the daily exposure for a 1-year duration could still
be 14- to 35-times higher than the LADD, according to this analysis. Therefore, the increase of one order of magnitude (from
0.15 lg/day to 1.5 lg/day) for exposures not exceeding 1 year is
clearly a conservative approach.
Where more robust exposure data are available, it might also be
appropriate to adjust the exposure data to determine an average
daily dose (which could then be compared with the original TTC
values). It is expected that additional research into this area may
result in guidance that can be further expanded into various TTC
tier thresholds based on dose duration as Muller and coworkers
suggested for pharmaceutical impurities. Further work in this area
may also lead to expanded guidance for short-term exposures to
nongenotoxic chemicals (i.e., those for which TTC-based exposure
limits are based on the Cramer classiﬁcations).
The TTC tiers resulting from the incorporation of Ames data
and/or shorter duration exposures are summarized in Table 3. It
is noted that there may be situations where a chemical is identiﬁed
that has structural alerts and negative Ames data and exposure is
expected to be less than 1 year. Speciﬁc guidance is not offered
here for this scenario, but it is recommended that this be handled
on a case-by-case basis, dependent on the amount and quality of
data available. For example, one might evaluate data on structural
analogues to provide further assurance of a lack of signiﬁcant
genotoxicity, and one might also conduct a more thorough evaluation of the potential duration of exposure.
5.6. What to do if exposures exceed TTC
It is emphasized that the TTC limit is a conservative screening
tool and that estimated exposures exceeding this level are not
necessarily associated with any health concerns but rather are
ﬂagged as warranting further evaluation. First tier screening often
involves very conservative assumptions with regard to both potential toxicity and exposure, either of which might present an
opportunity for reﬁnement. As with other quantitative methods,
application of the TTC method in quantitative risk assessment requires an exposure assessment so that potential human exposures can be compared to the TTC-based exposure limit. In the
absence of reliable data, or as a ﬁrst tier screen, conservative
assumptions regarding the potential for human exposure should
be made. It may be necessary to reﬁne the exposure assessment
only when the ﬁrst tier assessment indicates that exposure might
exceed a TTC-based limit. In addition to reﬁning the exposure
assessment, there may be other opportunities to further reﬁne
the TTC-based toxicity evaluation. These include the evaluation
Table 3
Proposed short-term exposure thresholds for potentially genotoxic contaminants in
food.

Chemicals with structural alerts for
genotoxicity
Chemicals with structural alerts, but
negative Ames dataa
a

Lifetime daily
exposure

Exposure expected not to
exceed 1 year

0.15 lg/day

1.5 lg/day

1.5 lg/day

Case-by-case

Or other data sufﬁcient to conclude a lack of DNA reactivity.
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of structurally-related compounds, the generation of toxicity data
(especially genotoxicity data), or a combination of these approaches as needed to conﬁrm safety.
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6. Conclusions
This paper adopts the basic elements of the TTC concept and applies it to situations involving unexpected detections of chemicals
in food. In the past, a TTC type approach has been applied to proactively establish that a chemical migrating from packaging is below a certain regulatory level (and hence safe) or that exposure to a
ﬂavoring substance is sufﬁciently low (and therefore does not require unnecessary testing). In cases where application of the TTC
concept shows exposure estimates to be below the thresholds,
immediate action is not needed. Therefore sufﬁcient time will be
available to produce a more reﬁned estimate of likely exposure
and risk before making a ﬁnal determination of what, if any, additional steps need to be taken. Such situations can arise when new
or improved analytical methods uncover chemicals that were previously undetectable (e.g., when the limit of detection is substantially decreased), when a chemical is inadvertently introduced
into food, or when a chemical already present in food is discovered
(e.g., heat-formed compounds). In these cases, a quick, general
assessment of risk is needed to aid in prioritization and resource
allocation to make the most appropriate decisions to protect public
health.
In order to achieve a rapid risk prioritization, the application
being described in this paper starts with the tiered TTC-based approach described by Kroes et al. (2004) and modiﬁed by Munro
et al. (2008). The method described here provides a way to further
reﬁne the TTC approach by applying data that are likely to be available, such as genotoxicity, and by considering adjustments for
short-term exposures. Speciﬁcally, an initial exposure limit of
0.15 lg/day is applied to chemicals that have structural alerts for
genotoxicity and for which the potential exists for ongoing exposure in the food supply. A recommendation is made here to raise
this limit to 1.5 lg/day for chemicals that have negative Ames data
and/or for situations in which exposure is expected to be limited in
duration (<1 year).
In addition to addressing low-level detections of chemicals in
foods, a streamlined, simple, yet rigorous method of risk prioritization should allow these situations to be viewed differently. A tool
that allows a risk-based decision to be made and broadly understood could pave the way for a change of thinking about low-level
exposures where prudent actions that protect public health are
based on risk, not analytical sensitivity. Given this broadly
agreed-upon view, withdrawal of affected products might be
unnecessary, while, at the same time, acknowledging that the
underlying situations of minimal health concern should be remedied to the extent possible.
The next step in this process is to develop a similarly rapid
method for estimating exposure to the chemicals of interest. Under
current TTC approaches, either the chemical is assumed to be present at the same concentration throughout the food supply, or a
complicated and highly conservative exposure analysis must be
conducted. A recently released IFT Expert Report entitled ‘‘Making
Decisions about the Risk of Chemicals in Foods with Limited Scientiﬁc Information” (2009) has started to explore approaches to
quickly estimating chemical exposures through food consumption,
albeit further work is greatly needed in this area. In conclusion, this
paper delivers a tool for risk prioritization that can be applied to a
broad array of food-related situations. In conjunction with a rapid
exposure assessment tool, the TTC approach presented here will allow greater conﬁdence in food-safety decisions and better allocation of resources for the protection of public health.
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Threshold of Toxicological Concern (TTC) decision-support methods present a pragmatic approach to using data from wellcharacterized 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.
Keywords Food safety, risk management, threshold of toxicological concern, TTC

