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ABOUT THE OECD 

 
 

The Organisation for Economic Co-operation and Development (OECD) is an intergovernmental 
organisation in which representatives of 30 industrialised countries in North 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 the 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 (http://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, OECD, UNEP, UNIDO, UNITAR and WHO.  The World 
Bank and UNDP are observers.  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 

The OECD Joint Meeting of the Chemicals Committee and Working Party on Chemicals, Pesticides and 
Biotechnology (the Joint Meeting) held a Special Session on the Potential Implications of Manufactured 
Nanomaterials for Human Health and Environmental Safety (June 2005). This was the first opportunity for 
OECD member countries, together with observers and invited experts, to begin to identify human health and 
environmental safety related aspects of manufactured nanomaterials. The scope of this session was intended 
to address the chemicals sector. 

As a follow-up, the Joint Meeting decided to hold a Workshop on the Safety of Manufactured 
Nanomaterials in December 2005, in Washington, D.C. The main objective was to determine the “state of 
the art” for the safety assessment of manufactured nanomaterials with a particular focus on identifying future 
needs for risk assessment within a regulatory context. 

Based on the conclusions and recommendations of the Workshop [ENV/JM/MONO(2006)19] it was 
recognised as essential to ensure the efficient assessment of manufactured nanomaterials so as to adverse 
effects from the use of these materials in the short, medium and longer term. With this in mind, the OECD 
Council established the OECD Working Party on Manufactured Nanomaterials (WPMN) as a subsidiary 
body of the OECD Chemicals Committee in September 2006. And as part of its programme of work, the 
WPMN has a project on Co-operation on Risk Assessment. 

As agreed at the 5th meeting of WPMN, the Workshop on Risk Assessment of Manufactured 
Nanomaterials in a Regulatory Context was organised with the objective of: i) to obtain expert input into the 
critical issues specific for the risk assessment of nanomaterials in a regulatory context; ii) to identify possible 
approaches for risk assessment based on the current state of knowledge; and iii) to identify issues which may 
be addressed through Sponsorship Programme.  

This document is the report of the workshop held on 16-18 September 2009 in Washington D.C., United 
States, co-hosted by Business and Industry Advisory Committee (BIAC) and Society for Risk Analysis 
(SRA). It intends to provide information on outcomes and discussions of the workshop, as well as a number 
of recommendations for the WPMN activities. The Working Party endorsed this document and 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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 THE WORKING PARTY ON MANUFACTURED NANOMATERIALS (WPMN) 

1. The Working Party on Manufactured Nanomaterials1 was established in 2006 to help member 
countries efficiently and effectively address the safety challenges of nanomaterials. OECD has a wealth of 
experience in developing methods for the safety testing and assessment of chemical products.  

2. The Working Party brings together more than 100 experts from governments and other 
stakeholders from: a) OECD Countries; b) non-member economies such as Brazil, China, the Russian 
Federation, and Thailand; and c) observers and invited experts from UNEP, WHO, ISO, BIAC2, TUAC3, 
and environmental NGOs. 

3. Although OECD member countries appreciate the many potential benefits from the use of 
nanomaterials, they wished to engage, at an early stage, in addressing the possible safety implications at the 
same time as research on new applications is being undertaken. 

4. The Working Party is implementing its work through specific projects to further develop 
appropriate methods and strategies to help ensure human health and environmental safety:  

• OECD Database on Manufactured Nanomaterials to Inform and Analyse EHS Research 
Activities; 

• Safety Testing of a Representative Set of Manufactured Nanomaterials; 
• Manufactured Nanomaterials and Test Guidelines;  
• Co-operation on Voluntary Schemes and Regulatory Programmes;  
• Co-operation on Risk Assessment; 
• The role of Alternative Methods in Nanotoxicology;  
• Exposure Measurement and Exposure Mitigation; and 
• Environmentally Sustainable Use of Nanotechnology. 

 
5. Each project is being managed by a steering group, which comprises members of the WPMN, 
with support from the Secretariat.  Each steering group implements its respective “operational plans”, each 
with their specific objectives and timelines. The results of each project are then evaluated and endorsed by 
the entire WPMN. 

6. This document was prepared by the WPMN steering group six leading the work on Co-operation 
on Risk Assessment and was endorsed by the WPMN.  

 

                                                      
1 Updated information on the OECD’s Programme on the Safety of Manufactured Nanomaterials is available at: 

www.oecd.org/env/nanosafety  
2 The Business and Industry Advisory Committee to the OECD  
3 Trade Union Advisory Committee to the OECD. 
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 PROJECT ON CO-OPERATION ON RISK ASSESSMENT 

The overall objectives of this project are to evaluate risk assessment approaches for manufactured 
nanomaterials through information exchange and to identify opportunities to strengthen and enhance risk 
assessment capacity. This project is led by the steering group 6 (SG6) which will serve to integrate outputs 
from other WPMN steering groups into an overall framework within which risks of manufactured 
nanomaterials are assessed, ensuring good practice across OECD.  

There are three detailed objectives with this project:   

• Consider risk assessment strategies, methodologies, and supporting tools that offer the 
potential to underpin risk assessment. 

• Identify and consider any unique issues that manufactured nanomaterials present for risk 
assessment. 

• Make recommendations to WPMN for addressing and filling identified gaps.  

These recommendations will also consider the need for provision of guidance on key issues that 
should be considered when undertaking risk assessments for manufactured nanomaterials as well as 
development of empirical evidence to support this guidance. 

This document is the report of the OECD Workshop on Risk Assessment of Manufactured 
Nanomaterials in a Regulatory Context, which was held on 16-18 September 2009, in Washington D.C., 
United States. This report includes a summary conclusion of the discussion as well as the presentations that 
were given.  

More information about the work of the WPMN, as well as publications and updates on efforts of 
governments and other stakeholders to address safety issues of nanomaterials is available at 
http://www.oecd.org/env/nanosafety. 
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EXECUTIVE SUMMARY 

At the 5th meeting of the Working Party on Manufactured Nanomaterials (WPMN), it was agreed to 
hold an OECD Workshop on Risk Assessment of Manufactured Nanomaterials in a Regulatory Context. 
The objectives of the workshop were: i) to obtain expert input into the critical issues specific for the risk 
assessment of manufactured nanomaterials in a regulatory context; ii) to identify possible approaches for 
risk assessment based on the current state of knowledge; and iii) to identify issues which may be addressed 
through the sponsorship programme. 

The workshop took place September 16th – 18th, 2009 in Washington D.C., United States, and was co-
hosted by the Business and Industry Advisory Committee (BIAC) and the Society for Risk Analysis.  
Seventy (70) participants representing OECD member countries, non-member economies, industries, 
academia and environmental NGOs attended. 

Following general presentations and discussions, case studies on Titanium dioxide nanomaterials, 
Silver Nanomaterials and Carbon Nanotubes were presented.  Workshop attendees then participated in one 
of five parallel break-out sessions to discuss specific issues of risk assessment methodology including i) 
Assessment Problem Formulation; ii) Exposure – Public, Occupational and Environment; iii) Hazard – 
Human Health; iv) Ecological Toxicity and Fate; and v) Determining Risk and Linkage between 
Assessment and Management. 

Workshop participants concluded that the risk assessment paradigm for chemicals will continue to 
guide approaches to the risk assessment of nanomaterials. However, because of the limited amount of 
empirical data on nanomaterials, many of the assumptions and estimations employed in chemical risk 
assessments need to be evaluated for nanomaterials.  Research is also needed to determine what 
characteristics of nanomaterials may pose unique hazards.  In terms of the application of uncertainty factors 
in risk assessments, there does not appear to be a scientific rational to justify employing a nano-specific risk 
assessment uncertainty factor.  Application of standard risk assessment uncertainty factors should also 
undergo validation; justification should also be provided when using invalidated uncertainty factors in risk 
assessments.  Lastly in terms of employing units of measurement used to communicate test results used in 
risk assessment, it is expected that empirical results will continue to be reported in terms of mass based 
units.  However, risk assessments should include a discussion of any limitations this metric may present. 
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THE OECD WORKING PARTY ON MANUFACTURED NANOMATERIALS (WPMN) 
REPORT OF THE WORKSHOP ON RISK ASSESSMENT OF MANUFACTURED 

NANOMATERIALS IN A REGULATORY CONTEXT 

Background 

The aim of the Working Party on Manufactured Nanomaterials (WPMN) is to promote international 
co-operation on human health and environmental safety aspects of manufactured nanomaterials, in order to 
assist in their safe development. 

One of the main projects included in the Programme of Work of the WPMN is led by Steering Group 
Six on Co-operation on Risk Assessments. The overall objective of Steering Group Six is to evaluate risk 
assessment approaches for chemicals that currently apply or may be extended to cover manufactured 
nanomaterials, identify critical issues for risk assessment and make recommendations to the WPMN with 
regards to how these issues should be addressed. 

At the 5th meeting of the OECD WPMN held in March 2009, it was agreed to hold a workshop on the 
risk assessment of manufactured nanomaterials in a regulatory context that included participation from 
OECD member-countries, invited risk analysis experts and others.   

The workshop was intended to provide expert input in the critical issues specific for the risk 
assessments of nanomaterials in a regulatory context, and provide information useful for the revision of the 
SG6 draft report entitled “Risk Assessment of Manufactured Nanomaterials: Critical Issues” which was 
prepared at the 4th meeting of the OECD WPMN.  

The output of the workshop follows, and is a report of the opinions expressed during structured 
breakout sessions and plenary discussions. 

Introduction 

The OECD Workshop on Risk Assessment of Manufactured Nanomaterials in Regulatory Context 
took place on 16th – 18th September 2009 in Washington D.C., United States. This event was co-hosted by 
the Business and Industry Advisory Committee (BIAC) and the Society for Risk Analysis (SRA). 

The workshop programme was prepared by the Organising Committee involving delegates from 
Canada, Germany, Japan, United States, European Commission, BIAC, and SRA. 

