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 ABOUT THE OECD 

 
The Organisation for Economic Co-operation and Development (OECD) is an 

intergovernmental organisation in which representatives of 34 industrialised countries in 
North and South America, Europe and the Asia and Pacific region, as well as the European 
Commission, meet to co-ordinate and harmonise policies, discuss issues of mutual concern, 
and work together to respond to international problems. Most of the OECD’s work is carried 
out by more than 200 specialised committees and working groups composed of member 
country delegates. Observers from several countries with special status at the OECD, and 
from interested international organisations, attend many of the OECD’s workshops and other 
meetings. Committees and working groups are served by the OECD Secretariat, located in 
Paris, France, which is organised into directorates and divisions. 

The Environment, Health and Safety Division publishes free-of-charge documents in ten 
different series: Testing and Assessment; Good Laboratory Practice and Compliance 
Monitoring; Pesticides and Biocides; Risk Management; Harmonisation of Regulatory 
Oversight in Biotechnology; Safety of Novel Foods and Feeds; Chemical Accidents; Pollutant 
Release and Transfer Registers; Emission Scenario Documents; and Safety of Manufactured 
Nanomaterials. More information about the Environment, Health and Safety Programme and 
EHS publications is available on the OECD’s World Wide Web site (www.oecd.org/ehs/). 

 
 

This publication was developed in the IOMC context. The contents do not necessarily 
reflect the views or stated policies of individual IOMC Participating Organizations. 

The Inter-Organisation Programme for the Sound Management of Chemicals (IOMC) 
was established in 1995 following recommendations made by the 1992 UN Conference on 
Environment and Development to strengthen co-operation and increase international co-
ordination in the field of chemical safety. The Participating Organisations are FAO, ILO, 
UNEP, UNIDO, UNITAR, WHO, World Bank and OECD. UNDP is an observer. The 
purpose of the IOMC is to promote co-ordination of the policies and activities pursued by the 
Participating Organisations, jointly or separately, to achieve the sound management of 
chemicals in relation to human health and the environment. 
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FOREWORD 

This document is a report of the WHO OECD ILSI/HESI International Workshop on 
Risk Assessment of Combined Exposures to Multiple Chemicals which was held on 15-16 
February 2011 in Paris, France. The workshop was held following the proposal from the 45th 
OECD Joint Meeting of the Chemicals Committee and Working Party on Chemicals, 
Pesticides and Biotechnology in February 2010. 

This document is published under the responsibility of the Joint Meeting of the 
Chemicals Committee and the Working Party on Chemicals, Pesticides and Biotechnology of 
the OECD. 
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REPORT OF THE WHO OECD ILSI/HESI INTERNATIONAL WORKSHOP ON 
RISK ASSESSMENT OF COMBINED EXPOSURES TO MULTIPLE CHEMICALS, 

15-16 FEBRUARY 2011, PARIS, FRANCE 

BACKGROUND 

1. One of the aims of the OECD Existing Chemicals Program is to work with member 
countries develop common approaches to environmental assessments and so that they can 
share their experiences and points of view.   

2. In February 2010, the 45th Joint Meeting of the Chemicals Committee and Working 
Party on Chemicals, Pesticides and Biotechnology welcomed the offer from the World Health 
Organization (WHO) to co-host the International Workshop on Risk Assessment of Combined 
Exposures to Multiple Chemicals1 with the purpose of discussing a number of case studies on 
combined exposure that demonstrate the draft WHO/IPCS Framework for Risk Assessment of 
Combined Exposures to Multiple Chemicals and to identify needs for further work in this area.  
It was also decided that the OECD Secretariat would submit a proposal to the 47th Joint 
Meeting for further work in this area based on the outcome of the workshop. 

WORKSHOP 

3. The workshop was held on 15-16 February 2011 in Paris, France, at the OECD 
Headquarters.  The workshop programme is outlined in Annex 1. 

