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Introductory Statement

Environmental Defense appreciates this opportunity to submit comments on the National Nanotechnology Initiative’s document Environmental, Health, and Safety Research Needs for Engineered Nanoscale Materials, which was released on September 15, 2006.

Environmental Defense is a leading national environmental nonprofit organization representing more than 400,000 members.  Since 1967, we have linked science, economics, law, and innovative private-sector partnerships to create pragmatic solutions to the most serious environmental problems.  Among our other activities related to nanotechnology, we are currently working with DuPont to develop a comprehensive, practical and transparent approach to proactively evaluate and address the risks of nanomaterials across their lifecycle.

The National Nanotechnology Initiative’s Nanoscale Science, Engineering, and Technology (NSET) Subcommittee of the Committee on Technology, National Science and Technology Council (NSTC) has requested comment on the research needs and prioritization criteria that were identified in the NSET Subcommittee document Environmental, Health, and Safety Research Needs for Engineered Nanoscale Materials.

We commend the NSET subcommittee on the preparation of this report, which identifies critical research and information needs for nanoscale materials.  The subcommittee emphasizes that these research needs were not presented in any priority research order, and requests feedback on the development of criteria for establishing priority research.   

Almost every research need identified in this report addresses a critical data gap.  To this end we urge the US government to provide the necessary funds to implement an aggressive and broad research strategy. However, we recognize that available funds are limited and it is necessary to prioritize research needs.  

The NNI proposes using a “value of information strategy” to prioritize research needs.  This approach is predicated on how to assign value to different kinds of information.  The NNI document identifies the following factors as indicators of research value:   

· The extent to which the information will reduce uncertainty about benefits or risks.

· The extent to which information can be expected to lead to broad knowledge about the property and behavior of nanomaterials.

· The extent of expected use of the nanomaterial.

· The exposure potential for workers, consumers, or the environment.

· The potential to leverage relevant existing data.

While we agree that these are useful criteria for evaluating research priorities, we are concerned about applying some type of formal "value of information" methodology to the prioritization of nanoscale material toxicity research.  At this stage, it is not possible to apply a typical "value of information" methodology to predict what type of research will optimally reduce uncertainty about risks or lead to broader knowledge and understanding of nanomaterial behavior without broadly speculating on potential risks and the types of information needed to reduce them.  Value of information methodologies rely on quantifying the harms being reduced, which is not possible at this time for nanomaterial risks.  Moreover, in the setting of an emerging technology such as nanotechnology, the economic consequences of obtaining or failing to obtain critical information on toxicity are in reality so unpredictable that formalizing the costs and benefits through a value of information analysis is artificial and potentially misleading.  While some of the principles of a value of information approach are valid for prioritizing nanomaterials risks, we recommend that reference to this formal methodology be removed.  In our comments below, we provide additional recommendations on how to proceed with prioritization in the face of multiple major knowledge gaps, and on the relative roles for industry and government research programs.

Based on our assessment of the report Environmental Defense would like to provide support for the EHS research portfolio, and present specific comments and recommendations pertaining to the need to prioritize the EHS research.  The summary outline of EHS research needs is reproduced here, with numbering and lettering added to facilitate direct references in the text below to the research needs identified in the NNI document.

1. Instrumentation, Metrology, and Analytical Methods 

a) Methods for detection nanomaterials in biological matrices, the environment, and the workplace

b) Methods for standardizing particle size and size distribution assessment

c) Methods and standardized tools for assessing shape, structure, and surface area 

d) An inventory of engineered nanomaterials and their uses

2. Nanomaterials and Human Health

a) Understanding the absorption and transport of nanomaterials throughout the body from different exposure routes  - methods development

b) Understanding the properties of nanomaterials that elicit a biological response

c) Identification and development of appropriate in vitro and in vivo bioassays
d) Methods to quantify and characterize exposure to nanomaterials in biological matrices

3. Nanomaterials and the Environment

a) Evaluation of testing schemes for ecological effects

b) Evaluation of factors affecting fate and transport

c) Understanding the transformation of nanomaterials under different conditions

4. Health and Environmental Surveillance

a) Understanding exposures in the workplace and factors that affect them

b) Quantification of exposure from industrial, consumer, and other sources

c) Establishment of environmental monitoring protocols

5. Risk Management

a) Improve understanding of process design and engineering controls

b) Develop “green design” techniques 

c) Determine product life cycles and potential impact on EHS

d) Evaluate current risk communication strategies for known and anticipated risks

Below we present four overarching criteria that we believe should be used to prioritize the many research needs identified by NNI.  These criteria are:

· Research that will develop the “enabling infrastructure”.

· Information that will facilitate “look back” studies.

· Selection of materials should focus on key concerns related to toxicity and biological response.

· Selection of relevant materials and methods.

