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Appendix A
Other CEA MWCNT Prioritization Process Documents

A.1 CEA MWCNT List of Influential Factors

For a given case study, some of the Comprehensive Environmental Assessment (CEA) Levels, Elements, and Risk Relevance Factors
(RRFs) will be of elevated importance to understanding risk, and identifying these is part of the goal of the process. Another goal is to
determine the rationale behind their stated importance. In this case study involving multiwalled carbon nanotubes (MWCNT), the
Influential Factors (IFs) help identify the aspects of a particular portion of the CEA Framework that needs to be understood. These IFs
include characteristics of (1) methods and techniques related to the material (i.e., MWCNT), (2) the material (i.e., MWCNT) and its
characteristics, (3) surrounding environment which may influence the material’s behavior, and within the previously mentioned
categories, (4) the associated behaviors and relationships. Participants selected from a list of IFs unique to MWCNT indicate what
aspects of the material may influence the potential risk associated with an Element-Risk Relevance Factor (E-RRF) pair.

The IFs and their definitions are customized for this particular MWCNT application of the CEA process, and are shown in Table A-1.
The list of IFs and their definitions were provided to participants in a tab in the spreadsheet tool (see Appendix K for details related to
the CEA MWCNT Prioritization Tool).

Table A-1. List of Influential Factors and Their Definitions

Influential Factor ‘ Definition Source

Methods and Techniques

. . Instrumentation and methods used to characterize chemicals or the surrounding environment. Tchobanoglous et al.,
Analytical techniques 2003
Control technologies Equipment, processes, or actions used to reduce pollution at its source. U.S. EPA, 2012b
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Table A-1. List of Influential Factors and Their Definitions (continued)

Influential Factor Definition Source
. Methods to modify MWCNT after synthesis and before incorporation into a product. Examples U.S. EPA, 2012b,
MWCNT processing methods include purification, functionalization, and dispersal in solvents. Section 2.2.3
A substance is said to be pure when its physical and chemical properties coincide with those
previously established and recorded in the literature, and when no change in these properties
MWCNT purity occurs after application of the most selective fractionation techniques. The opposite, impurity— OECD, 2010

describes an unintended constituent present in a substance as produced. For nanomaterials
(ENMs), purity is expressed as the percentage of the intended ENM present (e.g., 95% pure).

MWCNT synthesis methods

Methods to produce carbon nanotubes, including MWCNT. Examples include chemical vapor

U.S. EPA, 2012b,

deposition, arc discharge, and laser ablation. Section 2.2.2
Personal protective equipment, commonly referred to as PPE, is equipment worn to minimize
Personal protective equipment exposure to a variety of hazards. Examples of PPE include such items as gloves, foot and eye OSHA, 2003

protection, protective hearing devices (e.g., earplugs, muffs), hard hats, respirators, and full body
suits.

MWCNT Engineered Nanomaterials (ENM) Characteristics

Absorption/desorption ability

The ability of a material to associate/dissociate on the surface of another material.

Sawyer et al., 2003

Aggregation/agglomeration state

A'IA”, where A’ is the effective cross-section of a primary particle and A” is the effective cross-
section of an agglomerated/aggregated particle. According to current understanding, as particles
agglomerate or aggregate, they form larger secondary particles. The increased size of these
secondary particles might affect exposure. For example, if primary particles aggregate or
agglomerate, the resulting secondary particles might not be able to enter a cell. In the draft case
study document, the term “bundle” is used to subsume aggregates, agglomerates, and other
clusters of MWCNT reported in the supporting literature because of the inconsistency in usage
and, more importantly, the frequent lack of adequate information to determine which specific term
might be more appropriately applied to a particular dispersion state observed in a study or report.
Where possible, the case study describes the relative characteristics of different dispersion states
(e.g., more loosely or tightly bundled, ropier or more entangled) and quantifies the differences
between these characteristics if this information is provided by the study authors.

OECD, 2010

Applied coatings

The specific surface coating applied to a ENM that may alter its behavior. The addition of surface
coatings (e.g., polymers) or other modification of materials by covalent or non-covalent attachment
of new molecular components (i.e., functionalization).

Kohler et al., 2008;
Ma et al., 2008;
Hirsch and
Vostrowsky, 2005
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Table A-1. List of Influential Factors and Their Definitions (continued)

Influential Factor

Definition

Source

Biodegradability

The tendency of a material to undergo either complete mineralization to inorganic end products or
partial transformation to an intermediate product through interaction with living organisms.

Sawyer et al., 2003

Catalytic activity

The ability of a material to change the rate of a chemical reaction by acting as a catalyst to
participate in multiple transformations. Higher catalytic activity means more reactions can occur at
the same time (e.g., due to higher surface area on the material).

Fukui et al., 2004

Charge

Electric charge present at an interface, for instance on the surface of a semiconductor material, or
on the surface of a protein in water. Electric charge is a physical property of matter that causes it to
experience a force when near other electrically charged matter. The electric charge is a
fundamental conserved property of some subatomic particles, which determines their
electromagnetic interaction. Electrically charged matter is influenced by, and produces,
electromagnetic fields.

Wangsness, 1986

Conductive or magnetic properties

The manner and extent to which a material conducts electricity or imparts/reacts to magnetic fields.

Wangsness, 1986

Crystalline phase

The various distinct homogenous structures having uniform physical and chemical characteristics
in which a single material may exist.

Callister, 2000

Lipophilicity

The ability of a material to dissolve in fats, oils, or other non-polar substances. A measure of a
material’s likelihood to bioaccumulate, since lipophilic materials are more likely to reside in an
organism’s lipid tissue. Lipophilicity can be measured using the octanol/water coefficient (Kow).

Wiesner and Bottero,
2007

Matrix bound vs. free

The term “free MWCNT” refers to pure, unbound materials. The term “matrix-bound MWCNT”
refers to these materials as a part of a polymer matrix (e.g., the flame-retardant formulation).

U.S. EPA, 2012b,
Chapter 2

Morphology (e.g., aspect ratio,
length, width, shape)

Morphology includes aspects of the outward appearance (shape, structure, color, pattern). Note
that morphology may not always be apparent from the outside for ENMs (e.g., the number of walls
in a MWCNT).

Encyclopedia
Britannica, 2012

Persistence

A material’s ability to resist degradation in the environment through chemical, biological, or
photolytic processes. Often expressed as the chemical half-life of the material once released into
the environment.

Vallero, 2004

Redox potential

A measure of the tendency of a chemical species to acquire electrons and thereby be reduced.
Redox potential is measured in volts (V) or millivolts (mV). Substances more strongly
electronegative than hydrogen have positive redox potentials. Substances less electronegative
than hydrogen have negative redox potentials.

Onishi et al., 1960

The physical dimensions of a particle determined by specified measurement conditions and with a

Size/size distribution specified method. If a group of particles are of differing sizes, they may be described by a Particle OECD, 2010
Size Distribution.
Specific surface area The surface area of a unit mass of the material. OECD, 2010
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Table A-1. List of Influential Factors and Their Definitions (continued)

Influential Factor Definition Source
fttrrlzj;tﬁrreal formula/molecular The empirical formula and molecular structure describing the composition of the ENM. OECD, 2010
Surface chemistry Chemical nature, including composition, of the outermost layers of the nano-object. OECD, 2010

S o Degree to which a material (the solute) can be dispersed in another material (the solvent) such that
Water solubility/dispersibility a single, temporally stable, phase results. OECD, 2010
Environmental Conditions

Surrounding Media

Air The mixture of gases comprising the Earth’s atmosphere. NOAA, 2009
(1) Water that flows or seeps downward and saturates soil or rock, supplying springs and wells.

Groundwater The upper surface of the saturate zone is called the water table. (2) Water stored underground in USGS, 2012
rock crevices and in the pores of geologic materials that make up the Earth's crust.

. . Usually applied to material in suspension in water or recently deposited from suspension. In the

Sediment (aquatic) plural, the word is applied to all kinds of deposits from the waters of streams, lakes, or seas. USGS, 2012

Soil (terrestrial) All loose, unconsolidated earth and organic materials above bedrock that support plant growth. USGS, 2012

Surface water Water that is on the Earth's surface, such as in a stream, river, lake, or reservoir. USGS, 2012

Wastewater

The combination of the liquid or water-carried wastes removed from residences, institutions, and
commercial and industrial establishments.

Tchobanoglous et al.,
2003

Physical Conditions

Flow regime

Encompasses the following characteristics of stream flow and their interactions: magnitude, timing,
frequency, duration, and rate of change.

Clark, 1996

Light availability

The amount of light in the visible spectrum that is available to an environmental system.

Encyclopedia
Britannica, 2012

Soil porosity

A measure of the void space in a soil. Porosity is measured as a fraction of the volume of voids
over the total volume, between 0-1, or as a percentage between 0-100%

Dullien, 1992

Soil/sediment fractionation

A range of methods used to characterize the structure of a soil or sediment, which is based on the
different elements in soil, such as content, structure, size, morphology, properties, and the
interaction between them.

Colleuille and
Braudeau, 1996
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Table A-1. List of Influential Factors and Their Definitions (continued)

Influential Factor Definition Source

A measure of the internal energy that a substance contains. Temperature is the most measured

Temperature quantity in the atmosphere. NOAA, 2009
The horizontal motion of the air past a given point. Winds begin with differences in air pressures. A
pressure gradient across locations sets up a force pushing from the area of high pressure toward
the area of low pressure. The greater the difference in pressures, the stronger the force. The

. distance between the area of high pressure and the area of low pressure also determines how fast
Wind NOAA, 2009

the moving air is accelerated. Meteorologists refer to the force that starts the wind flowing as the
"pressure gradient force." High and low pressure are relative. There is no set number that divides
high and low pressure. Wind is used to describe the prevailing direction from which the wind is
blowing with the speed given usually in miles per hour or knots.

Chemical Conditions

Conductivity

A measure of the ability of a solution to conduct an electrical current. Serves as a surrogate
measure of the total dissolved solids concentration of the water, expressed as deci-siemens per
meter (dS/m) or mmho/cm.

Tchobanoglous et al.,
2003

Dispersing agents

Either a non-surface active polymer or a surface-active substance added to a suspension, usually
a colloid, to improve the separation of particles and to prevent settling or clumping. Dispersants
normally consist of one or more surfactants, but may also be gases.

OECD, 2010

Dissolved oxygen content

The concentration of oxygen gas dissolved in water.

Sawyer et al. 2003

Exposure to sunlight

The direct application of sunlight to a system or material.

Encyclopedia
Britannica, 2012

Heavy metals in environment

The presence of heavy metals in the air, water, or soils in the environment.

Encyclopedia
Britannica, 2012

lonic strength in environment

The ionic strength of a solution is a measure of the concentration of dissolved chemical
constituents in that solution; "solution" in this context may pertain to a variety of surrounding
environmental media (e.g., soil, water environments).

Encyclopedia
Britannica, 2012

Ligand concentrations in
environment

The concentration of ions or molecules in the environment that can bond to a target central
molecule to form a coordination complex.

Cotton et al., 1999

Natural organic matter (NOM)

The organic component of the soil consisting of living organisms, dry plants, and residues of
animal origin. Per mass unit, this organic component is the most chemically active component of
the soil. This component stores several essential elements, stimulates the proper structure of the
soil, regulates pH changes as it is a source with capacity for the exchange of cations, supports the
relationship between air and water in the soil, and is a huge geochemical store of carbon.

U.S. EPA, 2010a

Other contaminants in
environment

Chemicals or materials, naturally occurring or anthropogenic that are present in a particular
environment in addition to the constituent of concern (MWCNT for this case study). These
chemicals or materials may potentially interact with the constituent of concern in some way.

Encyclopedia
Britannica, 2012
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Table A-1. List of Influential Factors and Their Definitions (continued)

Influential Factor

Definition

Source

pH

The negative logarithm of the hydrogen-ion concentration of water.

Tchobanoglous et al.
2003

Protein concentration in
environment

The concentration of proteins in the air, water, or soils.

No source available*

Salinity

A surrogate measure of the total dissolved solids concentration in water. Salinity is determined by
measuring the electrical conductivity.

Tchobanoglous et al.
2003

Surfactant (in laboratory)

A substance that exhibits some superficial or interfacial activity. Can be categorized as anionic,
cationic, or nonionic.

Salager, 2002

Biological Conditions

ADME

Acronym for absorption, distribution, metabolism, and excretion.

OECD, 2010

Bioaccumulation

The process by which an organism takes a chemical into the body through all exposure routes and
dilutes the chemical through excretion, metabolism, and growth, but accumulates a net “body
burden” of the chemical

Environment Canada,
2010; U.S. EPA,
2010b

Biomagnification

The process by which a chemical increases in concentration in tissues as it moves up trophic
levels in an ecosystem.

U.S. EPA, 2012c

Microbial communities in
environment

A consortium of microorganisms in the environment, which may include bacteria, protozoa, fungi,
rotifers, and algae.

Tchobanoglous et al.,
2003

Organism health

A measure of an organism’s ability to function normally in all aspects of its life cycle and
development.

Encyclopedia
Britannica, 2012

Species/individual developmental
behavior

The actions, habits, and choices of a species or individual during growth and maturation.

Encyclopedia
Britannica, 2012

Species/individual feeding
behavior

The actions, habits, and choices of a species or individual pertaining to the gathering and
consumption of food.

Encyclopedia
Britannica, 2012

Species/individual reproductive
behavior

The actions, habits, and choices of a species or individual pertaining to their reproductive behavior.

Encyclopedia
Britannica, 2012

Social Conditions

Acute exposure

Exposure by the oral, dermal, or inhalation route for 24 hours or less.

U.S. EPA, 2010b

Chronic exposure

Repeated exposure by the oral, dermal, or inhalation route for more than approximately 10% of the
life span in humans (more than approximately 90 days to 2 years in typically used laboratory
animal species).

U.S. EPA, 2010b
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Table A-1. List of Influential Factors and Their Definitions (continued)

Influential Factor

Definition

Source

Exposure route

The route a substance takes from its source (where it began) to its end point (where it ends), and
how organisms come into contact with it.

ATSDR, 2009

Geographic location (i.e., rural vs.
urban)

The general setting of the system of interest, such as a rural or urban location.

Encyclopedia
Britannica, 2012

Habitat structure

The composition and arrangement of physical matter at a location, used as the living area for one
or more species.

Byrne, 2007

Human activity

All physical, social, and economic activity that human individuals or populations undertake.

No source available*

Individual activity level

A measure of the physical activity exerted by an individual (e.g., sitting vs. exercising).

No source available*

Life stage

A specific stage along the continuum of an organism’s life cycle.

Encyclopedia
Britannica, 2012

Social Conditions (continued)

Occupation

A job or profession. A way of spending time.

No source available*

Subchronic exposure
(Intermediate exposure)

Repeated exposure by the oral, dermal, or inhalation route for more than 30 days, up to
approximately 10% of the life span in humans (more than 30 days up to approximately 90 days in
typically used laboratory animal species).

U.S. EPA, 2010b

Susceptible
populations/individuals

Susceptibility may be defined as “individual- and population-level characteristics that increase the
risk of health effects in a population, including, but not limited to, genetic background, birth
outcomes (e.g., low birth weight, birth defects), race, sex, life stage, lifestyle (e.g., smoking status,
nutrition), preexisting disease, socioeconomic status (e.g., educational attainment, reduced access
to health care), and characteristics that may modify exposure (e.g., time spent outdoors).”

Sacks et al., 2011

* For those references for which no source was available (noted as "no source available"), experts in the field were consulted to provide definitions.
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Nanomaterial Case Study Workshop Process Appendix A

A.2 Final Workshop Agenda

The face-to-face workshop was held October 29-31, 2012 at the Environmental Protection
Agency (EPA) in Research Triangle Park (109 T.W. Alexander Drive, Durham, NC, 27711,
Auditorium C111). The final agenda for the workshop is shown in Table A-2.

Table A-2. Final Workshop Agenda for “Nanomaterial Case Study Workshop Process: Identifying
and Prioritizing Research for Multiwalled Carbon Nanotubes” held October 29-31, 2012 at EPA-RTP.

October | 8:00-8:30 Breakfast Opportunity at EPA
e 8:30 -10:30 EPA Public Information Exchange Meeting1
10:30 - 11:00 Break
11:00 - 11:15 RTI Welcome*
11:15-12:00 Review Prioritization Scores to Date*
12:00 — 12:45 Lunch
1:00 - 1:15 Nominal Group Technique (NGT) Instructions*
1:15-3:00 NGT Process*
3:00 - 3:30 Break
3:30 - 5:00 Final Round Scoring
5:00 -5:30 Demonstration of CEA Pilot Project*
5:30 Adjourn
5:30 - 5:45 Shuttle to Hotel
6:30 - 8:30 Dinner Opportunity
October | 8:00-8:30 Breakfast Opportunity at EPA
30th 8:30-9:00 Feedback from Participants on Process
9:00 - 10:00 Review of Prioritization Results from Day 1*
10:00 -10:30 Break
10:30-11:15 Introduce Goals of Research Question Development*
11:15-11:30 Form Breakout Groups™
11:30 - 1:00 Lunch
1:00 - 3:00 Breakout Group Work
3:00-3:20 Break
3:20-5:30 Breakout Group Work
5:30 Adjourn
5:30 - 5:45 Shuttle to Hotel
6:30 -8:30 Dinner Opportunity

! The Public Information Exchange Meeting was separate from the RTI workshop, which was funded by EPA and
conducted independently by RTI International, in compliance with the Federal Advisory Committee Act. As
stated in a Federal Registrar Notice published on July 2, 2012 (http://www.gpo.gov/fdsys/pkg/FR-2012-07-
02/html/2012-16137.htm), the EPA Public Information Exchange Meeting provided an opportunity for the public
to ask questions about the current application of CEA to MWCNT.
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Table A-2. Final Workshop Agenda for “Nanomaterial Case Study Workshop Process: Identifying
and Prioritizing Research for Multiwalled Carbon Nanotubes” held October 29-31, 2012 at EPA-RTP.
(continued)

October | 8:30-9:00 Breakfast Opportunity at EPA
sist 9:00 - 10:30 Breakout Group Reports*
10:30 — 11:00 Break
11:00 — 12:00 Breakout Group Reports Continue*
12:00 - 12:15 Wrap Up and Adjourn
12:15-1:00 RTI and EPA Available for Comments and Critiques

*Agenda items with corresponding presentation slides (see Appendix L).
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Appendix B
Participants in the CEA MWCNT Prioritization Process

B.1 Participants in the Collective Group: Rounds 1 and 2

When determining who to invite to participate in the first two rounds of prioritization, a Web
search was performed. We aimed to invite participants (both domestic and international) who
represented a broad range of expertise, including areas of manufacturing, policy, ecological
effects, risk assessment, environmental fate and transport, exposure and dose, material
characterization, life cycle assessment, and human health effects. A diverse representation of
sector perspectives was also targeted, including industry, academia, government, and non-
government organizations (NGOs). More than 200 experts were identified as potential
participants for the prioritization process. Participants were then invited to participate in several
iterations of invitations. Figure 6 in previous sections shows an overview of the distribution of
participants across sectors and areas of expertise in all three prioritization rounds. In addition to
this overview, Table B-1 shows the final number of participants by stakeholder group and area
of expertise from Round 2 (Ngoung2= 28 participants). Because only three participants from
Round 1 (Ngreuna1= 31 participants) chose not to participate in Round 2, these numbers are shown
only for Round 2 rather than for both Rounds 1 and 2 for reasons of brevity. However, Table B-
2 provides a full list of participants from both Rounds 1 and 2, along with their sector and areas
of expertise. Figure 6 in previous sections provides an overview of participant distributions
across sectors and areas of expertise for all three rounds. Furthermore, more detailed information
on the participants who participated in the face-to-face workshop is also provided in subsequent
sections (see Appendix B.2).

Table B-1. Total number of participants distributed across sectors and areas of expertise from

Round 2
Academic
Institutions & Independent
Area of Expertise Government Industry NGO Centers Consultants Total
Manufacturing 1 1
Policy 1 2
Ecological Effects 1 3 1 5
Risk Assessment 1 1 2
Environmental Fate
& Transport 1 1
Exposure & Dose 2 2
Material
Characterization 2 3 5
Human Health
Effects 2 1 1 1 2 7
Total 10 3 1 11 3 28
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Table B-2. Round 1 and Round 2 participants with associated affiliations, fields of expertise, and
assigned sector groups (continued)

Field of
Expertise (in
Last Name First Name Affiliation CEA Terms) Sector Group
Alwood Jim EPA Policy Government
Bang John North Carolina Central Exposure & Dose | Academic Institutions &
University Centers
Bates Matthew U.S. Army Corp of Engineers Risk Assessment | Government
Bonner James North Carolina State University | Human Health Academic Institutions &
Effects Centers
Coleman Jessica U.S. Army Corp of Engineers Environmental Government
Fate & Transport
Dahm Matthew Centers for Disease Control Exposure & Dose | Government
and Prevention
Ensor David RTI International Human Health Independent
Effects Consultants
Fifield Leo Pacific Northwest National Material Government
Laboratory Characterization
Green Micah Texas Tech University Material Academic Institutions &
Characterization Centers
Hansen Steffen Foss | Technical University of Policy Academic Institutions &
Denmark Centers
Henry Carol Retired from American Human Health Independent
Chemistry Council; also Effects Consultants
formerly with California EPA;
George Washington University
llluminato lan Friends of the Earth Human Health NGO
Effects
Kapustka Larry LK Consultancy, Calgary, Ecological Effects | Independent
Alberta Consultants
Klaine Stephen Clemson University Ecological Effects | Academic Institutions &
Centers
Klaper Rebecca School of Freshwater Sciences | Ecological Effects | Academic Institutions &
Centers
Lander Debbie DuPont Risk Assessment | Industry
Liu Jie Duke University and Unidym Manufacturing Industry
Advisory Board
Mansfield Elisabeth NIST Material Government
Characterization
Sepulveda Maria Purdue University Ecological Effects | Academic Institutions &
Centers
Marquis Bryce University of Central Arkansas | Material Academic Institutions &
Characterization Centers
Morgan Alexander University of Dayton Research | Material Academic Institutions &
Institute Characterization Centers
O'Connor Brian FPInnovations-PAPRICAN Human Health Industry
Effects
Petersen Elijah NIST Ecological Effects | Government
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Table B-2. Round 1 and Round 2 participants with associated affiliations, fields of expertise, and
assigned sector groups (continued)

Field of
Expertise (CEA
Last Name First Name Affiliation Terms) Stakeholder Group
Poland Craig Institute of Occupational Human Health Government
Medicine (UK) Effects
Ramachandran | Gurumurthy | University of Minnesota, Exposure & Dose | Academic Institutions &
School of Public Health, Centers
Division of Environmental
Health Sciences
Thrall Brian Pacific Northwest National Human Health Government
Laboratory Effects
Westerhoff Paul Arizona State University Environmental Academic Institutions &
Fate & Transport | Centers
Zumwalde Ralph NIOSH Exposure & Dose | Government

B4



Nanomaterial Case Study Workshop Process Appendix B

B.2 Subset of Participants in the Face-to-Face Workshop

As described in Section 2.5, participants were selected to attend the face-to-face workshop based
on the priority areas that emerged from the second round of prioritization. Specifically, the
Element-Risk Relevant Factor (E-RRF) pairs that were assigned to red and orange boxes of the
Prioritization Matrix at the close of Round 2 determined who among the larger pool of
participants were invited to attend the face-to-face workshop. Each area of expertise
corresponded to various areas of the Comprehensive Environmental Assessment (CEA)
Framework; essentially, the percentage of each expertise area was proportional to the percentage
of the 25 spots at the workshop attendees with that expertise, with the exception of expertise areas
considered pertinent to all Levels of the CEA Framework, as explained in the next section. An
even distribution across sectors was also a priority in selecting workshop attendees, although
even distribution was done in proportion to the percentage of each expertise area (see Table B-3).

Table B-3. Selection of participants for workshop attendance based on
CEA Level, areas of expertise, and assigned sector groups

Selected
CEA Level Target % | Target No. No.
Product Life Cycle 24% 4 1
Env TT&F 32% 5 2
Exposure Route 8% 1 1
Dose (Kinetics) 18% 3 3
Impacts 18% 3 10
Total 100% 17 17
Chosen/Total
Expertise Area Participants (No.)
Ecological Effects 5/5
Env TT&F 2/2
Exposure % Dose 4/4
Human Health Effects 5/7
Manufacturing 11
Material Characterization 5/5
Policy 1/2
Risk Assessment 2/2
Chosen/Total
Sector Area Participants (No.)
Academic Institutions and Universities | 9/10
Government 9/11
Independent Consultants 3/3
Industry 3/3
NGOs 11
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As explained previously, participants in this process represented expertise areas of ecological
effects, environmental fate and transport, exposure and dose, human health effects, life cycle
assessment, manufacturing, material characterization, policy, and risk assessment. Though many
of these areas of expertise pertained to multiple areas of the CEA Framework, some of the areas
of expertise were particularly well aligned with particular areas and represent very targeted
subject matter expertise about specific research areas within the CEA detailed Framework. The
expertise areas of policy, risk assessment, and material characterization were pertinent regardless
of which E-RRFs were most prioritized during the prioritization rounds. Therefore, at least two
individuals, and preferably three, were targeted to represent each of these areas of expertise at
the workshop (however, it should be noted that only one participant within policy was finally
invited due to the availability of participants within this area). The remaining expertise areas
were all very closely aligned with CEA levels: Manufacturing and Life Cycle Assessment was
aligned with Product Life Cycle and “Other” impacts, Environmental Fate and Transport was
aligned with the CEA level of the same name, Exposure and Dose was aligned with the Exposure
Route level and the Dose (Kinetics) level, and Ecological Effects and Human Health Effects
were both aligned with Impacts.

After eight participants were selected to represent the broadly applicable expertise areas, the
remaining 17 spots were divided between the specialized areas of expertise and sector
representation. The percentage of the E-RRF pairs in the red and orange boxes of the
prioritization matrix that map to a given CEA Level determined the number of participants with
corresponding expertise who were invited to attend the face-to-face workshop. It should be noted
that while these methods were used to select the individuals invited to participate in the face-to-
face workshop, there were also other factors that influenced whether a participant was actually
able to attend the workshop, including the fact that the Environmental Protection Agency (EPA)
was only able to cover travel costs for one federal employee and unforeseen circumstances (e.g.,
budget, illness, and inclement weather).

B.2.1 Final List of Workshop Participants

There were a total of 13 participants who attended the face-to-face workshop. These participants
represented a diverse range of sectors and areas of expertise (see Figure 6 in previous sections).
The final list of participants who attended the workshop is shown in Table B-4.

Table B-4. Final list of participants who attended the workshop, held October 29-31, 2012 at EPA
in Research Triangle Park, NC

Last Name First Name Affiliation Stakeholder Group
Bang John North Carolina Central University Academic Institutions & Centers
Bonner James North Carolina State University Academic Institutions & Centers
Coleman Jessica U.S. Army Corp of Engineers Government
Ensor David RTI International Independent Consultants
llluminato lan Friends of the Earth NGO
Kapustka Larry LK Consultancy, Calgary, Alberta Independent Consultants
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Table B-4. Final list of participants who attended the workshop, held October 29-31, 2012 at EPA

in Research Triangle Park, NC (continued)

Last Name First Name Affiliation Stakeholder Group
Klaine Stephen Clemson University Academic Institutions & Centers
Lander Debbie DuPont Industry

. . Duke University and Unidym
Liu Jie Advisory Board Industry
Marquis Bryce University of Central Arkansas Academic Institutions & Centers
O'Connor Brian FPInnovations-PAPRICAN Industry

. National Institute of Standards and
Petersen Elijah Technology (NIST) Government
Westerhoff Paul Arizona State University Academic Institutions & Centers

B.3 Observers

In order to maintain the transparency of the process, outside public observers were invited to
attend the 3-day face-to-face workshop'. We aimed to invite observers who represented a broad
range of expertise and sectors. Because funding for travel would not be extended to potential
observers, many invitees were from local institutions and universities (e.g., North Carolina State
University, Center for Environmental Implications of NanoTechnology at Duke University) to
ensure more observers at the workshop. During the workshop, observers were able to listen to
the overview of the prioritization scores from the online rounds and watch the proceedings as the
participants use the Nominal Group Technique (NGT) Round Robin to propose highest priority
E-RRF pairs in round robin fashion within a specified time limit and complete a final round of
scoring. On Day 2 of the workshop, observers listened to (1) feedback from participants about
the CEA prioritization process, (2) the results from the previous day’s prioritization round, and
(3) guidance to participants for generating breakout group reports. Observers were then
dismissed for the remainder of the day to allow participants to focus on breakout group work. On
Day 3, the public was invited to observe each breakout group present its research questions and
risk management/risk decision implication reports formulated during Day 2 breakout group
activities.

Table B-5. List of observers who attended the workshop, held October 29-31, 2012 at EPA in
Research Triangle Park, NC

Last Name First Name Affiliation Stakeholder Group
Baldauf Richard EPA/ORD/NRMRL Government
Boyes Will EPA/ORD/NHEERL Government

! A Federal Registrar Notice was issued along with the external review draft of the case study document to notify
the public of the opportunity to observe the face-to-face workshop (see http://www.gpo.gov/fdsys/pkg/FR-2012-
07-02/html1/2012-16137.htm).
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Table B-5. List of observers who attended the workshop, held October 29-31, 2012 at EPA in
Research Triangle Park, NC (continued)

Last Name First Name Affiliation Stakeholder Group
Burgoon Lyle EPA/ORD/NCEA Government
: Government-
Davis Mike EPA-retired/Independent retired/Independent
Consultant
Consultants
Doorn Stacy RTI International Independent Consultants
Fedak Kristen ICF International Independent Consultants
Gift Jeff EPA/ORD/NCEA Government
Gillespie Patricia EPA/ORD/NCEA Government
Hamernik Karen EPA/OCSPP/IO Government
Harris Adeline ICF International Independent Consultants
Lassiter Meredith EPA/ORD/NCEA Government
Lehmann Geniece EPA/ORD/NCEA Government
Long Tom EPA/ORD/NCEA Government
McPhail Robert EPA Government
Meacham Connie EPA/ORD/NCEA Government
Sams Reeder EPA Government
Vandenberg John EPA/ORD/NCEA Government
Wang Amy EPA/ORD/NCCT Government
Zepp Richard EPA/ORD/NERL Government
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B.4 CEA MWCNT Prioritization Workshop Evaluation Form

On Day 3 of the workshop, participants were asked to fill out the following CEA MWCNT
Prioritization Workshop Evaluation Form. Twelve of the 13 participants returned a completed
form. A detailed table of anonymous responses to each question is provided in Table B-6, and
summary statistics for questions with numeric responses are provided in Table B-7.

1. With what type of organization are you affiliated (check as many as apply)?
a. [_]Regulated facility or business e. [] Trade association
b. []Industry sector f. [[] Nonprofit Organization
c. []Consulting Company g. [ School or University
d. []Government h. [] Other

OPTIONAL: Job Title:
OPTIONAL: Please provide your name/phone/email if we can contact you for questions about your responses.

EFFECTIVE COMMUNICATION/ CLARITY OF INFORMATION

On a scale of 1 to 5, where 1 is very unsatisfied and 6 is very satisfied, please indicate your level of satisfaction with
the communication regarding the CEA MWCNT Prioritization Process

2. a.  What was your experience regarding access to information about the expectations and methods
for carrying out the online, pre-workshop portions of the CEA MWCNT Prioritization Process
(i.e., webinar, CEA nanocarbon website resources, and communication)?

[] 6 very satisfied [] 3 Somewhat dissatisfied
[ 5 Satisfied [ 2 Dissatisfied

[] 4 Somewhat satisfied L1 1 Very dissatisfied

[] Don’t know

b. COMMENT:

3. a. What was your experience regarding the understandability of the CEA MWCNT Prioritization Process
itself (i.e., the effectiveness of the spreadsheet tool, the CEA Detailed Framework, and Influential
Factors list to convey the information in a way that was easy to grasp and comprehend)?

[] 6 very satisfied [] 3 Somewhat dissatisfied
[ 5 Satisfied [] 2 Dissatisfied
[] 4 Somewhat satisfied L1 1 Very dissatisfied
[] Don’t know
b. COMMENT:
4. a.  What was your experience regarding access to information about the expectations and methods

for carrying out the in-person, workshop portions of the CEA MWCNT Prioritization Process
(i.e., presentations on NGT, Round 3 prioritization, and breakout group activities)?

[] 6 very satisfied [] 3 Somewhat dissatisfied
[ 5 Satisfied [ 2 Dissatisfied

] 4 Somewhat satisfied [ 1 Very dissatisfied

[] Don’t know

b. COMMENT:
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UTILITY OF THE PRIORITIZATION PROCESS STEPS

5. Please rate the steps of the Prioritization Process as to how useful they were in shaping your ultimate views
of the most important priority areas on which to focus future research, with 6 = Very Useful and 1= Not
Useful.
Very Not
Prioritization Step Useful Useful
1. Reading Case Study 654321
2. Round 1 Prioritization. 654321
3. Reviewing Round 1 Results Independently 654321
4. Round 2 Prioritization 654321
5. NGT Discussion of Priority E-RRFS 654321
6. Round 3 Prioritization 654321
6. What would you add/subtract/change about this process to increase your satisfaction?

WORKSHOP OUTPUTS

On a scale of 1 to 6, where 1 is very unsatisfied and 6 is very satisfied, please indicate your level of satisfaction with
the outputs of the CEA MWCNT Prioritization Process

7. a.  How satisfied are you that the outputs of this workshop included detailed, actionable research
questions that, if pursued, would enable assessment and subsequent management of MWCNT risks?
[] 6 very satisfied [] 3 Somewhat dissatisfied
[]5 Satisfied [ 2 Dissatisfied
[] 4 Somewhat satisfied 11 Very dissatisfied
[] Don’t know

b. COMMENT:

8. a.  How satisfied are you that the outputs of this workshop linked the recommended research to the risk
assessment and risk management actions the research would support?
[] 6 very satisfied [] 3 Somewhat dissatisfied
[ 5 Satisfied [ 2 Dissatisfied
[] 4 Somewhat satisfied [ 1 Very dissatisfied
] Don’t know

b. COMMENT:

9. What would you add/subtract/change about the work products of this workshop to improve your
satisfaction?
10. a.  Would you recommend this workshop to others? Yes No

b.  Why or why not?

