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A B S T R A C T

The Threshold of Toxicological Concern (TTC) concept integrates data on exposure, chemical structure, toxicity
and metabolism to identify a safe exposure threshold value for chemicals with insufficient toxicity data for risk
assessment. The TTC values were originally derived from a non-cancer dataset of 613 compounds with a po-
tentially small domain of applicability. There is interest to test whether the TTC values are applicable to a
broader range of substances, particularly relevant to food safety using EFSA’s new OpenFoodTox database. After
exclusion of genotoxic compounds, organophosphates or carbamates or those belonging to the TTC exclusion
categories, the remaining 329 substances in the EFSA OpenFoodTox database were categorized under the
Cramer decision tree, into low (Class I), moderate (II), or high (III) toxicity profile. For Cramer Classes I and III
the threshold values were 1000 μg/person per day (90% confidence interval: 187–2190) and 87 μg/person per
day (90% confidence interval: 60–153), respectively, compared to the corresponding original threshold values of
1800 and 90 μg/person per day. This confirms the applicability of the TTC values to substances relevant to food
safety. Cramer Class II was excluded from our analysis because of containing too few compounds. Comparison
with the Globally Harmonized System of classification confirmed that the Cramer classification scheme in the
TTC approach is conservative for substances relevant to food safety.

1. Introduction

The threshold of toxicological concern (TTC) is a pragmatic prior-
itization and risk assessment tool used for compounds of known structure
with insufficient compound-specific toxicity data to enable risk assessment
(Munro et al., 1996). First proposed by Munro and co-workers in 1996, it
estimates a threshold of exposure level below which negligible risk to
human health is assumed. The TTC approach uses the Cramer classifica-
tion of compounds (Cramer et al., 1978) which places compounds into one
of three structural classes based on their structural complexity (Munro
et al., 1996). For each class, the 5th percentile of the lognormal cumulative
distribution of the No-Observed-Effect-Levels (NOELs) was used to derive
the human exposure threshold values, known as TTC values. The TTC

approach was originally aimed at addressing substances that are present at
low levels in the diet (Barlow, 2005). As such it has been used first by the
Joint FAO/WHO Expert Committee on Food Additives (JECFA) and sub-
sequently by the European Food Safety Authority (EFSA) for evaluating
flavoring substances (EFSA Scientific Committee, 2012a).

Following on from Munro’s original work, Kroes et al. (2004) refined
the TTC approach by creating two additional structural classes, one for
substances with a structural alert for genotoxicity and another one for
organophosphate and carbamate substances to cover substances with anti-
acetylcholinesterase activity and by recommending the exclusion of cer-
tain types of substances (Kroes et al., 2004). The latter include among
others, proteins, polyhalogenated-dibenzodioxins, -dibenzofurans and
-biphenyls, non-essential metals in elemental, ionic or organic forms and
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substances with structural alerts for high potency carcinogenicity (Kroes
et al., 2004). However, Munro’s original dataset of 613 substances tested
for non-cancer endpoints can be criticized for not representing the ‘world’
of chemicals and hence to have a limited domain of applicability. Since the
original publication by Munro, other chemical databases have been
checked for non-cancer endpoints, for example the COSMOS database an
inventory of cosmetic-related substances co-funded by the European
commission and Cosmetics Europe and the RepDose database a commer-
cial chemicals database developed by the Fraunhofer Institute of Tox-
icology & Experimental Medicine (ITEM), Germany, both of which use
publicly available repeated dose toxicity data. Overall, the threshold va-
lues derived for Cramer Classes I and III across four databases (Munro,
RepDose, ELINCS and Cosmos) are overall very similar (Kalkhof et al.,
2012; Munro et al., 1996; Tluczkiewicz et al., 2011; Yang et al., 2017).
Cramer Class II, much like other databases is underrepresented and lacked
enough compounds to be analyzed.