The workshop was chaired by Andy Atkinson (Canada, co-chair of SG6). There were 70 participants 
from 14 delegations, including OECD member countries, and other stakeholders from non-member 
economies, industry, academia and environmental NGOs. In addition to the welcome remarks of SRA and 
the Secretariat, the workshop chair set the scene by giving an overview of WPMN activities as well as the 
critical risk assessment issues identified by SG6. 
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Objectives of the Workshop 

The agreement to hold the workshop was made at the 5th meeting of the WPMN and the organising 
committee agreed to the objectives. There were three main objectives: i) to obtain expert input into the 
critical issues specific for the risk assessments of nanomaterials in a regulatory context; ii) to identify 
possible approaches for risk assessment based on the current state of knowledge; iii) to identify issues 
which may be addressed through the sponsorship programme. 

Presentations and Discussions  

General Presentations: Setting the Scene 

The workshop started with a number of presentations which set the scene for starting the discussion on 
the importance of addressing risk assessment of manufactured nanomaterials. The introductory 
presentations provided perspectives from SRA, industry, government, and NGOs. 

JoAnne Shatkin (CLF Ventures, Inc.) introduced SRA and its activities, as well as giving background 
information on the workshop for nanomaterial risk management organised by SRA in September 20084.  
William Gulledge (BIAC) made a presentation from the industrial perspective in which he highlighted the 
difficulties of assessing uncertainty in risk characterisation. Maila Puolamaa (European Commission) 
introduced the audience to the European regulatory perspective on nanomaterials under REACH. Finally, 
Caroline Baier-Anderson (Environmental Defense) addressed the challenges that need to be addressed in 
conducting a risk assessment of manufactured nanomaterials. 

Case Study Presentations and Discussion 

The workshop used case studies, presented from both a government / regulatory and industry 
perspective, to generate discussions. Materials that were discussed included: i) nano-sized titanium dioxide 
(TiO2); ii) nano-silver (Ag); and iii) carbon nanotubes (CNTs). A number of presentations were made on 
each nanomaterial with the aim of providing a range of perspectives on risk assessment approaches and 
challenges.  Each presentation was followed by comments from discussants and then by general discussion 
from all participants. 

Titanium dioxide nanomaterials  
 

This session was chaired by Jo Anne Shatkin (SRA). 

• Shaun Clancy (Evonik, BIAC) presented “Risk Assessment Considerations for a Low Hazard 
Material”. 

• J. Michael Davis (US EPA) presented “EPA Nanoscale Titanium Dioxide Case Studies”.  
• Discussants 

o Robert Landsiedel (BASF, BIAC) 
o Margaret MacDonnell (SRA) 

Summary 

Three case studies presented data and analysis on nanoscale titanium dioxide. These case studies were 
narrowly focused and sought to address specific questions. The first focused on occupational exposure 
issues, while the two EPA cases evaluated specific applications of nanoscale titanium dioxide —as a water 

                                                      
4 http://www.sra.org/docs/SRA_Nano_prog_9_9.pdf 
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treatment agent and in sunscreen—using Comprehensive Environmental Assessment (CEA), proposed as a 
life cycle approach to risk analysis useful for identifying research needs for risk assessment.  

Discussants suggested the presentations did identify nano-specific material properties, but not their 
relationship to toxicity, and considered nano-specific aspects, but with an uneven comparison to bulk 
materials. Much of the discussion focused on the issue of general nano-related uncertainties vs. specific 
concerns. For example, understanding which material properties are responsible for a toxic effect will allow 
determination of the correct metrics for expressing exposure and dose. It was suggested that the toxic 
effects must be related to functionality, not only to nano-size. Participants raised issues regarding 
preparation of materials for study that may not reflect real world exposures, but do allow study of 
nanoparticle behavior. The experimental media can also affect interpretability of results (e.g., suspension 
media influencing the agglomeration state of the particles). Use of different media in different test protocols, 
including OECD test protocols, impacts particle behavior and comparability of results, and should be 
revisited for nanomaterial testing. 

Silver Nanomaterials  
 

This session was chaired by William Gulledge (BIAC). 

• Murray Height (HeiQ Materials Ltd.) presented “Risk Assessment Case Study / Silver 
Nanoparticles” 

• Mario Goetz (Germany) presented “Risk Assessment Case Study / Nano-Ag”. 
• Eric Bleeker (Netherlands) presented “Nanoparticles under REACH / Nanosilver as a case study”. 
• Discussants: 

o James Delattre (NanoHorizons, Inc.) 
o Mary Gulumian (NIOH, South Africa) 
o George Gray (SRA) 

Summary 

The presentations on silver nanomaterials included three case studies using data specific to the nano 
range and supplemented where needed by data in the macro scale and other forms of silver.  Height and 
Delattre presented information on silver nanomaterials from the perspective of historical exposure as well 
as more current data addressing releases of silver from textiles during washing and the potential release of 
silver nanoparticles in wastewater.  They also talked about historical toxicology data that already informs 
EPAs limit values for silver as directly derived from nanoscale silver and not from bulk silver. Also, they 
noted that EPA has regulated nanoscale silver products throughout a period of over 50 years and these 
applications have not been associated with any adverse health effects.  A discussion point was the need to 
determine how new nanoscale silver formulations may compare to the historical data with regard to 
physical and chemical characterization. Goetz presented human health hazard data which was collected in 
the context of the risk assessment of two nanoscale silver products. In addition, a proposal for the derivation 
of nano-specific acceptable external exposure levels relating to medium-term and chronic inhalation 
scenarios was made. Finally, the issue of using nano-specific uncertainty factors to cover nano-to-nano 
variability was raised. Bleeker examined nanosilver as a case study to determine the applicability of the 
REACH risk assessment framework.  The case studies provided excellent data rich examples to compare 
risk assessment derivation. 

The importance of problem formulation (framing the scope of the risk assessment) was identified 
during the discussion of the silver case studies.  Comparing data from bulk or ionic silver and nanoscale 
silver was also an important element of the case studies.  Participants identified the importance of having 
additional fate, transport, and exposure information, particularly for particulates.  The case studies also 
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included excellent examples of the beneficial uses of silver nanomaterials.  Possible translocation and 
persistence of silver nanomaterials as well as the need to explore epidemiology studies were discussed as 
areas where additional information would be useful for risk assessment purposes. 

Carbon Nanotubes (CNTs) 
 

This session was chaired by Vladimir Murashov (US NIOSH). 

 
• Gisela Stropp (Bayer Schering Pharma AG) presented “Risk Assessment Case Study / 

MWCNT (Baytubes®)”. 
• Eileen Kuempel (US NIOSH) presented “Risk Assessment Case Study / Carbon Nanotubes”. 
• Mariko Ogasawara (Japan NIOSH) presented “Risk Assessment Case Study / (MW) CNT”. 
• Discussants:  

o Jim Willis (US EPA) 
o Rick Canady (SRA) 
o Ron White (John Hopkins University) 

 

Summary 

The carbon nanotubes panel featured three presentations on risk assessment of carbon nanotubes by 
Gisela Stropp (Bayer Schering Pharma), Eileen Kuempel (US NIOSH), and Mariko Ogasawara (Japan 
NIOSH).  CNTs can have wide variations in structure, size, shape and chemistry (including impurities) 
affecting their hazard properties, exposure potential and ultimately risk. To facilitate risk assessment of 
carbon nanotubes through model approaches one needs to correlate such variations with hazard and 
exposure potential. In the meantime, it is sometimes recommended to conduct risk assessment on a case-by-
case basis. However, for practical purposes, one needs to determine the minimum differences that would 
make two CNT materials distinct (i.e., physico-chemical differences; or variations by batch, process, plant, 
etc.).  

Dose and exposure metrics are determined by the biological mechanism of action for a given hazard; 
however, there is still no consensus on the best metrics. For example, the studies presented by Stropp 
indicate that for the Bayer CNT material, the dose-response relationship was best described when dose was 
expressed as a volume concentration, while other published studies with other materials seem to suggest 
mass-based and number-based metrics. Until this issue is resolved, it is often recommended to conduct a 
detailed characterization of CNT material in hazard and exposure studies in order to be able to make 
conversions between different metrics if necessary. In addition, discrimination of CNT material from 
background carbon-containing particles has not been completely resolved. 

Another outstanding issue relevant to risk assessment is the effect of agglomeration/de-agglomeration 
processes on hazard and exposure potential. Carbon nanotubes like other nano-objects and nanostructured 
materials can act as carriers for other chemicals present in formulations or captured in transport and, 
therefore, could potentially have unexpected additive or synergistic effects. This potential should be 
accounted for in risk assessment when data characterising these properties are available. 

Most of the issues around risk assessment of CNT materials arise from our desire to assess and 
manage risk pro-actively, that is in the absence of complete information for quantitative risk assessment 
analysis. Some of the solutions presented at the panel include conducting: 1) hazard-centric risk assessment 
focussing on acute toxicological studies; however, it is not clear how to address potential for long-term 
effects in this model; 2) exposure-centric risk assessment focussing on minimizing exposure; however, even 
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in this approach a minimum hazard characterization is necessary; and 3) quantitative risk assessment 
extrapolating from available data; however, questions remain about uncertainties and selection of 
toxicological endpoints. Given that new data are constantly generated, interim risk assessments and 
tentative exposure limits combined with regular re-evaluation of available data could provide a solution. 

Breakout sessions 

The workshop held a number of parallel breakout sessions to focus discussions on specific issues of 
risk assessment methodology and to develop approaches to address those issues.  Each session was led by a 
chair and outcomes were reported in plenary.  The sessions addressed: (1) Assessment Problem 
Formulation; (2) Exposure – Public, Occupational and Environment; (3) Hazard – Human Health; (4) 
Ecological Toxicity and Fate; and (5) Determining Risk and Linkage between Assessment and Management. 

Plenary discussion 

The last session of the workshop was a plenary discussion which summarized the outcomes from each 
breakout group and invited further discussion from participants on the breakout topics. 

Chair Summaries Breakout Sessions 

(1) Assessment Problem Formulation 

Problem formulation is a critical but often under-utilized step in risk assessment that establishes the 
scope of assessment in consideration of risk management decision needs. The problem formulation 
breakout group agreed that there was generally no evidence yet of unique problem formulation 
considerations for risk assessment of nanomaterials; however, the group agreed that there are “particle 
specific” and quantitative needs that should be considered during risk assessment problem formulation for 
nanomaterials. Key points raised by the group with regard to particle-specific and quantitative needs 
included:  

• Consider the “particle nature” of the material, such as the surface properties and interactions, the 
relation of metrics used, the characteristic of the material, and the risk outcome and application to 
decisions.  

