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lowest-(adverse)-effect levels (LOEL, LOAEL), points of de-
parture, derived no-effect-levels (DNEL), reference doses 
(RfD), etc. So, these effect thresholds – with and without incor-
�S�R�U�D�W�L�R�Q���R�I���X�Q�F�H�U�W�D�L�Q�W�\���I�D�F�W�R�U�V���±���F�R�P�H���L�Q���G�L�I�I�H�U�H�Q�W���À�D�Y�R�U�V���E�X�W����
�H�V�V�H�Q�W�L�D�O�O�\�����W�K�H�\���G�R���W�K�H���V�D�P�H�����7�K�H�\���G�H�¿�Q�H���D���G�R�V�H�����E�H�O�R�Z���Z�K�L�F�K��
nothing happens in test animals and, using safety and uncertain-
ty factors, we can calculate doses that are extremely unlikely to 
have effects in humans. 

The threshold of toxicological concern (TTC) concept aims 
to formalize this for direct comparison with exposure to a given 

 1  Introduction

�(�[�F�H�S�W���L�I���\�R�X���E�H�O�L�H�Y�H���L�Q���K�R�P�H�R�S�D�W�K�\�����W�K�H�U�H���L�V���D���G�R�V�H���I�R�U���D�Q�\���V�X�E-
�V�W�D�Q�F�H���E�H�O�R�Z���Z�K�L�F�K���W�K�H�U�H���L�V���Q�R���H�[�S�H�F�W�D�W�L�R�Q���R�I���E�L�R�O�R�J�L�F�D�O���D�F�W�L�Y�L�W�\��
and thus no concern of toxicity. Almost all toxicologists agree on 
this since Paracelsus wrote, “The dose makes the poison.” The de 
minimis concept suggests a human exposure threshold for chemi-
�F�D�O�V���E�H�O�R�Z���Z�K�L�F�K���W�K�H�U�H���L�V���Q�R���V�L�J�Q�L�¿�F�D�Q�W���U�L�V�N���W�R���K�X�P�D�Q���K�H�D�O�W�K��

�0�D�Q�\�� �R�I�� �R�X�U�� �U�L�V�N�� �D�V�V�H�V�V�P�H�Q�W�V�� �D�U�H�� �I�R�U�� �W�K�L�V�� �U�H�D�V�R�Q�� �E�D�V�H�G�� �R�Q��
�E�H�Q�F�K�P�D�U�N���G�R�V�H�V�����Q�R�����D�G�Y�H�U�V�H�����H�I�I�H�F�W���O�H�Y�H�O�V�����1�2�(�/�����1�2�$�(�/������
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Summary
Low dose, low risk; very low dose, no real risk. Setting a pragmatic threshold below which concerns become negligible 
is the purpose of thresholds of toxicological concern (TTC). The idea is that such threshold values do not need to be 
established for each and every chemical based on experimental data, but that by analyzing the distribution of lowest- 
or no-effect doses of many chemicals, a TTC can be defined – typically using the 5th percentile of this distribution and 
lowering it by an uncertainty factor of, e.g., 100. In doing so, TTC aims to compare exposure information (dose) with 
a threshold below which any hazard manifestation is very unlikely to occur. 
The history and current developments of this concept are reviewed and the application of TTC for different regulated 
products and their hazards is discussed. TTC lends itself as a pragmatic filter to deprioritize testing needs whenever 
real-life exposures are much lower than levels where hazard manifestation would be expected, a situation that is called 
“negligible exposure” in the REACH legislation, though the TTC concept has not been fully incorporated in its imple-
mentation (yet). Other areas and regulations – especially in the food sector and for pharmaceutical impurities – are 
more proactive. Large, curated databases on toxic effects of chemicals provide us with the opportunity to set TTC for 
many hazards and substance classes and thus offer a precautionary second tier for risk assessments if hazard cannot 
be excluded. This allows focusing testing efforts better on relevant exposures to chemicals.
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“The difference between stupidity  
and genius is that genius has its limits.”

Albert Einstein
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1 https://www.kvcv.be/index.php/en/food-contact-materials

�V�X�E�V�W�D�Q�F�H���� �+�H�Q�Q�H�V�� �������������� �G�H�¿�Q�H�G���� �³The TTC is based on the 
concept that an exposure threshold value can be established 
below which a very low probability of an appreciable risk to 
human health (or the ecosystem) exists”. Our glossary (Fer-
�U�D�U�L�R�� �H�W�� �D�O������ ������������ �I�R�O�O�R�Z�H�G�� �W�K�H�� �Y�H�U�\�� �V�L�P�L�O�D�U�� �G�H�¿�Q�L�W�L�R�Q�� �I�R�U�P�X-
�O�D�W�H�G�� �E�\�� �'�X�I�I�X�V�� ���������������� �³Threshold of toxicological concern 
(TTC): Human exposure threshold value for a group of chemi-
cals below which there should be no appreciable risk to human 
health”. In a less than perfect world, this is an almost perfect 
way to pragmatically calculate limits of exposure for untested 
�F�K�H�P�L�F�D�O�V���W�K�D�W���S�U�R�P�L�V�H���W�R���E�H���V�D�I�H��

Is there a threshold of toxic effects and do all toxic effects 
have one? A single molecule could, at least theoretically, cre-
ate DNA damage, a mutation that is not necessarily repaired 
�D�Q�G���F�D�Q���F�K�D�Q�J�H���W�K�H���F�H�O�O�����+�R�Z�H�Y�H�U�����W�K�H�U�H���K�D�Y�H���E�H�H�Q���D�U�J�X�P�H�Q�W�V��
�R�Y�H�U�� �G�H�F�D�G�H�V�� �D�E�R�X�W�� �Z�K�H�W�K�H�U�� �P�X�W�D�J�H�Q�L�F�L�W�\�� �D�Q�G�� �F�D�Q�F�H�U�� �G�R�� �Q�R�W��
�I�R�O�O�R�Z�� �W�K�L�V�� �S�D�U�D�G�L�J�P�� ���.�L�U�V�F�K���9�R�O�G�H�U�V�� �H�W�� �D�O������ ������������ �1�H�X�P�D�Q�Q����
�������������D�Q�G���V�L�P�L�O�D�U���D�U�J�X�P�H�Q�W�V���R�I���Q�R���W�K�U�H�V�K�R�O�G���K�D�Y�H���E�H�H�Q���P�D�G�H��
�I�R�U���W�H�U�D�W�R�J�H�Q�V�����*�D�\�O�R�U���H�W���D�O�������������������D�Q�G���H�Y�H�Q���H�Q�G�R�F�U�L�Q�H���G�L�V�U�X�S-
�W�L�R�Q�����.�R�U�W�H�Q�N�D�P�S���H�W���D�O���������������������Z�L�W�K���W�K�H���I�R�U�P�H�U���O�D�U�J�H�O�\���G�H�I�H�D�W�H�G��
���%�U�H�Q�W���D�Q�G���)�D�Z�F�H�W�W�����������������Z�K�L�O�H���W�K�H���O�D�W�W�H�U���L�V���V�W�L�O�O���D���K�R�W���W�R�S�L�F���R�I��
�G�L�V�F�X�V�V�L�R�Q�����7�K�H�\���D�U�H���V�H�H�Q���E�\���V�R�P�H���D�V���V�W�R�F�K�D�V�W�L�F���H�Y�H�Q�W�V���W�K�D�W���E�H-
�F�R�P�H���O�H�V�V���D�Q�G���O�H�V�V���S�U�R�E�D�E�O�H���Z�L�W�K���G�H�F�O�L�Q�L�Q�J���G�R�V�H�����E�X�W���W�K�H���S�U�R�E-
�D�E�L�O�L�W�\���G�R�H�V���Q�R�W���U�H�D�F�K���]�H�U�R�����L�Q���V�R�P�H���F�D�V�H�V�����H�Y�H�Q���H�I�I�H�F�W�V���I�R�X�Q�G��
only at low doses that are not seen at higher ones are postulated, 
often called non-monotonous dose-response curves. However, 
�R�X�W�V�L�G�H���D�F�D�G�H�P�L�F���G�L�V�F�X�V�V�L�R�Q�����L�Q���D���U�H�D�O���Z�R�U�O�G���V�F�H�Q�D�U�L�R�����W�K�H���S�U�R�E-
�D�E�L�O�L�W�\���R�I���K�D�]�D�U�G���D�W���V�R�P�H���S�R�L�Q�W���V�L�P�S�O�\���I�D�O�O�V���E�H�O�R�Z���W�K�H���Q�R�L�V�H�����L���H������
�W�K�H���L�Q�H�Y�L�W�D�E�O�H���V�S�R�Q�W�D�Q�H�R�X�V���G�H�Y�H�O�R�S�P�H�Q�W���R�I���V�X�F�K���G�L�V�H�D�V�H�V����

For example, a recent, prominent study out of Hopkins sug-
gests that two thirds of all cancers are due to chance (Tomasetti 

�D�Q�G���9�R�J�H�O�V�W�H�L�Q�����������������7�R�P�D�V�H�W�W�L���H�W���D�O�������������������±���W�K�H���D�X�W�K�R�U�V���F�R�Q-
cluded, across 32 cancer types, that 66% of cancer-promoting 
mutations arise randomly during cell division in various organs 
�W�K�U�R�X�J�K�R�X�W���O�L�I�H�������������W�U�D�F�H���W�R���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���F�D�X�V�H�V�����D�Q�G���������D�U�H��
�L�Q�K�H�U�L�W�H�G���� �7�K�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �S�D�U�W���� �H�V�S�H�F�L�D�O�O�\�� �Z�K�H�Q�� �\�R�X�� �V�X�E-
�W�U�D�F�W���V�P�R�N�L�Q�J�����+�D�U�W�X�Q�J�������������������D�G�G�V���V�P�D�O�O���U�L�V�N�V���W�R���W�K�H���U�D�Q�G�R�P��
�F�K�D�Q�F�H���D�Q�G���L�V���G�L�I�¿�F�X�O�W���W�R���S�U�R�Y�H���D�Q�G���W�K�X�V���W�R���S�U�H�Y�H�Q�W���I�R�U���D�Q�\���J�L�Y�H�Q��
chemical, except in extreme exposure situations, for example 
at certain workplaces. So, without reentering the argument of 
threshold versus linear extrapolation, there is a practical thresh-
old where the risk exerted is so small that there is no longer 
�U�H�D�O�O�\�� �F�R�Q�F�H�U�Q�����7�K�L�V���L�V���W�K�H���E�D�V�L�F���L�G�H�D���R�I�� �D���W�K�U�H�V�K�R�O�G���R�I�� �W�R�[�L�F�R-
logical concern (TTC). 

�'�X�H���W�R���H�Y�H�U���L�P�S�U�R�Y�L�Q�J���D�Q�D�O�\�W�L�F�D�O���F�D�S�D�E�L�O�L�W�L�H�V�����Y�H�U�\���O�R�Z���O�H�Y�H�O�V��
�R�I���X�Q�H�[�S�H�F�W�H�G���F�K�H�P�L�F�D�O�V���F�D�Q���Q�R�Z���E�H���G�H�W�H�F�W�H�G���L�Q���P�D�Q�\���S�U�R�G�X�F�W�V��
�D�Q�G�� �L�Q�� �W�K�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �7�K�L�V�� �L�P�S�U�R�Y�H�G�� �D�Q�D�O�\�W�L�F�D�O�� �F�D�S�D�E�L�O�L�W�\��
challenges industry and regulators to address with increasingly 
limited resources more and more issues associated with the de-
tection of very low levels of chemicals in products. For example, 
�W�K�H�U�H���D�U�H���D�E�R�X�W�����������������I�R�R�G���F�R�Q�W�D�F�W���P�D�W�H�U�L�D�O�V1���W�K�D�W���F�D�Q���S�R�V�V�L�E�O�\��
migrate into food. TTC help to set a limit determining whether 
these require further attention for testing and risk assessment: 
“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 poten-
tial mitigation���´�����)�H�O�W�H�U���H�W���D�O��������������������

�7�K�H�� �S�U�R�E�O�H�P�� �L�V�� �H�[�D�F�H�U�E�D�W�H�G�� �L�Q�� �F�D�V�H�� �R�I�� �F�K�H�P�L�F�D�O�V�� �I�R�U�� �Z�K�L�F�K��
�O�L�W�W�O�H���R�U���Q�R���W�R�[�L�F�R�O�R�J�L�F�D�O���G�D�W�D���L�V���D�Y�D�L�O�D�E�O�H�����.�R�V�W�H�U���H�W���D�O��������������������
�7�K�H���7�7�&���D�S�S�U�R�D�F�K���K�D�V���E�H�H�Q���F�R�Q�W�U�R�Y�H�U�V�L�D�O�����E�H�F�D�X�V�H���L�W���F�D�U�U�L�H�V���R�X�W��
�U�L�V�N���F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���Z�L�W�K�R�X�W���W�K�H���X�V�X�D�O���W�R�[�L�F�L�W�\���G�D�W�D�����W�K�H���Y�D�O�L�G�L�W�\��

Tab. 1: Current regulatory use of TTC

Area	 Authority	 Reference

Food packaging migrants and �avoring agents	 US FDA, JECFA, WHO	 FDA, 1995, 2001; JECFA, 1998; WHO, 2000

Food �avorings and pesticide metabolites in groundwater; 	 EFSA	 EFSA, 2012, 2016 
Under discussion for: food contact materials; impurities  
and breakdown/reaction products in food and feed  
additives; plant metabolites and degradants of pesticides;  
metabolites of feed additives; technological feed additives;  
�avoring substances in feed		

Genotoxic impurities in (veterinary and human) 	 EMEA, EMA	 EMEA, 2004; FDA, 2008; EMA, 2006, 2013 
pharmaceutical preparations and genotoxic constituents 		   
in herbal substances and preparations		

Genotoxic and carcinogenic impurities 	 US FDA	 McGovern and Jacobson-Kram, 2006; 
in drugs		  ICH guidance M5, 2015a

Within REACH registrations for industrial chemicals	 ECHA	 ECHA, 2016

a https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM347725.pdf

https://www.kvcv.be/index.php/en/food-contact-materials
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM347725.pdf
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can be recommended as a useful screening tool either for prior-
ity 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.” TTC is also part of the ECHA 
guidance for testing�������(�&�+�$�����������������S�S�������������������������W�K�R�X�J�K���L�Q���D��
more hesitant manner (see later). The emerging consensus might 
�R�I�I�H�U���W�K�H���R�S�S�R�U�W�X�Q�L�W�\���I�R�U���E�U�R�D�G�H�U���D�S�S�O�L�F�D�W�L�R�Q���R�I���W�K�L�V���Y�H�U�\���S�U�D�J-
matic approach to reduce testing and animal use.

2  The TTC concept and its emergence

�)�H�O�W�H�U���H�W���D�O�������������������F�U�H�G�L�W���)�U�D�Z�O�H�\�������������������Z�K�R���V�H�W���R�X�W���W�R���³deter-
mine a level of use of any food-packaging component which could 
be considered to be safe regardless of its degree of toxicity” for 
�W�K�H���¿�U�V�W���7�7�&�����7�K�H���¿�U�V�W���7�7�&���Y�D�O�X�H�V���Z�H�U�H���S�U�R�S�R�V�H�G���I�R�U���F�K�H�P�L�F�D�O�V��
in food entering unintentionally from packaging or added in very 
�O�R�Z���D�P�R�X�Q�W�V�����V�X�F�K���D�V���À�D�Y�R�U�L�Q�J���D�J�H�Q�W�V�����7�K�H���8�6���)�'�$���L�Q�W�U�R�G�X�F�H�G��
a threshold of regulation (TOR) approach for indirect food ad-
�G�L�W�L�Y�H�V�����8�6���)�'�$�������������������7�K�H���7�2�5���U�H�S�U�H�V�H�Q�W�H�G���D���S�U�D�J�P�D�W�L�F���Z�D�\��
to address the safety of food packaging materials that had the 
potential to migrate into food at a level that was considered to 
�E�H���V�X�I�¿�F�L�H�Q�W�O�\���O�R�Z���W�R���E�H���F�R�Q�V�L�G�H�U�H�G���W�R�[�L�F�R�O�R�J�L�F�D�O�O�\���L�Q�V�L�J�Q�L�¿�F�D�Q�W����
�H�Y�H�Q���L�Q���W�K�H���D�E�V�H�Q�F�H���R�I���F�K�H�P�L�F�D�O���V�S�H�F�L�¿�F���W�R�[�L�F�L�W�\���G�D�W�D�����7�K�L�V���Z�D�V��
�E�D�V�H�G���R�Q���D���V�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�L�V���R�I���W�K�H���&�D�U�F�L�Q�R�J�H�Q�L�F���3�R�W�H�Q�F�\���'�D�W�D-
�E�D�V�H�����&�3�'�%�����R�I���*�R�O�G���H�W���D�O�������������������������������D�Q�G���W�K�H���7�2�5���R�I�����������S�S�E��
�L�Q���W�K�H���G�L�H�W�����F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R�������������J���S�H�U�V�R�Q���G�D�\�����8�6���)�'�$����������������
�������������R�U�����������������J���N�J���E�R�G�\���Z�H�L�J�K�W���G�D�\�����Z�D�V���V�H�W����

�7�Z�R�� �S�U�L�Q�F�L�S�D�O�� �D�S�S�U�R�D�F�K�H�V�� �K�D�Y�H�� �E�H�H�Q�� �X�V�H�G�� �W�R�� �G�H�Y�H�O�R�S�� ���I�R�U��
�I�R�R�G���F�R�Q�W�D�F�W���D�U�W�L�F�O�H�V���D�Q�G���À�D�Y�R�U�L�Q�J�� �V�X�E�V�W�D�Q�F�H�V������ �¿�U�V�W���� �D�� �J�H�Q�H�U�D�O��
TTC, suggested to apply to all chemicals and all health effects, 
�P�D�L�Q�O�\���E�D�V�H�G���R�Q���F�D�U�F�L�Q�R�J�H�Q�L�F�L�W�\���G�D�W�D�����D�Q�G���V�H�F�R�Q�G�����D���7�7�&���E�D�V�H�G��
on structural information compared with toxicological data of 
chemicals (“the decision tree approach”) for non-carcinogenic 
�H�Q�G�S�R�L�Q�W�V�� ���.�U�R�H�V�� �H�W�� �D�O������ ������������ �0�X�Q�U�R�� �H�W�� �D�O������ �������������� �L���H������ �Z�K�H�U�H��
TTC are deduced for categories of chemicals. Both approaches 
focused strongly on cancer studies, mutagenicity, and the un-
derlying chemical reactivity. However, although derived from 
�F�D�U�F�L�Q�R�J�H�Q�L�F�L�W�\�� �G�D�W�D���� �W�K�H�� �8�6�� �)�'�$�� �G�R�H�V�� �Q�R�W�� �D�F�F�H�S�W�� �W�K�H�� �X�V�H�� �R�I��
this TOR for known carcinogens or for chemicals with structural 
alerts or other evidence of carcinogenicity. An ILSI workshop in 

of the TTC approach is also critically dependent on the validity 
�R�I���W�K�H���G�D�W�D�E�D�V�H�V���X�V�H�G�����D�V���Z�H���Z�L�O�O���G�L�V�F�X�V�V���O�D�W�H�U��

�6�H�Y�H�U�D�O�� �U�H�Y�L�H�Z�V�� �R�I�� �W�K�H���7�7�&�� �F�R�Q�F�H�S�W�����.�U�R�H�V�� �D�Q�G�� �.�R�]�L�D�Q�R�Z-
�V�N�L�����������������.�U�R�H�V���H�W���D�O�������������������%�D�U�O�R�Z�����������������0�X�Q�U�R���H�W���D�O������������������
�+�H�Q�Q�H�V�����������������&�D�Q�D�G�\���H�W���D�O�����������������D�Q�G���P�D�Q�\���P�R�U�H���F�L�W�H�G���L�Q���W�K�H��
�I�R�O�O�R�Z�L�Q�J�����F�D�Q���J�L�Y�H���E�U�R�D�G�H�U���E�D�F�N�J�U�R�X�Q�G���W�K�D�Q���L�V���W�K�H���S�X�U�S�R�V�H���R�I��
�W�K�L�V���D�U�W�L�F�O�H�����+�H�U�H�����H�V�S�H�F�L�D�O�O�\���W�K�H���F�K�D�O�O�H�Q�J�H�V���D�K�H�D�G���I�R�U���D���E�U�R�D�G�H�U��
�X�V�H���R�I���7�7�&���V�K�D�O�O���E�H���D�G�G�U�H�V�V�H�G�����7�7�&���V�K�R�X�O�G���E�H���D�Q���L�Q�W�H�J�U�D�O���S�D�U�W��
of the strategic development of safety sciences (Busquet and 
�+�D�U�W�X�Q�J�����������������D�V���G�L�V�F�X�V�V�H�G���L�Q���W�K�L�V���V�H�U�L�H�V���R�I���D�U�W�L�F�O�H�V�����+�D�U�W�X�Q�J����
���������D���� �D�V���S�D�U�W���R�I�� �W�K�H���Q�H�H�G���W�R���P�R�Y�H���D�Z�D�\�� �I�U�R�P���D�Q�L�P�D�O���H�[�S�H�U�L-
�P�H�Q�W�D�W�L�R�Q�����+�D�U�W�X�Q�J�������������E�������5�H�J�X�O�D�W�R�U�\���X�V�H���R�I���7�7�&���R�U�L�J�L�Q�D�W�H�G��
�R�X�W���R�I���W�K�H���8�6���)�R�R�G���D�Q�G���'�U�X�J���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q�����8�6���)�'�$�����D�O�U�H�D�G�\��
�W�Z�R���G�H�F�D�G�H�V���D�J�R�����E�X�W���U�H�J�X�O�D�W�R�U�\���D�S�S�U�R�Y�D�O���L�V���V�W�L�O�O���U�D�W�K�H�U���O�L�P�L�W�H�G��
���7�D�E���� �������� �Z�L�W�K�� �R�Q�O�\�� �W�Z�R�� �E�U�R�D�G�O�\�� �D�F�F�H�S�W�H�G�� �X�V�H�V���� �L���H������ �O�R�Z���O�H�Y�H�O��
food constituents and drug impurities. 

�7�K�H�� �7�7�&�� �F�R�Q�F�H�S�W�� �K�D�V�� �I�R�X�Q�G�� �F�R�Q�V�L�G�H�U�D�E�O�H�� �L�Q�W�H�U�H�V�W�� �L�Q�� �U�H�F�H�Q�W��
years, especially in Europe. A large ILSI-Europe workshop 
���'�H�Z�K�X�U�V�W�� �D�Q�G�� �5�H�Q�Z�L�F�N���� ������������ �D�Q�G�� �V�X�E�V�H�T�X�H�Q�W�� �,�/�6�,���(�X�U�R�S�H��
Threshold of Toxicological Concern Task Force2, as well as 
�V�H�Y�H�U�D�O�� �R�S�L�Q�L�R�Q�V�� �E�\�� �W�K�H�� �(�X�U�R�S�H�D�Q���$�J�H�Q�F�L�H�V3���� �D�Q�G�� �W�K�H�� �V�F�L�H�Q�W�L�¿�F��
�F�R�P�P�L�W�W�H�H�V�� �R�I�� �'�L�U�H�F�W�R�U�D�W�H�� �*�H�Q�H�U�D�O�� �I�R�U�� �+�H�D�O�W�K�� �D�Q�G�� �)�R�R�G�� �6�D�I�H-
�W�\�� ���6�&�+�(�5���� �6�&�&�3���� �6�&�(�1�,�+�5���� ������������ �(�)�6�$���� ������������ �D�G�G�U�H�V�V�H�G��
�W�K�H���W�R�S�L�F�����,�Q���������������W�K�U�H�H���L�Q�G�H�S�H�Q�G�H�Q�W���Q�R�Q���I�R�R�G���6�F�L�H�Q�W�L�¿�F���&�R�P-
mittees of the European Commission were jointly tasked with 
evaluating potential applications of the TTC approach for human 
�K�H�D�O�W�K���U�L�V�N���D�V�V�H�V�V�P�H�Q�W���R�I���F�K�H�P�L�F�D�O���V�X�E�V�W�D�Q�F�H�V�����(�&������������������������������
Their opinion focused on the potential applications of the TTC 
concept for cosmetics and other consumer products in relation to 
their mandates. They considered the TTC approach, in general, 
“scientifically acceptable for human health risk assessment of 
systemic toxic effects caused by chemicals present at very low 
levels, as based on sound exposure information”. However, they 
�H�P�S�K�D�V�L�]�H�G���W�K�H���Q�H�H�G���I�R�U���D���K�L�J�K���O�H�Y�H�O���R�I���F�R�Q�¿�G�H�Q�F�H���L�Q����
������	�W�K�H���T�X�D�O�L�W�\���D�Q�G���F�R�P�S�O�H�W�H�Q�H�V�V���R�I���W�K�H���W�R�[�L�F�L�W�\���G�D�W�D�E�D�V�H�V����
������	�W�K�H���U�H�O�L�D�E�L�O�L�W�\���R�I���W�K�H���H�[�S�R�V�X�U�H���G�D�W�D���I�R�U���W�K�H���L�Q�W�H�Q�G�H�G���X�V�H���R�I��

�W�K�H���F�K�H�P�L�F�D�O�����D�Q�G��
(3)	 the appropriateness of any extrapolations in order to apply 

the TTC approach in risk assessment.
Similarly, the European Food Safety Authority (EFSA) Scientif-
�L�F���&�R�P�P�L�W�W�H�H���F�R�Q�F�O�X�G�H�G�����(�)�6�$�����������������W�K�D�W���W�K�H���³TTC approach 

2 http://ilsi.eu/wp-content/uploads/sites/3/2016/09/Threshold-of-Toxicological-Concern_TFonepager.pdf
3 https://www.efsa.europa.eu/en/topics/topic/threshold-toxicological-concern 
4 https://echa.europa.eu/documents/10162/23047722/ir_csa_r7c_pbt_peg_en.pdf/3db0a474-02bb-4358-83fc-20e7ff81ef2c

Tab. 2: Cramer classes  
(Munro et al., 1999)

I.	 Substances of simple chemical structure with known metabolic pathways and innocuous end-products, which would  
	 suggest a low order of oral toxicity.

II.	 Substances less innocuous than substances in class I, but do not contain structural features suggestive of toxicity like those  
	 substances in class III. May contain reactive functional groups.