INTRODUCTION
The Threshold of Toxicological Concern (TTC) describes a
level of exposure to a defined grouping of classes of chemicals

Address correspondence to Richard Canady, Center for Risk Science Innovation and Application (RSIA), ILSI Research Foundation, 1156 Fifteenth Street
NW, Suite 200, Washington, DC 20005-1743, USA. E-mail: rcanady@ilsi.org

that is likely to be without harm, such that chronic exposures below 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 important 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 quantities 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 dedicated 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 reaction products in food additives, substances in food contact
materials and their breakdown and reaction products, metabolites 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 consideration and that the exposure estimate is also conservative.
The opinion also notes that it is not appropriate for situations requiring 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 flavoring 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 materials (U.S. FDA, 2010a). The U.S. Environmental Protection
Agency (1999) has also employed a similar approach to reduce 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 possible 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 situations 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 certain 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 required 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 approaches, 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 detection 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 sufficient quantity. This substantial increase in the number of targets
for safety assessment makes full dataset evaluations an untenable proposition from an animal testing perspective as well as
from simple consideration of resources and timeliness.
In response to challenges and confusion related to regulatory 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 approximately 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 estimated 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 intake of 1.5 μg/d. In addition to consideration of carcinogenicity
chemical structural alerts, genotoxicity, and other required information, 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 packaging 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 quantitative SAR (QSAR) overlap conceptually with TTC, and in fact
are used within implementation of TTC approaches to allow refinement 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 similarities 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 associated 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 noncancer endpoints. This dataset has been subsequently quality
reviewed (EFSA, 2012) and further evaluated through comparison 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 noobserved-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 acceptable 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 substance could be evaluated using fewer toxicological testing data
because the most toxic fifth percentile of other similar chemicals 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 assessment 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 minimal data requirement and consequently minimal animal testing.
According to Munro et al. (1996), these TTC values explicitly do not apply to the following groups: proteins, heavy metals, steroids, polyhalogenated dibenzo-p-dioxins and polyhalogenated 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
Cramer class II
Cramer class III
Organophosphates
Nongenotoxic compounds
Genotoxic compounds

1800
540
90‡
18
1.5
0.15

30
9
1.5
0.3
0.025
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 compounds. 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 exhaustive 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 structure or other specific data that are currently excluded from
the TTC approach. However, this is not to say that the approach is appropriate in all other cases. The following situations 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.

1242

R. CANADY ET AL.

Downloaded by [173.10.182.241] at 07:53 07 January 2016

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 facility that generally promote hygiene within the facility and processing 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 implemented 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 prevented by effective GMP or HACCP procedures (i.e., whether
it was reasonably foreseeable). Shortcomings in implementation or enforcement of food safety measures must be addressed
within the best practice, guidance, or regulations for those measures. Such shortcomings render the use of the TTC approach
invalid because it is not intended or designed to address contamination that results from the absence of appropriate control
measures or from failure to enforce existing standards. For example, if the occurrence of a contaminant was foreseen in the
HACCP plan for a food production process, then failures resulting 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 improvements are anticipated in the near future that will affect this.
However, such tolerance is not relevant for cases in which the
contamination is avoidable.

Table 2 Classes of chemicals to which the TTC approach does not apply,
and reasons for exclusion
Excluded class
Aflatoxin-like compounds, N-nitroso
compounds, Azoxy compounds
Steroids

Polyhalogenated dioxins/dibenzo
furans and dioxin-like
polyhalogenated biphenyls
Proteins

Metals

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

Reason(s) for exclusion
Highly potent genotoxic
carcinogens
Evidence for very high potency
(by a nongenotoxic
mechanism)
Wide species differences in
biopersistence; toxicity data are
available for some
Not included in training
databases; often associated
with allergenic reactions
Not included in training
databases; some show
bioaccumulation potential;
half-lives vary widely across
species
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 chemicals 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 chemicals, azoxy compounds, and N-nitroso compounds were found
to be the most potent of the groups studied, with a high proportion 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 determination of a safe chronic daily intake particularly problematic. These substances include the polyhalogenated dibenzo-pdioxins, polyhalogenated dibenzofurans, and polyhalogenated
biphenyls, as well as some metals such as cadmium and lead.

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 inappropriate for the use of the TTC. These classes and the reasons

Substances Not Adequately Represented in Training Databases
Several classes of substances were not represented in the original databases (Cramer et al., 1978; Gold et al., 1995; Munro

APPLICABILITY OF TTC TO SUBSTANCES IN FOODS

et al., 1996; Cheeseman et al., 1999), including inorganic chemicals, metals, proteins, polymers, and unique structures. Proteins 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.
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(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 triggers for toxicity, and protective exposure estimates (e.g., Munro
et al., 1996; Kroes et al., 2004; Felter et al., 2009; EFSA, 2012).
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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 tolerable daily intake, or similar values derived by various scientific
institutions and regulatory authorities at regional, national, or
international levels. The existence of chemical-specific authoritative 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 protective 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

Figure 2

STEPWISE DETERMINATION OF APPROPRIATENESS
OF THE TTC APPROACH
The following is intended to be applied by a person responsible 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 commercial 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.