Please give completed form to the workshop organizers or fax to Khara Grieger, RTI, 919-541-7243. Thank you!
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B.5 Participant Responses to CEA MWCNT Prioritization Workshop Evaluation Form

The following table contains participants’ responses to the CEA MWCNT Prioritization Workshop Evaluation Form (see Section B.4).
Table B-6. Participant responses to CEA MWCNT Prioritization Workshop Evaluation Form

-9

Participant | Question | Question 1 | Question 1 — Job Title | Question | Question
ID 1 (Letter) (Text) (optional) 2a (#) 2a (Text) Question 2b
Nonprofit Health and Environment i
L f Organization | Campaigner 5 Satisfied
Program Manager -
2 b glg;ztrry Environment and 6 gstriZfie d
Sustainability
Consulting Very The Web site was not intuitive and took
3 c 6 e .
Company satisfied some poking around.
School or Very
u 9 University Professor 6 satisfied
Industry . i
5 b Sector Sr. Risk Assessor 5 Satisfied
School or . -
6 g University Associate Professor 5 Satisfied
7 g LSJChOOI or Professor 5 Satisfied Tedious spreadsheet.
niversity
8 g SChOOI or Assistant Professor 5 Satisfied
niversity
School or Somewhat
o 9 University Professor 3 dissatisfied
10 d Government | Research Scientist 6 Very .
satisfied
11 d Government | Research Biologist 5 Satisfied The Web'”?r and W_eb site were very
helpful and informative.
. . . . There was some ambiguity about the
12 c 88nmsu:rl1ng izgtgsgfm()g'st Risk 5 Satisfied value of the second round of the
pany spreadsheet.
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Participant | Question | Question 3a Question | Question
ID 3a (#) (Text) Question 3b 4a (#) 4a (Text) Question 4b
My dissatisfaction is
based on the
1 3 32&?&?:; spreadsheet tool, which 5 Satisfied
may not cater to all
stakeholders.
. Very
5 Satisfied 6 satisfied
5 Satisfied 5 Satisfied Good meeting.
. Very
6 Very satisfied 6 satisfied
Should remind participants to review
5 5 Satisfied 4 Somewhat | document before coming! | felt | did not
satisfied do my best as | could not remember it
all, so | was influenced by the speakers.
Satisfied Satisfied
I Very
5 Satisfied 6 satisfied
I Very
8 5 Satisfied 6 satisfied
9 4 Somewhat 6 Very
satisfied satisfied
Some parts were clear
10 3 ggg‘a‘;"s"f?:‘é and others unclear (i.e., 6 ;’aetri;’ﬁe 4 | The facilitators did an excellent job.
abiotic effects).
The spreadsheet was
Somewhat | somewhat cumbersome Very The NGT presentations were very helpful
11 4 o 6 I
satisfied and not very user- satisfied as well as the breakout groups.
friendly.
y‘u‘i ;p;f:gjgﬁwas The NGT worked very well; the third
Somewhat | . - - round was unnecessary, ambiguous, and
2 3 dissatisfied influential tactors were 5 Satisfied disconnected to the progress of the

irrelevant and the list
was endless.

NGT.
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Participant
ID

Question
5(1)

Question
5(2)

Question
5(3)

Question
5(4)

Question
5(5)

Question
5(6)

Question 6

More NGT, better incorporated “other”
category to show equal value among
other potential priorities—also include in
scope of case study.

The influence factors took a fair amount
of time but were not really used or
discussed to any extent. Perhaps the
handling of these could be changed or
else just done at the last stage of
prioritization.

A section that holds information about
rationale for outliers.

More discussion time during #5.

Delete Round 3 prioritization.

N oo M (W

oo o1 O

oo A~ O

oo~ 0 O

g~ 00 O

oo o |o

DN O U0

New Web tool.

I would like "other" influential factors to
be incorporated into further rounds of
prioritization. Also, | think "why" could be
re-communicated during result reviews.

10

Time to read case study between NGT
rounds or before it. | am less confident
about my Round 3 results as compared
to 2, but 3 was supposed to be the most
definitive.

11

Round 3 prioritization may have been
more useful if people were required to
vote "most important” on the top 15
selections to help narrow down the pool.

12

(1) Collapse all of the decaBDE info into
an executive summary and separate
from the MWCNT info. (2) Improve the
analysis and presentation of Round 1
results. (3) Eliminate Round 3.
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Participant | Question | Question 7 Question | Question 8
ID 7#) (Text) Question 7b 8 (#) (Text) Question 8b
1 4 Somewhat 4 Somewhat
satisfied satisfied
2 6 Very satisfied 5 Satisfied
3 5 Satisfied 5 Satisfied
e Very
4 6 Very satisfied 6 satisfied
This process was improved from
Somewhat the nanosilver (I was dissatisfied .
8 4 | satisfied there!) but still Ealifficult to 5 Satisfied
achieve sufficient detail.
Satisfied Satisfied
- Very
5 Satisfied 6 satisfied
8 4 Somewhat 4 Somgwhat
satisfied satisfied
Somewhat | didn't feel these. would turn into o
9 4 satisfied "real" RRFs and if so | would 5 Satisfied
have been more critical.
| would have preferred more
10 5 Satisfied time to review the case study 5 Satisfied
again in addition to the NGT.
Some of the issues raised in the
Somewhat NGT wquld be important to o
11 4 satisfied include in management of 5 Satisfied
MWCNT that did not make the
final cut.
| have a sense that the workshop was
- The work group | was in was Somewhat | Mor® about beta testing CEA than .
12 5 Satisfied excellent and made it fun. 4 satisfied setting a research agenda. Where is the

budget to fund the work identified in the
priorities?
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Participant Question
ID Question 9 10a Question 10b
1 | was treated respectfully, | was allowed to
y .
express my ideas, and | learned a lot!
(1) NGT ranking was very useful; however redoing the prioritization tool
#3 was not so much. Perhaps in third time the panelists should be Great wav to discuss a variety of views with
2 forced to tank top 10 (?). This would strongly demonstrate the common y experts y y
areas of most concern. (2) Under the Elements it might be useful to
combine some of the RRFs (ex: Recycling Volume & Release).
y Good overview.
Adding a section .durlng Rounds 1 & 2, before NGT discussion, for y Informative session.
module modification.
5 Work products ok; difficult process in general; so | think it went well. y ;-23 dcé?)grzgﬁ?;? rlsu\gi%gtgﬁﬁtalﬂgngﬂggiIy;? a
6 y Should be useful for both business development
and risk assessment.
7 One more synthesis step that would consider combining various E-
RRF pairs to evolve research questions. y
| felt there was a disconnect between NGT consensus and prioritization . .
8 results. | also wondered if anything was going to come out of our y g;ggiglfnpep;%nghflngi[r%ﬂﬁ; 'rr;gg;?;ir_“
workshop.
9 y
| think the facilitators did a great job of conveying the limits of the CEA
10 process despite the participants resisting as much. | would also have y
preferred more time to review my charge question responses.
Options for field experts to provide recommendations on what areas
and factors should also be included in the risk . -
i management/assessment after Round 1 prioritization could have y Very well organized and efficient.
helped make the spreadsheet more encompassing.
(1) More sophisticated presentation of results from
Round 1 & 2 included presentation of ranges of responses and focus
12 on the extremes as much as on the central tendencies. (2) Use a better y Interactions with talented folks from different

ranking method—adding percentages of importance and no confidence
is very shady. Because importance had three choices and NC had two
choices they are unequal to start.

fields is invaluable.
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Table B-7. Summary statistics for participant responses from CEA MWCNT Prioritization
Workshop Evaluation Form?

Question (abbreviated)

Median

Mean

Standard
Deviation

Mode

Sum

2a. What was your experience regarding access to information
about the expectations and methods for the online, pre-
workshop portions of the CEA MWCNT Prioritization Process?

5.00

5.17

0.83

62

3a. What was your experience regarding the
understandability of the CEA MWCNT Prioritization Process
itself?

5.00

4.42

1.00

53

4a. What was your experience regarding access to
information about the expectations and methods for carrying
out the in-person workshop portions of the CEA MWCNT
Prioritization Process?

6.00

5.50

0.67

66

5(1). Please rate the step “Reading Case Study” of the CEA
Prioritization Process as to how useful it was in shaping your
ultimate views of the most important priority areas on which to
focus future research.

5.58

0.51

67

5(2). Please rate the step “Round 1 Prioritization” of the CEA
Prioritization Process as to how useful it was in shaping your
ultimate views of the most important priority areas on which to
focus future research.

4.75

1.22

57

5(8). Please rate the step “Reviewing Round 1 Results
Independently” of the CEA Prioritization Process as to how
useful it was in shaping your ultimate views of the most
important priority areas on which to focus future research.

4.5

4.58

0.90

55

5(4). Please rate the step “Round 2 Prioritization” of the CEA
Prioritization Process as to how useful it was in shaping your
ultimate views of the most important priority areas on which to
focus future research.

4.5

4.42

1.08

53

5(5). Please rate the step “NGT Discussion of Priority E-
RRFs” of the CEA Prioritization Process as to how useful it
was in shaping your ultimate views of the most important
priority areas on which to focus future research.

5.50

0.67

66

5(6). Please rate the step “Round 3 Prioritization” of the CEA
Prioritization Process as to how useful it was in shaping your
ultimate views of the most important priority areas on which to
focus future research.

4.00

1.60

48

7a. How satisfied are you that the outputs of this workshop
included detailed, actionable research questions that, if
pursued, would enable assessment and subsequent
management of MWCNT risks?

5.00

4.75

0.75

57

8a. How satisfied are you that the outputs of this workshop
linked the recommended research to the risk assessment and
risk management actions the research would support?

5.00

4.92

0.67

59

? The numeric responses are based on a Likert scale from 1 to 6, where 1 is Very Unsatisfied and 6 is Very Satisfied,

or for the sub-questions for Question 5, 1 is Not Useful and 6 is Very Useful.
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B.6 Overview of Participant Feedback Based on Evaluation Form

Out of 13 participants at the workshop, 12 completed the evaluation form. Overall, participant
feedback about the CEA MWCNT Prioritization Process was generally positive. This is
exemplified by the fact that all twelve respondents answered “Yes” to Question 10a, “Would you
recommend this workshop to others?” Among other findings, some of the most common positive
feedback responses included the following:

e The NGT process was productive and enjoyable.

¢ The workshop facilitation was effective.

¢ The workshop was an effective way to interact with diverse experts in a professional,
respectful setting.

Some of the most common criticisms from responses included:
e The CEA MWCNT Prioritization Tool was difficult to use and took too long to fill out.

e Rounds of Prioritization 2 and 3 were not as helpful as Round 1, and could potentially be
scaled down or skipped altogether.

e Additional “Other” categories of responses/options/influential factors and integrating all
“Other” categories more fully into results reports would have been helpful.

¢ Additional time to review the MWCNT Draft Case Study Document prior to/during the
workshop would have been helpful.

In terms of the effectiveness and clarity of communication, participants were generally satisfied
with the access to information and understandability of the prioritization process, both the online
and in-person portions of the process. In terms of the utility of the prioritization process, reading
the case study and the NGT process were found to be most useful to participants while reviewing
Round 1 and Round 2 prioritization were least useful. There were numerous suggestions to
improve the process, including more NGT, less prioritization rounds, and the removal of the
Influential Factors list (see Table A-1 in Appendix A). Finally, for the workshop outputs, the
participants were generally satisfied with the outputs of the workshop and the link between
research and risk assessment and risk management actions.
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Appendix C
Methods for Analysis and Reporting

C.1 Methodology for Analyzing and Reporting Round 1 Results

Several reports were prepared based on the results of Comprehensive Environmental Assessment
(CEA) Prioritization Round 1. These reports and their formats are explained in further detail in
Section 3. These reports were shared with participants in preparation for CEA Prioritization
Round 2 to expose participants to the ideas of others. The reports were generated by importing
the participants’ responses from the submitted copies of the CEA MWCNT Prioritization Tool
(see Appendix K) into a Microsoft Access database, which was queried to supply data for
Microsoft Excel spreadsheets that served as templates for the reports.

Specifically, the following reports were generated for participants to review (see Sections 3.2
and 3.3 for additional details and Appendix D for all results from Round 1):

= CEA Importance/Confidence Matrix

= Group Bar Charts, including Group-Wide Element Importance Stacked Bar
Charts and Group-Wide CEA Level-Specific Bar Charts

= Expertise-Specific, CEA-Level-Specific Bar Charts and Sector-Specific, CEA-
Specific Bar Charts

= Group-Wide Exhaustive Tables (with and without Influential Factors)
= Participant-Specific Tables

Participants also received instructions for reviewing and interpreting the reports (see Appendix
K for further details). These instructions provided step-by-step guidance, including the order in
which to view the reports, the purpose of each report, and how to analyze the data by moving
from reports of group-wide results to reports of fine-scale results in order to efficiently locate
and consider the opinions of other participants. Mock versions of each report were included in
the instructions for interpreting the reports.

C.2 Methodology for Analyzing and Reporting Round 2 Results

The same reports generated for Round 1 were also generated for Round 2. In addition to
generating reports for participants, the CEA Importance/Confidence Matrix of Element-Risk
Relevance Factor pairs (E-RRFs) was analyzed to select the E-RRF pairs that the participant
group rated as being most important. For each E-RRF pair placed in the “Important™ and “Not
Confident” bin of the CEA Importance/Confidence Matrix by at least some participants, a score
was calculated by adding the percentage of participants that rated its Importance as “Important”
to the percentage of participants that rated its Confidence as “Not Confident” (described in
further detail in Section C.4). For example, the Material Synthesis-Release Rate E-RRF pair was
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rated as “Important” by 61% of participants and as “Not Confident” by 36% of participants, so
that each E-RRF pair’s score is 97 (61 + 36). Round 2 results were then also used to determine
the distribution of expertise and sector areas in which to base the invitation to participants to
attend the workshop, as described in Section 2.5 above as well as in Section B.2 of Appendix B.

C.3 Methodology for Analyzing and Reporting Round 3 Results

Round 3 results were analyzed the same way as results for Rounds 1 and 2. In addition to these
results (see Appendix F), the 15 most commonly agreed upon prioritized E-RFF pairs generated
from the results of Round 3 (see Section C.4 for more detail) were addressed in detail by
breakout groups, with the purposes of generating actionable research questions and illuminating
the connection between the necessary research, the assessments this research would support (e.g.,
human health risk assessment, ecological risk assessment, life cycle assessment), and ultimately,
the risk-management decisions those assessments would inform. See Section 2.5.2 for more
information regarding the breakout groups and Section C.4 for information on how these 15
prioritized E-RRFs were identified.

C.4 Determining Which CEA Research Areas Were Addressed in
Breakout Groups

Although the method of identifying which of the participants in the larger group would attend the
workshop considered all red and orange E-RRFs after Round 2 as a group of prioritized areas
(see Section B.2 in Appendix B), for the purposes of determining which E-RRFs would be
addressed in detail during the workshop by breakout groups, it was necessary to define a way to
rank the individual E-RRF pairs against one another. Within each box of the matrix obtained
after Round 2, the aggregated data were presented in terms of E-RRF pair name: percentage of
participants who chose that box’s importance rating (representing the most frequently selected
rating for that E-RRF) and percentage of participants who chose that confidence rating (again
representing the most frequently selected rating for that E-RRF). (See Tables 3, 5, and 7 in
Section 3 for these data from all three prioritization rounds).

To rank the E-RRF pairs in order of most commonly agreed upon for prioritization to least
commonly agreed upon for prioritization by participants, boxes of the same color were
considered together. Within one color group of the boxes, the percentage of participants who
selected that Importance rating was added to the percentage of participants who selected that
Confidence rating in Round 3 of prioritization (termed the “additive method”):

SE—RRF = |JE — RRF + CE—RRF

Where
Sg_rrr = oOverall score
Iz_grr = percentage of all participants who chose that bin’s Importance rating
Cz_rrr = percentage of all participants who chose that bin’s Confidence rating.

These variables refer to the same E-RRF pair.
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The E-RRF pairs were then ranked in descending order of their combined scores, and the top 15
scoring E-RRF pairs were addressed in more detail by the breakout groups. The cut-off number
of 15 E-RRF pairs was chosen based on the decision to limit the number of people per breakout
group so that each participant would have the chance to offer his/her insight, as well as the
decision to assign no more than two or three E-RRF pairs to a group. Because there were a total
of 13 participants at the workshop, four breakout groups were formed (i.e., three groups with
three participants and one group with four participants; see Table J-4 in Appendix J).

In addition to the additive method described previously, alternative methods to rank the E-RRF
pairs were also explored, including choosing the E-RRF pairs that were farthest from the origin
(0, 0) on a Confidence/Importance scatter plot. For exploring this alternative method (i.e.,
distance from origin), the resulting top 15 rankings of E-RRF pairs from Round 2 were
essentially identical to those resulting from the additive method described previously. The
additive method to rank the E-RRF pairs was therefore chosen for reasons of transparency, in
that the additive method is simple, easily understood, and does not attempt to provide a level of
mathematical sophistication that may not be well-suited for this prioritization process. Moreover,
simpler mathematical methods are often preferred over potentially overly-complex methods,
especially in cases of uncertainty, in order to better elicit relationships between two variables®, in
our case “Importance” and “Confidence.”

L E.g., Efron et al., 2004 (see http://arxiv.org/pdf/math/0406456.pdf).
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Appendix D: Results from Round 1

Contents:

1. Group Results: Element Importance Stacked Bar Chart

2. Group Results: Importance/Confidence Matrix of Element-Risk Relevance
Factor (E-RRF) Pairs

3. Group-Wide CEA Level-Specific Bar Charts

4, Group Results: Table (with Influential Factors)
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1. Group Results: Element Importance Stacked Bar Chart

D-3



Percent of Total Participants (%)

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0% -

Element Importance Ratings - All Participants

B Important M Possibly Important Least Important
& < < < X > > TSN N 2 N N N N N
v \V\";’& \‘@& \‘(5& .\@Q’Q £ & F so“& & Qp"& %o“y'& st@ é‘do\ é\‘d’\ e,"‘&\ ef”\é’\ Q"’é Q’"é
& é\b 5° ‘—)Q’b SIS L ¢ ¢ ¢ ¢ ¢ ¢ ¢ & ¢
L W & : R & o S Y oY oY oY Q Q@ P
s ¢ S CRRT SR ST SR R SR RS S
& & iR 2 Q Q Q Q >0 Q
& 69’(\ ,b(” A c\% N @\ @ \0\ A v ;\(z}
S ¢ o & & & &
L A N RS Ry 2> v v &
O O d 2 N «
¥ F& S N
& & ¥ &
<& <&




Nanomaterial Case Study Workshop Process Appendix D

2. Group Results: Importance/Confidence Matrix of Element-Risk
Relevance Factor (E-RRF) Pairs
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Important

Possibly
Important

Least
Important

Group Results: Importance/Confidence Matrix of Element-Risk Relevance Factor (RRF) Pairs - All Participants

*1: %; C: % represents the percentage of total respondents who chose the cell's Importance and Confidence responses, respectively, for the listed Element-Risk Relevance Factor.

e Product Life Cycle-Material Synthesis-Volume, I: 58%; C:

29%

 Product Life Cycle-Material Processing-Volume, I: 45%; C:

23%

* Product Life Cycle-Disposal/Recycling-Volume, I: 55%; C:

23%

* Product Life Cycle-Material Processing-Release Rate, I:
35%; C: 23%

* Exposure Route-Human: Occupational-Inhalation, I: 97%;
C: 39%

* Impacts-Aquatic Biota-Survival, I: 35%; C: 19%

« Product Life Cyc e Matera Synthes s Re ease Rate, |: 55%;
€:32%

« Product L fe Cycle Product Manufactur ng Vo ume, I: 65%;
€:32%

« Product L fe Cycle Product Manufactur ng Re ease Rate, I:
68%; C: 35%

« Product Life Cycle Use Volume, I: 55%; C: 29%

« Product Life Cycle Use Release Rate, I: 58%; C: 42%

« Product L fe Cycle D sposa /Recycl ng Re ease Rate, I: 55%;
C:35%

« Env. TT&F Air Mobility, I: 77%; C: 55%

« Env. TT&F Air Persistence, | 48%

« Env. TT&F Air Bioavailability,

« Env. TT&F Surface Water Mobility, I: 39%; C: 19%

« Env. TT&F Surface Water Persistence, I: 29%; C: 19%

« Env. TT&F Surface Water Bioavailability, I: 32%; C: 26%

« Env. TT&F Wastewater Mobility, ;C:32%

« Env. TT&F Wastewater Persistence, I: 48%; C: 32%

« Env. TT&F Wastewater Bioavailability, I: 35%;

« Env. TT&F Soil Mobility, I: 23%; C: 26%

« Env. TT&F Soil Persistence, I: 39%; C:

« Env. TT&F Soil Bioavailability, I: 39%

« Env. TT&F Biota Bioaccumulation, I: 42%; C: 26%

® Exposure Route-Human: Occupational-Ingestion, I: 45%; C: 45%
* Exposure Route-Human: Occupational-Dermal, I: 39%; C: 45%

* Exposure Route-Human: Consumer-Dermal, I: 26%; C: 39%

* Impacts-Human-Reproductive/ Developmental, |: 48%; C: 68%

« Exposure Route Human: Consumer Ingest on, I: 35%; C:
39%

« Exposure Route Human: Consumer Inha at on, I: 52%; C:
35%

« Dose (Kinetics)-Human Absorption, I: 77%;

« Dose (Kinetics)-Human Distribution

« Dose (Kinetics)-Human Metabolism

« Dose (Kinetics)-Human Excretion, I: 65%; C

« Dose (Kinetics)-Aquatic Biota Absorption, I: 39%; C.

« Dose (Kinetics)-Aquatic Biota Distribution, |: 39

« Dose (Kinetics)-Aquatic Biota Metabolism, I: 23%; C: 35%
« Dose (Kinetics)-Aquatic Biota Excretion, I: 32%; C: 32%

« Impacts Human Cancer, I: 74%; C: 52%

« Impacts Human Non cancer, I: 68%; C: 45%

« Impacts Aquatic Biota Developmental, I: 29%; C: 32%

« Impacts Aquat c B ota Reproduct ve, I: 29%; C: 32%

« Impacts Aquat ¢ B ota Other Sub etha Endpo nts, I: 16%;
€:32%

Confident

Somewhat Confident

Not Confident



Nanomaterial Case Study Workshop Process Appendix D

3. Group-Wide CEA Level-Specific Bar Charts
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4. Group Results: Table (with Influential Factors)

Please refer to Figure 8 in the Summary Report for an overview and explanation of the
color-coding of the rows in this table. For example, red rows indicate that the row’s
Element-Risk Relevance Factor (E-RRF) pair is grouped in the “Important” and “Not
Confident” bin of the Importance/Confidence Matrix of E-RRF pairs.
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* Represents the number and percentage of participants who ranked the row's Element-Risk Relevance Factor (E-RRF) Pair with the corresponding column's selection.

1D[_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
1 Pl u 0 u c Ne Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
1[Raw Materials- 9(#); 29(%)* | 9(#); 29(%) | 13(#); 42(%) | 9(#);29(%) | O(#);0(%) | O(#); 0(%) | 4(#);13(%)| 2(#);6(%) | 3(#); 10(%) | essential for exposure analysis « Analytical Techniques 1(#); 3(%) |+ Adsorption/Desorption Ability 2(#); |« Air 2(#); 6(%) « Flow Regime 1(#); 3(%) « Conductivity 1(#); 3(%) « ADME 1(#); 3(%) « Acute Exposure 2(#); 6(%)
Volume « need to be able to identify impurities including amounts « Control Technologies 1(#); 3(%) |6(%) « Groundwater 2(4); 6(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 2(#); 6(%) « Bioaccumulation 2(#); 6(%) « Chronic Exposure 2(4); 6(%)
« proportional to exposure * MWCNT Processing Methods |+ Aggregation/Agglomeration State 3(#); | Sediment 2(#); 6(%) « soil Porosity 2(#); 6(%) « Dissolved Oxygen Content 0(#); [+ Biomagnification 1(#); 3(%) « Exposure Route 2(#); 6(%)
« "reported" data from major industries are more likely to represent a proximal value close to | 3(#); 10(%) 10(%) « soil 2(#); 6(%) « Soil/Sediment Fractionation [0(%) * Microbial Communities in « Geographic Location (i.e. rural vs
real one(s) « MWCNT Purity 3(#); 10(%) « Applied Coatings 3(#); 10(%) « surface Water 2(4); 6(%) | 2(#); 6(%) « Exposure to Sunlight 1(#); 3(%)  [Environment 0(#); 0(%) urban) 1(#); 3(%)
« absence of manufacturing data « MWCNT Synthesis Methods |+ Biodegradability 4(#); 13(%) « Wastewater 2(#); 6(%) « Temperature 2(#); 6(%) « Heavy Metals in Environment 1(#); |+ Organism Health 1(#); 3(%) « Habitat Structure 2(#); 6(%)
« MWCNT volumes will be application driven, and field is still too new to really say what 3(#); 10(%) « Catalytic Activity 4(#); 13(%) « Other 0(#); 0(%) « Wind 2(#); 6(%) 3(%) « Species/Individual « Human Activity 2(#); 6(%)
projected volumes will really be « Personal Protective Equipment |+ Charge 4(#); 13(%) « Specify other O(#); 0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment [ Developmental Behavior 1(#); 3(%) | * Individual Activity Level 2(#); 6(%)
2(#); 6(%) * Conductive or Magnetic Properties * Specify other 0(#); 0(%) 1#); 3(%) * Species/Individual Feeding « Life Stage 2(#); 6(%)
« Other 1(#); 3(%) 3(4); 100%) « Ligand Concentrations in Behavior 1(#); 3(%) « Occupation 2(#); 6(%)
« Specify other 0(#); 0(%) « Crystalline Phase 3(#); 10(%) Environment O(#); 0(%) « Species/Individual Reproductive |+ Subchronic Exposure 2(#); 6(%)
« Lipophilicity 4(#); 13(%) « Natural Organic Matter (NOM)  [Behavior 1(#); 3(%) « Susceptible
« Matrix Bound vs. Free 4(#); 13(%) 1#); 3(%) « Other 0(#); 0(%) Populations/Individuals 2(#); 6(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) « Other O(#); 0(%)
width, shape) 4(#); 13(%) Environment 2(#); 6(%) « Specify other 0(#); 0(%)
* Persistence 3(#); 10(%) * pH 2(); 6(%)
* Redox Potential 4(#); 13(%) « Protein Concentration in
« Size/Size Distribution 4(#); 13(%) Environment 1(#); 3(%)
« Specific Surface Area 3(#); 10(%) « Salinity O(#); 0(%)
« Structural Formula/Molecular « surfactant (in Lab) 2(#); 6(%)
Structure 3(#); 10(%) * Other 0(#); 0(%)
« surface Chemistry 4(#); 13(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 4(¢);
13(%)
« Other 1(#); 3(%)
« Soecify other 0(#); 0(%)
2 [Raw Materials- 9(); 29(%) | 9(#); 290%) | 13(#); 420%6) | 7(#);23(%) | 24 60%6) | O(#); 0(%) | 3 100%)| 2(#); 6(%) | 4(#); 13(%) | essential for exposure analysis « Analytical Techniques 2(#); 6(%) |+ Adsorption/Desorption Ability 2(#); [+ Air 3(#); 10(%) « Flow Regime 2(#); 6(%) « Conductivity 2(#); 6(%) « ADME 1(#); 3(%) « Acute Exposure 2(#); 6(%)

Release Rate

 proportional to exposure

« lack of adequate published data on MWCNT and byproducts

« release rate will be governed by a lot of engineering and manufacturing issues, also not
known yet, especially since actual application is still unknown

« lack of release data

« the pool size of the data available is too small to maintain the validity of any claim

« Control Technologies 3(#); 10(%)
« MWCNT Processing Methods
3(#); 10(%)

* MWCNT Purity 4(#); 13(%)

* MWCNT Synthesis Methods
5(#); 16(%)

« Personal Protective Equipment
1(#); 3(%)

« Other 1(#); 3(%)

« Specify other 0(#); 0(%)

6(%)

* Aggregation/Agglomeration State 4(#);
13(%)

« Applied Coatings 3(#); 10(%)

« Biodegradability 3(#); 10(%)

« Catalytic Activity 4(#); 13(%)

« Charge 4(#); 13(%)

« Conductive or Magnetic Properties
3(#); 10(%)

« Crystalline Phase 3(#); 10(%)

* Lipophilicity 4(#); 13(%)

* Matrix Bound vs. Free 4(#); 13(%)
« Morphology (e.g. aspect ratio, length,
width, shape) 4(#); 13(%)

« Persistence 4(#); 13(%)

* Redox Potential 4(#); 13(%)

« Size/Size Distribution 4(#); 13(%)

« Specific Surface Area 4(#); 13(%)

« Structural Formula/Molecular
Structure 4(#); 13(%)

« Surface Chemistry 4(#); 13(%)

* Water Solubility/Dispersibility 5(#);
16(%)

« Other 1(#); 3(%)

« Soecify other 0(#); 0(%)

* Groundwater 3(#); 10(%)
* Sediment 3(#); 10(%)

« Soil 3(#); 10(%)

« Surface Water 3(#); 10(%)
* Wastewater 3(#); 10(%)

« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

« Light Availability O(#); 0(%)
« Soil Porosity 3(#); 10(%)

« Soil/Sediment Fractionation
3(#); 10(%)

 Temperature 3(#); 10(%)

* Wind 3(#); 10(%)

« Other 0#); 0(%)

 Specify other 0(#); 0(%)

« Dispersing Agents 3(#); 10(%)
* Dissolved Oxygen Content 1(#);
3(%)

« Exposure to Sunlight 1(4); 3(%)
* Heavy Metals in Environment 1(#);
3(%)

« lonic Strength in Environment
2(4); 6(%)

« Ligand Concentrations in
Environment 1(#); 3(%)

« Natural Organic Matter (NOM)
2(4); 6(%)

« Other Contaminants in
Environment 3(#); 10(%)

 pH 3(#); 10(%)

« Protein Concentration in
Environment 2(#); 6(%)

« Salinity 1(#); 3(%)

« Surfactant (in Lab) 3(#); 10(%)
« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

* Bioaccumulation 3(#); 10(%)

« Biomagnification 2(#); 6(%)

* Microbial Communities in
Environment 1(¢); 3(%)

« Organism Health 2(#); 6(%)

* Species/Individual
Developmental Behavior 2(#); 6(%)
« Species/Individual Feeding
Behavior 2(#); 6(%)

« Species/Individual Reproductive
Behavior 2(#); 6(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

* Chronic Exposure 3(#); 10(%)

* Exposure Route 3(#); 10(%)

« Geographic Location (i.e. rural vs.
urban) 1(#); 3(%)

* Habitat Structure 3(#); 10(%)

+ Human Activity 3(#); 10(%)

* Individual Activity Level 3(#);
1004

)
« Life Stage 3(#); 10(%)
* Occupation 3(#); 10(%)
* Subchronic Exposure 3(#); 10(%)
« Susceptible
Populations/Individuals 3(#); 10(%)
« Other 0(#); 0(%)
* Specify other 0(#); 0(%)




Influential Factors

1D]_Element-RRF Pair RF Importance RRF Confidence Why
u ] c Methods Techniques ENM C Media Physical Conditions Chemical Conditions Biological Conditions Social Conditions
3 | Material Synthesis- | 19(#); 61(%) | 8(#); 26(%) | 4(#); 13(%) | 18(#); 58(%) | 1();3(%) | O(#); 0(%) | 9(#); 29(%) | 3(#); 10(%) | 7(#); 23(%) |+ data from small scale R&D facilities only * Analytical Techniques 4(#); « Adsorption/Desorption Ability 4(#); [« Air 6(#); 19(%) « Flow Regime 1(#); 3(%) « Conductivity 3(#); 10(%) « ADME 3(#); 10(%) « Acute Exposure 6(#); 19(%)
Volume « essential for exposure analysis 13(%) 13(%) * Groundwater 3(#); 10(%) | Light Availability O(#); 0(%) « Dispersing Agents 6(#); 19(%) « Bioaccumulation 4(#); 13(%) « Chronic Exposure 6(#); 19(%)
« proportional to exposure « Control 6(#); 19(%) |+ State 6(#); |+ Sediment 3(#); 10(%) « Soil Porosity 2(#); 6(%) * Dissolved Oxygen Content 0(#); | Biomagnification 3(#); 10(%) |+ Exposure Route 6(#); 19(%)
« first principles * MWCNT Processing Methods  (19(%) « Soil 4(#); 13(%) « Soil/Sediment Fractionation |0(%) * Microbial Communities in « Geographic Location (i.e. rural vs.

4 Matera Synthes s
Release Rate

Material Processing
Volume

19(#) 61(%

17(4); 55(%)

8(#) 26(%)

12(#); 39(%)

4(#) 13(%)

2(#); 6(%)

17(#) 55(%)

14(#); 45(%)

2(#) 6(%

1(#); 3(%)

of#) of

2(#); 6(%)

5(#) 16(%)

7(4); 23(%)

a(#) 13(%)

A(#); 13(%)

« majority of “synthesized" CNTs produced are believed to come from commercial sectors that
do not have specific reasons to manipulate the amount of CNTs they produce

« lack of adequate published data on MWCNT and byproducts

« true volumes not known

« the volume of production influences the potential for exposure and therefore is important
information to have. Volume production information is in existance but due to the lack of
reporting schemes, may be an underestimation

* manufacturers rarely reveal this information yet this information informs modeling about
potential concentrations in the environment

« proportion of MWCNT made during synthesis is unclear. Contamination level can vary
between samples

« since applications for MWCNT are not well defined, how they will be used in material
synthesis s unclear

10(#) 32(%)  essentia for exposure ana ys s

6(#); 19(%)

« proportiona to exposure
«frstprncpes

« there are mu tip e var ab es nvoved nths
enough data

"release” mechan sm that we do not have
« data from sma  sca e R&D fac ties ony.