III.	 Substances of a chemical structure that permit no strong initial presumption of safety, or may even suggest signi�cant toxicity.

http://ilsi.eu/wp-content/uploads/sites/3/2016/09/Threshold-of-Toxicological-Concern_TFonepager.pdf
https://www.efsa.europa.eu/en/topics/topic/threshold-toxicological-concern
https://echa.europa.eu/documents/10162/23047722/ir_csa_r7c_pbt_peg_en.pdf/3db0a474-02bb-4358-83fc-20e7ff81ef2c
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�W�R�� �V�W�U�X�F�W�X�U�D�O�� �F�K�H�P�L�F�D�O�� �F�O�D�V�V�H�V�� �G�H�¿�Q�H�G�� �E�\�� �&�U�D�P�H�U�� �H�W�� �D�O���� ��������������
���7�D�E���� �������� �7�K�L�V�� �F�O�D�V�V�L�¿�F�D�W�L�R�Q�� �L�V�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �V�L�Q�J�O�H���� �S�R�W�H�Q�W�L�D�O�O�\��
most toxic functional group present in the molecule. Most com-
plex chemicals are therefore assigned to Class III (lowest TTC). 
�0�R�U�H���P�R�G�H�U�Q���L�G�H�Q�W�L�¿�F�D�W�L�R�Q�V���R�I�� �W�R�[�L�F���F�K�H�P�R�S�K�R�U�H�V���D�Q�G���D�J�J�U�H-
�J�D�W�H���V�L�P�L�O�D�U�L�W�\���P�H�D�V�X�U�H�V���K�D�Y�H���\�H�W���W�R���E�H���H�[�S�O�R�U�H�G��

�,�Q���(�X�U�R�S�H�����W�K�H���(�8���6�F�L�H�Q�W�L�¿�F���&�R�P�P�L�W�W�H�H���R�Q���)�R�R�G�����6�&�)����������������
�¿�U�V�W���F�R�Q�V�L�G�H�U�H�G���7�7�&���X�V�H�����U�D�L�V�L�Q�J���T�X�H�V�W�L�R�Q�V���R�Q���Z�K�H�W�K�H�U���W�K�H���L�Q�L-
�W�L�D�O���7�7�&���Y�D�O�X�H���R�I�����������—�J���G�D�\�����G�H�U�L�Y�H�G���I�U�R�P���W�K�H���F�D�Q�F�H�U���G�D�W�D�E�D�V�H����

�������������'�H�Z�K�X�U�V�W���D�Q�G���5�H�Q�Z�L�F�N�������������������K�R�Z�H�Y�H�U�����F�R�Q�V�L�G�H�U�H�G���W�K�H��
�F�X�U�U�H�Q�W���7�7�&�� �Y�D�O�X�H�� �W�R�� �E�H�� �D�G�H�T�X�D�W�H���D�Q�G�� �¿�W���I�R�U�� �S�X�U�S�R�V�H�� �I�R�U�� �F�D�Q-
�F�H�U���E�H�F�D�X�V�H���L�W���L�V���G�H�U�L�Y�H�G���E�\���O�L�Q�H�D�U���H�[�W�U�D�S�R�O�D�W�L�R�Q���I�U�R�P���W�K�H���R�Z�H�V�W��
�W�R�[�L�F�R�O�R�J�L�F�D�O���G�R�V�H�������������7�'����) for each compound in the largest 
�D�Y�D�L�O�D�E�O�H���U�R�G�H�Q�W���F�D�U�F�L�Q�R�J�H�Q�L�F�L�W�\���G�D�W�D�E�D�V�H����

�0�R�Y�L�Q�J�� �D�Z�D�\�� �I�U�R�P�� �W�K�H�� �F�D�Q�F�H�U�� �E�L�R�D�V�V�D�\�V���� �D�Q�D�O�\�]�L�Q�J�� �D�� �U�H�I�H�U-
�H�Q�F�H���G�D�W�D�E�D�V�H���R�I���P�R�U�H���W�K�D�Q�����������V�X�E�V�W�D�Q�F�H�V���W�H�V�W�H�G���L�Q���P�R�U�H���W�K�D�Q��
������������ �V�X�E���F�K�U�R�Q�L�F�� �D�Q�G�� �F�K�U�R�Q�L�F�� �W�R�[�L�F�L�W�\�� �V�W�X�G�L�H�V���� �0�X�Q�U�R�� �H�W�� �D�O����
���������������������������������������G�H�U�L�Y�H�G���K�L�J�K�H�U���7�7�&���Y�D�O�X�H�V���D�Q�G���O�L�Q�N�H�G���W�K�H�P��

Tab. 3: Hazards for which TTC have been suggested

Hazard	 Value range 	 References 
	 (μg/kg bodyweight/day)  
	 if not given otherwise; values given  
	 per person were divided by 60 kg	

General toxicity (genotoxic substances)	 0.0025 - 2	 Rulis 1986, 1989; Kroes et al., 2005;  
	 (depending on duration)	 Cheeseman et al., 1999; Felter et al., 2009;  
		  Müller et al., 2006

General toxicity 	 0.025 - 1 (depending on Cramer classes)	 Munro et al., 1996, 1999 
(non-genotoxic substances)		

General toxicity organophosphates 	 0.30 - 4	 Leeman et al., 2014 
including carbamates, organohalogens 		   
and remaining Cramer class III 		   
substances	

Repeat dose toxicity (oral)	 0.63 - 60 	 Munro et al., 1996, 1999; 
	 (depending on Cramer classes and 	 Bunke et al., 2006; Bitsch et al., 2006;  
	 duration, OECD TG)	 Tluczkiewicz et al., 2011 

Repeat dose toxicity (inhalation)	 0.07 - 23	 Carthew et al., 2009; 
	 (depending on Cramer classes and 	 Tluczkiewicz et al., 2011; Bitsch et al., 2006;  
	 duration, OECD TG)	 Munro et al., 1996, 1999;  
		  Escher et al., 2010; Bernauer et al., 2008

Genotoxicity	 0.025 - 2	 Rulis 1986, 1989; Kroes et al., 2005;  
		  Müller et al., 2006

Carcinogenicity (genotoxic)	 0.0025 	 Kroes et al., 2005;  
		  Cheeseman et al., 1999

Carcinogenicity (non-genotoxic)	 0.025 - 0.75 	 Kroes et al., 2005;  
	 (depending on Ames test and acute toxicity)	 Cheeseman et al., 1999

Acute toxicity (inhalation)	 4 - 1,000 µg/m3	 Grant et al., 2007; Escher et al., 2010

Neurotoxicity	 0.3	 Munro and Kroes, 1998; Kroes et al., 2000

Developmental toxicity	 1a - 8 - 131	 Munro and Kroes, 1998;  
	 (depending on Cramer class)	 Bernauer et al., 2008; 
	 0.5 - 1 µg/m3 (inhalation)	 van Ravenzwaay et al., 2011;  
		  Laufersweiler et al. 2012

Reproductive toxicity	 1 - 100	 Bernauer et al., 2008; 
		  van Ravenzwaay et al., 2011, 2012, 2017

Estrogenic endocrine disruption	 0.025	 Kroes et al., 2000

Immunotoxicity	 0.15 - 1,000	 Kroes et al., 2000;  
		  Hartung and Corsini, 2013

Skin sensitization (dermal)	 0.91 - 900 µg/cm2	 Safford, 2008; Safford et al., 2011;  
		  Keller et al., 2009

a derived differently, i.e., using the lowest NOAEL, not a 5th percentile and uncertainty factor 1,000, because of the small dataset.
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�Z�L�F�]���H�W���D�O���������������������7�K�H���G�H�U�L�Y�H�G���7�7�&���Y�D�O�X�H�V���D�U�H���L�Q�F�O�X�G�H�G���L�Q���7�D�E�O�H��
3. The detailed evaluation of the underlying data showed that 
�Z�K�L�O�V�W���W�K�H�U�H���L�V���D���U�H�D�V�R�Q�D�E�O�H���G�L�V�W�L�Q�F�W�L�R�Q���E�H�W�Z�H�H�Q���&�U�D�P�H�U���F�O�D�V�V�H�V��
�,�� �D�Q�G���,�,�,���� �F�O�D�V�V���,�,�� �L�V���Q�R�W���Z�H�O�O���G�H�¿�Q�H�G�����7�K�L�V���F�R�X�O�G���E�H���D�G�G�U�H�V�V�H�G��
in the future to improve the validity of the TTC values that are 
derived from non-carcinogenic endpoints and are linked to the 
�&�U�D�P�H�U���F�O�D�V�V�H�V�����$���V�W�U�D�W�H�J�\���W�R���U�H�¿�Q�H���W�K�H���F�X�U�U�H�Q�W���&�U�D�P�H�U���F�O�D�V�V�L�¿-
�F�D�W�L�R�Q���K�D�V���E�H�H�Q���S�U�R�S�R�V�H�G�����7�O�X�F�]�N�L�H�Z�L�F�]���H�W���D�O������������������

�6�K�R�U�W�O�\�� �O�D�W�H�U���� �.�D�O�N�K�R�I�� �H�W�� �D�O���� �������������� �D�Q�D�O�\�]�H�G�� �G�D�W�D�� �I�U�R�P�� ��������
industrial chemicals registered in the European List of Noti-
�¿�H�G���&�K�H�P�L�F�D�O���6�X�E�V�W�D�Q�F�H�V�����L���H���������������F�K�H�P�L�F�D�O�V���W�H�V�W�H�G���D�F�F�R�U�G�L�Q�J��
�W�R�� �2�(�&�'�� �������� ���������G�D�\�� �U�H�S�H�D�W���G�R�V�H���� �D�Q�G�� ������ �F�K�H�P�L�F�D�O�V�� �W�H�V�W�H�G��
�D�F�F�R�U�G�L�Q�J�� �W�R�� �2�(�&�'�� �������� ���������G�D�\�� �U�H�S�H�D�W���G�R�V�H������ �7�K�H�� �D�G�M�X�V�W�H�G��
�F�K�U�R�Q�L�F���1�2�$�(�/�����L���H�������G�H�U�L�Y�H�G���E�\���D�S�S�O�\�L�Q�J���D���I�D�F�W�R�U���R�I�������I�R�U���W�K�H��
�������G�D�\�� �D�Q�G�� �R�I�� ���� �I�R�U�� �W�K�H�� �������G�D�\�� �V�W�X�G�L�H�V���� �Z�H�U�H�� �F�R�P�S�D�U�H�G�� �Z�L�W�K��
�&�U�D�P�H�U���F�O�D�V�V���,���D�Q�G���,�,�,���Y�D�O�X�H�V���I�R�U���W�K�H���U�H�V�S�H�F�W�L�Y�H���W�\�S�H���R�I���V�X�E�V�W�D�Q�F-
�H�V���� �W�K�X�V�� �F�R�Q�¿�U�P�L�Q�J�� �W�K�D�W���W�K�H���7�7�&�� �Y�D�O�X�H�V���I�R�U���W�K�H�V�H���W�Z�R���&�U�D�P�H�U��
classes are set conservatively.

�,�Q�� ������������ �(�&�(�7�2�&�� �S�U�R�S�R�V�H�G�� �D�� �W�D�U�J�H�W�H�G�� �U�L�V�N�� �D�V�V�H�V�V�P�H�Q�W�� �D�S-
proach for REACH, including a series of threshold values for 
�D�� �Z�L�G�H�� �Y�D�U�L�H�W�\�� �R�I�� �R�U�J�D�Q�L�F�� �D�Q�G�� �Q�R�Q���R�U�J�D�Q�L�F�� �V�X�E�V�W�D�Q�F�H�V�� ���E�R�W�K��
volatile and non-volatile), i.e., so-called generic exposure value 
���*�(�9���� �D�Q�G�� �J�H�Q�H�U�L�F�� �O�R�Z�H�V�W�� �H�[�S�R�V�X�U�H�� �Y�D�O�X�H�� ���*�/�(�9���� �I�R�U�� �D�F�X�W�H��
�D�Q�G�� �U�H�S�H�D�W�H�G�� �G�R�V�H�� �W�R�[�L�F�L�W�\�� ���(�&�(�7�2�&���� ������������ ���F�D�W�H�J�R�U�\�� ���� �D�Q�G��
1B carcinogens, mutagens and reprotoxicants were excluded). 
�(�&�+�$���U�H�I�H�U�V���W�R���W�K�L�V���L�Q���W�K�H�L�U���F�X�U�U�H�Q�W���J�X�L�G�D�Q�F�H���W�R���L�Q�G�X�V�W�U�\������������������
“The GEV is a generic threshold values [sic] for occupational 
exposure (and derived dermal values), derived from some most 
stringent Occupational Exposure Limits (OEL). The GLEV is 
based on classification criteria for repeated dose toxicity and 
extrapolation factors. It is noted that the derivation of GEV 
values was based upon an analysis of current published oc-
cupational exposure levels, and therefore also incorporated 
socio-economic and technical arguments in addition to the as-
sessment factors applied to toxicological endpoints and other 
data on which the OELs were based���´���$�V���(�&�+�$�����������������Q�R�W�H�V��
“This approach has not been peer reviewed nor accepted by 
regulatory bodies.”

3  Threshold setting in toxicology

Following Paracelsus, considered the founding father of toxi-
cology, “All things are poison and nothing is without poison; 
only the dose makes a thing not a poison”. If so, all toxicology 
�L�V���D�E�R�X�W���G�H�¿�Q�L�Q�J���W�K�H���O�L�P�L�W�V���R�I���V�D�I�H���X�V�H���R�I���V�X�E�V�W�D�Q�F�H�V�����7�K�H���D�X-
thor has argued elsewhere that the statement that everything is 
�S�R�L�V�R�Q�R�X�V���L�V���T�X�L�W�H���P�L�V�O�H�D�G�L�Q�J���D�V���Q�R�W���D�O�O���V�X�E�V�W�D�Q�F�H�V���F�D�Q���S�U�R�G�X�F�H��
�W�R�[�L�F���H�I�I�H�F�W�V���L�Q���D�Q�L�P�D�O�V���L�Q���G�R�V�H�V���W�K�D�W���F�D�Q���E�H���S�U�D�F�W�L�F�D�O�O�\���D�S�S�O�L�H�G��
���/�X�H�F�K�W�H�I�H�O�G�� �H�W�� �D�O������ ���������D������ �)�R�U�� �H�[�D�P�S�O�H���� �R�Q�O�\�� �D�E�R�X�W�� �������� �R�I��
�V�X�E�V�W�D�Q�F�H�V���D�U�H���D�F�X�W�H�O�\���W�R�[�L�F���X�S���W�R���W�K�H���F�R�P�P�R�Q���O�L�P�L�W���R�I�������J���N�J��
�E�R�G�\�Z�H�L�J�K�W�����/�X�H�F�K�W�H�I�H�O�G���H�W���D�O���������������E�������,�P�D�J�L�Q�H���D���K�X�P�D�Q���V�Z�D�O-
�O�R�Z�L�Q�J�����������W�R�����������J���R�I���S�X�U�H���F�K�H�P�L�F�D�O�«���%�X�W���3�D�U�D�F�H�O�V�X�V���L�V���U�L�J�K�W��
�D�E�R�X�W���W�K�H���I�D�F�W���W�K�D�W���I�R�U���W�K�R�V�H���F�K�H�P�L�F�D�O�V���W�K�D�W���D�U�H���S�R�L�V�R�Q�R�X�V�����L�W���L�V��

would adequately cover neurotoxicity, developmental toxicity, 
endocrinological effects, and immunotoxicity. In response to 
�W�K�H�� �6�&�)�� ���������������� �.�U�R�H�V�� �H�W�� �D�O���� �������������� �H�[�D�P�L�Q�H�G�� ������ �F�K�H�P�L�F�D�O�V��
�I�U�R�P���W�K�H���0�X�Q�U�R���H�W���D�O�������������������G�D�W�D�E�D�V�H���Z�L�W�K���G�D�W�D���R�Q���G�H�Y�H�O�R�S-
�P�H�Q�W�D�O���W�R�[�L�F�L�W�\���W�R���G�H�W�H�U�P�L�Q�H���L�I���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���1�2�(�/�V���I�R�U��
the developmental toxicity endpoint indicated more toxic-
�L�W�\�� �W�K�D�Q�� �W�K�H�� �1�2�(�/�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �I�U�R�P�� �W�K�H�� �F�K�U�R�Q�L�F�� �V�W�X�G�L�H�V�� �I�R�U��
Cramer Class III chemicals as a whole. They concluded that 
�W�K�H�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �1�2�(�/�V�� �I�U�R�P�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�D�O�� �H�Q�G�S�R�L�Q�W��
�G�D�W�D�E�D�V�H���Z�D�V���Q�R�W���V�L�J�Q�L�¿�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W���I�U�R�P���W�K�H���R�Q�H���E�\���0�X�Q�U�R��
�H�W���D�O�������������������I�R�U���W�K�H���&�O�D�V�V���,�,�,���F�K�H�P�L�F�D�O�V�����7�K�H���V�X�E�V�W�D�Q�F�H�V���L�Q���W�K�H��
�0�X�Q�U�R�� �U�H�I�H�U�H�Q�F�H�� �G�D�W�D�E�D�V�H�� �D�U�H�� �R�I�� �D�� �Z�L�G�H�� �Y�D�U�L�H�W�\�� �R�I�� �F�K�H�P�L�F�D�O��
�V�W�U�X�F�W�X�U�H�V���D�O�W�K�R�X�J�K���D�S�S�O�L�F�D�E�L�O�L�W�\���R�I���W�K�H���Y�D�O�X�H�V���Z�D�V���V�S�H�F�L�¿�F�D�O�O�\��
�S�U�R�S�R�V�H�G���I�R�U���W�K�H���V�D�I�H�W�\���H�Y�D�O�X�D�W�L�R�Q���R�I���À�D�Y�R�U�L�Q�J���V�X�E�V�W�D�Q�F�H�V�����7�R��
�I�D�F�L�O�L�W�D�W�H���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���W�K�H���&�U�D�P�H�U���F�O�D�V�V�L�¿�F�D�W�L�R�Q�����W�K�H���-�R�L�Q�W��
Research Centre (JRC) of the European Commission later 
developed the software tool, Toxtree5, which puts chemicals 
�W�K�U�R�X�J�K���W�K�H���G�H�F�L�V�L�R�Q���W�U�H�H�����V�H�H���3�D�W�O�H�Z�L�F�]���H�W���D�O�������������������/�D�S�H�Q�Q�D��
�D�Q�G���:�R�U�W�K����������������

�0�X�Q�U�R�� �H�W�� �D�O���� �������������� �X�V�H�G�� �W�K�H�� ��th percentiles of the lowest 
�1�2�(�/���I�R�U���H�D�F�K���V�X�E�V�W�D�Q�F�H���W�H�V�W�H�G���L�Q���F�K�U�R�Q�L�F���V�W�X�G�L�H�V�����1�2�(�/�V���R�I��
�V�X�E���F�K�U�R�Q�L�F�� �V�W�X�G�L�H�V�� �Z�H�U�H�� �G�L�Y�L�G�H�G�� �E�\�� ������ �D�Q�G�� �W�K�H�\�� �W�K�H�Q�� �D�S�S�O�L�H�G��
�D�Q���D�G�G�L�W�L�R�Q�D�O���D�V�V�H�V�V�P�H�Q�W���I�D�F�W�R�U���R�I�������������%�H�U�Q�D�X�H�U���H�W���D�O����������������������
in contrast, used the lowest value and applied a safety factor of 
�����������������������7�K�H���U�H�V�X�O�W�L�Q�J���7�7�&���Y�D�O�X�H�V���D�U�H���J�L�Y�H�Q���L�Q���7�D�E�O�H��������

�0�X�Q�U�R�� �H�W�� �D�O���� �������������� �H�P�S�K�D�V�L�]�H�G�� �W�K�D�W�� �V�X�E�V�W�D�Q�F�H�V�� �V�K�R�X�O�G�� �E�H��
�F�K�H�P�L�F�D�O�O�\���Z�H�O�O���G�H�¿�Q�H�G���D�Q�G���Z�L�W�K�R�X�W���L�Q�G�L�F�D�W�L�R�Q���R�I���S�R�V�V�L�E�O�H���J�H�Q-
otoxic effects. Furthermore, they recommended that the TTC 
�D�S�S�U�R�D�F�K���V�K�R�X�O�G���L�Q���J�H�Q�H�U�D�O���Q�R�W���E�H���X�V�H�G���D�V���D�Q���D�O�W�H�U�Q�D�W�L�Y�H���W�R���W�H�V�W-
ing procedures required for regulatory approval. 

�7�K�H�� �-�R�L�Q�W���)�$�2���:�+�2�� �(�[�S�H�U�W���&�R�P�P�L�W�W�H�H�� �R�Q�� �)�R�R�G���$�G�G�L�W�L�Y�H�V��
���-�(�&�)�$�����E�X�L�O�W���R�Q���W�K�H���V�F�K�H�P�H���D�Q�G���G�H�Y�H�O�R�S�H�G���D���G�H�F�L�V�L�R�Q���W�U�H�H���I�R�U��
�W�K�H�� �H�Y�D�O�X�D�W�L�R�Q�� �R�I�� �À�D�Y�R�U�L�Q�J�� �V�X�E�V�W�D�Q�F�H�V�� ���-�(�&�)�$���� ������������ �:�+�2����
�������������� �7�K�H�� �7�7�&�� �D�S�S�U�R�D�F�K�� �Z�D�V�� �U�H�Y�L�H�Z�H�G�� �D�W�� �D�� ���������� �Z�R�U�N�V�K�R�S��
�E�\���,�/�6�,���(�X�U�R�S�H�¶�V���7�7�&���7�D�V�N���)�R�U�F�H�����%�D�U�O�R�Z���H�W���D�O���������������������Z�K�H�U�H��
�V�R�P�H���U�H�¿�Q�H�P�H�Q�W�V���Z�H�U�H���V�X�J�J�H�V�W�H�G��

�$���U�H�Y�L�H�Z���E�\���.�U�R�H�V���H�W���D�O�������������������U�H�V�X�O�W�H�G���L�Q���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W��
of a TTC value for compounds with certain structural alerts for 
genotoxic carcinogenicity. Some chemical classes might need 
�W�R�� �E�H�� �H�[�H�P�S�W�H�G���� �H���J������ �D�Q�D�O�\�]�L�Q�J�� ������ �R�U�J�D�Q�R�S�K�R�V�S�K�R�U�R�X�V�� �L�Q�V�H�F-
�W�L�F�L�G�H�V���L�Q���W�K�H���0�X�Q�U�R���H�W���D�O�������������������G�D�W�D�E�D�V�H�����.�U�R�H�V���H�W���D�O������������������
�S�U�R�S�R�V�H�G���D���7�7�&���Y�D�O�X�H���R�I�����������J���S�H�U�V�R�Q���G�D�\�����$�O�W�K�R�X�J�K���W�K�L�V���G�R�H�V��
not seem to have found general acceptance, the recent draft 
�R�S�L�Q�L�R�Q���R�I���(�)�6�$�����������������F�R�Q�V�L�G�H�U�V���W�K�L�V���Y�D�O�X�H���D�V���V�X�I�¿�F�L�H�Q�W�O�\���U�R-
�E�X�V�W�� �I�R�U�� �W�K�H�� �D�V�V�H�V�V�P�H�Q�W�� �R�I�� �V�X�E�V�W�D�Q�F�H�V�� �Z�L�W�K�� �D�Q�W�L���F�K�R�O�L�Q�H�V�W�H�U�D�V�H��
�D�F�W�L�Y�L�W�\�����V�X�F�K���D�V���R�U�J�D�Q�R�S�K�R�V�S�K�D�W�H�V���D�Q�G���F�D�U�E�D�P�D�W�H�V��

A research project at the Fraunhofer Institute for Toxicology 
and Environmental Medicine looked at the RepDose (repeat-
�G�R�V�H�� �W�R�[�L�F�L�W�\���� �G�D�W�D�E�D�V�H���� �Z�K�L�F�K�� �D�W�� �W�K�H�� �W�L�P�H�� �F�R�Q�W�D�L�Q�H�G�� �R�Y�H�U�� ��������
�F�K�H�P�L�F�D�O�V�� �W�H�V�W�H�G�� �L�Q�� �P�R�U�H�� �W�K�D�Q�� ������������ �U�H�S�H�D�W���G�R�V�H���� �R�U�D�O�� �2�(�&�'��
guideline studies, and they pooled them with the chemicals of 
�W�K�H���0�X�Q�U�R���H�W���D�O�������������������G�D�W�D�E�D�V�H���W�K�D�W���Z�H�U�H���D�O�V�R���W�H�V�W�H�G���D�F�F�R�U�G-
�L�Q�J���W�R���W�K�H���V�D�P�H���J�X�L�G�H�O�L�Q�H���V�W�X�G�L�H�V�����L���H�������P�R�U�H���W�K�D�Q�����������F�K�H�P�L�F�D�O�V��
�L�Q���������� �U�H�S�H�D�W���G�R�V�H���� �R�U�D�O���V�W�X�G�L�H�V�����%�L�W�V�F�K���H�W���D�O������ �������������7�O�X�F�]�N�L�H-

5 http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/qsar_tools/toxtree

http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/qsar_tools/toxtree
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�O�D�W�L�R�Q���V�S�H�F�L�¿�F���E�L�R�D�Y�D�L�O�D�E�L�O�L�W�\���D�Q�G���H�[�S�O�R�U�H�G���W�K�H�L�U���X�V�H���D�V���S�U�H�G�L�F-
tors of high vs. low toxicity. 

�.�U�R�H�V�� �H�W�� �D�O���� �������������� �G�H�Y�H�O�R�S�H�G�� �D�� �V�H�S�D�U�D�W�H�� �W�K�U�H�V�K�R�O�G�� �I�R�U�� �R�U-
�J�D�Q�R�S�K�R�V�S�K�D�W�H�V�� �D�Q�G�� �(�)�6�$�� �������������� �V�X�J�J�H�V�W�H�G�� �W�K�D�W�� �F�D�U�E�D�P�D�W�H�V��
�Z�L�W�K���D�Q�W�L���F�K�R�O�L�Q�H���H�V�W�H�U�D�V�H���D�F�W�L�Y�L�W�\���F�D�Q���E�H���L�Q�F�O�X�G�H�G���L�Q���W�K�L�V���7�7�&����
�/�H�H�P�D�Q�� �H�W�� �D�O���� �������������� �I�R�F�X�V�H�G�� �R�Q�� �W�K�H�V�H�� �W�K�U�H�V�K�R�O�G�V�� �D�Q�G�� �G�H�Y�H�O-
oped TTC for lifetime exposure for organophosphates includ-
�L�Q�J���F�D�U�E�D�P�D�W�H�V�����W�K�H���J�U�R�X�S���R�I���R�U�J�D�Q�R�K�D�O�R�J�H�Q�V���D�Q�G���W�K�H���U�H�P�D�L�Q�L�Q�J��
�&�U�D�P�H�U���F�O�D�V�V���,�,�,���V�X�E�V�W�D�Q�F�H�V�����E�H�L�Q�J�����������������������D�Q�G�������������J���N�J���E�R�G�\-
�Z�H�L�J�K�W���G�D�\�����U�H�V�S�H�F�W�L�Y�H�O�\��

�&�K�H�H�V�H�P�D�Q���H�W���D�O���� �������������� �H�[�W�H�Q�G�H�G���W�K�H���7�7�&�� �F�R�Q�F�H�S�W���E�\�� �S�U�R-
�S�R�V�L�Q�J�� �D�� �W�L�H�U�H�G�� �D�S�S�U�R�D�F�K�� �E�D�V�H�G�� �R�Q�� �V�W�U�X�F�W�X�U�H���D�F�W�L�Y�L�W�\�� �U�H�O�D�W�L�R�Q-
ships, genotoxicity and short-term toxicity data. They further 
�D�Q�D�O�\�]�H�G���W�K�H���G�D�W�D�E�D�V�H�V���W�R���G�H�¿�Q�H���V�X�E�V�H�W�V���R�I���F�K�H�P�L�F�D�O���V�X�E�V�W�D�Q�F�H�V��
�E�D�V�H�G���R�Q���W�K�H���U�H�V�X�O�W�V���R�I���W�K�H���$�P�H�V���D�V�V�D�\�����V�W�U�X�F�W�X�U�D�O���D�O�H�U�W���F�O�D�V�V�H�V��
�D�Q�G�� �O�H�W�K�D�O�� �G�R�V�H�� �������� ���/�'����) values, and thus derived higher 
�W�K�U�H�V�K�R�O�G�� �O�H�Y�H�O�V�� �I�R�U�� �O�H�V�V�� �S�R�W�H�Q�W�� �V�X�E�V�W�D�Q�F�H�V���� �$�V�V�X�P�L�Q�J�� �O�L�Q�H�D�U-
ity in the dose-response relationship when extrapolating to low 
doses, even for non-genotoxic carcinogens, still represents a 
highly conservative approach.