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

1244

R. CANADY ET AL.

Investigate and Manage the Incident

Rule Out Excluded Groups

Among the first steps is to investigate the nature of the unexpected substance. In most cases in which chemical composition
and structure data are available for the substance through standard chemical analysis methods, the identification of the material 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 substance.

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 boiling point, water solubility, the octanol-water coefficient log P,
Henry’s Law constant, atmospheric OH rate constant, pKa dissociation 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 detailed description of the potential application of the TTC to
unidentified substances).
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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 genotypic and phenotypic variation, geographic origin, weather, harvesting practices, and processing conditions (Betz et al., 2011),
and may occur in food independently of manufacturing practices. In contrast, contamination incidents resulting from avoidable error that could reasonably have been predicted, are within
the scope of risk management measures embodied in the current 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.
Table 3

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 existing 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 countries, regional, national, or subnational guidelines may apply
that are not consistent with a Codex standard. Such guidelines take precedence over a TTC approach. If in doubt, regulatory agencies often are repositories for such information. For

Categories of chemicals found unexpectedly in food

Categories of chemicals found unexpectedly in food
Environmental contaminants
Natural toxins
Food processing–induced chemicals
Agricultural chemical residue
Adapted from Shanklin (2009).

Examples
Heavy metals, dioxins, brominated
flame retardants
Mycotoxins, paralytic shellfish
toxins, cyanogenic glycosides
Acrylamide, furan, nitrosamines
DDT, dichlorvos, ciprofloxacin

Time of contamination
Production of raw materials
Production of raw materials, storage
Production of raw materials

APPLICABILITY OF TTC TO SUBSTANCES IN FOODS

example, the Chemical Safety Division of the U.K. Food Standards 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 pesticides, 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).
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Determine Data Sufficiency for Formal Safety Assessment
In the event that no official guidance yet exists for the chemical, 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. Various 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 responsibility of scientific specialists—such as experts in chemical 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 applies, 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 threshold 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 exposure 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 onetime 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.
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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 exposure estimates used in TTC decision frameworks incorporate
protective or upper bound risk assumptions, exceeding a threshold 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 exposure (Felter et al., 2009; European Medicines Agency, 2010). In
addition, the exposure estimate can be refined. If the initial exposure 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 population’s intake distribution) falls below the relevant threshold.
These and other science-based decisions will be made by appropriate 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.
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Pesticide Residue
A lot of coffee beans arriving at the processing facility was
found to contain permethrin at a level of 60–80 ppb. Permethrin 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-toharvest 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 products 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 presence was not due to a gross GMP violation. Testing of fish at
the site of production (an aquaculture operation) had been performed as per the HACCP plan; however, it did not show contamination at that time, nor did the land use of the surrounding
area indicate potential for contamination. However, the potential 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 considered. 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 2,4,6tribromophenol 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. Alkylated 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 affected by GMP. The alkylated diphenylamines are not members
of any excluded groups, and few toxicology data are available.

APPLICABILITY OF TTC TO SUBSTANCES IN FOODS

This situation may be a good candidate for the application of
the TTC approach.
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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 principles applied to well-regarded toxicity data. Taken together, the
resulting approach can help risk managers in the regulatory authorities 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 decision support by experts using the TTC. However, the granularity
of the subdivisions of data and the number of TTC threshold values 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 chromatograph, 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 organ and mechanism of action should be taken into account in
assessing the possible additive (or synergistic) effects of contaminants (Boobis et al., 2011). Rennen et al. (2011) recently
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developed a system of assessing chemically complex food matrices 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 interactions 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 contaminants (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 additional 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 approach presented, the TTC concept fulfills a narrow but important 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 relevant exposure is more likely to fall into the range covered by
the TTC exposure threshold values.
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Partitioning of Dietary Metal Intake—A Metal Dietary
Exposure Screening Tool
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Detection of heavy metals at trace or higher levels in foods and food ingredients is not unexpected given the widespread unavoidable presence of several metals in nature, coupled with
advancement in analytical methods and lowering limits of detection. To assist risk managers
with a rapid risk assessment when facing these situations, a metal dietary exposure screening tool (MDEST) was developed. The tool uses food intake rates based on the National
Health and Nutrition Examination Survey 2005–2010 consumption data for the U.S. population two+ years and up and for infants age six months to <two years based on the Nestlé
Feeding Infants and Toddlers Study, and existing exposure limits for several frequently detected metals (e.g., inorganic arsenic, cadmium, chromium, lead, and mercury). The tool has
data entry fields for detected concentrations and includes algorithms that combine metal levels with consumption data to generate screening-level exposure estimates, which it then compares to MDEST assigned default portions of the exposure limits in the risk characterization
module. As a screening-level tool, the risk assessment output is intentionally conservative,
public health protective, and useful for a rapid assessment to set aside issues that are not
of concern. Issues that cannot be readily resolved using this screening tool will need to be
further evaluated with more refined input data that are tailored to the specific question or
situation under consideration.
KEY WORDS: Dietary exposure; metals; risk assessment; screening assessment

1. INTRODCUTION

by edible plants and methyl mercury taken up by
fish in streams and oceans are well-studied complex
pathways of exposure from environmental sources to
human diet. While it has previously been shown that
dietary exposure to heavy metals in the United States
is below tolerable exposure limits,(2) any increases
would be undesirable given the continual lowering
of exposure limits due to potential health concerns
(e.g., arsenic and lead), or a revocation of an existing
limit (e.g., withdrawal of the Food and Agriculture
Organization of the United Nations/World Health
Organization [WHO] Joint Expert Committee on
Food Additives provisional tolerable weekly intake
for arsenic and lead).
Screening-level assessment is a risk analysis
tool that is often used to rapidly prioritize chemical
risks in a variety of environmental risk assessment
settings.(3–5) The application of such a priority