« ack of adequate pub shed data on MWCNT and byproducts

« potentia for release unknown

. ) s very mportant n
exposure of production workers yet a most no nformation ex

e rate (and partic e character stimating potentia for
especa y n mass production
fac ties greatestcha enges are nmon tor ng techn ques

«snceapp cations for MWCNT are not wel defined how they wou d be released from
mater a synthetetic operations (putt ng the MWCNT nto a product) cannot be determined

« release evels can be approximated fa ry wel

« ack of release data nc ud ng mpur ties

* tte nformation sava ab e about th s step for d fferent synthes s approaches

« need to estimate exposures
« proportional to exposure

« o good studies
« if the volumes of strong acids, etc. that may be required for MWNT processing (purifi
functionalization) are significant then it may pose a risk to the environment in terms of energy
used and waste generated. Specific processes that will be required

« lack of adequate published data on MWCNT and byproducts

« very little data available; processes are not mature

« application and actual use not well defined, so the process volumes and release rates will
also be unknown

« volume of material process heavily influences the potential for exposure and therefore is
important information to have particulary as this is step in life cycle has a large potential for
material release and exposure

« first principles.

« important to know how many workers might be potentially exposed

« no motivation for commercial sectors to falsely report on the volvume of CNTs that they
produce at this point

8(#); 26(%)

« MWCNT Purity 7(#); 23(%)

* MWCNT Synthesis Methods
9(#); 29(%)

« Personal Protective Equipment
6(4); 19(%)

« Other 1(#); 3(%)

« Specify other O(#); 0(%)

« Ana ytica Techn qu
9(%)

« Contro Techno og es 10(#)

32(%)

 MWCNT Pr

9(#) 29(

 MWCNT Pur ty 8(#) 26(%)

* MWCNT Synthes s Methods

11(#) 35(%)

« Persona Protective Equ pment

8(#) 26(%)

« Other 1(#) 3(%)

« Spec fy other 0(#) 0f

ng Methods

« Analytical Techniques 4(#);
13(%)

* Applied Coatings 5(#); 16(%)

« Biodegradability 2(#); 6(%)

* Catalytic Activity 4(#); 13(%)

* Charge 6(#); 19(%)

« Conductive or Magnetic Properties

3(#); 10(%)

« Crystalline Phase 3(#); 10(%)

« Lipophilicity 4(#); 13(%)

* Matrix Bound vs. Free 7(#); 23(%)

« Morphology (e.g. aspect ratio, length,

width, shape) 6(#); 19(%)

* Persistence 3(#); 10(%)

* Redox Potential 5(#); 16(%)

« Size/Size Distribution 7(#); 23(%)

« Specific Surface Area 6(#); 19(%)

« Structural Formula/Molecular

Structure 5(#); 16(%)

« Surface Chemistry 6(#); 19(%)

* Water Solubility/Dispersibility 7(#);

23(%)

* Other 1(#); 3(%)

« Soecify other 0(#): 0(%)

« Adsorption/Desorption Ab. ty 6(#)
)

19(%
« Aggregation/Agg omeration State
10(#) 32(%)
« App ed Coatings 7(#) 23(9
« Bodegradab ty 4(#) 13(%)
ta ytic Activ ty 6(#) 19(%)
Charge 7(#) 23(%)
nductive or Magnetic Properties
a(#) 13(%)
Crysta ne Phase 4(#) 13(%)
«Lpoph cty7(#) 23(%)
«Matrx Bound vs Free 10(#) 32(%
* Morpho ogy (e.g aspectratio ength
wdth shape) 9(#) 29(%)
« Pers stence 7(#) 23
* Redox Potentia 6(#) 19(%)
28 D str bution 10(#) 32
pec f ¢ Surface Area 9(#) 29(%
uctura Formu a/Mo ecu ar
Structure 6(#) 19(%)
rface Chem stry 8(#) 26(%)
«Water Soub ty/Dspersb ty 8(#)
)

Other 1(#) 3(%)
Spec fy other 0(#) 0|

« Adsorption/Desorption Ability 3(#);
10(%)

* Control 7(#); 23(%)
+ MWCNT Processing Methods
6(#); 19(%)

* MWCNT Purity 5(#); 16(%)

« MWCNT Synthesis Methods
5(#); 16(%)

« Personal Protective Equipment
4(#); 13(%)

« Other 1(#); 3(%)

« Specify other 0(#); 0(%)

. State 5(#);
16(%)

« Applied Coatings 5(¢); 16(%)

« Biodegradability 3(#); 10(%)

« Catalytic Activity 3(#); 10(%)

« Charge a(#); 13(%)

« Conductive or Magnetic Properties
2(#); 6(%)

* Crystalline Phase 2(#); 6(%)

« Lipophilicity 3(#); 10(%)

* Matrix Bound vs. Free 4(#); 13(%)
« Morphology (e.g. aspect ratio, length,
width, shape) 5(¢); 16(%)

« Persistence 4(#); 13(%)

* Redox Potential 2(#); 6(%)

« Size/Size Distribution 4(#); 13(%)
 Specific Surface Area 5(#); 16(%)

« Structural Formula/Molecular
Structure 4(#); 13(%)

« Surface Chemistry 5(#); 16(%)

« Water Solubility/Dispersibility 5(¢);
16(%)

« Other 1(#); 3(%)

« Soecifv other 0(#); 0(%)

« Surface Water 2(#); 6(%)
* Wastewater 4(#); 13(%)
* Other 0O(#); 0(%)

« Specify other 0(#); 0(%)

< Ar7(#) 23(%)
« Groundwater 4(#) 13

*So 6(#) 19(%)

« surface Water 3(#) 10(%)
* Wastewater 5(#) 16(%)
« Other 0(#) 0(%

* Spec fy other 0(#) 0(%)

* Air 4(#); 13(%)

* Groundwater 3(#); 10(%)
« Sediment 2(#); 6(%)
* Soil 3(#); 10(%)

« Surface Water 4(#); 13(%)
* Wastewater 5(#); 16(%)

« Other O(#); 0(%)

« Specify other 0(#); 0(%)

2(#); 6(%)

« Temperature 2(#); 6(%)
* Wind 2(#); 6(%)

* Other O(#); 0(%)

« Specify other 0(#); 0(%)

« F ow Regime 2(#) 6(%)
«LghtAva ab ty 1(#) 3(%)
S0 Porosty 4(#) 13(%

« 50 /Sed ment Fractionation
() 13(%)

* Temperature 3(#) 10(%)
«Wnd 2(#) 6(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Flow Regime 2(#); 6(%)

« Light Availability 1(#); 3(%)
« ol Porosity 3(#); 10(%)
« Soil/Sediment Fractionation
3(#); 10(%)

« Temperature 2(#); 6(%)

* Wind 4(#); 13(%)

« Other O(#); 0(%)

« Specify other 0(#); 0(%)

* Exposure to Sunlight 2(#); 6(%)
* Heavy Metals in Environment 1(#);
3(%)

« lonic Strength in Environment
3(#); 10(%)

« Ligand Concentrations in
Environment 0(#); 0(%)

* Natural Organic Matter (NOM)
3(#); 10(%)

« Other Contaminants in
Environment 3(#); 10(%)

* pH 2(#); 6(%)

« Protein Concentration in
Environment 1(#); 3(%)

« salinity 1(#); 3(%)

« Surfactant (in Lab) 5(#); 16(%)
« Other O(#); 0(%)

* Specify other 0(#); 0(%)

« Conductiv ty 4(#) 13(%)

« D spers ng Agents 7(#) 23(%)

« D ss0 ved Oxygen Content 1(#)
3(%)

« Exposure to Sun ght 3(#) 1

« Heavy Meta's n Env ronment 3(#)

« oncStrength n Env ronment
3(#) 10(%)

« Lgand Concentrations n

Env ronment 1(#) 3(

« Natura Organ ¢ Matter (NOM)
4(#) 1304

« Other Contaminants n

Env ronment 3(#) 10(%)

« PH 4(#) 13(%)

« Protein Concentration n

Env ronment 1(#) 3(%)

«5a nty3(#) 10(%)

« Surfactant (in Lab) 5(#) 16(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Conductivity 2(#); 6(%)

« Dispersing Agents 5(¢); 16(%)
« Dissolved Oxygen Content 1();
3(%)

« Exposure to Sunlight 2(4); 6(%)
« Heavy Metals in Environment 5(#);
16(%)

« lonic Strength in Environment
2(#); 6(%)

;and Concentrations in
Environment 2(#); 6(%)

« Natural Organic Matter (NOM)
3(#); 10(%)

« Other Contaminants in
Environment 5(#); 16(%)

* pH 4(#); 13(%)

« Protein Concentration in
Environment 2(#); 6(%)

« salinity 1(#); 3(%)

« Surfactant (in Lab) 5(#); 16(%)

« Other O(#); 0(%)

« Specify other 0(#); 0(%)

Environment O(#); 0(%)

* Organism Health 1(#); 3(%)

« Species/Individual
Developmental Behavior 1(#); 3(%)
« Species/Individual Feeding
Behavior 2(#); 6(%)

« Species/Individual Reproductive
Behavior 1(#); 3(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

* ADME 3(#) 10(%)

« B oaccumu ation 5(#) 16(%

« B omagn f cation 4(#) 13(%)
*Mcroba Commun ties n

Env ronment 2(¢) 6(%)

+ Organ sm Hea th 2(#) 6(%)

« Specees/ nd v dua
Developmenta Behav or 2(#) 6(%)
« Speces/ ndv dua Feed ng
Behav or 3(#) 10(%)

« Specees/ nd v dua Reproductive
Behav or 2(#) 6(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%

 ADME 2(#); 6(%)

* Bioaccumulation 4(#); 13(%)
magnification 2(#); 6(%)
obial Communities in
Environment 1(¢); 3(%)

* Organism Health 2(#); 6(%)
« Species/Individual
Developmental Behavior 2(#); 6(%)
« Species/Individual Feeding
Behavior 3(#); 10(%)

+ Species/Individual Reproductive
Behavior 1(#); 3(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

urban) 2(#); 6(%)

* Habitat Structure 2(#); 6(%)
+ Human Activity 5(#); 16(%)

« Individual Activity Level 6(¢);
19(%).

« Life Stage 2(#); 6(%)

* Occupation 5(#); 16(%)

* Subchronic Exposure 4(#); 13(%)
« Susceptible
Populations/Individuals 4(#); 13(%)
« Other O#); 0(%)

« Specify other 0(#); 0(%)

« Acute Exposure 7(#) 23(%)

« Chron ¢ Exposure 8(#) 26(%

« Exposure Route 7(#) 23(%)

« Geograph ¢ Location (i.e. rura vs
urban) 2(#) 6(%)

« Hab tat Structure 3(#) 10(%
 Human Activ ty 7(#) 23(%)
 ndvdua Activ ty Level 8(#)

2)

« Lfe Stage 3(#) 10(%)
 Occupation 7(#) 23(%)

« Subchron ¢ Exposure 6(#) 19(¢

« Susceptib e

Popu ations/ nd v dua s 4(#) 13(%
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Acute Exposure 3(#); 10(%)

* Chronic Exposure 4(#); 13(%)
« Exposure Route 3(#); 10(%)
« Geographic Location (i.e. rural vs.
urban) 2(#); 6(%)

« Habitat Structure 2(#); 6(%)

« Human Activity 3(#); 10(%)

« Individual Activity Level 3(#);
10(%)

« Life Stage 3(#); 10(%)

« Occupation 3(#); 10(%)

« subchronic Exposure 3(#); 10(%)
« Susceptible
Populations/Individuals 4(#); 13(%)
« Other O(#); 0(3%)

« Specify other 0(); 0(%)




1D]_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
u 3 Methods Techniques ENM C Media Physical Conditions Chemical Conditions Biological Conditions Social Conditions
6 | Material Processing| 17(#); 55(%) | 12(); 39(%) | 2(#); 6(%) | 11(); 35(%) | 6(#); 19(%) | O(#); 0(%) | 3(#); 10(%) [ 7(#); 23(%) | 7(#); 23(%) |+ proportional to exposure * Analytical Techniques 7(#); * Adsorption/Desorption Ability 6(#); |+ Air 6(#); 19(%) « Flow Regime 3(#); 10(%) « Conductivity 3(#); 10(%) * ADME 2(#); 6(%) * Acute Exposure 5(#); 16(%)
Release Rate « lack of adequate published data on MWCNT and byproducts 23(%) 19(%) * Groundwater 4(#); 13(%) | Light Availability 2(#); 6(%) * Dispersing Agents 7(#); 23(%) « Bioaccumulation 5(#); 16(%) [« Chronic Exposure 6(#); 19(%)
* no good studies / limited amount of studies + Control 9(#); 29(%) |+ State 8(#); |+ Sed| (#); 13(%) « Soil Porosity 4(#); 13(%) * Dissolved Oxygen Content 2(#); | Biomagnification 3(#); 10(%) |+ Exposure Route 5(#); 16(%)
« lack of release data at premanufacturing facilities * MWCNT Processing Methods |26(%) « Soil 4(#); 13(%) « Soil/Sediment Fractionation |6(%) * Microbial Communities in * Geographic Location (i.e. rural vs.
« release rate (and particle characteristics) is very important in estimating potential for 10(#); 32(%) « Applied Coatings (#); 26(%) « Surface Water 6(#); 19(%) |4(#); 13(%) « Exposure to Sunlight 3(#); 10(%) | Environment 2(#); 6(%) urban) 2(#); 6(%)

7 Product
Manufactur ng
Vo ume

8 Product
Manufactur ng
Release Rate

24(#) 77(%)

5(#) 16(%)

5(#) 16(%)

2(#) 6(%)

2(#) 6(%

20(#) 65(%

21(#) 68(%)

3(#) 10(%)

3(#) 10

1(#) 3(%)

0(#) 0(%)

8(#) 26(%)

6(#) 19(%)

6(#) 19(%)

7(#) 23(%

10(#) 32(%)

11(#) 35(%)

exposure of production workers yet almost no information exists especially in mass production
« processing facilites - greatest challenges are in monitoring techniques

« application and actual use not well defined, so the process volumes and release rates will
also be unknown

« control of dust not known; exposures expected to be greatest at this stage

« first principles

« methods and mechanisms exist for handling of standard cheicals such as oxidizing acids
and release rates should be able to be minimized

« among the producers th s number shou d be obta n:

« proportiona to exposure

«vo ume by any metrc svta n order to do any k nd of exposure assessment dur ng

manufactur ng wh ch aga n s afundamenta part of r sk assessment

« ack of adequate pub shed data on MWCNT and byproducts

« no good stud es

« unsure about data qua ty.

«app cation and actua use not wel defined so the process vo umes and release rates w.

a0 be unknown

.  scenar os appear to be min ma stud es no mention of the contaminates

cata yst)

« rel es upon manufacturer nformation

« There s the potentia for mater a release dur ng manufacture and n partiu ar dur ng the

celan ng processes and app cation of the f ame retardant to textiles The evel of release s
kely to be reflected n the sca e of activ tis (as wel as n contro methods used) but there s
tte nformation on th s especa y as the techno ogy for production s stil develop ng

«frstprncpes

« ack of centra zed reporting s

« measurement techn ques can estimate, but on y somewhat conf dent

snce

necessary to understand potentia exposures t

by weight of CNTs are ow n these mixtures tota vo ume of retardants wou d be
s not ¢ ear what vo umes of products and

correspond ng evel of rsks n manufacturngw occur f t sac osed shou dnt be a prob em

« among the producers th s number shou d be obta nab e
« one nee
manufactur ng

« proportiona to exposure

« ack of adequate pub shed data on MWCNT and byproducts
* mited data

0 know the release rate n order to assess the exposure potentia dur ng product

* tte nformation sava ab e about how products wou d be manufacturer and how d fferent
processes mpact release rates
* no good stud es

«app cation and actua use not wel defined so the pro
a0 be unknown

«frstprncpes

« genera methods of app cation of MWCNT formu ations are known and can be used to

vo umes and release rates w

nform potentia release rates
* s nce the retardants are mostkely to be app ed wet twou d be necessary to know the
potentia for release and exposure

coudpayaroe neary release, doesnt seem to matter n ater release stud es

« am assuming th s refers to the CVD process and assoc ated hand ng

* MWCNT Purity 5(#); 16(%)
« MWCNT Synthesis Methods

5

%)
« Personal Protective Equipment
3(%)

(%)
* Other 1(#); 3(%)
* Specify other 0(#); 0(%)

« Ana ytica Techn ques 7(#)
23(%)

« Contro Techno og es 12(#)
39(%)

 MWCNT Process ng Methods.

 MWCNT Pur ty 7(#) 23(%)

* MWCNT Synthes s Methods
8(#) 26(%)

« Persona Protective Equ pment
11(#) 35(%)

« Other 2(#) 6(%)

« Spec fy other 0(#) Of

« Ana ytica Techn ques 12(#)

 MWCNT Process ng Methods
13(#) 42(%)

* MWCNT Pur ty 6(#) 19(%)

* MWCNT Synthes s Methods

« Persona Protective Equ pment
12(#) 39(%)

« Other 2(#) 6(%)

* Spec fy other 0(#) f

* Biodegradability 5(#); 16(%)
* Catalytic Activity 5(#); 16(%)
* Charge 6(#); 19(%)
* Conductive or Magnetic Properties
4(#); 13(%)
« Crystalline Phase 3(#); 10(%)
 Lipophilicity 4(#); 13(%)
* Matrix Bound vs. Free 7(#); 23(%)
« Morphology (e.g. aspect ratio, length,
width, shape) 8(#); 26(%)
* Persistence 7(#); 23(%)
* Redox Potential 3(#); 10(%)
« Size/Size Distribution 7(#); 23(%)
« Specific Surface Area 7(#); 23(%)
« Structural Formula/Molecular
Structure 5(#); 16(%)
« Surface Chemistry 8(#); 26(%)
* Water Solubility/Dispersibility 8(#);
26(%)
« Other 1(#); 3(%)
« Soecify other 0(#): 0(%)
« Adsorption/Desorption Abty 8(#)
26(%
« Aggregation/Agg omeration State
11(#) 35(%)
« App ed Coatings 9(t) 29(%)
* Bodegradab ty 4(#) 13(%)
Cata ytic Activ ty 6(#) 19(%)
« Charge 9(#) 29(%)
Conductive or Magnetic Properties
5(#) 16(%)
Crysta ne Phase 4(#) 13(%)
«Lpoph cty7(#) 23(%)
« Matrx Bound vs Free 12(#) 39(%
* Morpho ogy (e.g aspectratio ength
wdth shape) 10(#) 32(%)
« Pers stence 8(#) 26(%)
* Redox Potentia 4(#) 13(%)
/S ze D str bution 10(#) 32
pec f ¢ Surface Area 9(#) 29(%
uctura Formu a/Mo ecu ar
Structure 7(#) 23(%)
rface Chern stry 10(#) 32
WaterSoub ty/Dspersb ty 12(#)
39(%)

* Wastewater 6(#); 19(%)
« Other O(#); 0(%)
« Specify other 0(#); 0(%)

« Temperature 3(#); 10(%)
* Wind 4(#); 13(%)

« Other O(#); 0(%)

« Specify other 0(#); 0(%)

< Ar9(#) 29(%
roundwater 5(#) 16(%)

« Sed ment 4(#) 13(%)

50 6(#) 19(%)

« surface Water 5(#) 16(%)

* Wastewater 7(#) 23(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

+ F ow Regime 2(#) 6
*LghtAva ab ty 0(#) 0(%)
*So Poros ty 3(#) 10(%

3(4) 100%)

« Temperature 2(¢) 6(%)
< W nda(#) 13(%

« Other 1(#) 3(%)

« Spec fy other 0(#) 0(%)

« Other 1(#) 3(%)

Spec fy other 0(#) 0|
« Adsorption/Desorption Ab ty 8(#)  « Ar10(#) 32(%)
« Groundwater 5(#) 16(%
« Sed ment 5(#) 16(%)
*So 7(#) 23(%)
« Surface Water 7(#) 23(%)
« Wastewater 10(#) 32(%
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

« F ow Regime 3(#) 10(%)
«LghtAva ab ty 1(#) 3(%
« Aggregation/Agg omeration State *So Porosty 4(#) 13(%)
11(#) 35(%)
« App ed Coatings 10(#) 32(%
« Bodegradab ty 5(#) 16(%)
« Cata ytic Activ ty 5(#) 16(%)
* Charge 9(#) 29(%)
« Conductive or Magnetic Properties
S(#) 1
«Crysta ne Phase 4(#) 13
«Lpoph cty6(#) 19(%)
« Matrx Bound vs Free 12(#) 39(%)
* Morpho ogy (e.g aspectratio ength
wdth shape) 10(#) 32(%)
« Pers stence 9(#) 29(%)
« Redox Potentia 4(#) 13(%)
2/ 7 D str bution 11(#) 35(%)
pec f c Surface Area 10(#) 32(%)
Structura Formu a/Mo ecu ar
Structure 7(#) 23(%)
« Surface Chem stry 10(#) 32(%)
« WaterSoub ty/Dspersb ty 11(#)

4(H) 13(%

« Temperature 3() 10(%)
* W nd 5(#) 16(%)

« Other 1(#) 3(%)

« Spec fy other 0(#) 0(%)

* Other 1(#) 3(%)
= Spec fy other 0(#) 0(%)

*So /Sed ment Fractionation

*So /Sed ment Fractionation

* Heavy Metals in Environment 5(#);
16(%)

« lonic Strength in Environment
3(#); 10(%)

« Ligand Concentrations in
Environment 3(#); 10(%)

« Natural Organic Matter (NOM)
4(#); 13(%)

« Other Contaminants in
Environment 5(#); 16(%)

 pH 4(#); 13(%)

« Protein Concentration in
Environment 3(#); 10(%)

« salinity 2(#); 6(%)

« Surfactant (in Lab) 5(#); 16(%)
« Other O(#); 0(%)

* Specify other 0(#); 0(%)

* Conductiv ty 2(#) 6(%)
* D spers ng Agents 8(#) 26(%)
* D50 ved Oxygen Content O(#)

« Exposure to Sun ght 3(#) 1
* Heavy Meta's n Env ronment 3(#)

« oncStrength n Env ronment
3(#) 10(%)

« Lgand Concentrations n

Env ronment 1(#) 3(%)

* Natura Organ c Matter (NOM)
3(#) 10(%)

« Other Contaminants n

Env ronment 3(#) 10(%)

« pH 3(#) 10(%)

« Protein Concentration n

Env ronment 1(#) 3(

*Sa nty 2(#) 6(%)

« Surfactant (in Lab) 6(#) 19(%)
« Other 1(#) 3(%)

« Spec fy other 0(#) 0(%)

« Conductiv ty 3(#) 10(%)

« D spers ng Agents 9(#) 29(%)
* D50 ved Oxygen Content 1(#)
3(%)

« Exposure to Sun ght 4(#) 13(%)
« Heavy Metas n Env ronment 5(#)
16(%)

« oncStrength n Env ronment
4(#) 1304

« Lgand Concentrations n

Env ronment 2(#) 6(%)

« Natura Organ c Matter (NOM)
5(#) 16(%)

« Other Contaminants n

Env ronment 5(#) 16(%)

« pH 5(#) 16(%)

« Protein Concentration n

Env ronment 2(#) 6(%

Sa nty 4(#) 13(%)

« Surfactant (in Lab) 6(#) 19(%)
« Other 1(#) 3(%)

* Spec fy other 0(#) 0(%)

« Organism Health 3(#); 10(%)
« Species/Individual
Developmental Behavior 3(#);

« Species/Individual Feeding
Behavior 4(#); 13(%)

« Species/Individual Reproductive
Behavior 2(#); 6(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

« ADME 6(#) 19(%)

* B oaccumu ation 7(#) 23(%)
« Bomagn f cation 4(#) 13(%)
*Mcroba Commun ties n

Env ronment 2(¢) 6(%)

* Organ sm Hea th 3(#) 10(%)

« Specees/ nd v dua

Developmenta Behav or 2(#) 6(%)
« Speces/ ndv dua Feed ng
Behav or 4(#) 13(%)

« Specees/ nd v dua Reproductive
Behav or 1(#) 3(%)

* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%

« ADME 6(#) 19(
« B oaccumu ation 8(#) 26(%)
* Bomagn f cation 5(#) 16(
*Mcroba Commun ties n
Env ronment 3(#) 10(%)
» Organ sm Hea th 3(#) 10(%)
* Speces/ nd v dua
Developmenta Behav or 3(#)
10(%)

Speces/nd v dua Feed ng
Behav or 5(#) 16(%)

Speces/ nd v dua Reproductive
Behav or 2(#) 6(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%

* Habitat Structure 3(#); 10(%)

+ Human Activity 5(#); 16(%)

« Individual Activity Level 5(#);
16(%)

« Life Stage 4(#); 13(%)

* Occupation 5(#); 16(%)

« subchronic Exposure 5(#); 16(%)
« Susceptible
Populations/Individuals 4(#); 13(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

« Acute Exposure B(#) 26(%)
« Chron ¢ Exposure 9(#) 29(%

« Exposure Route 7(#) 23(%)

« Geograph c Location (i.e. rura vs
urban) 2(#) 6(%)

« Hab tat Structure 1(#) 3(%)

« Human Activ ty 8(#) 26(%)

« ndvdua Activty Level 8(#)

« Lfe Stage 3(#) 10(%)
* Occupation 7(#) 23(%)

* Subchron ¢ Exposure 7(#) 23(%

* Susceptib e

Popu ations/ nd v dua s 6(#) 19(%)
* Other 1(#) 3(%)

 Spec fy other 0(#) 0(%)

« Acute Exposure 8(#) 26(%)

« Chron c Exposure 9(#) 29(%)

« Exposure Route 8(#) 26(

« Geograph c Location (i.e. rura vs
urban) 1(#) 3(%)

* Hab tat Structure 1(#) 3(%)

* Human Activ ty 7(#) 23(%)

« ndvdua Activ ty Level 8(#)
26(%)

« Lfe Stage 4(#) 13(%)

« Occupation 8(#) 26(%)

« Subchron ¢ Exposure 7(#) 23(

« Susceptib e

Popu ations/ nd v dua s 5(#) 16(%)
« Other 1(#) 3(%)

« Spec fy other 0(#) 0(%



0] RRF Confidence Why Influential Factors
' u c Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
9 30 100%) | 13(1); 420%) | 15(#); 48(%) | 2(#); 6(%) 2#);6(%) | 0#);00%) | 1(#);3(%) |+ need to estimate exposures « Analytical Techniques O(#); 0(%) |+ Adsorption/Desorption Ability O(#); |« Air 0(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity O(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure O(#); 0(%)
« proportional to exposures « Control Technologies 0(#); 0(%) [0(%) « Groundwater 0(#); 0(%) |« Light Availability 0#); 0(%) « Dispersing Agents 0(#); 0(%) « Bioaccumulation O(#); 0(%) « Chronic Exposure O(#); 0(%)
« MWCNT Processing Methods |+ Aggregation/Agglomeration State 0(#); | Sediment 0(#); 0(%) « Soil Porosity 0(#); 0(%) « Dissolved Oxygen Content 0(#); [+ Biomagnification 0(#); 0(%) « Exposure Route O(#); 0(%)
o(#); 0(%) 0(%) « 5oil 0(#); 0(%) « Soil/Sediment Fractionation [0(%) * Microbial Communities in « Geographic Location (i.e. rural vs
« MWCNT Purity 0(#); 0(%) « Applied Coatings 0(#); 0(%) « surface Water 0(#); 0(%)  |0(#); 0(%) « Exposure to Sunlight 0(#); 0(%)  [Environment 0(#); 0(%) urban) O(#); 0(%)
 MWCNT Synthesis Methods [+ (#); 0(%) .  0(#); 0(%) . 0(#); 0(%) « Heavy Metals in Environment O(#); | « Organism Health 0(#); 0(%) « Habitat Structure 0(#); 0(%)
o(#); 0(%) « Catalytic Activity 0(#); 0(%) « Other 0(#); 0(%) « Wind 0(#); 0(%) 0(%) « Species/Individual « Human Activity 0(#); 0(%)
« Personal Protective Equipment |+ Charge O(#); 0(%) « Specify other 0(#);0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 0(#); 0(%)
o(#); 0(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) o(#); 00%) « Species/Individual Feeding « Life Stage O(#); 0(%)
« Other 0(#); 0(%) o(#); 0(%) « Ligand Concentrations in Behavior 0(#); 0(%) « Occupation O(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment 0(#); 0(%) . « Subchronic Expe (#); 0(%)
« Lipophilicity 0#); 0(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free O(#); 0(%) o(#); 00%) « Other 0(#); 0(%) Populations/Individuals O(#); 0(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) O(#); 0(%) Environment 0(#); 0(%) « Specify other 0(#); 0(%)
« Persistence O(#); 0(%) « pH O(#); 0(%)
* Redox Potential O(#); 0(%) * Protein Concentration in
« Size/Size Distribution O(#); 0(%) Environment O(#); 0(%)
« specific Surface Area O(#); 0(%) « salinity O(#); 0(%)
« Structural Formula/Molecular « surfactant (in Lab) 0(#); 0(%)
structure 0(#); 0(%) « Other 0(#); 0(%)
« surface Chemistry 0(#); 0(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility O(#);
0(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
10) 3(1); 100%) | 13(1); 420%) | 15(#); 48(%) | 2(4); 6(%) 1#;30%6) | 10#):3(%) | 1(#):30%) |« The question of what form of storage container is typically used by manufacturers of CNT |+ Analytical Techniques 1(#); 3(%) | Adsorption/Desorption Ability 1(#); | Air 0(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity O(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure O(#); 0(%)

10(#) 32(%)

2(#) 6(%)

17(#) 55(%)

8(#) 26(%)

2(#) 6(%)

a(#) 29(%)

exists. In personal experience small quatities (research batches) tend to be shipped in glass
bottles or hard plastic containers whilst larger amounts (e.g. >1Kg) tend to be shipped in large
heavy gauge plastic bags for which it s difficult to handle (i.e. they dont stand up) seal
effectivly and keep clean. Therefore there is a great potential for release in normal handling

« similar to other chemicals

« proportional to exposure

« among the producers th s number shou d be obta nab e

* current f ame retardant coating exposure w th upho stery use s somewhat known Rskw th

use of MWCNT product s not known
« need to estimate exposures
« the area treated w affect exposure. Need to estimate exposures

«actua end use for MWCNT rea y not wel defined Cou d be we are ook ngat the r sk ssues

n the comp etely wrong app cation

« nformation s genera y not supp ed by the manufacturers about numbers of products and
n products

key n order to comp ete exp

ither not have the nformation about uses and vo ume or we do not have access to

such nformation

ure assessments dur ng uses At the moment,

« Control Technologies 2(#); 6(%)
« MWCNT Processing Methods
1(#); 3(%)

« MWCNT Purity 1(#); 3(%)

* MWCNT Synthesis Methods
1(#); 3(%)

« Personal Protective Equipment
1(#); 3(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

« Ana ytica Techn ques 4(#)
13(%)

« Contro Techno og es 5(#) 16(
 MWCNT Process ng Methods.
() 13(%)

* MWCNT Pur ty 5(#) 16(%)

* MWCNT Synthes s Methods
() 13(%)

« Persona Protective Equ pment
3(#) 10(%)

* Other 4(#) 13(%)

« Spec fy other 0(#) 0(%
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« Groundwater O{#); 0(%)
 Aggregation/Agglomeration State 1(#); [+ Sediment O(#); 0(%)
300 « Soil {#); 0(%)

« Applied Coatings 1(#); 3(%) « Surface Water O(#); 0(%)

« Light Availability 0(#); 0(%)
« Soil Porosity 0(#); 0(%)
« Soil/Sediment Fractionation

. (#); 0(%) * Wastewater 0(#); 0(%)

« Catalytic Activity O(#); 0(%) * Other 0(#); 0(%)

« Charge O(#); 0(%) « Specify other 0(#); 0(%)

« Conductive or Magnetic Properties

0(#); 0(%)

« Crystalline Phase O(#); 0(%)

« Lipophilicity O(#); 0(%)

* Matrix Bound vs. Free 1(#); 3(%)

« Morphology (e.g. aspect ratio, length,

width, shape) O(#); 0(%)

« Persistence O(#); 0(%)

* Redox Potential O(#); 0(%)

« Size/Size Distribution O(#); 0(%)

« Specific Surface Area 0(#); 0(%)

« Structural Formula/Molecular

Structure 0(#); 0(%)

« surface Chemistry 0(#); 0(%)

* Water Solubility/Dispersibility 1(#);

3(%)

« Other O(#); 0(%)

« Soecify other 0(#): 0(%)

« Adsorption/Desorption Ab ty 6()  * Ar7() 2

19(%) roundwater 2(#) 6(%

« Aggregation/Agg omeration State 7(#) + Sed ment 3(#) 10(%)

23(%) S0 5(#) 16(%)

« App ed Coatings 7(#) « Surface Water 2(#) 6(%

« B odegradab  ty 5(#) 16 « Wastewater 6(#) 19(%)

ta ytic Activ ty 3(#) 10(%) « Other 1(#) 3(%)

Charge 5(#) 16(%) « Spec fy other 0(#) 0|
Conductive or Magnetic Properties

2#) 6(%)
Crysta ne Phase 2(4) 6(%)

«Lpoph cty6(#) 19(%)

« Matrx Bound vs Free 8(#) 26(

* Morpho ogy (e.g aspectratio ength

wdth shape) 6(#) 19(%)

« Pers stence 7(#) 23(%)

Spec f c Surface Area 5(#) 16(%)
tructura Formu a/Mo ecu ar
(#) 16(%)
rface Chem stry 6(#) 19(%)

*WaterSoub ty/Dspersb ty 7()
23(%)
« Other 1(#) 3(%)

oec fv other Ol#) 0(%)

o(4); 00%)
. 0(#); 0(%)
* Wind 0(#); 0(%)
« Other 0#); 0(%)
* Specify other 0(#); 0(%)

« Fow Regime 0(#) 0(%
*LghtAva ab ty 1(#) 3(%)
*So Porosty 1(#) 3(%)

ed ment Fractionation

©Wnd 1(#) 3(%
« Other 1(#) 3
* Spec fy other 0(#) 0f

« Dispersing Agents 0(#); 0(%)
* Dissolved Oxygen Content 0(#);
0(%)

« Exposure to Sunlight 0(#); 0(%)
* Heavy Metals in Environment O(#);
0(%)

« lonic Strength in Environment
0(#); 0(%)
« Ligand Concentrations in

(#); 0(%)
* Natural Organic Matter (NOM)
0(#); 0(%)
« Other Contaminants in
Environment 0(#); 0(%)
« pH O(#); 0(%)
« Protein Concentration in
Environment 0(#); 0(%)
« salinity O(#); 0(%)
« Surfactant (in Lab) O(#); 0(%)
« Other 0#); 0(%)
* Specify other 0(#); 0(%)

« Conductiv ty 2(#) 6(%
* D spers ng Agents 5(#) 16(%

« D sso ved Oxygen Content O[#)
0(%)

« Exposure to Sun ght 4(#) 13(%)

« Heavy Meta's n Env ronment 1(#)
3(%)

* oncStrength n Env ronment
2(#) 6(%)

« L gand Concentrations n

Env ronment 0(#) 0(%)

* Natura Organ c Matter (NOM)

« Other Contaminants n

Env ronment 1(#) 3(%)

* pH 2(#) 6(%)

« Protein Concentration n
Env ronment 1(#)

*Sa nty2(#) 6(%)

* Surfactant (in Lab) 3(#) 10(%
« Other 1(#) 3(%)

« Spec fy other 0(#) 0(%)

« Bioaccumulation 0(#); 0(%)

« Biomagnification O(#); 0(%)

* Microbial Communities in
Environment O(#); 0(%)

« Organism Health 0(#); 0(%)

« Species/Individual
Developmental Behavior 0(#); 0(%)
« Species/Individual Feeding
Behavior O(#); 0(%)

« Chronic Exposure O(#); 0(%)

« Exposure Route 0(#); 0(%)

« Geographic Location (i.e. rural vs.
urban) 0(#); 0(%)

* Habitat Structure 0(#); 0(%)

« Human Activity 0(#); 0(%)

« Individual Activity Level O(#); 0(%)
« Life Stage 0(#); 0(%)

« Occupation 0(#); 0(%)

Behavior O(#); 0(%)
« Other 0(#); 0(%)
« Specify other O(#); 0(%)

* ADME 5(#) 16(%

« B oaccumu ation 5(¢#) 16
« B omagn f cation 4(#) 13(
*Mcroba Commun ties n
Env ronment 2(#)

« Organ sm Hea th 2(#) 6|

Developmenta Beh: E!
Speces/ndvdua Feed ng
Behav or 2(#) 6(%)
Spec es/ nd v dua Reproductive
Behav or 1(#) 3(%)
« Other O[#) 0(%)
Spec fy other 0(#) 0(%)

« subchronic Exp
« Susceptible
Populations/Individuals O(#); 0(%)
« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

(#); 0(%)

« Acute Exposure 6(#) 19(%)

« Chron c Exposure 7(¢)

« Exposure Route 7(#) 23(%

* Geograph c Location (i.e. rura vs
urban) 3(#) 10(%)

+ Hab tat Structure 3(#) 10(%)

* Human Activ ty 7(#)

« ndvdua Activty Level 7(#)
23(%

* Lfe Stage 4(#) 13(%)

* Subchron c Exposure 6(#) 19(
* Susceptib e

« Other 0(#) 0(%)
* Spec fy other 0(¢) 0(%)




[10]Element-RRF pair |

RRF Importance

RRF Confidence

Influential Factors

13|

14

lease Rate

Disposal/Recycling-
Volume

Dsposa /Recyc ng
Release Rate

19(#) 61(%)

19(#); 61(%)

19(#) 61(¢

10(#) 32(%)

10(#); 32(%)

10(#) 32(%)

2(#) 6(%)

2(#); 6(%)

2(#) 6(%

18(#) 58(%)

17(#); 55(%)

17(#) 55(%)

1(#) 3(%)

2(#); 6(%)

2(#) 6(%)

0(#); 0(%)

of#) ofs

7(4); 23(%)

4(#) 13(%)

S(#); 16(%)

al#) 13(%

13(#) 42(%)

7(4); 23(%)

« essentia for exposure anays s Proportiona to exposure
depend on use pattern and fe

«actua end use for MWCNT rea y not wel defined Cou d be we are ook ng at the r sk
n the comp etely wrong app cation

«as n the case of product manufactur ng release rate sv'ta n order to comp etean

ow

ssues.

exposure assessment dur ng uses
« nformation on decaBDE release dur ng the use phase of a f ame retardent suggests that
there 5 a cons derab e potentia for CNT release fused nas miar manner (e.g textiles). the
evel of release and phys cochem ca character stics of the released

« ack of adequate pub shed data on var ous types of MWCNT

« the rate of release of MWCNTS and assoc ated hazards from new to be made products s not
wel known mostly because the exact mater a s formu ations processes products and use
scenar os are to be determined

« there are few stud es on release rates from prod
MWCNTS

« s miar to other chem ca s

or po ymer nanocompos tes w th

« essential for exposure analysis; proportional to exposure.
« first principles.