The OpenFoodTox chemical hazards database was published by
EFSA and consists of compounds for which EFSA is responsible for
chemical risk assessment in the context of food and feed safety. These
include pesticides, food additives, flavorings and nutrient sources, feed
additives and both natural and man-made contaminants. The EFSA
OpenFoodTox database is an open source of information on all the
chemicals regarding compound characterization, background regula-
tions, toxicological summaries used for human health but also animal
health and ecological hazard assessments and links to the relevant EFSA
scientific opinions. Given that EFSA’s OpenFoodTox database consists
of food and feed compounds for which toxicity studies have been col-
lected, this makes it a candidate for testing the applicability of TTC
values to substances relevant to food safety. Here, we analyzed the
OpenFoodTox database for the protectiveness of the TTC values within
the three Cramer classes after elimination of the substances with a
structural alert or empirical evidence for genotoxicity, substances be-
longing to the organophosphate or carbamate groups and substances
belonging to the exclusion categories for the TTC approach (EFSA and
WHO, 2016; EFSA Scientific Committee, 2012a). This work therefore
complements and extends earlier publications that have examined the
applicability of the TTC approach to food contact materials (Pinalli
et al., 2011) and pesticides (Feigenbaum et al., 2015).

This study also looked at the Cramer classification scheme as a
toxicity prediction tool for food-related substances compared to gui-
dance values set by the Globally Harmonized System of classification
and labelling of the United Nations (GHS) for repeated dose toxicity
testing. Furthermore, the study computed the internal TTC values using
bioavailability predictions and compared them with those previously
predicted from the combined Munro, ELINCS and food contact mate-
rials databases (Partosch et al., 2015).

2. Materials and methods

2.1. Munro TTC dataset

Since Munro’s dataset was used to derive the current TTC values, it
was used as a comparator when deriving TTC threshold values from our

dataset. The Munro dataset consisted of non-cancer endpoints from 613
diverse compounds (609 unique compounds (Yang et al., 2017)), and
included 200 chronic, 233 subchronic, 91 teratogenicity and 89 re-
productive studies. Chemical and toxicological information of Munro’s
dataset (including chemical names, SMILES, study design, reference
values and toxicity endpoints assessed) was obtained from EFSA’s
electronic file version (Bassan et al., 2011). However, chronic and
subchronic studies were the only durations considered during our
curation of a TTC dataset.

2.2. OpenFoodTox database and its curation

Compound specific information was obtained from EFSA’s
OpenFoodTox database published as an open source repository.
Curation of the TTC dataset required application of a number of in-
clusion and exclusion criteria that were based on Munro’s publication
(Munro et al., 1996), along with recommendations from more recent
publications (EFSA and WHO, 2016; EFSA Scientific Committee, 2012a;
Kroes et al., 2004). Inclusion criteria specified oral studies using rat and
mouse species. Where multiple studies were available for the same
compound, the most sensitive/lowest reference value was chosen.
NOAEL/BMDL/LOAEL reference values in the EFSA OpenFoodTox da-
tabase were accepted and an extrapolation factor of 3 was used to de-
rive NOAEL values from LOAEL values (Dourson et al., 1996; ECHA,
2008, 2010; Kalberlah et al., 2003; Tluczkiewicz et al., 2011). Although
LOAEL values were not used in the Munro et al. (1996) analysis, they
were utilized here to include as many compounds as possible given the
study quality and dose spacing of studies included in the OpenFoodTox
database. Subchronic and chronic study duration were accepted with
the use of an extrapolation factor of 2 for 90-day subchronic studies
(EFSA Scientific Committee, 2012b).

Organophosphates and carbamates were removed from the dataset
following the recommendation that they should be assigned to a se-
parate class that are distinct from Cramer Classes I, II and III (EFSA and
WHO, 2016; EFSA Scientific Committee, 2012a; Kroes et al., 2004).
Compounds belonging to this class were identified using the OECD
QSAR toolbox (Version 4.2). Genotoxic compounds were also removed
from the dataset based on their reporting as positive for genotoxicity in
the OpenFoodTox database. Furthermore, compounds in the Open-
FoodTox database reported as ambiguous, no data, not applicable, not
determined, or other; were analyzed on a case-by-case basis using EFSA
and JECFA publications where applicable. Finally, compounds that fell
outside the applicability of the TTC approach (EFSA Scientific
Committee et al., 2019) (Table 1) were also excluded from the dataset
(188 compounds, of which 184 were inorganic or metals in elemental,
ionic or organic form and 4 were proteins).