4. The workshop was organized by WHO and OECD, with input from the International 
Life Sciences Institute (ILSI), a non-governmental organisation in official relations with 
WHO. The workshop was attended by experts nominated by Canada, Czech Republic, 
Denmark, France, Germany, Italy, Japan, Mexico, the Netherlands, Poland, Turkey, the 
United Kingdom, Switzerland, the United States, the European Commission, the Business and 
Industry Advisory Committee to OECD (BIAC), International Council on Animal Protection 
in OECD Programmes (ICAPO), United Nations Environment Programme (UNEP), 
European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC), by members of 
the ILSI/Health and Environmental Sciences Institute (HESI) Mixtures Committee and of the 
WHO Combined Exposures Planning Group, and by WHO, International Life Sciences 
Institute/HESI and OECD.  The list of participants along with their affiliations and contact 
details is attached to this document as Annex 9.  The workshop was chaired by the following:  
Session A – Dr. Bette Meek; Session B – Dr. Theo Vermeire; Session C – Mr. Henrik Tyle 
and Dr. Gino Scarano. 

                                                      
1 subsequently published with the following reference: M.E. (Bette) Meek, Alan R. Boobis, Kevin M. 

Crofton, Gerhard Heinemeyer, Marcel Van Raaij, Carolyn Vickers (2011) Risk assessment 
of combined exposure to multiple chemicals: A WHO/IPCS framework. Regulatory 
Toxicology and Pharmacology: doi:10.1016/j.yrtph.2011.03.010 
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Opening 

5. Bob Diderich (OECD) and Carolyn Vickers (WHO) welcomed the participants on 
behalf of the Secretariat. 

Purpose, Objectives and Specific Aims 

6. The aims of the workshop were to: 

• inform participants about the WHO framework and explore application of the 
framework through discussion of a number of illustrative case studies; 

• share information about current issues in combined exposure assessment; and  

• identify needs for further work on combined exposure assessments to be undertaken 
by the organisations present at the workshop or others. 

Format of the Workshop 

7. The workshop was divided into three sessions.  In Session A, the WHO Framework 
was introduced and participants discussed several case studies.  The opening presentations for 
this session are presented in Annex 2.  Case studies and presentations of the cases discussed 
in the breakout sessions are included in Annex 3.  Answers to questions posed to the breakout 
sessions during the case study discussions are included in Annexes 4-6 for each of the 
breakout sessions.  In Session B, countries and other groups presented experiences and policy 
considerations regarding risk assessment of multiple chemical exposures (see Annex 7).  
Session C was designed for participants to consider priority actions to address barriers to 
implementing the use of risk assessment of combined exposures to multiple chemicals and 
also concluded on priorities for further work (see Annex 8 for answers from breakout groups 
on barriers/next steps).   

Session A:  WHO Combined Exposures Framework Introduction 

8. Session A opened with a presentation on the main features of the WHO Framework 
by Marcel van Raaij (see Annex 2).  This presentation included discussion of the terminology 
(designed to eliminate ambiguity), the problem formulation step to be conducted prior to 
commencing an assessment, and Tiers 0 through 3, with examples to demonstrate use of the 
tiers. 

9. Bette Meek then presented an illustrative case study using the framework, based on 
a screening assessment of polybrominated diphenyl ethers highlighting differences in 
conservatism (caution) as well as assumptions and data used for Tiers 0 and 1 (see Annex 2). 

Session A:  Carbamates Case Study 

10. Elizabeth Shipp introduced a case study of dietary exposure to N-methyl carbamates, 
and then three breakout groups discussed the carbamates case study (see Annex 3).  The 
breakout sessions were facilitated by Alan Boobis, Marcel Van Raaij, and Elizabeth Shipp.  
Rapporteurs were Karluss Thomas, Rosemary Zaleski and Nancy Beck.  This case addressed 
several tiers and several questions were posed to participants for this case study.  Selected 
questions and a summary of answers are presented here (see details in Annex 4). 

Question 1a:  For this case study, was it advantageous to go through Tier 0 despite having a 
large amount of data? 

11. Overall, participants considered Tier 0 to be useful even though the complexity of 
the Tier 0 carbamates’ exposure data was more consistent with that of a higher tier.  The 
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threshold of toxicological concern (TTC) approach used for the hazard assessment in this case 
study was considered to be adequately protective and appropriate for Tier 0.  Participants also 
noted that Tier 0 could start with a broad assessment (e.g., using all exposure routes; all 
products in which the chemicals appear) to determine where to further focus efforts.  Tier 0 
was considered useful for streamlining the decision making process.   
 
Question 1b:  If you have data, do you have to use all of it? 