• Assess and accommodate risk assessment approaches to the effects of test methods and exposure 
matrix (e.g., dispersion methods) on testing outcomes and inter-comparability of the data used in 
the assessment.  

• Include particular attention to the mixture nature of the material (e.g., variation in size, surface 
properties, and composition that create a heterogeneous range of particle types) and its interaction 
with environmental components and transport mechanisms in exposure and toxicity contexts.  

In addition, during the workshop it became apparent that the relationship between existing data on 
formulations of materials that have nanoscale characteristics and formulations that are predominantly non-
nanoscale is difficult to describe. Furthermore, the relationship is not clear between current data sets and 
older data sets where measurements were less precise. This relationship between data sets is a consideration 
at the problem formulation step because the risk assessment should take advantage of existing information 
where possible, and methods to “bridge” to existing data would need to be included in planning.  Similarly, 
and as a general consideration, problem formulation should identify, or call for evaluation of, the level of 
generalization that can and should occur across information sources and data types. For example, studies 
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with dissimilar materials, methods, or reporting should be combined only where it is scientifically 
appropriate toward elucidating decision alternatives. 

(2) Exposure – Public, Occupational and Environment 

This breakout group reported on three key points from their discussions: 

• More exposure data is needed. OECD should develop a database of published exposure 
information involving all routes of exposure and promote publication of exposure data from 
companies, etc. The database should be stratified by routes of exposure. 

• The detection limit of conventional methods to measure particles in the environment may be 
limited. Therefore, it may be necessary to develop more sensitive methodologies to measure and 
characterize nanoparticles. 

• OECD in collaboration with ISO should define standardized exposure measurements for various 
media and exposure types that could be used to validate exposure metrics and instrumentation. 

 (3) Hazard –Human Health 

As the session notes reflect, there was general agreement within the human health break-out group that 
there is already a “toolbox” of testing approaches that can be applied to nanomaterials.  However, in most 
instances modifications or augmentations will need to be made to those approaches to accommodate 
nanoparticle testing. There was also agreement that while much focus is on toxicology, exposure and 
epidemiology are important areas of research that also deserve significant attention.  The break-out group 
identified the following four areas as those being the highest priority for further development: 

• Focusing testing approaches and the building of databases on enabling and advancing modeling, 
QSAR, computational, etc. approaches that advance our ability to categorize and otherwise 
efficiently group materials for decision making.  Key to this is linking material properties to 
effects. 

• Understanding the particle nature of nanomaterials, and in particular, particle kinetics. 

• Identifying whether there are nanoparticle-specific endpoints or nano-specific considerations for 
currently identified endpoints. 

• Advancing epidemiological approaches, including taking advantage of existing data and 
developing biomonitoring techniques. 

In summary, the human health break-out group acknowledged that there are a number of nanoparticle-
specific considerations that need much further development before human health assessments can be 
developed that are of the same quality as those currently developed for many chemicals. That said, the 
group also noted that the basic human health approaches are sound; in general the current set of test 
guidelines is adequate; and our existing knowledge gained from the study of chemicals and particulates 
provides us with a sound basis of knowledge from which to investigate the special considerations related to 
manufactured nano-scale materials. 
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(4) Ecological Toxicity and Fate 

The Ecological Fate and Effects break-out group began discussions by examining the current risk 
assessment paradigm for chemicals, and discussing how analogous assessments could be undertaken for 
nanomaterials.  Following this process, the group addressed a series of questions designed to better 
understand how to address current ecological risk assessments nanomaterials.  Ecological risk assessments 
(ERAs) were discussed in terms of the following 7 components for which interim approaches could assist 
risk assessors. 

1. Behaviour of nanomaterials in various media:  In the absence of empirical data, assessments could 
assume “worst case” behaviour, (i.e. the nanomaterial does not agglomerate, but is 
monodispersed). 

2. Persistence: Predictive techniques currently exist to predict dissolution of certain nanomaterials, 
and these approaches could be applied when examining persistence of nanomaterials.  

3. Transportation/Distribution:  As in the ERA paradigm for traditional chemicals, information on 
behaviour and persistence should be used to address transport/distribution. 

4. Predicted Environmental Concentrations (PECs): Metrics of PECs remains a challenge and   
ERAs should include a justification for why a particular metric was used.  In addition, the PEC 
could include various forms of the nanomaterial (e.g., single particle, agglomerate, ions, etc.) 

5. Transformation Products and Impurities: Transformations of the coatings of nanoparticles in the 
environment may change the particles’ properties. The importance of these changes to fate, 
transport, bioaccumulation, and toxicity should be determined. Nanomaterials may also act as 
carriers for other substances, and the potential for this should be addressed in assessments. 

6. Bioaccumulation: No methods for quantitative prediction of bioaccumulation exist.  In the 
absence of empirical bioaccumulation data, qualitative judgments could be made based on 
information on bulk material or actual data on similar substances. 

7. Effects:  The basis for effects assessment must be empirical data on nanomaterial or analogue data, 
given that no predictive capacity exists.  In addition, the use of acute data to predict chronic 
toxicity is not recommended, as uncertainty factors are not available.  Assessment could consider 
the use of margin of safety rather than employing uncertainty factors. 

The discussion also highlighted the following key issues for further research: 

1. Comparison of acute to chronic data for all trophic levels. 

2. Toxicity as a function of size of the nanomaterial. 

3. Disposition of nanomaterials (ADME) in all trophic levels. 

4. Identification of the most sensitive species, potentially different from the current fish, daphnia, 
algae paradigm. 

5. Mechanisms of bioaccumulation and determination of methods for predicting bioaccumulation. 

6. Toxicity metrics providing the best comparability and regulatory relevance. 
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In summary, the breakout group agreed generally that the basic risk assessment paradigm for 
nanomaterials is essentially the same as for traditional chemicals.  However, the limited empirical data has 
left gaps in how this paradigm is applied to nanomaterials; interim approaches for conducting assessments 
were identified, and research priorities were identified to resolve these gaps. 

(5) Determining Risk and Linkage between Assessment and Management 

The group's focus was on the interface between risk assessment and risk management, in view of the 
scientific uncertainty on nanomaterial hazard. The group agreed that the focus of these considerations 
would be on public authorities, and the discussion would be restricted to how decisions could be made 
today, i.e. not to focus on what data are still missing. 

The group did not identify a need for a general adjustment of the approaches to determining and 
managing chemical risks; however, it was acknowledged that there are certainly unique or important 
attributes in the context of nanomaterials. These attributes include considerations of the specific physical 
and chemical aspects (form, functional characteristics etc) and the current state of knowledge about the 
potential interactions between nanomaterials and biological systems. Risk communication is a key 
component in the linkage between risk assessment and risk management and can also affect the public 
perception of nanotechnology safety.  As with any chemical or physical hazard, prudent risk management 
measures can be based on an evaluation of existing data and uncertainties prior to the availability of 
sufficient data to develop a comprehensive risk assessment. 

In the discussion on whether there is anything unique to nanomaterials that will affect risk 
management or require new risk assessment policies, the group emphasised the need to have a metric to 
support identification of the risk management measures.  Ideally, this metric would relate to the mode of 
action and the prediction of adverse effects and be measureable in the workplace and ambient environment.  
The group was not able to identify a specific metric given the current state of the science, but some 
proposed that airborne mass concentration could continue to be used (e.g., in occupational exposure 
sampling) if the limitations (e.g., detection limits and specificity) were made clear. Others suggested that 
particle number concentration would be more appropriate. 

The challenges of quantifying exposures to nanomaterials differ in workplace assessment compared to 
human health assessment or in the environment (e.g., measurement media, background interferences, 
detection limits). Generally the group agreed that authorities must use what data and information exist 
today and avoid being paralysed by the inability to fully characterise or monitor reliably. 

In an initial assessment of nanomaterial hazard, some suggested that in the absence of nanomaterial-
specific data, information may be derived from the “bulk” material of the same chemical composition, as 
long as the limitations are acknowledged and taken into account (e.g., potential greater biological activity of 
the nanoscale material relative to that of the bulk material). This approach could prove useful in a risk 
assessment context. Initially, hazard and risk assessment will likely be applied on a case-by-case basis, 
although the need for better understanding of nanomaterial properties that influence biological activity was 
also discussed in the context of developing hazard group approaches to more effectively manage the 
potential risks across a wide range of specific nanomaterials. 

A major challenge in assessing the risk of exposure to nanomaterials is understanding the kinetic 
processes in biological systems (i.e., adsorption, distribution, metabolism, and excretion) which influence 
the internal dose, biopersistence and bioaccumulation. It was also clear that nanomaterials could have 
different effects which in turn should influence the risk management measures. 



ENV/JM/MONO(2010)10 
 

22 
 

The group discussed the lessons learned from the individual case studies presented in the plenary 
sessions. While old data should not necessarily be dismissed, there was some unease with the data quality 
from older studies, which may have used poorly characterized materials or materials with different 
chemical or physical formulations.  As such, data from these studies may be of limited relevance in a risk 
assessment context, unless accompanied with a thorough analysis of the data quality.  It was also the 
impression that the scientific literature includes studies that are relevant to assessing and managing the risks 
of exposure to some nanomaterials (e.g., particles and fibers in the workplace), but that the existing 
literature is more limited with respect to studies on the potential environmental hazards of nanomaterials. 

Finally, the group took the view that risk management decisions often need to be made in the absence 
of complete data.  However, the development of appropriate risk management strategies based on an 
evaluation of existing data and uncertainties was considered to be prudent practice and not unique to 
nanomaterials. 

Conclusions 

1. The risk assessment paradigm for chemicals will continue to guide approaches to the risk 
assessment of nanomaterials, and no fundamental changes to this paradigm are envisioned. However, 
because of the limited amount of empirical data on nanomaterials, many of the assumptions and 
estimations employed in chemical risk assessments (e.g., acute to chronic ratios, estimation of 
bioaccumulation potential, estimation of persistence) need to be evaluated for nanomaterials. 
 

2. As with any risk assessment, extrapolation approaches for nanomaterials should be based on 
mechanistic data where available and additional research is needed to support the validity of default 
assumptions. Furthermore, limiting exposures and releases of nanomaterials should be encouraged 
where ever possible as an interim measure in order to compensate for the current limitations in the 
science. 
 