�$�Q�D�O�\�]�L�Q�J���G�D�W�D���R�Q���������F�K�H�P�L�F�D�O���V�X�E�V�W�D�Q�F�H�V���I�U�R�P���W�K�H���(�8���H�[�L�V�W-
ing chemicals program on fertility or developmental toxicity, 
�%�H�U�Q�D�X�H�U���H�W���D�O�������������������G�H�U�L�Y�H�G���7�7�&���Y�D�O�X�H�V���I�R�U���U�H�S�U�R�G�X�F�W�L�Y�H���W�R�[-
�L�F�L�W�\�����)�R�U���R�U�D�O���H�[�S�R�V�X�U�H�����������1�2�$�(�/���I�R�U���I�H�U�W�L�O�L�W�\���D�Q�G���������1�2�$�(�/��
for developmental toxicity were found. Because of the limited 
�Q�X�P�E�H�U���R�I���G�D�W�D���S�R�L�Q�W�V�����W�K�H���O�R�Z�H�V�W���Y�D�O�X�H���L�Q���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���Z�D�V��
used to derive the thresholds as opposed to identifying a percen-
�W�L�O�H���E�D�V�H�G���Y�D�O�X�H�����$�S�S�O�\�L�Q�J���D�Q���R�Y�H�U�D�O�O���D�V�V�H�V�V�P�H�Q�W���I�D�F�W�R�U���R�I��������������
���������I�R�U���L�Q�W�H�U�V�S�H�F�L�H�V���G�L�I�I�H�U�H�Q�F�H�V�����������I�R�U���K�X�P�D�Q���Y�D�U�L�D�E�L�O�L�W�\�����D�Q�G��������
for uncertainty from a small dataset and severity of the health 
�H�I�I�H�F�W�V������ �W�K�H���7�7�&���Y�D�O�X�H�V���L�Q�F�O�X�G�H�G���L�Q���7�D�E�O�H������ �Z�H�U�H���R�E�W�D�L�Q�H�G�����$��
�F�R�P�S�D�Q�\���L�Q�W�H�U�Q�D�O���G�D�W�D�E�D�V�H���I�U�R�P���%�$�6�)���V�H�U�Y�H�G���W�R���G�H�U�L�Y�H���I�X�U�W�K�H�U��
TTC values for reproductive toxicity endpoints for oral expo-
�V�X�U�H�� �L�Q�� �U�D�W�V�� ���Y�D�Q�� �5�D�Y�H�Q�]�Z�D�D�\�� �H�W�� �D�O������ �������������� �7�K�H�\�� �D�Q�D�O�\�]�H�G�� ������
prenatal developmental toxicity studies according to OECD 
�������� �X�V�L�Q�J�� �W�K�H�� ��th percentile to derive TTC for developmental 
�D�Q�G�� �P�D�W�H�U�Q�D�O���W�R�[�L�F�L�W�\�� ���7�D�E���� ������ �U�H�V�X�O�W�L�Q�J�� �L�Q�� �D���7�7�&�� �R�I�� ������ ���J���N�J��
�E�Z���G�D�\�����)�X�U�W�K�H�U�P�R�U�H�����X�V�L�Q�J���H�L�W�K�H�U���P�D�W�H�U�Q�D�O���W�R�[�L�F�L�W�\���G�D�W�D���R�I���W�K�H��
�V�D�P�H���V�X�E�V�W�D�Q�F�H�V���R�U���H�[�S�D�Q�G�L�Q�J���W�R���L�Q�F�O�X�G�H���W�K�H���.�U�R�H�V���H�W���D�O������������������
�G�D�W�D�����D���7�7�&���R�I���������J���N�J���G�D�\���Z�D�V���R�E�W�D�L�Q�H�G�����7�K�H���V�D�P�H���J�U�R�X�S�����Y�D�Q��
�5�D�Y�H�Q�]�Z�D�D�\���H�W���D�O�������������������L�G�H�Q�W�L�¿�H�G�����������U�D�E�E�L�W���V�W�X�G�L�H�V���Z�L�W�K���Y�D�O-
�X�H�V�� �I�R�U�� �P�D�W�H�U�Q�D�O�� �D�Q�G�� �G�H�Y�H�O�R�S�P�H�Q�W�D�O�� �W�R�[�L�F�L�W�\�� �������� �I�U�R�P�� �%�$�6�)����
������ �I�U�R�P�� �O�L�W�H�U�D�W�X�U�H���� �X�V�L�Q�J�� �W�K�H�� ��th percentile for developmental 
�W�R�[�L�F�L�W�\���R�I���W�K�H�V�H���P�R�V�W�O�\���D�F�W�L�Y�H���L�Q�J�U�H�G�L�H�Q�W�V�����D���7�7�&���Y�D�O�X�H���R�I���������J��
�N�J���E�Z���G���Z�D�V���F�D�O�F�X�O�D�W�H�G���X�V�L�Q�J���D���V�D�I�H�W�\���I�D�F�W�R�U���R�I�����������W�R���D�F�F�R�X�Q�W��
�I�R�U���W�K�H���U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O���G�D�W�D�E�D�V�H�����/�D�X�I�H�U�V�Z�H�L�O�H�U���H�W���D�O�������������������H�[-
�S�D�Q�G�H�G�� �W�K�L�V�� �D�S�S�U�R�D�F�K�� �W�R�� �������� �F�K�H�P�L�F�D�O�V�� �Z�L�W�K�� �U�H�S�U�R�G�X�F�W�L�Y�H�� �D�Q�G��
�G�H�Y�H�O�R�S�P�H�Q�W�D�O���G�D�W�D�����G�H�G�X�F�L�Q�J���D���7�7�&���R�I���������J���N�J���E�Z���G�D�\�����7�K�H�V�H��
reports already showed very consistent TTC for reproductive 
and developmental toxicity. The fact that this series of inde-
pendent assessments resulted in very similar NOAEL thresholds 
is very reassuring.

Our own recent work making the REACH registration da-
�W�D�E�D�V�H�� �P�D�F�K�L�Q�H���U�H�D�G�D�E�O�H�� ���/�X�H�F�K�W�H�I�H�O�G�� �H�W�� �D�O������ ���������D���� �D�O�O�R�Z�H�G��
�D�� �I�X�U�W�K�H�U�� �H�[�S�D�Q�V�L�R�Q�� �E�\�� �W�H�D�P�L�Q�J�� �X�S�� �Z�L�W�K�� �%�$�6�)�� ���Y�D�Q�� �5�D�Y�H�Q-
�]�Z�D�D�\�� �H�W���D�O������ ���������������$�� �W�R�W�D�O���R�I�� �������� �F�K�H�P�L�F�D�O�V�� �W�H�V�W�H�G���L�Q�� �U�D�W�V�� �D�Q�G�� 
�������� �L�Q�� �U�D�E�E�L�W�V�� �Z�H�U�H�� �R�E�W�D�L�Q�H�G�� �D�Q�G�� �X�V�H�G�� �I�R�U�� �H�Y�D�O�X�D�W�L�R�Q���� �7�K�H��

�W�K�H���G�R�V�H���W�K�D�W���P�D�N�H�V���W�K�H�P���V�R�����7�K�X�V�����W�R�[�L�F�R�O�R�J�\���L�V���D�E�R�X�W���L�G�H�Q�W�L�I�\-
�L�Q�J���V�X�E�V�W�D�Q�F�H�V���Z�L�W�K���D���K�D�]�D�U�G���S�R�W�H�Q�W�L�D�O���D�Q�G���G�H�¿�Q�L�Q�J���W�K�U�H�V�K�R�O�G�V��
for their safe use.

However, these thresholds are determined in experimental 
(animal) models, which necessarily differ from human real-life 
�H�[�S�R�V�X�U�H�V�����8�Q�F�H�U�W�D�L�Q�W�\���R�U���D�V�V�H�V�V�P�H�Q�W���I�D�F�W�R�U�V���Z�H�U�H���W�K�H�U�H�I�R�U�H���L�Q-
troduced to err on the side of safety. Some of the discussion 
�D�U�R�X�Q�G���V�X�F�K���I�D�F�W�R�U�V���L�V���U�H�À�H�F�W�H�G���E�H�O�R�Z�����E�X�W���W�K�H�L�U���D�G�H�T�X�D�F�\���L�V���Q�R�W��
�U�H�D�O�O�\���W�K�H���S�R�L�Q�W���R�I���W�K�L�V���D�U�W�L�F�O�H���D�V���W�K�H�\���D�U�H���E�U�R�D�G�O�\���D�F�F�H�S�W�H�G���D�Q�G��
used in the risk assessment community.

Another interesting threshold used in toxicology is the per-
�F�H�Q�W�D�J�H���R�I���V�X�E�V�W�D�Q�F�H���L�Q���D���S�U�R�G�X�F�W���R�U���D�V���D���F�R�Q�W�D�P�L�Q�D�Q�W���R�I���D���F�K�H�P-
�L�F�D�O�� �W�K�D�W�� �Z�D�U�U�D�Q�W�V�� �D�Q�� �D�V�V�H�V�V�P�H�Q�W���� �W�\�S�L�F�D�O�O�\���� ������������ �G�H�S�H�Q�G�L�Q�J��
�R�Q���W�K�H���U�H�J�X�O�D�W�L�R�Q�����7�K�H�V�H���O�L�P�L�W�V���D�U�H���T�X�L�W�H���D�U�E�L�W�U�D�U�\�����S�U�D�J�P�D�W�L�F�D�O�O�\��
�O�L�P�L�W�L�Q�J���W�H�V�W�L�Q�J���G�H�P�D�Q�G�V���U�D�W�K�H�U���W�K�D�Q���E�H�L�Q�J���V�F�L�H�Q�F�H���E�D�V�H�G�����0�R�V�W��
�H�Y�L�G�H�Q�W�O�\���I�R�U���D�O�O�H�U�J�H�Q�V�����E�X�W���D�O�V�R���I�R�U���K�L�J�K�O�\���W�R�[�L�F���R�U���F�D�U�F�L�Q�R�J�H�Q�L�F��
�V�X�E�V�W�D�Q�F�H�V�����W�K�H�V�H���O�L�P�L�W�V���D�U�H���G�L�I�¿�F�X�O�W���W�R���M�X�V�W�L�I�\��

3.1  Cancer TTC
�$�V�� �P�H�Q�W�L�R�Q�H�G�� �D�E�R�Y�H���� �7�7�&�� �Z�D�V�� �G�H�Y�H�O�R�S�H�G�� �R�U�L�J�L�Q�D�O�O�\�� �X�V�L�Q�J��
�D�� �F�D�Q�F�H�U�� �G�D�W�D�E�D�V�H�� �E�X�W�� �L�V�� �F�R�Q�W�U�R�Y�H�U�V�L�D�O�O�\�� �G�L�V�F�X�V�V�H�G�� �I�R�U�� �H�[�D�F�W�O�\��
�W�K�H�V�H���W�K�U�H�V�K�R�O�G���P�H�F�K�D�Q�L�V�P�V���D�Q�G���Q�R�W���E�U�R�D�G�O�\���D�F�F�H�S�W�H�G�����D�W���O�H�D�V�W��
�Q�R�W�� �I�R�U�� �J�H�Q�R�W�R�[�L�F�� �F�D�U�F�L�Q�R�J�H�Q�V���� �'�H�Z�K�X�U�V�W�� �D�Q�G�� �5�H�Q�Z�L�F�N�� ��������������
�V�X�P�P�D�U�L�]�H���W�K�D�W���L�W���Z�D�V���F�R�Q�V�L�G�H�U�H�G���D�G�H�T�X�D�W�H���W�R���P�R�Y�H���I�U�R�P������������
�W�R�������������J���S�H�U�V�R�Q���G�D�\���E�D�V�H�G���R�Q���D�Q���D�E�V�H�Q�F�H���R�I���D�O�H�U�W�V���I�R�U���J�H�Q�R�W�R�[�L�F��
�F�D�U�F�L�Q�R�J�H�Q�L�F�L�W�\�����E�X�W���J�U�H�D�W�H�U���H�Y�L�G�H�Q�F�H���R�I���W�K�H���D�E�V�H�Q�F�H���R�I���'�1�$���U�H-
activity, i.e., a “non-threshold” mode of action, was necessary 
�E�H�I�R�U�H���P�R�Y�L�Q�J���W�R���W�K�H���&�U�D�P�H�U���F�O�D�V�V���W�L�H�U�V�����7�R���W�K�L�V���H�Q�G�����D���W�U�D�Q�V�S�D�U-
�H�Q�W���� �F�R�Q�V�L�V�W�H�Q�W�� �D�Q�G�� �U�H�O�L�D�E�O�H�� �P�H�D�Q�V�� �W�R�� �L�G�H�Q�W�L�I�\�� �V�W�U�X�F�W�X�U�D�O�� �D�O�H�U�W�V��
�Q�H�H�G�V���W�R���E�H���S�U�R�G�X�F�H�G���D�V���F�X�U�U�H�Q�W���W�R�R�O�V���V�X�F�K���D�V���'�(�5�(�.���D�Q�G���7�R�[-
�7�U�H�H���F�D�Q���J�L�Y�H���G�L�V�S�D�U�D�W�H���U�H�V�X�O�W�V�����7�R���P�R�Y�H���I�U�R�P�����������W�R���������—�J���S�H�U-
�V�R�Q���G�D�\���V�K�R�X�O�G���U�H�T�X�L�U�H���D���Z�H�L�J�K�W���R�I���H�Y�L�G�H�Q�F�H���W�K�D�W���W�K�H���F�R�P�S�R�X�Q�G��
is not a suspect DNA reactive carcinogen, rather than just the 
�D�E�V�H�Q�F�H���R�I���G�D�W�D��

3.2  Non-cancer TTC
�6�L�Q�F�H�� �W�K�H�� �������� ���J���S�H�U�V�R�Q���G�D�\�� �Y�D�O�X�H�� �G�H�U�L�Y�H�G�� �E�\�� �0�X�Q�U�R�H�� �H�W�� �D�O����
���������������L�V���Y�H�U�\���F�R�Q�V�H�U�Y�D�W�L�Y�H�����L�W���L�V���R�I�W�H�Q���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���D���J�H�Q�H�U�D�O��
�W�K�U�H�V�K�R�O�G���R�I���Q�R���F�R�Q�F�H�U�Q�����L�P�S�O�\�L�Q�J���W�K�D�W���L�W���Z�R�X�O�G���E�H���D�S�S�O�L�F�D�E�O�H���W�R��
�D�Q�\���F�K�H�P�L�F�D�O���R�I���X�Q�N�Q�R�Z�Q���W�R�[�L�F�L�W�\�����%�D�U�O�R�Z���H�W���D�O�������������������U�H�S�R�U�W�H�G��
on an ILSI Europe workshop that had looked at some potential-
ly sensitive non-carcinogenicity endpoints such as immunotox-
icity, developmental toxicity, neurotoxicity and developmental 
neurotoxicity, endocrine active compounds, and allergenicity. 
�7�K�H�\���F�R�Q�F�O�X�G�H�G���W�K�D�W���W�K�H���O�D�U�J�H���P�D�U�J�L�Q�V���R�I���V�D�I�H�W�\���E�X�L�O�W���L�Q�W�R���W�K�L�V��
�7�7�&�� �Z�R�X�O�G�� �S�U�R�E�D�E�O�\�� �D�O�V�R�� �F�R�Y�H�U�� �W�K�H�V�H�� �H�Q�G�S�R�L�Q�W�V���� �H�[�F�H�S�W�� �I�R�U��
allergenicity. In the meantime, TTC for skin sensitization are, 
�K�R�Z�H�Y�H�U�����T�X�L�W�H���Z�H�O�O���H�V�W�D�E�O�L�V�K�H�G���W�R�R�����%�D�V�N�H�W�W�H�U���H�W���D�O�������������������6�D�I-
�I�R�U�G�����������������.�H�O�O�H�U���H�W���D�O�������������������6�D�I�I�R�U�G���H�W���D�O������������������������������

�$���Q�X�P�E�H�U���R�I���V�W�X�G�L�H�V���H�[�S�D�Q�G�H�G���W�K�H���F�R�Q�F�H�S�W���D�O�V�R���W�R���L�Q�K�D�O�D�W�L�R�Q��
toxicology as an alternative route of administration (Munro et 
�D�O�������������������������������%�L�W�V�F�K���H�W���D�O�������������������*�U�D�Q�W���H�W���D�O�������������������%�H�U�Q�D�X�H�U��
�H�W���D�O�������������������&�D�U�W�K�H�Z���H�W���D�O�������������������(�V�F�K�H�U���H�W���D�O�������������������7�O�X�F�]�N�L�H-
�Z�L�F�]���H�W���D�O���������������������5�H�F�H�Q�W�O�\�����6�F�K�•�•�U�P�D�Q�Q���H�W���D�O�������������������G�H�U�L�Y�H�G��
�V�W�U�X�F�W�X�U�D�O���D�O�H�U�W�V���W�K�D�W���G�L�V�F�U�L�P�L�Q�D�W�H���E�H�W�Z�H�H�Q���K�L�J�K�����D�Q�G���O�R�Z���W�R�[�L�F��
compounds for inhalation repeated-dose TTC. Furthermore, 
�W�K�H�\���L�G�H�Q�W�L�¿�H�G���S�K�\�V�L�F�R�F�K�H�P�L�F�D�O���S�D�U�D�P�H�W�H�U�V���U�H�O�D�W�H�G���W�R���W�K�H���L�Q�K�D-
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�S�H�U�W���&�R�P�P�L�W�W�H�H���R�Q���)�R�R�G���$�G�G�L�W�L�Y�H�V�����-�(�&�)�$������������������������������������������
The TOR approach was later expanded into a tiered TTC deci-
�V�L�R�Q���W�U�H�H�����.�U�R�H�V���H�W���D�O�������������������0�X�Q�U�R���H�W���D�O���������������������%�R�W�K���-�(�&�)�$��
�D�Q�G���(�)�6�$���K�D�Y�H���E�H�H�Q���X�V�L�Q�J���7�7�&���I�R�U���H�Y�D�O�X�D�W�L�Q�J���U�L�V�N���D�V�V�H�V�V�P�H�Q�W��
�R�I���À�D�Y�R�U�L�Q�J���D�J�H�Q�W�V���Z�L�W�K���Y�H�U�\���O�R�Z���O�H�Y�H�O�V���R�I���H�[�S�R�V�X�U�H���W�K�U�R�X�J�K���W�K�H��
�G�L�H�W�����-�(�&�)�$�����������������(�)�6�$�����������������5�H�Q�Z�L�F�N����������������

Most food products are very complex, including many natural 
�P�D�W�H�U�L�D�O�V���R�I���F�R�P�S�O�H�[���D�Q�G���Y�D�U�L�D�E�O�H���F�R�P�S�R�V�L�W�L�R�Q�����,�W���L�V���X�Q�U�H�D�O�L�V�W�L�F��
�W�R���L�G�H�Q�W�L�I�\���D�Q�G���T�X�D�Q�W�L�I�\���W�K�H���F�R�P�S�O�H�W�H���P�L�[�W�X�U�H���R�I���V�X�E�V�W�D�Q�F�H�V���I�R�U��
�U�L�V�N���D�V�V�H�V�V�P�H�Q�W���S�X�U�S�R�V�H�V�����6�L�Q�F�H���P�D�Q�\���R�I���W�K�H�V�H���V�X�E�V�W�D�Q�F�H�V�����R�I�W�H�Q��
�R�Q�O�\�� �L�G�H�Q�W�L�¿�H�G�� �D�V�� �D�� �S�H�D�N�� �L�Q�� �D�� �P�D�V�V���V�S�H�F�W�U�R�P�H�W�H�U���� �D�U�H�� �I�R�X�Q�G�� �L�Q��
�O�R�Z�� �D�E�X�Q�G�D�Q�F�H���� �D���7�7�&�� �F�R�Q�F�H�S�W�� �I�R�U�� �K�D�Q�G�O�L�Q�J�� �W�K�H�L�U�� �U�L�V�N�� �D�V�V�H�V�V-
�P�H�Q�W���K�D�V���E�H�H�Q���V�X�J�J�H�V�W�H�G�����5�H�Q�Q�H�Q���H�W���D�O��������������������

�0�R�V�W�� �F�U�L�W�L�F�D�O�O�\���� �*�U�R�E�� �������������� �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�K�H�� �S�U�R�E�O�H�P�� �R�I��
analysis of migrates from food-packing materials, listing ana-
�O�\�W�L�F�D�O���U�H�T�X�L�U�H�P�H�Q�W�V���D�Q�G���S�U�R�E�O�H�P�V���W�R���E�H���G�H�D�O�W���Z�L�W�K�����$�F�F�R�U�G�L�Q�J��
�W�R���W�K�L�V���D�U�W�L�F�O�H�����F�R�Q�V�X�P�H�U�V���R�I�W�H�Q���L�Q�J�H�V�W���P�R�U�H���W�K�D�Q���������� ���J���R�I���D�Q��
�X�Q�L�G�H�Q�W�L�¿�H�G���P�L�J�U�D�Q�W���I�U�R�P���D���V�L�Q�J�O�H���S�D�F�N�H�G���I�R�R�G�����,�W���L�V���F�R�Q�F�O�X�G�H�G��
that many food-packing materials may not correspond to the 
�V�D�I�H�W�\���F�D�O�O�H�G���I�R�U���E�\���O�D�Z�����D�Q�G���W�K�D�W���D�Q�D�O�\�V�L�V���G�R�Z�Q���W�R���W�K�H���7�7�&������������
���J���S�H�U�V�R�Q���G�D�\�����V�H�H�P�V���G�L�I�¿�F�X�O�W���R�U���L�P�S�R�V�V�L�E�O�H����

3.5  TTC for pharmaceuticals
The synthesis of medicines often requires reactive reagents and 
�U�H�V�X�O�W�V���L�Q���W�K�H���I�R�U�P�D�W�L�R�Q���R�I���L�Q�W�H�U�P�H�G�L�D�W�H�V���D�Q�G���E�\���S�U�R�G�X�F�W�V�����/�R�Z��
�O�H�Y�H�O�V�� �R�I�� �W�K�H�V�H�� �D�U�H�� �R�I�W�H�Q�� �S�U�H�V�H�Q�W�� �L�Q�� �W�K�H�� �¿�Q�D�O�� �S�U�R�G�X�F�W�� �D�V�� �L�P�S�X-
�U�L�W�L�H�V���Z�L�W�K���S�R�V�V�L�E�O�\���X�Q�Z�D�Q�W�H�G���W�R�[�L�F�L�W�L�H�V���L�Q�F�O�X�G�L�Q�J���J�H�Q�R�W�R�[�L�F�L�W�\��
�D�Q�G���F�D�U�F�L�Q�R�J�H�Q�L�F�L�W�\���� �'�R�O�D�Q���H�W���D�O������ �������������� �V�X�J�J�H�V�W�H�G���D�F�F�H�S�W�D�E�O�H��
daily intake values (ADIs) for compounds with limited or no 
toxicity information to support pharmaceutical manufacturing 
�R�S�H�U�D�W�L�R�Q�V���E�\���7�7�&�����������J���G�D�\���I�R�U���F�R�P�S�R�X�Q�G�V���W�K�D�W���D�U�H���O�L�N�H�O�\���W�R���E�H��
�F�D�U�F�L�Q�R�J�H�Q�L�F�������������J���G�D�\���I�R�U���F�R�P�S�R�X�Q�G�V���W�K�D�W���D�U�H���O�L�N�H�O�\���W�R���E�H���S�R-
�W�H�Q�W���R�U���K�L�J�K�O�\���W�R�[�L�F�����D�Q�G�������������J���G�D�\���I�R�U���F�R�P�S�R�X�Q�G�V���W�K�D�W���D�U�H���Q�R�W��
�O�L�N�H�O�\���W�R���E�H���S�R�W�H�Q�W�����K�L�J�K�O�\���W�R�[�L�F���R�U���F�D�U�F�L�Q�R�J�H�Q�L�F�����0�R�V�W���U�H�F�H�Q�W�O�\����
TTC were adapted also for impurities, residual materials, and 
�F�R�Q�W�D�P�L�Q�D�Q�W�V���L�Q���Y�D�F�F�L�Q�H�V�����:�K�L�W�H���H�W���D�O������������������

�)�R�U�� �W�K�H�� �S�X�U�S�R�V�H�� �R�I�� �D�V�V�H�V�V�L�Q�J�� ���J�H�Q�R�W�R�[�L�F���� �L�P�S�X�U�L�W�L�H�V�� �I�R�U�� �E�R�W�K��
�K�X�P�D�Q���D�Q�G���Y�H�W�H�U�L�Q�D�U�\���P�H�G�L�F�L�Q�H�V�����W�K�H���7�7�&���F�R�Q�F�H�S�W���L�V���Z�H�O�O���H�V�W�D�E-
�O�L�V�K�H�G�����.�L�U�N�O�D�Q�G���D�Q�G���6�Q�R�G�L�Q�����������������U�H�S�R�U�W���H�D�U�O�\���U�H�J�X�O�D�W�R�U�\���G�H�Y�H�O-
opments for genotoxic impurities, discussing the content of the 
Position Paper on the Limits of Genotoxic Impurities that was 
�S�X�E�O�L�V�K�H�G���L�Q�������������E�\���W�K�H���6�D�I�H�W�\���:�R�U�N�L�Q�J���3�D�U�W�\�����6�:�3�����R�I���W�K�H���(�X-
ropean Committee for Proprietary Medicinal Products (CPMP). 
�$�Q�� �L�P�S�R�U�W�D�Q�W���S�D�S�H�U�� �G�H�D�O�L�Q�J�� �Z�L�W�K�� �J�H�Q�R�W�R�[�L�F�� �L�P�S�X�U�L�W�L�H�V�� �Z�D�V�� �S�X�E-
�O�L�V�K�H�G���E�\���0�•�O�O�H�U���H�W���D�O���������������������Z�K�L�F�K���Z�D�V���G�H�Y�H�O�R�S�H�G���E�\���D�Q���H�[�S�H�U�W��
group of the Pharmaceutical Research and Manufacturing Asso-
�F�L�D�W�L�R�Q�� ���3�K�5�0�$������ �L�W�� �V�X�P�P�D�U�L�]�H�V�� �V�H�Y�H�U�D�O�� �L�Q�Q�R�Y�D�W�L�Y�H�� �D�S�S�U�R�D�F�K�H�V��
for determining, testing, and controlling potential genotoxic im-
�S�X�U�L�W�L�H�V�����,�Q���F�R�Q�V�H�T�X�H�Q�F�H�����W�K�H���7�7�&���G�H�F�L�V�L�R�Q���W�U�H�H���K�D�V���D�O�V�R���E�H�H�Q���U�H�F-
ommended as a tool to evaluate low-level exposures associated 
�Z�L�W�K���F�R�Q�W�D�P�L�Q�D�Q�W�V���L�Q���S�K�D�U�P�D�F�H�X�W�L�F�D�O�V���E�\���W�K�H���U�H�V�S�H�F�W�L�Y�H���(�X�U�R�S�H�D�Q��
agency EMEA, now EMA, for impurities in pharmaceutical prod-
�X�F�W�V�����(�0�(�$�����������������(�0�$���������������������������������������D�Q�G���8�6���)�'�$������������������
�'�H�O�D�Q�H�\�����������������K�D�V���D�U�J�X�H�G���W�K�D�W���K�L�J�K�H�U���7�7�&���Z�R�X�O�G���E�H���G�H�I�H�Q�G�D�E�O�H��
as the values were taken over from the food sector where they 
�Z�H�U�H���E�D�V�H�G���R�Q���G�D�W�D�E�D�V�H�V���Z�L�W�K���S�R�W�H�Q�W���F�D�U�F�L�Q�R�J�H�Q�V���� �Z�K�L�F�K���F�D�Q���E�H��
�H�[�F�O�X�G�H�G���W�R���E�H���S�U�H�V�H�Q�W���L�Q���P�H�G�L�F�L�Q�D�O���S�U�R�G�X�F�W�V��

��th percentile of the evaluated studies in rats of the relevant 
�1�2�$�(�/�� �I�R�U�� �P�D�W�H�U�Q�D�O�� �W�R�[�L�F�L�W�\�� �L�V�� ������ �P�J���N�J�� �E�Z���G�� ���E�D�V�H�G�� �R�Q�� 
�������� �Y�D�O�X�H�V���� �D�Q�G���I�R�U���G�H�Y�H�O�R�S�P�H�Q�W�D�O���W�R�[�L�F�L�W�\�� �L�V������������ �P�J���N�J�� �E�Z���G��
���E�D�V�H�G�� �R�Q�� �������� �Y�D�O�X�H�V������ �)�R�U�� �W�K�H�� �������� �U�D�E�E�L�W�� �V�W�X�G�L�H�V���� �W�K�H�� ��th per-
�F�H�Q�W�L�O�H���I�R�U���P�D�W�H�U�Q�D�O���W�R�[�L�F�L�W�\���1�2�$�(�/���L�V�����������P�J���N�J���E�Z���G���D�Q�G���I�R�U��
�G�H�Y�H�O�R�S�P�H�Q�W�D�O���W�R�[�L�F�L�W�\���������P�J���N�J���E�Z���G�����:�L�W�K���W�K�H���Q�R�Z���J�U�H�D�W�O�\���H�Q-
�O�D�U�J�H�G���G�D�W�D�E�D�V�H�����D�Q���X�Q�F�H�U�W�D�L�Q�W�\���I�D�F�W�R�U���R�I�����������D�S�S�H�D�U�V���W�R���E�H���M�X�V�W�L-
�¿�H�G�����7�K�L�V���F�R�Q�W�U�L�E�X�W�H�V���W�R���D���U�H�P�D�U�N�D�E�O�\���K�L�J�K�H�U���7�7�&���R�I�������������J���N�J��
�E�Z���G�D�\���I�R�U���U�D�W�V���D�Q�G�����������J���N�J���E�Z���G�D�\���I�R�U���U�D�E�E�L�W�V���I�R�U���U�H�S�U�R�G�X�F�W�L�Y�H��
toxicity compared to other endpoints. The fact that developmen-
�W�D�O���D�Q�G���P�D�W�H�U�Q�D�O���W�R�[�L�F�L�W�\���K�D�U�G�O�\���G�L�I�I�H�U���L�V���D�O�V�R���T�X�L�W�H���U�H�P�D�U�N�D�E�O�H����

3.3  TTC for environmental endpoints
The application of TTC for environmental assessments is so far 
�U�D�W�K�H�U�� �O�L�P�L�W�H�G���� �'�H�� �:�R�O�I�� �H�W�� �D�O���� �������������� �D�Q�D�O�\�]�H�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O��
�W�R�[�L�F�R�O�R�J�L�F�D�O�� �G�D�W�D�E�D�V�H�V�� �I�R�U�� �D�F�X�W�H�� �D�Q�G�� �F�K�U�R�Q�L�F�� �H�Q�G�S�R�L�Q�W�V���� ��th 
�S�H�U�F�H�Q�W�L�O�H���Y�D�O�X�H�V���Z�H�U�H���G�H�U�L�Y�H�G���E�\���V�W�U�D�W�L�I�\�L�Q�J���E�D�V�H�G���R�Q���P�R�G�H���R�I��
�D�F�W�L�R�Q�����0�2�$���� ���� � �� �L�Q�H�U�W���F�K�H�P�L�F�D�O�V���� ���� � �� �O�H�V�V���L�Q�H�U�W���F�K�H�P�L�F�D�O�V���� ����
� ���U�H�D�F�W�L�Y�H���F�K�H�P�L�F�D�O�V��������� ���V�S�H�F�L�¿�F�D�O�O�\���D�F�W�L�Q�J���F�K�H�P�L�F�D�O�V�������$���S�U�H-
liminary analysis showed in case of MOA1 or MOA2, a TTC 
�H�Y�H�Q�� �K�L�J�K�H�U�� �W�K�D�Q�� �������� ���J���O�����$�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �O�R�Z�H�U�� �7�7�&�� �U�H�V�X�O�W�H�G��
�I�R�U�� �0�2�$������ �*�U�R�V�V�� �H�W�� �D�O���� �������������� �G�L�V�F�X�V�V�H�G�� �W�K�L�V�� �L�Q�� �D�� �Z�R�U�N�V�K�R�S��
for one of the more controversial applications in human health, 
�L���H������ �H�Q�G�R�F�U�L�Q�H�� �G�L�V�U�X�S�W�L�R�Q���� �)�X�U�W�K�H�U�P�R�U�H���� �6�R�U�H�O�O�� �������������� �U�H�F�H�Q�W�O�\��
explored the TTC concept for three drugs found frequently as 
�F�R�Q�W�D�P�L�Q�D�Q�W�V�� �L�Q�� �W�K�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �E�X�W�� �F�R�X�O�G�� �R�Q�O�\�� �U�H�F�R�P�P�H�Q�G��
�W�K�L�V���F�R�P�S�D�U�H�G���W�R���R�W�K�H�U���D�S�S�U�R�D�F�K�H�V���R�Q���D���F�D�V�H���E�\���F�D�V�H���E�D�V�L�V��

3.4  TTC for food additives and contaminants
Chemicals get into food either as contaminants from the en-
vironment (air, soil and water), as unexpected formation of 
chemicals during processing and preparing foods, as naturally 
present chemicals in the foods, as accidental release of chemi-
cals used in food production, or as unrecognized failure of 
food quality control, e.g., intentional adulteration of foods or 
�L�Q�J�U�H�G�L�H�Q�W�V�����)�H�O�W�H�U���H�W���D�O���������������������6�L�Q�F�H���W�K�H���R�U�L�J�L�Q���R�U���V�R�X�U�F�H���R�I���D��
chemical (e.g., whether it is intentionally used as a food pack-
�D�J�L�Q�J���P�D�W�H�U�L�D�O���R�U���L�V���D�G�G�H�G���D�V���D���À�D�Y�R�U���L�Q�J�U�H�G�L�H�Q�W���Y�H�U�V�X�V���Z�K�H�W�K�H�U��
�L�W�� �L�V�� �S�U�H�V�H�Q�W�� �D�V�� �D�� �F�R�Q�W�D�P�L�Q�D�Q�W���� �K�D�V�� �Q�R�� �E�H�D�U�L�Q�J�� �R�Q�� �L�W�V�� �L�Q�K�H�U�H�Q�W��
�W�R�[�L�F�L�W�\�����D���J�H�Q�H�U�D�O�O�\���D�S�S�O�L�F�D�E�O�H���W�K�U�H�V�K�R�O�G���D�S�S�U�R�D�F�K���E�D�V�H�G���R�Q���W�K�H��
�S�R�W�H�Q�W�L�D�O���H�[�S�R�V�X�U�H���L�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���D�S�S�U�R�S�U�L�D�W�H���I�R�U���D�Q�\���O�R�Z��
level exposure. 

�,�Q���������������W�K�H���)�R�R�G���$�G�G�L�W�L�Y�H�V���$�P�H�Q�G�P�H�Q�W���W�R���W�K�H���)�H�G�H�U�D�O���)�R�R�G����
�'�U�X�J�� �D�Q�G�� �&�R�V�P�H�W�L�F���$�F�W�� ���8�6�� �)�'�$���� ������������ �G�H�¿�Q�H�G�� �W�K�D�W�� �F�R�Q�W�D�F�W��
materials and their components that might migrate unintention-
�D�O�O�\���L�Q�W�R���I�R�R�G���Z�H�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���G�H�¿�Q�L�W�L�R�Q���R�I���D���I�R�R�G���D�G�G�L�W�L�Y�H����
�7�K�L�V�����L�Q���F�R�P�E�L�Q�D�W�L�R�Q���Z�L�W�K���W�K�H���H�P�H�U�J�L�Q�J���P�R�U�H���V�H�Q�V�L�W�L�Y�H���F�K�H�P�L�F�D�O��
analytical methods, prompted a need for an FDA policy to han-
�G�O�H���O�R�Z���G�R�V�H���H�[�S�R�V�X�U�H�����:�K�L�O�H���V�W�L�O�O���S�U�R�W�H�F�W�L�Q�J���S�X�E�O�L�F���K�H�D�O�W�K���L�I���W�K�H��
�V�X�E�V�W�D�Q�F�H���W�X�U�Q�V���R�X�W���W�R���E�H���D���F�D�U�F�L�Q�R�J�H�Q�����W�K�H���8�6���)�'�$���Z�D�Q�W�H�G���W�R���E�H��
�D�E�O�H���W�R���Z�D�L�Y�H���U�H�T�X�H�V�W�H�G���W�H�V�W�V���L�Q���F�H�U�W�D�L�Q���F�D�V�H�V�����D�Q�G���W�R���E�H���F�R�Q�V�L�V�W-
�H�Q�W���L�Q���W�K�L�V���Z�D�L�Y�L�Q�J���S�U�R�F�H�G�X�U�H�����7�H�P�D�1�R�U�G�������������������'�X�U�L�Q�J���V�H�Y�H�U�D�O��
�\�H�D�U�V�� �G�L�V�F�X�V�V�L�R�Q�V�� �Z�H�Q�W�� �R�Q�� �F�R�Q�F�H�U�Q�L�Q�J�� �K�R�Z�� �W�R�� �H�V�W�D�E�O�L�V�K�� �D�� �V�D�I�H��
�O�H�Y�H�O�����Z�K�L�F�K�����D�V���G�H�V�F�U�L�E�H�G���L�Q���W�K�H���L�Q�W�U�R�G�X�F�W�L�R�Q�����Z�D�V���L�Q�W�U�R�G�X�F�H�G���L�Q��
�W�K�H�����������¶�V���D�V���D���³�W�K�U�H�V�K�R�O�G���R�I���U�H�J�X�O�D�W�L�R�Q�´���I�R�U���I�R�R�G���F�R�Q�W�D�F�W���P�D�W�H�U�L-
�D�O�V���D�W���D���O�H�Y�H�O���R�I�����������S�S�E���L�Q���W�K�H���G�L�H�W�����5�X�O�L�V�������������������������������7�K�H���¿�U�V�W��
�W�R���X�V�H���W�K�H���7�7�&���I�R�U���À�D�Y�R�U�L�Q�J���D�J�H�Q�W�V���Z�D�V���W�K�H���-�R�L�Q�W���)�$�2���:�+�2���(�[-
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3.7  TTC for industrial  
chemicals
Over the last decade, safety testing of industrial chemicals al-
ready on the market for decades has received a lot of attention, 
especially with the pioneering REACH legislation (Hartung, 
�������������� �7�K�H�� �H�Q�R�U�P�R�X�V�� �W�D�V�N�� �D�Q�G�� �W�K�H�� �I�D�F�W�� �W�K�D�W�� �5�(�$�&�+�� �W�H�V�W�L�Q�J��
needs are very much exposure-driven, should have opened 
�L�Q�G�X�V�W�U�L�D�O���F�K�H�P�L�F�D�O�V���X�S���I�R�U���7�7�&���X�V�H�����&�R�P�E�H�V���H�W���D�O�������������������D�O-
ready suggested integrating a TTC concept into the REACH 
procedure in order to minimize testing needs, however, without 
�G�H�Y�H�O�R�S�L�Q�J���D���F�O�H�D�U���V�W�U�D�W�H�J�\�����&�R�Q�F�H�U�Q���R�I���P�H�P�E�H�U���V�W�D�W�H�V���G�D�P�S-
ened the application of TTC. The Nordic Council of Ministers 
�L�Q�� ���������� �F�D�P�H�� �W�R�� �W�K�H�� �F�R�Q�F�O�X�V�L�R�Q�� �W�K�D�W�� �D�S�S�O�L�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �7�7�&��
principle at the higher tonnage levels within REACH would 
�E�H���S�U�H�P�D�W�X�U�H���D�Q�G���U�D�L�V�H�G���V�R�P�H���F�R�Q�F�H�U�Q�V�����I�R�U���H�[�D�P�S�O�H���W�K�D�W���W�K�H��
�7�7�&���F�R�Q�F�H�S�W���K�D�V���Q�R�W���E�H�H�Q���H�Y�D�O�X�D�W�H�G���I�R�U���W�K�H���G�L�Y�H�U�V�H���J�U�R�X�S���R�I��
industrial chemicals and for different routes of exposure (Ber-
�Q�D�X�H�U���H�W���D�O��������������������

�6�W�L�O�O���� �W�K�H�� �5�(�$�&�+�� �S�U�L�Q�F�L�S�O�H�� �W�K�D�W�� �Q�H�J�O�L�J�L�E�O�H�� �H�[�S�R�V�X�U�H�� �D�O�O�R�Z�V��
waiving of testing represents, at least theoretically, a premier 
entry port for TTC. According to the regulation, aside from 
�Z�D�L�Y�L�Q�J�� �F�U�L�W�H�U�L�D�� �V�X�F�K�� �D�V�� �W�H�F�K�Q�L�F�D�O�� �I�H�D�V�L�E�L�O�L�W�\���� �V�X�F�K�� �H�[�H�P�S�W�L�R�Q��
from conducting individual toxicity tests (“waiving”) is possi-
�E�O�H���L�Q���F�D�V�H�V���Z�K�H�U�H���H�[�S�R�V�X�U�H���L�V���Q�H�J�O�L�J�L�E�O�H�����5�(�$�&�+���$�Q�Q�H�[�H�V���9�,-
�,�,���;�,�������+�R�Z�H�Y�H�U�����L�W���L�V���G�L�I�¿�F�X�O�W���W�R���G�H�¿�Q�H���Z�K�D�W���F�R�Q�V�W�L�W�X�W�H�V���³�Q�R���H�[-
�S�R�V�X�U�H�´���D�Q�G���W�K�H���5�(�$�&�+���$�Q�Q�H�[�H�V���9�,�,�,���;�,���X�V�H���G�L�I�I�H�U�H�Q�W���W�H�U�P�V����
“no relevant exposure”, “limited exposure”, “no exposure”, “no 
�V�L�J�Q�L�¿�F�D�Q�W���H�[�S�R�V�X�U�H�´���D�Q�G���³�X�Q�O�L�N�H�O�\���H�[�S�R�V�X�U�H�´�����E�X�W���U�H�I�U�D�L�Q���I�U�R�P��
�G�H�¿�Q�L�Q�J���W�K�H���O�H�Y�H�O���R�I���H�[�S�R�V�X�U�H���D�W���Z�K�L�F�K���H�[�S�R�V�X�U�H���L�V���W�K�R�X�J�K�W���W�R��
�E�H�� �V�R�� �V�P�D�O�O�� �W�K�D�W�� �Q�R�� �U�L�V�N�� �F�D�Q�� �U�H�V�X�O�W�� �L�U�U�H�V�S�H�F�W�L�Y�H�� �R�I�� �W�K�H�� �L�Q�K�H�U�H�Q�W��
toxicity of the chemical. 

�%�H�U�Q�D�X�H�U�� �H�W�� �D�O���� �������������� �I�U�R�P�� �W�K�H�� �*�H�U�P�D�Q�� �)�H�G�H�U�D�O�� �,�Q�V�W�L�W�X�W�H��
�I�R�U�� �5�L�V�N���$�V�V�H�V�V�P�H�Q�W�� �V�X�J�J�H�V�W�� �H�V�W�D�E�O�L�V�K�L�Q�J�� �F�X�W���R�I�I�� �F�U�L�W�H�U�L�D�� �I�R�U��
�³�U�H�O�H�Y�D�Q�W�´�����G�H�W�U�L�P�H�Q�W�D�O�����H�[�S�R�V�X�U�H���E�D�V�H�G���R�Q���W�K�H���7�7�&���S�U�L�Q�F�L�S�O�H����
�7�K�H�\�� �S�U�R�S�R�V�H�� �W�R�� �H�P�S�O�R�\�� �D�Q�� �H�Q�G�S�R�L�Q�W���V�S�H�F�L�¿�F�� �7�7�&���� �V�W�D�U�W�L�Q�J��
from a comparison of the tentative external exposure to the 
�V�S�H�F�L�¿�F���7�7�&�����7�K�L�V���S�U�R�P�L�V�L�Q�J���V�W�U�D�W�H�J�\���H�Q�D�E�O�H�V���W�K�H���D�V�V�H�V�V�P�H�Q�W��
of what “no relevant exposure” is and safeguards an appropri-
ate level of protection of the general population demonstrated 
for reproductive toxicity endpoints. Similar arguments in fa-
�Y�R�U���R�I���7�7�&���L�Q���5�(�$�&�+���Z�H�U�H���P�D�G�H���E�\���5�R�Z�E�R�W�K�D�P���D�Q�G���*�L�E�V�R�Q��
��������������

�7�K�H�� �D�X�W�K�R�U�� �K�D�G�� �W�K�H�� �S�U�L�Y�L�O�H�J�H�� �W�R�� �F�R�R�U�G�L�Q�D�W�H�� �R�Q�� �E�H�K�D�O�I�� �R�I�� �W�K�H��
European Commission the development of REACH test guid-
�D�Q�F�H�� �I�R�U�� �L�Q�G�X�V�W�U�\���� �$�S�S�H�Q�G�L�[�� �5���������� �W�R�� �&�K�D�S�W�H�U�� ���&�� �S�U�R�Y�L�G�H�V�� �D��
�E�U�L�H�I���V�X�P�P�D�U�\���R�I���W�K�H���D�S�S�U�R�D�F�K�H�V���I�R�U���G�H�U�L�Y�L�Q�J���D���7�7�&�����W�K�H�L�U���O�L�P�L-
�W�D�W�L�R�Q�V���D�Q�G���W�K�H���F�K�H�P�L�F�D�O�V���W�K�D�W���V�K�R�X�O�G���E�H���H�[�F�O�X�G�H�G�����$���V�F�K�H�P�D�W�L�F��
�G�L�D�J�U�D�P�� �L�O�O�X�V�W�U�D�W�H�V�� �K�R�Z�� �W�K�H�� �F�R�Q�F�H�S�W�� �R�I�� �7�7�&�� �P�D�\�� �E�H�� �X�V�H�G�� �L�Q��
�5�(�$�&�+�����)�L�J�X�U�H���5�����������������L�Q���7�H�F�K�Q�L�F�D�O���*�X�L�G�D�Q�F�H���&�K�D�S�W�H�U���5�����&����
���(�&�+�$�������������������%�R�[�������U�H�S�U�R�G�X�F�H�V���W�K�H���F�X�U�U�H�Q�W���(�&�+�$���7�7�&���J�X�L�G-
ance as to REACH.

3.6  TTC for cosmetics and other consumer  
products
�7�K�H���(�X�U�R�S�H�D�Q���F�R�V�P�H�W�L�F�V���U�H�J�X�O�D�W�L�R�Q���K�D�V���E�D�Q�Q�H�G���D�Q�L�P�D�O���W�H�V�W�L�Q�J��
�I�R�U���W�K�L�V���L�Q�G�X�V�W�U�\�����V�W�D�U�W�L�Q�J���Z�L�W�K���W�K�H����th amendment of the legisla-
�W�L�R�Q�� �L�Q�� ���������� ���+�D�U�W�X�Q�J���� �������������� �7�K�L�V�� �Z�D�V�� �D�E�R�X�W�� �W�K�H�� �W�L�P�H�� �Z�K�H�Q��
�7�7�&�� �G�L�V�F�X�V�V�L�R�Q�V�� �E�H�F�D�P�H�� �P�R�U�H�� �S�U�R�P�L�Q�H�Q�W�� �L�Q�� �W�K�H�� �I�R�R�G�� �V�H�F�W�R�U����
Thus, and given the fact that a lot of food materials are used 
in cosmetics, it was not surprising that this sector explored the 
�V�X�L�W�D�E�L�O�L�W�\���R�I���7�7�&���I�R�U���W�K�H�L�U���S�U�R�G�X�F�W�V�¶���V�D�I�H�W�\���D�V�V�H�V�V�P�H�Q�W�V�����.�U�R�H�V��
�H�W���D�O������ �������������� �+�R�Z�H�Y�H�U���� �W�K�H���U�H�O�H�Y�D�Q�F�H���R�I�� �W�K�H���F�K�H�P�L�F�D�O���G�R�P�D�L�Q��
�W�K�D�W�� �V�X�S�S�R�U�W�V�� �W�K�H�� �X�V�H�� �R�I�� �7�7�&�� �K�D�V�� �E�H�H�Q�� �F�K�D�O�O�H�Q�J�H�G���� �H�V�S�H�F�L�D�O�O�\��
�Z�K�H�Q���F�R�Q�V�L�G�H�U�L�Q�J���F�O�D�V�V�H�V���R�I���F�K�H�P�L�F�D�O�V���Z�L�W�K���V�S�H�F�L�¿�F���X�V�H�V�����H���J������
personal and household care products and cosmetics (SCCP, 
���������������$���Z�R�U�N�J�U�R�X�S���R�I���W�K�H���(�X�U�R�S�H�D�Q���W�U�D�G�H���R�U�J�D�Q�L�]�D�W�L�R�Q���&�R�O�L�S�D����
now Cosmetics Europe, showed good coverage of the product 
�L�Q�J�U�H�G�L�H�Q�W�� �V�W�U�X�F�W�X�U�H�V�� �D�Q�G�� �F�R�Q�¿�U�P�H�G�� �W�K�D�W�� �W�K�H�� �1�2�$�(�/�V�� �I�R�U�� �W�K�H��
ingredient chemicals are similar in range to the original data-
set, supporting the use of the TTC for ingredients in consumer 
�S�U�R�G�X�F�W�V�����%�O�D�F�N�E�X�U�Q���H�W���D�O��������������������

�7�K�H���&�2�6�0�2�6���F�R�Q�V�R�U�W�L�X�P���Z�L�W�K�L�Q���6�(�8�5�$�76�����D�����������P�L�O�O�L�R�Q��
�¼���F�O�X�V�W�H�U���R�I���U�H�V�H�D�U�F�K���M�R�L�Q�W�O�\���I�X�Q�G�H�G���E�\���W�K�H���(�X�U�R�S�H�D�Q���&�R�P�P�L�V-
sion and Cosmetics Europe, has prepared a new Cosmetics 
�,�Q�Y�H�Q�W�R�U�\�� �F�R�P�E�L�Q�L�Q�J���W�K�H���(�8���&�2�6�,�1�*���G�D�W�D�E�D�V�H�� and the list 
�I�U�R�P���W�K�H���8�6���3�H�U�V�R�Q�D�O���&�D�U�H���3�U�R�G�X�F�W�V���&�R�X�Q�F�L�O�����3�&�3�&�������3�&�3�&����
���������������$�W���W�L�P�H���R�I���G�R�Z�Q�O�R�D�G�����W�K�H���&�2�6�,�1�*���L�Q�Y�H�Q�W�R�U�\���F�R�Q�V�L�V�W�H�G��
�R�I���������������X�Q�L�T�X�H���&�$�6���5�H�J�L�V�W�U�\���1�X�P�E�H�U�����&�$�6���5�1�����±���D���X�Q�L�T�X�H��
�Q�X�P�H�U�L�F�D�O�� �L�G�H�Q�W�L�¿�H�U�� �D�V�V�L�J�Q�H�G�� �E�\�� �&�K�H�P�L�F�D�O���$�E�V�W�U�D�F�W�V�� �6�H�U�Y�L�F�H��
���&�$�6�����W�R���H�Y�H�U�\���F�K�H�P�L�F�D�O���V�X�E�V�W�D�Q�F�H���G�H�V�F�U�L�E�H�G���L�Q���W�K�H���R�S�H�Q���V�F�L-
�H�Q�W�L�¿�F�� �O�L�W�H�U�D�W�X�U�H�� �±�� �D�Q�G�� �������������� �X�Q�L�T�X�H�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �1�R�P�H�Q-
clature of Cosmetic Ingredients (INCI) names. The PCPC in-
�Y�H�Q�W�R�U�\���O�L�V�W�V�������������� �X�Q�L�T�X�H���&�$�6���5�1�V���D�Q�G�������������� �X�Q�L�T�X�H���,�1�&�,��
names. The consortium also developed a new toxicity data-
�E�D�V�H�� �H�Q�U�L�F�K�H�G�� �Z�L�W�K�� �R�U�D�O�� �U�H�S�H�D�W�H�G�� �G�R�V�H�� �V�W�X�G�L�H�V�� �I�R�U�� �F�R�V�P�H�W�L�F�V��
�U�H�O�D�W�H�G�� �F�K�H�P�L�F�D�O�V�� ���L�Q�F�O�X�G�L�Q�J�� �8�6�� �)�'�$���� �8�6�� �(�3�$���� �(�8�� �6�&�&�6����
�(�8�� �(�&�+�$���� �8�6�� �1�D�W�L�R�Q�D�O���7�R�[�L�F�R�O�R�J�\�� �3�U�R�J�U�D�P���� �D�Q�G�� �O�L�W�H�U�D�W�X�U�H��
�S�X�E�O�L�F�D�W�L�R�Q�V�������$���Q�H�Z���Q�R�Q���F�D�Q�F�H�U���7�7�&���G�D�W�D�E�D�V�H���I�R�U���F�R�V�P�H�W�L�F�V��
�U�H�O�D�W�H�G���F�K�H�P�L�F�D�O�V���K�D�V���E�H�H�Q���F�R�P�S�L�O�H�G���E�\���D�X�J�P�H�Q�W�L�Q�J���W�K�H���&�2�6-
�0�2�6���G�D�W�D�E�D�V�H���Z�L�W�K���V�X�E�V�W�D�Q�F�H�V���I�U�R�P���W�K�H���0�X�Q�U�R���G�D�W�D�V�H�W���I�R�X�Q�G��
�L�Q���W�K�H���&�R�V�P�H�W�L�F�V���,�Q�Y�H�Q�W�R�U�\�����7�K�H���U�H�V�X�O�W�L�Q�J���7�7�&���G�D�W�D�E�D�V�H���F�R�Q-
�W�D�L�Q�V���R�Y�H�U�����������F�K�H�P�L�F�D�O���V�W�U�X�F�W�X�U�H�V���Z�L�W�K���1�2�$�(�/�����<�D�Q�J���H�W���D�O������
���������������7�K�H���F�R�Q�V�R�U�W�L�X�P���V�W�D�W�H�G���L�Q���V�H�Y�H�U�D�O���S�U�H�V�H�Q�W�D�W�L�R�Q�V���W�K�D�W���W�K�H��
�F�K�H�P�L�F�D�O���V�S�D�F�H���R�I���W�K�H���Q�H�Z���7�7�&���G�D�W�D�E�D�V�H���K�D�V���E�H�H�Q���F�R�P�S�D�U�H�G��
�Z�L�W�K�� �H�[�L�V�W�L�Q�J�� �7�7�&�� �G�D�W�D�E�D�V�H�V�� �W�R�� �G�H�P�R�Q�V�W�U�D�W�H�� �W�K�D�W�� �W�K�H�� �F�R�Y�H�U-
�D�J�H���L�V���V�X�L�W�D�E�O�H���I�R�U���W�K�H���D�V�V�H�V�V�P�H�Q�W���R�I���F�R�V�P�H�W�L�F�V���S�U�R�G�X�F�W�V�����7�K�H��
�7�7�&���G�D�W�D�E�D�V�H���L�V���D�Y�D�L�O�D�E�O�H���D�V���D���G�R�Z�Q�O�R�D�G���I�U�R�P���W�K�H���Z�H�E�V�L�W�H���D�Q�G��
�V�K�D�O�O���V�H�U�Y�H���D�V���D���U�H�V�R�X�U�F�H���I�R�U���D�O�W�H�U�Q�D�W�L�Y�H���P�H�W�K�R�G�V�����E�X�W���W�K�H���N�H�\��
�U�H�V�X�O�W�V�� �D�V�� �W�R�� �7�7�&�� �K�D�Y�H�� �R�Q�O�\�� �E�H�H�Q�� �V�X�E�P�L�W�W�H�G�� ���S�H�U�V�R�Q�D�O�� �F�R�P-
munication Mark Cronin, Liverpool) except for a preliminary 
�U�H�S�R�U�W�����:�R�U�W�K�� �H�W���D�O������ ������������ �D�Q�G�� �W�K�H�� �6�(�8�5�$�7������ �D�Q�Q�X�D�O�� �U�H�S�R�U�W��
�E�R�R�N�V�������:�L�O�O�L�D�P�V���H�W���D�O���������������������D�V���S�D�U�W���R�I���&�2�6�0�2�6�����F�R�P�E�L�Q�H�G��
the TTC with an algorithm to predict skin penetration, which 
�I�X�U�W�K�H�U���U�H�¿�Q�H�V���W�K�H���7�7�&���F�R�Q�F�H�S�W���I�R�U���F�R�V�P�H�W�L�F�V��

6 http://www.cosmostox.eu/about/seurat/
7 http://ec.europa.eu/consumers/cosmetics/cosing/ 
8 http://www.seurat-1.eu/media/download_gallery/SEURAT-1_Annual-Report_Vol6_LR.pdf
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�S�U�R�¿�O�H�V�� �R�I�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �P�H�W�D�E�R�O�L�W�H�V�� �R�I�� �D�� �S�H�V�W�L�F�L�G�H���� �U�H�G�X�F�L�Q�J��
the need for in vivo�� �V�W�X�G�L�H�V���� �0�H�O�F�K�L�Q�J���.�R�O�O�P�X�V�V�� �H�W�� �D�O���� ��������������
�X�V�H�� �W�K�H�� �7�7�&�� �U�H�D�V�R�Q�L�Q�J�� �W�R�� �D�U�J�X�H�� �W�K�D�W�� �V�X�J�J�H�V�W�H�G�� �(�8�� �O�L�P�L�W�V�� �I�R�U��
�W�R�O�H�U�D�E�O�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �R�I�� �J�U�R�X�Q�G�� �Z�D�W�H�U�� �P�H�W�D�E�R�O�L�W�H�V�� ���³�Q�R�Q��
�U�H�O�H�Y�D�Q�W�� �P�H�W�D�E�R�O�L�W�H�V�´�� �Z�L�W�K�R�X�W�� �W�D�U�J�H�W�H�G�� �W�R�[�L�F�L�W�L�H�V�� �D�Q�G�� �V�S�H�F�L�¿�F��
�F�O�D�V�V�L�¿�F�D�W�L�R�Q�� �D�Q�G�� �O�D�E�H�O�L�Q�J���� �G�H�U�L�Y�H�G�� �I�U�R�P�� �D�F�W�L�Y�H�� �L�Q�J�U�H�G�L�H�Q�W�V�� �R�I��
plant protection products (PPPs) are too low: Risk assessments 
�Z�H�U�H���D�W���W�K�H���W�L�P�H���G�L�V�F�X�V�V�H�G���I�R�U���³�Q�R�Q���U�H�O�H�Y�D�Q�W���P�H�W�D�E�R�O�L�W�H�V�´���D�E�R�Y�H��
�������������J���O�����7�K�H�\���V�K�R�Z���W�K�D�W���D���7�7�&���D�S�S�U�R�D�F�K���O�H�D�G�V���W�R���D���Y�D�O�X�H���R�I��
�������� ���J���O�����7�K�H�� �D�U�J�X�P�H�Q�W�� �Z�D�V�� �O�D�W�H�U�� �W�D�N�H�Q�� �X�S�� �E�\�� �D�� �E�U�R�D�G�H�Q�H�G�� �L�Q-
�G�X�V�W�U�\�� �J�U�R�X�S�� ���/�D�D�E�V�� �H�W�� �D�O������ �������������� �7�K�L�V�� �V�K�R�Z�V�� �K�R�Z�� �D�� �E�U�R�D�G�O�\��
�D�F�F�H�S�W�H�G���7�7�&���F�R�Q�F�H�S�W���F�R�X�O�G���E�U�L�Q�J���F�R�Q�V�L�V�W�H�Q�F�\���L�Q�W�R���U�H�J�X�O�D�W�L�R�Q�V��
and streamline threshold setting.

4  The relation of TTC to other computational tools

The different computational toxicology tools (Hartung and 
�+�R�I�I�P�D�Q�Q�����������������D�U�H���E�H�Q�H�¿�W�W�L�Q�J���I�U�R�P���W�K�H���L�Q�F�U�H�D�V�L�Q�J�O�\���D�Y�D�L�O�D�E�O�H��
�O�D�U�J�H���V�F�D�O�H���W�R�[�L�F�R�O�R�J�L�F�D�O���G�D�W�D�E�D�V�H�V�����+�R�Z�H�Y�H�U�����W�K�H�\���P�D�N�H���X�V�H���R�I��
�W�K�H�V�H���L�Q���Y�H�U�\���G�L�I�I�H�U�H�Q�W���Z�D�\�V�����7�7�&���L�V���D�Q���D�S�S�U�R�D�F�K���E�D�V�H�G���R�Q���H�[�L�V�W-

However, it appears that the TTC concept is not as wide-
�O�\�� �D�S�S�O�L�H�G�� �L�Q�� �5�(�$�&�+�� �U�H�J�L�V�W�U�D�W�L�R�Q�V�� �D�V�� �L�W�� �F�R�X�O�G�� �E�H���� �7�K�H�� �V�X�E�W�L-
tle “Potential Use�«�´�� �R�I�� �W�K�H�� �J�X�L�G�D�Q�F�H�� �D�O�U�H�D�G�\�� �L�Q�G�L�F�D�W�H�V�� �V�R�P�H��
hesitance and, overall, the recommendation is “the possible 
application of TTC on industrial chemicals needs to be care-
fully considered”. The guidance itself stresses that additional 
�V�F�L�H�Q�W�L�¿�F�� �D�Q�G���U�H�J�X�O�D�W�R�U�\�� �G�L�V�F�X�V�V�L�R�Q�V�� �R�Q���7�7�&�� �Y�D�O�X�H�V�� �D�Q�G���W�K�H�L�U��
�G�H�U�L�Y�D�W�L�R�Q���D�U�H���Q�H�H�G�H�G���E�H�I�R�U�H���L�Q�W�H�J�U�D�W�L�R�Q���L�Q�W�R���W�K�H���J�X�L�G�D�Q�F�H���F�D�Q��
�W�D�N�H�� �S�O�D�F�H���� �8�Q�I�R�U�W�X�Q�D�W�H�O�\���� �W�K�L�V�� �K�D�V�� �Q�R�W�� �U�H�D�O�O�\�� �W�D�N�H�Q�� �S�O�D�F�H�� �D�Q�G��
�Z�L�W�K���W�K�H���O�D�V�W���G�H�D�G�O�L�Q�H���L�Q�������������D�S�S�U�R�D�F�K�L�Q�J�����W�K�L�V���K�D�V���W�R���E�H���F�R�Q-
sidered a missed opportunity.

�:�H�� �Z�L�O�O���K�D�Y�H���W�R���V�H�H���W�R���Z�K�D�W���H�[�W�H�Q�W���7�7�&���Z�L�O�O���¿�Q�G���W�K�H�L�U���Z�D�\��
�L�Q�W�R���W�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���W�K�H���8�6���7�R�[�L�F���6�X�E�V�W�D�Q�F�H���&�R�Q�W�U�R�O���$�F�W��
�U�H�D�X�W�K�R�U�L�]�D�W�L�R�Q���R�I�������������±���W�K�H���U�H�V�S�H�F�W�L�Y�H���U�X�O�L�Q�J���L�V���R�Q�J�R�L�Q�J���±���D�Q�G��
other industrial chemical legislations mushrooming worldwide.

3.8  TTC for pesticides
The very extensive requirements for safety data for pesticides 
���S�O�D�Q�W���S�U�R�W�H�F�W�L�R�Q���S�U�R�G�X�F�W�V�����D�Q�G���R�W�K�H�U���E�L�R�F�L�G�H�V���V�R���I�D�U���O�H�D�Y�H�V���O�L�W-
�W�O�H���U�R�R�P���I�R�U���7�7�&���X�V�H�����7�H�U�U�\���H�W���D�O�������������������X�V�H�G���U�H�O�D�W�L�Y�H���S�R�W�H�Q�F�\��
factors and TTC to assess hazard and human risk assessment 

�,�W���L�V���I�H�D�V�L�E�O�H���W�K�D�W���Z�L�W�K�L�Q���5�(�$�&�+���W�K�H���7�7�&���F�R�Q�F�H�S�W���P�D�\���E�H���R�I��
use for the chemical safety assessment at tonnage levels trig-
�J�H�U�L�Q�J�� �O�L�P�L�W�H�G�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�Q�� �U�H�S�H�D�W�H�G�� �G�R�V�H�� �W�R�[�L�F�L�W�\�� �D�Q�G���R�U��
reproduction: REACH clearly indicates the need for non-test-
ing methods and provides the opportunity of waiving testing 
�E�D�V�H�G���R�Q���H�[�S�R�V�X�U�H���F�R�Q�V�L�G�H�U�D�W�L�R�Q�V�����:�K�H�Q���F�O�H�D�U�O�\���G�R�F�X�P�H�Q�W�H�G��
�D�Q�G���M�X�V�W�L�¿�H�G���W�K�H���I�R�O�O�R�Z�L�Q�J���R�S�W�L�R�Q�V���F�R�X�O�G���D�S�S�O�\��

 
REACH Annex VII
�7�K�H���W�H�V�W�L�Q�J���U�H�T�X�L�U�H�P�H�Q�W�V���V�S�H�F�L�¿�H�G���L�Q���$�Q�Q�H�[���9�,�,���Z�R�X�O�G���Q�R�U-
mally not trigger toxicity testing involving repeated expo-
sures and the information at this tonnage level do provide 
�L�Q�V�X�I�¿�F�L�H�Q�W���L�Q�I�R�U�P�D�W�L�R�Q���W�R���G�H�W�H�U�P�L�Q�H���D���G�R�V�H���G�H�V�F�U�L�S�W�R�U���R�U���D�Q�\��
other starting point for the derivation of a DNEL for use in 
an assessment of the human health risks associated with re-
peated exposures. Although non-testing or in vitro method-
ologies may give insight in the toxicological properties of a 
�V�X�E�V�W�D�Q�F�H�����J�H�Q�H�U�D�O�O�\���V�X�F�K���P�H�W�K�R�G�V���D�U�H���L�Q�V�X�I�¿�F�L�H�Q�W�O�\���V�S�H�F�L�¿�F��
�W�R�� �S�U�R�Y�L�G�H�� �T�X�D�Q�W�L�W�D�W�L�Y�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�Q�� �W�K�H�� �S�R�W�H�Q�F�\�� �D�Q�G���R�U��
threshold of an adverse effect. In such a case the threshold 
derived from the TTC methodology might provide a reference 
�Y�D�O�X�H���W�R���D�V�V�H�V�V���W�K�H���V�L�J�Q�L�¿�F�D�Q�F�H���R�I���W�K�H���K�X�P�D�Q���H�[�S�R�V�X�U�H��

REACH Annex VIII-X
�$�W���W�K�H�V�H���W�R�Q�Q�D�J�H���O�H�Y�H�O�V���W�K�H�U�H���P�D�\���E�H���F�L�U�F�X�P�V�W�D�Q�F�H�V���W�U�L�J�J�H�U�L�Q�J��
an adaptation of the REACH requirements that may lead to 
waiving of the repeated dose toxicity study and, consequent-
�O�\���� �W�K�H�� �J�H�Q�H�U�D�W�L�R�Q�� �R�I�� �D�� �V�X�E�V�W�D�Q�F�H���V�S�H�F�L�¿�F�� �G�R�V�H�� �G�H�V�F�U�L�S�W�R�U�� �R�U��
another starting point for the derivation of a DNEL: 

Box 1:  
Potential TTC use within REACH

(Excerpt from Chapter R.7c: Endpoint specific guidance 268 Draft Version 3.0 (ECHA, 2016))

�±	�L�Q���$�Q�Q�H�[���9�,�,�,�����U�H�S�H�D�W�H�G���G�R�V�H���W�R�[�L�F�L�W�\�����������G���W�H�V�W���������������D�Q�G���U�H-
�S�U�R�G�X�F�W�L�Y�H���W�R�[�L�F�L�W�\���W�H�V�W�L�Q�J���������������P�D�\���E�H���Z�D�L�Y�H�G���µ�L�I���U�H�O�H�Y�D�Q�W��
�K�X�P�D�Q���H�[�S�R�V�X�U�H���F�D�Q���E�H���H�[�F�O�X�G�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���$�Q�Q�H�[��
XI section 3.

�±	�L�Q���$�Q�Q�H�[�� �,�;�� �D�Q�G�� �;�� �W�H�V�W�L�Q�J�� �F�R�X�O�G�� �E�H�� �Z�D�L�Y�H�G�� �L�Q�� �F�D�V�H�� �W�K�H�U�H��
�L�V���Q�R���V�L�J�Q�L�¿�F�D�Q�W���H�[�S�R�V�X�U�H�����D�Q�G���W�K�H�U�H���L�V���O�R�Z���W�R�[�L�F�L�W�\�����D�Q�G���Q�R��
systemic exposure.

�,�Q���D���F�D�V�H���E�\���F�D�V�H���F�R�Q�V�L�G�H�U�D�W�L�R�Q�����W�K�H���D�S�S�U�R�S�U�L�D�W�H���W�K�U�H�V�K�R�O�G���G�H-
�U�L�Y�H�G�� �I�U�R�P�� �W�K�H�� �7�7�&�� �P�H�W�K�R�G�R�O�R�J�L�H�V�� �D�J�U�H�H�G�� �X�S�R�Q�� �E�\�� �W�K�H�� �U�H�O-
�H�Y�D�Q�W���U�H�J�X�O�D�W�R�U�\���E�R�G�\���P�L�J�K�W���E�H���F�R�Q�V�L�G�H�U�H�G���D�V���D���V�W�D�U�W�L�Q�J���S�R�L�Q�W��
�W�R�� �D�V�V�H�V�V�� �W�K�H�� �V�L�J�Q�L�¿�F�D�Q�F�H�� �R�I�� �W�K�H�� �K�X�P�D�Q�� �H�[�S�R�V�X�U�H���� �7�K�H�� �O�H�Y�H�O��
�F�K�R�V�H�Q���Z�L�O�O���E�H���F�U�L�W�L�F�D�O���W�R���H�Q�V�X�U�H���D���O�H�Y�H�O���R�I���V�X�I�¿�F�L�H�Q�W���S�U�R�W�H�F�W�L�R�Q��

Final remark
Independent of the approach used in risk assessment of in-
�G�X�V�W�U�L�D�O���F�K�H�P�L�F�D�O�V���L�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���P�D�L�Q�W�D�L�Q���D���V�X�I�¿�F�L�H�Q�W���O�H�Y�H�O��
of protection. In the striving for alternatives to animal testing 
one suggested approach is the use of generic threshold values. 
However, application of TTC would imply that limited data 
�P�D�\���E�H���J�H�Q�H�U�D�W�H�G���D�Q�G���W�K�X�V�����W�K�D�W���W�K�H���O�H�Y�H�O���R�I���S�U�R�W�H�F�W�L�R�Q���P�L�J�K�W��
�E�H���L�Q�À�X�H�Q�F�H�G�����)�U�R�P���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���À�D�Y�R�X�U�L�Q�J���V�X�E�V�W�D�Q�F�H�V���L�Q��
�W�K�H���G�L�H�W���W�K�H���7�7�&���F�R�Q�F�H�S�W���V�H�H�P�V���W�R���E�H���U�H�D�V�R�Q�D�E�O�H���Z�H�O�O���E�D�V�H�G��
with respect to general toxicity and the particular endpoints 
�H�[�D�P�L�Q�H�G���� �+�R�Z�H�Y�H�U���� �W�K�H�� �S�R�V�V�L�E�O�H�� �D�S�S�O�L�F�D�W�L�R�Q���R�I���7�7�&�� �R�Q�� �L�Q-
�G�X�V�W�U�L�D�O�� �F�K�H�P�L�F�D�O�V�� �Q�H�H�G�V�� �W�R�� �E�H�� �F�D�U�H�I�X�O�O�\�� �F�R�Q�V�L�G�H�U�H�G���� �7�K�H�U�H��
�P�D�\���E�H���V�R�P�H���L�P�S�R�U�W�D�Q�W���G�L�I�I�H�U�H�Q�F�H�V���E�H�W�Z�H�H�Q���L�Q�G�X�V�W�U�L�D�O���F�K�H�P�L-
�F�D�O�V���D�Q�G���V�X�E�V�W�D�Q�F�H�V���X�V�H�G���I�R�U���I�R�R�G���F�R�Q�W�D�F�W���D�U�W�L�F�O�H�V���R�U���À�D�Y�R�X�U-
ings, such as differences in use pattern and composition (for a 
�I�X�U�W�K�H�U���G�L�V�F�X�V�V�L�R�Q���V�H�H���7�H�P�D���1�R�U�G�����������������&�2�&����������������
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SAR analysis is widely perceived as a potential useful tool to sup-
port regulatory assessments in the field of food safety, and this 
justifies further exploration and development.” 

Similarly, the use of (Q)SAR in REACH has not met expecta-
�W�L�R�Q�V�����+�D�U�W�X�Q�J�����������������D�V���W�K�H���U�H�J�X�O�D�U���U�H�S�R�U�W�V���R�Q���W�K�H���X�V�H���R�I���D�O�W�H�U�Q�D-
tives under REACH show��. This does not say that these methods 
�F�R�X�O�G�� �Q�R�W�� �E�H�� �X�V�H�G�� �P�R�U�H�� �H�[�W�H�Q�V�L�Y�H�O�\���� �E�X�W�� �R�E�Y�L�R�X�V�O�\�� �W�K�H�� �S�U�R�F�H�V�V��
is not encouraging this enough at the current state of science. 
�7�K�H���J�H�Q�H�U�D�W�L�R�Q���R�I���7�7�&���Y�D�O�X�H�V���E�D�V�H�G���R�Q�����4���6�$�5���L�V���D�W���W�K�L�V���V�W�D�J�H����
�Z�K�H�U�H���1�2�$�(�/���S�U�H�G�L�F�W�L�R�Q���L�V���K�D�U�G�O�\���S�R�V�V�L�E�O�H�����Q�R�W���I�R�U�H�V�H�H�D�E�O�H����

Read-across is traditionally not a computational approach, 
�E�X�W�� �D�� �U�D�W�K�H�U�� �P�D�Q�X�D�O�� �G�D�W�D���J�D�S�� �¿�O�O�L�Q�J�� �E�D�V�H�G�� �R�Q�� �F�L�U�F�X�P�V�W�D�Q�W�L�D�O�O�\��
�D�Y�D�L�O�D�E�O�H�� �G�D�W�D�� �R�Q�� �V�L�P�L�O�D�U�� �F�R�P�S�R�X�Q�G�V�� ���3�D�W�O�H�Z�L�F�]�� �H�W�� �D�O������ ��������������
�,�W�V���E�U�R�D�G���X�V�H���X�Q�G�H�U���5�(�$�&�+���D�Q�G���S�R�V�V�L�E�O�\���Q�H�Z���U�H�J�X�O�D�W�L�R�Q�V���H�O�V�H-
�Z�K�H�U�H���S�U�R�P�S�W�H�G���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���*�R�R�G���5�H�D�G���$�F�U�R�V�V���3�U�D�F�W�L�F�H��
�R�Q�O�\���P�R�V�W���U�H�F�H�Q�W�O�\�����%�D�O�O���H�W���D�O�������������������=�K�X���H�W���D�O���������������������7�K�H���7�7�&��
�F�R�Q�F�H�S�W�� �F�R�X�O�G���� �K�R�Z�H�Y�H�U���� �E�H�� �V�H�H�Q�� �D�V�� �D�Q�� �H�[�W�H�Q�V�L�R�Q�� �R�I�� �D�S�S�U�R�D�F�K-
es such as read-across and chemical categories as it uses other 
�F�K�H�P�L�F�D�O�V�¶���G�D�W�D���W�R���L�Q�W�U�D�S�R�O�D�W�H���I�R�U���D�Q���X�Q�W�H�V�W�H�G���F�K�H�P�L�F�D�O��

�:�L�W�K���W�K�H���D�Y�D�L�O�D�E�L�O�L�W�\���R�I���W�R�[�L�F�R�O�R�J�L�F�D�O���³�E�L�J���G�D�W�D�´�����D���I�X�V�L�R�Q���R�I��
�U�H�D�G���D�F�U�R�V�V���D�Q�G�����4���6�$�5���D�V���P�R�U�H���D�X�W�R�P�D�W�H�G���U�H�D�G���D�F�U�R�V�V���E�\���P�D-
�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���L�V���Q�R�Z���S�R�V�V�L�E�O�H�����+�D�U�W�X�Q�J�������������������7�K�H���¿�U�V�W���F�R�P-
�P�H�U�F�L�D�O�� �V�R�O�X�W�L�R�Q�� �Z�D�V�� �U�H�F�H�Q�W�O�\�� �U�H�O�H�D�V�H�G�� �E�\�� �8�Q�G�H�U�Z�U�L�W�H�U�V�� �/�D�E�R-
�U�D�W�R�U�L�H�V�����8�/������. Similar to (Q)SAR, read-across can synergize 
�Z�L�W�K���7�7�&���E�\���H�V�W�D�E�O�L�V�K�L�Q�J���D���S�U�R�E�D�E�L�O�L�W�\���R�I���K�D�]�D�U�G�����1�R�W�D�E�O�\�����W�K�H��
�D�X�W�R�P�D�W�H�G���D�S�S�U�R�D�F�K�H�V���D�O�V�R���F�D�Q���D�V�V�L�J�Q���D���P�H�D�V�X�U�H���R�I���F�R�Q�¿�G�H�Q�F�H��
to this hazard assessment. As automated read-across has not yet 
�E�H�H�Q�� �V�K�R�Z�Q�� �W�R�� �H�V�W�L�P�D�W�H�� �S�R�W�H�Q�F�\�� �R�U�� �1�2�$�(�/���� �L�W�� �L�V�� �Q�R�W�� �G�L�U�H�F�W�O�\��
suited to generate TTC estimates though.

�L�Q�J�� �G�D�W�D���� �Q�R�W�D�E�O�\�� �1�2�$�(�/�� �R�I�� �V�R�P�H�� �N�L�Q�G���� �:�K�L�O�H�� �F�R�P�S�X�W�H�U�V�� �D�U�H��
�W�\�S�L�F�D�O�O�\���X�V�H�G���W�R���P�L�Q�H���W�K�H���G�D�W�D�E�D�V�H�V�����7�7�&���D�U�H���Q�R�W���F�R�P�S�X�W�D�W�L�R�Q�D�O��
�W�R�R�O�V�� �S�U�H�G�L�F�W�L�Q�J�� �S�U�R�S�H�U�W�L�H�V�� �R�I�� �L�Q�G�L�Y�L�G�X�D�O�� ���X�Q�W�H�V�W�H�G���� �V�X�E�V�W�D�Q�F�H�V����
This makes them very different from (Q)SAR and read-across. 
As these techniques are typically restrained to identify hazard, 
they cannot provide the NOAEL needed to derive TTC. Their use 
scenarios are therefore very different: For example, the Europe-
�D�Q���5�(�$�&�+���O�H�J�L�V�O�D�W�L�R�Q�����+�D�U�W�X�Q�J�����������������L�V���Y�H�U�\���R�S�H�Q���W�R�����4���6�$�5��
�E�X�W���G�R�H�V���Q�R�W���I�R�U�H�V�H�H���7�7�&���W�R���W�K�H���V�D�P�H���H�[�W�H�Q�W�����D�O�W�K�R�X�J�K���5�(�$�&�+��
�V�W�U�R�Q�J�O�\�� �L�P�S�U�R�Y�H�V���W�K�H���H�[�S�R�V�X�U�H���D�V�V�H�V�V�P�H�Q�W���D�V�S�H�F�W���� �R�Q���W�K�H���F�R�Q-
�W�U�D�U�\���� �(�)�6�$�� �X�V�H�V���7�7�&�� �W�R�� �V�R�P�H�� �H�[�W�H�Q�W���� �E�X�W�� �P�X�F�K�� �O�H�V�V�� ���4���6�$�5����
�/�R���3�L�O�S�D�U�R���H�W���D�O�������������������R�Q���E�H�K�D�O�I���R�I���(�)�6�$���V�X�U�Y�H�\�H�G���W�K�H���X�V�H���R�I��
computational tools for food safety with a strong focus on (Q)
�6�$�5�����³�«the majority of key players in the food safety field either 
do not use (Q)SAR methodology at all or use it in a very limited 
way mainly because of a lack of expertise. … to support priority 
setting exercises or to fill information gaps on possible health 
concerns during the management of a food crisis in food indus-
try (e.g. if a contaminant is found in food). At present, (Q)SAR 
is not used routinely to fill data gaps in the pre-marketing as-
sessment of food additives, food contact substances, or pesticide 
and pesticide metabolite residues. However QSARs are currently 
being explored, developed and utilised by regulatory authorities 
for risk assessment purposes such as EFSA. Some organisations, 
however, are very experienced in the use of QSAR, notably gov-
ernment authorities such as the FDA Center for Food Safety and 
Applied Nutrition (CFSAN), FDA Center for Drug Evaluation 
and Research (CDER) and the EPA (OCSPP), as well as some 
companies (e.g. Nestlé). … Despite this variable situation, (Q)

Fig. 1: The synergy of information 
sources to reduce safety testing 
requirements
The �gure visualizes the synergy 
of deriving on the one hand (upper 
part) hazard prediction from chemical 
(structural and physicochemical) 
information as well as biological (AOP 
= Adverse Outcome Pathways and 
other mechanistic) information and, 
on the other hand, TTC (lower part), 
which are deduced from toxicological 
legacy information, and compared 
with the exposure information. TTC 
lend themselves as complementary to 
hazard identi�cation, especially when 
hazard cannot be excluded, but concern 
also does not inevitably lead to testing 
and risk assessment. The TTC will then 
help to drive the decision to either side, 
i.e., no concern or need for testing and 
risk assessment. 