12. Differing opinions were given about whether all available data for the assessment 
group needs to be used; one breakout group thought that all data should probably be used if 
available, but another group considered that some of the hazard data could be ignored (e.g., 
use maximum residue levels [MRLs] for the carbamates, or in other cases, use data only for 
the most potent chemical) at Tier 0 to determine the need for higher tier assessments.  One 
group raised the possibility that different tiers could be used for different components or for 
hazard versus exposure.  Considerations such as adversity of effects, available resources, or 
expected economic impacts of risk management could determine whether or not all data are 
used.  Time-critical emergency situations might also dictate the use of TTC (for example) 
even if additional hazard data are available.   
 
Question 2:  How might the problem formulation determine which Tier is needed? 

13. One group noted that although problem formulation should drive the assessment, it 
should not influence which tier is needed.  On the other hand, problem formulation might 
need to be revisited as the assessment is refined; furthermore, sensitivity analysis was 
considered to be a key driver for refining tiers.  At Tier 0, the most sensitive endpoint could 
be used whereas multiple modes of action (MOAs) could be considered at higher tiers.  
Participants reiterated that Tier 0 could start with a broader assessment (e.g., more chemicals 
in an assessment group) and be narrowed depending on results (see Question 1a discussion).  
One group noted that for ecological assessments, problem formulation can certainly have an 
impact on the tier chosen:  data from only certain species/endpoints might be used in Tier 0, 
whereas multiple species might be considered at higher tiers.  Regardless of exact tier 
suggested by the problem formulation stage, a major theme was the need for communication 
and transparency during the problem formulation stage to explicitly state the scope of the 
assessment (e.g., chemical groupings can influence the tier used), assumptions and 
uncertainties used. 

Question 3:  Are there key aspects of combined exposure that have been overlooked, omitted, 
or not realized within the framework as illustrated by this example?  

14. More than one group suggested that guidance and work on grouping chemicals was 
needed (e.g., refinement at higher tiers based on exposure; development of 
consistent/harmonized assessment groups according to MOAs or common effects).  Also, 
additional work (such as development of a case study) could be done to apply the WHO 
Framework to ecological assessments because considerations would likely be different than 
for human health assessments.  Attention should also be given to whether/when it is 
appropriate to combine acute and chronic risks.  Also, further work could address co-
occurrence (e.g., whether high-end exposures to a large group of chemicals are likely to occur 
together).   

Questions 4a and 4b:  What are the current barriers / blockers that we face in utilizing this 
tiered approach? Are there difficult decision points? 

15. Some barriers to using the tiered approach included the need to communicate details 
associated with use of probabilistic assessment; without this information, risk managers may 
be unwilling to use the results.  Also, descriptions of how each tier improves the assessment 
and reduces uncertainty are needed (e.g., for carbamates, the reason to skip "Tier 2" was not 
transparent in the original evaluation from which the case study was drawn).  In the regulatory 
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arena, there are multiple programs that might not allow assessments to easily fit into the 
framework because the chemicals (and different media such as air, water) are handled by 
different legislation or organisations.  Other barriers include the lack of harmonization 
regarding “acceptable” margins of exposure for risk characterisation.  Data availability might 
be a disincentive to using the tiered approach.  In the scientific arena, examples of barriers 
included uncertainties about how to group chemicals, determining relevant co-exposures in 
relevant timeframes, as well as how to assess persistence and bioaccumulation.  A group of 
barriers were related to communication, including public fears and media scrutiny and the 
difficulty in documenting/communicating uncertainty.   

Chair’s Summary  

16. The chair of Session A, Bette Meek, summarized the main topics of discussion.  She 
noted, generally, the usefulness of Tier 0.  Also, a number of comments addressed problem 
formulation, and suggested additional considerations during this stage of the process would 
include availability and amount of data and relevant regulatory constraints.  There is also a 
need to be careful about expressing uncertainty.  Further, it is important to distinguish 
scientific certainty from public health protection; by building in a high degree of conservatism 
(caution) that results in no risk, public health would be protected even if the science regarding 
the particular assessment is uncertain.  How the results are communicated was also considered 
to be important – the public should understand the uncertainties and degree of caution in the 
assessment.  Finally, potential use of the framework for ecotoxicity endpoints needs to be 
additionally considered.   