3. Although the basic risk assessment paradigm for nanomaterials is essentially the same as for 
traditional chemicals, research is needed to determine what characteristics of nanomaterials may pose 
unique hazards. 
 

4. There does not appear to be a scientific rational to justify employing a risk assessment uncertainty 
factor specifically addressing materials at the nanoscale.  In addition, application of standard risk 
assessment uncertainty factors in nanomaterial risk assessments should undergo validation; justification 
should also be provided when using invalidated uncertainty factors in risk assessments. Identification of 
a “margin of exposure” may be an alternative approach to understanding likelihood of risk. 
 

5. It is recognised that there is uncertainty concerning the units of measurement (i.e., metrics) used 
to generate test results employed in risk assessments.  It is expected that empirical results will continue 
to be reported in terms of mass based units; however, risk assessments should include discussion of any 
limitations this metric may present (e.g., limit of detection, specificity). Characterization of 
nanomaterials by various dose metrics (e.g., particle surface area, number concentration, etc) would 
facilitate evaluation of the metrics most closely associated with mechanism of action and improve risk 
estimation. 
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ANNEX I (AGENDA FOR WORKSHOP) 

OECD Working Party on Manufactured Nanomaterials (WPMN) 
WORKSHOP ON RISK ASSESSMENT OF MANUFACTURED NANOMATERIALS IN A 

REGULATORY CONTEXT 
Co-hosted by the Business and Industry Advisory Committee to the OECD (BIAC) 

and the Society for Risk Analysis (SRA) 
Organized by Steering Group 6 – Co-operation on Risk Assessment 

September 16-18, 2009 
Washington D.C. 

 
AGENDA 

 
Objectives:  i) to obtain expert input into the critical issues specific for the risk assessments of 
nanomaterials in a regulatory context; ii) to identify possible approaches for risk assessment based 
on the current state of knowledge; and iii) to identify issues which may be addressed through the 
Sponsorship Programme. 
 
 DAY 1 

September 16 – starting at 10h00 
 Registration
1. Welcome Remarks Mar Gonzalez, OECD 

Jo Anne Shatkin, SRA 
2. Introduction Andy Atkinson, Canada, Co-chair 

SG6 
 Chair:  Andy Atkinson 
3. Overview of WPMN activities Andy Atkinson 
4. Presentation from SRA Jo Anne Shatkin, SRA 
5. Presentation from industry 

perspective 
William Gulledge 
American Chemistry Council, BIAC 

6. Presentation from regulatory 
perspective 

Maila Puolamaa 
European Chemicals Agency (ECHA) 

7. Presentation from NGO 
perspective 

Caroline Baier-Anderson 
Environmental Defense 

 LUNCH 
 Chair:  Jo Anne Shatkin 
8. TiO2 case study 1 Shaun Clancy, Evonik, BIAC 
9. TiO2 case study 2 Mike Davis, US EPA 
11. TiO2 discussants 1. Robert Landsiedel (BASF, BIAC) 

2. Carlos Peña (US FDA) 
3. Margaret MacDonnell (SRA) 

12. TiO2 general discussion All 
 BREAK 
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 Chair:  William Gulledge, American Chemistry Council, BIAC 
13. Nano-Ag case study 1 Murray Height, HeiQ Materials Ag 
14. Nano-Ag case study 2 Mario Goetz, Germany 
15. Nano-Ag case study 3 Eric Bleeker, Netherlands 
16. Nano-Ag discussants 1. James Delattre (NanoHorizons, 

Inc.) 
2. Mary Gulumian (NIOH, South 
Africa) 
3. George Gray (SRA) 

17. Nano-Ag general discussion All 
 RECEPTION 
  
 DAY 2 

September 17 – starting at 09h30 
 Registration
 Chair:  Vladimir Murashov, US NIOSH 
18. CNT case study 1 Gisela Stropp, Bayer Schering 

Pharma 
19 CNT case study 2 Eileen Kuempel, US NIOSH 
20. CNT case study 3 Mariko Ogasawara, Japan NIOSH 
21. CNT discussants 1. To be determined 

2. Jim Willis (US EPA) 
3. Rick Canady (SRA) 

 BREAK 
22. CNT general discussion All 
23. Introduction to breakout sessions Andy Atkinson 
 LUNCH 
24. Breakout session All 
 BREAK 
25. Breakout session All 
  
 DAY 3 

September 18 – starting at 09h00 
 Chair:  Andy Atkinson 
26. Plenary discussion All 
 BREAK 
27. Path forward All 
28. Closing remarks  
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ANNEX II (GENERAL PRESENTATIONS) 

(1-1) Over view of WPMN activities 

OECD Work on the 
Safety of 
Manufactured 
Nanomaterials 
Environment, Health and Safety 
Division 
Environment Directorate 

OECD 

September 2009 

 1 

Background of the OECD's activities on 
the safety of manufactured nanomaterials 

• The safety of nanotechnologies was first raised in the 
OECD Chemicals Committee in November 2004. This 
was followed by two events: 

• Special Session on the “potential implications of 
manufactured nanomaterials for human health and 
environmental safety” (June 2005) 

• Workshop on the Safety of Manufactured 
Nanomaterials (December 2005) 

 

2 

Manufactured Nanomaterials and 
Chemical Safety 

In 2006, the OECD established the Working Party 
on Manufactured Nanomaterials (WPMN). 

Objective:  

    To promote international co-operation in human 
health and environmental safety related aspects of 
manufactured nanomaterials (MNs),  in order to assist 
in the development of rigorous safety evaluation of 
nanomaterials. 

 
3 

Who participates? 

• 30 OECD Member Countries and the 
European Commission  

• Non-members: Brazil, China, Singapore, 
Thailand, and Russia  

• Inter-governmental organizations: IOMC, FAO, 
UNEP, UNITAR and WHO 

• ISO/TC229 

• Other stakeholders: BIAC, TUAC and 
Environmental NGOs 

4 
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Project 1 and 2: OECD Database on 
Manufactured Nanomaterials to Inform 

and Analyse EHS Research Activities 

• Objective:  to develop a global resource 
(Database), which details research projects 
and identifies research needs; and to provide 
opportunities to identify the similar fields, and 
lead to create new collaboration and networks 

• Co-Chairs: Australia, Germany and Japan 

• Status:  
– Publicly launched in April 2009 

– A comprehensive compilation document “EHS Research   
Strategies on MNs” was published in May 2009 6 

 
 

Project 3: Safety Testing of a 
Representative Set of MNs 

 • Objective:  to agree and test a representative 
set of manufactured nanomaterials (MNs) 
using appropriate test methods. 

• Co-Chairs:  United States and European 
Commission 

• Status: 
– Launched Sponsorship Programme (November 

2008) to test representative MNs for a base set of 
endpoints 

7 

Project 4: MNs and Test Guidelines 
 

• Objectives:  

– To review existing OECD Test Guidelines for adequacy in 
addressing MNs 

– To identify the need  for development of new or revision of 
existing test guidelines or guidance 

• Co-chairs: United States and European Commission 

• Status: 

– Completed the Preliminary Review of the existing guidelines 
for potential applicability 

– Preliminary Guidance Notes on Sample Preparation and 
dosimetry will be published in 2010 

8 

 
 

Project 5: Co-operation on Voluntary 
Schemes and Regulatory Programmes  

• Objectives:  
– To identify common elements of the various information 

gathering initiatives, in place or planned. 

– To identify applicable current and proposed regulatory regimes 
and how they address information requirements, hazard 
identification, risk assessment and exposure mitigation/ risk 
management of MNs.  

• Chair: Canada 

• Status: 
– Completed initial comparisons of information gathering. 

– Issued questionnaire (August 2008) on regulatory regimes and 
how they address information requirements 

9 

 
 

 
Project 6: Co-operation on Risk 

Assessment 
 • Objective:  to evaluate risk assessment 

approaches for manufactured nanomaterials 
through information exchange and identify 
opportunities to strengthen and enhance risk 
assessment capacity. 

• Co-Chairs:  Canada and Germany 

• Status: 
– Reviewing existing risk assessment schemes and 

their relevance to nanomaterials 
10 

 
 

Project 7: The Role of Alternative 
Methods in Nano Toxicology 

 • Objective: to address the use of alternative test 
methods and testing  strategies (in parallel with 
the Sponsorship Programme) t 

• Chair:  Germany and European Commision 

• Status: 
– Reviewing alternative test methods which may be 

applicable to manufactured nanomaterials 

– Developing guidance material on alternative methods 
in the Sponsorship Programme 

11 
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Project 8: Co-operation on Exposure 
Measurement and Exposure Mitigation 

 • Objective:  to exchange information on 
guidance for exposure measurement and 
exposure mitigation for MNs 

• Chair:  United States 

• Status: 
– Evaluating data and provide recommendation on 

measurement technologies and sampling protocols for 
determining concentrations of manufactured 
nanomaterials in air (led by Australia) 

– Comparing exposure mitigation guidance for laboratories 
(led by Germany 12 

 
 

Project 9: Environmentally Sustainable 
Use of Nanotechnology 

• Objective:  to enhance the knowledge base about life 
cycle aspects of manufactured nanomaterials as well 
as positive and negative impacts on environment 
and health of certain nano-enabled applications 
at their different stages of development 

• Co-Chairs:  United States and European Commission 

• Status: 

– To finalize the Operational Plan (2009-2012) and 
start the  implementation of the project (1st 
report July 2010) 

13 

 
 

Current focus 
Safety Testing of a Representative Set of MNs 

(Project 3) 
• Objective:  To test an agreed representative set of 

manufactured nanomaterials using appropriate test 
methods.  

• Aim:  To understand the types of information on 
intrinsic properties that may be relevant to exposure 
and the effects assessment of MNs. 

• In close co-ordination with other OECD work on 
Chemical Safety: Test Guidelines, Mutual Acceptance 
of Data 

 

14 

Implementation - Two Stages 
Stage 1 

Agreement  on:  

i) A list of MNs (based on materials which are now, or 
soon to enter, commerce) ; and  

ii) A list of endpoints for which these MNs should be 
tested. 