Criterion 1:  Research that will develop the “enabling infrastructure”.
We strongly recommend that federal funds be used first and foremost to acquire fundamental knowledge that is needed to develop the “enabling infrastructure” for nanomaterial EHS, which is best addressed by the federal government.  This “enabling infrastructure” includes developing and standardizing, for routine application, the methods, tools (e.g., instrumentation) and basic scientific understanding needed to measure and assess:

· Physical-chemical characterization of nanomaterials;

· Sampling and analysis;

· Detection and monitoring: in workplaces, air/waterborne releases, humans and other organisms, environmental media;

· Biological and environmental fate and behavior;

· Acute and chronic toxicity; and

· Hazard, exposure and risk.
Development of the enabling infrastructure will advance industry research in risk assessment and materials design and testing of specific materials and products, and will facilitate independent researchers in pursuit of general and applied nanoscale research.

There are several lines of research discussed in the NNI document that can be included in this category.  For example, we agree there is a critical need for the development of methods to detect, quantify and characterize nanomaterials in biological matrices, the environment, and the workplace (1a, 2d) 
.  The development of these methods will facilitate a cascade of additional research pertaining to fate and transport in humans and non-human organisms from different exposure routes, and fate, transport, and transformation in the environment, which are also of high priority, and addressed in more detail below.

Another critical data need identified by the NNI is the development of methods for the standardized characterization of nanomaterials: particle size, size distribution, shape, structure, and surface area (1b, 1c).  This will, in turn, advance government research on risk assessment, development of quantitative structure-activity relationships, and ultimately identification of the key properties of nanomaterials that elicit biological responses.

The federal government also needs to plays an important role in the identification and development of key in vitro and in vivo bioassays (2c) for acute and chronic toxicity testing, and testing schemes for ecological effects (3a).  

A high priority should be placed on developing methods to identify nanomaterials that exhibit environmental persistence and/or bioaccumulation potential.  These characteristics are critical indicators of concern for both environmental and human health, and nanomaterials exhibiting these properties require additional scrutiny.  With such methods, research agencies could assess a broad array of materials and subsequently focus other lines of research on those materials presenting greater potential risk on the basis of their persistence and accumulation potential.  

Testing protocols developed by the government can then be used by industry to demonstrate the safety of their product or to identify risks requiring mitigation.  They are also the key step required for the development of robust and health protective risk assessment and risk management protocols.

The status of available assays for nanomaterials was recently reviewed in a workshop sponsored by Environmental Defense, the Center for Biological and Environmental Nanotechnology at Rice University, and the Woodrow Wilson Center, and attended by scientists from government, academia, industry, and non-profit organizations.   The consensus of the attendees was the highest priority methods development needs include physical chemical characterization (structure, concentration, and surface properties, addressed above), and ADME/Translocation methods, which is equivalent to understanding the absorption and transport of nanomaterials throughout the body from different exposure routes (2a), particularly for in vivo bioassays (e.g., nanoparticles tracking, aggregation, transformation, solubility and stability, transmembrane movement, and bioaccumulation/bio persistence).  The workshop proceedings are in preparation, and will be provided to the NNI upon acceptance for publication.

Although we can and should expect industry to address product-related research needs, the research listed above will be critical in generating the means by which industry can most effectively evaluate its own products.  This is not to say that there is no role for industry prior to the development of the enabling infrastructure, as most standard apical bioassays will allow for the evaluation of potential toxicity, even in the absence of tissue quantification methods.  For instance, both inhalation and instillation rodent bioassays have been very useful for elucidating toxicity for inhaled nanomaterials.  Advancing research methods will require an iterative approach, measuring the outcome of new bioassays against standard apical bioassays.  There is certainly the potential for government-industry and other stakeholder involvement in government-led initiatives in partnerships for methods development, and industry co-funding of such research should be pursued, as long as the government retains the ability to manage and direct it.

Other considerations: Primary environmental or public health research, whether conducted intramurally or extramurally, should be directed and overseen by federal agencies that have an environmental or public health mission, such as the Environmental Protection Agency (EPA), the National Institute for Environmental Health Sciences (NIEHS), or the National Institute for Occupational Safety and Health (NIOSH).  Currently, the National Science Foundation (NSF) funds and oversees more than 50% of the nanomaterials environmental health and safety research.  NSF, which lacks any public health or environmental mission, may not be in the best position to identify and oversee such research.  

Both extramural and intramural research have important roles to play, but to date too few funds have been devoted to building the needed intramural research capacity.  Federal funding for both intramural and extramural research can and should reflect research priorities by more tightly focusing calls for proposals on key environmental and health research objectives.  Increased funding for intramural research at federal agencies and laboratories is needed to conduct more applied research and to address specific priorities that are less likely to be efficiently addressed by academic or institutional research.  

Although such federal research institutions may not now have the capacity to immediately fully absorb the resources needed for intramural research, immediate priority should be placed on building that capacity as rapidly as possible.  This capacity-building and research agenda should be viewed as investment that will facilitate the responsible development of emerging nanotechnologies.

Criterion 2:  Information that will facilitate “look back” studies.