Session A:  Tier 0 Case Studies 

17. Susan Felter introduced case studies that demonstrated the use of Tier 0 of the WHO 
Framework, and three breakout groups discussed the Tier 0 case studies (see Annex 3).  The 
assessments considered by one or more of the groups included:  1) chemicals in surface water 
chosen based on their detection in Minnesota lakes; 2) 37 branched- and straight-chain 
unsaturated carboxylic acids and esters of these with aliphatic saturated alcohols used as food 
additives; 3) industrial air emissions of commercial hexane that contains several structurally-
related constituents; and 4) 94 pharmaceuticals in surface water.  The breakout sessions 1 and 
2 were facilitated by Linda Teuschler and Keith Solomon, with Moiz Mumtaz and Marcel 
Van Raaij as co-facilitators for group 3.  Rapporteurs were Gino Scarano, Lonneke Van 
Leeuwen and Jean-Lou Dorne.  Selected questions and a summary of answers are presented 
here.  Detailed answers from each of the three breakout groups are presented in Annex 5.   

Question 1a:  Are the conservative assumptions in the Tier 0 useful for screening-level 
approaches?  

• Are they so conservative that they are unlikely to be discriminating? 

• Are they sufficiently conservative to ensure adequate health-protection?  

• If not, how could / should this be addressed? 

18. The numbers of chemicals included in an assessment could dictate conservatism 
(e.g., unknown chemicals in the media or product that are not assessed could lead to an 
underestimation of risks whereas including too many in an assessment group regardless of 
adverse outcome could overestimate risks).  Thus, there may be practical limits to the number 
of chemicals that could be included in an assessment group.  Information on whether 
chemicals are already determined to be Generally Recognized as Safe (GRAS), a designation 
of the U.S. Food and Drug Administration, could help shape the assessment. 
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19. There was a suggestion that using highest intake values divided by lowest body 
weights is sufficiently conservative.  For food additives, the assessment was considered very 
conservative in many respects and the breakout group considered this to be appropriate for 
Tier 0 but would require revision at higher tiers.  On the other hand, the drinking water intake 
values chosen for the surface water example would not be sufficiently conservative for cases 
in which other assumptions were also not conservative.   

20. The TTC approach was considered reasonable and very health protective for the 
surface water example, especially because all detected compounds, regardless of adverse 
outcomes, were assessed using dose additivity.  TTC may not be good for pharmaceuticals, 
however, given that they have specific biological effects (combined with the fact that they 
were not generally included in the groups of chemicals used to develop the TTC approach).  
Also, other approaches are needed for hormonally-active compounds.  For commercial 
hexane, it was assumed that the hazard values were conservative enough despite some 
problems with using TTC for n-hexane and the choice of Cramer class.   

Question 1b:  Are the Tier 0 exposure assumptions sufficiently conservative to allow for: 

• Changes in ratios? 

• Multiple route / route to route extrapolation?  

• Spatial & temporal variation? 

21. Variability in concentrations of constituents (e.g., in a commercial product) that 
have different toxicities could lead to insufficient or overly conservative assessments and 
participants suggested uncertainty analyses be conducted to address this concern.  Also, data 
on natural compounds in food (or other media) similar to those in the assessment group 
should be evaluated; differences in the relative contributions from anthropogenic and natural 
sources could influence the assessment. 

22. Route to route extrapolation should be carefully considered, and could result in 
certain (e.g., portal of entry from inhalation) effects being missed when using the TTC 
method, which is based on oral studies.   

23. With respect to spatial and temporal variation, one group noted that bioaccumulative 
chemicals should receive special attention to ensure sufficient health protection.  Again, 
predictive tools for estimating bioaccumulation could be used to help inform temporal 
changes.  Participants also noted that spatial/temporal variations should be considered at 
higher tiers.  Others noted that samples need to be representative of the situation.  For 
example, for surface water case study, samples were taken from Minnesota lakes in the 
United States and thus, extrapolation to other areas is not necessarily appropriate. 

Question 2:  For each of these examples, was the grouping appropriate? 

24. In the case of commercial hexane, n-hexane differs from the other components and 
thus, the grouping using universal application of Cramer class 1 to all components was not 
considered appropriate.  In addition, the TTC method isn’t designed to be used with 
neurotoxic compounds, the target toxicity for n-hexane.  For pharmaceuticals, it was 
considered appropriate to group different MOAs at lower tiers, but other methods of grouping 
should be used for higher tiers (e.g., not combining different MOAs into a single group).  In 
general, the Cramer class was considered inappropriate for compounds such as 
pharmaceuticals and pesticides that have specific bioactive properties.  Generally, weight of 
evidence of the data should be considered.   
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Question 3:  What other data and methods not represented in these examples could be used 
for a tier 0 assessment? 