Stage 2 
Development of a programme to test MNs for a base 
set of endpoints relevant to human health and 
environmental safety  

 
15 

Stage 1: 
List of Manufactured Nanomaterials (14)  

• Fullerenes (C60) 

• Single-walled carbon 
nanotubes (SWCNTs) 

• Multi-walled carbon 
nanotubes (MWCNTs) 

• Silver nanoparticles 

• Iron nanoparticles 

• Carbon black 

 

 

• Titanium dioxide 

• Aluminium oxide 

• Cerium oxide 

• Zinc oxide 

• Silicon dioxide 

• Polystyrene 

• Dendrimers 

• Nanoclays 

 
16 

Stage 1: List of Endpoints 

• Nanomaterial Information/Identification (9 
endpoints) 

• Physical-Chemical Properties and Material 
Characterization (17 endpoints) 

• Environmental Fate (15 endpoints) 

• Environmental Toxicology (6 endpoints) 

• Mammalian Toxicology (9 endpoints) 

• Material Safety (3 endpoints) 

17 
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Stage 2: Sponsorship Programme 

• The sponsorship programme is an 
international effort to share the testing of an 
agreed set of manufactured nanomaterials 
selected by the WPMN. 

Two phases: 
• Phase 1: To test selected MNs for the selected 

endpoints (officially launched: November 2007) 

• Phase 2: Examine cross-cutting issues or tests 
identified in phase 1 and that will need further 
consideration by the WPMN 

 
18 

Sponsorship Programme 
Work in Progress Phase 1 

• Launched November 2007 

• OECD Secretariat is the clearing house to ensure co-
ordination 

• Development of a guidance manual for sponsors to guide the 
testing 

• Development of a review mechanism for dossier 
development plans 

• Workshop in Korea will assist Sponsors in their development 
of dossier development plans (November 2008) 

• Draft dossier development plans to be considered by the 5th 
WPMN (March 2008) 

 19 

        
Lead 

sponsor(s) Co-sponsor(s) Contributors 

Fullerenes(C60) Japan, US Denmark, China 

SWCNTs Japan, US 
Canada, France, Germany, 

EC, China, BIAC 

MWCNTs Japan, US Korea, BIAC 
Canada , Germany, France,  

EC, China, BIAC 

Silver nanoparticles Korea, US 
Australia, Canada, Germany, 
Nordic Council of Ministers France, EC, China, Netherlands

Iron nanoparticles China BIAC Canada, US, 
Nordic Council of Ministers 

Carbon black Denmark, Germany, US 

Titanium dioxide France, 
Germany 

Austria, Canada, Korea, 
Spain, US, EC, BIAC China, Denmark, Japan, UK 

Aluminium oxide Germany, US, Japan 

Cerium oxide US, UK/BIAC Australia, Spain 
Denmark, Germany, Switzerland, 

EC, Japan, Netherlands 

Zinc oxide UK/BIAC Australia, Spain, US, BIAC 
Canada, Denmark, Japan, 

Germany, Netherlands 

Silicon dioxide France, EC Belgium, Korea, BIAC Denmark, Japan 

Polystyrene Austria, Korea 

Dendrimers Spain, US 

Nanoclays Denmark, US, EC 

Meetings Schedule 
• Workshop on Exposure Assessment and Exposure Mitigation, 

20 October 2008, Frankfurt, Germany 

• Meeting of SG8, 21 October 2008, Frankfurt, Germany 

• Workshop  on the Safety Testing of Manufactured 
Nanomaterials, 19-21 November 2008, Busan, Korea 

• Meeting for the Sponsorship Programme, 2-3 March 2009, 
Paris, France  

• 5th Meeting of the Working Party on Manufactured 
Nanomaterials, 4-6 March 2009, Paris, France  

• 6th Meeting of the Working Party on Manufactured 
Nanomaterials, 28-30 October 2009, Paris, France  

21 

More information 

Safety of Manufactured Nanomaterials 

• www.oecd.org/env/nanosafety 

• www.oecd.org/env/nanosecurite 

 

Nanosafety team: Peter Kearns, Mar Gonzalez, 
Hiroyuki HANAWA, Beobjeong KIM, Patric 
AMCOFF, Charis FEENEY-ORCHARD                    
E-mail: Nanosafety@oecd.org 

22  

    

 

 

 



 ENV/JM/MONO(2010)10 

 29

(1-2) Critical Issues 

Steering Group 6

Critical Issues for
Risk Assessment of Nanomaterials

OECD Paris June 12th
 

Critical issue 1. Complexity

(of nanomaterials behaviour in natural systems) 

 

Complexity, bioavailability and effects
Interaction between nanomaterials and living systems 

Asbestos

High aspect ratio (>20µm length <3µm width, biopersistent) 
Fibre / pathogenicity paradigm:

function of shape, size, persistence and physiological interaction

Respiratory exposure 

Read across to other fibres e.g. CNT

 

How: Key Issues for Environmental Risk Assessment
1. Complexity of behaviour in natural systems

pH 2 pH 4

Agglomeration of Iron oxide nanoparticles

Images courtesy of Jamie Lead and Mohammed Baalousha, University of Birmingham 
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Physico chemical behaviour of nanoparticles in natural systems 
is influenced by numerous abiotic and biotic factors

Abiotic factors include

pH, ionic strength, 
organic matter etc..

Implications:

Environmental Exposure: agglomeration, form, surface chemistry 
Bioavailability and direct toxicity
Indirect toxicity (e.g. through dissolution - some metal nanoparticles)
Relevance of some tests (e.g. in vitro, ecotox) – SG4 should consider

 

Nanomaterial

Complexity of structure,
and behaviour in natural systems

Abiotic factorsBiotic factors

Uncertainty in Hazard Assessment
(LOEC,NOEC,         PNEC)

Using standard tests

Uncertainty in Exposure
Modelling (PEC)

High propagated uncertainty in Risk Assessment (data scarcity)
(PEC: PNEC)

2. Complexity and data scarcity leads to risk uncertainty
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Critical issue 2. Complexity
Leads to risk uncertainty

: potentially high (data scarcity)
: probably not uniform across nanomaterials  

 

Critical issue 3. 

How do we manage high risk uncertainty?
Strategy?

 

High propagated uncertainty in
Risk Assessment (data scarcity)

Management of risk uncertainty  

Managing risk uncertainty: make no a priori assumptions about exposure
Due to high exposure uncertainty 

Make no a priori assumptions about exposure
Test all endpoints across all routes of exposure

Uncertainty management 
implications  

Every material, functionalisation: justified,
Feasible?: resourcing, time

Relevance of tests. Novel effects?

BUT: exploratory dataset for linking material 
properties to effects 

Information requirements:
Focussed on hazard  

 

High propagated uncertainty in
Risk Assessment (data scarcity)

Management of risk uncertainty  

Managing risk uncertainty: approaches from ‘conventional chemicals’ 

Application of assessment factors to 
calculate PNEC from

LOEC, NOEC, NOAEL etc

Uncertainty management 
implications  

Over precautionary?
Challenging analytical techniques for 

e.g. monitoring 

 

High propagated uncertainty in Risk Assessment (data scarcity)

Management of risk uncertainty  

Managing uncertainty in risk assessment – exposure driven risk assessment

Uncertainty management
implications  

Identify uncertainty sources: better understanding of
behaviour, fate, bioavailability, effects :understand complexity 

Prioritisation for quantitative risk assessment
and / or exposure limitation
Smaller assessment factors

Resourcing implications
for gap filling 

Time implications

Information requirements:
Focussed on exposure and 

then hazard  
 

Development of conceptual model of exposure
and bioavailability to drive risk assessment

(e.g. Biotic Ligand Model for metals): bioavailability

Source–pathway–receptor connectivity

Endpoint selection

Intrinsic properties

Conceptual exposure model development: sources, pathways etc

Speciation, bioavailability

Boundaries for quantitative risk assessment
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Problem formulation for 
risk assessment of nanomaterials

Problem 
Formulation

Prioritisation
Risk boundaries

Risk 

Risk 
Quantification

Risk 
Significance

Options
Appraisal

Risk Management

Hazard
Exposure

Probability
of harm occurring

Appropriate
Controls

 

Tiered risk assessment and problem formulation

Risk 

Problem 
Formulation

Prioritisation

Conceptual model
development Structure – activity

Read across 

Intrinsic properties, Life Cycle Analysis
Exposure model
Source pathway receptor connectivity
Endpoint selection

Nanomaterial 

Risk 
Quantification

‘Justifying the
Intent’

 

Closing Thoughts (1)

¤ Uncertainty in hazard, exposure and risk assessment

¤ Management of uncertainties: which approach should we adopt and
What information should be assembled – and validated in SG3?

¤ Complexity of structure, form and behaviour in natural systems

 

Development of exposure model: problem formulation,
prioritisation / exposure management: exposure driven?

No a priori assumptions of exposure: all endpoints, 
hazard driven? Sets a precedent. 

Application of assessment factors to hazard data?

How does this sit with SG3 studies, guiding the information 
requested in phase 1 and phase 2.  

Closing Thoughts (2)
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(2) Presentation from SRA 
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(3) Presentation from industrial perspective 
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(4) Presentation from regulatory perspective 
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(5) Presentation from NGO perspective 
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ANNEX III (CASE STUDY PRESENTATIONS) 

(1) TiO2 case study 

(1-1) Presentation from BIAC 
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(1-2) Presentation from US EPA 
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(1-3) Report from chair of TiO2 case study 

 
NTiO2 Case Study Discussion

• Did identify nano-specific properties, but 
not their relationship to toxicity

• On the issue of metrics, it may be related 
to functionality, rather than size

• Considered nano-specific aspects, but did 
not compare these to bulk materials

• May want to look to PBPK modeling in 
specific media to identify issues

NTiO2 Case Study Discussion

• Did identify nano-specific properties, but 
not their relationship to toxicity

• On the issue of metrics, it may be related 
to functionality, rather than size

• Considered nano-specific aspects, but did 
not compare these to bulk materials

• May want to look to PBPK modeling in 
specific media to identify issues
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(2) Nano-Ag case study 

(2-1) Presentation from Global Sales & Marketing NanoHorizons Inc. and HeiQ Materials Ag 
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(2-2) Presentation from Germany 
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(2-3) Presentation from Netherlands 
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(2-4) Report from chair of Nano-Ag case study 

 Nano Silver Discussion 
Summary

• Consideration in risk assessments as particles, 
fibers, and/or silver ions

• Importance of problem formulation (framing the 
risk assessment)- what are we trying to 
address?

• Did identify and consider nano specific 
properties, mode of toxicity, etc.