« lack of adequate published data on various types of MWCNT
« products are too immature for sufficient data

« There is an information gap on the likley future level of recycling as it s gradually becoming
less commercially and socially acceptable to produce materials which cannot be recycled.
Therefore the comparison with decaBDE based flame retardent materials may lead to an under
estimation of the volume of recovery and recycling of NT containing flame retardants

« While data on how most products get disposed of and recycled is known, the application for
MWCNT still isnt known and therefore how MWCNT risk is to be affected by product disposal
and recycling is not at all clear.

« volume disposed and recycled is vital in order to assess exposure over time and the monitor
trends. This depends on the magnitude of products disposed of or recycled

11(#) 35(%) e

« ttedataava abesnce arge scae manufactur ng of CNT coated textiles has not occurred
No opportun ties to conduct stud es s nce mater a s are not be d sposed of yet.
* Release rates dur ng d sposa and recyc ng pr s need to be known n order to ass
exposure
*Thsw determine the mpact of the vo ume of MWCNT conta n ng products and where
MWCNTs are released (dur ng recyc ng n andf s etc)

inknown release rate/mechan sm for MWCNT f ame retardant upho stery coatings
*Wh e data on how most products get d sposed of and recyc ed s known the app cation for
MWCNT stil snt known and therefore how MWCNT r sk s to be affected by product d sposa
andrecyc ng snotata cear

« Ana ytica Techn ques 12(#)
39(%)

ntro Techno o es 6(#) 19
« MWCNT Process ng Methods
7(4) 23(%)
 MWCNT Pur ty 8(#) 2t
* MWCNT Synthes s Methods
6(#) 19(%)
« Persona Protective Equ pment
3(#) 10(%)
« Other 5(#) 16(%)
« Spec fy other 0(#) 0f

+ Analytical Techniques 6(t);
19(%)

Surrounding Media ical Conditions
« AT8[#) 26(%)

roundwater 3(#) 10(%)
« Sed ment 4(#) 13(%)
*So 7(#) 23(%)
« Surface Water 3(#) 10(%)
* Wastewater 7(#) 23(%)
« Other 2(#) 6(%)
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« F ow Regime 0(#) 0
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« 5o /Sed ment Fractionation
1) 3(%)
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« Spec fy other 0(#) 0(%)

11(#) 35(%)
« App ed Coatings 12(#) 39(%)
« B odegradab  ty 6(#) 19(%)
« Cata ytic Activ ty 3(#) 10(%)
© Charge 6(#) 19(%)
« Conductive or Magnetic Properties
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Crysta ne Phase 3(#) 10(%
* Lpoph cty8(#) 26(%)
« Matrx Bound vs Free 12(#) 39(%
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wdth shape) 9(#) 29(%)
« Pers stence 8(#) 26(%)
« Redox Potentia 3(#) 10(%)
«Sze/5 ze D str bution 10(#) 32(%)
« Spec f ¢ Surface Area 7(#) 23(%)
« Structura Formu a/Mo ecu ar
Structure 6(#) 19(%)

Chem stry 10(#) 32(
spers bty 12(#)

« Other 1(#) 3(%)
« Spec fy other O(#) 0|

* Air 5(#); 16(%)
* Groundwater 6(#); 19(%)
* Sediment 6(#); 19(%)

* Flow Regime O(#); 0(%)
« Light Availability 1(#); 3(%)
* Soil Porosity 3(#); 10(%)

* Adsorption/Desorption Ability 5(#);
16(%)

« Control 7(#); 23(%)
« MWCNT Processing Methods
5(#); 16(%)

* MWCNT Purity 5(#); 16(%)

« MWCNT Synthesis Methods
4(#); 13(%)

« Personal Protective Equipment
6(#); 19(%)

* Other 3(#); 10(%)

« Specify other O(#); 0(%)

* Contro Techno og es 9(#) 29(
 MWCNT Process ng Method:
7(#) 23(%)

* MWCNT Pur ty 4(#) 13(%)

* MWCNT Synthes s Methods
3(#) 10(%)

« Persona Protective Equ pment
7(#) 23(%)

* Other 3(#) 10(%)

« Spec fy other 0(#) 0(%)
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19(%)

« Applied Coatings 6(¢); 19(%)

« Biodegradability 4(#); 13(%)

* Catalytic Activity 1(#); 3(%)

« Charge 4(#); 13(%)

« Conductive or Magnetic Properties
(#); 3(%)

« Crystalline Phase 1(4); 3(%)

« Lipophilicity 5(#); 16(%)

* Matrix Bound vs. Free 6(#); 19(%)
« Morphology (e.g. aspect ratio, length,
width, shape) 6(¢); 19(%)

« Persistence 6(#); 19(%)

* Redox Potential 2(#); 6(%)

« Size/Size Distribution 5(#); 16(%)

« Specific Surface Area 4(#); 13(%)

« Structural Formula/Molecular
Structure 5(#); 16(%)

« Surface Chemistry 5(#); 16(%)

* Water Solubility/Dispersibility 5(#);
16(%)

« Other 1(#); 3(%)
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« Adsorption/Desorption Abty 7(¢)
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« Surface Water 5(#); 16(%)
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*So 10(#) 32( «So /Sed ment Fractionation
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« Conductive or Magnetic Properties
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* D spers ng Agents 6(#) 19(%)
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ec fy other O(#) 0(%)

* Acute Exposure 5(#); 16(%)

* Chronic Exposure 5(#); 16(%)
* Exposure Route 4(#); 13(%)
« Geographic Location (i.e. rural vs.
urban) 3(#); 10(%)

* Habitat Structure 4(#); 13(%)

« Human Activity 3(#); 10(%)

« Individual Activity Level 3(#);
10(%)

« Life Stage 3(#); 10(%)

« Occupation 3(#); 10(%)

Behavior 3(#); 10(%)
« Other 0(#); 0(%)
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Lt 1+ T m T u 1 1 [ & | | ¢ [ sc [~ [ | WMethodsTechniges | ____ENMCharacteristis | _SurroundingMedia__| __Physical Conditions | ____Chemical Conditions ___| ___biological Conditions ______Social Conditions _|
15 A Mob ty 28(#) 90(%) 1(#) 306)  2#) 6(%) 24() 77(%) 3() 10(%) 1(#) 3(%) 5(4) 16(%) 6(#) 19(%) 17(#) 55(%) *abundant data + Anaytica Techn ques 14(#)  + Adsorption/Desorption Ab ty 9(#)  »Ar 11(#) 35(% « F ow Regime 7(¢) 23(%) « Conductiv ty 2(#) 6( ADME2() 6(%)  *Acute Exposure 5(#) 16(%)
«aera dsperson saconcern 45(%) 29(%) « Groundwater 1(#; 3(%)  eLghtAvaab ty3() 10(%) D spersngAgents5(#) 16(%) * Boaccumu ation 3(#) 10(%) Chron ¢ Exposure 7(¢) 23(%)
«w depend on the accumu ation n the ndoor env ronment and what happens to tubes once « Contro Techno og es 6(#) 19(%) * Aggregation/Agg omeration State = Sed ment 1(#) 3(%) S0 Porosty 1(#) 3(%) « D550 ved Oxygen Content 0(#)  + B omagn f cation 2(#) 6(%) « Exposure Route 6(#) 19(%)
arborne or settled/red sturbed « MWCNT Process ng Methods  16(#) 52(%) S0 2(t) 6(%) « 50 /Sed ment Fractionation  0(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
Mob_ tyvs MWCNT form and formu ation data for MWCNT f ame retardant upho stery. 7(4) 23(%) « App ed Coatings 8(t) 26(%) « surface Water 2(#) 6(%)  1(#) 3(%) « Exposure to Sun ght3(#) 10(%)  Env ronment 2(#) 6(%) urban) 4(#) 13(%)
coatings are not wel known « MWCNT Purty 6(#) 19(%) « B odegradab  ty 5(#) 16(%) « Wastewater 2(#) 6(%) « Temperature 6(t) 19(%) « Heavy Meta s n Env ronment 4(#) » Organ sm Hea th 1(#) 3(%) « Hab tat Structure 3(#) 10(%)
«Ltte nformation on a rborne env ronmenta fate once t s released Most kely scenar o for « MWCNT Synthes s Methods  « Cata ytic Activ ty 5(#) 16(%) « Other 0(#) 0(%) «Wnd 12(#) 39(%) 13(%) « Speces/ ndv dua « Human Activ ty 7(#) 23(%)
exposure. a(#) 13(%) « Charge 10(#) 32(%) « Spec fy other O(#) 0(%) ~ » Other 1(#) 3(%) « oncstrength n Envronment  Developmenta Behav or 0(#) 0(%)  nd v dua Activ ty Level 4(#)
« No data on CNT release toa r or what happens when they are released + Persona Protective Equ pment  » Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 3(#) 10(%) « Speces/ nd v dua Feed ng 13(%)
«Norea stic stud esand mited data Nostud es have descr bed transport of CNTs nar 6(#) 19(%) () 13(%) « Lgand Concentrations n Behav or 2(#) 6(%) « Lfe Stage 3(#) 10(%)
« shou d rema n on dust « Other 1(#) 3(%) «Crysta ne Phase 3(#) 10(%) Env ronment 2(#) 6(%) « Speces/ ndv dua Reproductive * Occupation 3(#) 10(%)
« Spec fy other 0(#) 0(%) «Lpoph cty5(#) 16(%) « Natura Organ ¢ Matter (NOM)  Behav or 2(#) 6(%) « Subchron ¢ Exposure 7(#) 23(%)
« Matrx Bound vs Free 15(#) 48(%) 3(#) 10(%) « Other 0(#) 0(%) « susceptib e
* Morpho ogy (e aspectratio ength « Other Contaminants n « Spec fy other 0(#) 0(%) Popu ations/ nd v dua s 6(#) 19(%)
wdth shape) 11(#) 35(%) Env ronment 4(#) 13(%) « Other 0(#) 0(%)
« Pers stence 8(#) 26(%) < pH1(#) 3(%) * Spec fy other 0(#) 0(%)
« Redox Potentia 5(#) 16(%) « Protein Concentration n
«52e/5 ze D str bution 15(#) 48(%) Env ronment 1(#) 3(%)
« Spec fc Surface Area 10(#) 32(%) «sa nty2(#) 6(%)
« Structura Formu a/Mo ecu ar « surfactant (in Lab) 3(#) 10(%)
Structure 6(#) 19(%) « Other 1(#) 3(%)
« Surface Chem stry 10(#) 32(%) « Spec fy other 0(#) 0(%)
* WaterSo ub ty/Dspersb ty 7(#)
23(%)
* Other 2(#) 6(%)
* Spec fy other 0(#) 0(%)

16 Ar Pers stence 28(#) 90(%) 1(#) 306)  2(#) 6(%) 17() SS(%) 8(#) 26(%) 3(#) 10(%) () 26(%) S() 16(%) 15(#) 48(%) e abundant data « Anaytica Techn ques 12(#)  » Adsorption/Desorption Ab ty 10()  *Ar9(#) 29(%) « F ow Regime 5(#) 16(%) « Conductiv ty 2(#) 6(%) « ADME 4(#) 13(%) « Acute Exposure 4(#) 13(%)
«aera dsperson saconcem potentia for photoactivation/degredation/etc 39(%) 32(%) « Groundwater O(#) 0(%) ~ *LghtAva ab ty4(#) 13(%)  *Dspersng Agents 5(#) 16(%) « Boaccumu ation 4(#) 13(%) = Chron c Exposure 5(¢) 16(%)
* We know that MWCNT are very pers stent « Contro Techno og es 8(#) 26(%) * Aggregation/Agg omeration State  » Sed ment 0(#) 0(%) S0 Porosty 2(#) 6(%) « D50 ved Oxygen Content 0(#)  * B omagn f cation 3(#) 10(%) = Exposure Route 4(#) 13(%)
« Accumu ation n areas wou d be s gn f cant; mportant to estimate potentia dose « MWCNT Process ng Methods  13(#) 42(%) 50 3(#) 10(%) « 50 /Sed ment Fractionation  0(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
« mited nformation and few stud es 9(#) 29(%) « App ed Coatings 9(#) 29(%) « Surface Water 3(#) 10(%)  2(#) 6(%) « Exposure to Sun ght3(#) 10(%)  Env ronment 3(#) 10(%) urban) 4(#) 13(%)
«Bu dup « MWCNT Purty 7(#) 23(%) « Bodegradab ty 10(#) 32(%) « Wastewater 2(#) 6(%) « Temperature 4(#) 13(%) « Heavy Metas n Env ronment 3(#) » Organ sm Heath 4(#) 13(%)  * Hab tat Structure 3(#) 10(%)
« Pers stance vs MWCNT form and formu ation data for MWCNT f ame retardant upho stery  « MWCNT Synthes s Methods  « Cata ytic Activ ty 6(#) 19(%) « Other 0(#) 0(%) « Wnd 8(#) 26(%) 10(%) « Specees/ nd v dua * Human Activ ty 5(#) 16(%)
coatings are not wel known 6(#) 19(%) « Charge 10(#) 32(%) « Spec fy other O#) 0(%)  * Other 0(#) 0(%) « oncStrength nEnvronment  Developmenta Behav or 3(#) + ndvdua Activty Level 5(#)
« Persona Protective Equ pment  + Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 4(#) 13(%) 10(%) 16(%)
5(#) 16(%) 4(#) 1306) « Lgand Concentrations n « Speces/ ndv dua Feed ng * Lfe Stage 4(#) 13(%)
« Other 1(#) 3(%) «Crysta ne Phase 4(#) 13(%) Env ronment 4(#) 13(%) Behav or 3(#) 10(%) * Occupation 4(#) 13(%)
« Spec fy other 0(#) 0(%) «Lpoph cty6(#) 19(%) « Natura Organ c Matter (NOM)  « Specees/ nd v dua Reproductive * Subchron c Exposure 5(#) 16(%)
« Matr x Bound vs Free 13(#) 42(%) 3() 10(%) Behav or 3(#) 10(%) « Susceptib e
« Morpho ogy (e aspect ratioength « Other Contaminants n « Other 0(#) 0(%) Popu ations/ nd v dua s 4(#) 13(%)
wdth shape) 11(#) 35(%) Env ronment 5(#) 16(%) « Spec fy other 0(#) 0(%) « Other 0(#) 0(%)
« Pers stence 12(#) 39(%) « pH 2(#) 6(%) * Spec fy other 0(#) 0(%)
« Redox Potentia 4(#) 13(%) « Protein Concentration n
S ze/S ze D str bution 10(#) 32(%) Env ronment 2(#) 6(%)
« Spec f c Surface Area 8(#) 26(%) «5a nty3(#) 10(%)
* Structura Formu a/Mo ecu ar « Surfactant (in Lab) 4(#) 13(%)
Structure 6(#) 19(%) « Other 0(#) 0(%)
« Surface Chem stry 9(#) 29(%) * Spec fy other 0(#) 0(%)
* WaterSo ub ty/Dspersb ty 7(#)
23(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

17 ArBoava ab ty  28(#) 90(%) 1(4) 3(%)  20#) 6(%) 18(4) SB(%) (%) 26(%)  2(#) 6(%) 4() 13(%) 5(#) 16(%) 19(#) 61(%) *abundant data « Anaytica Techn ques 12(#) » Adsorption/Desorption Ab ty12(#) Ar7(#) 23(%) « F ow Regime 4(#) 13(%) « Conductiv ty 1(#) 3(%) « ADME 6(#) 19(%) * Acute Exposure 6(#) 19(%)
«aera dsspers on saconcem potentia exposure to ar breath ng organ sms h gh 39(%) 39(%) « Groundwater 2(#) 6(%)  *LghtAva ab ty 2(#) 6(%) « D spers ng Agents 6(#) 19(%) « Boaccumu ation 7(#) 23(%) = Chron c Exposure 8(t) 26(%)
B oava ab tyvs MWCNT form and formu ation data for MWCNT f ame retardant upho stery = Contro Techno og es 6(#) 19(%) * Aggregation/Agg omeration State  « Sed ment 2(#) 6(%) S0 Porosty 1(#) 3(%) « Dissoved Oxygen Content0(#)  « B omagn fcation 5(#) 16(%)  * Exposure Route 8(#) 26(%)
coatings are not wel known  MWCNT Process ng Methods  15(#) 48(%) *So 3(#) 10(%) « 50 /Sed ment Fractionation  0(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
« mited nformation and stud es 8(#) 26(%) « App ed Coatings 12(#) 39(%) « Surface Water 3(#) 10(%)  3(#) 10(%) « Exposure to Sun ght 4(#) 13(%)  Env ronment 3(#) 10(%) urban) 6(#) 19(%)

« Our know edge about the b 0ava ab ty of MWCNT svery mitedand why donotknow — « MWCNT Purty 10(#) 32(%)  *Bodegradab ty 10(#) 32(%) « Wastewater 3(#) 10(%)  * Temperature 3(#) 10(%) « Heavy Metas n Env ronment 3(#) « Organ sm Hea th 6(#) 19(%)  + Hab tat Structure 4(#) 13(%)
whether the test methods we use to assess b 0ava ab ty of regu ar chem ca are approrpate MWCNT Synthes s Methods Cata ytic Activ ty 7(#) 23(%) « Other 0(#) 0(%) «Wnd 7(#) 23(%) 10(%) « Specees/ nd v dua « Human Activ ty 10(#) 32(%)
W depend on the partic e s ze; most nha ab e s ze fraction and and agg omeration vs snge 5(#) 16(%) « Charge 11(#) 35(%) « Specfy other O#) 0(%)  * Other 1(#) 3(%) « oncStrength nEnvronment  Developmenta Behav or 4(#) « ndvdua Activ ty Level 8(#)
fher fate « Persona Protective Equ pment  » Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 5(#) 16(%) 13(%) 26(%)
() 23(%) 4(#) 1306) « Lgand Concentrations n « Specees/ nd v dua Feed ng « Lfe Stage 6(#) 19(%)
« Other 0(#) 0(%) «Crysta ne Phase 5(#) 16(%) Env ronment 5(#) 16(%) Behav or 4(#) 13(%) * Occupation 6(#) 19(%)
« Spec fy other 0(#) 0(%) *Lpoph cty11(#) 35(%) « Natura Organ c Matter (NOM) ~ « Specees/ nd v dua Reproductive + Subchron c Exposure 6(#) 19(%)
« Matrx Bound vs Free 13(#) 42(%) 5(#) 16(%) Behav or 3(#) 10(%) * Susceptib e
* Morpho ogy (e.g aspectratio ength * Other Contaminants n « Other 0(#) 0(%) Popu ations/ nd v dua s 8(#) 26(%)
wdth shape) 11(#) 35(%) Env ronment 5(#) 16(%) * Spec fy other 0(#) 0(%) * Other 1(#) 3(%)
« Pers stence 12() 39(%) « pH 3(#) 10(%) « Spec fy other 0(¢) 0(%)
« Redox Potentia 7(#) 23(%) « Protein Concentration n
« 5 2e/5 ze D str bution 12(#) 39(%) Env ronment 4(#) 13(%)
« Spec f ¢ Surface Area 11(#) 35(%) *Sa nty4(#) 13(%)
* Structura Formu a/Mo ecu ar « Surfactant (in Lab) 6(#) 19(%)
Structure 8(#) 26(%) « Other 1(#) 3(%)
« Surface Chem stry 13(#) 42(%) « Spec fy other 0(#) 0(%)
* WaterSoub ty/Dspersb ty 10(#)

32(%)
« Other 1(#) 3(%)
« Spec fy other 0(#) 0(%)




18 Surface Water

Mob ty

19 Surface Water
Pers stence

20 Surface Water
Boava ab ty

13(#) 42(%)

13(#) 42(%)

13(#) 42(%)

8(#) 26(%)

8(#) 26(%)

8(#) 26(%)

10(#) 32(%)

10(#) 32(%)

10(#) 32(%)

12(#) 39(%)

a(#) 29(%)

10(#) 32(%)

1(#) 3(%)

a(#) 13(%)

3(#) 10(%)

O(#) 0(%)

0(#) 0(%)

0(#) 0(%)

3(#) 10(%)

3(#) 10(%)

2(#) 6(%)

a(#) 13(%)

a(#) 13(%)

3(#) 10(%)

6(#) 19(%)

6(#) 19(%)

8(#) 26(%)
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« SW may be ma or d str bution route
« th s can be tested more d rectly data and ana ytica methodo ogy ack ng

« Our know edge about the mob  ty of MWCNT s very mited and why do not know whether
the test methods we use to assess mob ty of regu ar chem ca are approrp ate

« We know that MWCNT are very pers stent
 SW may be ma or d str bution route

« Few stud es are ava ab e on th s top ¢ but MWCNTS are expected to be fa r y res stant to

degradation
« data and ana ytica methodo ogy ack ng

 SW may be ma or d str bution route
« We know that MWCNT are very pers stent

« Few stud es are ava ab e on th's top ¢ but MWCNTS are expected to be fa ry res stant to

degradation
« data and ana ytica methodo ogy ack ng

* SW may be ma or d str bution route; potentia uptake, accumu ation and foodcha n transfer

n aquatic organ sms nc ud ng p ants

* Our know edge about the b oava ab ty of MWCNT s very mited and why do not know
whether the test methods we use to assess b 0ava ab. ty of regu ar chem ca are approrp ate

« data and ana ytica methodo ogy ack ng
* ngestion by organ sms w.
‘agg omeration and settling out of o ution

kely mpact transport and aso s kely to ncrease

 Ana ytica Techn ques 6(#)
19(%)

« Contro Techno og es 5(#) 16(%)
« MWCNT Process ng Methods
4(#) 13(%)

« MWCNT Purty 4(#) 13(%)

* MWCNT Synthes s Methods
3(#) 10(%)

+ Persona Protective Equ pment
1(#) 3(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

+ Anaytica Techn ques 5(t)
16(%)

« Contro Techno og es 5(#) 16(%)
« MWCNT Process ng Methods
4(#) 13(%)

« MWCNT Purty 2(#) 6(%)

* MWCNT Synthes s Methods
2(#) 6(%)

« Persona Protective Equ pment
2(#) 6(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

+ Anaytica Techn ques 7(#)
23(%)

* Contro Techno og es 4(#) 13(%)
+ MWCNT Process ng Methods
3(#) 10(%)

« MWCNT Purty 3(#) 10(%)

* MWCNT Synthes s Methods
2(#) 6(%)

« Persona Protective Equ pment
2(#) 6(%)

* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

Surmundln Media Physical Conditions Chemical condlﬂnns [ Biological Conditions | Social Conditions

« Adsorption/Desorption Ab.ty 7(#)
23(%) ~Groundwa(er 2(#) 6(%)
« Aggregation/Agg omeration State 7(#)  Sed ment 4(#) 13(%)
23(%) *So 4(#) 13(%)
« App ed Coatings 7(#) 23(%) « surface Water 6(#) 19(%)
* Bodegradab ty 5(#) 16(%) * Wastewater 3(#) 10(%)
* Cata ytic Activ ty 3(#) 10(%) « Other O(#) 0(%)
* Charge 3(#) 10(%) * Spec fy other 0(#) 0(%)
« Conductive or Magnetic Properties
1(#) 3(%)
«Crysta ne Phase 1(#) 3(%)
 Lpoph cty7(#) 23(%)
«MatrxBound vs Free 6(#) 19(%)
* Morpho ogy (e.g aspectratio ength
wdth shape) 6(#) 19(%)
 Pers stence 2(#) 6(%)
« Redox Potentia 2(#) 6(%)
S ze/S ze D str bution 6(#) 19(%)
« Spec f c Surface Area 5(#) 16(%)
« Structura Formu a/Mo ecu ar
Structure 5(#) 16(%)
* Surface Chem stry 6(#) 19(%)
* WaterSo ub ty/Dspersb ty 6(#)
19(%)
* Other 1(#) 3(%)
« Spec fv other 0(#) 0(%)
« Adsorption/Desorption Ab. ty 5(#)
16(%) * Groundwater 3(#) 10(%)
« Aggregation/Agg omeration State 5(#)  « Sed ment 3(#) 10(%)
16(%) *So 4(#) 13(%)
* App ed Coatings 5(#) 16(%) « Surface Water 5(#) 16(%)
* Bodegradab ty 4(#) 13(%) * Wastewater 4(#) 13(%)
« Cata ytic Activ ty 2(4) 6(%) « Other 0(#) 0(%)
* Charge 3(#) 10(%) « Spec fy other 0(#) 0(%)
« Conductive or Magnetic Properties

(#) 3(%)
«Crysta ne Phase 1(4) 3(%)
*Lpoph cty5(#) 16(%)
* Matr x Bound vs Free 5(#) 16(%)
« Morpho ogy (e.g aspectratio ength
wdth shape) 4(#) 13(%)
« Pers stence 4(#) 13(%)
 Redox Potentia 2(#) 6(%)
« 5 2e/5 ze D str bution 5(#) 16(%)
« Spec f c Surface Area 4(#) 13(%)
« Structura Formu a/Mo ecu ar
Structure 4(#) 13(%)
« Surface Chem stry 5(#) 16(%)
* WaterSo ub ty/Dspersb ty 5(#)
16(%)
« Other 0(#) 0(%)
« Soec fv other 0(#) 0(%)
* Adsorption/Desorption Ab  ty 6(#)
19(%) * Groundwater 3(#) 10(%)
« Aggregation/Agg omeration State 7(#) « Sed ment 2(#) 6(%)
23(%) *So 3(#) 10(%)
« App ed Coatings 6(#) 19(%) « Surface Water 4(#) 13(%)
« Bodegradab ty 6(#) 19(%) « Wastewater 3(#) 10(%)
« Cata ytic Activ ty 2(4) 6(%) « Other 0(#) 0(%)
* Charge 4(#) 13(%) * Spec fy other 0(#) 0(%)
« Conductive or Magnetic Properties

(#) 3(%)
«Crysta ne Phase 1(4) 3(%)
*Lpoph cty8(#) 26(%)
* Matr x Bound vs Free 7(#) 23(%)
* Morpho ogy (e.g aspectratio ength
wdth shape) 6(#) 19(%)
« Pers stence 5(#) 16(%)
* Redox Potentia 2(#) 6(%)
« 5 26/5 ze D str bution 7(#) 23(%)
« Spec f ¢ Surface Area 5(#) 16(%)
« Structura Formu a/Mo ecu ar
Structure 3(#) 10(%)
« Surface Chem stry 7(#) 23(%)
* WaterSo ub ty/Dspersb ty 5(#)
16(%)
« Other 1(#) 3(%)
« Spec fv other 0#) 0(%)

< Ar2(#) 6(%)

© Ar2(#) 6(%)

* D spers ng Agents 7(u) 13(%)
« D 550 ved Oxygen Content 4()
13(%)

* Exposure to Sun ght 4(#) 13(%)
« Heavy Meta s n Env ronment 5()
16(%)

« oncstrength n Env ronment
8(#) 26(%)

« Lgand Concentrations n

Env ronment 6(#) 19(%)

* Natura Organ c Matter (NOM)
8(#) 26(%)

« Other Contaminants n

Env ronment 6(#) 19(%)

* pH5(#) 16(%)

« Protein Concentration n

Env ronment 4(#) 13(%)

*Sa nty7(#) 23(%)

« Surfactant (in Lab) 3(#) 10(%)
* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

 Conductiv ty 3(#) 10(%)

* D spers ng Agents 4(#) 13(%)
* D550 ved Oxygen Content 3(#)
10(%)

* Exposure to Sun ght 2(#) 6(%)
* Heavy Meta s n Env ronment 4(#)
13(%)

« oncStrength n Env ronment
5(4) 16(%)

« Lgand Concentrations n

Env ronment 4(#) 13(%)

* Natura Organ c Matter (NOM)
5(4) 16(%)

« Other Contaminants n

Env ronment 4(#) 13(%)

* pH4(#) 13(%)

« Protein Concentration n

Env ronment 2(#) 6(%)

*Sa nty 5(#) 16(%)

« Surfactant (in Lab) 2(#) 6(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

 Conductiv ty 3(#) 10(%)

« D spers ng Agents 5(¢#) 16(%)
* D550 ved Oxygen Content 4(#)
13(%)

* Exposure to Sun ght 3(#) 10(%)
* Heavy Meta s n Env ronment 5(#)
16(%)

« oncStrength n Env ronment
6(#) 19(%)

« Lgand Concentrations n

Env ronment 5(#) 16(%)

« Natura Organ ¢ Matter (NOM)
() 23(%)

« Other Contaminants n

Env ronment 5(#) 16(%)

« pH 6(#) 19(%)

« Protein Concentration n

Env ronment 5(#) 16(%)

«sa nty 7(#) 2306)

« Surfactant (in Lab) 3(#) 10(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

ADME2() 6(%%)

* B oaccumu ation 4(#) 13(%)

* B omagn f cation 4(#) 13(%)

*Mcroba Commun ties n

Env ronment 4(#) 13(%)

* Organ sm Hea th 3(#) 10(%)

« Speces/ ndv dua

Developmenta Behav or 4(#)
3(%)

« Speces/ ndv dua Feed ng

Behav or 4(#) 13(%)

« Speces/ nd v dua Reproductive

Behav or 3(#) 10(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

 ADME 1(#) 3(%)

* B oaccumu ation 4(#) 13(%)
* B.omagn f cation 3(#) 10(%)
*Mcroba Commun ties n
Env ronment 3(#) 10(%)

* Organ sm Hea th 3(#) 10(%)
« Specees/ nd v dua
Developmenta Behav or 3(#)
0(%)

« Speces/ ndv dua Feed ng
Behav or 4(#) 13(%)

* Speces/ nd v dua Reproductive
Behav or 3(#) 10(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

* ADME 1(#) 3(%)

* B oaccumu ation 5(#) 16(%)
* B.omagn f cation 3(#) 10(%)
*Mcroba Commun ties n
Env ronment 3(#) 10(%)

« Organ sm Hea th 3(#) 10(%)
« Specees/ nd v dua
Developmenta Behav or 3(#)

* Speces/ nd v dua Feed ng
Behav or 5(#) 16(%)