Many different varieties of metals and metal
compounds exist naturally in the environment as
metal ores in the Earth’s crust and are also transported to different parts of the world by various
natural cycles. For example, metals in soil or in ores
can be dissolved by rain such that the dissolved
metals can enter river and groundwater systems
and later the oceans and deposit as sediments.
Metals may also be dispersed into the atmosphere
along with water vapor and subsequently deposit
elsewhere.(1) Metals from the air and soil taken up
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2
setting tool to food-risk-related issues has been
more limited.(6) Screening-level assessments are
less resource intensive than comprehensive risk
assessments and serve as an efficient means to determine if a chemical exposure is either of no concern
and can be put aside or warrants more tailored and
detailed assessment.(5) Conceptually, screening-level
assessments use readily available data and simple
models in conjunction with conservative default
assumptions to compensate for information gaps and
uncertainties. The conservative assumptions typically associated with screening-level assessments are
intentional and deliberate in order to overestimate
exposure and risk and hence to avoid risk decisions
based on “false negatives.” By nature, screeninglevel assessments should be viewed as the beginning
of a broader and iterative assessment process,
such that when an issue being assessed cannot be
quickly resolved based on the initial screening-level
assessment, more refined risk assessment based on
improved data and with less reliance on conservative
default assumptions would be carried out to support
a sound decision-making process.
Risk managers in the food industry, when
confronted with episodic findings of metals in a
food or food ingredient, need to be able to rapidly
evaluate how the exposure associated with this food
or ingredient compares with acceptable exposure
limits, particularly when put in context with the
potential background dietary exposure. Armed
with such information, risk managers can take
necessary actions that are public health protective
in an expedited manner. At the request of the food
industry, a metal dietary exposure screening tool
(MDEST), a screening-level assessment tool, was
developed. The main purpose of the MDEST is to
provide users, mainly food industry risk managers,
with information that can be used to help in the
process of determining risk and prioritizing action,
including prioritizing resources associated with
conducting in-depth exposure assessment, against
specific situations. It is not intended to be a cumulative risk assessment tool. This article describes
the MDEST model construction, data choices and
supporting rationale in the model development and
implementation, model output and interpretation,
and model strengths and limitations.
2. MODEL CONSTRUCT
The MDEST is composed of three key elements of a dietary risk assessment: (1) hazard char-
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acterization, (2) dietary exposure assessment, and
(3) risk characterization, which are organized into
three respective modules. In this model, the hazard
characterization module is populated with default
screening-level exposure limits for five metals commonly found in the environment (e.g., arsenic, cadmium, chromium [III and IV], lead, and mercury),
with options for users to input alternative exposure
limits as scientifically justifiable and necessary. The
dietary exposure assessment module is constructed
to provide screening-level dietary exposure estimates
based on a two-parameter model: (1) the concentration of the contaminant in a food of interest at the
time of consumption and (2) the amount of the food
consumed. The screening-level dietary exposure estimates are compared to the default exposure limits to
estimate risk in the risk characterization module. The
overall model framework is illustrated in Fig. 1. Data
choices used in the development and implementation of the hazard characterization and exposure assessment components of the MDEST are further
described below. Outputs and interpretation of results from the risk characterization module are also
discussed.
3. DATA CHOICES
3.1. Hazard Characterization Module
Default exposure limits for five metals commonly found in the food supply (e.g., arsenic, cadmium, chromium [III and VI], lead, and mercury)
were derived based on publicly available chronic
daily exposure limits such as the tolerable daily intake (TDI), the provisional TDI (PTDI), or oral reference doses (RfDs). As a screening-level assessment
tool, exposure limits should be deliberately small
to avoid “safe” conclusions based on “false negatives.” Therefore, background exposure from food
and water sources was taken into account to derive
the default exposure limits in MDEST, referred to
as the “MDEST portion.” The MDEST portion is
derived by subtracting a high-end background exposure estimate from the appropriate TDI or RfD.
While there are variations in the publicly available
data on background dietary exposure to metals, highend/upper-bound estimates were used, including the
90th percentile or upper-bound estimates of exposure ranges reported in the published literature. In
cases where there is no published literature on exposure from drinking water sources, conservative
default assumptions of 2 L of water consumed in

Metal Dietary Intake Screening Tool

3

Fig. 1. MDEST model construct.

a given day and metal concentration in the water
at the drinking water limits were made to estimate
background exposure from drinking water sources.
The default MDEST portions and reference sources
are summarized in Table I. As science is not static,
exposure limits can change with emerging safety evidence. Similarly, background dietary exposures can
change over time. Thus, MDEST users can replace
the default values with alternative limits when scientifically valid and warranted.

3.2. Dietary Exposure Assessment Module
Exposure is estimated based on the concentration of a metal contaminant in the food and the
amount of the food consumed. Since MDEST is designed to allow risk assessors/managers who are facing the detection of trace metal levels in the food
supply to conduct rapid assessment, the contaminant
concentration is a user input variable. On the other
hand, mining the various large databases to find food
intake rates for specific foods is neither practical nor
possible when rapid assessment is needed. As such,
the MDEST is populated with preprocessed estimates of food consumption based on several publicly
available data sources, including the National Health
and Nutrition Examination Survey (NHANES), the
U.S. Food and Drug Administration (FDA) Total
Diet Study (TDS), and the Nestlé Feeding Infants
and Toddlers Study (FITS). Default preprocessed

food consumption data in MDEST are further described below.