• Comparison to bulk materials was considered
• Data rich substance including uses but data may 

still not be adequate to address all issues

Nano Silver Summary (2)
• Long regulatory and use history- experience with 

risk management
• Uncertainties were addressed- how are the 

various database uncertainties linked?
• Fate, transport and exposure must be 

considered
• How to address translocation and  persistence of 

silver nano particles?
• Consideration of medical applications- wound 

care data base

 
 

(3) CNT case study 

(3-1) Presentation from Bayer Schering Pharma 
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(3-2) Presentation from US NIOSH 
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(3-3) Presentation from Japan NIOSH 

 

Risk Assessment Case Study
(MW)CNT

Mariko Ogasawara
Japan NIOSH 

Japan National Institute of Occupational Safety and Health

OECD Workshop 
on Risk Assessment of Manufactured Nanomaterials in a Regulatory Context

September 16-18, 2009
Washington D.C.

2

Background(1)
• This case study is about a topic relating to Japanese 

regulatory system, especially exposure assessment.
• Ministry of Health, Labour and Welfare(MHLW) issued 

“Notification on Precautionary Measures for Prevention 
of Exposure etc. to Nanomaterials (NMs)” 
on March 31, 2009. 
(http://www.jniosh.go.jp/joho/nano/index_e.html)
– Information document for attention
– Less than 100nm at least one dimension of PM, 

even if only some part of size distribution is this size
– Strict control is (strongly) recommended.
– Ordinary risk assessment system for chemical 

substances and particulate matter is encouraged to 
introduce. 

• This presentation  is not  reflecting the policy of Japanese MHLW.

 

3

Background(2)
• Ordinary risk assessment system for occupational setting 

in Japan.

• If hazard evaluation is established and the administrative 
control level (ACL) is set, the workplace environment is 
classified into three categories by comparing ACL with 
environmental concentration. 

Control methods is determined according to the Class.
(No personal exposure measurement required)

Assessment is directly connected to control.

• If ACL is not set, self management activity is encouraged.

– Present status: No ACL for NM

Outline

• Risk assessment system in Japanese 
regulatory context for occupational setting.
– Exposure assessment
– Risk assessment

• CNT case study
– Potential exposure
– Uncertainties
– EC analysis

• Conclusion

4

 

5

Statistical risk evaluation 
in Japanese administrative method

EA1 and EA2 are calculated from the data measured
at multi-points in a unit work area. 
log EA1 = log M + 1.645 log σ
EA1: 95% value of concentration distribution
M: geometrical mean, σ: geometrical standard deviation
log EA2 = log M + 1.151 log2σ
EA2 : equivalent to arithmetic mean

Constants 1.645 and 1.151 are determined empirically from the 
data for traditional PM.

Problem: spatial distribution of NM is same as 
traditional PM?

Statistical risk evaluation 
in Japanese administrative method

Area
EA1<E EA1≤E≤EA2 E<EA2

Source
Esource<E Class 1 Class 2 Class 3

E≤Esource≤1.5E Class 2 Class 2 Class 3
1.5E<Esource Class 3 Class 3 Class 3

6

Class 1: well controlled = risk very low
Class 2: fairly controlled = risk low
Class 3: severe control measures needed

Risk class of workplace

Problem: ACL and measured data necessary

E: the administrative control value
ex) EA1<E and Esource<E: well controlled = risk very low

Concentrations in 95% of the area are lower than ACL
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7

CNT case study
Substance Identification

Core composition: Carbon
Size, shape: width 10 – 150 nm, length 1- 100 µm
Impurities: depending on each MWCNT
Process dependent:

Synthesis - raw materials, catalyst, by-products, 
products
Handling - Products
Maintenance - depending on the facilities

Manufactures usually have information about what 
kind of substances are present. 

CNT case study
Use Patterns

Used for secondary batteries, composite, etc.

Improving conductivity, durability, strength of plastics

Production volume of  CNTs in Japan 
(TORAY Research Center, 2008) 

− SWCNT: 100 kg/year
− MWCNT(10-70 nm): 60 t/year
− Carbon fiber (<150 nm): 60-70 t/year

1-2 t/week/numbers of company
Problem: CNTs of width>100nm NM?

 

9

CNT case study
Occupational Exposure

Processes of potential high-risk exposure
– Synthesis, Maintenance, Packing/Weighing/Mixing

Number of workers: not large 
Manual process
• Duration of one process = duration of exposure

Automated process 
• Duration of one process ≠ duration of exposure

Metric
– On-line: Mass, Size, Surface area
– Off-line: Mass, Carbon amount (EC: Han, et al, 2008) by size 

selected sampling
– Off-line: Morphology
– Off-line: Counting number of fibers (Han, et al, 2008) depending 

on the shape of CNTs
10

CNT case study
Occupational Exposure to MWCNT

Process
Exposure     

CNT Others

Synthesis Closed, 
Automated Low

Maintenance Manual High
Soot, PAHs,
Metals, Vapors, 
nano-PM*

Packing/
Weighing

Manual Medium
Closed, 
Automated Low

Ambient PMw/o work ND - very low
Outside ND

Potential exposure level

* Nanoparticles generated from condensation of vapors

 
Why do you measure exposure?

• For emission control and external exposure
– Any metric applicable
– Suitable for existing state of PM

• Nano-particle, aggregates/agglomerates

• For internal exposure
– What is dose metric?
– Off-line method might be better for personal exposure

11 12

Uncertainties (1) Measurement
The key uncertainties for exposure assessment
– CNT’s major component is carbon.  Sensitivity of analysis is 

lower than metal based PM.
− Effect of background PM especially on off-line mass 

measurement and on-line method at low concentration 
− Difficulty in establishing a general method for exposure 

assessment of CNTs, because size, shape, impurity, etc are 
different for different processes or MWCNTs.  

− Agglomerates can brake into small PM by impaction at size-
selected sampling.

Practical solutions:
− For MWCNT, Carbon is one of the best metric for off-line 

method.
− Experienced hygienist, and person who knows production 

process are needed.
− Collection particles by different principal (ex. Cyclone, DMA)
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13

Uncertainties (2) Dose metric
The key uncertainties for exposure assessment
− What exposure metric associates dose or health effects?
− Most of toxicological studies evaluated dose with mass 

concentration and size (observed by electron microscopy).  
Also, surface area or number of particles.

Practical solution: 
Several metric should be measured.

Off-line data of mass, carbon and size are practical metric for 
both environmental and personal  measurement.  

Time resolution is not good.
Mass can be calculated from on-line data of number 
concentration.(Evans, et al, 2008, Heitbrink, et al, 2007)

Not suitable for personal exposure measurement
Effects from background PM and shape of PM 

Surface area can be calculated from above data.

MWCNT (Sigma-Aldrich) 
Width 110-170 nm, Length 5-9 µm
Method: IMPROVE (final 920℃)

He He/O2

EC3

Amount of MWCNT can be estimated by EC3.
Sensitivity is better than mass measurement.  

10 µg/ m3 (1m3 sampling)
Background effect is smaller than mass.

EC2

No EC3

He
He/O2

Ambient PM 
from roadside with heavy traffic
Method: IMPROVE (final 920℃)

Examples of Carbon analysis

15

Conclusions
Hazard evaluation plays a key role for risk evaluation.

• Exposure can be measured with combination of several 
metrics.  Dose might be estimated from measured data.

• Japanese risk assessment system for occupational 
setting is applicable, even when personal exposure 
cannot be measured, if the ACL is set.

• If a certain level of the ACL is preliminary set, the 
workplace environment can be evaluated.  

Examples of ACL
Be: 0.002 mg/m3, Cd, Pb: 0.05 mg/m3, MWCNT:  <0.1??

To evaluate MWCNT exposure, EC3 is helpful for both 
environment and personal exposure measurement.
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(3-4) Report from chair of CNT case study 

 

CNT case studies

• CNT can be considered to have unique 
chemical identity in addition to nanoscale 
features

• Wide variations in structure, size, shape 
and chemistry (impurities) affecting 
hazard, exposure and risk

• Issue: 
– how to relate variations to risk?
– What are the minimum differences that would 

make two CNT materials distinct?

CNT case studies (cont)

• Metrics for dose and exposure are 
determined by the mechanism of hazard 
(volume?)

• Critical need for comprehensive 
characterization in hazard and exposure 
studies

• Agglomerations/de-agglomeration issues 
are not resolved 

• Synergistic effects in mixtures? Carriers?
 

 

CNT case studies (cont)

• Pro-active Risk Assessment
• Solutions:

– Hazard-based: conduct tox studies – chronic?
– Exposure-based: minimize exposure - hazard 

characterization? Measurements?
– Mixed: extrapolation existing data –

uncertainties?
• Interim RA; Tentative limits; re-

assessments
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ANNEX IV (BREAKOUT SESSIONS) 

(0) Questions to Breakout Groups 

 

Assessment Problem 
Formulation

Exposure - Public, 
Occupational & 
Environmental Hazard - Human Health Ecological toxicity and Fate

Determining Risk and Linkage 
between Assessment and 
Management

Identify unique aspects (if 
any exist) that should be 
considered for risk 
assessment of 
nanomaterials.  For 
example, are there nano-
specific physical or 
chemicals properties (size, 
aggregation) that will require 
adjusting the approach to 
assessing risk. 

Identify unique aspects (if any 
exist) that should be 
considered for risk 
assessment of 
nanomaterials.  For example, 
are there nano-specific 
physical or chemicals 
properties (size, aggregation) 
that will require adjusting the 
approach to assessing 
exposure. 

Identify unique aspects (if 
any exist) that should be 
considered for risk 
assessment of 
nanomaterials.  For 
example, are there nano-
specific physical or 
chemicals properties 
(size, aggregation) that 
will require adjusting the 
approach to assessing 
hazards to humans. 

Identify unique aspects (if 
any exist) that should be 
considered for risk 
assessment of 
nanomaterials.  For 
example, are there nano-
specific physical or 
chemicals properties (size, 
aggregation) that will require 
adjusting the approach to 
assessing hazards to 
organisms or environmental 
fate. 

Identify unique aspects (if any 
exist) that should be 
considered for risk assessment 
of nanomaterials.  For 
example, are there nano-
specific physical or chemicals 
properties (size, aggregation) 
that will require adjusting the 
approach to assessing risk. 