9 https://echa.europa.eu/documents/10162/13639/alternatives_test_animals_2017_summary_en.pdf/487e2516-0ad0-90a2-a923-96417ffd6b6b
10 https://www.ulreachacross.com

https://echa.europa.eu/documents/10162/13639/alternatives_test_animals_2017_summary_en.pdf/487e2516-0ad0-90a2-a923-96417ffd6b6b
https://www.ulreachacross.com
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5  Challenges for TTC application

�7�D�E�O�H�������O�L�V�W�V���D���Q�X�P�E�H�U���R�I���F�K�D�O�O�H�Q�J�H�V�����Z�K�L�F�K���Z�L�O�O���E�H���G�H�W�D�L�O�H�G���L�Q��
�W�K�H�� �I�R�O�O�R�Z�L�Q�J�����7�K�H�� �Q�H�F�H�V�V�D�U�\�� �G�L�V�F�X�V�V�L�R�Q�� �F�R�X�O�G�� �O�H�D�G�� �W�R�� �D�� �*�R�R�G��
TTC Practice as a consensus of the practitioners from the regu-
lating and regulated side on when and how to carry out TTC and 
how to report it.

�$�V���G�L�V�F�X�V�V�H�G���I�X�U�W�K�H�U���E�H�O�R�Z�����K�R�Z�H�Y�H�U�����W�K�H�U�H���L�V���G�L�V�F�X�V�V�L�R�Q���W�K�D�W��
�7�7�&���V�K�R�X�O�G���R�Q�O�\���E�H���D�S�S�O�L�H�G���I�R�U���H�Q�G�S�R�L�Q�W�V���Z�K�H�U�H���W�K�H�U�H���L�V���D���V�X�I�¿-
�F�L�H�Q�W���S�U�R�E�D�E�L�O�L�W�\���R�I���K�D�]�D�U�G�����+�H�U�H�����E�R�W�K�����4���6�$�5���D�Q�G���U�H�D�G���D�F�U�R�V�V��
�F�R�X�O�G���E�H�� �Y�H�U�\�� �Y�D�O�X�D�E�O�H�� ���)�L�J���� �������� �+�R�Z�H�Y�H�U���� �Z�H�� �F�D�Q�� �D�O�V�R�� �U�H�D�V�R�Q��
that the two approaches of showing that hazard is unlikely and 
�W�K�D�W���H�[�S�R�V�X�U�H���Z�R�X�O�G���Q�R�W���E�H���U�H�O�H�Y�D�Q�W���D�Q�\�Z�D�\�����V�W�U�R�Q�J�O�\���V�\�Q�H�U�J�L�]�H��
to reduce concerns. 

Tab. 4: Eleven challenges to the broad application of TTC

Challenges to the TTC approach

(1)	 Can a TTC with suf�cient margin of safety  
but still waiving a substantial number of tests in 
general be established? 
 

(2)	 When to use TTC? 
 
 
 

(3)	 Access to data to derive TTC and data quality 
 
 
 

(4)	 Consensus on setting the TTC-NOAEL – is the  
5th percentile good enough? 

(5)	 Consensus on uncertainty factors for TTC – is  
the broadly used 100 suf�cient?  

(6)	 Dependence on exposure does not allow closing 
the chapter of risk assessment 
 

(7)	 How endpoint-speci�c are TTC?  
 
 
 

(8)	 Can additional biological or computational 
information for a given substance improve TTC? 

(9)	 Should we develop an internal TTC, i.e., one 
based on blood concentrations of the substances 
associated with no adverse effects? 
 

(10)	Adaptation to less-than-lifetime exposure 
 

(11)	Can TTC be applied to mixtures?

Comment

There seems to be increasing consensus that this is possible. However, the 
obvious trade-off is to set the TTC without compromising safety but allowing 
enough substances to be deprioritized. Combination with probability of 
hazard, which is effectively the purpose of using the Cramer classes, might 
accommodate this.

TTC should be used where it satis�es an information need, i.e., its sound 
basis to do so has been shown. The applicability domain has to be de�ned, 
especially for which substances it does not work. As this is mainly due to  
the lack of these substance classes in the TTC database, this requires 
continuous update.

TTC are as good as the data they are deduced from. Big (high-quality) data 
makes the difference – this requires a central, curated, maintained searchable 
database. Data aggregation over many substances helps to some extent with 
the reproducibility problem of animal test data. It is critical that enough similar 
substances are part of the database (applicability domain).

The question is, what happens below the 5th percentile? Are these errors or 
unusually toxic substances with understandable mechanisms? This requires 
database curation and substance-by-substance review.

This is probably a borderline choice: Factor 100 is already the minimum  
when starting with a measured NOAEL. Here we start with a value that is  
too high in 5% of the cases. 

Exposure is not the strong part of chemical risk assessment and also highly 
variable between individuals and over time. Regular reviews of changes in 
exposure patterns will require revisiting a TTC-based decision regularly. Not 
very attractive…

One appeal of TTC is its use for endpoints other than the database they 
were derived from. This astonishingly seems to work out quite well (probably 
because the approach is so conservative), though some endpoints have been 
excluded in the past. Making TTC endpoint-speci�c is a chance to achieve 
higher thresholds for certain endpoints.

This has been done so far for genotoxicity information (especially the Ames 
tests), but other information on the likelihood of any hazard (biological,  
(Q)SAR, read-across) or metabolism could improve predictions.

This would obviously take kinetics out of the picture, which is little  
reproducible between species anyway. It allows comparing to biomonitoring 
studies and in vitro effects of substances more easily. However, when to 
measure? And is it peak concentrations or area under the curve that is relevant 
for a given substance class?

Due to the fact that TTC were �rst derived from cancer bioassays,  
they represent lifetime exposures. Adaptation for other exposure durations  
is controversial, but makes a lot of sense, e.g., for drug contaminants.

They actually are already applied mostly to mixtures (additives and 
contaminants in food and drugs), but the question how cocktail effects impact 
on TTC is well warranted.
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�7�K�H�� �O�D�V�W�� �S�R�L�Q�W�� �Q�H�H�G�V�� �H�[�S�O�D�Q�D�W�L�R�Q���� �,�Q�� �D�� �������G�D�\�� �U�H�S�H�D�W�� �G�R�V�H��
�V�W�X�G�\�� �Z�H���P�H�D�V�X�U�H���D�E�R�X�W�������� �H�Q�G�S�R�L�Q�W�V���� �L�Q���D���F�D�Q�F�H�U���E�L�R�D�V�V�D�\�� ������
�D�Q�G���L�Q���D���W�Z�R���J�H�Q�H�U�D�W�L�R�Q���U�H�S�U�R�G�X�F�W�L�Y�H���W�R�[�L�F�L�W�\���V�W�X�G�\�����������7�K�L�V���L�V��
�F�D�O�O�H�G�� �³�P�X�O�W�L�S�O�H�� �W�H�V�W�L�Q�J�´�� �E�\�� �V�W�D�W�L�V�W�L�F�L�D�Q�V���� �,�I�� �Z�H�� �D�S�S�O�\�� �I�R�U�� �H�D�F�K��
�H�Q�G�S�R�L�Q�W�� �W�K�H�� �Q�R�U�P�D�O�� ������ �V�L�J�Q�L�¿�F�D�Q�F�H�� �O�H�Y�H�O���� �W�K�H�U�H�� �Z�L�O�O�� �D�O�Z�D�\�V��
�E�H���V�R�P�H���I�D�O�V�H���S�R�V�L�W�L�Y�H�V�����W�K�H�R�U�H�W�L�F�D�O�O�\���R�Q�H���L�Q���W�Z�H�Q�W�\���H�Q�G�S�R�L�Q�W�V������
even for the most innocent (inert) chemical. We can correct for 
�W�K�L�V�� �P�D�W�K�H�P�D�W�L�F�D�O�O�\���� �E�X�W�� �W�K�H�Q�� �Z�H�� �Q�H�H�G�� �P�D�Q�\�� �P�R�U�H�� �D�Q�L�P�D�O�V�� �S�H�U��
group, which we cannot easily do for cost and animal welfare 
�U�H�D�V�R�Q�V�����7�K�L�V���L�V���S�D�U�W���R�I���W�K�H���U�H�D�V�R�Q���I�R�U���W�K�H���O�R�X�V�\���U�H�S�U�R�G�X�F�L�E�L�O�L�W�\��
�R�I���W�K�H�V�H���W�H�V�W�V���±���I�D�O�V�H���S�R�V�L�W�L�Y�H�V���F�D�Q�Q�R�W���E�H���U�H�S�H�D�W�H�G�����:�H���K�D�Y�H���G�L�V-
�F�X�V�V�H�G���W�K�L�V���S�U�H�Y�L�R�X�V�O�\���L�Q���V�H�Y�H�U�D�O���S�X�E�O�L�F�D�W�L�R�Q�V�����P�R�V�W���H�[�W�H�Q�V�L�Y�H�O�\��
�I�R�U�� �W�K�H�� �F�D�Q�F�H�U�� �E�L�R�D�V�V�D�\�� �Z�L�W�K�� �L�W�V�� �P�H�U�H�� �������� �U�H�S�U�R�G�X�F�L�E�L�O�L�W�\�� ���I�R�U��
������ �P�L�O�O�L�R�Q�� �S�H�U�� �V�W�X�G�\������ �L�Q�� �%�D�V�N�H�W�W�H�U�� �H�W�� �D�O���� ���������������� �)�R�U�� �W�K�H�� �7�7�&��
discussion, repeat-dose studies are certainly most relevant – the 
�F�D�Q�F�H�U�� �G�D�W�D�E�D�V�H�� �Z�D�V�� �S�U�R�E�D�E�O�\�� �X�V�H�G�� �¿�U�V�W�� �R�I�� �D�O�O�� �E�H�F�D�X�V�H�� �L�W�� �Z�D�V��
�D�Y�D�L�O�D�E�O�H�� �D�Q�G�� �W�K�H�� �D�S�S�U�R�D�F�K�� �I�R�O�O�R�Z�H�G�� �W�K�H�� �O�L�Q�H�� �³�L�I�� �\�R�X�� �F�D�Q�� �G�R�� �L�W��
here, you can do it anywhere”. 

�$���Y�H�U�\���L�Q�W�H�U�H�V�W�L�Q�J���V�W�X�G�\���E�\���:�D�Q�J���D�Q�G���*�U�D�\�����������������V�K�H�G�V���O�L�J�K�W��
�R�Q���W�K�H���U�H�S�U�R�G�X�F�L�E�L�O�L�W�\���R�I���U�H�S�H�D�W���G�R�V�H���V�W�X�G�L�H�V�����7�K�H�\���D�Q�D�O�\�]�H�G��������
�F�K�H�P�L�F�D�O�V�� �V�W�X�G�L�H�G�� �L�Q�� �F�D�Q�F�H�U�� �E�L�R�D�V�V�D�\�V�� �L�Q�� �P�L�F�H�� �D�Q�G�� �U�D�W�V�� �L�Q�� �W�K�H��
�8�6���1�D�W�L�R�Q�D�O���7�R�[�L�F�R�O�R�J�\�� �3�U�R�J�U�D�P���� �W�K�H�\���� �K�R�Z�H�Y�H�U���� �D�Q�D�O�\�]�H�G���W�K�H��
non-cancer endpoints as these animals also undergo extensive 
�I�X�U�W�K�H�U���H�Y�D�O�X�D�W�L�R�Q�V�����7�K�H�\���D�V�N�H�G�����K�R�Z���U�H�S�U�R�G�X�F�L�E�O�H���D�U�H���W�K�H���¿�Q�G-
�L�Q�J�V�� �E�H�W�Z�H�H�Q�� �D�Q�L�P�D�O�V���� �J�H�Q�G�H�U�V���� �P�L�F�H�� �D�Q�G�� �U�D�W�V�� �D�V�� �Z�H�O�O�� �D�V�� �Z�L�W�K��
�H�D�U�O�L�H�U���U�H�S�R�U�W�H�G���O�R�Q�J���W�H�U�P���U�H�S�H�D�W���G�R�V�H���V�W�X�G�L�H�V���R�I���W�K�H���V�D�P�H���V�X�E-
stances? The answer: not at all! In their words: “Overall, there 
is considerable uncertainty in predicting the site of toxic le-
sions in different species exposed to the same chemical and 
from short-term to long-term tests of the same chemical.” This 
�F�R�Q�¿�U�P�V���W�K�D�W���R�X�U���G�D�W�D�E�D�V�H�V���D�U�H���I�X�O�O���R�I���I�D�O�V�H���S�R�V�L�W�L�Y�H�V�����+�R�I�I�P�D�Q�Q��
�D�Q�G���+�D�U�W�X�Q�J�������������������,�Q���P�D�Q�\���F�D�V�H�V�����W�K�L�V���L�V���H�Y�H�Q���T�X�L�W�H���F�R�Q�Y�H�Q�L�H�Q�W��
– it gives a point of departure for a risk assessment and, whether 
true or not, it is at least precautionary. And as most exposures 
used in the animal tests are far higher than exposures in humans, 
we “live happily ever after” with the fairy tale of a toxic effect. 
�7�K�H���F�R�Q�V�H�T�X�H�Q�F�H�V���I�R�U���F�K�H�P�R�S�K�R�E�L�D���D�Q�G���G�L�V�F�R�P�I�R�U�W���R�I���S�O�D�F�L�Q�J���D��
product with a putative looming toxicity just at higher doses (or 
�S�R�V�V�L�E�O�\�� �O�R�Q�J�H�U���G�X�U�D�W�L�R�Q���R�I�� �H�[�S�R�V�X�U�H���� �R�Q���W�K�H���P�D�U�N�H�W���O�H�I�W���D�V�L�G�H����
this actually means a large of safety margin for the TTC. 

Challenge 2: When to use TTC?
�7�K�H���H�[�W�H�Q�V�L�Y�H���(�)�6�$�����������������6�F�L�H�Q�W�L�¿�F���&�R�P�P�L�W�W�H�H���D�Q�D�O�\�V�L�V���D�Q�G��
opinion states “In principle, the science supports the applica-
tion of the TTC approach in any area of chemical risk assess-
ment for which human exposures are low, whether exposure is 
from deliberate addition or due to contamination. However, for 
substances for which EU legislation requires the submission of 
toxicity data, the TTC approach would not be used.” So, af-
ter recommending TTC for any chemical risk assessment, they 
�S�R�X�U�� �D�� �O�R�W�� �R�I�� �Z�D�W�H�U�� �L�Q�W�R�� �W�K�H�� �Z�L�Q�H�� �E�\�� �D�G�Y�L�V�L�Q�J�� �D�J�D�L�Q�V�W�� �L�W�� �Z�K�H�Q��
�G�D�W�D���V�X�E�P�L�V�V�L�R�Q���L�V���U�H�T�X�L�U�H�G�����(�L�W�K�H�U���W�K�H���D�S�S�U�R�D�F�K���Z�R�U�N�V���R�U���Q�R�W����
and if it works, it should help to reduce data generation also, and 
especially, for regulatory purposes.

�7�K�H�U�H�� �D�U�H�� �V�X�E�V�W�D�Q�F�H���F�O�D�V�V�H�V�� �W�K�D�W�� �D�U�H�� �F�X�U�U�H�Q�W�O�\�� �F�R�Q�V�L�G�H�U�H�G�� �D�V��
excluded from applying the TTC concept. For some of them, 

Challenge 1: Can a TTC with a sufficient margin 
of safety – but still waiving a substantial 
number of tests – in general be established?
�7�K�L�V���T�X�H�V�W�L�R�Q���Q�H�H�G�V���W�R���K�D�Q�G�O�H���W�K�H���G�L�V�W�L�Q�F�W�L�R�Q���E�H�W�Z�H�H�Q���D���W�K�U�H�V�K-
old of toxicity and a threshold of concern: It is on the one hand 
�D�V�N�L�Q�J�� �Z�K�L�F�K�� �W�R�[�L�F�� �K�D�]�D�U�G�V�� �V�K�R�Z�� �D�� �W�K�U�H�V�K�R�O�G���� �E�X�W�� �H�Y�H�Q�� �L�Q�� �W�K�H��
�D�E�V�H�Q�F�H���R�I���W�K�L�V�����R�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����W�K�H�U�H���P�L�J�K�W���E�H���V�L�P�S�O�\���Q�R���F�R�Q-
�F�H�U�Q�� �E�H�O�R�Z�� �V�R�P�H�� �S�R�L�Q�W�� �E�H�F�D�X�V�H�� �W�K�H�� �S�U�R�E�D�E�L�O�L�W�\�� �R�I�� �K�D�]�D�U�G�� �L�V�� �V�R��
low. For either, the question is whether such a threshold is suf-
�¿�F�L�H�Q�W�O�\���K�L�J�K���W�K�D�W���D���O�D�U�J�H���Q�X�P�E�H�U���R�I���F�K�H�P�L�F�D�O�V�����G�X�H���W�R���W�K�H�L�U���X�V�H��
�D�Q�G���H�[�S�R�V�X�U�H���V�F�H�Q�D�U�L�R�V�����I�D�O�O���E�H�O�R�Z���W�K�L�V���W�K�U�H�V�K�R�O�G��

The National Research Council report on Science and Deci-
�V�L�R�Q�V�� ���1�5�&���� ������������ �S�U�R�S�R�V�H�V�� �K�D�U�P�R�Q�L�]�L�Q�J�� �G�R�V�H���U�H�V�S�R�Q�V�H�� �D�S-
proaches for cancer and non-cancer endpoints, and for non-
cancer quantitative risk assessment this would usually take the 
form of a low-dose linear no-threshold dose-response curve. 
�7�K�H�� �V�R�X�Q�G�Q�H�V�V�� �R�I�� �W�K�L�V�� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�� �K�D�V�� �E�H�H�Q�� �T�X�H�V�W�L�R�Q�H�G��
���5�K�R�P�E�H�U�J�� �H�W�� �D�O������ ������������ �%�R�J�H�Q���� �������������� �³If most endpoints for 
most agents are assumed to have non-zero low-dose risks, then 
the critical-effect concept, choosing the one endpoint on which 
to calculate acceptable doses, loses its basis. All regulatory 
decisions, since they entail substituting some exposures (and 
their attendant risks) for others, become risk-risk trade-off de-
cisions, and equity questions are raised since risk transfer is 
inevitably involved. A valid basis for estimating low-dose lin-
ear components is not evident, and upper-bound approaches 
fail to be reliably public health-protective owing to the risk 
trade-off decisions that need to be faced�´�� ���5�K�R�P�E�H�U�J�� �H�W�� �D�O������
���������������:�K�D�W���/�R�U�H�Q�]���5�K�R�P�E�H�U�J���D�Q�G���F�R�O�O�H�D�J�X�H�V���D�U�H���Y�R�L�F�L�Q�J���K�H�U�H��
is the consequence of giving up the safe dose concept, which 
would annihilate a lot of the risk assessment currently done and 
also severely impair the TTC concept. 

Even more important, however, is how we arrive at suf-
�¿�F�L�H�Q�W�O�\�� �K�L�J�K�� �7�7�&�� �W�K�D�W�� �W�K�H�\�� �D�U�H�� �R�I�� �S�U�D�F�W�L�F�D�O�� �X�V�H���� �)�R�U�� �F�D�Q�F�H�U����
�I�R�U���H�[�D�P�S�O�H�����D���W�K�U�H�V�K�R�O�G���R�I���F�R�Q�F�H�U�Q���K�D�V���E�H�H�Q���V�X�J�J�H�V�W�H�G�����Z�K�H�U�H��
exposure leads to one additional death in a year in one million 
�H�[�S�R�V�H�G���S�H�U�V�R�Q�V�����7�K�L�V���D�S�S�U�R�D�F�K���F�D�Q���E�H���M�X�G�J�H�G���Y�H�U�\���G�L�I�I�H�U�H�Q�W�O�\��
�D�W���D�Q���L�Q�G�L�Y�L�G�X�D�O���Y�V�����D���S�R�S�X�O�D�W�L�R�Q���O�H�Y�H�O�����,�W���P�L�J�K�W���E�H���¿�Q�H���W�R���W�D�N�H���D��
risk of one in a million to contract cancer from a product I am 
�X�V�L�Q�J�����E�X�W���L�P�D�J�L�Q�H���D���S�U�R�G�X�F�W���W�K�D�W���W�K�H�����������P�L�O�O�L�R�Q���$�P�H�U�L�F�D�Q�V���R�U��
���������P�L�O�O�L�R�Q���(�X�U�R�S�H�D�Q�V���D�U�H���X�V�L�Q�J���±�����������W�R�����������S�H�R�S�O�H���N�L�O�O�H�G���S�H�U��
year means quite a scandal. Similarly, we might ask, is it ac-
�F�H�S�W�D�E�O�H���W�R���X�V�H���W�K�H����th �S�H�U�F�H�Q�W�L�O�H�"���'�R�H�V�Q�¶�W���W�K�L�V���P�H�D�Q���W�K�D�W���Z�H���D�U�H��
�X�Q�G�H�U�H�V�W�L�P�D�W�L�Q�J���W�R�[�L�F�L�W�\���L�Q���R�Q�H���R�I���������F�D�V�H�V�"

�<�H�V�����E�X�W���V�X�F�K���F�D�O�F�X�O�D�W�L�R�Q���V�W�L�O�O���P�D�N�H�V���V�H�Q�V�H�����¿�U�V�W���R�I���D�O�O���E�H�F�D�X�V�H��
we can practically carry it out: If asked for the 1st percentile or 
�H�Y�H�Q���W�K�H��������st���R�Q�H�����Z�H���Z�R�X�O�G���Q�H�H�G���D�Q���H�Q�R�U�P�R�X�V���Q�X�P�E�H�U���R�I���V�X�E-
�V�W�D�Q�F�H�V���W�R���U�R�E�X�V�W�O�\���F�D�O�F�X�O�D�W�H���W�K�L�V�����P�X�F�K���P�R�U�H���W�K�D�Q���Z�H���F�X�U�U�H�Q�W�O�\��
�K�D�Y�H���D�Y�D�L�O�D�E�O�H�����7�K�H���V�D�P�H���K�R�O�G�V���W�U�X�H���I�R�U���D���S�R�S�X�O�D�W�L�R�Q���U�L�V�N���Z�L�W�K��
�O�R�Z�H�U���S�U�R�E�D�E�L�O�L�W�\�����7�K�H���K�L�J�K�H�U���V�D�I�H�W�\���I�R�U���F�R�Q�V�X�P�H�U�V���D�Q�G���S�D�W�L�H�Q�W�V��
comes from other additional elements:
–	 Our methods are precautionary and rendered very sensitive, 

�H���J�������E�\���G�R�V�L�Q�J���V�F�K�H�P�H�V�����H�[�S�R�V�L�W�L�R�Q���U�R�X�W�H�V�����F�K�R�L�F�H���R�I���V�S�H�F�L�H�V��
–	 We include uncertainty factors on top of our estimates.
�±	�0�R�V�W�� �1�2�$�(�/�� �S�U�R�E�D�E�O�\�� �U�H�S�U�H�V�H�Q�W�� �I�D�O�V�H���S�R�V�L�W�L�Y�H�� �¿�Q�G�L�Q�J�V�� 

�D�Q�\�Z�D�\���E�H�F�D�X�V�H���R�I���W�K�H���P�X�O�W�L�S�O�H���W�H�V�W�L�Q�J���I�D�O�O�D�F�\����
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�G�H�U�O�\�L�Q�J���U�H�S�H�D�W���G�R�V�H���W�R�[�L�F�L�W�\���G�D�W�D���R�I���W�K�H���&�U�D�P�H�U���F�O�D�V�V�L�¿�F�D�W�L�R�Q����
�W�K�H�U�H�E�\�� �D�O�V�R�� �L�Q�F�O�X�G�L�Q�J�� �R�W�K�H�U�� �G�D�W�D�� �F�R�P�S�L�O�D�W�L�R�Q�V�� �O�L�N�H�� �5�H�S�'�R�V�H����
�K�D�V�� �U�H�F�H�Q�W�O�\�� �E�H�H�Q�� �X�Q�G�H�U�W�D�N�H�Q�� �D�Q�G�� �D�Q�� �L�P�S�U�R�Y�H�P�H�Q�W�� �S�U�R�S�R�V�H�G��
���7�O�X�F�]�N�L�H�Z�L�F�]�� �H�W���D�O������ �������������� �0�X�Q�U�R���H�W���D�O���� �������������� �D�Q�G���5�H�S�'�R�V�H��
���(�V�F�K�H�U���H�W���D�O�������������������%�D�W�N�H���H�W���D�O�������������������G�D�W�D�E�D�V�H�V���F�R�Q�W�D�L�Q���I�H�Z��
�F�K�H�P�L�F�D�O�V���L�Q���&�U�D�P�H�U���&�O�D�V�V���,�,�����V�X�J�J�H�V�W�L�Q�J���W�K�D�W���W�K�L�V���F�O�D�V�V���P�D�\���E�H��
of limited practical utility. 