3.2.1. Food Consumption Data in MDEST
MDEST includes food intake estimates based on
food consumption records collected as part of the
NHANES conducted in 2005–2006, 2007–2008, and
2009–2010 (NHANES 2005–2010)—“What We Eat
in America (WWEIA).” This continuous survey uses
a complex multistage probability sample designed to
be representative of the civilian U.S. population.(7–9)
The dietary component of the survey is conducted as
a partnership between the U.S. Department of Agriculture (USDA) and the U.S. Department of Health
and Human Services. The MDEST uses data from
the 24,673 individuals in the survey period 2005–2010
who provided two complete days of dietary recalls as
determined by the National Center for Health Statistics.
There are more than 5,900 foods reported consumed in the NHANES 2005–2010. In a refined dietary exposure assessment, intake rates for specific
foods would be combined with contaminant levels
in these foods to estimate exposure. However, this
process is time consuming and inefficient when there
are frequent detections of trace levels of metals in
the food supply and rapid assessments are needed
in order to quickly prioritize these detections based
on their potential public health concern. In a
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Table I. Existing Exposure Limits, Background Exposure, and Default Screening-Level Limits in the MDEST

Metals

Exposure
Limits

Background
Exposures

Inorganic arsenic

TDI: 0.3 µg/kg bw/day(14)

–

Cadmium

PTDI: 0.83 µg/kg bw/day(15)

Chromium III

250 µg/day(17, 18)

Chromium VI

RfD: 0.9 µg/kg bw/day(21)

Lead

PTTI:
Children 0–6 yrs: 6 µg/day
Children 7+ yrs: 15 µg/day
Pregnant lactating females: 25
µg/day
Adults: 75 µg/day(22)

Mercury (total)

PTDI
4 µg/kg bw/week or 0.57 µg/kg
bw/day(23)

Diet: 0.36 µg/kg bw/day (90th
percentile for U.S. 2+ yrs(16) )
Drinking water: 0.17 µg/kg
bw/day (calculated based on
drinking water limit)
Diet: 15–54 µg/day(19) Drinking
water: 7.2 µg/day(20)
Drinking water: 1.7 µg/kg
bw/day(18)
Diet and drinking water:
Children 0–6 yrs: 3 µg/day
Children 7+ yrs: 7.5 µg/day
Pregnant lactating females: 12.5
µg/day
Adults: 25 µg/day
(based on 50% of PTTI for
vulnerable population; 2/3 of
PTDI for adults)
Diet: 0.14 µg/kg bw/day (90th
percentile for U.S. 2+ y(16) );
drinking water: 0.067 µg/kg
bw/day, calculated based on
FDA’s maximum allowable
level in bottle water of 0.002
mg/L and assuming 2 L per day
and 60 kg bw (FDA, 2007)

Default Screening-Level
Exposure Limits
(MDEST Portion)
0.015 µg/kg bw/day (assumed 5%
of TDI)
0.3 µg/kg bw/day

188.8 µg/day
0.045 µg/kg bw/day (assumed 5%
of exposure limits)
Children 0–6 yrs: 3 µg/day
Children 7+ yrs: 7.5 µg/day
Pregnant lactating females: 12.5
µg/day
Adults: 25 µg/day

0.36 µg/kg bw/day

PTDI: provisional tolerable daily intake, µg: microgram, bw: bodyweight, kg: kilogram, PTTI: provisional total tolerable intake, RfD:
reference dose, TDI: tolerable daily intake, yrs: years, TDS: Total Diet Study.

screening-level assessment, similar foods can be aggregated into broad food categories and food intake
estimates can be derived at the food group level. This
approach is conservative since all foods aggregated in
a group are assumed to be contaminated when metal
detections were found only in select foods within the
group. The MDEST provides the user with two types
of summary NHANES consumption data, the first
type expresses consumption on an “as consumed basis” (e.g., candy, cheese, apple pie, etc.) and can be
used when the contaminant is detected in samples of
manufactured foods or foods as consumed, while the
second expresses consumption in terms of the ingredients or raw agricultural commodities (RACs) that
comprise the food, and can be used when the contaminant is detected in a specific RAC.
By food safety assessment convention, aggregation of the first type of consumption data (“as
consumed”) was based on the 43 food categories as
defined in the Code of Federal Regulations (CFR)

Title 21, Volume 3 (21 CFR170.3), which groups
specific related foods together for the purpose of
establishing tolerances or limitations for the use of
direct human food ingredients,(10) henceforth “CFR
categories” (see Table II). Since many similar foods
can be grouped under the broad CFR categories, the
MDEST also provides more refined consumption
summaries based on further subdividing the initial
43 CFR categories into 312 subcategories that can
be used when the contaminant is detected in a
specific type of food within an initial CFR category.
For instance, the broad CFR category of “soups
and soup mixes, commercially prepared” foods was
further subdivided into six subcategories: (i) cheese
soups, (ii) grain-based soups, (iii) legume-based
soups, (iv) meat-based soups/broths, (v) seafoodbased soups/broths, and (vi) vegetable-based
soups.
In the case where the contaminant is detected
in the RAC, MDEST uses NHANES data that have
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Table II. Broad Grouping of NHANES Foods Based on 21CFR170.3 Food Categories

CFR Category

U.S. 2+ Yrs per Capita
Mean Intake (g/day)

CFR Category

U.S. 2+ Yrs per Capita
Mean Intake (g/day)

(1) Baked goods and baking
mixes
(2) Beverages, alcoholic
(3) Beverages and beverage
bases, nonalcoholic
(4) Breakfast cereals, RTE,
instant, hot
(5) Cheese