The prioritization of federal research should be undertaken with the understanding that we have critical knowledge gaps in the face of ongoing and growing exposures.  In order to lay a foundation for understanding potential risks that may only manifest themselves well after exposures start, we need to know what types of nanomaterials are present in products, who is and has been employed in production, and who may be coming into contact with nanomaterials now.  As we move forward in research to fill the knowledge gaps in the laboratory, the federal government should also address current and emerging exposures in the workplace by developing a registry of workers who have worked with or used nanomaterials for at least 4 weeks.    This will not only aid in helping to understand "exposures in the workplace and the factors that affect them" (4a), but will also facilitate future epidemiologic studies of workers, a critical research need that is not sufficiently emphasized in the report.  In addition, EPA, FDA and CPSC should collaborate in developing nanomaterial and nanomaterial-containing product registries and inventories, which will also facilitate additional “look back” research to the extent it is needed in the future. This will help to meet the following research needs identified in the NNI report: an inventory of engineered nanomaterials and their uses (1d), and the identification and quantification of exposure from industrial, consumer, and other sources (4b).

Criterion 3:  Selection of materials should focus on key concerns related to toxicity and biological response.

Companies can and should be expected to concentrate their environmental health and safety research and testing programs on nanomaterials used in commercial applications, where they should employ lifecycle approaches to identify all known and reasonably anticipated exposure scenarios.  In contrast, government sponsored research should focus more on nanomaterials that will best elucidate general principles of toxicity and biological response (similar to 2b), for example, seeking to understand mechanisms whereby nanomaterials may readily translocate across biological interfaces, bioaccumulate, interact with cells or specific macromolecules (e.g., the stimulation of collagen formation in fibroblasts noted with carbon nanotubes), or generate reactive oxygen species.  By focusing research on those nanomaterials that exhibit these and related characteristics of biological relevance and concern, federal research will advance knowledge of the features and characteristics most associated with biological responses, and also may facilitate the development of structure-activity relationships. Acquisition of these data not only can contribute to the construction of general principles regarding nanomaterials toxicity, but will also provide nanomaterial developers with important information that can be used to design “green” nanomaterials that do not exhibit these properties.

While the costs and characteristics of some nanomaterials make the conduct of chronic bioassays or multigenerational testing challenging, in general there is likely much greater potential for nanomaterials to cause more subtle, chronic effects rather than acute toxicity – effects that may well be missed by only conducting acute testing.  We therefore recommend that a number of nanomaterials with high potential for chronic exposure be tested for chronic toxicity to begin to gain understanding of potential long-term effects.

The government should also pursue and fund research in a manner that provides not only an in-depth characterization of specific categories of nanomaterial, but also fully elucidates the effects of variations (in manufacturing processes, surface modifications, etc.) among materials within those categories on key biological properties.  The NIEHS has begun this process by testing at least two variations of each category of nanomaterials it is studying. Only by expanding this approach will we begin to develop the much needed predictive capability to interpolate or extrapolate among structurally related materials.  
The NNI report indicates that government research efforts at the National Cancer Institute, National Institute for Environmental Health Sciences, National Institute for Occupational Safety and Health, the Food and Drug Administration, and the National Toxicology Program are focused on metal oxides (particularly TiO2 and ZnO), quantum dots, fullerenes, and carbon nanotubes.   While it can be useful for discussion purposes to group nanomaterials into broad categories such as metal oxides, carbon-based materials, etc., the assumption that the members of such categories possess the same or similar biological properties is at this stage a hypothesis.  For example production by different processes or surface modifications of the same basic material can dramatically alter the characteristics and behavior of a nanomaterial.  Considerable empirical test data will be needed to test any “category hypotheses,” i.e., to determine the actual extent of similarity, or the regularity and predictability of trends, among category members, with respect to both hazard and exposure characteristics.   

Criterion 4: Selection of relevant materials and methods.

Research should also consider the need to test materials and applications that are now or are projected to be the most relevant, based on likelihood of release and exposure – examined on a lifecycle basis. As noted in the report, “…the exposure potential for some nanomaterials will be limited to nonexistent whereas exposure potential for other materials will exist at one or more stages of their product life cycle.”  Selection of the most relevant materials should be based on a systematic assessment of nanomaterials with known or reasonably anticipated human and environmental exposure potential over the lifecycle of a broad array of materials.   

Additional Comments: Need for public database for nanomaterial EHS data.

The development of a publicly available database containing the results of environmental health and safety testing data is an urgent need that can be readily addressed through government funding.  There is precedent to make this information available.  One recent example of such a database is the EPA’s High Production Volume Information System (HPVIS), which is providing access to hazard data on hundreds of chemicals.  Directly relevant to nanoparticles are:  1) the NIOSH Nanoparticle Information Library (http://www2a.cdc.gov/niosh-nil/index.asp), which includes physical chemical and toxicological data on a select number of nanomaterials, and 2) the National Cancer Institute’s Nanotechnology Characterization Laboratory’s publication of the results of the testing of nanomaterials, performed at the request of private companies (http://ncl.cancer.gov/index.asp).  The reports are issued following a 90-day lag to allow for the management of confidential business information.  These efforts should be consolidated and expanded to include the results of testing performed by industry laboratories to facilitate the dissemination of EHS data.

�  Numbers/letters in parentheses here and in the remainder of the text refer to items in the research outline provided above, to indicate the category and subcategory from the NNI document to which they refer.
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