25. Several predictive methods (QSAR) and use of physicochemical properties could 
help estimate exposures.  Also, there are many models for assessing pharmaceuticals (which 
can also be used to address degradation products), although they are not harmonized or 
transparent.  One method is to use the lowest therapeutic dose divided by uncertainty factors; 
however, even using therapeutic doses, many pharmaceuticals don’t have pediatric uses and 
therefore, therapeutic doses are specific to adults.  Also, some therapeutic doses are specific 
to short term use whereas others are used for a longer time period; this should be considered 
when comparing with exposure scenarios (e.g., drinking water is generally a long-term 
exposure).   

Question 4:  What issues need to be considered in communicating the results of a Tier 0 
assessment?  

26. The TTC approach should be communicated to the public so that they can 
understand the level of conservatism (caution).  Also, communication of the level of 
conservatism (caution) is needed so that if the results of a Tier 0 assessment suggest that 
higher tiers should be evaluated, the public can understand that this might not necessarily 
equate to a public health risk.  More generally, one group noted that assessments should be 
communicated using lay language and should include explanations about what cannot be done.  
Also, the need to describe uncertainties was recognized; one group suggested that they should 
not be quantified but qualitative descriptors could be used for the public.  Comparisons should 
also be made to put the assessment into context (e.g., if natural background exposures are 
large, this can be mentioned).  More work is needed to communicate that 
addressing/decreasing uncertainties can increase assessment costs.  Clarity is especially 
needed in the problem formulation stage – the reader should understand what the assessor is 
trying to achieve.  Risk communication experts should be engaged early in the process.  
Although communication to the public is important, the message should always be tailored to 
the audience because it is also important to communicate with risk managers in a continuing 
dialogue. 

Chair’s Summary  

27. The Session A Chair summarized the key points from the Tier 0 case study 
discussion.  Firstly, she noted that there are ways to test the boundaries of the TTC approach, 
by alternative predictive methods (e.g, for genotoxicity and carcinogenicity).  Also, it may be 
necessary to assess persistent and bioaccumulative chemicals separately.  Communication is 
important and should differ depending on the audience (public vs. risk manager).  Also, words 
should be chosen wisely when communicating with the public.  Other themes that emerged 
included the fact that there are risk management possibilities at all tiers and that management 
is necessary and possible even if information is lacking for some components.   

Session A:  Additional Questions to Address All Tiers 

28.  In addition to the above questions, the following general questions were 
answered depending on whether enough time was available to answer the above questions.  
Questions that elicited responses are here, with a more complete list in Annex 6.   

Question 1:  Within the problem formulation: 

• How would the criteria for grouping differ depending on the question that you are 
asking? 

• How would the grouping differ when you have data-poor examples? 
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29. One group noted that for the carbamates case study, rationales for excluding certain 
exposures (e.g., occupational and residential use exposures) were not made and the scientific 
rationale for the grouping was also not sufficient.  It was also noted that the criteria may differ 
depending on the goal of the assessment and that at higher tiers, mode of action might be a 
more prominent consideration.  Also, the surface water example indicates that the relevant 
area is a certain region in the US and that the same chemicals might not be grouped together 
in another geographic region.   When considering ecological assessments, there could be very 
different groupings compared with those for human health, which would be influenced by the 
problem formulation step.  For data poor chemicals, participants considered that groups would 
likely be broader to ensure adequate health protection.   

Question 2:  Have a discussion on particular methodologies / scenarios that people use for 
assessment groupings – what are the appropriate criteria for consideration of combined 
exposures? 

30. When considering methods and scenarios that might be important for grouping 
chemicals, one breakout session noted that although such assessment groups could be built 
based on common effects and common MOAs at Tier 0, they could also add more MOAs 
(even if a common MOA is used as well) at higher tiers in particular. 

Session B:  Current Issues in Combined Exposure Assessment 

31. Session B included presentations on work that has been done in the United Kingdom 
with intersex fish and estrogenic mixtures and in Denmark with risks to two-year old children 
of endocrine disrupting chemicals.  Policy development and consideration at the U.S. 
Environmental Protection Agency, the European Commission and CEFIC were also presented.  
See Annex 7 for all Session B presentations.   

