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Disclaimer

The views, thoughts and opinions presented are not 
necessarily those of EFSA
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Introduction to the concept of TTC
German: 'Alle Ding sind Gift und nichts
ohn' Gift; allein die Dosis macht, das 
ein Ding kein Gift ist.

English: All things are poison and 
nothing (is) without poison; only the 
dose makes that a thing is no poison.

Toxicant
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or
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Critical 
cellular 
targets

Antioxidant 
defences

Response

Concept of threshold

Theophrastus von Hohenheim
‘Paracelsus’
1493 (or 1494) - 1541
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Introduction to the concept of TTC
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FDA develops the concept of TOR

• 1980’s & the US Food and Drug Administration (FDA)
o Concept of ‘virtually safe doses’ (VSDs) for humans from 

carcinogenic potency data from animal studies (Rulis, 1987). 
o VSD = estimate of the dietary exposure to a carcinogen which 

could give rise to less than a one in a million lifetime risk of 
cancer.

o The distribution of VSDs was used to generate a Threshold of 
Regulation (TOR). 
 a concentration of 0.5 μg/kg of diet (0.5 ppb) or 1.5 

μg/person per day
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FDA develops the concept of TOR

• FDA considered that with a dietary exposure to an individual 
substance below the TOR, the consumers would be protected 
‘with reasonable certainty of no harm’, even if that substance 
was later shown to be a carcinogen.

 1995: FDA incorporated this threshold value in its TOR policy 
for substances present in food contact materials.



8

1990-1996: Development of the TTC concept by Munro and colleagues

• Compilation of a database of 
613 chemicals
 Oral toxicity studies
 Non-cancer endpoints with corresponding 

NOELS
 Sub-chronic, chronic and reprotox studies

• Division of the database into the three classes developed by 
Cramer and colleagues (1978)
 Cramer Class I: chemicals of simple structure, with efficient modes of metabolism, 

suggesting low oral toxicity
 Cramer Class II: chemicals with structures less innocuous than Cramer Class I but 

without features suggesting significant toxicity
 Cramer Class III: chemicals with structures suggesting significant toxicity or which did 

not permit any strong initial presumption of safety
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1990-1996: Development of the TTC concept by Munro and colleagues

• Derivation of human threshold values by
1. Taking the lower 5th percentile value of the distribution of NOELs for the substances in 

each of the three Cramer structural classes
2. Multiplying by 60 to convert the values expressed as mg/kg bw per day into 

mg/person per day
3. Dividing by a factor of 100 to ensure a margin of safety.

Class I

Class III

Class II
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Next step: refinement of the TTC

o Decision-tree approach for the application of TTC
o Substance exclusion criteria

 polyhalogenated-dibenzodioxins, -dibenzofurans and -biphenyls
 non-essential metals in elemental, ionic or organic forms and other inorganic substances
 proteins
 aflatoxin-like, azoxy- and N-nitroso- compounds

o Introduction of separate threshold values for
 organophosphates (TTC value of 18 μg/person per day)
 compounds with structural alerts for genotoxicity (TTC value of 0.15 μg/person per day)
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TTC as a Tool for Safety Assessment: First uses

 1995: JECFA
 Considered for the evaluation of flavourings by the JECFA
 TTC approach used in the evaluation of ~2000 flavourings

 1996: Scientific Committee on Food
 First discussions on concept of ‘threshold of concern’
 The concept of TTC was considered rational, pragmatic and  

scientifically valid’
 1999: Scientific Committee on Food

 Opinion on a programme for the evaluation of flavourings.
 The JECFA procedure seen as reasonable and pragmatic 

approach that could be used for flavourings
 Use of Cramer’s three structural classes (I, II, III) and the 

corresponding TTC values for the risk assessment of 
flavourings
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Use of TTC by EFSA

o Since 2004: Use of the JECFA procedure (slightly 
modified) for the evaluation of flavourings by EFSA.
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Use of TTC by EFSA
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‘[T]he TTC approach can be recommended as a useful screening tool 
either for priority setting or for deciding whether exposure to a 
substance is so low that the probability of adverse health effects is low 
and that no further data are necessary.’



Rationale

 To continue (joint) validation and (consistent) implementation of harmonised 
methods for chemical risk assessment such as TTC, read-across, omics etc.

 To introduce improvements in the scientific substantiation of the TTC 
approach where needed.

 To meet TTC experts worldwide to stimulate a proper implementation of 
the approach internationally.
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Use of TTC by EFSA

 Flavouring substances in food (EFSA, 2010)
 Impurities, metabolites and degradation products of food additives (EFSA, 

2012)
 Pharmacologically active substances present in food of animal origin 

(EFSA, 2018)
 Some metabolites and degradation products of plant protection products 

in the context of residue definition for risk assessment (EFSA, 2016)
 The derivation of ‘maximum acceptable feed concentrations’ for flavouring 

additives based on default values for feed consumption (EFSA, 2017)
 The development of the criteria for the safety evaluation of mechanical 

processes to produce recycled poly(ethylene terephthalate) (PET) intended 
to be used for manufacture of materials and articles in contact with food 
(EFSA, 2011)

 Chemical mixtures (EFSA, 2018 – in preparation)
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2018: DRAFT Guidance on approach in food safety assessment
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The new EFSA TTC Decision Tree (I)
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The new EFSA TTC Decision Tree (II)
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The new EFSA TTC Decision Tree (III)
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Critics of the TTC
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Validation of the TTC values

Source: Baken et al. Envir. Int. 118, 293-303, 2018
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Summary and Conclusions

1. The TTC approach is a conservative screening and prioritization 
tool for the safety assessment of chemicals

 when hazard data are incomplete
 when human exposure can be estimated and is very low
 when the identity of the chemical is fully known
 when the chemical is within the application domain of the TTC 
 when EU legislation does not request sector-specific toxicity data

2. TTC approach recognised as such by different organisations, e.g.
 WHO (International Programme on Chemical Safety (IPCS))
 JECFA
 EFSA 
 FDA
 EMA
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どうもありがとうございました
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