2.3. Cramer classification of compounds

Once the final dataset was curated, all compounds were classed
using Cramer’s classification scheme (Cramer et al., 1978). This was
performed by profiling the compounds according to ‘Toxic hazard
classification by Cramer’ (original) in the OECD QSAR toolbox (Version

Table 1
Exclusion categories for substances falling outside the TTC approach (EFSA Scientific Committee et al., 2019).

Substances outside of the domain of applicability Substances with special properties

Inorganic substances High potency carcinogens: aflatoxin-like, azoxy- or N-nitroso-substances and benzidines
Proteins Steroids
Nanomaterials Substances with a potential for bioaccumulation. This includes substances like polyhalogenated-dibenzodioxins,

-dibenzofurans and -biphenyls
Radioactive substances
Organo-silicon substances
Metals in elemental, ionic or organic form1

1 For salts where the counter ion is a nutritionally essential metal, the organic ions is not excluded from the TTC approach.
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4.2, February 2018), (Source: http://www.oecd.org/chemicalsafety/
risk-assessment/oecd-qsar-toolbox.html). In the OECD QSAR toolbox,
categorization of compounds into either class of toxicological concern
was based on the original decision tree comprising of 33 questions.

2.4. Distribution analysis of Cramer classes and derivation of human
exposure thresholds

Compounds were categorized into one of the three Cramer classes
and a cumulative distribution of compound reference values (NOAEL/
BMDL/LOAEL) were plotted using R (version 3.3.2). The cumulative
distribution of compounds was plotted for each Cramer class against the
log of their reference values. To derive the exposure threshold values,
the 5th percentile reference value (μg/kg bw per day) was calculated
from the distribution of compounds for each class. Additionally, a 100-
fold uncertainty factor was applied to account for interspecies differ-
ences (x10) and population variability (x10). The resulting value was
then multiplied by a factor of 60 to account for the average human body
weight (kg) as used by Munro et al. (1996) to give a threshold value for
each Cramer class, as follows.

=TTC threshold value
uncertainty factor

x

average human weight

5th percentile Reference value
100 [ ]

60

[ ]

2.5. Bioavailability and calculation of internal TTC

The same dataset was used additionally to calculate the internal
TTC as similarly performed by Partosch et al. (2015). The commercially
available ACD/Percepta (ACD/Labs, Advanced Chemistry Develop-
ment, Inc., Toronto, ON, Canada, version 2017.2, www.acdlabs.com/
Percepta, 2017) was used to calculate the fraction absorbed and bioa-
vailable for all chemicals as previously reported (Partosch et al., 2015).
The ACD/Percepta tool allows prediction of physicochemical properties
as well as absorption, distribution, metabolism, excretion (ADME). The
module for oral bioavailability uses a combination of probabilistic and
mechanistic models for a quantitative prediction of human bioavail-
ability after oral administration it was used here because of the high
predictive power (Reynolds et al., 2009). Compounds reference values
were multiplied by the fraction of their bioavailability and used to
derive an internal TTC metric value. In the case where bioavailability
was zero, a value of 0.001 was used to avoid a zero value being used for
the Internal TTC. The empirical distribution of the internal reference
values was plotted for each Cramer class to derive internal TTC values.
The internal TTC value was calculated from 5th percentile of the cu-
mulative distribution of NOAEL values for each Cramer class using a
reduced uncertainty factor of 25 (Partosch et al., 2015). The rationale
for reducing the total uncertainty factor of 100 to 25 is that the default
uncertainty factor for the interspecies toxicokinetic sub-factor un-
certainty factor (with a default value of 4) is already taken into con-
sideration.

Calculation:

=internal TTC threshold value x

average human weight

5th percentile Reference value
25 [uncertainty factor]

60

[ ]

2.6. GHS and Cramer classification

Compounds were analyzed for concordance of the Cramer classifi-
cation obtained with the GHS classification STOT RE (Single Target
Organ Toxicity- Repeated Dose) guidance values. This was accom-
plished by comparing the allocation of Cramer Class I, II, and III with
the GHS STOT RE guidance values below (United Nations, 2017). In our
dataset, BMDL values were also used with NOAEL values to compare

against GHS guidance values.