32. The Chair of Session B, Theo Vermeire, summarized some key themes emerging 
from the presentations, including general recognition of the need for combined exposure 
assessments, the existence of some regulatory requirements, as well as current impediments 
and issues to be addressed in developing further requirements. In particular, legislative 
compartments created by sector-specific approaches create data "silos" as well as 
impediments to conducting an assessment based on all sources of exposure. He noted that 
while a number of impediments had been identified, the presentations illustrated efforts being 
made to identify and implement solutions.  

Session C:  Further Work on Combined Exposures Assessment 

33. In Session C, breakout groups discussed barriers to implementation of combined 
exposure assessments as well as priority actions to address the barriers, using two open-ended 
questions:   

• What are the barriers/challenges to implementing risk assessments of combined 
exposures to multiple chemicals? 

• What are some priority follow up actions? 

34. Each of the three breakout groups in Session C debated the above questions, and the 
detailed answers are presented in Annex 8.  Bette Meek, Martin Wilks and Thomas 
Hutchinson facilitated these sessions while Petra Kunz, Virginie Bergeron and Neil 
Carmichael were rapporteurs.  The breakout group presentations were discussed in a plenary 
session led by co-chair Henrik Tyle.   

35. Based on these responses and the initial plenary discussion, draft conclusions and 
possibilities for further work related to risk assessments of combined exposures to multiple 
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chemicals were presented to the full group of participants during a final plenary session.  This 
final session, in which participants discussed and revised the draft conclusions, was led by co-
chair Gino Scarano.  Michelle Embry was rapporteur. 

Final Conclusions for Priority Actions   

36.  Several key themes reappeared throughout Session C and in previous sessions.  
For each of these themes, participants agreed on several final conclusions as possible priority 
actions for further work on combined exposure assessment. 

Coordination/Harmonization 

37. In this key area, the workshop determined that a multi-sector, multi-stakeholder, 
global coordinating/working group could be formed that would encourage cross-sector, 
multi-disciplinary coordination (e.g., research & regulatory programs; human health and 
environmental).  Such a group could engage in early coordination with communications 
experts. 

38. The workshop was also of the view that this type of umbrella group could draw both 
from the organizational structures of, and work being done at, some or all of the following 
existing initiatives and institutions: 

• WHO / IPCS 

• OECD Categorization, QSAR 

• Mode of action / AOP 

• Tox Cast 

• National agencies / International agencies 

• Local governments 

• International societies (e.g., SOT, SETAC, ISES) 

• ECETOC, HESI, CEFIC, JTOC 

• Research programs (e.g., EU Framework programmes [NoMiracle, Contamed, and 
more]) 

39. Another activity that could encourage harmonization and coordination would be to 
establish a repository/e-resource for case studies, references, guidance, etc. (perhaps via 
OECD).  

Case Studies 

40. Participants also suggested a list of additional case studies of specific substances or 
with certain attributes to demonstrate important aspects of assessment of combined multiple 
chemical exposures: 

• Natural substances 

• Non-chemical stressors 

• Genotoxic carcinogens  

• Ecotoxicity examples 

• Data rich substances 

• Data poor substances 
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• Mix of data rich and data poor examples 

• Mixed MOAs  

• Use of existing examples to test the WHO Framework 

• Effects-based cases 

• Prospective studies (example from start to finish, rather than retrospective Framework 
application to an existing assessment) 

41. It wasn’t decided who would prepare these case studies.  Instead, any government or 
organization interested in continued work in this subject area could initiate such cases, with 
the proposed global coordinating group playing a role in sharing information. 

Development/Refinement of Tools and Approaches 

42. There was general support for the WHO framework which is a high level organizing 
framework within which specific assessment tools and methods are employed. Several ideas 
for research into new assessment tools or for refinement and clarification of existing methods 
were suggested:  

• Tools to facilitate clarity in problem formulation  

• Guidance on prioritization/triggers (problem formulation) 

o  One example would be to use monitoring data (e.g., either effects on    
 individuals or organisms or analytical chemistry data) to determine the   
 need  for doing an assessment 

• Additional work on assessment scoping and availability of data (e.g., use of the 
Maximum Cumulative Ratio) 

• Grouping (hazard and exposure) 

o  Draw from WHO/IPCS Mode of Action activities and OECD Adverse   
 Outcome Pathways work 

• Potential for interaction (e.g., deviation from additivity) 

• Examination and refinement of Tier 0 methods (e.g., TTC) and development of 
additional methods and different approaches (e.g., use of information from U.S. Food 
and Drug Administration on chemicals generally recognized as safe (GRAS), etc.) 