Are there quantitative 
challenges specific to 
nanomaterials that should 
be considered at this stage 
of analysis? 

Are there quantitative 
challenges specific to 
nanomaterials that should be 
considered at this stage of 
analysis? For example, what 
are the appropriate metrics for 
reporting exposure.

Are there quantitative 
challenges specific to 
nanomaterials that should 
be considered at this 
stage of analysis? For 
example, what are the 
appropriate metrics for 
reporting results of effects 
testing.

Are there quantitative 
challenges specific to 
nanomaterials that should 
be considered at this stage 
of analysis? For example, 
what are the appropriate 
metrics for reporting effect 
on organisms (PNEC).

Are there quantitative 
challenges specific to 
nanomaterials that should be 
considered at this stage of 
analysis? For example, what 
are the appropriate metrics for 
calculating and reporting risk.

What concepts from the 
case studies should be 
captured for this stage of 
analysis? 

What concepts from the case 
studies should be captured 
for this stage of analysis? 

What concepts from the 
case studies should be 
captured for this stage of 
analysis? 

What concepts from the 
case studies should be 
captured for this stage of 
analysis? 

Risk is Hazard x exposure; is 
there anything unique to nano 
that will affect risk 
management or require new 
risk assessment policies?

How can information from 
bulk materials or other 
nanomaterials provide 
insight into the 
assessment?

How can information from 
bulk materials or other 
nanomaterials provide insight 
into the assessment?

How can information from 
bulk materials or other 
nanomaterials provide 
insight into the 
assessment?

How can information from 
bulk materials or other 
nanomaterials provide 
insight into the 
assessment?

How can information from bulk 
materials or other 
nanomaterials provide insight 
into the assessment?

How to we define 
persistence and 
bioaccumulation in the 
context of nanomaterials?

How to we define 
persistence and 
bioaccumulation in the 
context of nanomaterials?

How to we define persistence 
and bioaccumulation in the 
context of nanomaterials?

Assessment Problem 
Formulation

Exposure - Public, 
Occupational & 
Environmental Hazard - Human Health Ecological toxicity?

Determining Risk and Linkage 
between Assessment and 
Management

Can exposure pathways 
typically be eliminated or 
emphasized as part of the 
problem formulation

Generally speaking should we 
employ the same predictive 
techniques used for 
examining exposure to 
chemicals

Have other end points 
been identified which 
should be considered over 
and above those used for 
chemicals?

Have other end points been 
identified which should be 
considered over and above 
those used for chemicals?

Can risk management be used 
to compensate for a lack of 
data, or uncertainty?

what uncertainties are 
relevant to nano risk 
assessment?

what uncertainties are 
relevant to nano risk 
assessment?

what uncertainties are 
relevant to nano risk 
assessment?

what uncertainties are 
relevant to nano risk 
assessment?

what uncertainties are relevant 
to nano risk assessment?

how can research resolve 
outstanding risk 
assessment methodogy 
issues?

how can research resolve 
outstanding risk assessment 
methodogy issues?

how can research resolve 
outstanding risk 
assessment methodogy 
issues?

how can research resolve 
outstanding risk 
assessment methodogy 
issues?

how can research resolve 
outstanding risk assessment 
methodogy issues?

Session A - Addressing Current Risk Assessments

Session B - Resolving Uncertainties
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(1) Assessment Problem Formulation 

 

Assessment Problem 
Formulation

Chair:  Richard Canady

Rapporteur: Iseult Lynch

What is Problem Formulation

• Establishment of the scope of RA 
– what the RA is used for determines how the RA is 

performed
• Ensuring that RA supports decision making
• Focus on quantitation

• Can Problem Formulation be generalised? 
– Not yet ready for generalisation, but moving towards 

QSARs
– Standard setting assessments
– Consideration of the benefits of the proposed use also

 

Session A – Addressing Current Risk 
Assessments

Q1: Unique nanospecific aspects for RA?

Generally, No, but RA should consider 
particulate-specific issues such as:

• Relevant physicochemical properties

• Surface properties and co-transport issues

• Reactivity & photocatalytic effects

• Comparison to bulk and ionic/molecular forms

 
Q2: Current RA Approaches

• Hazard, exposure, uncertainty

• Nothing nano-specific in terms of the RA approach

• RA process is a whole – cannot be performed 
separately – entry point may be 

• If exposure is low, don’t need to perform RA (FDA)

• Thresholds – same issues as for all chemicals

Q3: Quantitative challenges specific to NPs

• Not nanospecific but include:
– Determination of background levels

Nano-specific issues that emerged include:
– Distributional aspects – n-dimensions (size, charge, coatings, 

biomolecule interactions etc.)
– Impurities (could be tails of distributions)
– Variability in time, sample representation, batch-to-batch
– Mixture analysis – stabilizer / vehicles / matrix effects
– Dispersant effects – OECD tests based on variety of 

dispersion protocols….
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Q4: What concepts from case studies 

should be captured?
• Need to be able to generalise the data

• Lot more borrowing of data than usual in RA

• Lot more information available than commonly 
understood

• How much uncertainly are we willing to accept?

Q5: How to define Persistence / 
Bioaccumulation of NPs?

• Transport issue – co-transport & organ-specific
• Active versus passive transport
• Different biological fate mechanisms?

• How to measure bioaccumulation?
– Octanol-water distribution?
– Solubility / insolubility as critical decider
– Challenges in measuring, but not nano-specific -

Hand this issue to exposure group!!

 
3 Additional Issues for Nano-RA

• Need to determine appropriate dose metrics for 
nano – not mass!

• Monitoring / Modelling of NP fate & behavior
- exposure models 
- quantitative uncertainly analysis

• Quantitative variability / reproducibility of NP 
characteristics
– Matrix dependency (water quality, buffer, NOM etc.)
– Time-dependent transformation  
– Distribution & statistical analysis of uncertainty. 

Session B – Resolving Uncertainty
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Q1: Can exposure pathways be 

eliminated?
• No!

• Need to consider end of life-cycle issues

• Dispersant effects (water composition, buffer, 
NOM etc.)

Q2: Nano-specific uncertainly factors?

• No!

• Nanoparticles are not more hazardous, just 
more uncertainty surrounding them to date!

• Use database uncertainty factors where there 
is a lack of data – a way of capturing 
uncertainly.

 
Q3: How can research resolve 

outstanding RA methodology issues?

• Need to focus on establishing an adaptive RA 
process

• Need to enable utilisation of QSARs as 
additional data becomes available

• Noted that ahead of the game on many 
nanomaterials!
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(2) Exposure – Public, Occupational and Environment 

 

Exposure – Public, Occupational, 
and Environmental

Breakout Session Summary
Group 2

Session Leader: Paul A. Schulte
Rapporteur: Rosalind Volpe

1.

• It is important to understand the difference 
between exposure conditions in animal 
studies and exposure conditions in the 
workplace when conducting occupational 
exposure assessments.

• For example, dispersed aerosols may be 
measured in animal studies and agglomerates 
may be measured in workplace studies.

 
2. 

• It is possible to assess workplace exposure based 
on the airborne behavior of nanoparticles. This 
involves using a cascade impactor and diffusion 
sampler.

• However the instrumentation is only available for 
area samples, not for personal breathing zone 
samples which we need. This is because of the 
lack of appropriate sampling equipment to 
capture enough air volume.

3.

• While we can measure exposure, we don’t 
know what the best metric is.

• Different metrics will be good for different 
purposes.

• One size dose not fit all.

 
4.

• There is value in developing a decision logic 
for exposure assessment based on particle 
morphology.

5.

• Although we have conventional methods to 
measure large particles in the environment, 
we may need different methods to measure 
nanoparticles.
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Comparison of sampling on larger particles with 

nanomaterials

Large particles Nanomaterial

size 500 nm- 10 micron 100 nm 이하

respirable Respirable + inhalable respirable

sampling personal > area Personal < area

sampling equipment cyclone, impactor, filter
DMAS, CPC, OPC, APS, ELPI, 

filter

sampling metric mass, number (fiber)
number (particle, tube)
mass, surface area (?)

Background 
concentration

Usually not measured measured

size distribution 
measurement

not usually analyzed analyzed

TEM/SEM
not usually analyzed except 

asbestos analysis
often performed

process episode not usually checked checked and recorded

Emission source 
identification

easy not easy to identified

6.

• There is a lack of sufficient published exposure data for 
exposure characterization of nanoparticles. 

• It may be possible to assemble a database of published 
results that could stimulate development of 
instrumentation and sampling protocols.

• Building an exposure database of unpublished data may 
be more difficult due to factors such as author or 
corporate reluctance. However, using historical data as in 
the case of nanosilver and unpublished data when 
available is important.

7.

• Taking a lifecycle approach will help in 
identifying where to focus exposure 
assessments. 

• We need to determine whether nanomaterials 
will move through different environmental 
media in different ways from their bulk 
counterparts.
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(3) Hazard –Human Health 
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(4) Ecological Toxicity and Fate 
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(5) Determining Risk and Linkage between Assessment and Management 

 

SG6 Break-out Group 5

OECD Risk Assessment Workshop
Washington, DC
September 18, 2009

Determining Risk and Linkage between
Assessment and Management

+
What do we do / can we do NOW

Session A (Addressing current RA’s):

Question 1, 2 & 4 Answer 1

Question 3 Answer 2

Question 5 Answer 3

Question 6 Answer 4

Question 7 Answer 5

 
 

Answer 1
Preface: Debated who “we” was in context of question….
….resolved to try to focus primarily on “Public Authorities”

• No need to adjust “approach” per se, but……
acknowledge there are unique “attributes” in nano context

PSD, Form (structural), Functional characteristics
acknowledge that today, there are varying degrees of

“uncertainty” drive varying responses of “precaution”
May drive conservative RMM’s until proven otherwise

All “factors” taken in to account can directly drive
RM/RMM’s w/o a comprehensive RA

important consideration today…“Public Perception”
• Ion/Radical Dissolution and/or Translocation important 

considerations in RA differing/unique RM/RMM’s

 

Answer 2
• Acknowledged need for metric to support ID of RM/RMM’s

Avoid different metrics if possible
Concordance from RA to RM/RMM’s is important

• Difficulty in recognizing a clear metric today, but….
“mass” based metric could be used, with understanding

of limitations (Particle # also discussed as possible):
Detection Limits (are high) and Methods,

Material specificities, non-Nano interferences
Strength in WP setting, less clear on HH/Env media

Benchmark Dose vs. Uncertainty Factors
• Use what we have and can make work (“what’s reasonable”)

Continue to improve methodology over time
Avoid being paralyzed by inability to fully characterize or

monitor reliably.