1 GHS STOT RE 1: NOAEL <10mg/kg bw per day
2 GHS STOT RE 2: NOAEL > 10 <100mg/kg bw per day
3 GHS not classified for STOT RE: NOAEL > 100mg/kg bw per day

Subchronic studies which had a NOAEL below 10mg/kg bw per day
were classified as GHS STOT RE 1, NOAELs between 10mg/kg bw per
day and 100mg/kg bw per day were classified as GHS STOT RE 2; and
NOAELs above 100mg/kg bw per day were not classified for GHS STOT
RE.

2.7. Statistical analysis

The cumulative distribution function of the reference values was
calculated. Additionally, the 5th percentiles and their 90% confidence
intervals for each Cramer class were determined for both the external
TTC and internal TTC analysis using R (version 3.3.3). Using R, the cox
model was applied to the cumulative distribution of the NOAEL values
to determine if Cramer classes were proportionally distinct from each
other.

3. Results

The TTC dataset was collated by applying a set of inclusion and
exclusion criteria to the OpenFoodTox dataset described above. Using
EFSA’s OpenFoodTox database, 1855 studies assessing human health
were extracted, of which 938 were unique organic compounds not
falling within the exclusion criteria listed in Table 1. Only chronic
and subchronic studies were considered reducing the dataset to 586
compounds, out of which 423 were tested in rat or mouse species
while 395 had either BMDL, LOAEL or NOAEL reference values re-
ported (see Supplementary Material, Table 1a and b). A total of 38
compounds were additionally excluded as they were either organo-
phosphates or carbamates, the remainder (35 compounds) were ex-
cluded for their genotoxicity potential on a case-by-case basis using
EFSA and JECFA opinions (see Supplementary Material, Table 1c; the
table also contains compounds with ambiguous or undetermined
genotoxic potential) to give a final TTC dataset of 329 compounds.
Out of these, over half were pesticides (n=180), with flavorings
being the second largest class of substances (n=69), the composition
of the dataset is shown in Table 2. See Supplementary Material,
Tables 1a and 1b, for the full list.

3.1. Cramer classification

The Cramer classification was applied to this dataset
(OpenFoodTox-derived) to classify each compound into one of the three
classes. The results for the OpenFoodTox-derived (n=329) and
Munro’s dataset (n=613), are shown in Table 3. In Munro’s dataset,
Class I and Class II account for 22% and 5% of the data, while Class III

Table 2
Compound class of use for each Cramer Class (I, II & III) in the OpenFoodTox
dataset.

Cramer Classes (n)

Class of use I II III Sum %
Pesticides 3 2 175 180 54.7
Flavorings 19 4 46 69 21.0
Additives 15 1 19 35 10.6
Food contact materials 5 8 13 4.0
Nutrient sources 4 6 10 3.0
Contaminants 2 3 5 1.5
Other 5 12 17 5.2
Sum 53 7 269 329 100
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accounts for the majority of data at 73%. In comparison, the Open-
FoodTox TTC dataset also has most compounds categorized as Class III
at 82%, while Class I and II account for only 16% and 2% of the data,
respectively. In terms of class of use, nearly all pesticides fell into
Cramer Class III (97%), whereas for flavorings and additives, the pro-
portion in Cramer Class III decreased to 67% and 54%, respectively.
Because Cramer Class II was not well represented (n=7) and lacked any
statistical weight, this class was excluded from further analysis in this
paper. The classification of the individual substances in the Open-
FoodTox dataset is shown Table 1S.

3.2. Cumulative distribution analysis of the TTC dataset

To derive TTC values from the OpenFoodTox-derived dataset and to
compare them with Munro’s current threshold values, the cumulative
distribution of compounds log NOAEL values was plotted for both
Cramer Classes I and III. The 5th percentile was calculated for each class
and used to derive TTC values (Fig. 1). Fig. 1 shows that the two dis-
tributions are proportionally distinct (p < 0.001***) until the cut-off
value 5.5 μg/kg bw per day after which both distributions overlap.