 
• Additional work on specific assessment tools to be employed in the assessment tiers  

(e.g, QSAR models) 

• Exposure tools for lower tiers (physicohemical properties, use profiling, ECETOC 
Targeted Risk Assessment tools, etc.) 

• Guidance on defining relevant exposure scenarios 

• Guidance on the use of probabilistic models for exposure refinement 

• Development of models for co-occurrence 

• Mining datasets to inform development of models for co-occurrence  

• Examine WHO/IPCS framework for environmental risk assessment application 

• Methodology to quantify/qualify uncertainty and conservatism (caution) 

o  Draw on international efforts underway on single substances (hazard and  
 exposure) to characterize uncertainty 
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Communication 

43. There was general agreement that attention to communication is needed for these 
types of assessments, which can be quite complex and because assumptions need to be 
transparent.  In addition, the way in which the concepts are communicated should take into 
consideration the appropriate audience.  Participants supported the following key points: 

• Guidance on use and interpretation of these types of assessments for risk management 

• Education and outreach (similar to work being done in the area of MOA 
communication involving, for example, training for risk assessors) to a broader 
community 

• Generic, high level guidance on making assessments transparent to both the public 
AND risk managers.  For example, what components should be routinely discussed?  

• Clarification of uncertainty at various tiers (especially the lower tiers) 

44. Finally, it was noted that a UNEP global chemical outlook on chemicals, to be 
released in 2012, will include information on cocktail effects.  
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WHO OECD ILSI/HESI International Workshop on 
Risk Assessment of Combined Exposures to Multiple Chemicals 

 
 

Workshop Programme 
 
 
Workshop Date:    15-16 February 2011, commencing at 09.00 
Workshop Venue:   OECD Conference Centre, 2 rue Andre Pascal, Paris 16th 

Arrondissement, France 
 
Background and Workshop Goals 
The World Health Organization has developed a Framework for Risk Assessment of 
Combined Exposures to Multiple Chemicals through an international workshop held in 2007, 
expert input and public consultation in 2009. The framework was finalized in 2010, and is in 
press.  The framework is a high-level document designed to aid risk assessors in identifying 
priorities for risk management for a wide range of applications where co-exposures to 
multiple chemicals are expected. It is based on a hierarchical (phased) approach that involves 
integrated and iterative consideration of exposure and hazard at all phases, with each tier 
being more refined (i.e. less conservative and uncertain) than the previous one, but more 
labour, modelling and data intensive. It includes reference to predictive and probabilistic 
methodology in various tiers. Case studies have been developed to test and illustrate the 
framework. A number of organizations have used, or are considering use of, the framework in 
risk assessments or the development of case studies to explore its use in specific scenarios. A 
number of regulatory authorities are presently considering whether or not to establish further 
requirements for risk assessments of combined exposures. 
 
The goals of this Workshop are to: 
 

• Inform participants about the WHO framework and explore application of the 
framework through discussion of a number of illustrative case studies. 

 
• Share information about current issues in combined exposure assessment. 
 
• Identify needs for further work on combined exposures, which may be undertaken by 

the organizations present at the workshop, or others. 
 
The conclusions of the workshop will be prepared in its final session. A report of the 
workshop will be published on the internet, and conveyed to the OECD Joint Meeting, 
participants in the WHO Harmonization Project and other interested stakeholders.  This 
workshop was planned by the Worskshop Secretariat (WHO, OECD and ILSI/HESI) and 
the WHO Combined Exposures Planning Group members.  Additional participants include 
individuals from multiple countries, the European Union, industry groups and NGOs.
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Workshop Schedule 
 
DAY 1    
 
09.00 Workshop Opening   
 
The workshop will be opened by Bob Diderich, OECD.   
 