* Speces/ nd v dua Reproductive
Behav or 3(#) 10(%)

« Other O[#) 0(%)

« Spec fy other 0(#) 0(%)

« Acute Exposure 1(#) 3(%)

« Chron ¢ Exposure 4(#) 13(%)

* Exposure Route 4(#) 13(%)

« Geograph c Location (i.e. rura vs
urban) 4(#) 13(%)

* Hab tat Structure 3(#) 10(%)

« Human Activ ty 6(#) 19(%)

« ndvdua Activ ty Level 2(#) 6(%)
* Lfe Stage 1(#) 3(%)

« Occupation 1(#) 3(%)

* Subchron ¢ Exposure 3(#) 10(%)

« Susceptib e

Popu ations/ nd v dua s 3(#) 10(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

* Acute Exposure 2(#) 6(%)

« Chron ¢ Exposure 4(#) 13(%)

* Exposure Route 3(#) 10(%)

« Geograph c Location (i.e. rura vs
urban) 3(#) 10(%)

* Hab tat Structure 2(#) 6(%)

* Human Activ ty 3(#) 10(%)

* ndvdua Activty Level 2(#) 6(%)
+ Lfe Stage 1(#) 3(%)

« Occupation 1(#) 3(%)

* Subchron c Exposure 2(#) 6(%)
« Susceptib e

Popu ations/ nd v dua s 2(#) 6(%)
« Other 0(#) 0(%)

 Spec fy other 0(#) 0(%)

+ Acute Exposure 2(#) 6(%)

« Chron ¢ Exposure 4(#) 13(%)

« Exposure Route 3(#) 10(%)

« Geograph c Location (i.e. rura vs
urban) 3(#) 10(%)

* Hab tat Structure 2(#) 6(%)

+ Human Activ ty 4(#) 13(%)

* ndvdua Activ ty Level 2(#) 6(%)
« Lfe Stage 2(#) 6(%)

« Occupation 1(#) 3(%)

* Subchron ¢ Exposure 2(#) 6(%)
« Susceptib e

Popu ations/ nd v dua s 2(#) 6(%)
* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)




1D[_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
' u 0 Pl c Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
21 Groundwater- S(#); 16(%) | 12(4); 39(%) | 14(#); 45(%) | 5(#); 16(%) | 0#);00%6) | O(#); 0%) | 0#);00%) | 2(#);6(%) | 3(#); 10(%) [ lack of repeatability in data « Analytical Techniques 1(#); 3(%) |+ Adsorption/Desorption Ability 2(#); | Air O(#); 0(%) « Flow Regime 1(#); 3(%) « Conductivity 0(#); 0(%) « ADME 1(#); 3(%) « Acute Exposure 1(#); 3(%)
Mobility « Control Technologies 2(#); 6(%) |6(%) « Groundwater 1(#); 3(%) | Light Availability O(#); 0(%) « Dispersing Agents 2(#); 6(%) « Bioaccumulation 1(#); 3(%) « Chronic Exposure 2(4); 6(%)
* MWCNT Processing Methods |+ Aggregation/Agglomeration State 2(#); Sediment O(#); 0(%) « soil Porosity 1(#); 3(%) « Dissolved Oxygen Content 0(#); [+ Biomagnification 0(#); 0(%) « Exposure Route 1(#); 3(%)
2(#); 6(%) 6(%) « soil 1(#); 3(%) « Soil/Sediment Fractionation  [0(%) * Microbial Communities in « Geographic Location (i.e. rural vs
« MWCNT Purity 1(#); 3(%) « Applied Coatings 2(#); 6(%) « surface Water 1();3(%6) | 1(4); 3(%) « Exposure to Sunlight 0(#); (%) [Environment 1(#); 3(%) urban) O(#); 0(%)
« MWCNT Synthesis Methods | Biodegradability 1(#); 3(%) « Wastewater 1(#); 3(%) « Temperature 1(#); 3(%) « Heavy Metals in Environment 2(#); | Organism Health 0(#); 0(%) « Habitat Structure O(#); 0(%)
1(#); 3(%) « Catalytic Activity 1(4); 3(%) « Other 0(#); 0(%) « Wind 1(#); 3(%) 6(%) « Species/Individual « Human Activity 1(#); 3(%)
« Personal Protective Equipment |+ Charge 2(4); 6(%) « Specify other 0(#);0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 0(#); 0(%)
1(#); 3(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) 2#); 6(%) « Species/Individual Feeding « Life Stage O(#); 0(%)
« Other 0(#); 0(%) o(#); 0(%) « Ligand Concentrations in Behavior 1(#); 3(%) « Occupation O(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment O(#); 0(%) « Species/Individual Reproductive |+ Subchronic Exposure 1(#); 3(%)
« Lipophilicity 2(#); 6(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free 2(#); 6(%) 2#); 6(%) « Other 0(#); 0(%) Populations/Individuals 1(#); 3(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) « Other 0(#); 0(%)
width, shape) 2(#); 6(%) Environment 2(#); 6(%) « Specify other 0(#); 0(%)
« Persistence 1(#); 3(%) « pH 1(#); 3(%)
* Redox Potential O(#); 0(%) * Protein Concentration in
« Size/Size Distribution 2(#); 6(%) Environment O(#); 0(%)
« specific Surface Area 2(#); 6(%) « Salinity 2(#); 6(%)
« Structural Formula/Molecular « Surfactant (in Lab) 2(#); 6(%)
structure 2(4); 6(%) « Other 0(#); 0(%)
« surface Chemistry 1(#); 3(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 2(#);
6(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
22 Groundwater- 5(4); 16(%) | 12(4); 39(%) | 14(#); 45(%) | 4(#);13(%) | 1(#);3(%) | O(#);0(%) | O(#);0%) | 2(#);6(%) | 3(); 10(%) | lack of repeatability in data « Analytical Techniques 1(#); 3(%) |+ Adsorption/Desorption Ability 1(#); | Air O(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity O(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure 1(#); 3(%)
Persistence « Control Technologies 1(#); 3(%) [3(%) « Groundwater 1(#); 3(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 1(#); 3(%) « Bioaccumulation 1(#); 3(%) « Chronic Exposure 1(#); 3(%)
* MWCNT Processing Methods |+ Aggregation/Agglomeration State 1(#); Sediment 0(#); 0(%) « Soil Porosity 1(#); 3(%) « Dissolved Oxygen Content O(#); [+ Biomagnification 0(#); 0(%) « Exposure Route O(#); 0(%)
1(#); 3(%) 3(%) * soil 1(#); 3(%) * Soil/Sediment Fractionation  [0(%) * Microbial Communities in * Geographic Location (i.e. rural vs.
« MWCNT Purity 0(#); 0(%) « Applied Coatings 1(#); 3(%) « surface Water 1(#); 3(6) | 1(#); 3(%) « Exposure to Sunlight O(#); 0(%)  [Environment 0(#); 0(%) urban) O(#); 0(%)
 MWCNT Synthesis Methods |+ Biodegradability 0(#); 0(%) « Wastewater 1(#); 3(%) « Temperature 0(#); 0(%) « Heavy Metals in Environment 1(#); |+ Organism Health 0(#); 0(%) « Habitat Structure 0(#); 0(%)
o#); 0(%) « Catalytic Activity 0(#); 0(%) « Other 0(#); 0(%) « Wind 1(#); 3(%) 3(%) « Species/Individual « Human Activity 0(#); 0(%)
« Personal Protective Equipment |+ Charge 1(#); 3(%) « Specify other O#); 0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 0{#); 0(%)
1(#); 3(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) 1(#); 3(%) « Species/Individual Feeding « Life Stage O(#); 0(%)
« Other 0(#); 0(%) 0(#); 0(%)  Ligand Concentrations in Behavior 1(#); 3(%) = Occupation O(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) (#); 0(%) . « subchronic Exp (#); 0(%)
« Lipophilicity 1(#); 3(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free 1(#); 3(%) 14); 3(%) « Other 0(#); 0(%) Populations/Individuals O(#); 0(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 1(#); 3(%) Environment 1(#); 3(%) « Specify other 0(#); 0(%)
« Persistence 1(#); 3(%) « pH 1(#); 3(%)
* Redox Potential O(#); 0(%) « Protein Concentration in
« Size/Size Distribution 1(#); 3(%) Environment O(#); 0(%)
« Specific Surface Area 1(#); 3(%) « Salinity 1(#); 3(%)
* Structural Formula/Molecular « Surfactant (in Lab) 1(#); 3(%)
Structure 1(#); 3(%) « Other 0(#); 0(%)
« surface Chemistry 1(#); 3(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 1(#);
3(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
23 Groundwater- () 16(%) | 12(4); 39(%) | 14(#); 45(%6) | 1043 3(%) | 3(#; 10(%) | 1(#;3(%) | O(#);0(%) | 2(#);6(%) | 3(#); 10(%) |* lack of repeatability in data « Analytical Techniques 1(#); 3(%) |+ Adsorption/Desorption Ability 1(#); | Air O(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity O(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure 1(#); 3(%)
Bioavailability « Control Technologies 1(#); 3(%) [3(%) « Groundwater 1(#); 3(%) | Light Availability 0(#); 0(%) « Dispersing Agents 1(#); 3(%) « Bioaccumulation 1(4); 3(%) « Chronic Exposure 1(#); 3(%)
* MWCNT Processing Methods |+ Aggregation/Agglomeration State 1(#); |+ Sediment 0(#); 0(%) « ol Porosity 1(#); 3(%) « Dissolved Oxygen Content 0(#); |« Biomagnification O(#); 0(%) « Exposure Route 0(#); 0(%)
1(#); 3(%) 3(%) « Soil 1(#); 3(%) « Soil/Sediment Fractionation [0(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
« MWCNT Purity 0(#); 0(%) « Applied Coatings 1(#); 3(%) « Surface Water 1(#); 3(%%) [ 1(#); 3(%) « Exposure to Sunlight O(#); 0(%) ol); 0(%) urban) O(#); 0(%)
« MWCNT Synthesis Methods | Biodegradability 0(#); 0(%) « Wastewater 1(4); 3(%) « Temperature 0(#); 0(%) « Heavy Metals in Environment 1(#); |+ Organism Health 0(#); 0(%) « Habitat Structure O(#); 0(%)
ol); 0(%) « Catalytic Activity O(#); 0(%) « Other 0(#); 0(%) « Wind 1(#); 3(%) 3(%) « Species/Individual « Human Activity 0(#); 0(%)
« Personal Protective Equipment |+ Charge 1(4); 3(%) « Specify other 0(#); 0(%) |« Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 0{#); 0(%)
1(#); 3(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) 1(#); 3(%) « Species/Individual Feeding « Life Stage O(#); 0(%)
« Other 0(#); 0(%) 0(4); 0(%) « Ligand Concentrations in Behavior 1(#); 3(%) « Occupation 0(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment 0(#); 0(%) . « subchronic Exp (#); 0(%)
« Lipophilicity 1(#); 3(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free 1(#); 3(%) 1#); 3(%) « Other 0(#); 0(%) Populations/Individuals O(#); 0(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 1(#); 3(%) Environment 1(#); 3(%) « Specify other 0(#); 0(%)
« Persistence 1(#); 3(%) « pH 1(#); 3(%)
* Redox Potential O(#); 0(%) « Protein Concentration in
« Size/Size Distribution 1(#); 3(%) Environment O(#); 0(%)
« Specific Surface Area 1(#); 3(%) « Salinity 1(#); 3(%)
« Structural Formula/Molecular « Surfactant (in Lab) 1(#); 3(%)
Structure 1(#); 3(%) « Other 0#); 0(%)
« surface Chemistry 1(#); 3(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 1(#);
3(%)
« Other O(#); 0(%)
« Soecifv other 0#); 0(%)




24 Wastewater

Mob ty

25 Wastewater
Pers stence

26 Wastewater
Boava ab ty

18(#) 58(%)

18(#) 58(%)

18(#) 58(%)

9(#) 29(%)

a(#) 29(%)

a(#) 29(%)

a(#) 13(%)

a(#) 13(%)

a(#) 13(%)

17(#) 55(%)

15(#) 48(%)

11(#) 35(%)

1(#) 3(%)

2(#) 6(%)

7(#) 23(%)

O(#) 0(%)

1(#) 3(%)

0(#) 0(%)

3(#) 10(%)

5(#) 16(%)

2(#) 6(%)

5(#) 16(%)

3(#) 10(%)

a(#) 13(%)

Element-RRF Pair RRF Importance RRF Confidence 0000 ww ]
_-“-_--!--___— Withods Techniques

10(#) 32(%) » antic pated ma or source of MWNT
« Datanotava abe onmob ty of MWCNTs n wastewater Few stud es descr be MWCNT
remova by wastewater treatment processes
« Kely to accumu ate n wastewater s matera co ected from eff uent?
« mited nformation ack of comprehens ve data

10(#) 32(%)  We know that MWCNT are very pers stent
* Comp exb o og ca med aw th mu tip epotentia b o og ca /phys ca routes of
transformation
* kely to accumu ate n wastewater s matera co ected from eff uent?

« Datanotava ab e on pers stence of MWCNTs n wastewater

« t sun kel for substantia degradation to occur based on the short time n wastewater
treatment p ants

« ack of comprehens ve data

12(#) 39(%) * M crobes and microba b of ms must mportant and probab e organ sms of concern n

*Lttedataava abeonboava ab ty of MWCNT forms for f ame retardants n wastewater
* Our know edge about the b oava ab ty of MWCNT s very mited and why do not know
whether the test methods we use to assess b 0ava ab. ty of regu ar chem ca are approrp ate
* nteractions w th activated s udge and microorgan smsw  kely mpact the remova rates
before release nto water systems a though nteractions w th s udge can ead to and

app cation

« mited evel of microb stud es sava abe.

most kely b oava ab e to benth c organ sms

 Ana ytica Techn ques 8(#)
26(%)

« Contro Techno og es 4(#) 13(%)
+ MWCNT Process ng Methods
3(#) 10(%)

« MWCNT Purty 4(#) 13(%)

* MWCNT Synthes s Methods
2(#) 6(%)

« Persona Protective Equ pment
O#) 0(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

+ Anaytica Techn ques 5(t)
16(%)

« Contro Techno og es 4(#) 13(%)
« MWCNT Process ng Methods
3(#) 10(%)

« MWCNT Purty 3(#) 10(%)

* MWCNT Synthes s Methods
2(#) 6(%)

« Persona Protective Equ pment
0(#) 0(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

+ Anaytica Techn ques 7(#)
23(%)

* Contro Techno og es 5(#) 16(%)
+ MWCNT Process ng Methods
3(#) 10(%)

« MWCNT Purty 3(#) 10(%)

* MWCNT Synthes s Methods
1(#) 3(%)

« Persona Protective Equ pment
1(#) 3(%)

* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Adsorption/Desorption Ab.ty 11(#)
35(%)

« Aggregation/Agg omeration State
11(#) 35(%)

« App ed Coatings 9(t) 29(%)

* Bodegradab ty 9(#) 29(%)

* Cata ytic Activ ty 4(#) 13(%)

* Charge 4(#) 13(%)

« Conductive or Magnetic Properties
2(#) 6(%)

*Crysta ne Phase 3(#) 10(%)
+Lpoph cty9(#) 29(%)

« Matrx Bound vs Free 11(#) 35(%)
* Morpho ogy (e.g aspectratio ength
wdth shape) 8(#) 26(%)

« Pers stence 6(#) 19(%)

« Redox Potentia 4(#) 13(%)

S ze/S ze D str bution 7(#) 23(%)

« Spec f c Surface Area 5(#) 16(%)

« Structura Formu a/Mo ecu ar
Structure 5(#) 16(%)

« Surface Chem stry 11(#) 35(%)

* WaterSo ub ty/Dspersb ty 10(#)
32(%)

* Other 1(#) 3(%)

* Spec fy other 0(#) 0(%)

* Adsorption/Desorption Ab  ty 8(#)
26(%)

« Aggregation/Agg omeration State 8(#)
26(%)

« App ed Coatings 6(#) 19(%)

* Bodegradab ty 7(#) 23(%)

« Cata ytic Activ ty 4(#) 13(%)

« Charge 4(#) 13(%)

« Conductive or Magnetic Properties
3(#) 10(%)

«Crysta ne Phase 2(#) 6(%)

Lpoph cty6(#) 19(%)

* Matr x Bound vs Free 8(#) 26(%)

* Morpho ogy (e.g aspectratio ength
wdth shape) 4(#) 13(%)

« Pers stence 8(#) 26(%)

+ Redox Potentia 4(#) 13(%)

«526/5 ze D str bution 5(#) 16(%)

« Spec f c Surface Area 4(#) 13(%)

« Structura Formu a/Mo ecu ar
Structure 4(#) 13(%)

« Surface Chem stry 8(#) 26(%)

* WaterSo ub ty/Dspersb ty 8(#)
26(%)

« Other 0(#) 0(%)

« Soec fv other 0(#) 0(%)

* Adsorption/Desorption Ab  ty 9(#)
29(%)

« Aggregation/Agg omeration State 9(#)
29(%)

« App ed Coatings 7(#) 23(%)

* Bodegradab ty 7(#) 23(%)

« Cata ytic Activ ty 2(4) 6(%)

* Charge 4(#) 13(%)

« Conductive or Magnetic Properties
1#) 3(%)

«Crysta ne Phase 1(#) 3(%)
*Lpoph cty8(#) 26(%)

* Matr x Bound vs Free 9(#) 29(%)
« Morpho ogy (e aspect ratio ength
wdth shape) 6(#) 19(%)

« Pers stence 6(#) 19(%)

« Redox Potentia 3(#) 10(%)

« 5 26/5 ze D str bution 6(#) 19(%)

+ Spec f ¢ Surface Area 5(#) 16(%)

« Structura Formu a/Mo ecu ar
Structure 4(#) 13(%)

« Surface Chem stry 9(#) 29(%)

* WaterSo ub ty/Dspersb  ty 8(#)
26(%)

« Other 1(#) 3(%)

« Spec fv other 0) 0(%)

Surrounding Media Physical Conditions Chemical condlﬂnns [ Biological Conditions | Social Conditions

< Ar1(#) 3(%)

* Groundwater 3(#) 10(%)
* Sed ment 2(#) 6(%)
*So 4(#) 13(%)

« surface Water 2(#) 6(%)
* Wastewater (#) 26(%)
« Other 1(#) 3(%)

* Spec fy other 0(#) 0(%)

<Ar1(#) 3(%)

« Groundwater 2(#) 6(%)
* Sed ment 3(#) 10(%)
*So 3(#) 10(%)

« Surface Water 3(#) 10(%)
* Wastewater 7(#) 23(%)
* Other 1(#) 3(%)

« Spec fy other 0(#) 0(%)

« ArO(#) 0(%)

« Groundwater 2(#) 6(%)
« Sed ment 1(#) 3(%)
*So 3(#) 10(%)

« Surface Water 2(#) 6(%)
« Wastewater 6(#) 19(%)
« Other 1(#) 3(%)

* Spec fy other 0(#) 0(%)

« F ow Regime 7(#) 23(%)

o LghtAva ab ty 3(#) 10(%)
*So Poros ty 1(#) 3(%)

S0 /Sed ment Fractionation
a(#) 13(%)

« Temperature 3(#) 10(%)
«Wnd O[#) 0(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* F ow Regime 5(#) 16(%)
LghtAva ab ty3(#) 10(%)
50 Porosty 2(H) 6(%)

« 50 /Sed ment Fractionation
5(#) 16(%)

* Temperature 4(#) 13(%)
*Wnd 0(#) 0(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« F ow Regime 4(#) 13(%)
«LghtAva ab ty2(#) 6(%)
*So Porosty 2(#) 6(%)

« 50 /Sed ment Fractionation
5(#) 16(%)

« Temperature 3(#) 10(%)
©Wnd 1(#) 3(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Conductiv ty 5(#) 16(

* D spers ng Agents 7(u) 13(%)
« D 550 ved Oxygen Content 5()
16(%)

* Exposure to Sun ght 4(#) 13(%)
« Heavy Meta s n Env ronment 6(#)
19(%)

« oncstrength n Env ronment
7(#) 23(%)

« Lgand Concentrations n

Env ronment 6(#) 19(%)

* Natura Organ c Matter (NOM)
8(#) 26(%)

« Other Contaminants n

Env ronment 6(#) 19(%)

* pH 6(#) 19(%)

« Protein Concentration n

Env ronment 5(#) 16(%)

Sa nty6(#) 19(%)

« Surfactant (in Lab) 4(#) 13(%)
* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

 Conductiv ty 5(#) 16(%)

* D spers ng Agents 5(#) 16(%)
* D'ss0 ved Oxygen Content 4(#)
13(%)

« Exposure to Sun ght 4(#) 13(%)
* Heavy Meta s n Env ronment 4(#)
13(%)

« oncStrength n Env ronment
6(#) 19(%)

« Lgand Concentrations n

Env ronment 4(#) 13(%)

* Natura Organ c Matter (NOM)
() 23(%)

« Other Contaminants n

Env ronment 6(#) 19(%)

* pH5(#) 16(%)

« Protein Concentration n

Env ronment 4(#) 13(%)

*Sa nty5(#) )

« Surfactant (in Lab) 3(#) 10(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

 Conductiv ty 4(#) 13(%)

« D spers ng Agents 6(#) 19(%)
* D550 ved Oxygen Content 4(#)
13(%)

« Exposure to Sun ght 3(#) 10(%)
* Heavy Meta s n Env ronment 5(#)
16(%)

« oncStrength n Env ronment
6(#) 19(%)

« Lgand Concentrations n

Env ronment 5(#) 16(%)

« Natura Organ ¢ Matter (NOM)
8(#) 26(%)

« Other Contaminants n

Env ronment 6(#) 19(%)

« pH 6(#) 19(%)

« Protein Concentration n

Env ronment 4(#) 13(%)

«5a nty 6(#) 1906)

« Surfactant (in Lab) 4(#) 13(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

oADMEL(M) 3%%)

* B oaccumu ation 2(#) 6(%)

« B omagn f cation 2(#) 6(%)
*Mcroba Commun ties n

Env ronment 5(#) 16(%)

* Organ sm Hea th 3(#) 10(%)

« Speces/ ndv dua
Developmenta Behav or 2(#) 6(%)
« Speces/ nd v dua Feed ng
Behav or 3(#) 10(%)

« Speces/ nd v dua Reproductive
Behav or 3(#) 10(%)

« Other 1(#) 3(%)

* Spec fy other 0(#) 0(%)

 ADME 1(#) 3(%)

* B oaccumu ation 2(#) 6(%)

« Bomagn f cation 2(#) 6(%)
*Mcroba Commun ties n

Env ronment 3(#) 10(%)

« Organ sm Hea th 3(#) 10(%)

« Specees/ nd v dua
Developmenta Behav or 2(#) 6(%)
« Speces/ ndv dua Feed ng
Behav or 3(#) 10(%)

« Speces/ nd v dua Reproductive
Behav or 3(#) 10(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

 ADME 1(#) 3(%)
« B oaccumu ation 3(#) 10(%)
« B omagn f cation 2(#) 6(%)

M croba Commun ties n
Env ronment 2(¢) 6(%)
+ Organ sm Hea th 2(#) 6(%)
« Specees/ nd v dua
Developmenta Behav or 2(#) 6(%)
« Speces/ nd v dua Feed ng
Behav or 3(#) 10(%)
« Specees/ nd v dua Reproductive
Behav or 2(#) 6(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

« Acute Exposure 2(#) 6(%)

* Chron ¢ Exposure 2(#) 6(%)

* Exposure Route 2(#) 6(%)

« Geograph c Location (i.e. rura vs

urban) 3(#) 10(%)

« Hab tat Structure 1(#) 3(%)

* Human Activ ty 4(#) 13(%)

« ndvdua Activ ty Level 2(#) 6(%)
* Lfe Stage 0(#) 0(%)

« Occupation 1(#) 3(%)

* Subchron ¢ Exposure 3(#) 10(%)

« Susceptib e

Popu ations/ nd v dua s 3(#) 10(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

* Acute Exposure 1(#) 3(%)

« Chron ¢ Exposure 2(#) 6(%)

* Exposure Route 2(#) 6(%)

« Geograph c Location (i.e. rura vs
urban) 3(#) 10(%)

* Hab tat Structure 1(#) 3(%)

* Human Activ ty 2(#) 6(%)

* ndvdua Activty Level 1(#) 3(%)
+ Lfe Stage 1(#) 3(%)

+ Occupation 0(#) 0(%)

* Subchron c Exposure 2(#) 6(%)
« Susceptib e

Popu ations/ nd v dua s 2(#) 6(%)
« Other 0(#) 0(%)

 Spec fy other 0(#) 0(%)

+ Acute Exposure 2(#) 6(%)

« Chron ¢ Exposure 2(#) 6(%)

« Exposure Route 1(4) 3(%)

« Geograph c Location (i.e. rura vs
urban) 1(4) 3(%)

* Hab tat Structure 0(#) 0(%)

« Human Activ ty 2(#) 6(%)

* ndvdua Activ ty Level O(#) 0(%)
« Lfe Stage 1(#) 3(%)

« Occupation 0(#) 0(%)

* Subchron ¢ Exposure 1(#) 3(%)
« Susceptib e

Popu ations/ nd v dua s O(#) 0(%)
* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)




1D[_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
u 0 Pl c Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
27]Sediment-Mobility | 11(#); 35(%) | 14(#); 45(%) | 6(4); 19(%) | S(#); 16(%) | 3(#); 100%) | 3(); 10(%) | 0#); 0(%) | 4(#); 13(%) | 7(#); 23(%) | Our knowledge about the mobility of MWCNT is very limited and why do not know whether |+ Analytical Techniques 5(#); « Adsorption/Desorption Ability 4(#); [ Air 1(#); 3(%) « Flow Regime 2(#); 6(%) « Conductivity 2(#); 6(%) « ADME 1(#); 3(%) « Acute Exposure O(#); 0(%)
the test methods we use to assess mobility of regular chemical are approrpiate 16(%) 13(%) « Groundwater 1(#); 3(%) |« Light Availability 2(#); 6(%) « Dispersing Agents 4(#); 13(%) « Bioaccumulation 2(#); 6(%) « Chronic Exposure O(#); 0(%)
« Low solubility in water will limit mobility unless functionalized « Control 201 60%) |+ State 4(#); | » Sediment 2(4); 6(%) « soil Porosity 2(#); 6(%) « Dissolved Oxygen Content 2(#); [+ Biomagnification 2(#); 6(%) « Exposure Route 0(#); 0(%)
« Studies assessing sorption of MWCNTS to soils willlikely also be applicable to sediments |+ MWCNT Processing Methods | 13(%) « soil 2(#); 6(%) « Soil/Sediment Fractionation  |6(%) * Microbial Communities in « Geographic Location (i.e. rural vs
1(#); 3(%) « Applied Coatings 4(#); 13(%) « Surface Water 1(#); 3(%) |3(#); 10(%) « Exposure to Sunlight 3(#); 10(%)  [Environment 2(#); 6(%) urban) 1(#); 3(%)
« MWCNT Purity 4(#); 13(%) « Biodegradability 4(#); 13(%) « Wastewater 2(#); 6(%) « Temperature 2(#); 6(%) « Heavy Metals in Environment 4(#); | Organism Health 2(#); 6(%) « Habitat Structure 1(#); 3(%)
« MWCNT Synthesis Methods [+ Catalytic Activity 2(#); 6(%) « Other 0(#); 0(%) « Wind 0(#); 0(%) 13(%) « Species/Individual « Human Activity 1(#); 3(%)
1(#); 3(%) « Charge 2(#); 6(%) « Specify other 0(#);0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 2(#); 6(%) | « Individual Activity Level 0(#); 0(%)
« Personal Protective Equipment [+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) 4(#); 13(%6) « Species/Individual Feeding « Life Stage O(#); 0(%)
0(#); 0(%) 24#); 6(%) « Ligand Concentrations in Behavior 2(#); 6(%) « Occupation O(#); 0(%)
« Other 0(#); 0(%) « Crystalline Phase 2(4); 6(%) Environment 3(#); 10(%) « Subchronic Exp (#); 0(%)
« Specify other 0(#); 0(%) « Lipophilicity 3(#); 10(%) « Natural Organic Matter (NOM)  [Behavior 2(#); 6(%) « Susceptible
« Matrix Bound vs. Free 5(#); 16(%) 5(4); 16(%) « Other 0(#); 0(%) Populations/Individuals O(#); 0(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) « Other 0(#); 0(%)
width, shape) 4(#); 13(%) Environment 3(#); 10(%) « Specify other 0(#); 0(%)
« Persistence 2(#); 6(%) * pH 3(#); 10(%)
* Redox Potential 2(#); 6(%) * Protein Concentration in
« Size/Size Distribution 3(#); 10(%) Environment 3(#); 10(%)
« Specific Surface Area 3(#); 10(%) « salinity 3(#); 10(%)
« Structural Formula/Molecular « Surfactant (in Lab) 2(#); 6(%)
structure 2(4); 6(%) « Other 0(#); 0(%)
« surface Chemistry 5(#); 16(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 4(¢);
13(%)
« Other 1(#); 3(%)
« Soecify other 0(#); 0(%)
11(#); 35(%) | 14(4); 45(%) | 6(4); 19(%) | 10(#);320%) | 1(#);3(%) | O(#);00%) | 1(#);3(%) | 3(); 10(%) | 7(#); 23(%) |+ We know that MWCNT are very persistent « Analytical Techniques 6(#); « Adsorption/Desorption Ability 6(+); |+ Air 1(#); 3(%) « Flow Regime 2(#); 6(%) « Conductivity 2(#); 6(%) « ADME 1(#); 3(%) « Acute Exposure 1(#); 3(%)
Persistence « Will affect length of exposure 19(%) 19(%) « Groundwater 2(4); 6(%) |« Light Availability 2(#); 6(%) « Dispersing Agents 3(#); 10(%) « Bioaccumulation 3(#); 10(%) |+ Chronic Exposure 1(#); 3(%)
« Degradation of MWCNTs in sediments is likely to be very slow. « Control 2A#); 6(%) |+ State 4(#); |+ Sediment 5(#); 16(%) « Soil Porosity 2(#); 6(%) « Dissolved Oxygen Content 1(#); |« Biomagnification 3(#); 10(%) |+ Exposure Route 1(#); 3(%)
* MWCNT Processing Methods  [13(%) « Soil 4(#); 13(%) « Soil/Sediment Fractionation  |3(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
1(#); 3(%) « Applied Coatings 6(¢); 19(%) « Surface Water 2(4); 6%)  [4(#); 13(%) « Exposure to Sunlight 3(#); 10(%) |Environment 3(#); 10(%) urban) 1(#); 3(%)
« MWCNT Purity 2(#); 6(%) « Biodegradability 6(#); 19(%) « Wastewater 2(#); 6(%) « Temperature 2(#); 6(%) « Heavy Metals in Environment 4(#); | « Organism Health 2(#); 6(%) « Habitat Structure 1(#); 3(%)
« MWCNT Synthesis Methods | Catalytic Activity 3(¢); 10(%) « Other 0(#); 0(%) « Wind 0{#); 0(%) 13(%) « Species/Individual « Human Activity 1(#); 3(%)
1(#); 3(%) « Charge 3(#); 10(%) « Specify other 0(#); 0(%) |« Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 2(#); 6(%) | « Individual Activity Level 0{#); 0(%)
« Personal Protective Equipment [+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) 3(4); 10(%) « Species/Individual Feeding « Life Stage O(#); 0(%)
o#); 0(%) 3(4); 100%) « Ligand Concentrations in Behavior 2(#); 6(%) « Occupation 0(#); 0(%)
« Other 0(#); 0(%) * Crystalline Phase 2(#); 6(%) 3(#); 10(%) . * Subchronic Exp (#); 0(%)
« Specify other 0(#); 0(%) « Lipophilicity 4(#); 13(%) « Natural Organic Matter (NOM)  [Behavior 2(#); 6(%) « Susceptible
* Matrix Bound vs. Free 5(#); 16(%) 4(#); 13(%) « Other 0(#); 0(%) Populations/Individuals O(#); 0(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 4(#); 13(%) Environment 2(#); 6(%) « Specify other 0(#); 0(%)
« Persistence 7(#); 23(%) « pH 2(#); 6(%)
* Redox Potential 3(#); 10(%) « Protein Concentration in
« Size/Size Distribution 3(#); 10(%) Environment 2(#); 6(%)
« Specific Surface Area 2(#); 6(%) « salinity 2(#); 6(%)
* Structural Formula/Molecular « Surfactant (in Lab) 1(#); 3(%)
Structure 2(4); 6(%) « Other 0(#); 0(%)
« Surface Chemistry 5(#); 16(%) * Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 5(#);
16(%)
« Other 0(#); 0(%)
« Soecify other 0(#); 0(%)
29[sediment- 11(#); 35(%) | 14(4); 45(%) | 6(4); 19(%) | 10(#);320%) | 1(#);3(%) | 0(#); 0(%) | O(#); 0%) | 3(#); 10(%) | 8(#); 26(%) |+ We know that MWCNT are very persistent « Analytical Techniques 7(#); « Adsorption/Desorption Ability 7(#); |« Air 1(#); 3(%) « Flow Regime 2(#); 6(%) « Conductivity 2(#); 6(%) « ADME 1(#); 3(%) « Acute Exposure 1(#); 3(%)
Bioavailability « Will affect length of exposure 23(%) 23(%) « Groundwater 1(#); 3(%) | Light Availability 2(#); 6(%) « Dispersing Agents 4(#); 13(%) « Bioaccumulation 4(#); 13(%) |+ Chronic Exposure 2(#); 6(%)
« Degradation of MWCNTs in sediments is likely to be very slow « Control 21)6(%) |+ State 5(#); | Sediment 4(#); 13(%) « Soil Porosity 2(#); 6(%) « Biomagnification 4(#); 13(%) | Exposure Route 2(#); 6(%)

« MWCNT Processing Methods
1(#); 3(%)

« MWCNT Purity 3(#); 10(%)

« MWCNT Synthesis Methods
1(#); 3(%)

« Personal Protective Equipment
0(#); 0(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

16(%)

« Applied Coatings 7(#); 23(%)
 Biodegradability 7(#); 23(%)

« Catalytic Activity 2(4); 6(%)

« Charge 3(#); 10(%)

« Conductive or Magnetic Properties
2#); 6(%)

 Crystalline Phase 2(#); 6(%)

« Lipophilicity 7(#); 23(%)