A question already raised in the ILSI workshop (Dewhurst 
�D�Q�G�� �5�H�Q�Z�L�F�N���� ������������ �L�V�� �Z�K�H�W�K�H�U�� �W�K�H�� �F�X�U�U�H�Q�W�� �G�H�O�L�Q�H�D�W�L�R�Q�� �E�H-
�W�Z�H�H�Q���W�K�H���F�D�Q�F�H�U���D�Q�G���Q�R�Q���F�D�Q�F�H�U���W�L�H�U�V���L�Q���W�K�H���.�U�R�H�V���H�W���D�O������������������
�V�F�K�H�P�H�����Z�K�L�F�K���L�V���E�D�V�H�G���R�Q���W�K�H���S�U�H�V�H�Q�F�H���R�I���V�W�U�X�F�W�X�U�D�O���D�O�H�U�W�V���I�R�U��
genotoxicity, is adequate. The draft opinion of SCHER, SCCP, 
�6�&�(�1�,�+�5�����������������S�U�R�S�R�V�H�G���H�V�W�D�E�O�L�V�K�L�Q�J���R�Q���W�K�H���F�R�Q�W�U�D�U�\���D���Q�H�Z����
�V�H�S�D�U�D�W�H�� �G�D�W�D�E�D�V�H�� �I�R�U�� �V�X�E�V�W�D�Q�F�H�V�� �F�O�D�V�V�L�¿�H�G�� �D�V�� �K�X�P�D�Q�� �F�D�U�F�L�Q�R-
�J�H�Q�V���� �R�U�� �S�U�R�E�D�E�O�H�� �R�U�� �O�L�N�H�O�\�� �K�X�P�D�Q�� �F�D�U�F�L�Q�R�J�H�Q�V���� �,�W�� �L�V�� �Q�R�W�� �F�O�H�D�U��
�Z�K�H�W�K�H�U�� �V�X�F�K�� �V�H�S�D�U�D�W�L�R�Q�� �L�V�� �D�F�W�X�D�O�O�\�� �G�H�V�L�U�D�E�O�H���� �E�X�W�� �F�R�Y�H�U�D�J�H�� �R�I��
these classes and clear distinction from the non-carcinogens is 
�Q�H�H�G�H�G�����7�K�H���7�7�&���F�D�Q�F�H�U���G�D�W�D�E�D�V�H���G�R�H�V���Q�R�W���L�Q�F�O�X�G�H���F�R�Q�V�L�G�H�U�D-
tions of mode of action or the human relevance of the mode of 
action or tumor site. The current TTC scheme might not always 
�F�R�Y�H�U���W�K�H���S�U�R�G�X�F�W�L�R�Q���R�I���U�H�D�F�W�L�Y�H���P�H�W�D�E�R�O�L�W�H�V�����$�Q�R�W�K�H�U���D�V�S�H�F�W���Q�R�W��
covered is effect strength, which not only manifests as minimal 
�D�F�W�L�Y�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���E�X�W���D�O�V�R���D�V���H�[�W�H�Q�W���R�I���G�D�P�D�J�H��

�%�X�W���� �D�O�O�� �W�R�J�H�W�K�H�U���� �W�K�H�� �H�Q�R�U�P�R�X�V�O�\�� �L�Q�F�U�H�D�V�L�Q�J�� �D�Y�D�L�O�D�E�L�O�L�W�\�� �R�I��
�W�R�[�L�F�R�O�R�J�L�F�D�O�� �G�D�W�D�� ���+�D�U�W�X�Q�J���� ������������ �=�K�X�� �H�W�� �D�O������ ������������ �I�X�H�O�V�� �W�K�H��
�R�S�S�R�U�W�X�Q�L�W�L�H�V���I�R�U���7�7�&�����7�K�H�U�H���L�V���V�W�L�O�O���D���O�R�W���W�R���E�H���G�R�Q�H���D�V���W�R���J�H�Q�H�U-
�D�O���G�D�W�D���V�K�D�U�L�Q�J�����G�D�W�D���F�X�U�D�W�L�R�Q�����P�D�F�K�L�Q�H���U�H�D�G�D�E�L�O�L�W�\�����K�D�U�P�R�Q�L�]�H�G��
�R�Q�W�R�O�R�J�L�H�V�� ���+�D�U�G�\�� �H�W�� �D�O������ ���������D���E������ �H�W�F�����7�K�H�� �L�Q�F�U�H�D�V�L�Q�J�� �G�L�V�F�X�V-
�V�L�R�Q�� �R�I�� �U�H�S�U�R�G�X�F�L�E�L�O�L�W�\�� �D�Q�G�� �U�H�O�H�Y�D�Q�F�H�� �R�I�� �D�Q�L�P�D�O�� �W�H�V�W�� �G�D�W�D�� �D�O�V�R��
�Q�H�H�G�V���W�R���E�H���D�G�G�U�H�V�V�H�G�����+�D�U�W�X�Q�J������������������

�2�Q�H�� �D�V�S�H�F�W�� �D�V�� �W�R�� �W�K�H�� �K�D�U�P�R�Q�L�]�D�W�L�R�Q�� �R�I�� �W�K�H�� �G�D�W�D�E�D�V�H�� �U�D�L�V�H�G��
�L�Q�� �W�K�H�� �Z�R�U�N�V�K�R�S�� �U�H�S�R�U�W�H�G�� �E�\�� �'�H�Z�K�X�U�V�W�� �D�Q�G�� �5�H�Q�Z�L�F�N�� �������������� �L�V��
�Z�K�H�W�K�H�U���7�7�&���V�K�R�X�O�G���E�H���H�[�S�U�H�V�V�H�G���R�Q���D���P�R�O�D�U���E�D�V�L�V�����Z�K�L�F�K���Z�D�V��
�V�X�S�S�R�U�W�H�G���L�Q���V�F�L�H�Q�W�L�¿�F���W�H�U�P�V���E�H�F�D�X�V�H�����4���6�$�5���X�V�X�D�O�O�\���D�S�S�O�\���W�K�L�V����
The workshop recognized that such a change would result in a 
“need to convert all the NOAELs in the databases to a molar ba-
sis and derive the TTC values on the distribution of molar-based 
NOAELs. Although this was considered not to be a difficult task, 
application of molar TTC values would require that analytical 
and exposure data were also expressed on a molar basis. Adop-
tion of a molar basis would result in the TTC approach being 
different to existing regulatory approaches used in setting refer-
ence doses for chemicals with extensive databases.” 

�$�Q�R�W�K�H�U���D�V�S�H�F�W���U�D�L�V�H�G���E�\���(�)�6�$�����������������L�V���W�K�D�W���I�R�U���D�S�S�O�L�F�D�W�L�R�Q��
of the TTC approach to the whole population including infants 
�D�Q�G���F�K�L�O�G�U�H�Q�����D�O�O���7�7�&���Y�D�O�X�H�V���V�K�R�X�O�G���E�H���F�R�Q�Y�H�U�W�H�G���W�R���F�R�U�U�H�V�S�R�Q�G-
�L�Q�J���Y�D�O�X�H�V���W�K�D�W���W�D�N�H���E�R�G�\���Z�H�L�J�K�W���L�Q�W�R���D�F�F�R�X�Q�W�����D�V���G�R�Q�H���L�Q���7�D�E����������

Challenge 4: Consensus on setting  
the TTC-NOAEL
�:�K�\�� �W�K�H�� ��th�� �S�H�U�F�H�Q�W�L�O�H�"�� �,�I�� �Z�H�� �K�D�G�� ������ �¿�Q�J�H�U�V���� �L�W�� �Z�R�X�O�G�� �S�U�R�E-
�D�E�O�\���E�H���W�K�H����th���������:�K�\���Q�R�W���X�V�H���W�K�H���O�R�Z�H�V�W���Y�D�O�X�H�"���6�L�P�S�O�\���E�H�F�D�X�V�H��
the extreme outliers otherwise have too much impact. These are 
�W�K�H���³�%�R�W�X�O�L�Q�X�P���W�R�[�L�Q�V���D�P�R�Q�J���F�K�H�P�L�F�D�O�V�´�����E�X�W���W�K�H�\���U�H�T�X�L�U�H���R�S-
�W�L�P�L�]�D�W�L�R�Q���R�I���E�L�R�O�R�J�L�F�D�O���D�F�W�L�Y�L�W�\���H�L�W�K�H�U���E�\���H�Y�R�O�X�W�L�R�Q���R�U���G�U�X�J���G�H-
�Y�H�O�R�S�P�H�Q�W���S�U�R�F�H�V�V�H�V�����W�K�H�L�U���R�F�F�X�U�U�H�Q�F�H���E�\���F�K�D�Q�F�H���L�V���U�D�W�K�H�U���O�R�Z����

e.g., heavy metals, the reason for their exclusion is that they are 
�Q�R�W���F�R�Y�H�U�H�G���L�Q���W�K�H���G�D�W�D�E�D�V�H�V���X�Q�G�H�U�O�\�L�Q�J���7�7�&���Y�D�O�X�H�V�����,�W���D�S�S�H�D�U�V��
�R�E�Y�L�R�X�V���W�K�D�W���D���7�7�&���F�D�Q�Q�R�W���E�H���G�H�G�X�F�H�G���I�R�U���V�X�E�V�W�D�Q�F�H���F�O�D�V�V�H�V���W�K�D�W��
were not part of the training set, at least not without explicit dis-
�F�X�V�V�L�R�Q�����,�W���L�V���Q�H�F�H�V�V�D�U�\���W�R���G�H�¿�Q�H���W�K�H���F�K�H�P�L�F�D�O���G�R�P�D�L�Q�V���F�R�Y�H�U�H�G��
���D�S�S�O�L�F�D�E�L�O�L�W�\���G�R�P�D�L�Q���� �R�U���� �P�R�U�H���L�P�S�R�U�W�D�Q�W�O�\���� �W�K�R�V�H���W�K�D�W���D�U�H���Q�R�W��
�F�R�Y�H�U�H�G�����7�K�H���(�)�6�$�����������������R�S�L�Q�L�R�Q���R�Q���W�K�H���7�7�&���D�S�S�U�R�D�F�K���S�U�R-
�G�X�F�H�G���W�K�H���P�R�V�W���F�R�P�S�U�H�K�H�Q�V�L�Y�H���O�L�V�W���R�I���V�X�E�V�W�D�Q�F�H�V���I�R�U���Z�K�L�F�K���7�7�&��
�F�X�U�U�H�Q�W�O�\���V�K�R�X�O�G���Q�R�W���E�H���X�V�H�G��
����	�+�L�J�K���S�R�W�H�Q�F�\���F�D�U�F�L�Q�R�J�H�Q�V�����L���H�������D�À�D�W�R�[�L�Q���O�L�N�H�����D�]�R�[�\����

�R�U���1���Q�L�W�U�R�V�R���F�R�P�S�R�X�Q�G�V�����E�H�Q�]�L�G�L�Q�H�V�����K�\�G�U�D�]�L�Q�H�V����
����	�,�Q�R�U�J�D�Q�L�F���V�X�E�V�W�D�Q�F�H�V
3.	 Metals and organometallics
����	�3�U�R�W�H�L�Q�V
����	�6�W�H�U�R�L�G�V
����	�6�X�E�V�W�D�Q�F�H�V���N�Q�R�Z�Q���R�U���S�U�H�G�L�F�W�H�G���W�R���E�L�R�D�F�F�X�P�X�O�D�W�H
����	�1�D�Q�R�P�D�W�H�U�L�D�O�V
����	�5�D�G�L�R�D�F�W�L�Y�H���V�X�E�V�W�D�Q�F�H�V
����	�0�L�[�W�X�U�H�V���R�I���V�X�E�V�W�D�Q�F�H�V���F�R�Q�W�D�L�Q�L�Q�J���X�Q�N�Q�R�Z�Q���F�K�H�P�L�F�D�O�� 

structures
�/�H�H�P�D�Q���H�W���D�O���������������������K�R�Z�H�Y�H�U�����H�Y�D�O�X�D�W�H�G���W�K�H���H�[�F�O�X�V�L�R�Q���R�I���E�L�R-
�D�F�F�X�P�X�O�D�W�L�Q�J���V�X�E�V�W�D�Q�F�H�V���D�Q�G���I�R�X�Q�G���Q�R���V�X�F�K���Q�H�H�G�����7�K�H���U�H�D�V�R�Q�V��
�I�R�U���P�R�V�W���R�W�K�H�U���H�[�F�O�X�V�L�R�Q�V���D�U�H���W�K�D�W���W�K�H�V�H���V�X�E�V�W�D�Q�F�H�V���Z�H�U�H���Q�R�W���U�H�S-
�U�H�V�H�Q�W�H�G���L�Q���W�K�H���7�7�&���G�D�W�D�E�D�V�H�����7�K�L�V���P�H�D�Q�V���W�K�D�W���I�X�W�X�U�H���H�[�S�D�Q�V�L�R�Q�V��
�R�I���W�K�H���G�D�W�D�E�D�V�H���P�D�\���D�O�O�R�Z���H�[�W�H�Q�G�L�Q�J���W�K�H���D�S�S�U�R�D�F�K���E�X�W���D�O�V�R���W�K�D�W��
we need a centralized institution to track such progress, likely to 
�E�H���F�R�P�E�L�Q�H�G���Z�L�W�K���7�7�&���Y�D�O�L�G�D�W�L�R�Q���H�I�I�R�U�W�V��

Challenge 3: Access to data to 
derive TTC and data quality
�7�K�H���7�7�&���G�D�W�D�E�D�V�H�V���X�V�H�G���V�R���I�D�U���D�U�H���E�D�V�H�G���P�D�L�Q�O�\���R�Q���U�H�S�H�D�W���G�R�V�H��
�V�W�X�G�L�H�V���R�U���F�D�Q�F�H�U���E�L�R�D�V�V�D�\�V�����7�K�L�V���E�L�D�V���F�R�X�O�G���P�H�D�Q���W�K�D�W���R�W�K�H�U���W�R�[-
icological endpoints are not represented adequately, e.g., repro-
�G�X�F�W�L�Y�H���G�H�Y�H�O�R�S�P�H�Q�W�D�O���W�R�[�L�F�L�W�\�����'�H�Z�K�X�U�V�W���D�Q�G���5�H�Q�Z�L�F�N������������������
�K�R�Z�H�Y�H�U���� �U�H�S�R�U�W���W�K�D�W���W�K�L�V���K�D�V���Q�R�W���E�H�H�Q���W�K�H���H�[�S�H�U�L�H�Q�F�H���� �E�X�W���I�X�U-
�W�K�H�U���D�Q�D�O�\�V�L�V���P�L�J�K�W���E�H���Z�D�U�U�D�Q�W�H�G�����)�R�U���H�[�D�P�S�O�H�����H�D�U�O�L�H�U���D�Q�D�O�\�V�H�V��
���%�D�U�O�R�Z���H�W���D�O�������������������.�U�R�H�V���H�W���D�O�������������������F�R�Q�F�O�X�G�H�G���W�K�D�W���L�W���Z�D�V��
premature to consider TTC for endocrine disrupting chemicals. 
�2�Y�H�U�D�O�O���� �D�Q���(�)�6�$���S�U�R�M�H�F�W�����%�D�V�V�D�Q���H�W���D�O������ ������������ �F�R�Q�F�O�X�G�H�G���W�K�D�W��
�W�K�H���0�X�Q�U�R���H�W���D�O�������������������G�D�W�D�E�D�V�H���L�V���E�U�R�D�G�O�\���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���R�I���W�K�H��
“world of chemicals”. 

�,�W���L�V���K�L�J�K�O�\���G�H�V�L�U�D�E�O�H���W�R���K�D�Y�H���D���F�H�Q�W�U�D�O�L�]�H�G���7�7�&���G�D�W�D�E�D�V�H���W�K�D�W��
�Z�R�X�O�G���E�H���F�R�Q�W�L�Q�X�D�O�O�\���P�D�L�Q�W�D�L�Q�H�G���W�R���D�O�O�R�Z���L�Q�F�O�X�V�L�R�Q���R�I���Q�H�Z���G�D�W�D��
�D�V�� �W�K�H�\�� �E�H�F�R�P�H�� �D�Y�D�L�O�D�E�O�H���� �6�W�D�Q�G�D�U�G�� �D�Q�G�� �T�X�D�O�L�W�\�� �F�K�H�F�N�V�� �Z�R�X�O�G��
�Q�H�H�G���W�R���E�H���S�H�U�I�R�U�P�H�G�����)�R�U���H�[�D�P�S�O�H�����W�K�H���F�D�U�F�L�Q�R�J�H�Q�L�F�L�W�\���G�D�W�D�E�D�V�H��
���&�3�'�%�����R�I���*�R�O�G���H�W���D�O���������������������������������H�[�W�H�Q�G�H�G���E�\���&�K�H�H�V�H�P�D�Q���H�W��
�D�O���������������������F�R�Q�W�D�L�Q�V���P�D�Q�\���V�X�E�V�W�D�Q�F�H�V���O�D�W�H�U���Q�R�W���F�R�Q�¿�U�P�H�G���D�V���F�D�U-
�F�L�Q�R�J�H�Q�L�F�����7�K�L�V���R�Y�H�U�D�O�O���7�7�&���G�D�W�D�E�D�V�H���V�K�R�X�O�G���E�H���L�Q���D���V�H�D�U�F�K�D�E�O�H��
�I�R�U�P�D�W���W�K�D�W���H�Q�D�E�O�H�V���L�Q�G�H�S�H�Q�G�H�Q�W���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�����$�Q���D�J�U�H�H�P�H�Q�W���R�Q��
the method of dose-response analysis and the appropriate dose-
�P�H�W�U�L�F���V�K�R�X�O�G���E�H���K�D�U�P�R�Q�L�]�H�G��

�7�K�H�U�H���D�U�H���V�R�P�H���V�K�R�U�W�F�R�P�L�Q�J�V���L�Q���W�K�H���7�7�&���G�D�W�D�E�D�V�H�V�����H���J������ �D�V��
�R�X�W�O�L�Q�H�G���H�D�U�O�L�H�U�����W�K�H���F�O�D�V�V�L�¿�F�D�W�L�R�Q���F�O�D�V�V���,�,���D�F�F�R�U�G�L�Q�J���W�R���&�U�D�P�H�U���H�W��
�D�O�������������������D�Q�G���X�V�H�G���E�\���0�X�Q�U�R���H�W���D�O�������������������W�R���G�H�¿�Q�H���U�H�O�D�W�H�G���7�7�&��
�Y�D�O�X�H�V���K�D�V���E�H�H�Q���I�R�X�Q�G���W�R���E�H���Q�R�W���Z�H�O�O���G�H�¿�Q�H�G�����W�K�H�U�H���D�U�H���F�R�Q�V�L�G�H�U-
�D�E�O�H���R�Y�H�U�O�D�S�V���Z�L�W�K���F�O�D�V�V�H�V���,���D�Q�G���,�,�,�����$���U�H���H�Y�D�O�X�D�W�L�R�Q���R�I���W�K�H���X�Q-
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young infants and children or adults are transient and generally 
�Q�R�W���P�R�U�H���W�K�D�Q���������W�R�������I�R�O�G�����W�K�H���F�R�P�P�L�W�W�H�H���F�R�Q�F�O�X�G�H�G���W�K�D�W���7�7�&��
�F�D�Q���E�H���D�S�S�O�L�H�G�����E�X�W���Z�K�H�U�H���W�K�H���H�V�W�L�P�D�W�H�G���H�[�S�R�V�X�U�H���L�V���L�Q���W�K�H���U�D�Q�J�H��
�R�I���W�K�H���7�7�&���Y�D�O�X�H�����D�G�G�L�W�L�R�Q�D�O���F�R�Q�V�L�G�H�U�D�W�L�R�Q���Q�H�H�G�V���W�R���E�H���J�L�Y�H�Q����

�,�V���W�K�H���F�X�U�U�H�Q�W���X�Q�F�H�U�W�D�L�Q�W�\���I�D�F�W�R�U���J�R�R�G���H�Q�R�X�J�K�"���3�U�R�E�D�E�O�\�����$�V��
discussed already under challenge 1, the assumption that our 
�F�K�H�P�L�F�D�O���R�I���L�Q�W�H�U�H�V�W���L�V���D�P�R�Q�J���W�K�H���������Z�R�U�V�W���J�X�\�V���L�V���D�O�U�H�D�G�\���T�X�L�W�H��
�S�U�H�F�D�X�W�L�R�Q�D�U�\�����E�X�W���V�H�Y�H�U�D�O���D�G�G�L�W�L�R�Q�D�O���L�Q�G�L�U�H�F�W���V�D�I�H�W�\���I�D�F�W�R�U�V���D�U�H��
included in the approach.

Challenge 6: Dependence on exposure does not 
allow closing the chapter on risk assessment
Adoption of the TTC approach, while reducing animal use for 
testing purposes and reducing costs to industry, would, howev-
�H�U�����S�O�D�F�H���P�X�F�K���P�R�U�H���U�H�O�L�D�Q�F�H���R�Q���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���U�H�O�L�D�E�O�H���H�[-
posure assessment. As TTC cannot exclude the hazard, the risk 
�D�V�V�H�V�V�P�H�Q�W���L�V���Y�X�O�Q�H�U�D�E�O�H���W�R���H�[�S�R�V�X�U�H���F�K�D�Q�J�H�V�����%�X�W���Z�K�R���W�U�D�F�N�V��
�W�K�H�V�H�� �D�Q�G�� �F�R�P�H�V�� �E�D�F�N�� �W�R�� �W�K�H�� �U�L�V�N�� �D�V�V�H�V�V�P�H�Q�W�� �L�I�� �W�K�H�� �F�R�P�E�L�Q�H�G��
�H�[�S�R�V�X�U�H���W�R���D�O�O���V�R�X�U�F�H�V���H�[�F�H�H�G�V���W�K�H���7�7�&�"���7�K�L�V���Z�R�X�O�G���L�Q���G�R�X�E�W��
�Q�H�H�G���W�R���E�H���D���P�D�Q�X�I�D�F�W�X�U�H�U���O�L�D�E�L�O�L�W�\�����E�X�W���Z�K�D�W���W�R���G�R���L�I���W�K�H�U�H���D�U�H��
several manufacturers? 

Manufacturing is also not exposure, so who controls the 
�G�R�Z�Q�V�W�U�H�D�P�� �X�V�H�"�� �5�(�$�&�+�� �H�V�W�D�E�O�L�V�K�H�G�� �W�K�H�� �V�X�E�V�W�D�Q�F�H�� �L�Q�I�R�U�P�D-
tion exchange forum (SIEF) of all co-registrants of a given 
�V�X�E�V�W�D�Q�F�H�����R�Q�H���V�X�E�V�W�D�Q�F�H�����R�Q�H���U�H�J�L�V�W�U�D�W�L�R�Q���S�U�L�Q�F�L�S�O�H�������'�R�H�V���X�V�H��
of TTC imply that these consortia have to maintain their infor-
mation exchange to monitor whether TTC are exceeded? SIEF 
�I�R�U�H�Y�H�U�����7�K�L�V���L�V���E�X�U�G�H�Q�V�R�P�H���D�Q�G���W�K�U�R�X�J�K���W�K�H���F�R�V�W�V�����Z�K�L�F�K���Z�L�O�O��
�D�W���V�R�P�H���S�R�L�Q�W���F�R�P�S�D�U�H���W�R���F�R�V�W�V���R�I���W�H�V�W�L�Q�J�����Z�L�O�O���E�H�F�R�P�H���O�H�V�V���D�Q�G��
less attractive. 

The situation is not very different in other areas such as food 
additives.

Challenge 7: How endpoint-specific are TTC?
By using an endpoint considered very sensitive (cancer), the 
�¿�U�V�W�� �7�7�&�� �Z�H�U�H�� �S�U�R�G�X�F�H�G�� �Y�H�U�\�� �F�R�Q�V�H�U�Y�D�W�L�Y�H�O�\���� �9�H�U�\�� �V�H�Q�V�L�W�L�Y�H��
�P�H�F�K�D�Q�L�V�P�V�� ���H���J������ �F�K�R�O�L�Q�H�� �H�V�W�H�U�D�V�H�� �L�Q�K�L�E�L�W�L�R�Q���� �D�Q�G�� �H�Q�G�S�R�L�Q�W�V��
���H���J�������D�O�O�H�U�J�H�Q�L�F�L�W�\�����Z�K�H�U�H���I�X�U�W�K�H�U�P�R�U�H���H�[�F�O�X�G�H�G�����+�H�Q�Q�H�V����������������
remarked “The reference to toxicological endpoints from which 
TTC values were derived is however not of particular signifi-
cance in the application of the TTC approach, unless it could be 
identified whether a compound was likely to produce the effect 
of concern.” However, this is not playing to the full potential of 
�7�7�&���� �Z�K�L�F�K�� �F�R�X�O�G���Q�R�Z�D�G�D�\�V�� �Z�L�W�K�� �O�D�U�J�H�U�� �G�D�W�D�E�D�V�H�V�� �E�H�� �G�H�U�L�Y�H�G��
�H�Q�G�S�R�L�Q�W���V�S�H�F�L�¿�F�D�O�O�\���D�Q�G���D�O�O�R�Z���I�R�U���P�D�Q�\���H�Q�G�S�R�L�Q�W�V���W�R���V�H�W���K�L�J�K-
�H�U���W�K�U�H�V�K�R�O�G���G�R�V�H�V�����L���H�������E�U�R�D�G�H�U���D�S�S�O�L�F�D�E�L�O�L�W�\���W�R���P�R�U�H���F�K�H�P�L�F�D�O�V����

�3�U�D�J�P�D�W�L�F�D�O�O�\�����D���Y�H�U�\���O�R�Z���J�H�Q�H�U�D�O���7�7�&���P�L�J�K�W���E�H���D�S�S�O�L�H�G���¿�U�V�W��
�D�Q�G���W�K�H�Q���D���O�R�Z�H�U���H�Q�G�S�R�L�Q�W���V�S�H�F�L�¿�F���R�Q�H���L�I���H�[�S�R�V�X�U�H���H�[�F�H�H�G�V���W�K�H��
former.

Challenge 8: Can additional biological  
or computational information  
for a given substance improve TTC?
�+�L�V�W�R�U�L�F�D�O�O�\�����7�7�&���I�R�U���J�H�Q�R�W�R�[�L�F���F�D�U�F�L�Q�R�J�H�Q�V���K�D�Y�H���E�H�H�Q���W�U�H�D�W�H�G��
separately. For example, the inclusion of Ames data on chemi-
cals with structural alerts for genotoxicity provided such dis-

However, simple mistakes in dosing or reporting of doses are 
�Q�R�W�� �Y�H�U�\�� �U�D�U�H���� �%�H�V�L�G�H�V�� �D�Y�R�L�G�L�Q�J�� �W�K�H�� �L�P�S�D�F�W�� �R�I�� �R�X�W�O�L�H�U�V���� �W�K�H�� ��th 
�S�H�U�F�H�Q�W�L�O�H���F�D�Q���E�H���F�D�O�F�X�O�D�W�H�G���T�X�L�W�H���U�R�E�X�V�W�O�\�����:�H���K�D�Y�H���W�R���N�H�H�S���L�Q��
�P�L�Q�G���W�K�D�W���W�K�H�U�H���L�V���D���P�L�Q�L�P�X�P���Q�X�P�E�H�U���R�I���1�2�$�(�/�����Q�����W�R���F�D�O�F�X-
�O�D�W�H���S�H�U�F�H�Q�W�L�O�H�V���R�I���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���±���I�R�U���D����th percentile at least 
���������V�R���W�K�D�W���W�K�H����th���S�H�U�F�H�Q�W�L�O�H���L�V���E�H�W�Z�H�H�Q���Q�X�P�E�H�U���������D�Q�G���Q�X�P�E�H�U��
�������� �7�R�� �J�H�W�� �D�� �U�R�E�X�V�W�� ��th�� �S�H�U�F�H�Q�W�L�O�H���� �Z�H�� �W�K�X�V�� �Q�H�H�G�� �F�R�Q�V�L�G�H�U�D�E�O�\��
�P�R�U�H���W�K�D�Q���������1�2�$�(�/�����6�F�K�R�R�Q�M�D�Q�V���H�W���D�O�������������������V�K�R�Z���K�R�Z���V�P�D�O�O��
sample sizes can lead to errors in calculating percentiles. The 
�O�D�U�J�H���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�V���R�I���W�K�H���R�E�V�H�U�Y�H�G���G�L�I�I�H�U�H�Q�F�H�V���L�Q���W�K�H����th 
percentile illustrate the large statistical uncertainty associated 
with the estimated percentiles in small sample sizes. They also 
compare different methods to calculate percentiles. Therefore, 
they recommend log-transforming the data and stress the im-
�S�R�U�W�D�Q�F�H���R�I���U�H�S�R�U�W�L�Q�J���S�H�U�F�H�Q�W�L�O�H�V���Z�L�W�K���W�K�H�L�U�����������F�R�Q�¿�G�H�Q�F�H���L�Q-
�W�H�U�Y�D�O�����,�W���P�L�J�K�W���E�H���Q�H�F�H�V�V�D�U�\���W�R���D�G�G���D�Q���X�Q�F�H�U�W�D�L�Q�W�\���I�D�F�W�R�U���L�I����th 
�S�H�U�F�H�Q�W�L�O�H�V���D�U�H���G�H�U�L�Y�H�G���I�U�R�P���V�P�D�O�O�H�U���Q�X�P�E�H�U�V���R�I���1�2�$�(�/��

Challenge 5: Consensus on uncertainty  
factors for TTC
The derivation of a TTC depends critically on the use of uncer-
tainty factors, not very different from traditional risk assessment 
���'�R�X�U�V�R�Q���H�W���D�O�������������������'�R�U�Q�H���D�Q�G���5�H�Q�Z�L�F�N�����������������'�D�Q�N�R�Y�L�F���H�W��
�D�O���������������������7�K�H�L�U���X�V�H���L�Q���H�V�W�D�E�O�L�V�K�L�Q�J���H�[�S�R�V�X�U�H���O�L�P�L�W�V���J�R�H�V���E�D�F�N��
�D�W���W�R���W�K�H�����������¶�V�����Z�K�H�Q���/�H�K�P�D�Q���D�Q�G���)�L�W�]�K�X�J�K�����������������S�U�R�S�R�V�H�G���D��
�I�D�F�W�R�U���R�I�������������U�H�I�H�U�U�H�G���W�R���D�V���D���³�P�D�U�J�L�Q���R�I���V�D�I�H�W�\�´�����I�R�U���H�[�W�U�D�S�R�O�D�W-
ing from animal data to safe levels for humans for food addi-
�W�L�Y�H�V���D�Q�G���S�H�V�W�L�F�L�G�H���U�H�V�L�G�X�H�V�����6�L�[���N�H�\���X�Q�F�H�U�W�D�L�Q�W�L�H�V���W�R���E�H���F�R�Q�V�L�G-
ered include: 
����	�,�Q�W�H�U���V�S�H�F�L�H�V�� �Y�D�U�L�D�E�L�O�L�W�\�� �Z�K�H�Q�� �H�[�W�U�D�S�R�O�D�W�L�Q�J�� �I�U�R�P�� �D�Q�L�P�D�O��

studies to humans
����	�5�H�V�S�R�Q�V�H���Y�D�U�L�D�E�L�O�L�W�\���L�Q���K�X�P�D�Q�V�����H���J�������V�X�V�F�H�S�W�L�E�O�H���V�X�E�S�R�S�X�O�D-

tions)
����	�8�Q�F�H�U�W�D�L�Q�W�\���L�Q���H�V�W�L�P�D�W�L�Q�J���D���Q�R���H�I�I�H�F�W���O�H�Y�H�O���I�U�R�P���D���G�R�V�H���Z�K�H�U�H��

�H�I�I�H�F�W�V���Z�H�U�H���R�E�V�H�U�Y�H�G
����	�(�[�W�U�D�S�R�O�D�W�L�R�Q���I�U�R�P���V�K�R�U�W�H�U���G�X�U�D�W�L�R�Q���V�W�X�G�L�H�V���W�R���D���I�X�O�O���O�L�I�H�W�L�P�H��

exposure
����	�,�Q�V�X�I�¿�F�L�H�Q�F�L�H�V�� �L�Q�� �W�K�H�� �K�H�D�O�W�K�� �H�I�I�H�F�W�V�� �G�D�W�D�E�D�V�H���� �L���H������ �W�K�H�� �P�R�V�W��

�V�H�Q�V�L�W�L�Y�H���D�G�Y�H�U�V�H���H�I�I�H�F�W���P�D�\���Q�R�W���K�D�Y�H���E�H�H�Q���H�Y�D�O�X�D�W�H�G
����	�$���P�R�G�L�I�\�L�Q�J���I�D�F�W�R�U���L�V���X�V�H�G���E�\���V�R�P�H���R�U�J�D�Q�L�]�D�W�L�R�Q�V���W�R���D�F�F�R�X�Q�W��

for other remaining uncertainties (typically related to expo-
�V�X�U�H���V�F�H�Q�D�U�L�R�V���R�U���D�F�F�R�X�Q�W�L�Q�J���I�R�U���W�K�H���L�Q�W�H�U�S�O�D�\���D�P�R�Q�J���W�K�H���¿�Y�H��
�D�U�H�D�V���Q�R�W�H�G���D�E�R�Y�H����

�7�\�S�L�F�D�O�O�\�����I�R�U���7�7�&���R�Q�O�\���W�K�H���¿�U�V�W���W�Z�R���X�Q�F�H�U�W�D�L�Q�W�L�H�V���D�U�H���W�D�N�H�Q���L�Q�W�R��
�D�F�F�R�X�Q�W���� �W�K�X�V���W�K�H���W�U�D�G�L�W�L�R�Q�D�O���I�D�F�W�R�U������������ �L���H������ ������ �H�D�F�K���I�R�U���L�Q�W�H�U��
�V�S�H�F�L�H�V���D�Q�G���L�Q�W�H�U���L�Q�G�L�Y�L�G�X�D�O���Y�D�U�L�D�E�L�O�L�W�\���� �8�Q�F�H�U�W�D�L�Q�W�L�H�V�������������� �D�U�H��
�P�L�W�L�J�D�W�H�G���E�\���X�V�L�Q�J���1�2�$�(�/�����D�V�V�X�P�L�Q�J���K�X�P�D�Q���O�L�I�H�W�L�P�H���H�[�S�R�V�X�U�H��
�Z�L�W�K�R�X�W���F�R�U�U�H�F�W�L�R�Q���I�R�U���V�K�R�U�W�H�U���H�[�S�R�V�X�U�H�V���D�Q�G���E�D�V�L�Q�J���W�K�H���7�7�&���G�H-
�G�X�F�W�L�R�Q���R�Q���P�D�Q�\���V�X�E�V�W�D�Q�F�H�V���D�Q�G���H�Q�G�S�R�L�Q�W�V�����8�Q�F�H�U�W�D�L�Q�W�L�H�V���I�U�R�P��
exposure scenarios (6) might, however, need further considera-
�W�L�R�Q�����V�H�H���E�H�O�R�Z�������D���G�L�V�F�X�V�V�L�R�Q���W�R�[�L�F�R�O�R�J�L�V�W�V���W�R�R���R�I�W�H�Q���Q�H�J�O�H�F�W��

�)�D�F�W�R�U�� �������� �L�Q�F�O�X�G�H�V�� �V�X�V�F�H�S�W�L�E�O�H�� �S�R�S�X�O�D�W�L�R�Q�V���� �(�)�6�$�� ��������������
�Z�L�W�K���L�W�V���6�F�L�H�Q�W�L�¿�F���&�R�P�P�L�W�W�H�H���F�R�Q�V�L�G�H�U�H�G���I�R�U���H�[�D�P�S�O�H���Z�K�H�W�K�H�U��
�W�K�H���7�7�&���D�S�S�U�R�D�F�K���F�R�X�O�G���E�H���D�S�S�O�L�H�G���W�R���\�R�X�Q�J���L�Q�I�D�Q�W�V���X�Q�G�H�U���W�K�H��
�D�J�H���R�I�������P�R�Q�W�K�V�����L�Q���Z�K�R�P���Q�R�W���D�O�O���P�H�W�D�E�R�O�L�F���D�Q�G���H�O�L�P�L�Q�D�W�L�R�Q���S�U�R-
�F�H�V�V�H�V���D�U�H���\�H�W���P�D�W�X�U�H�����$�V���W�K�H���W�R�[�L�F�R�N�L�Q�H�W�L�F���G�L�I�I�H�U�H�Q�F�H�V���E�H�W�Z�H�H�Q��
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als, resulting in a lower TTC for higher doses and a higher TTC 
�I�R�U�� �V�K�R�U�W�H�U�� �G�X�U�D�W�L�R�Q���� �7�K�H�� �U�D�W�L�R�Q�D�O�H�� �E�H�K�L�Q�G�� �W�K�L�V�� �L�V�� �W�K�D�W�� �F�O�L�Q�L�F�D�O��
studies are conducted with limited duration of dosing and the 
total exposure is relatively low. 

The conservative risk estimate for the original TTC means 
that this approach results in large safety margins for all except 
the most potent carcinogens. The staged TTC values should ap-
ply to all stages of development and to each individual com-
pound in cases where several genotoxic impurities are present 
with the exception of highly potent carcinogens. Both concepts 
were introduced with the intention of providing the industry 
�Z�L�W�K�� �V�R�P�H�� �À�H�[�L�E�L�O�L�W�\�� �D�Q�G�� �D�� �U�L�V�N�� �P�L�W�L�J�D�W�L�R�Q�� �V�W�U�D�W�H�J�\�� �G�X�U�L�Q�J�� �W�K�H��
development phase of a new drug. The staged TTC approach is 
�D�O�V�R���D�Q���H�V�V�H�Q�W�L�D�O���H�O�H�P�H�Q�W���R�I���W�K�H���(�0�$���D�Q�G���8�6���)�'�$���J�X�L�G�H�O�L�Q�H�V���R�Q��
�J�H�Q�R�W�R�[�L�F���L�P�S�X�U�L�W�L�H�V�����(�0�$�����������������8�6���)�'�$������������������

These intake levels are estimated to give an excess cancer 
�U�L�V�N���R�I�������������L�Q���D���P�L�O�O�L�R�Q���S�H�R�S�O�H���R�Y�H�U���D���O�L�I�H�W�L�P�H�����D�Q�G���D�U�H���F�R�Q�V�L�G-
�H�U�H�G���H�[�W�U�H�P�H�O�\���F�R�Q�V�H�U�Y�D�W�L�Y�H�����³�D�V���O�R�Z���D�V���U�H�D�V�R�Q�D�E�O�\���S�U�D�F�W�L�F�D�E�O�H�´��
(ALARP) principle) given the current lifetime cancer risk in the 
�S�R�S�X�O�D�W�L�R�Q���R�I���R�Y�H�U��������11. In its review of TTC, the EFSA Sci-
�H�Q�W�L�¿�F���&�R�P�P�L�W�W�H�H���Z�D�V���Q�R�W���F�R�Q�¿�G�H�Q�W���D�E�R�X�W���W�K�H���J�H�Q�H�U�D�O���D�S�S�O�L�F�D-
�E�L�O�L�W�\���R�I���D�G�M�X�V�W�L�Q�J���W�K�H���7�7�&���Y�D�O�X�H���I�R�U���V�X�E�V�W�D�Q�F�H�V���Z�L�W�K���D���V�W�U�X�F�W�X�U�D�O��
alert for genotoxicity or for non-cancer endpoints for shorter 
�W�K�D�Q�� �F�K�U�R�Q�L�F�� �G�X�U�D�W�L�R�Q�V�� �R�I�� �H�[�S�R�V�X�U�H���� �L�W���W�K�H�U�H�I�R�U�H�� �U�H�F�R�P�P�H�Q�G�H�G��
�W�K�D�W���W�K�H���L�V�V�X�H���E�H���D�G�G�U�H�V�V�H�G���F�D�V�H���E�\���F�D�V�H�����(�)�6�$������������������

Challenge 11: Can TTC be applied to mixtures?
Recently, a discussion has started on whether TTC values can 
�D�O�V�R�� �E�H�� �X�V�H�I�X�O�� �I�R�U�� �W�K�H�� �D�V�V�H�V�V�P�H�Q�W�� �R�I�� �F�R�P�E�L�Q�H�G�� �H�[�S�R�V�X�U�H�V�� �W�R��
�F�K�H�P�L�F�D�O�V�����L���H�������D���¿�U�V�W���H�V�W�L�P�D�W�H���R�I���D���F�R�P�E�L�Q�H�G���H�[�S�R�V�X�U�H���F�R�X�O�G���E�H��
�F�R�P�S�D�U�H�G�� �W�R�� �W�K�H���7�7�&�� ���6�&�+�(�5���� �6�&�&�3�� �D�Q�G�� �6�&�(�1�,�+�5���� ��������������
�7�K�L�V���Z�D�V���E�D�V�H�G���R�Q���D�Q�D�O�\�V�L�V���R�I���W�K�H���D�S�S�O�L�F�D�E�L�O�L�W�\���R�I���W�K�H���7�7�&���D�S-
proach for a screening-level assessment of chemical mixtures 
�E�\�� �%�R�R�E�L�V�� �H�W�� �D�O���� �������������� �D�Q�G�� �3�U�L�F�H�� �H�W�� �D�O���� �����������������$�V�� �W�K�L�V�� �L�V�� �V�W�L�O�O��
a relatively new concept, according to SCHER further evalu-
�D�W�L�R�Q���� �S�R�V�V�L�E�O�\�� �L�Q�F�O�X�G�L�Q�J�� �H�[�D�P�S�O�H�� �F�D�V�H�V���� �Z�R�X�O�G�� �E�H�� �R�I�� �Y�D�O�X�H����
�7�K�L�V�� �M�X�G�J�H�P�H�Q�W�� �L�V�� �T�X�L�W�H�� �V�X�U�S�U�L�V�L�Q�J�� �D�V�� �W�K�H�� �H�V�W�D�E�O�L�V�K�H�G�� �X�V�H�V�� �I�R�U��
TTC are for mixtures, i.e., additives and contaminants in food 
�D�Q�G���G�U�X�J�V�����$�O�V�R�����W�K�H���X�V�H���I�R�U���S�H�V�W�L�F�L�G�H���P�H�W�D�E�R�O�L�W�H�V���I�D�O�O�V���L�Q�W�R���W�K�L�V��
category. However, certainly with increasing understanding of 
cocktail effects of chemicals, we will have to adapt our TTC as-
�V�H�V�V�P�H�Q�W�V���W�R���W�K�H�V�H���S�R�V�V�L�E�O�H���F�R�Q�I�R�X�Q�G�L�Q�J���I�D�F�W�R�U�V��

6  Conclusions

�)�L�U�V�W�� �R�I�� �D�O�O���� �L�W�� �V�K�R�X�O�G�� �E�H�� �F�O�H�D�U�O�\�� �V�W�D�W�H�G�� �W�K�D�W�� �W�K�H�� �¿�U�V�W�� �S�U�L�R�U�L�W�\�� �L�V��
always to avoid the occurrence of unintended chemicals in 
products and the environment and, if detected, to take steps to 
�U�H�P�R�Y�H���V�X�F�K���F�K�H�P�L�F�D�O�V���D�V���D�S�S�U�R�S�U�L�D�W�H�����7�7�&���P�X�V�W���Q�R�W���E�H���D�Q���H�[-
cuse to allow pollution. 

�6�H�F�R�Q�G�����7�7�&���D�U�H���P�H�D�Q�W���W�R���E�H���D���³�V�F�U�H�H�Q�L�Q�J�´���W�R�R�O���I�R�U���U�L�V�N���P�D�Q-
�D�J�H�U�V�� �W�R�� �P�D�N�H�� �U�D�S�L�G���� �V�F�L�H�Q�W�L�¿�F�D�O�O�\�� �G�H�I�H�Q�V�L�E�O�H���� �F�R�Q�V�L�V�W�H�Q�W���� �D�Q�G��

�W�L�Q�F�W�L�R�Q�����)�H�O�W�H�U���H�W���D�O�������������������U�H�P�D�U�N�H�G�����³Because 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.” 

�$�Q�R�W�K�H�U�� �W�\�S�H�� �R�I�� �E�L�R�O�R�J�L�F�D�O�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�I�� �K�L�J�K�� �U�H�O�H�Y�D�Q�F�H�� �L�V��
�P�H�W�D�E�R�O�L�V�P�����7�K�H���F�R�P�S�X�W�D�W�L�R�Q�D�O���W�R�R�O�V���D�U�H���V�W�L�O�O���U�D�W�K�H�U���O�L�P�L�W�H�G�����E�X�W��
�D�� �J�H�Q�R�W�R�[�L�F�� �P�H�W�D�E�R�O�L�W�H�� �R�I�� �D�� �Q�R�Q���J�H�Q�R�W�R�[�L�F�� �P�R�W�K�H�U�� �F�R�P�S�R�X�Q�G����
for example, would strongly affect TTC values in the current 
�X�V�H���� �$�� �Q�X�P�E�H�U�� �R�I�� �U�H�Y�L�H�Z�V�� �R�Q�� �P�H�W�D�E�R�O�L�F�� �S�U�H�G�L�F�W�L�R�Q�� �W�R�R�O�V�� �D�U�H��
�D�Y�D�L�O�D�E�O�H�� ���%�R�R�E�L�V�� �H�W�� �D�O���� ������������ �.�X�O�N�D�U�Q�L�� �H�W�� �D�O���� ������������ �1�R�U�L�Q�G�H�U��
�D�Q�G�� �%�H�U�J�V�W�U�|�P���� ������������ �0�R�V�W�U�D�J���6�]�O�L�F�K�W�\�Q�J�� �D�Q�G�� �:�R�U�W�K���� ������������
�7�V�D�L�R�X�Q�� �H�W�� �D�O������ �������������� �7�K�H�� �(�)�6�$�� �������������� �6�F�L�H�Q�W�L�¿�F�� �&�R�P�P�L�W-
tee judged: “it is not straightforward to apply such tools in a 
regulatory context, and further work in this area is needed for 
practical application to the TTC approach. In particular, there 
is a need to develop tools capable of quantitatively predicting 
metabolite and degradate formation.”

�$�Q�� �H�V�S�H�F�L�D�O�O�\�� �L�Q�W�H�U�H�V�W�L�Q�J�� �F�R�P�E�L�Q�D�W�L�R�Q�� �L�V�� �W�K�H�� �R�Q�H�� �R�I�� �7�7�&��
�Z�L�W�K���U�H�D�G���D�F�U�R�V�V���R�U�����4���6�$�5�����H�V�S�H�F�L�D�O�O�\���D�V���E�R�W�K���D�U�H���I�D�V�W���D�Q�G���Q�R�W��
�F�R�V�W�O�\�����(�V�W�D�E�O�L�V�K�L�Q�J���D���S�U�R�E�D�E�L�O�L�W�\���R�I���K�D�]�D�U�G���X�V�L�Q�J���W�K�H�V�H��in silico 
�W�R�R�O�V�� �D�V�� �G�L�V�F�X�V�V�H�G�� �D�E�R�Y�H�� �F�D�Q�� �V�\�Q�H�U�J�L�]�H�� �Z�L�W�K�� �7�7�&�� ���)�L�J���� �������� �,�I��
�K�D�]�D�U�G�� �F�D�Q�Q�R�W�� �E�H�� �H�[�F�O�X�G�H�G�� �Z�L�W�K�� �K�L�J�K�� �F�R�Q�¿�G�H�Q�F�H���� �7�7�&�� �V�K�R�X�O�G��
allow to demonstrate whether exposure is relevant for such haz-
ard to manifest. 

Challenge 9: Should we develop an internal TTC, 
i.e., one based on blood concentrations of the 
substances associated with no adverse effects?
�3�D�U�W�R�V�F�K���H�W���D�O�������������������D�G�G�U�H�V�V�H�G���W�K�H���U�L�V�N���D�V�V�H�V�V�P�H�Q�W���R�I���V�X�E�V�W�D�Q�F-
�H�V�� �Z�L�W�K�� �D�� �O�R�Z�� �D�E�V�R�U�S�W�L�R�Q�� ���E�\�� �W�K�H�� �R�U�D�O�� �U�R�X�W�H���� �R�U�� �W�K�U�R�X�J�K�� �V�N�L�Q������
�+�H�U�H�����W�K�H���L�Q�W�H�U�Q�D�O���H�[�S�R�V�X�U�H�����L���H�������W�K�H���E�L�R�D�Y�D�L�O�D�E�O�H���I�U�D�F�W�L�R�Q���R�I���W�K�H��
dose, is more relevant than the external exposure. The Euro-
�S�H�D�Q���5�(�$�&�+���O�H�J�L�V�O�D�W�L�R�Q���D�O�O�R�Z�V���W�K�D�W���W�H�V�W�V���P�L�J�K�W���Q�R�W���E�H���Q�H�F�H�V-
�V�D�U�\�� �I�R�U�� �V�X�E�V�W�D�Q�F�H�V�� �Z�L�W�K�� �Q�H�J�O�L�J�L�E�O�H�� �D�E�V�R�U�S�W�L�R�Q���� �L���H������ �Z�L�W�K�� �O�R�Z��
internal exposure. In order to derive internal TTC values, the 
�H�[�W�H�U�Q�D�O�� �1�2�$�(�/�� �Z�D�V�� �P�X�O�W�L�S�O�L�H�G�� �E�\�� �W�K�H�� �E�L�R�D�Y�D�L�O�D�E�L�O�L�W�\�� �R�I�� �W�K�H��
individual chemical predicted using an in silico prediction tool 
(ACD Percepta). This intriguing concept might allow narrowing 
down interspecies differences (thus uncertainty), which are very 
�S�U�R�Q�R�X�Q�F�H�G���I�R�U���E�L�R�D�Y�D�L�O�D�E�L�O�L�W�\�����*�U�D�V�V���D�Q�G���6�L�Q�N�R����������������

Challenge 10: Adaptation to  
less-than-lifetime 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 re-
�¿�Q�H���W�K�H���D�S�S�U�R�D�F�K���I�R�U���O�H�V�V���W�K�D�Q���O�L�I�H�W�L�P�H���H�[�S�R�V�X�U�H�V�����)�H�O�W�H�U���H�W���D�O������
���������������$���V�W�D�J�H�G���7�7�&�����0�•�O�O�H�U���H�W���D�O�������������������K�D�V���E�H�H�Q���S�U�R�S�R�V�H�G���I�R�U��
�G�U�X�J���L�P�S�X�U�L�W�L�H�V�����D�G�D�S�W�L�Q�J���D�F�F�H�S�W�D�E�O�H���G�D�L�O�\���L�Q�W�D�N�H���Y�D�O�X�H�V���R�I����������
���J���G�D�\���I�R�U���O�L�I�H�W�L�P�H���L�Q�W�D�N�H���W�R�������������J���G�D�\���I�R�U�������P�R�Q�W�K���D�V���Y�L�U�W�X�D�O�O�\��
�V�D�I�H���G�R�V�H�V�����7�K�L�V���P�H�D�Q�V���W�K�D�W���W�K�H���7�7�&���L�V���D�G�M�X�V�W�H�G���E�\���W�D�N�L�Q�J���L�Q�W�R��
�F�R�Q�V�L�G�H�U�D�W�L�R�Q���E�R�W�K���W�K�H���G�R�V�H���D�Q�G���W�K�H���G�X�U�D�W�L�R�Q���R�I���W�K�H���F�O�L�Q�L�F�D�O���W�U�L-

11 http://seer.cancer.gov/statfacts/html/all.html
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transparent decisions as to the urgency of responses needed. It 
�L�V�� �D�� �S�U�R�E�D�E�L�O�L�W�\���E�D�V�H�G�� �V�F�U�H�H�Q�L�Q�J�� �W�R�R�O�� �D�Q�G�� �W�K�X�V�� �L�W�� �G�R�H�V�� �Q�R�W�� �R�I-
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�F�R�Q�V�X�P�H�U�V�� �R�U�� �G�L�V�U�X�S�W�L�Q�J�� �W�U�D�G�H���� �D�Q�G�� �W�K�D�W�� �U�H�À�H�F�W�� �D�� �S�U�X�G�H�Q�W�� �D�Q�G��
�U�H�V�S�R�Q�V�L�E�O�H�� �X�V�H�� �R�I�� �O�L�P�L�W�H�G�� �U�H�V�R�X�U�F�H�V�� ���)�H�O�W�H�U�� �H�W�� �D�O������ �������������� �7�K�H��
�7�7�&�� �O�L�P�L�W�� �P�X�V�W�� �W�K�H�U�H�I�R�U�H�� �E�H�� �F�R�Q�V�H�U�Y�D�W�L�Y�H���� �Z�K�L�F�K�� �D�O�V�R�� �P�H�D�Q�V��
that exposures exceeding this level are not necessarily a health 
�F�R�Q�F�H�U�Q���E�X�W���L�Q�G�L�F�D�W�H���W�K�H���Q�H�H�G���I�R�U���I�X�U�W�K�H�U���H�Y�D�O�X�D�W�L�R�Q��

�7�K�H���G�L�V�F�X�V�V�L�R�Q���R�I���7�7�&���K�D�V���Q�R�Z���E�H�H�Q���J�R�L�Q�J���R�Q���I�R�U���P�R�U�H���W�K�D�Q��
two decades and regulatory implementation is still rather slow 
�G�H�V�S�L�W�H���W�K�H���I�D�F�W���W�K�D�W���Q�R���Z�U�R�Q�J���G�H�F�L�V�L�R�Q���E�D�V�H�G���R�Q���7�7�&���K�D�V���E�H�H�Q��
�U�H�S�R�U�W�H�G�����W�R���W�K�H���E�H�V�W���R�I���W�K�H���D�X�W�K�R�U�¶�V���N�Q�R�Z�O�H�G�J�H�����7�K�H���U�H�P�D�L�Q�L�Q�J��
�F�K�D�O�O�H�Q�J�H�V���D�Q�G���K�X�U�G�O�H�V���V�K�R�X�O�G���E�H���W�D�F�N�O�H�G�����E�X�W���L�W���L�V���L�U�U�H�V�S�R�Q�V�L�E�O�H��
to carry out testing on a large scale if such rather simple limits 
could help prioritize resources for other cases. 

�$�Q���R�E�Y�L�R�X�V���D�U�H�D���R�I���D�S�S�O�L�F�D�W�L�R�Q���L�V���H�Q�G�R�F�U�L�Q�H���G�L�V�U�X�S�W�L�R�Q�����Z�K�H�U�H��
�W�K�H���F�H�Q�W�U�D�O���R�E�V�W�D�F�O�H���W�R���E�U�R�D�G���D�S�S�O�L�F�D�W�L�R�Q���R�I���7�7�&���L�V���W�K�H���G�L�V�F�X�V�V�L�R�Q��
�D�U�R�X�Q�G���Q�R�Q���P�R�Q�R�W�R�Q�R�X�V���G�R�V�H���U�H�V�S�R�Q�V�H���F�X�U�Y�H�V�����V�H�H���V�X�P�P�D�U�\���E�\��
�6�Z�H�G�L�V�K���&�K�H�P�L�F�D�O�V���$�J�H�Q�F�\���.�(�0�,12�����9�D�Q�G�H�Q�E�H�U�J���H�W���D�O������������������
�5�K�R�P�E�H�U�J���D�Q�G���*�R�R�G�P�D�Q�����������������/�D�J�D�U�G�H���H�W���D�O���������������������L���H�������W�K�H��
�L�G�H�D���W�K�D�W���O�R�Z�H�U���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I�� �D���V�X�E�V�W�D�Q�F�H���F�D�Q���K�D�Y�H���H�I�I�H�F�W�V��
not seen at higher concentrations. This is highly controversial, 
�E�X�W���D�W���O�H�D�V�W���I�R�U���H�V�W�U�R�J�H�Q�L�F���D�Q�G���D�Q�G�U�R�J�H�Q�L�F���H�I�I�H�F�W�V���V�H�H�P�V���U�D�W�K�H�U��
unlikely, as we have in comparison enormous endogenous hor-
mone activities, making it unlikely that such low-dose-effects 
�F�R�X�O�G���P�D�Q�L�I�H�V�W�����L���H�������D�G�G�L�Q�J���D���G�U�R�S���R�I���Z�D�W�H�U���W�R���W�K�H���E�X�F�N�H�W��

�8�S�R�Q���U�H�T�X�H�V�W���R�I���R�X�U���E�R�D�U�G�����W�K�H���&�H�Q�W�H�U���I�R�U���$�O�W�H�U�Q�D�W�L�Y�H�V���W�R���$�Q�L-
�P�D�O���7�H�V�W�L�Q�J�����&�$�$�7�����L�V���F�X�U�U�H�Q�W�O�\���H�V�W�D�E�O�L�V�K�L�Q�J���W�K�H���7�7�&���&�R�O�O�D�E�R-
�U�D�W�L�R�Q�����E�X�W���Z�H���K�D�Y�H���D�O�V�R���K�D�S�S�L�O�\���M�R�L�Q�H�G���F�X�U�U�H�Q�W���Q�H�Z���L�Q�L�W�L�D�W�L�Y�H�V��
�E�\���(�)�6�$�����$���P�D�M�R�U���V�W�H�S���I�R�U�Z�D�U�G���Z�R�X�O�G���E�H���D�Q���H�[�S�O�L�F�L�W���I�R�U�P�X�O�D-
�W�L�R�Q���R�I���D���*�R�R�G���7�7�&���3�U�D�F�W�L�F�H�����Z�K�L�F�K���V�W�D�W�H�V���Z�K�D�W���V�K�R�X�O�G���E�H���G�R�Q�H����
�K�R�Z���L�W���V�K�R�X�O�G���E�H���G�R�Q�H���� �D�Q�G���K�R�Z���L�W���V�K�R�X�O�G���E�H���G�R�F�X�P�H�Q�W�H�G���D�Q�G��
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