The 5th percentile calculated from the cumulative distribution of
the OpenFoodTox-derived and Munro’s dataset for Cramer Class I were
1667 μg/kg bw per day and 3000 μg/kg bw per day, respectively. For
Cramer Class III, the 5th percentiles for the OpenFoodTox-derived and
Munro’s Cramer Class III were 145 μg/kg bw per day and 150 μg/kg bw
per day, respectively. The 5th percentiles were used to derive TTC va-
lues for Cramer Classes I and III. The derived threshold values for
Cramer Class I from the OpenFoodTox dataset was 1000 μg/person per
day (90% confidence interval: 187–2190) as compared to the original
TTC value of 1800 μg/person per day as calculated by Munro. This is
equivalent to 17 μg/kg bw per day (90% confidence interval: 3–37).

Similarly, for Cramer Class III the OpenFoodTox-derived TTC value was
87 μg/person per day (90% confidence interval: 60–153) whereas
Munro’s TTC value was 90 μg/person per day. This is equivalent to
1.5 μg/kg bw per day (90% confidence interval: 1.0–2.6).

In Table 4 the TTC values expressed as μg/kg bw per day are given
from different data bases.

3.3. Internal TTC

Calculating internal TTC values could be a way to make the in-
formation from oral toxicological studies available and usable for non-
oral route of administration. Using ACD/Percepta, the compound spe-
cific bioavailability data (expressed as fraction 0.001 to 0.995) were
derived and the cumulative distributions of the computed internal dose
reference values were plotted for both Cramer Class I and II/III. The 5th

percentile was calculated for each class and used to derive internal TTC
values. Fig. 2 shows both Cramer classifications when plotted are pro-
portionally distinct (p < 0.001***) from each other.

The 5th percentile and the 90th confidence intervals of Cramer Class
I for the OpenFoodTox (n= 53) was 0.5 μg/kg bw per day (90% con-
fidence interval: 0.25–37.8). For Cramer Class III, the 5th percentiles
for the OpenFoodTox (n= 269) was 0.4 μg/kg bw per day (90% con-
fidence interval: 0.15-0.88). Table 5 shows the comparison with the
internal TTC values derived by Partosch et al. (2015) which were
6.9 μg/kg bw per day (90% confidence interval: 3.8–11.5) for Cramer
Class I (n= 287) and 0.1 μg/kg bw per day (90% confidence interval:
0.08-0.14) for Cramer Class III (n= 1289), respectively.

3.4. GHS and Cramer classification scheme

The prediction of the Cramer classification was compared to gui-
dance values according to the Globally Harmonized System of classifi-
cation and labelling of the United Nations (GHS) using reference values
from 90-day repeated dose toxicity studies (n= 124) (Table 6). The
Cramer classification for these compounds from the OpenFoodTox da-
tabase was found to be concordant with the GHS classification in 43%
of compounds (n= 60). The Cramer classification scheme under-
estimated the toxicity in 15% of compounds (n= 19), and over-
estimated the toxicity compared with the GHS cut-off value in 36% of
compounds (n= 45).

Table 3
Cramer classification of the OpenFoodTox and Munro’s datasets.

OpenFoodTox Munro

Cramer classification N % N %
Class I 53 16 137 22
Class II 7 2 28 5
Class III 269 82 448 73
Total 329 100 613 100

Fig. 1. Cumulative distribution of Log Reference Values for
Cramer Classes I (red) and III (blue). Data are expressed as log
Reference Value (μg/kg bw per day) value for each compound
with 90th percentile confidence bands. The cumulative dis-
tribution of compounds from the OpenFoodTox database for
Cramer Classes I and III are expressed as a percentage and the
5th percentile is indicated by the black horizontal line.