* Matrix Bound vs. Free 6(#); 19(%)

« Morphology (e.g. aspect ratio, length,

width, shape) 5(#); 16(%)

« Persistence 5(#); 16(%)

* Redox Potential 3(#); 10(%)

« Size/Size Distribution 4(#); 13(%)
 Specific Surface Area 3(#); 10(%)
« Structural Formula/Molecular
Structure 2(4); 6(%)

« Surface Chemistry 6(#); 19(%)

* Water Solubility/Dispersibility 6(#);
19(%)

« Other 1(#); 3(%)

« Soecifv other 0#); 0(%)

« Soil 3(#); 10(%)

« surface Water 1(4); 3(%)
« Wastewater 2(4); 6(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

« Soil/Sediment Fractionation
5(4); 16(%)

« Temperature 2(#); 6(%)

* Wind O(#); 0(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

« Dissolved Oxygen Content 2(1);
6(%)

« Exposure to Sunlight 3(#); 10(%)

« Heavy Metals in Environment 5(#);
16(%)

« lonic Strength in Environment
4(#); 13(%)

« Ligand Concentrations in
Environment 4(#); 13(%)

« Natural Organic Matter (NOM)
5(4); 16(%)

« Other Contaminants in
Environment 3(#); 10(%)

* pH 3(#); 10(%)

« Protein Concentration in
Environment 3(#); 10(%)

« salinity 3(#); 10(%)

« Surfactant (in Lab) 2(#); 6(%)

« Other 0#); 0(%)

* Specify other 0(#); 0(%)

* Microbial Communities in
4(#); 13(%)

+ Organism Health 2(#); 6(%)

« Species/Individual
Developmental Behavior 2(#); 6(%)
« Species/Individual Feeding
Behavior 2(#); 6(%)

« Geographic Location (i.e. rural vs.
urban) 1(#); 3(%)

* Habitat Structure 1(#); 3(%)

« Human Activity 2(4); 6(%)

« Individual Activity Level O(#); 0(%)
« Life Stage O(#); 0(%)

« Occupation 0(#); 0(%)

Behavior 2(#); 6(%)
« Other 0(#); 0(%)
« Specify other 0(#); 0(%)

« subchronic Exp
« Susceptible
Populations/Individuals O(#); 0(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

(#); 0(%)




——mmm_
I—--z--!---z--!-—————zmmm_
3050 Mob ty 13(#) 4206) 10(#) 320%) 8(#) 26(%) 7(¥) 23(%) 4(#) 1306)  2() 6(%) 2() 6(%) 3(#) 100%) 8(#) 26(%) < nformation mited p3 12 12 « Ana ytica Techn ques 5(#) « Adsorption/Desorption Ab.ty 5(#) « F ow Regime 1(#) 3(%) « Conductiv ty 1(#) 3( CADMEO(¥) 0(%) = Acute Exposure 1(#) 3(%)
* Native vs functiona zed formw ~affect b oava ab ty 16(%) 16(%) ~Groundwa:ern(u; 0%)  eLghtAva ab ty1(#) 3(%) « D spers ng Agents 4(#) 13(%) + B oaccumu ation 1(#) 3(%) « Chron c Exposure 1(#) 3(%)
« Our know edge about the b 0ava ab ty of MWCNT s very mited and why do notknow  « Contro Techno og es 3(#) 10(%) « Aggregation/Agg omeration State 5(#) ~» Sed ment 0(#) 0(%) 50 Poros ty 3(#) 10(%) « D550 ved Oxygen Content 2(#)  + B omagn f cation 1(#) 3(%) « Exposure Route 1(4) 3(%)
whether the test methods we use to assess b 0ava ab ty of regu ar chem ca are approrpate  « MWCNT Process ng Methods  16(%) S0 2(t) 6(%) « 50 /Sed ment Fractionation  6(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
« Anumber of stud es have shown mited b oaccumu ation of MWCNTS by sed ment 2(#) 6(%) « App ed Coatings 5(¢) 16(%) « Surface Water 0(#) 0(%6)  3(#) 10(%) « Exposure to Sun ght 2(#) 6(%)  Envronment 1() 3(%) urban) 1(#) 3(%)
organ sms a though b oturbation and mixing of MWCNTS n sed ments by organ smscoud  « MWCNT Purty 3(#) 10(%) « Bodegradab  ty 4(#) 13(%) « Wastewater 0(#) 0(%) « Temperature 2(#) 6(%) « Heavy Meta s n Env ronment 2(#) » Organ sm Hea th 1(#) 3(%) « Hab tat Structure 1(#) 3(%)
occur « MWCNT Synthes s Methods = Cata ytic Activ ty 1(#) 3(%) « Other 0(#) 0(%) *Wnd O(#) 0(%) 6(%) « Speces/ ndv dua « Human Activ ty 2(#) 6(%)
1(#) 3(%) « Charge 3(#) 10(%) « Spec fy other O#) 0(%) ~ * Other O(#) 0(%) « oncStrength n Envronment  Developmenta Behav or 1(#) 3(%)  ndvdua Activ ty Level O(#) 0(%)
« Persona Protective Equ pment  » Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 2(#) 6(%) « Speces/ nd v dua Feed ng « Lfe Stage 0(#) 0(%)
0(#) 0(%) 1(#) 3(%)  Lgand Concentrations n Behav or 1(#) 3(%) * Occupation 1(#) 3(%)
« Other 0(#) 0(%) «Crysta ne Phase 1(#) 3(%) Env ronment 2(#) 6(%) « Speces/ ndv dua Reproductive = Subchron ¢ Exposure 1(#) 3(%)
« Spec fy other 0(#) 0(%) «Lpoph cty4(#) 13(%) « Natura Organ c Matter (NOM)  Behav or 1(#) 3(%) « Susceptib e
«MatrxBound vs Free 5(#) 16(%) 3(#) 10(%) « Other 0(#) 0(%) Popu ations/ nd v duas 1(#) 3(%)
* Morpho ogy (e aspect ratioength « Other Contaminants n « Spec fy other 0(#) 0(%) « Other 0(#) 0(%)
wdth shape) 5(#) 16(%) Env ronment 3(#) 10(%) * Spec fy other 0(#) 0(%)
« Pers stence 3(#) 10(%) * pH 3(#) 10(%)
« Redox Potentia 1(#) 3(%) « Protein Concentration n
« 5 26/5 ze D str bution 4(#) 13(%) Env ronment 2(#) 6(%)
« Spec f c Surface Area 4(#) 13(%) «sa nty2(#) 6(%)
« Structura Formu a/Mo ecu ar « surfactant (in Lab) 3(#) 10(%)
Structure 2(#) 6(%) « Other 0(#) 0(%)
* Surface Chem stry 5(#) 16(%) « Spec fy other 0(#) 0(%)
* WaterSo ub ty/Dspersb ty 3(#)
10(%)
* Other 1(#) 3(%)
« Spec fv other 0(#) 0(%)
3150 Persstence  13(#) 42(%) 10() 32(%) 8() 26(%) 12() 39(%) 1(%) 3(%%)  O(#) O(%) 3(#) 10(%) 3() 10(%) 7(#) 23(%) * so app cation of WWTP s udge kely route for MWNTs togettoso So :water + Anaytica Techn ques 5(t) « Adsorption/Desorption Ab ty5(#)  * ArO(#) 0(%) « F ow Regime 1(#) 3(%) « Conductiv ty 1(#) 3(%) « ADME 1(#) 3(%) « Acute Exposure 1(#) 3(%)
partition ng key to transport a ong w th eroded so 16(%) 16(%) « Groundwater 1(#) 3(%)  *LghtAva ab ty 1(#) 3(%) « D spers ng Agents 3(#) 10(%) « B oaccumu ation 1(#) 3(%) « Chron ¢ Exposure 1(#) 3(%)
* data and ana ytica methodo ogy ackng nformation mited p 3 14 15 « Contro Techno og es 2(#) 6(%)  * Aggregation/Agg omeration State 4(#) » Sed ment 1(#) 3(%) « S0 Porosty 3(#) 10(%) « D50 ved Oxygen Content 1(#)  + B omagn f cation 1(#) 3(%) « Exposure Route 1(4) 3(%)
« Our know edge about the mob ty of MWCNT s very mited and why do not know whether - MWCNT Process ng Methods  13(%) 50 3(#) 10(%) « 50 /Sed ment Fractionation  3(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
the test methods we use to assess mob- ty of regu ar chem ca are approrp ate 1(#) 3(%) « App ed Coatings 5(t) 16(%) « surface Water 1() 3(%%)  3(#) 10(%) « Exposure to Sun ght 1(#) 3(%)  Envronment 1() 3(%) urban) 1(#) 3(%)
« Anumber of stud es have nvestigated sorption to so minera components as wel as « MWCNT Purty 2(#) 6(%) « Bodegradab ty 5(#) 16(%) « Wastewater 0(#) 0(%) « Temperature 2(¢) 6(%) « Heavy Metas n Env ronment 1(#) « Organ sm Hea th 1(#) 3(%) * Hab tat Structure 1(#) 3(%)
transport n porous med a « MWCNT Synthes s Methods = Cata ytic Activ ty 1(#) 3(%) « Other 0(#) 0(%) *Wnd Of#) 0(%) E) * Speces/ nd v dua * Human Activ ty 1(#) 3(%)
« nsuffcent data ava ab e for MWCNT so mob. ty 0#) 0(%) « Charge 2(#) 6(%) « Spec fy other O#) 0(%)  * Other 0(#) 0(%) « oncStrength nEnvronment  Developmenta Behav or 1(#) 3(%) * nd vdua Activ ty Level 1(#) 3(%)
« Lowsoub ty nwaterw mitmob tyun ess functiona zed « Persona Protective Equ pment  + Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 1(#) 3(%) * Speces/ nd v dua Feed ng « Lfe Stage 0(#) 0(%)
o) 0(%) 1(#) 3(%) « Lgand Concentrations n Behav or 1(#) 3(%) « Occupation 1(#) 3(%)
« Other 0(#) 0(%) «Crysta ne Phase 1(4) 3(%) Env ronment 1(#) 3(%) « Specees/ ndv dua Reproductive + Subchron c Exposure 1(#) 3(%)
« Spec fy other 0(#) 0(%) «Lpoph cty4(#) 13(%) « Natura Organ c Matter (NOM)  Behav or 1(#) 3(%) « Susceptib e
«MatrxBound vs Free 5(#) 16(%) 2#) 6(%) « Other 0(#) 0(%) Popu ations/ nd v duas 1(#) 3(%)
* Morpho ogy (e aspect ratioength « Other Contaminants n « Spec fy other 0(#) 0(%) « Other 0(#) 0(%)
wdth shape) 4(#) 13(%) Env ronment 2(#) 6(%) * Spec fy other 0(#) 0(%)
« Pers stence 4(#) 13(%) « pH 2(#) 6(%)
 Redox Potentia 1(#) 3(%)  Protein Concentration n
* S ze/S ze D str bution 4(#) 13(%) Env ronment 1(#) 3(%)
« Spec f c Surface Area 2(#) 6(%) «Sa nty 1(#) 3(%)
* Structura Formu a/Mo ecu ar « Surfactant (in Lab) 2(#) 6(%)
Structure 1(#) 3(%) « Other 0(#) 0(%)
« Surface Chem stry 4(#) 13(%) * Spec fy other 0(#) 0(%)
* WaterSoub ty/Dspersb ty 4(#)
13(%)
« Other 0(#) 0(%)
« Soec fv other 0(#) 0(%)
3250 Boavaab ty 13(#) 42(%) 10(4) 32(%) 8() 26(%) 12(#) 39(%) 1(#) 3(%6)  O(#) O(%)  2(#) 6(%)  2(#) 6(%) ) 29(%) * Ourknow edge aboutthe boava ab ty of MWCNT svery mited and why donotknow  + Anaytica Techn ques 6(#) « Adsorption/Desorption Ab ty 6(#)  « ArO(#) 0(%) « F ow Regime 1(#) 3(%) « Conductiv ty 1(#) 3(%) « ADME 1(#) 3(%) * Acute Exposure 1(#) 3(%)
whether the test methods we use to assess b oava ab ty of regu ar chem ca are approrp ate  19(%) 19(%) « Groundwater 0(#) 0(%)  «LghtAva ab ty 1(#) 3(%) « D spers ng Agents 4(#) 13(%) « Boaccumu ation 3(#) 10(%) = Chron c Exposure 1() 3(%)
« potentia uptake and accuu ation n'so microorgan sms  nvertebrates and p ants « Contro Techno og es 2(#) 6(%)  * Aggregation/Agg omeration State 5(#) » Sed ment 1(#) 3(%) S0 Porosty 3(#) 10(%) «Dissoved Oxygen Content 2(#) B omagn fcation 3(#) 10(%)  » Exposure Route 1(#) 3(%)
« dataand ana ytica methodo ogy ackng nformation mitedp3 1415 nsuffcentdata  * MWCNT Process ng Methods  16(%) *So 3(#) 10(%) S0 /Sed ment Fractionation  6(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
ava abefor MWCNT s boava ab ty, 1(#) 3(%) « App ed Coatings 6(#) 19(%) « Surface Water O(#) 0(%)  4(#) 13(%) « Exposure to Sun ght 2(4) 6(%)  Env ronment 3(#) 10(%) urban) O(#) 0(%)
* Native vs functiona zed formw affect b oava ab ty « MWCNT Purty 3(#) 10(%) « Bodegradab ty 6(#) 19(%) « Wastewater 0(#) 0(%) « Temperature 2(#) 6(%) « Heavy Metas n Env ronment 2(#) « Organ sm Hea th 2(#) 6(%) « Hab tat Structure 0(#) 0(%)
+ Severa stud es have shown mited b oaccumu ation of MWCNTS by earthworms athough  « MWCNT Synthes s Methods  » Cata ytic Activ ty 1(#) 3(%) « Other 0(#) 0(%) *Wnd O{#) 0(%) 6(%) * Speces/ nd v dua « Human Activ ty 1(#) 3(%)
ttedata sava abe for otherso organ sms 0#) 0(%) « Charge 2(#) 6(%) « Spec fy other O#) 0(%)  * Other 0(#) 0(%) « oncStrength nEnvronment  Developmenta Behav or 2(#) 6(%) * nd vdua Activ ty Level O(#) 0(%)
« Persona Protective Equ pment  » Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 2(#) 6(%) * Speces/ nd v dua Feed ng « Lfe Stage 1(#) 3(%)
1(#) 3(%) 1(#) 3(%) « Lgand Concentrations n Behav or 2(#) 6(%) * Occupation 0(#) 0(%)
« Other 0(#) 0(%) «Crysta ne Phase 1(4) 3(%) Env ronment 2(#) 6(%) « Specees/ nd v dua Reproductive + Subchron c Exposure 1(#) 3(%)
« Spec fy other 0(#) 0(%) «Lpoph cty5(#) 16(%) « Natura Organ c Matter (NOM)  Behav or 2(#) 6(%) « Susceptib e
«MatrxBound vs Free 6(#) 19(%) 3(#) 10(%) « Other 0(#) 0(%) Popu ations/ nd v dua s O(#) 0(%)
* Morpho ogy (e.g aspectratio ength * Other Contaminants n * Spec fy other 0(#) 0(%) « Other 0(#) 0(%)
wdth shape) 5(#) 16(%) Env ronment 3(#) 10(%) * Spec fy other 0(#) 0(%)
« Pers stence 4(#) 13(%) « pH4(#) 13(%)
« Redox Potentia 1(4) 3(%) « Protein Concentration n
« 5 26/5 ze D str bution 5(#) 16(%) Env ronment 3(#) 10(%)
« Spec f c Surface Area 3(#) 10(%) «5a nty2(#) 6(%)
* Structura Formu a/Mo ecu ar « Surfactant (in Lab) 3(#) 10(%)
Structure 1(4) 3(%) « Other 0(#) 0(%)
« Surface Chem stry 5(#) 16(%) * Spec fy other 0(#) 0(%)
* WaterSo ub ty/Dspersb ty 5(#)
16(%)
« Other 1(#) 3(%)
« Spec fv other 0#) 0(%)
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Bota
B oaccumu ation

Human:
Occupational-
Ingestion

14(#) 45(%)

30(#); 97(%)

14(#) 45(%)

1(#); 3(%)

3(#) 10(

0(#); 0(%)

)

13(#) 42(%)

6(#); 19(%)

1(#) 3(%)

14(#); 45(%)

0(#) o

10(#); 32(%)

3
1(#) 3(%

A(#); 13(%)

5(#) 16(%

12(#); 39(%)

8(#) 26(%)

14(#); 45(%)

« Lack of nformation no rel ab e stud

« Our know edge about the b oaccumu ation of MWCNT s very mited and why do not know
whether the test methods we use to assess b oaccumu ation of regu ar chem ca are

approrp ate

* ncomp ete data on accumu ation of MWCNT n b ota

« where does matera b oaccumu ate f exposure was not a rborne?

« Numerous stud es have shown mited b oaccumu ation by a range of mu ticel u ar

organ sms but ess s known about the el mination rates and about uptake by un cel u ar
organ sms or food cha n transfer

« Lack of experimental data; conflicting results; Insufficient studies, only inferring possible
inhalation pathway p 4-20-21; Incomplete data available for specifie MWCNT forms.

« For occupational, once you know the exposure routes and PPE in place, kly rule

« Ana ytica Techn qu

23(%)

« Contro Techno og es 3(#) 10(%)
+ MWCNT Process ng Methods
3(#) 10(%)

« MWCNT Pur ty 4(#) 13(%)

* MWCNT Synthes s Methods
2(#) 6(%)

« Persona Protective Equ pment
1(#) 3(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Analytical Techniques 8(#);

ENM Characteristics
« Adsorption/Desorption Abty 7(#)

« Aggregation/Agg omeration State 9(#)
29(%)
« App ed Coatings 9(t) 29(%)
« B odegradab  ty 7(#) 23(%)
« Cata ytic Activ ty 1(#) 3(%)
« Charge 3() 10(%)
« Conductive or Magnetic Properties
2(#) 6(%)
«Crysta ne Phase 1(#) 3
«Lpoph cty9(#) 29(%
* Matr x Bound vs Free 9(#) 29(%)
« Morpho ogy (e.g aspectratioength
wdth shape) 5(#) 16(%)
« Pers stence 7(#) 23(%)
* Redox Potentia 4(#) 13(%)

D str bution 8(#) 26(%)
« Spec f c Surface Area 5(#) 16(%)
« Structura Formu a/Mo ecu ar
Structure 3(#) 10(%)
« surface Chem stry 8(¢) 26(%)
«WaterSoub ty/Dspersb ty 7(¢)
23(%)
« Other 1(#) 3(%)

* Adsorption/Desorption Ability 9(#);
29(%)

this out. Ingestion is typically never an issue for occupational exposure risk.
« least probable exposure route and unlikely

« Ingestion has not been well studied in terms of MWCNT exposures. Risk due to exposure is
still not known

« In terms of exposure routes for particulates in the ocupational setting, ingestion is relativly
unlikely although ingestion secondary to inhalation exposure (i.e. swallowing of material from
the lung cleared by the mucocillary escalator) of due to had to

« Especially for liquid applications for CNT dried spray or splatter can easily be transferred
from hand to mouth

10(#);

« MWCNT Processing Methods
9(#); 29(%)
« MWCNT Purity 7(#); 23(%)

« MWCNT Synthesis Methods
8(#); 26(%)

« Personal Protective Equipment
10(#); 32(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

. State 8(#);
26(%)

« Applied Coatings 9(#); 29(%)
« Biodegradability 6(#); 19(%)
« Catalytic Activity 3(#); 10(%)

« Charge 6(#); 19(%)

« Conductive or Magnetic Properties
3(#); 10(%)

« Crystalline Phase 2(#); 6(%)

« Lipophilicity 7(#); 23(%)

* Matrix Bound vs. Free 9(#); 29(%)

« Morphology (e.g. aspect ratio, length,

Surrounding Medi

< Ara(#) 13(%)
roundwater 3(#) 10(%)

« Sed ment 4(#) 13(%)

*So 5(#) 16(%)

« Surface Water 5(#) 16(%)

* Wastewater 4(#) 13(%)

« Other O(#) 0(%)

« Spec fy other 0(#) 0(%)

« Air 3(#); 10(%)

* Groundwater 3(#); 10(%)
« Sediment 1(#); 3(%)

« Soil 2(#); 6(%)

« Surface Water 4(#); 13(%)
« Wastewater 2(4); 6(%)
« Other 2(#); 6(%)

« Specify other 0(#); 0(%)

ical Conditions
« F ow Regime 3(#) 10(%)
«LghtAva ab ty 1(#) 3(%)
S0 Poros ty 2(#) 6(%)
S0 /Sed ment Fractionation
a(#) 13(%)
« Temperature 2(#) 6(%)
©Wnd 2(#) 6(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

* Flow Regime 0(#); 0(%)

« Light Availability 1(#); 3(%)
« Soil Porosity 0(#); 0(%)

« Soil/Sediment Fractionation
o(#); 0(%)

« Temperature 4(#); 13(%)
* Wind 1(#); 3(%)

« Other O(#); 0(%)

« Specify other 0(#); 0(%)

Chemical Conditions

nductiv ty 2(#) 6(%)
* D spers ng Agents 5(#) 16(%)
* Dsso ved Oxygen Content 3(#)
10(%
* Exposure to Sun ght 3(#) 10(%)
* Heavy Meta s n Env ronment 4(#)
13(%)
« oncstrength n Env ronment
a(#) 13(%)
« Lgand Concentrations n
Env ronment 5(#) 16(%)
* Natura Organ c Matter (NOM)
6(#) 19(%)
« Other Contaminants n
Env ronment 5(#) 16(%)
« pH 7(#) 23(%)
« Protein Concentration n
Env ronment 7(#) 23(%)
*Sa ntyS(#) 16(%)
« Surfactant (in Lab) 4(#) 13(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

« Conductivity 2(4); 6(%)

* Dispersing Agents 8(#); 26(%)

* Dissolved Oxygen Content 1(#);
3(%)

* Exposure to Sunlight 2(#); 6(%)

« Heavy Metals in Environment 6(#);
19(%)

« lonic Strength in Environment
6(#); 19(%)

« Ligand Concentrations in

5(#); 16(%)

« Natural Organic Matter (NOM)
4(#); 13(%)

« Other Contaminants in

1 Conditions
(%)

* B oaccumu ation 8(#) 26(%)

« B omagn f cation 8(#) 26(%)

*Mcroba Commun ties n

Env ronment 8(#) 26(%)

« Organ sm Hea th 6(#) 19(%)

« Speces/ nd v dua

Developmenta Behav or 6(#)

19(%)

« Speces/ ndv dua Feed ng

Behav or 5(#) 16(%)

« Speces/ ndv dua Reproductive

Behav or 6(#) 19(%)

* Other 1(#) 3(%)

« Spec fy other O(#) (%]

* ADME 7(#); 23(%)

* Bioaccumulation 7(#); 23(%)
» Biomagnification 5(#); 16(%)
* Microbial Communities in
Environment 4(#); 13(%)

« Organism Health 6(#); 19(%)
* Species/Individual
Developmental Behavior 4(#);

« Species/Individual Feeding
Behavior 7(#); 23(%)

« Species/Individual Reproductive
Behavior 3(#); 10(%)

« Other O(#); 0(%)

Social Conditions
* Acute Exposure 2(#) 6(%)
« Chron ¢ Exposure 6(#) 19(%)
« Exposure Route 6(#) 19(%)
« Geograph c Location (i.e. rura vs
urban) 3(#) 10(%)
« Hab tat Structure 3(#) 10(%)
* Human Activ ty 3(#) 10(%)
+ ndvdua Activ ty Level 3(#)
10(%)
* Lfe Stage 4(#) 13(%)
« Occupation 3(#) 10(%)
« Subchron ¢ Exposure 5(#) 16(%)
« Susceptib e
Popu ations/ nd v dua s 3(#) 10
« Other 0(#) 0(%)
* Spec fy other 0(#) 0(%)

* Acute Exposure 10(#); 32(%)

* Chronic Exposure 11(#); 35(%)

« Exposure Route 11(#); 35(%)

« Geographic Location (i.e. rural vs.
urban) 2(4); 6(%)

* Habitat Structure 2(#); 6(%)
+ Human Activity S(#); 29(%)
« Individual Activity Level 8(#);
26(%)

« Life Stage 6(#); 19(%)

« Occupation 9(#); 29(%)

« subchronic Exposure 10(#); 32(%)
« susceptible
Populations/Individuals 9(#); 29(%)

« Inhalation is the main route of exposure during produ ited data on real
time exposure levels

« Insufficient studies, only inferring possible inhalation pathway p 4-20-21; lack of

n, but there i

data; have been conducted on this pathway mainly for laboratory
settings but many processes such as recycling have not been studied

« Challenges in measurement methods and lack of adequate characterisation of aerosols (e.g.
reporting of mass based metrics rather than size distributions, morphologies etc) and indeed
the lack of scientific data of exposure level during various work activity

« Most likely form of exposure, but if applied wet should not produce much of a exposure
concern.

« MWCNT Purity 11(#); 35(%)

« MWCNT Synthesis Methods
12(#); 39(%)

« Personal Protective Equipment
18(#); 58(%)

* Other 2(#); 6(%)

« Specify other 0(#); 0(%)

« Catalytic Activity 4(#); 13(%)

« Charge 11(#); 35(%)

« Conductive or Magnetic Properties
4(#); 13(%)

« Crystalline Phase 5(#); 16(%)

« Lipophilicity 7(#); 23(%)

* Matrix Bound vs. Free 16(#); 52(%)

« Morphology (e.g. aspect ratio, length,
width, shape) 16(#); 52(%)

* Persistence 13(#); 42(%)

* Redox Potential 4(#); 13(%)

* Size/Size Distribution 16(#); 52(%)

« Specific Surface Area 11(#); 35(%)

« Structural Formula/Molecular
Structure 8(#); 26(%)

« Surface Chemistry 14(#); 45(%)

« Water Solubility/Dispersibility 8(¢);
26(%)

« Other 1(#); 3(%)

« Specify other 0(#); 0(%)

* Other 0(#); 0(%)
 Specify other 0(#); 0(%)

* Wind 6(#); 19(%)
« Other O(#); 0(%)
« Specify other 0(#); 0(%)

19(%)

« lonic Strength in Environment
3(#); 10(%)

« Ligand Concentrations in
Environment 2(#); 6(%)

« Natural Organic Matter (NOM)
2(#); 6(%)

« Other Contaminants in

nment 7(#); 23(%)

* pH 3(#); 10(%)

« Protein Concentration in
Environment 3(#); 10(%)

« salinity 3(#); 10(%)

« Surfactant (in Lab) 5(#); 16(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

width, shape) 8(¢); 26(%) Environment 8(#); 26(%) « Specify other 0(#); 0(%) « Other 0(#); 0(%)
« Persistence 7(#); 23(%) * pH 6(#); 19(%)  Specify other 0(#); 0(%)
* Redox Potential 3(#); 10(%) * Protein Concentration in

« Size/Size Distribution 8(#); 26(%) Environment 6(#); 19(%)

 Specific Surface Area 7(#); 23(%)  Salinity 4(#); 13(%)

* Structural Formula/Molecular « Surfactant (in Lab) 6(#); 19(%)

Structure 6(#); 19(%) * Other 0(#); 0(%)

« Surface Chemistry 8(#); 26(%) * Specify other 0(#); 0(%)

* Water Solubility/Dispersibility 7(#);

23(%)

« Other O(#); 0(%)

« Soecify other 0(#): 0(%)

35/ Human: 30(#); 97(%) | 1(#);306) | O#); 0(%) | 30(#); 97(%) | 0(#);0(%) | 0(#); 0%) | 8(#); 26(%) | 12(#); 39(%) | 10(#); 32(%) [+ abundant animal data; Animal data supportive of a respiratory disease risk « Analytical Techniques 14(#); |+ Adsorption/Desorption Ability 9(#); | Air 14(#); 45(%) « Flow Regime 4(¢); 13(%) « Conductivity 2(#); 6(%) « ADME 9(#); 29(%) « Acute Exposure 16(¢); 52(%)
Occupational- « probable exposure route 45(%) 29(%) « Groundwater 0(#); 0(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 7(#); 23(%) « Bioaccumulation 8(#); 26(%) | Chronic Exposure 18(#); 58(%)
Inhalation + Some data seems to exist already on inhalation risk provided by raw nanotubes « Control 8#); e State | Sediment O(#); 0(%) « Soil Porosity 0(#); 0(%) « Dissolved Oxygen Content 1(#); [+ Biomagnification 4(#); 13(%) |+ Exposure Route 15(#]); 48(%)

« we have sufficient data to qualitatively assess inhalation exposure. quantitation and 58(%) 16(¢); 52(%) « Soil 1(#); 3(%) « Soil/Sediment Fractionation  |3(%) robial Communities in « Geographic Location (i.e. rural vs.
exposure limits are still crude « MWCNT Processing Methods [« Applied Coatings 15(#); 48(%) « surface Water 1(#); 3(%)  [0(#); 0(%) « Exposure to Sunlight 1(4); 3(%) 2(#); 3(%) urban) 4(#); 13(%)
« clear risks, but conflicting results thus far; few true inhalation studies 14(#); 45(%) « Biodegradability 8(); 26(%) « Wastewater 1(4); 3(%) « Temperature 3(¢#); 10(%) « Heavy Metals in Environment 6(#); |+ Organism Health 5(#); 16(%) | Habitat Structure 1(4); 3(%)

* Species/Individual
Developmental Behavior 5(#);

« Species/Individual Feeding
Behavior 3(#); 10(%)

« Species/Individual Reproductive
Behavior 2(#); 6(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

« Human Activity 14(#); 45(%)
« Individual Activity Level 14(s);
45(%)

« Life Stage 8(#); 26(%)

« Occupation 15(#); 48(%)

« subchronic Exposure 15(¢); 48(%)
« Susceptible
Populations/Individuals 10(#); 32(%)
« Other 0(#); 0(%)

« Specify other 0(); 0(%)




1D[_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
u | c Methods Techniques ENM Ci Media Physical Conditions Chemical Conditions Biological Conditions Social Conditions
36/ Human: 30(#); 970%) | 1#;306) | o#); 00%) | 8(#); 26(%) | 12(#); 390%) | 10(#); 32(%) | 6(#); 19(%) | 10(#); 32(%) | 14(#); 45(%) |+ Conservative Importance and Confidence ratings for this E-RRF pair were added by RTI « Analytical Techniques 6(#); « Adsorption/Desorption Ability 5(#); [+ Air 2(#); 6(%) « Flow Regime O(#); 0(%) « Conductivity O(#); 0(%) « ADME 4(#); 13(%) « Acute Exposure 6(#); 19(%)
because the participant had not selected ratings for this E-RRF pair, but completed the rest of ~[19(%) 16(%) « Groundwater 1(#); 3(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 2(#); 6(%) * Bioaccumulation 3(#); 10(%) |+ Chronic Exposure 8(#); 26(%)
Dermal the CEA MWCNT Prioritization Tool. * Control 7(#); 23(%) [+ State 7(#); |« * Soil v O(#); * Dissolved Oxygen Content O(#); | Biomagnification 1{#); 3(%) * Exposure Route 6(#); 19(%)
« Whilst sampling of dermal exposure (e.g. using wipes after a task followed by quantification |+ MWCNT Processing Methods  [23(%) « Soil 2(#); 6(%) « Soil/Sediment Fractionation |0(%) * Microbial Communities in « Geographic Location (i.e. rural vs.
of CNT and characterisation) is arguably much more straight forward than for aerosol « Applied Coatings 7(#); 23(%) « Surface Water 1(#); 3(6)  [0(#); 0(%) « Exposure to Sunlight 0(#); 0(%)  [Environment 0(#); 0(%) urban) 1(#); 3(%)

37

38

Human Consumer
ngestion

Human Consumer
nha ation

20(#) 65(%

20(#) 6

10(#) 32(%)

10(#) 32(%)

1(#) 3(%

1(#) 3(%

11(#) 35(%)

16(#) 52(%)

3(#) 10(%)

2(#) 6(%)

6(#) 19(%)

2(#) 6(%)

2(#) 6(%

3(#) 10(%)

6(#) 19(%)

6(#) 19(%)

12(#) 39(%)

11(#) 35(%)

there is still of dermal
* the overwhelming data indicate that dermal exposure is of little systemic importance.
* Limited exposure and toxicity potential; no reliable studies
« notalikely route
* Dermal exposure does not seem to be a risk; potential exposure route but low probability.
* Little to no work done on dermal exposures in workplace- are dermal exposures even a
concern?
« For occupational, once you know the exposure routes and PPE in place, you can find out
what remaining tests need to be done or determine if other experiments need to be
conducted. PPE though should address dermal exposure unless employees take shortcuts

« Most probab e exposure route through contaminanted food

* ack of exper mentia data No dataava ab e on consumer contact w th MWCNT f ame
retardant upho stery coatings

« Rel ab e data on consumer exposure s not yet ava ab e but can estimate consumer
exposures

« nsuff c ent quantities Few stud es are ava ab e on th s other than compar sons to decaBDE
« ngestion has not been wel stud ed n terms of MWCNT exposures R sk due to exposure s
stil not known
« mited exposure, metabo sm and transport not expected
« The kel hood of nges
owand fso aga n secondary to nha ation/ derma exposure
« no supportive data for r s

ion exposure to a CNT conta n ng f e retardant s kely to be very

« Larger agg omorated structures and CNT mixed w th matr x matera cou d be ngested hand

to mouth

« Potentia rea ease and accumu ation n dust

« Due to the eary stage n th use of CNT conta n ng products th's nformation s comp etely
ackng yetas d s ev dent from dusts contian ng
decaBDE being elease from textiles and nsu ation matera s

ussed n Chapter 2 the potentia for release
« Fewstud es are ava ab e on th s other than compar sons to decaBDE

* Lack of exper menta data

« Potentia for da y acute exposures bu d up of product n househo d dust, etc

* Anma data supportive of a resp ratory d sease r sk

« kely route of exposure

« Nodataava ab e on consumer contact w th MWCNT f ame retardant upho stery coatings
« Once embedded nto a po ymer or a surface coating exposure through nha ation s expected
to be min ma

g (%)
* MWCNT Purity 5(#); 16(%)
« MWCNT Synthesis Methods

%)
« Personal Protective Equipment
6(%)

=

(%)
* Other 2(#); 6(%)
* Specify other 0(#); 0(%)