 
 

Answer 3
• Correlations from bulk to nano are useful / good starting point

May or may not be predictive or useful in RA context.  OK
Can inform (case by case / material by material bases):

a “potency” position on nano form
possibilities for short-term / long-term effects
…then may translate in to initial RM/RMM’s

Understandings of “modes of action” may be gleaned 
from bulk forms (material dependent)

different end points may require different references

Silver Case Study CNT Case Study
Ion dissolution Nothing apparent

Supports Case by Case Assessment
 

Answer 4

• Question focused on persistence and bioaccumulation only
• Defining P and/or B for a “nano” is no different than

bulk or general chemical means
Translocation is an important additional consideration

for Tox, and may be important for P, B awa “clearance”
• Effects of course may be different, which can lead to

differing RM/RMM’s
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Answer 5

Focused on “Issues”, NOT “questions” (as instructed!)

1. RE:  Legacy (“old”) data cited in Case Studies
Data Quality analysis would better inform “usability” in RA

[e.g.  Klimisch Ranking / Threshold of Acceptability]
2. Case Study emphasis was health “exposure” relevant…… 

they could be further enhanced with a focus on Envmnt

3.    Case Studies lacked “bridge” to RM/RMM’s.  

 

Session B (Resolving Uncertainties):

Question 1 Answer A

Question 2 Answer B

Question 3 Answer C

 
 

• YES…..
it is used in practice today…..not Nano unique

Answer A

• NO…..

The issue is not unique to nano
The threshold is “data availability” (or lack thereof) which is 

NOT “nano” specific – applies broadly
Over time, “new” data may drive/require adaptations to 

RM/RMM’s, whether nano or not

Answer B

 

• This question may be a bit out of scope given focus on 
RM/RMM’s, but……

• Targeted research toward:
establishing / closing gaps in “modes of action” by “nano” may 

help drive methodologies/improvements
adoption/adaptation of socio-economic benefit analyses in to 

overall “nano” RA context
continuing work of the form described by Mike Davis

very helpful long term
extrapolation of data from animals to humans
Further refining “multi-criteria” decision analyses

Answer C
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ANNEX V (PARTICIPANTS LIST) 

Participants list for WPMN: Workshop on Risk Assessment in a Regulatory Context 
Washington D.C., United States 

16 September 2009 – 18 September 2009 
 
 
 

Australia/Australie 
 

Dr. Janith WICKRAMARATNA Senior Regulatory Scientist 
Department of Health and Ageing 
National Industrial Chemicals Notification 
and Assessment Scheme (NICNAS) 

 
Canada/Canada 

 
Mr. Andy ATKINSON Head, Nanotechnology Science and 

Regulations 
New Substances Division, Science and Risk 
Assessment Directorate 
Environment Canada 

 
 

Lie CHEN Chemist / Evaluator 
Nanotechnology Section 
Health CANADA 

 
 

Myriam HILL Section Head 
Nanotechnology Section 
Heath CANADA 

 
 

Ms. Deborah RATZLAFF Environmental Assessment Unit 
Health Canada 
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Germany/Allemagne 
 

Professor Mario GÖTZ Chemical Product Safety Toxicology 
Federal Institute for Risk Assessment 

 
Japan/Japon 

 
Dr. Masashi GAMO Research Scientist 

Research Institute of Science for Safety and 
Sustainability (RISS) 
National Institute of Advanced Industrial 
Science and Technology (AIST) 

 
 

Ms. Mariko OGASAWARA Senior Researcher 
Japan National Institute of Occupational 
Safety and Health (JNIOSH) 

 
 

Dr. Makoto OHNISHI Chief of Analytical Chemistry 
Analytical Chemistry Section, Division of 
Experimental Toxicology 
Japan Bioassay Research Center, Japan 
Industrial Safety and Health Association 

 
Korea/Corée 

 
Hye-Lim KIM Researcher 

Kyung Hee University 

 
 

Professor Young Rok SEO Professor 
Department of Pharmacology 
Kung Hee University School of Medicine 

 
 

Dr. Ilje YU Professor 
Hoseo University 
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Netherlands/Pays-Bas 
 

Mr. Eric BLEEKER RIVM - SEC 

 
 

Mr. Cees DE HEER Expertise Centre for Substances (RIVM-
SEC) 

 
United States/États-Unis 

 
Dr. Linda ABBOTT US Department of Agriculture 

 
 

Nancy BECK Toxicologist/ Risk assessor 
Office of Management and Budget 

 
 

Janet CARTER Risk Assessor 
Occupational Safety and Health 
Administration 

 
 

Mr. Mike DAVIS US Environmental Protection Agency 

 
 

Suzanne FITZPATRICK DHHS/FDA/OC/OSHC 
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Steve FROGGETT AAAS Science & Technology Policy Fellow 
Office of Scientific & Technical Affairs 
Foreign Agricultural Service, USDA 

 
 

Dr. Maureen GWINN ORD 
US EPA 

 
 

Paul HOWARD National Center for Toxicological Research 

 
 

Dr. Eileen KUEMPEL Senior Research Health Scientist 
National Institute for Occupational Safety 
and Health 

 
 

Mr. Jeff MORRIS National Program Director for 
Nanotechnology 
US Environmental Protection Agency 

 
 

Dr. Vladimir MURASHOV Senior Service Fellow 
NIOSH/CDC/DHHS 

 
 

Mr. David O'CONNOR Directorate of Standards and Guidance 
OSHA 

 
 

Carlos PENA Food and Drug Administration 
US Department of Health and Human 
Services 
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David ROSTKER Policy Analyst 

Office of Management and Budget 

 
 

Dr. Phil SAYRE Associate Director 
Office of Pollution Prevention & Toxics 
US Environmental Protection Agency 

 
 

Valentine SCHAEFFER Risk assessor 
Occupational Safety and Health 
Administration 

 
 

Dr. Paul SCHULTE Director of Education and Information 
Division 
National Institute for Occupational Safety 
and Health 

 
 

Dr. Loretta SCHUMAN U.S. Department of Labor 

 
 

Mr. Treye THOMAS Toxicologist, Director for Health Services 
U.S. Consumer Product Safety Commission 

 
 

Mr. Jim WILLIS Director, Chemical Control Division 
US Environmental Protection Agency 
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EC/CE 
 

Mr. Jack DE BRUIJN Head of Unit - Risk Management  
Joint Research Centre - Institute for Health 
and Consumer Protection 
European Chemicals Agency - ECHA 

 
 

Ms. Marita LUOTAMO ECHA, European Chemicals Agency 

 
 

Maila PUOLAMAA DG Enterprise and Industry 
European Commission 

 
 

Mr. Henrik LAURSEN Administrator 
DG ENV, D1 Chemicals Unit 
European Commission 

 
 

Iseult LYNCH School of Chemistry & Chemical Biology 
University College Dublin 

 
 

Mr. Philippe MARTIN Principal Administrator 
Directorate General Health and Consumer 
Protection 
European Commission 

 
 

Mr. Sazan PAKALIN IHCP 
European Commission 
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Thailand/Thaïlande 
 

Junpen MEKA-APIRUK Minister Counsellor 
Office of Science and Technology 
Royal Thai Embassy 

 
Business and Industry Advisory Committee (BIAC)/Comité consultatif économique et industriel 

(BIAC) 
 

Dr. Richard CANADY McKenna Long & Aldridge LLP 

 
 

Shaun CLANCY Director - Product Regulatory Services 
Evonik Degussa Corporation 

 
 

Mr. William GULLEDGE Managing Director 
Chemical Products & Technology Division 
American Chemistry Council 

 
 

Mr. Mark HERWIG Manager, Chemical Management Programs 
Corporate Environmental Programs 
General Electric Company 

 
 

Mr. Matthew JAFFE Crowell & Moring LLP 

 
 

Mr. Nils KRUEGER Evonik Degussa AG/ Industriepark 
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Dr. Robert LANDSIEDEL Product Safety 
BASF AG 2470 

 
 

Dr. Frédéric LUIZI R&D General Manager 
Nanocyl SA 

 
 

Dr. Brian MAYES Toxicology 
General Electric 

 
 

Dr. Jacques RAGOT HSE Manager 
Bayer Material Science 

 
 

Dr. Gisela STROPP Global Project Manager EI & IC 
Toxicology 
Bayer AG 

 
 

Dr. Rosalind VOLPE Executive Director 
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Environmental NGO/Environmental NGO 
 

Dr. Caroline BAIER-ANDERSON Health Scientist 
Environmental Defense (NGO) 

 
International Organization for Standardization (ISO)/Organisation internationale de normalisation 

(ISO) 
 

Mr. Chris BELL Sidley Austin Brown & Wood LLP 

 
OECD/OCDE 

 
Ms. Mar GONZALEZ Administrator, Nanosafety 

ENV/EHS 
OECD 

 
Other/Autre 

 
Dr. Norris ALDERSON Association Commissioner for Science 

FDA 

 
 

Dr. Elizabeth CASMAN Department of Engineering & Public Policy 
Carnegie Mellon University 

 
 

Dr. Raymond DAVID Manager, Toxicology 
BASF - The Chemical Company 

 
 

Dr. James DELATTRE Nanohorizons Inc. 
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Dr. Georges GRAY  

 
 

Professor Mary GULUMIAN Head: Toxicology and Biochemistry Section  
National Institute for Occupational Health 

 
 

Dr. David HASSENZAHL UNLV Env Studies 

 
 

Dr. Murray HEIGHT Chief Technology Officer  
HEIQ MATERIALS AG 

 
 

Dr. Kristen KULINOWSKI Centre for Biological and Environmental 
Nanotechnology 
Rice University 

 
 

Dr. Margaret MACDONELL Argonne Nat Lab 

 
 

Mrs. Pat RIZZUTO Chemical Regulation Reporter 
BNA 
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Dr. Jo Anne SHATKIN Managing Director 
CLF Ventures, Inc. 

 
 

Mr. Ron WHITE Univ of Bloomberg SPH -Epidemiology 
Johns Hopkins University 

 
 

 

 