L. Reilly, et al. Toxicology Letters 314 (2019) 117–123

120



4. Discussion

The TTC approach has repeatedly been demonstrated to be a con-
servative approach to identify exposure levels below which no toxicity
is expected to occur. The TTC approach has been found applicable to
different chemicals subject to different applications or uses. However,
there was a need to check whether the TTC approach is protective
enough for the substances found in the food/feed chain. This study
gathered data from EFSA’s OpenFoodTox database with the aim of
specifically testing the TTC application with chemicals relevant to food
safety. This work therefore complements and extends earlier publica-
tions that have examined the applicability of the TTC approach to food
contact materials (Pinalli et al., 2011) and pesticides (Feigenbaum
et al., 2015). The latter publication used the EU-Pesticides database that
includes pesticides also evaluated by EFSA. Curation of the dataset
resulted in a total of 329 compounds. However, unlike Munro’s dataset,
organophosphates, carbamates and compounds with alerts for geno-
toxicity were not included in our dataset, as was done by (Tluczkiewicz
et al., 2011) and (Leeman et al., 2014). We also compared the two
databases for potential overlap in the coverage of substances and found
that there were 69 substances that were common to both databases.
This corresponds to an overall overlap between the two databases of
21%. Of these substances, 8 belonged to Class I, 2 were in Class II and
59 in Class III.

Comparison of the Cramer distribution of the compounds from
EFSA’s OpenFoodTox-derived database with those from the Munro
database shows that the OpenFoodTox-derived database has higher
percentage of compounds falling in Class III whereas the percentage in
Classes I and II is approximately only half of the percentage found in the

respective classes in the Munro database (Table 3). The reasons for this
difference are not clear but this has an impact on the total number of
compounds from the OpenFoodTox database available for analysis in
Classes I and II.

Table 4 compares the threshold values of published TTC values.
Overall, the threshold values derived range from 17 to 42 μg/kg bw per
day in Cramer Class I and from 1.0 to 13 μg/kg bw per day in Cramer
Class III across databases with substances related to food and feed
(OpenFoodTox), chemicals (RepDose, ELINCS, Cosmos) and mixed
(Munro) (Kalkhof et al., 2012; Leeman et al., 2014; Munro et al., 1996;
Tluczkiewicz et al., 2011; Yang et al., 2017). Similar to other studies,
Cramer Class II lacked enough compounds to be included in our ana-
lysis. Overall, given the overlap in the 90th percentile confidence in-
tervals with the TTC values for Classes I and III from the other data-
bases, the Munro TTC values are interpreted as being sufficiently
protective against potential health hazards over a wide range of

Table 4
TTC values (in μg/kg bw per day) across different databases.

Munro database
(Munro et al., 1996)
n= 613

Munro database
(Leeman et al., 2014)*

RepDose
(Tluczkiewicz et al., 2011)
n=554

ELINCS
(Kalkhof et al., 2012)
n= 824

COSMOS
(Yang et al., 2017)
n= 552

OpenFoodTox (this paper)
n= 329

Substances chemicals mixed origin chemicals mixed
orrigin

chemicals mixed origin industrial chemicals cosmetics-related
chemicals

chemicals in food and feed

Cramer Class
I 30 30 32 25 42 17
III 1.5 4.0 1.0 13 8 1.5

*Only Class III compounds were re-analyzed.

Fig. 2. Cumulative distribution of internal NOAEL values for
Cramer Classes I (red) and II/III (blue) derived using predicted
bioavailability. Data are expressed as log Reference Value
(μg/kg bw per day) for each compound from the
OpenFoodTox database with 90th percentile confidence bands.
The cumulative distribution of compounds for Cramer Class I
and II/III, expressed as a percentage and the 5th percentile is
indicated by the black horizontal line. Both Cramer classifi-
cations are proportionally distinct (p < 0.001***) therefore,
cox’s proportional hazard assumption is not violated (see
Supplementary Fig. 1S).

Table 5
Internal TTC values derived from Partosch et al. (2015) and OpenFoodTox
datasets.

Partosch et al., 2015 OpenFoodTox

Cramer Class TTC value TTC value
I 6.9 (3.8-11.5) 0.5 (0.25-37.8)
II/III 0.1 (0.08-0.14) 0.4 (0.15-0.88)

Data are expressed as μg/kg bw per day. The external reference values cor-
rected for compound specific bioavailability, the 5th percentile of the cumula-
tive distribution was divided by an uncertainty factor of 25. Data are expressed
as μg/kg bw per day for Cramer Class I & II/III.
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chemical sectors. Therefore, the Munro TTC values are robust enough
for use in risk assessment, including in the case of substances pertinent
to food safety.