• Participants will be invited to introduce themselves (name and organization).  
• Practical announcements by host 

 
09.30 Overview      Carolyn Vickers, WHO 
  

• Introduction to the issue, workshop goals and expected outputs   
 
 
SESSION A: WHO COMBINED EXPOSURES FRAMEWORK 
 
Chair: Bette Meek, WHO Combined Exposures Planning Group Chair 
 
09.40 Main features of the WHO Framework   Marcel van Raaij  
 Questions 
 
10.30 Coffee 
 
11.00  Illustrative case study on PBDEs      Bette Meek 
 
11.30 Introduction to 1st case study discussion (10 mins)  Elizabeth Shipp 
 
1st Case study discussion in groups: Carbamates 
 
13.00 Lunch 
 
14.00   Plenary: Presentations by groups and discussion   
 
15.00 Tier 0 assessments      Susan Felter 
 
15.30 Coffee 
 
16.00  2nd Case study discussion: Tier 0 examples 
 
17.30   End of Day 1 

____________ 
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DAY 2   
 
SESSION A (Continued) 
    
09.00 Plenary: Presentations by groups and discussion 
 
 
SESSION B: CURRENT ISSUES IN COMBINED EXPOSURE ASSESSMENT 
 
Chair: Theo Vermeire  
 
09.50 Country experiences (15 minute presentations) 
 

• Real World Chemical Mixtures: Opportunities and Challenges for Environmental Risk 
Assessments  
   United Kingdom  Tom Hutchison  
 

• Exposure of 2-Year Olds to Endocrine Disrupters: An Example of the Use of Dose Addition 
   Denmark  Shima Dobel   

 
10.30 Coffee 
 
11.00 Policy aspects (15 minute presentations) 
 

• Cumulative Risk Assessment: Status of Activities at the US EPA   
    Gino Scarano 
 

• Mixture Toxicity:  EU Commission Status Report  
    Patrick Murphy 
 

• Control of Chemical Mixtures: Point of View of a Scientific Panel of the European Commission   
  
    Marco Vighi 
 

• Outcomes of the December 2010 CEFIC Workshop “Cumulative Risk Assessment:  How and 
When?  Approaches for Future Strategies on Mixtures”    
 
    Carlos Rodriguez 

 
12.15 Lunch  
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SESSION C: FURTHER WORK ON COMBINED EXPOSURES ASSESSMENT 
 
Co-Chairs:  Henrik Tyle; Gino Scarano  
 
13.30 Introduction to the session      
 
13.40  Group Discussions: Brainstorming on barriers to implementation of combined exposure 

assessments and possible priority actions to address the issues 
 
14.30 Plenary: Presentations by groups followed by discussion (Group chairs and rapporteurs will 

provide a panel)  
 
15.30  Coffee  
 
16.00 Presentation of proposed conclusions and recommendations for further work Agreement on 

conclusions and recommendations 
 
17.30  End of Day 2 
 

___________ 
 
 
WORKSHOP DOCUMENTS 
 
Workshop Programme 
 
List of Participants 
 
WHO Framework for Risk Assessment of Combined Exposures to Multiple Chemicals  
 
Case Study Discussion Materials 



 ENV/JM/MONO(2011)10 

 33

ANNEX 2 

SESSION A PRESENTATIONS 
 

(see separate file: ENV/JM/MONO(2011)10/ANN2) 
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ANNEX 3: CASE STUDIES 
 

(see separate file: ENV/JM/MONO(2011)10/ANN3) 

 



 ENV/JM/MONO(2011)10 

 35

ANNEX 4 

BREAKOUT GROUP QUESTIONS/ANSWERS FOR CARBAMATES CASE STUDY 
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Group 2 
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Group 3 



 ENV/JM/MONO(2011)10 

 43



ENV/JM/MONO(2011)10 

 44



 ENV/JM/MONO(2011)10 

 45

ANNEX 5 

BREAKOUT GROUP QUESTIONS/ANSWERS FOR TIER 0 CASE STUDIES 
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Group 2 
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Group 3 
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ANNEX 6 

ADDITIONAL BREAKOUT GROUP QUESTIONS/ANSWERS  
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ANNEX 7 

SESSION B PRESENTATIONS 

(see separate file: ENV/JM/MONO(2011)10/ANN7)
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ANNEX 8 

SESSION C BREAKOUT GROUP ANSWERS ON BARRIERS TO 
IMPLEMENTATION AND NEXT STEPS 
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