113.40

(22) Gelatins, puddings, fillings

81.13

529.60
917.60

(23) Grain products and pastas
(24) Gravies and sauces

198.20
67.38

(6) Chewing gum
(7) Coffee and tea

3.85
637.10

65.82

(25) Hard candy

9.99

31.13

3.83

(8) Condiments and relishes
(9) Confections and frostings

24.70
11.56

(10) Dairy product analogs
(11) Egg products, liquid,
frozen, dried, egg dishes
(12) Fats and oils

39.69
57.14
16.88

(13) Fish products

80.85

(14) Fresh eggs and fresh egg
products
(15) Fresh fish

65.20

(16) Fresh fruits and fruit
juices
(17) Meat, fresh and dishes
from
(18) Fresh poultry and dishes
from
(19) Fresh vegetables
(20) Frozen dairy desserts
(21) Fruit and water ices

143.00

(26) Herbs, seeds, spices,
flavorings
(28) Jams and jellies, commercial
(29) Meat products, commercially
processed
(30) Milk & milk products
(31) Milk products, drinks, dry,
milk origin
(32) Nuts and nut products
(33) Plant protein products, meat
substitutes
(34) Poultry products,
commercially prepared
(35) Processed fruits and fruit
juices
(36) Processed vegetables and
vegetable juices
(37) Snack foods, chips, pretzels,
salty snacks
(38) Soft candy

124.80

(39) Soups, home prepared

227.70

(40) Soups and soup mixes,
commercially prepared
(41) Sugar, white
(42) Sugar substitutes
(43) Sweet sauces, toppings and
syrup

197.50

80.74

94.02
123.20
78.26
71.88

12.33
52.41
263.90
128.30
26.51
65.90
51.09
214.10
88.54
28.50
24.07

10.77
2.14
25.69

Note: Category no. 27 (home-prepared jams, jellies, fruit butters, preserves, and sweet spreads) was excluded.
g: gram, RTE: ready to eat.

been translated into edible amounts of agricultural
food commodities. These data are extracted from
the food commodity intake database (FCID) that
was developed by the U.S. Environmental Protection Agency (EPA) and USDA for the purpose
of estimating human exposure to pesticide residues.
For example, the FCID database translates a piece
of apple pie quantitatively into the following commodities: wheat flour, peeled apple, sugar (i.e., from
sugar cane or beet), cinnamon, and the specific vegetable oils comprising the shortening. At the time of
development of the MDEST, the available FCID
pertained to NHANES 2003–2006 only. There are

approximately 1,200 RACs and associated food
forms (e.g., fresh, canned, frozen, dried, etc.) in
the FCID, some associated with “baby foods,” and
the majority corresponding to “regular” foods. In
the MDEST, these 1,200 RACs were collapsed into
91 RAC categories corresponding to “baby foods”
and 262 RAC categories corresponding to “regular”
foods by combining similar food forms together.
The MDEST includes aggregated consumption
data from two other sources, the USDA’s 1994–
96, 1998 Continuing Survey of Food Intakes by
Individuals aggregated into the 280 food groups
used in the FDA TDS, and Nestlé FITS. Additional
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information on these two data sources can be found
in the published literature and on their respective
websites.(11,12)

3.2.2. Food Intake Estimates and Dietary Exposure
Calculation in MDEST
The per capita and per user mean, and 90th, 95th,
and 99th percentiles food intake rates for various
food groups, as described above, were generated for
the U.S. population age 2+ years, infants 6 months
to 2 years, children 2 to 6 years and 7 to 12 years,
and females 14 to 45 years using the NHANES 2005–
2010 and NHANES 2003–2006 (for FCID foods). Per
capita intakes refer to estimates derived for the total
population, irrespective of whether the subjects consumed the foods of interest or not, while per user intakes refer to estimates derived for the consumers of
the foods.
The screening-level dietary exposure to a metal
contaminant in a given food type is estimated as the
product of a mean, 90th, 95th, or 99th percentile food
intake estimate and the user’s provided metal concentration in that food. For exposure scenarios involving only one food category, MDEST generates
per user (i.e., consumers only) and per capita exposure estimates calculated using the per user and per
capita mean food intake estimates derived from the
NHANES data described above.
The pseudo upper 90th and 95th percentile estimates are derived based on FDA guidance.(13)
Specifically, the 90th per user percentile is estimated
as 2 × per user mean and the 95th percentile is derived as 4 × per user mean. This FDA guidance
is based on an examination by WHO of the observed mean and select upper percentile consumption amounts for several foods that showed that
the 90th percentile intake level typically fluctuated
around 2 × mean.(14) The FDA guidance does not
provide an approach for deriving a pseudo 99th percentile estimate. The MDEST assumes the per user
99th percentile as 6 × per user mean based on the
data provided by WHO that showed that the ratio of
the 99th percentile to the mean for the select foods
ranged from 2.3 to 5.4. Similarly, the MDEST derives
the per capita 90th, 95th, and 99th percentiles as 2 ×,
4 ×, and 6 × the per capita mean, respectively.
For exposure scenarios when multiple food categories are involved, total dietary exposure from the
combined food categories is derived as follows:
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r Per capita mean intake estimate: The MDEST

r

derives the per capita mean as the sum of per
capita means for individual foods, since the per
capita mean intake of combination of foods is
mathematically equal to the sum of the per
capita mean intakes of each food in that combination.
Per user mean intake estimate:
ࢪ Since the percent of consumers of the combined foods is at least equal to the highest percent consumers across all foods in the
combined food categories, the MDEST uses
the maximum percent users across all food
categories included in the assessment to estimate the percent consumers of any food in
the combined food categories.
ࢪ Per user mean for the combined food categories is derived as the ratio of the per capita
mean and the combined estimate of percent
users.