« Anaytica Techn ques 8(#)
26(%)

« Contro Techno og es 4(#) 13
« MWCNT Process ng Methods
3(#) 10(%)

 MWCNT Pur ty 4(#) 13(%)

* MWCNT Synthes s Methods
2(#) 6(%)

« Persona Protective Equ pment
2(#) 6(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) Of

« Ana ytica Techn ques 10(#)
32(%)

« Contro Techno og es 7(#) 23(%)
* MWCNT Process ng Methods
5(#) 16(%)

 MWCNT Pur ty 7(#) 23(%)

ctive Equ pment

« Other 1(#) 3(%)
« Spec fy other 0(#) Of

* Biodegradability 5(#); 16(%)
* Catalytic Activity 2(#); 6(%)

« Wastewater 1(#); 3(%)
« Other 1(#); 3(%)

« Temperature 1(#); 3(%)
* Wind O(#); 0(%)

« Charge 2(#); 6(%) « Specify other 0(#); 00%) |« Other 0(#); 0(%)
* Conductive or Magnetic Properties * Specify other 0(#); 0(%)
2(#); 6(%)

« Crystalline Phase 2(4); 6(%)
« Lipophilicity 6(#); 19(%)
* Matrix Bound vs. Free 8(#); 26(%)
« Morphology (e.g. aspect ratio, length,
width, shape) 7(#); 23(%)
« Persistence 6(#); 19(%)
« Redox Potential 2(4); 6(%)
« Size/Size Distribution 7(#); 23(%)
« Specific Surface Area 4(#); 13(%)
« Structural Formula/Molecular
Structure 5(#); 16(%)
« Surface Chemistry 7(#); 23(%)
* Water Solubility/Dispersibility 5(#);
16(%)
« Other 1(#); 3(%)
« Soecify other 0(#): 0(%)
« Adsorption/Desorption Abty 5(#)
16(%)
« Aggregation/Agg omeration State 6(#)
19(%)
* App ed Coatings 7(#) 23(%)
* Bodegradab ty 4(#) 13(%)
Cata ytic Activ ty 2(#) 6(%)
« Charge 4(#) 13(%)
Conductive or Magnetic Properties
2#) 6(%)
Crysta ne Phase 2(#) 6
«Lpoph cty4(#) 13(%)
* Matr x Bound vs Free 6(#) 19(%)
* Morpho ogy (e.g aspectratio ength

©Ar2() 6(%)
roundwater 2(#) 6(%

« Sed ment 0(#) 0(%)

*So 1(#) 3(%)

« Surface Water 2(#) 6(%

« Wastewater 1(#) 3(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« F ow Regime O(#) 0(%)
«LghtAva ab ty 1(#) 3(%)
* 50 Porosty 0(#) 0(%)

« 50 /Sed ment Fractionation
O(#) 0(%)

* Temperature 3(#) 10(%)
«Wnd 1(#) 3(%)

« Other 1(#) 3(%)

« Spec fy other 0(#) 0(%)

« Pers stence 6(#) 19(%)
« Redox Potentia 2(#) 6(%)
/S ze D str bution 5(#) 16(%)

uctura Formu a/Mo ecu ar
Structure 5(#) 16(%)

rface Chem stry 5(#) 16(%)
* WaterSoub ty/Dspersb ty 6(#)
19(%)

« Other 0(#) 0(%)
oec fv other 0(#) 0(%)
« Adsorption/Desorption Ab. ty 7(#)
23(%)
« Aggregation/Agg omeration State
11(#) 35(%)
« App ed Coatings 11(#) 35(%
« Bodegradab ty 8(#) 26(%)
« Cata ytic Activ ty 3(#) 10(%)
* Charge 6(#) 19(%)
« Conductive or Magnetic Properties
2(#) 6(%)
«Crysta ne Phase 3(#) 10(%)
«Lpoph cty6(#) 19(%)
« Matrx Bound vs Free 12(#) 39(%)
* Morpho ogy (e.g aspectratio ength
wdth shape) 9(#) 29(%)
« Pers stence 11(#) 35(%)
« Redox Potentia 5(#) 16(%)
« 5 2e/5 ze D str bution 11(#) 35(%)
Spec f c Surface Area 7(#) 23(%)
tructura Formu a/Mo ecu ar
Structure 7(#) 23(%)
urface Chem stry 8(#) 26(%)
* WaterSoub ty/Dspersb ty 6(#)
19(%)
« Other O(#) 0(%)
« Spec fy other 0(#) 0(%)

* Ar10(#) 32(%) « Fow Regime 2(#) 6(%)
* Groundwater 0(#) 0(%) *LghtAva ab ty 1(#) 3(%)
* Sed ment 0(#) 0(%) S0 Poros ty 0(#) 0(%)
*So 2(#) 6(%) *So /Sed ment Fractionation
« Surface Water 1(#) 3(%)  0(#) 0(%)
* Wastewater 1(#) 3(% « Temperature 3(#) 10(%)
« Other 0(#) 0(%) *Wnd 3(#) 10(%)
« Spec fy other 0(#) 0(%) « Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* Heavy Metals in Environment 2(#);
6(%)

« lonic Strength in Environment
0(#); 0(%)

« Ligand Concentrations in
Environment O(#); 0(%)

« Natural Organic Matter (NOM)
0(#); 0(%)

« Other Contaminants in
Environment 2(#); 6(%)

* pH O(#); 0(%)

« Protein Concentration in
Environment O(#); 0(%)

« Salinity O(#); 0(%)

« Surfactant (in Lab) 2(#); 6(%)

« Other O(#); 0(%)

* Specify other 0(#); 0(%)

« Conductiv ty 1(#) 3(%)
« D spers ng Agents 2(#) 6(%)
* D550 ved Oxygen Content 1(#)

* Exposure to Sun ght 1(#) 3(%)
« Heavy Metas n Env ronment 4(#)
3(%)

« oncStrength n Env ronment
3(#) 10(%)

« Lgand Concentrations n

Env ronment 3(#) 10(%)

* Natura Organ c Matter (NOM)
2#) 6(%)

« Other Contaminants n

Env ronment 3(#) 10(%)

* pH 2(#) §(

« Protein Concentration n

Env ronment 4(#) 13(%)

*Sa nty 2(#) 6(%)

« Surfactant (in Lab) 2(#) 6(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

 Conductiv ty 1(#) 3(%)

* D spers ng Agents 2(#) 6(%)

* D550 ved Oxygen Content 1(#)
3(%)

« Exposure to Sun ght 2(#) 6(%)
« Heavy Metas n Env ronment 3(#)
10(%)

« oncStrength n Env ronment
2(#) 6(%)

« Lgand Concentrations n

Env ronment 2(#) 6(%)

* Natura Organ c Matter (NOM)
2(#) 6(%)

« Other Contaminants n

Env ronment 4(#) 13(%)

* pH 2(#) 6(%)

« Protein Concentration n

Env ronment 2(#) 6(

+Sa nty 2(#) 6(%)

« Surfactant (in Lab) 2(#) 6|

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

« Organism Health 3(#); 10(%)
« Species/Individual
Developmental Behavior 3(#);

« Species/Individual Feeding
Behavior 2(#); 6(%)

« Species/Individual Reproductive
Behavior 1(#); 3(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

« ADME 5(#) 16(%)

« B oaccumu ation 3(#) 10(%
« B omagn f cation 3(#) 10(%)
*Mcroba Commun ties n
Env ronment 1(%) 3(%)

* Organ sm Hea th 3(#) 10(%)
« Specees/ nd v dua
Developmenta Behav or 3(#)
10(%

« Speces/ ndv dua Feed ng
Behav or 4(#) 13(%)

« Specees/ nd v dua Reproductive
Behav or 3(#) 10(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%

« ADME 4(#) 13(%
* B oaccumu ation 3(#) 10(%)
* B.omagn f cation 3(#) 10(%)
*Mcroba Commun ties n
Env ronment 1(#) 3(%
* Organ sm Hea th 3(#) 10(%)
* Speces/ nd v dua
Developmenta Behav or 4(#)
13(%)
« Specees/ nd v dua Feed ng
Behav or 4(#) 13(%)
Specees/nd v dua Reproductive
Behav or 3(#) 10(
* Other 0(#) 0(%)
Spec fy other 0(#) 0(%

* Habitat Structure 1(#); 3(%)

+ Human Activity 6(#); 19(%)

« Individual Activity Level 6(#);
19(%)

« Life Stage 2(#); 6(%)

* Occupation 7(#); 23(%)

« subchronic Exposure 5(#); 16(%)
« Susceptible
Populations/Individuals 5(#); 16(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

« Acute Exposure 5(#) 16(%)

« Chron ¢ Exposure 9(#) 29(%

« Exposure Route 9(#) 29(%)

« Geograph c Location (i.e. rura vs
urban) 1(#) 3(%)

« Hab tat Structure 2(#) 6(%)

+ Human Activ ty 8(#) 26(%)

« ndvdua Activ ty Level 7(#)
23(%)

« Lfe Stage 5(#) 16(%)

« Occupation 4(#) 13(%)

« Subchron ¢ Exposure 7(#) 23(%

« Susceptib e

Popu ations/ nd v dua s 7(#) 23(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* Acute Exposure 8(#) 26(%)

« Chron c Exposure 11(#) 35(%

* Exposure Route 10(#) 32(%)

« Geograph c Location (i.e. rura vs
urban) 2(#) 6(%)

* Hab tat Structure 2(#) 6(%)

« Human Activ ty 10(#) 32(%

« ndvdua Activ ty Level 9(#)
29(%)

« Lfe Stage 9(#) 29(%)

« Occupation 5(#) 16(%)

« Subchron ¢ Exposure 10(#) 32(%)
« Susceptib e

Popu ations/ nd v dua s 9(#) 29(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%



[10]Element-RRF pair | Influential Factors

RRF Importance
P

RRF Confidence Why [
SC

Human: General
Population-

9(#); 29(%) | 16(4); 520%) | 6(#); 19(%) | 3(#); 100%) | a(#);13(%6) | 20 6(%) | 1(#);30%) | 3(#); 10(%) | 5(#); 16(%) |+ Most likely route of exposure

« Lack of adequate data to assess

« Analytical Techniques 3(#); « A O(#); 0(%)

« Groundwater 1(#); 3(%)

« Flow Regime 0(#); 0(%)
* Light Availability 1(#); 3(%)

« Conductivity 1(#); 3(%)
« Dispersing Agents 1(#); 3(%)

* ADME 0(#); 0(%)
* Bioaccumulation 1(#); 3(%)

» Acute Exposure 1(#); 3(%)

« Adsorption/Desorption Ability 2(#);
6(%) * Chronic Exposure 2(#); 6(%)

« Lack of experimental data

« No reliable techniques for estimating general population exposures
« Depends upon how product is used, breaks down, and gets exposed to particular groups

(children). Very complex but

« Little to no data « MWCNT Synthesis Methods |« Catalytic Activity 2(4); 6(%) « Other O#); 0(%) « Wind 1(#); 3(%) 3(%) « Species/Individual « Human Activity 2(#); 6(%)
2#); 6(%) « Charge 2(#); 6(%) « Specify other O(#); 0(%) [+ Other 1(#); 3(%) « lonic Strength in Environment [ Developmental Behavior 1(#); 3(%) |+ Individual Activity Level 2(4); 6(%)
« Personal Protective Equipment | Conductive or Magnetic Properties « Specify other 0(#); 0(%) 1#); 3(%) « Species/Individual Feeding « Life Stage 2(#); 6(%)
1 2(#); 6(%)  Ligand Concentrations in Behavior 1(#); 3(%) = Occupation 2(#); 6(%)

* MWCNT Processing Methods
(#); 6(%)
« MWCNT Purity 2(#); 6(%)

(#);
« Other 0(#); 0(%)

3(#); 10(%)

State 2(#);

« Applied Coatings 3(#); 10(%)
« Biodegradability 3(#); 10(%)

* Crystalline Phase 1(#); 3(%)

* soil 1(#); 3(%)
* surface Water 2(#); 6(%)
* Wastewater 1(#); 3(%)

« soil ¥ O(#); 0(%)

« Soil/Sediment Fractionation

0(#); 0(%)
« Temperature 2(#); 6(%)

« Dissolved Oxygen Content 1(#);
3(%)

« Exposure to Sunlight 1(#); 3(%)

« Heavy Metals in Environment 1(#);

1(#); 3(%)
« Natural Organic Matter (NOM)

« Biomagnification 1(#); 3(%)
* Microbial Communities in
Environment 1(#); 3(%)

* Organism Health 1(#); 3(%)

« Species/Individual Reproductive

« Exposure Route 2(#); 6(%)

« Geographic Location (i.e. rural vs.
urban) 1(#); 3(%)

« Habitat Structure 1(#); 3(%)

« Subchronic Exposure 2(#); 6(%)

« Specify other 0(#); 0(%) « Lipophilicity 2(#); 6(%) Behavior 1(4); 3(%) « Susceptible
« Matrix Bound vs. Free 3(#); 10(%) 1(#); 3(%) « Other 0(#); 0(%) Populations/Individuals 2(#); 6(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 2(#); 6(%) Environment 1(#); 3(%) « Specify other 0(#); 0(%)
« Persistence 3(#); 10(%) « pH 1(#); 3(%)
* Redox Potential 2(#); 6(%) « Protein Concentration in
« Size/Size Distribution 2(#); 6(%) Environment 1(#); 3(%)
 Specific Surface Area 2(#); 6(%) » Salinity 1(#); 3(%)
« Structural Formula/Molecular « Surfactant (in Lab) 1(#); 3(%)
Structure 2(4); 6(%) « Other 0(#); 0(%)
« surface Chemistry 2(#); 6(%) « Specify other 0(#); 0(%)
« Water Solubility/Dispersibility 3(¢);
10(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
9(#); 29(%) | 16(#); 520%) | 6(#); 19(%) A(#);13(%) | O(#);00%) | 2(#);6(%) | 2(#);6(%) | 5(#); 16(%) |+ Inhalation concerns pretty well mapped out. Once you know the product applicationand | Analytical Techniques 4(#); . i Rbility 2(#); | Air 3(#); 10(%) « Flow Regime 1(#); 3(%) « Conductivity 1(#); 3(%) « ADME 1(#); 3(%) « Acute Exposure 1(#); 3(%)
have addressed all the other unknowns about how MWCNT can get out of the product, this |13(%) 6(%) « Groundwater 0(#); 0(%) |« Light Availability 1(#); 3(%) « Dispersing Agents 1(#); 3(%) « Bioaccumulation 1(#); 3(%) « Chronic Exposure 3(#); 10(%)
information solves the rest of the problem. « Control 3() 100%) |+ State 3(#); | » Sediment O(#); 0(%) « Soil Porosity 0(#); 0(%) « Dissolved Oxygen Content 1(#); magnification 1(4); 3(%) « Exposure Route 3(#); 10(%)
« Likely route of exposure « MWCNT Processing Methods [ 10(%) « Soil 2(4); 6(%) « Soil/Sediment Fractionation  |3(%) « Microbial Communities in « Geographic Location (i.e. rural vs.

« Lack of experimental data

« Lack of adequate data to assess « MWCNT Purity 2(#); 6(%) « Biodegradability 3(#); 10(%) « Wastewater 1(#); 3(%) « Temperature 2(4); 6(%) « Heavy Metals in Environment 1(#); |+ Organism Health 1(#); 3(%) « Habitat Structure 1(4); 3(%)
« Little to no data « MWCNT Synthesis Methods | Catalytic Activity 2(#); 6(%) « Other 0(#); 0(%) « Wind 1(#); 3(%) 306) « Species/Individual « Human Activity 3(#); 10(%)
« No reliable techniques for estimating general population exposures 20s); 6(%) « Charge 2(#); 6(%) « Specify other 0(#); 0(%) | Other O(#); 0(%) « lonic Strength in Environment | Developmental Behavior 1(#); 3(%) | Individual Activity Level 3(#);
« Personal Protective Equipment | Conductive or Magnetic Properties « Specify other 0(#); (%) (4 3(%) « Species/Individual Feeding 100%)
2 2(4); 6(%) « Ligand Concentrations in Behavior 1(4); 3(%) « Life Stage 3(#); 10(%)

(#); 6(%)

(#);
« Other 0(#); 0(%)

« Applied Coatings 3(#); 10(%)

* Crystalline Phase 1(#); 3(%)

width, shape) 2(#); 6(%)
« Persistence 4(#); 13(%)

« Redox Potential 2(#); 6(%)

« Size/Size Distribution 3(#); 10(%)

« Specific Surface Area 3(#); 10(%)

« Structural Formula/Molecular
structure 2(4); 6(%)

« Surface Chemistry 3(#); 10(%)

« Water Solubility/Dispersibilty 4();
13(%)

« Other 0(#); 0(%)

= Soecify other 0(#): 0(%)

« Surface Water 1(#); 3(%)

0(#); 0(%)

« Exposure to Sunlight 2(4); 6(%)

Environment 1(#); 3(%)

1(#); 3(%)

* pH 1(#); 3(%)

* Protein Concentration in
Environment 1(#); 3(%)

« salinity 1(#); 3(%)

« surfactant (in Lab) 1(#); 3(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

1(#); 3(%)

« Species/Individual Reproductive

« Specify other O(#); 0(%) « Lipophilcity 2(#); 6(%) « Natural Organic Matter (NOM) | Behavior 1(#); 3(%) « subchronic Exposure 3(#); 10(%)
« Matrix Bound vs. Free 4(#); 13(%) 24 3(%) « Other O(#); 0(%) « susceptible
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) Populations/Individuals 3(#); 10(%)

urban) 2(#); 6(%)

* Occupation 2(#); 6(%)

« Other 0(#); 0(%)
= Specify other O(#); 0(%)




1D[_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
' u Pl c Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
42|Human: General | 9(#); 290%) | 16(); 520%) | 6(); 190%) | 1) 30%) | 2(#);60%) | 6(#); 190%) | 0#); 00%) | 4(#); 130%) | 5(#); 16(%) [ Lack of experimental data « Analytical Techniques 1(#); 3(%) |+ Adsorption/Desorption Ability O(#); | Air O(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity 0(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure O(#); 0(%)
Population-Dermal « Not a likely route « Control Technologies 0(#); 0(%) [0(%) « Groundwater O(#); 0(%) | Light Availability O(#); 0(%) « Dispersing Agents 0(#); 0(%) « Bioaccumulation 0(#); 0(%) « Chronic Exposure O(#); 0(%)
« Lack of adequate data to assess * MWCNT Processing Methods |+ Aggregation/Agglomeration State O#); |  Sediment O(#); 0(%) « Soil Porosity 0(#); 0(%) « Dissolved Oxygen Content 0(#); [+ Biomagnification 0(#); 0(%) « Exposure Route O(#); 0(%)
« Little absorption 0(#); 0(%) 0(%) « soil 0(#); 0(%) « Soil/Sediment Fractionation [0(%) * Microbial Communities in « Geographic Location (i.e. rural vs
* Would need to determine how MWCNT gets out of the product and in what form to « MWCNT Purity 0(#); 0(%) « Applied Coatings 0(#); 0(%) « surface Water 0(#); 0(%)  |0(#); 0(%) « Exposure to Sunlight 0(#); 0(%)  [Environment 0(#); 0(%) urban) O(#); 0(%)
determine if this is an issue or not, but existing data on exposure should help guide this.  MWCNT Synthesis Methods [+ (#); 0(%)  0(#); 0(%) . 0(#); 0(%) « Heavy Metals in Environment O(#); | « Organism Health 0(#); 0(%) « Habitat Structure O(#); 0(%)
« Little to no data 0(#); 0(%) « Catalytic Activity O(#); 0(%) « Other 0(#); 0(%) « Wind 0(#); 0(%) 0(%) « Species/Individual « Human Activity 0(#); 0(%)
« No reliable techniques for estimating general population exposures « Personal Protective Equipment |+ Charge O(#); 0(%) « Specify other 0(#);0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 0(#); 0(%)
o(#); 0(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) o(#); 00%) « Species/Individual Feeding « Life Stage O(#); 0(%)
« Other 0(#); 0(%) o(#); 0(%) « Ligand Concentrations in Behavior 0(#); 0(%) « Occupation O(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment O(#); 0(%) . « Subchronic Exp (#); 0(%)
« Lipophilicity 0#); 0(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free O(#); 0(%) o(#); 00%) « Other 0(#); 0(%) Populations/Individuals O(#); 0(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) « Other 0(#); 0(%)
width, shape) O(#); 0(%) Environment 0(#); 0(%) « Specify other 0(#); 0(%)
« Persistence O(#); 0(%) « pH O(#); 0(%)
* Redox Potential O(#); 0(%) * Protein Concentration in
« Size/Size Distribution O(#); 0(%) Environment O(#); 0(%)
« specific Surface Area O(#); 0(%) « salinity O(#); 0(%)
« Structural Formula/Molecular « surfactant (in Lab) 0(#); 0(%)
structure 0(#); 0(%) « Other 0(#); 0(%)
« surface Chemistry 0(#); 0(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 0(#);
0(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
43[Aquatic Biota- 8(1); 26(%) | 18(4); 58(%) | 5(#); 16(%) | B(); 26(%) | O(#);00%) | O(#);0(%) | 1(#);3(%) | 3(); 10(%) | 4(#); 13(%) |* Most ikely route of exposure « Analytical Techniques 4(#); « Adsorption/Desorption Ability 4(#); | = Air O(#); 0(%) « Flow Regime 4(#); 13(%) « Conductivity O(#); 0(%) « ADME 5(#); 16(%) « Acute Exposure 4(#); 13(%)
Ingestion « There have been a number of studies on the toxic effects of MWCNTS to water-dwelling and | 13(%) 13(%) « Groundwater 1(#); 3(%) |« Light Availability 1(#); 3(%) « Dispersing Agents 2(4); 6(%) « Bioaccumulation 5(#); 16(%) |+ Chronic Exposure 6(#); 19(%)
sediment-dwelling organisms but there are many unanswered questions « Control of#); 0(%) |+ State 5(#); |« Sediment 4(#); 13(%) « Sail Porosity 0(#); 0(%) « Dissolved Oxygen Content 1(#); |« Biomagnification 5(#); 16(%) |* Exposure Route 6(#); 19(%)
« Little to no data  MWCNT Processing Methods [ 16(%) « Soil 2(#); 6(%) « Soil/Sediment Fractionation  |3(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
1(#); 3(%) « Applied Coatings 4(t); 13(%) « surface Water 5(#); 16(%) ~ [4(#); 13(%) « Exposure to Sunlight 1(#); 3(%)  [Environment 0(#); 0(%) urban) 1(#); 3(%)
« MWCNT Purity 3(#); 10(%) « Biodegradability 2(#); 6(%) « Wastewater 4(#); 13(%) |+ Temperature 2(#); 6(%) « Heavy Metals in Environment 2(4); |+ Organism Health 3(#); 10(%) |+ Habitat Structure 2(4); 6(%)
« MWCNT Synthesis Methods [+ Catalytic Activity 0(#); 0(%) « Other 0(#); 0(%) « Wind 0{#); 0(%) 6(%) « Species/Individual « Human Activity 2(#); 6(%)
1(#); 3(%) « Charge 1(#); 3(%) « Specify other 0(#); 0(%) |« Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 2(#); 6(%) | « Individual Activity Level 3(#);
« Personal Protective Equipment [+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) 3(4); 10(%) « Species/Individual Feeding 100%)
o#); 0(%) o(4); 00%) « Ligand Concentrations in Behavior 4(#); 13(%) « Life Stage 5(#); 16(%)
« Other 0(#); 0(%) « Crystalline Phase O(#); 0(%) a(#); 13(%) * Species/Individual Reproductive | Occupation 1(#); 3(%)
« Specify other 0(#); 0(%) « Lipophilicity 4(#); 13(%) « Natural Organic Matter (NOM)  [Behavior 2(#); 6(%) « subchronic Exposure 5(#); 16(%)
* Matrix Bound vs. Free 5(#); 16(%) 5(4); 16(%) « Other 0(#); 0(%) * Susceptible
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) Populations/Individuals 3(#); 10(%)
width, shape) 4(#); 13(%) Environment 3(#); 10(%) « Other O(#); 0(%)
« Persistence 4(#); 13(%)  pH 3(#); 10(%) * Specify other 0(#); 0(%)
* Redox Potential 1(#); 3(%) « Protein Concentration in
« Size/Size Distribution 4(#); 13(%) Environment 5(#); 16(%)
« Specific Surface Area 2(#); 6(%) « salinity 4(#); 13(%)
* Structural Formula/Molecular « Surfactant (in Lab) 2(#); 6(%)
Structure 2(4); 6(%) « Other 0(#); 0(%)
« Surface Chemistry 4(#); 13(%) * Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 4(#);
13(%)
« Other 0(#); 0(%)
« Soecify other 0(#); 0(%)
44| Aquatic Biota- 8(4); 26(%) | 18(4); 58(%) | S(#); 16(%) | O(#)00%) | 1(#);3(%) | 7(#;23(%) | 2(#);6(%) | 1(#)3(%) | S(#); 16(%) |« Inhalation as an exposure route does not make sense for aquatic organisms « Analytical Techniques 1(#); 3(%) |+ Adsorption/Desorption Ability O(#); | = Air 1(#); 3(%) « Flow Regime 0(#); 0(%) « Conductivity 0(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure O(#); 0(%)

Inhalation

« Not air breathers
« Little to no data

« Control Technologies 0(#); 0(%)
« MWCNT Processing Methods
0(#); 0(%)

* MWCNT Purity O(#); 0(%)

« MWCNT Synthesis Methods
0(#); 0(%)

« Personal Protective Equipment
0(#); 0(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

S
Ed

« Aggregation/Agglomeration State O(#);
0(%)

« Applied Coatings O(#); 0(%)

« Groundwater 0(#); 0(%)
* Sediment (#); 0(%)

« Soil O(#); 0(%)

« Surface Water O(#); 0(%)

* Light Availability 0(#); 0(%)
« ol Porosity O(#); 0(%)
« Soil/Sediment Fractionation

. 0(#); 0(%)

« Catalytic Activity O(#); 0(%)

« Charge O(#); 0(%)

« Conductive or Magnetic Properties
0(#); 0(%)

* Crystalline Phase O(#); 0(%)

« Lipophilicity 0(#); 0(%)

* Matrix Bound vs. Free O(#); 0(%)

« Morphology (e.g. aspect ratio, length,
width, shape) O(#); 0(%)

« Persistence O(#); 0(%)

* Redox Potential O(#); 0(%)

« Size/Size Distribution O(#); 0(%)

« Specific Surface Area O(#); 0(%)

« Structural Formula/Molecular
Structure 0(#); 0(%)

« surface Chemistry 0(#); 0(%)

* Water Solubility/Dispersibility 0(#);
(%)

« Other O(#); 0(%)

« Soecifv other 0#); 0(%)

« Wastewater 0(#); 0(%)
« Other 0(#); 0(%)
= Specify other 0(#); 0(%)

0(#); 0(%)
. 0#); 0(%)
* Wind 0(#); 0(%)
« Other 0(#); 0(%)
« Specify other 0(#); 0(%)

« Dispersing Agents O(#); 0(%)
« Dissolved Oxygen Content O(#);
0(%)

« Exposure to Sunlight 0(#); 0(%)

« Heavy Metals in Environment O(#);
0(%

« lonic Strength in Environment
0(#); 0(%)

« Ligand Concentrations in
Environment 0(#); 0(%)

« Natural Organic Matter (NOM)
0(#); 0(%)

« Other Contaminants in
Environment 0(#); 0(%)

 pH O(#); 0(%)

« Protein Concentration in
Environment 0(#); 0(%)

« Salinity O(#); 0(%)

« Surfactant (in Lab) O(#); 0(%)
« Other 0#); 0(%)

* Specify other 0(#); 0(%)

« Bioaccumulation O(#); 0(%)
« Biomagnification O(#); 0(%)
« Microbial Communities in

0(#); 0(%)
+ Organism Health O(#); 0(%)
« Species/Individual
Developmental Behavior O(#); 0(%)
« Species/Individual Feeding
Behavior O(#); 0(%)

* Chronic Exposure 0(#); 0(%)

* Exposure Route O(#); 0(%)

« Geographic Location (i.e. rural vs.
urban) 0(#); 0(%)

* Habitat Structure 0(#); 0(%)

= Human Activity 0(#); 0(%)

* Individual Activity Level O(#); 0(%)
« Life Stage O(#); 0(%)

« Occupation 0(#); 0(%)

Behavior O(#); 0(%)
« Other 0(#); 0(%)
« Specify other 0(#); 0(%)

* Subchronic Exp (#); 0(%)
« Susceptible
Populations/Individuals O(#); 0(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)




1D[_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
' u 0 Pl c Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
45| Aquatic Biota- 8(4); 26(%) | 18(4); 58(%) | S(#); 16(%) | 4(); 13(%) | 4(#); 13(%) | O(#); 0(%) | 1(#);3(%) | 3(#); 100%) | 4(#); 13(%) | Little likelihood of uptake across skin/carapice; only important for biofilms « Analytical Techniques 3(#); « Adsorption/Desorption Ability 4(#); [ Air 0(#); 0(%) « Flow Regime 2(#); 6(%) « Conductivity 0(#); 0(%) « ADME 4(#); 13(%) « Acute Exposure 3(#); 10(%)
Direct Contact « Few studies have tested dermal effects with aquatic organisms 10(%) 13(%) « Groundwater 1(#); 3(%) |« Light Availability 1(#); 3(%) « Dispersing Agents 2(#); 6(%) « Bioaccumulation 4(#); 13(%) |+ Chronic Exposure 5(¢); 16(%)
« Little to no data « Control of#); 0(%) |+ State 3(#); |« Sediment 3(#); 10(%) « Soil Porosity 0(#); 0(%) « Dissolved Oxygen Content 1(#); |+ Biomagnification 4(#); 13(%) |+ Exposure Route 5(#); 16(%)
* MWCNT Processing Methods [ 10(%) « Soil 1(#); 3(%) « Soil/Sediment Fractionation  |3(%) * Microbial Communities in « Geographic Location (i.e. rural vs
1(#); 3(%) « Applied Coatings 3(#); 10(%) © Surface Water 4(#); 13(%)  [2(#); 6(%) « Exposure to Sunlight 0(#); 0(%)  [Environment 0(#); 0(%) urban) 1(#); 3(%)
« MWCNT Purity 3(#); 10(%) « Biodegradability 1(#); 3(%) « Wastewater 3(#); 10(%) |+ Temperature 1(#); 3(%) « Heavy Metals in Environment 1(#); |+ Organism Health 2(#); 6(%) « Habitat Structure 1(#); 3(%)
« MWCNT Synthesis Methods [+ Catalytic Activity 0(#); 0(%) « Other 0(#); 0(%) « Wind 0(#); 0(%) 3(%) « Species/Individual « Human Activity 2(#); 6(%)
1(#); 3(%) « Charge O(#); 0(%) « Specify other 0(#);0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 2(#); 6(%) | « Individual Activity Level 3(#);
« Personal Protective Equipment [+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) 2(4); 6(%) « Species/Individual Feeding 100%)
0(#); 0(%) o(#); 0(%) « Ligand Concentrations in Behavior 4(#); 13(%) « Life Stage 4(#); 13(%)
« Other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment 3(#); 10(%) « Species/Individual Reproductive |+ Occupation 1(#); 3(%)
« Specify other 0(#); 0(%) « Lipophilicity 3(#); 10(%) « Natural Organic Matter (NOM)  [Behavior 2(#); 6(%) « Subchronic Exposure 4(#); 13(%)
« Matrix Bound vs. Free 3(#); 10(%) 4(4); 13(%6) « Other 0(#); 0(%) « Susceptible
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) Populations/Individuals 3(#); 10(%)
width, shape) 2(#); 6(%) Environment 3(#); 10(%) « Other 0(#); 0(%)
« Persistence 3(#); 10(%) * pH 3(#); 10(%) * Specify other 0(#); 0(%)
* Redox Potential O(#); 0(%) * Protein Concentration in
« Size/Size Distribution 2(#); 6(%) Environment 3(#); 10(%)
« Specific Surface Area 3(#); 10(%) « salinity 3(#); 10(%)
« Structural Formula/Molecular « Surfactant (in Lab) 2(#); 6(%)
structure 2(4); 6(%) « Other 0(#); 0(%)
« surface Chemistry 4(#); 13(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 4(¢);
13(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
46| Terrestrial Biota- | 3(#); 10(%) | 22(4); 71(%) | 6(4); 19(%) | 3(#);10(%) | O(#);0(%) | O(#);0(%) | O(#);0(%) | 2(#);6(%) | 1(#);3(%) | There have only been a few studies on MWCNTS with earthworms « Analytical Techniques 2(#); 6(%) |+ Adsorption/Desorption Ability 2(#); | Air O(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity O(#); 0(%) « ADME 2(#); 6(%) « Acute Exposure 1(#); 3(%)
Ingestion « Control Technologies O(#); 0(%) [6(%) « Groundwater 1(#); 3(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 2(4); 6(%) « Bioaccumulation 2(4); 6(%) « Chronic Exposure 2(4); 6(%)
* MWCNT Processing Methods |+ Aggregation/Agglomeration State 2(#); Sediment 2(#); 6(%) « Sail Porosity 0(#); 0(%) « Dissolved Oxygen Content O(#); [+ Biomagnification 2(#); 6(%) « Exposure Route 2(#); 6(%)
0(#); 0(%) 6(%) * soil 1(#); 3(%) * Soil/Sediment Fractionation  [0(%) * Microbial Communities in * Geographic Location (i.e. rural vs.
« MWCNT Purity 1(#); 3(%) « Applied Coatings 1(#); 3(%) « surface Water 2(#); 6(%) | 0(#); 0(%) « Exposure to Sunlight O(#); 0(%)  [Environment 0(#); 0(%) urban) 1(#); 3(%)
 MWCNT Synthesis Methods |+ Biodegradability 1(#); 3(%) « Wastewater 1(#); 3(%) « Temperature 0(#); 0(%) « Heavy Metals in Environment 1(#); |+ Organism Health 2(#); 6(%) « Habitat Structure 1(#); 3(%)
o#); 0(%) « Catalytic Activity 0(#); 0(%) « Other 0(#); 0(%) « Wind 0(#); 0(%) 3(%) « Species/Individual « Human Activity 0(#); 0(%)
« Personal Protective Equipment |+ Charge O(#); 0(%) « Specify other O#); 0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 1(#); 3(%) | « Individual Activity Level 1(#); 3(%)
o#); 0(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) o(4); 00%) « Species/Individual Feeding « Life Stage 1(#); 3(%)
« Other 0(#); 0(%) 0(#); 0(%)  Ligand Concentrations in Behavior 2(#); 6(%) = Occupation O(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) (#); 0(%) « Species/Individual Reproductive |+ Subchronic Exposure 2(#); 6(%)
« Lipophilicity 1(#); 3(%) « Natural Organic Matter (NOM)  [Behavior 1(#); 3(%) « Susceptible
* Matrix Bound vs. Free 2(#); 6(%) 2(#); 6(%) * Other 0(#); 0(%) Populations/Individuals 1(#); 3(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 1(#); 3(%) Environment 1(#); 3(%) « Specify other 0(#); 0(%)
« Persistence 2(#); 6(%) « pH O(#); 0(%)
* Redox Potential O(#); 0(%) « Protein Concentration in
« Size/Size Distribution 1(#); 3(%) Environment 1(#); 3(%)
« Specific Surface Area 1(#); 3(%) « salinity O(#); 0(%)
* Structural Formula/Molecular « Surfactant (in Lab) 0(#); 0(%)
Structure 1(#); 3(%) « Other 0(#); 0(%)
« surface Chemistry 2(#); 6(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 2(#);
6(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
47| Terrestrial Biota- | 3(#); 10(%) | 22(4); 710%) | 6(4); 19(%) | 1#);3(%) | O#);0%) | 2043 6(%) | 2#;6(%) [ 0(#);0(%) | 1(#);3(%) | Inhalation as an exposure route does not make sense for terrestrial organisms « Analytical Techniques 1(#); 3(%) |+ Adsorption/Desorption Ability 1(#); | = Air 1(#); 3(%) « Flow Regime 0(#); 0(%) « Conductivity 0(#); 0(%) « ADME 1(#); 3(%) « Acute Exposure O(#); 0(%)