The internal TTC was also calculated using the conversion of ex-
ternal oral reference point values using compound specific bioavail-
ability data predicted using an in-silico approach. The derived values
may be used for the assessment of the exposure from all routes of ex-
posure after conversion to internal exposure. The simple approach we
have taken here to correct the external dose for absorption/bioavail-
ability has been criticized and a more appropriate procedure for de-
riving values representing internal dose may be required to perform a
full physiologically based pharmacokinetic (PBPK) modelling (see for
example (Blackburn et al., 2019; Chebekoue and Krishnan, 2019)).
However, given the information available for most of the data sets e.g.
ELINCS, Food Contact Materials, the lack of data which can be used to
calculate the clearance of the substance from the body would prevent a
more ambitious approach. The use of prediction tools would introduce
additional uncertainty in the derived values.

The data we have derived show that the internal TTC values are
considerably lower in comparison to the external TTC values, in
agreement with previous findings (Partosch et al., 2015). In the case of
the OpenFoodTox-derived dataset, there was no clear difference in
threshold value between Classes I and III. Whereas for Class III the
threshold value is similar to that reported previously using Munro, the
ELINCS and the food contact materials databases (Partosch et al.,
2015), the Class I value is considerably lower. However, the Class I
value had a wide 90% confidence interval that indicates that there is
considerable uncertainty about the precision of this value presumably
because of the overall low number of substances in that class (n=53).
For comparison, Partosch et al. (2015) had 287 substances in their Class
I. Three of the 53 internal class I compounds fell below the 5th per-
centile, and their predicted bioavailabilities were very low. These
compounds were lacto-N-neotetraose, and beta-cyclodextrin, which
were applied a predicted default bioavailability value of 0.001 (bioa-
vailability predicted to be zero), and 1,2-cyclohexanedicarboxylic acid,
1,2-diisononyl ester which was applied a predicted bioavailability value
of 0.02. These drive down the internal TTC value.

The Cramer classification scheme is based on the metabolic and
toxicological information available nearly four decades ago. Although,
calls for revisions and refinements of the scheme have been made to
incorporate advances in scientific knowledge, the analysis carried out
by EFSA in 2012 has shown that the application of the Cramer classi-
fication scheme in the TTC approach is conservative and therefore
protective of human health (EFSA Scientific Committee, 2012a).

Kalkhof and co-workers came to a similar conclusion when ana-
lyzing the ELINCS database for concordance between Cramer classifi-
cation and the Global Harmonized System (GHS) for classification and
labelling (Kalkhof et al., 2012). Their analysis, which used 813 NOAEL
values from both subacute and subchronic studies converted to chronic
NOAELs figured out that less than 5% of the Cramer classifications
underestimated toxicity, whereas the toxicity was overestimated by
nearly 70%. Here, the Cramer scheme using the OECD QSAR toolbox on
124 reference values from 90-day repeated toxicity studies was shown
to be a poor predictor for toxicity according to GHS. The Cramer clas-
sification was found to be concordant with the GHS classification in
43% of compounds while it underestimated the toxicity in 15% of
compounds and overestimated the toxicity compared with the GHS cut-
off value in 36% of compounds. From a regulatory perspective the
Cramer classification scheme in the TTC approach is conservative and
therefore, protective of human health in situations of chemical hazard
assessment where little or no safety information is available.

5. Conclusion

The present study aimed to test the Threshold of Toxicological
Concern values proposed by Munro et al. (1996) for their conservatism
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using EFSA’s new OpenFoodTox database and comparing the results
with the TTC values derived from other databases. Although the
number of chemicals of the OpenFoodTox database is relatively low and
therefore vulnerable to variability, the threshold values were similar to
those obtained from the Munro and other databases. The Cramer clas-
sification scheme results in an overestimation of toxicity and hence it is
conservative. Therefore, attempts should be made to improve the
classification scheme because overpredicting toxicity would lead to
unnecessary testing/actions. The internal TTC might be an additional
tool when assessing combined exposure from different routes. Finally,
comparison with the GHS classification confirmed that the Cramer
classification scheme in the TTC approach is conservative for sub-
stances relevant to food safety.
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