r Percentile
r
r

intake estimates: The per user and
per capita percentiles are pseudo percentiles derived as described above.
Per serving basis: the maximum number of servings per day that can be consumed that would
lead to dietary exposure remaining below the
default limits (MDEST portions) is calculated.
When multiple food categories are under consideration, two estimates of the maximum number of servings can be generated:
ࢪ The first estimate is derived by assigning the
entire MDEST portion to each food category
in the assessment independently of the other
foods, i.e., total exposure from all foods involved is not considered.
ࢪ The second estimate is based on apportioning the MDEST portion to all foods included
in the assessment. The fraction apportioned
to each food category is proportional to the
contribution of each category to the total per
capita daily mean food intake estimates or
percent consumers, depending on the consumption data source.

3.3. Risk Characterization Module—
Results and Interpretation
In the risk characterization module, the
screening-level dietary exposure estimates from the
dietary exposure assessment module are compared
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to the default exposure limits (MDEST portion) in
the hazard characterization module to estimate risk.
In the result output, screening-level dietary exposure
estimates are expressed as percent of the appropriate
default limits. Results that are well below 100% can
be interpreted as of no safety concern while those
exceeding 100% will need to be further assessed
with more refined data, rather than the default
assumptions in MDEST, as they may be of potential
public health concern.
As a screening-level tool, the assessment in
MDEST is designed to be conservative and public
health protective, hence the default limits (MDEST
portions) in the MDEST are deliberately set low
while the method used to estimate the dietary
exposures from multiple foods is deliberately set
up to overestimate exposure. Given the inherent
conservatism in MDEST, when risk characterization outputs are well below 100% of the MDEST
portion, a safety conclusion can be reached with a
high level of confidence. On the other hand, when
metal detection issues cannot be quickly set aside
based on screening-level assessments, the initial
assessment relying on the default assumptions in
the MDEST should be viewed as the first step of an
iterative assessment process, such that more refined
data specific to the situation are used in subsequent
assessments. The following examples are provided to
demonstrate the utility of the MDEST as a screening
tool and as part of an iterative assessment process
for rapid risk decision making.
3.3.1. Lead in Processed Cheese
Due to a suspected issue, testing of products
prior to shipping to distributors, a processed cheese
manufacturer detected lead in a limited number of
quality assurance (QA) samples of processed cheese
with a maximum concentration of 0.02 parts per million (ppm). In the initial assessment, the default limits for lead (MDEST portion) and the broadest CFR
food category “cheese” that is inclusive of all cheeses
were assumed to contain the maximum lead concentration found in the limited QA samples of processed cheese. Based upon these initial conservative
assumptions, among cheese consumers (per user basis), the estimated dietary exposures at the mean,
90th, 95th, and 99th percentiles for all subpopulations
were below the default limits for lead in MDEST (see
Table III). Based on this initial assessment, the detection of lead in processed cheese can be considered to
be of no safety concern (below 100% of the default
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limit for lead). However, it is noted that exposure
at the 99th percentile for children two to six years
was approaching the default exposure limits (94%);
therefore, a more refined assessment can be done by
assigning the maximum detected lead levels only to
processed cheese to better reflect the fact that the
detection of lead was in processed cheese. Based on
this refinement of food type, the exposure estimate
for children two to six years was determined to be
56% of the default limits; hence the detection of lead
in processed cheese at 0.02 ppm can be concluded to
be of no concern with a high level of confidence.
3.3.2. Cadmium in Apple Juice Concentrate Example
A processed juice producer detected cadmium
in a concentrated apple juice ingredient it received
from one of its sources (Source A) at the maximum
concentration of 0.1 ppm. The producer also buys
apple juice concentrate from two other sources
(Sources B and C); the apple juice concentrate
from these sources did not show any detectable
concentrations of cadmium. The producer uses the
apple juice concentrate at a typical concentration of
20% in its processed juice. In the initial assessment,
the MDEST default limit of 0.3 µg/kg bodyweight
(bw)/day for cadmium was assumed. Also in the assessment, the broad CFR category “Processed fruits
and fruit juices,” inclusive of all juices, was assumed,
and all juices were assumed to contain 20% apple
juice concentrate at the maximum detected cadmium
concentration (0.1 ppm). Based on this initial assessment, estimated exposures among juice-consuming
infants and young children are well over the MDEST
limits for cadmium (see Table IV). Since the
exceedance occurs among infants and younger children, an alternative food category in MDEST that is
most closely related to the foods consumed by this
subpopulation (“Baby foods—Baby juice,” “Baby
food—Semisolid process fruit and fruit juices-apple,”
and “Processed fruits and fruit juices and nectars”)
was assumed to contain the juice concentrate in a reassessment. However, in this example, after refining
at the food level in MDEST, the revised exposure
estimates remain well above the default limits for
cadmium in MDEST for the infants and younger
children, as seen in Table IV. The exceedance in
this example is not surprising due to the fact that
the maximum detected cadmium concentration is
assumed for all juice concentrates and the fact that
a relatively large fraction of the infants and children
subpopulation consumes processed fruit juices.
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Table III. Lead in Processed Cheese Hypothetical Example—Comparison of Initial and Revised Screening-Level Estimated Intakes
Per User (µg/day; % of MDEST Portion)
Default Limits—MDEST

Initial Assessment

Revised Assessment

Subpopulation

Portions (µg/day)

Mean

90th

95th

99th

Mean

90th

95th

99th

U.S. 2+ yrs

50

Infants
6 m–2 yrs
Children
2–6 yrs
Children
7–12 yrs
Females
14–45 yrs

3

0.623
(1%)
0.371
(12%)
0.471
(16%)
0.514
(7%)
0.59
(5%)

1.25
(3%)
0.741
(25%)
0.941
(31%)
1.03
(14%)
1.18
(9%)

2.49
(5%)
1.48
(49%)
1.88
(63%)
2.05
(27%)
2.36
(19%)

3.74
(7%)
2.22
(74%)
2.82
(94%)
3.08
(41%)
3.54
(28%)

0.361
(1%)
0.249
(8%)
0.279
(9%)
0.306
(4%)
0.326
(3%)

0.721
(1%)
0.499
(17%)
0.558
(19%)
0.612
(8%)
0.652
(5%)

1.44
(3%)
0.997
(33%)
1.12
(37%)
1.22
(16%)
1.3
(10%)

2.16
(4%)
1.5
(50%)
1.67
(56%)
1.84
(25%)
1.96
(16%)

3
7.5
12.5

Table IV. Cadmium in Apple Juice Concentrate Hypothetical Example—Comparison of Initial and Revised Screening-Level Estimated
Intakes
Per User (µg/kg bw/day; % of Default Limit—MDEST Portion)
Initial Assessment
Subpopulation
U.S. 2+ yrs
Infants 6 m–2 yrs
Children
2–6 yrs
Children
7–12 yrs
Females
14–45 yrs

Revised Assessment

Mean

90th

95th

99th

Mean

90th

95th

99th

0.0597
(20%)
0.389
(130%)
0.248
(83%)
0.0997
(33%)
0.0586
(20%)

0.119
(40%)
0.776
(259%)
0.496
(165%)
0.199
(66%)
0.117
(39%)

0.238
(79%)
1.55
(517%)
0.989
(330%)
0.398
(133%)
0.235
(78%)

0.358
(119%)
2.33
(777%)
1.49
(497%)
0.597
(199%)
0.353
(118%)

0.0575
(19%)
0.47
(157%)
0.213
(71%)
0.0872
(29%)
0.0577
(19%)

0.115
(38%)
0.942
(314%)
0.426
(142%)
0.174
(58%)
0.115
(38%)

0.23
(77%)
1.89
(630%)
0.854
(285%)
0.349
(116%)
0.231
(77%)

0.344
(115%)
2.83
(943%)
1.28
(427%)
0.523
(174%)
0.346
(115%)

MDEST portion = 0.3 µg/kg bw/day.

In this example, risk management action to remove
this source of cadmium exposure would be warranted
for producers of products intended for consumption
by infants and young children (six months–six years).
4. CONCLUSION
The risk-based screening tool described in this
study was designed at the request of the food industry to be used by its risk assessors/managers to
rapidly evaluate potential public health risk when
confronted with their specific detection of select
heavy metals in foods and food ingredients. The
main purpose of the MDEST is to provide users
with information that can be used to help in the
process of determining risk and prioritizing action,
including prioritizing resources associated with con-

ducting in-depth exposure assessment, against specific situations. It is not intended to be a cumulative
risk assessment tool.
As a screening-level tool, the assessment is
designed to be conservative and public health protective, hence the default exposure limits (MDEST
portions) are deliberately underestimated and dietary exposures are intentionally overestimated.
Based on this inherent bias in MDEST, when detection of a metal in foods resulted in estimated dietary
exposure below the MDEST portion, such detection
can be set aside with high confidence.
MDEST has been parameterized with objective
and publicly available data (NHANES, TDS, FCID,
and published exposure limits and background
exposure information). The algorithm used in
MDEST is based on a well-defined dietary exposure

Metal Dietary Intake Screening Tool
and risk assessment construct. Users of MDEST will
be required to make expert judgment in the assignment of metal detection to the types of food and food
categories in MDEST that would be most consistent
with the situation being evaluated, as well as make
the decision to move away from the default exposure limits for the five metals in the MDEST when
it is warranted. Transparency and scientific rationale
supporting these expert judgments will be an important consideration for users of MDEST. MDEST was
developed with the intent that it would be made
available to risk assessors and managers who wish
to conduct dietary exposure screenings and risk assessment for metals. It is envisioned that the food intake component of the tool will be updated as new
consumption data become available. Also, over time,
features of the tool can also be enhanced based on
users’ input.
As a screening-level assessment, the built-in
conservatism of MDEST is both its strength and
limitation. Its main strength is rapid assessment
to prioritize metal detection in foods that can be
quickly and confidently set aside (not a safety concern) from those that need further evaluation. Its
main limitation is the reliance on default assumptions; thus, results are overestimates and not actual
estimates of exposure/risk. Another limitation of
the tool is that the underlying consumption data are
derived from national food consumption surveys.
As such, special local food consumption habits, e.g.,
subsistence fish eaters, would not be adequately captured using the preprocessed intake data in MDEST.
MDEST should be viewed as the beginning of a
broader and iterative assessment process, such that
for issues not set aside using MDEST, more refined
risk assessment based on improved data and with
less reliance on conservative default assumptions
would need to be carried out. Overall, MDEST
is a screening-level assessment approach that is a
useful initial first step in an iterative risk assessment
process to support sound risk management decisions
and a tool in a risk assessment toolkit. The screening
tool will be made available on the International Life
Sciences Institute (ILSI) North America website
http://www.ilsi.org/NorthAmerica/Pages/HomePage.
aspx
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