Inhalation

« Control Technologies 0(#); 0(%)
« MWCNT Processing Methods
0(#); 0(%)

* MWCNT Purity O(#); 0(%)

« MWCNT Synthesis Methods
0(#); 0(%)

« Personal Protective Equipment
0(#); 0(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

3
Ed

« Aggregation/Agglomeration State 1(#);
3(%)

« Applied Coatings O(#); 0(%)

« Groundwater 0(#); 0(%)
* Sediment (#); 0(%)

« Soil O(#); 0(%)

« Surface Water O(#); 0(%)

* Light Availability 0(#); 0(%)
« ol Porosity O(#); 0(%)
« Soil/Sediment Fractionation

. 0(#); 0(%)

« Catalytic Activity O(#); 0(%)

« Charge O(#); 0(%)

« Conductive or Magnetic Properties
0(#); 0(%)

* Crystalline Phase O(#); 0(%)

« Lipophilicity 1(#); 3(%)

* Matrix Bound vs. Free 1(#); 3(%)

« Morphology (e.g. aspect ratio, length,
width, shape) O(#); 0(%)

« Persistence 1(#); 3(%)

* Redox Potential O(#); 0(%)

« Size/Size Distribution 1(#); 3(%)

« Specific Surface Area 1(#); 3(%)

« Structural Formula/Molecular
Structure 0(#); 0(%)

« surface Chemistry 1(#); 3(%)

* Water Solubility/Dispersibility 1(#);
3(%)

« Other O(#); 0(%)

« Soecifv other 0#); 0(%)

« Wastewater 0(#); 0(%)
« Other 0(#); 0(%)
= Specify other 0(#); 0(%)

0(#); 0(%)
. 0#); 0(%)
* Wind 0(#); 0(%)
« Other 0(#); 0(%)
« Specify other 0(#); 0(%)

« Dispersing Agents O(#); 0(%)
« Dissolved Oxygen Content O(#);
0(%)

« Exposure to Sunlight 0(#); 0(%)

« Heavy Metals in Environment O(#);

« lonic Strength in Environment
0(#); 0(%)

« Ligand Concentrations in
Environment 0(#); 0(%)

« Natural Organic Matter (NOM)
1#); 3(%)

« Other Contaminants in
Environment 0(#); 0(%)

 pH O(#); 0(%)

« Protein Concentration in
Environment 0(#); 0(%)

« Salinity O(#); 0(%)

« Surfactant (in Lab) O(#); 0(%)
« Other 0#); 0(%)

* Specify other 0(#); 0(%)

« Bioaccumulation 1(#); 3(%)
« Biomagnification 1(#); 3(%)
« Microbial Communities in

0(#); 0(%)
« Organism Health 1(#); 3(%)
« Species/Individual
Developmental Behavior 1(#); 3(%)
« Species/Individual Feeding
Behavior O(#); 0(%)
« Species/Individual Reproductive
Behavior 1(#); 3(%)
« Other 0(#); 0(%)
« Specify other 0(#); 0(%)

* Chronic Exposure 1(#); 3(%)

* Exposure Route 1(#); 3(%)

« Geographic Location (i.e. rural vs.
urban) 1(#); 3(%)

* Habitat Structure 0(#); 0(%)

= Human Activity 0(#); 0(%)

« Individual Activity Level 1(#); 3(%)
« Life Stage 1(#); 3(%)

« Occupation 0(#); 0(%)

« Subchronic Exposure 1(#); 3(%)

« Susceptible
Populations/Individuals O(#); 0(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)




1D[_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
' u Pl c Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
48| Terrestrial Biota- | 3(#); 100%) | 220); 710%) | 6(); 190%) | 18):30%) | 1(#);306) | 109:30%) | 1#:30%) | 1#:3(%) | 1) 30%) [+ Few studies have tested dermal effects with terrestrial organisms but this is likely less « Analytical Techniques 1(#); 3(%) |+ Adsorption/Desorption Ability 1(#); | Air O(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity 0(#); 0(%) « ADME 1(#); 3(%) « Acute Exposure 1(#); 3(%)
Direct Contact important than ingestion of sols. Plant exposure to routes will be described using "direct « Control Technologies 0(#); 0(%) |3(%) « Groundwater 0(#); 0(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 1(#); 3(%) « Bioaccumulation 1(#); 3(%) « Chronic Exposure 1(#); 3(%)
contact” although this may not be the clearest term,  MWCNT Processing Methods |+ Aggregation/Agglomeration State 1(#); [+ Sediment 1(#); 3(%) « Soil Porosity 0(#); 0(%) « Dissolved Oxygen Content 0(#); [+ Biomagnification 1(#); 3(%) « Exposure Route 1(#); 3(%)
o(#); 0(%) 3(%) « 5oil 0(#); 0(%) « Soil/Sediment Fractionation [0(%) * Microbial Communities in « Geographic Location (i.e. rural vs
« MWCNT Purity 1(#); 3(%) « Applied Coatings 1(#); 3(%) « surface Water 1();3(%)  |0(#); 0(%) « Exposure to Sunlight 0(#); 0(%)  [Environment 0(#); 0(%) urban) O(#); 0(%)
* MWCNT Synthesis Methods (#); 0(%) .  0(#); 0(%) . 0(#); 0(%) « Heavy Metals in Environment O(#); | « Organism Health 1(#); 3(%) « Habitat Structure 1(#); 3(%)
o(#); 0(%) « Catalytic Activity 0(#); 0(%) « Other 0(#); 0(%) « Wind 0(#); 0(%) 0(%) « Species/Individual « Human Activity 0(#); 0(%)
« Personal Protective Equipment |+ Charge O(#); 0(%) « Specify other 0(#);0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 0(#); 0(%)
o(#); 0(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) o(#); 00%) « Species/Individual Feeding « Life Stage O(#); 0(%)
« Other 0(#); 0(%) o(#); 0(%) « Ligand Concentrations in Behavior 1(#); 3(%) « Occupation O(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment 0(#); 0(%) « Species/Individual Reproductive |+ Subchronic Exposure 1(#); 3(%)
« Lipophilicity 0#); 0(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free 1(#); 3(%) 1#); 3(%) « Other 0(#); 0(%) Populations/Individuals 1(#); 3(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 1(#); 3(%) Environment 0(#); 0(%) « Specify other 0(#); 0(%)
« Persistence 1(#); 3(%) « pH O(#); 0(%)
* Redox Potential O(#); 0(%) * Protein Concentration in
« Size/Size Distribution O(#); 0(%) Environment O(#); 0(%)
« specific Surface Area O(#); 0(%) « salinity O(#); 0(%)
« Structural Formula/Molecular « surfactant (in Lab) 0(#); 0(%)
structure 1(4); 3(%) « Other 0(#); 0(%)
« surface Chemistry 1(#); 3(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 1(#);
3(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
49| Abiotic-Direct 1#0;3(%) | 8#); 260) | 2204 7106) | 14 30%) | o) 00%6) | O(); 0(%) | 0l#);00%) | 1#);3(%) | o(#); 01%) « Analytical Techniques O(#); 0(%) |+ Adsorption/Desorption Ability O(#); |« Air 0(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity O(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure O(#); 0(%)

50 Human Absorption

Contact

29(#) 9

0(#) 0(%)

24(#) 77(%)

3(#) 10

3(#) 10(%)

7(#) 23(%)

19(#) 61(%) + Need to quantify a

sorption to dete
* ADME svta to understand toxic ty of chem ca s n genera and hence
MWCNTs We need the ana ytica methods to assess ADME of MWCNTs
n dentify ng and character 2 ng CNT n v vo especa y n terms measur ng

mine f exposure occurs.

sovery relevant for

« Cha enges exist
uptake, d
penetration of CNT nto the body

v bution and c earance rates through the body The nature of absorption and
speca y the effect of s ze, shape, etc has on regiona
depos tion n the ung s mportantand ack ng
urrently very mited or no data Lack of data Section 4 2 6
« Few data ava ab e, so utilty s questionab e
* No data ava ab e on MWCNT dos ng n humans
tud
* Not enough known conc:

« Norel ab
tration n ungs
* Not much data adsorption n ungs s key
« Stud es not yet done

« Some rodent data ex

Thec
« Pub shed data nd cate that MWCNT are red str buted n the ungs as agg omerates and as

se contact of the product w th peop e

free structures

« Data does not yet exst and most known CNT effects do not depend on these elements

« Some qua tative data s ava ab e for MWCNTS after nha ation stud es but tte nformation

sava abe for derma orora ngestion stud es
« No data but cannot rea y study n humans can t rea y study MWCNTs n s un ess t
can be found n the b ood or ur ne and that ooks un kely need nv tro tests such as derma
penetration of the powder to understand worst case f t s absorbed and f so where t goes
« Some dataava ab e

« Control Technologies O(#); 0(%)
« MWCNT Processing Methods
0(#); 0(%)

* MWCNT Purity O(#); 0(%)

* MWCNT Synthesis Methods
0(#); 0(%)

« Personal Protective Equipment
0(#); 0(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

« Ana ytica Techn ques 16(#)
52(%)

« Contro Techno og es 7(#) 23(
 MWCNT Process ng Methods.
8(#) 26(%)

 MWCNT Pur ty 10(#) 32(%)

* MWCNT Synthes s Methods
7(#) 23(%)

« Persona Protective Equ pment
8(#) 26(%)

« Other O(#) 0(%)

« Spec fy other 0(#) 0(%

0(%)
« Aggregation/Agglomeration State 0(#);
0(%)

« Applied Coatings O(#); 0(%)

« Groundwater 0(#); 0(%)
« Sediment 0(#); 0(%)

« Soil 0(#); 0(%)

« Surface Water 0(#); 0(%)

« Light Availability 0(#); 0(%)
« Soil Porosity 0(#); 0(%)
« Soil/Sediment Fractionation

(#); 0(%)
« Catalytic Activity O(#); 0(%)
* Charge O(#); 0(%)
« Conductive or Magnetic Properties
0(#); 0(%)
« Crystalline Phase O(#); 0(%)
« Lipophilicity O(#); 0(%)
* Matrix Bound vs. Free 0(#); 0(%)
« Morphology (e.g. aspect ratio, length,
width, shape) O(#); 0(%)
« Persistence O(#); 0(%)
* Redox Potential O(#); 0(%)
« Size/Size Distribution O(#); 0(%)
« Specific Surface Area 0(#); 0(%)
« Structural Formula/Molecular
Structure 0(#); 0(%)
« surface Chemistry 0(#); 0(%)
* Water Solubility/Dispersibility 0(#);
0(%)
« Other O(#); 0(%)
« Soecify other 0(#): 0(%)
« Adsorption/Desorption Ab. ty 14(#)
45(%)

* Aggregation/Agg omeration State

15(#) 48(%)
* App ed Coatings 13(#) 42(%)
* Bodegradab ty 10(#) 32(%)
ta ytic Activ ty 7(#) 23(%)
Charge 12(#) 39(%)
Conductive or Magnetic Properties
6(#) 19(%

rysta ne Phase 4(#) 1
*Lpoph cty15(#) 48(%)
« Matrx Bound vs Free 15(#) 4
* Morpho ogy (e.g aspes
wth shape) 18(#)
« Pers stence 13() 42(%)
entia 7(#) 23(%)
D str bution 15(#) ¢
Spec f ¢ Surface Area 13(#) 42(%)

ratio ength

tructura Formu a/Mo ecu ar
0(#) 32(%)
rface Chem stry 14(#) 45
* WaterSoub ty/Dspersb ty 16(4)
52(%)
« Other 0(#) 0(%)
pec fy other O(#) 0(%)

« Wastewater 0(#); 0(%)
« Other 0(#); 0(%)
* Specify other 0(#); 0(%)

«Ar9() 29(
* Groundwater 3(#) 1C

« Sed ment 2(#) 6(%)

*So 4(#) 13(%)

« Surface Water 6(#) 19(%)
* Wastewater 4(#) 13(%)

« Other 2(#) 6(%)

* Spec fy other 0(#) 0f

o(4); 00%)
. 0(#); 0(%)
* Wind 0(#); 0(%)
« Other 0#); 0(%)
* Specify other 0(#); 0(%)

«Fow ) 10(%)
*LghtAva ab ty 2(#) 6(%)
*So Porosty 2(#)

gime

«So /Sed ment Fractionation
2(#) 6(%)

« Temperature 6(#) 19(%)

* Wnd 6(#) 19(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0f

« Dispersing Agents 0(#); 0(%)

* Dissolved Oxygen Content 0(#);
0(%)

« Exposure to Sunlight 0(#); 0(%)

* Heavy Metals in Environment O(#);
0(%)

« lonic Strength in Environment
0(#); 0(%)
« Ligand Concentrations in

(#); 0(%)
* Natural Organic Matter (NOM)
0(#); 0(%)
« Other Contaminants in
Environment 0(#); 0(%)
« pH O(#); 0(%)
« Protein Concentration in
Environment 0(#); 0(%)
« salinity O(#); 0(%)
« Surfactant (in Lab) O(#); 0(%)
« Other 0#); 0(%)
* Specify other 0(#); 0(%)

« Conductiv ty 4(#) 13(%)
* D spers ng Agents 10(#) 3
« D sso ved Oxygen Content 3(#)

* Exposure to Sun ght 4(#) 13(%)
« Heavy Meta's n Env ronment 7(#)
23(%)
* oncStrength n Env ronment
6(#) 19(%)
« L gand Concentrations n
Env ronment 6(#) 19|
« Natura Organ c Matter (NOM)
7(#) 23(%)
« Other Contaminants n
Env ronment 6(#) 19(9
* pH 9(#) 29(%)
« Protein Concentration n
Env ronment 11(#) 35(%)
(#) 26(%
* Surfactant (in Lab) 9(#) 29(9
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

« Bioaccumulation 0(#); 0(%)

« Biomagnification O(#); 0(%)

* Microbial Communities in
Environment O(#); 0(%)

« Organism Health 0(#); 0(%)

« Species/Individual
Developmental Behavior 0(#); 0(%)
« Species/Individual Feeding
Behavior O(#); 0(%)

« Chronic Exposure O(#); 0(%)

« Exposure Route 0(#); 0(%)

« Geographic Location (i.e. rural vs.
urban) 0(#); 0(%)

* Habitat Structure 0(#); 0(%)

« Human Activity 0(#); 0(%)

« Individual Activity Level O(#); 0(%)
« Life Stage 0(#); 0(%)

« Occupation 0(#); 0(%)

Behavior O(#); 0(%)
« Other 0(#); 0(%)
« Specify other O(#); 0(%)

* ADME 14(#) 45(%)

* B oaccumu ation 13(#) 42(%
« B omagn f cation 7(#) 23(%
*Mcroba Commun ties n
Env ronment 4(#) 13(%)

« Organ sm Hea th 8(#) 26(%)

Developmenta Beh:
13(%)
« Specees/ nd v dua Feed ng
Behav or 8(#) 26(%)

Speces/ nd v dua Reproductive
Behav or 4(#) 13(%)
« Other 0(#) 0(%)

Spec fy other 0(#) 0(%)

v or 4(#)

« subchronic Exp
« Susceptible
Populations/Individuals O(#); 0(%)
« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

(#); 0(%)

« Acute Exposure 13(t) 42(%)

* Chron ¢ Exposure 14(#) 45(

« Exposure Route 15(#) 48(%)

* Geograph c Location (i.e. rura vs
urban) 5(#) 16(%)

« Hab tat Structure 4(#) 13(%)

* Human Activ ty 7(#)

« ndvdua Activty Level 8(#)

26

+ Lfe Stage 8(¢) 26(%)

* Occupation 9(#) 29(%)

* Subchron ¢ Exposure 13(#) 42(%)
eptib e

Popu ations/ nd v dua s 12(#) 39(

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« su
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51 Human Dstrbution 29(#) 94(%) 2(#) 6(%)  O(#) O(%) 22() 71(%) 7(#) 23(%) O[#) O(%) 3() 10(%) 7(#) 23(%) 19(#) 61(%) *ADME svta n order tounderstand the toxic ty of chem cas n genera and hence asovery «Anaytica Technques15(#)  * Adsorption/Desorption Ab ty 12(#)  * A 7(#) 2 « F ow Regime 3(#) 10(%) « Conductiv ty 4(#) 13(%) « ADME u(u] 39(%) « Acute Exposure 12(#) 39(%)

relevant for MWCNTs We need the ana ytica methods to assess ADME of MWCNTs 48(%) 39(%) « Groundwater 3(#) 10(%)  «LghtAva ab ty 2(#) 6(%) « D spers ng Agents m(u) 32%)  *Boaccumuation 12(#) 39(%)  * Chron c Exposure 12(#) 39(%)
« Cha enges exist n dentify ng and character s ng CNT nvvo especa y n terms measurng  * Contro Techno og es 3(#) 10(%) « Aggregation/Agg omeration State = Sed ment 2(#) 6(%) « S0 Porosty 2() 6(%) « Dssoved Oxygen Content 3(#)  + Bomagn fcation 7(#) 23(%)  * Exposure Route 13(#) 42(%)
uptake, d str bution and ¢ earance rates through the body a though stud es are beginn ngto  * MWCNT Process ng Methods  14(#) 45(%) 50 3(#) 10(%) « 50 /Sed ment Fractionation  10(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
conf rm the ab. ty of CNT from the ung to the p eura (a though the Mercer 2010 study whh  8(#) 26(%) « App ed Coatings 13(#) 42(%) « Surface Water 4(#) 13(%)  2(#) 6(%) « Exposure to Sun ght4(#) 13(%)  Env ronment 4(#) 13(%) urban) 4(#) 13(%)
best shows th s s not mentioned n the document) « MWCNT Purty 10(#) 32(%)  * B odegradab ty 13(#) 42(%) « Wastewater 4(#) 13(%)  « Temperature 5(t) 16(%) « Heavy Meta s n Env ronment 6(#) + Organ sm Hea th9(#) 29(%)  * Hab tat Structure 3(#) 10(%)
«Nodataava ab e on MWCNT dos ng n humans « MWCNT Synthes s Methods = Cata ytic Activ ty 8(t) 26(%) « Other 1(#) 3(%) «Wnd a(#) 13(%) 19(%) « Speces/ nd v dua « Human Activ ty 7(#) 23(%)
«Norelab e stud es 7(8) 23(%) « Charge 11(#) 35(%) « Specfy other 0(#) 0(%)  « Other 0(#) 0(%) « oncstrength n Envronment  Developmenta Behav or 4(#) « ndvdua Activ ty Level 8(t)
« Not much data oca zed accumu ation cou d be a prob em + Persona Protective Equ pment  » Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 7(#) 23(%) 13(%) 26(%)
« Stud es not yet done 5(#) 16(%) 5(4) 16(%) « Lgand Concentrations n « Speces/ ndv dua Feed ng « Lfe Stage 8(#) 26(%)
« Pub shed data nd cate that MWCNT are red str buted n the ung as agg omeratesandas Other 1(#) 3(%) «Crysta ne Phase 4(#) 13(%) Env ronment 5(#) 16(%) Behav or 7(#) 23(%) « Occupation 6(#) 19(%)
free structures « Spec fy other 0(#) 0(%) «Lpoph cty 15(#) 48(%) « Natura Organ ¢ Matter (NOM) ~ « Specees/ nd v dua Reproductive » Subchron ¢ Exposure 11(#) 35(%)
« Some data ava ab e « Matrx Bound vs Free 13(t) 42(%) 5(#) 16(%) Behav or 4(#) 13(%) « susceptib e
« Some rodent data exists * Morpho ogy (e aspectratio ength « Other Contaminants n « Other 1(#) 3(%) Popu ations/ nd v dua s 9(#) 29(%)
« fabsorption occurs ths s cr tica wdth shape) 16(#) 52(%) Env ronment 5(#) 16(%) « Spec fy other 0(#) 0(%) « Other 0(#) 0(%)
« May undergo transport, especa y functiona zed matera  not enough known « Pers stence 13() 42(%) « pH 8(#) 26(%) « Spec fy other 0(#) 0(%)
« Not much ev dence on fd str bution throughout the body occurs « Redox Potentia 8(#) 26(%) « Protein Concentration n
« CNT have been shown to move and accumu ate n organs «52e/5 ze D str bution 14(#) 45(%) Env ronment 10(#) 32(%)
« Few stud es show d str bution throughout organ sms after nha ation or ora exposure. Most « Spec f c Surface Area 12(#) 39(%) «sa nty6(#) 19(%)
MWCNTS rema n near where they entered the organ sm or are excreted « Structura Formu a/Mo ecu ar « Surfactant (in Lab) 9(#) 29(%)

Structure 10(#) 32(%) « Other 0(#) 0(%)

« Surface Chem stry 14(#) 45(%) « Spec fy other 0(#) 0(%)

* WaterSo ub ty/Dspersb ty 16(#)

52(%)

* Other 0O(#) 0(%)

* Spec fy other 0(#) 0(%)

52 Human 29(#) 94(%) 2(#) 6(%)  O(#) O(%) 15() 48(%) 8() 26(%) 6(#) 19(%) 2(#) 6(%) 6(#) 19%) 21(¥) 68(%) *ADME svta n order to understand the toxic ty of chem cas n genera and hence asovery +Anaytica Techn ques 13(#) * Adsorption/Desorption Ab ty 10(#)  * Ar 7(#) 23(%) « F ow Regime 3(#) 10(%) « Conductiv ty 4(#) 13(%) « ADME 11(#) 35(%) « Acute Exposure 10(#) 32(%)
Metabo sm relevant for MWCNTs We need the ana ytica methods to assess ADME of MWCNTs 42(%) 32(%) « Groundwater 3(#) 10(%)  «LghtAva ab ty 2(#) 6(%) « D spers ng Agents 8(#) 26(%) « B oaccumu ation 10(#) 32(%) = Chron c Exposure 10(#) 32(%)
« Currently very mited or no data Lack of data Section 4 2 6 « Contro Techno oges 4(#) 13(%)  Aggregation/Agg omeration State  » Sed ment 2(#) 6(%) 50 Porosty 2(H) 6(%) « Do ved Oxygen Content 3()  + B omagn f cation 6(#) 19(%) Exposure Route 10(#) 32(%)
«Nodataava ab e on MWCNT dos ng n humans « MWCNT Process ng Methods  10(#) 32(%) 50 3(#) 10(%) « 50 /Sed ment Fractionation  10(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
«Norelab e stud es () 23(%) « App ed Coatings 11(#) 35(%) « Surface Water 3(#) 10(%)  2(#) 6(%) « Exposure to Sun ght4(#) 13(%)  Env ronment 5(#) 16(%) urban) 3(#) 10(%)
« Remova from ungs s unknown  MWCNT Purty 10(#) 32(%)  * Bodegradab ty 11(#) 35(%) « Wastewater 3(#) 10(%)  * Temperature 5() 16(%) « Heavy Metas n Env ronment 7(#) « Organ sm Hea th 8(#) 26(%) = Hab tat Structure 3(#) 10(%)
« Stud es not yet done « MWCNT Synthes s Methods = Cata ytic Activ ty 6(#) 19(%) « Other 1(#) 3(%) «Wnd 4(#) 13(%) 23(%) « Specees/ nd v dua * Human Activ ty 6(#) 19(%)
« t sun kely that substantia MWCNT metabo smw  occur 6(#) 19(%) « Charge 8(#) 26(%) « Spec fy other O#) 0(%)  * Other 0(#) 0(%) « oncStrength nEnvronment  Developmenta Behav or 3(#) * ndvdua Activty Level 7(#)
« CNTs may not be metabo zed « Persona Protective Equ pment  + Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 5(#) 16(%) 10(%) 23(%)
« Data says most MWCNTs are el minated after ngestion a(#) 13(%) 5(#) 16(%) « L gand Concentrations n « Speces/ ndv dua Feed ng * Lfe Stage 8(#) 26(%)
« Doesn t need to be metabo zed « Other 0(#) 0(%) «Crysta ne Phase 4(#) 13(%) Env ronment 5(#) 16(%) Behav or 6(#) 19(%) * Occupation 5(#) 16(%)
« fabsorption occurs th's s crtica « Spec fy other 0(#) 0(%) *Lpoph cty12(#) 39(%) « Natura Organ ¢ Matter (NOM) ~ « Specees/ nd v dua Reproductive + Subchron c Exposure 10(#) 32(%)
« The chem ca nature of CNT and observed b opers stence means that metabo sm s un ky to « Matrx Bound vs Free 12(#) 39(%) 6(#) 19(%) Behav or 3(#) 10(%) « Susceptib e
resut nmod f cation of the CNT or production of toxic metabo tes etc a though the « Morpho ogy (e aspect ratioength « Other Contaminants n « Other 0(#) 0(%) Popu ations/ nd v dua s 8(#) 26(%)
metabo sm of contaminating substances formed dur ng production etc may be of nterest wdth shape) 13(#) 42(%) Env ronment 7(#) 23(%) « Spec fy other 0(#) 0(%) « Other 0(#) 0(%)
« There are few data on metabo sm, but what are ava ab e show that CNTs can be « Pers stence 11(#) 35(%) « pH 8(#) 26(%) « Spec fy other 0(#) 0(%)
functiona zed to carboxy ¢ ac ds wh ch may fac  tate excretion Other than that pathway « Redox Potentia 7(#) 23(%) « Protein Concentration n
tte mpact s expected S ze/S ze D str bution 10(#) 32(%) Env ronment 9(#) 29(%)
« Data needed on mechan sm of toxic ty (lung) « Spec f c Surface Area 9(#) 29(%) «5a nty5(#)
« Data does not yet exist and most known CNT effects do not depend on these elements * Structura Formu a/Mo ecu ar « Surfactant (in Lab) 7(#) 23(%)
Structure 7(#) 23(%) « Other 0(#) 0(%)
« Surface Chem stry 11(#) 35(%) * Spec fy other 0(#) 0(%)
* WaterSoub ty/Dspersb ty 14(#)
45(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

53 Human Excretion  29(#) 94(%)  2(#) 6(%)  O(#) O(%) 20(#) 65(%) B8(#) 26(%) () 3(%) 3(#) 10(%) 6(#) 19(%) 20(#) 65(%) * There are datato show that CNTs can be el minated a beita s ow process depend ng on the ~ + Ana ytica Techn ques 15(#)  * Adsorption/Desorption Ab ty 9(#)  * Ar 7(#) 23(%) « F ow Regime 3(#) 10(%) « Conductiv ty 4(#) 13(%) « ADME 14(#) 45(%) « Acute Exposure 10(#) 32(%)

fher ength 48(%) 29(%) « Groundwater 5(#) 16(%)  *LghtAva ab ty 2(#) 6(%) « D spers ng Agents (#) 29(%) « B oaccumu ation 12(#) 39(%)  + Chron c Exposure 11(#) 35(%)
« ADME svta n order to understand toxic ty of chem cas n genera and henceasovery  * Contro Techno og es 4(#) 13(%) * Aggregation/Agg omeration State  « Sed ment 2(#) 6(%) S0 Porosty 2(#) 6(%) «Dssoved Oxygen Content 3(#)  « B omagn fcation 6(#) 19(%)  * Exposure Route 12(#) 39(%)
relevant for MWCNTS We need the ana ytica methods to asess ADME of MWCNTS  MWCNT Process ng Methods  12(#) 39(%) *So 3(#) 10(%) « 50 /Sed ment Fractionation  10(%) *Mcroba Commun ties n + Geograph c Location (i.e. rura vs
« Cha enges exist n dentify ng and character s ng CNT n v vo n terms c earance rates through 8(#) 26(%) « App ed Coatings 11(#) 35(%) « Surface Water 4(#) 13(%)  2(#) 6(%) « Exposure to Sun ght4(#) 13(%)  Env ronment 4(#) 13(%) urban) 3(#) 10(%)
the body and routes of excretion based on d ffer ng routes of exposure. Some stud es do exist « MWCNT Pur ty 9(#) 29(%) «Bodegradab ty 12(#) 39(%) « Wastewater 4(#) 13(%)  * Temperature 5(#) 16(%) « Heavy Metas n Env ronment 6(#) * Organ sm Hea th 10(#) 32(%)  + Hab tat Structure 3(#) 10(%)
show ng ur nary excretion of SWCNT after ntravenous n ection but such stud es are of ow  + MWCNT Synthes s Methods Cata ytic Activ ty 7(#) 23(%) « Other 2(#) 6(%) «Wnd 4(#) 13(%) 19(%) « Specees/ nd v dua « Human Activ ty 6(#) 19(%)
relevance to the use of CNT and subsquent exposure routes as descr bed n th s CEA 6(#) 19(%) « Charge 10(#) 32(%) « Spec fy other 0(#) 0(%) ~ « Other 0(#) 0(%) « oncStrength nEnvronment  Developmenta Behav or 3(#) « ndvdua Activty Level 7(#)
« Currently very mited or no data Lack of data Section 4 2 6 « Persona Protective Equ pment  » Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 6(#) 19(%) 10(%) )
“Lttedata sava abeonths butsome ong time pers stence has been observed after ung  5(#) 16(%) 5(#) 16(%) « L gand Concentrations n « Specees/ nd v dua Feed ng « Lfe Stage 8(#) 26(%)
exposures « Other 1(#) 3(%) «Crysta ne Phase 4(#) 13(%) Env ronment 5(#) 16(%) Behav or 7(#) 23(%) * Occupation 6(#) 19(%)
«Nodataava ab e on MWCNT dos ng n humans « Spec fy other 0(#) 0(%) *Lpoph cty14(#) 45(%) « Natura Organ c Matter (NOM) ~ « Specees/ nd v dua Reproductive + Subchron c Exposure 10(#) 32(%)
«Norelabestud es « Matrx Bound vs Free 12(#) 39(%) 5(#) 16(%) Behav or 3(#) 10(%) * Susceptib e
« Stud es not yet done « Morpho ogy (e aspectratioength « Other Contaminants n « Other 0(#) 0(%) Popu ations/ nd v dua s 9(#) 29(%)
« Not expected to be absorbed n gut wdth shape) 16(#) 52(%) Env ronment 5(#) 16(%) * Spec fy other 0(#) 0(%) * Other 0(#) 0(%)
« fabsorption occurs ths s crtica « Pers stence 14() 45(%) « pH 9(#) 29(%) « Spec fy other 0(¢) 0(%)
«Anma stud es show excretion « Redox Potentia 8(¢#) 26(%) « Protein Concentration n
« Relatively c ear modes of excretion « 5265 ze D str bution 14(#) 45(%) Env ronment 10(#) 32(%)
«Lttetonodata « Spec f ¢ Surface Area 11(#) 35(%) «sa nty 7(#) 2306)
« Data does not yet exist and most known CNT effects do not depend on these elements « Structura Formu a/Mo ecu ar « Surfactant (in Lab) 7(#) 23(%)

Structure 9(#) 29(%) « Other 0(#) 0(%)

« Surface Chem stry 16(#) 52(%) « Spec fy other 0(#) 0(%)

* WaterSoub ty/Dspersb ty 16(#)

52(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)




54 Aquatic B ota

Absorption

55 Aquatic B ota
Dstr bution

56 Aquatic B ota
Metabo sm

15(#) 48(%)

15(#) 48(%)

15(#) 48(%)

11(#) 35(%)

11(#) 35(%)

11(#) 35(%)

5(#) 16(%)

5(#) 16(%)

5(#) 16(%)

12(#) 39(%)

12(#) 39(%)

7(#) 23(%)

2(#) 6(%)

1(#) 3(%)

2(#) 6(%)

1(#) 3(%)

2(#) 6(%)

6(#) 19(%)

2(#) 6(%)

2(#) 6(%)

1(#) 3(%)

6(#) 19(%)

3(#) 10(%)

3(#) 10(%)

7(#) 23(%)

10(#) 32(%)

11(#) 35(%)

Element-RRF Pair RRF Importance RRF Confidence 0000 ww ]
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« Need to quantify absorption to determine f exposure occurs

« Currently very mited or no data

Smiarcha enges as for human stud es n terms of mon tor ng partic es n comp ex

env ronments n order to character se uptake, d str butions or remova from ecosystems n
add tion there are comp exities n perfoming stud es w th particu ates that do not genera y
form steady homogenous suspens ons mak ng nterpretation of actua app ed dose d ff cut
wh ch therefore may mpact on the ab  ty of measur ng excretion rates

« Stud es not yet done

« Data s overy emprca

« Some dataava ab e forsma bota and possby fsh

« Many stud es have shown a ack of absorption of MWCNTS nto tissues

« L mited data

« Currently very mited data

Smiarcha enges as for human stud es n terms of mon tor ng partic es n comp ex
env ronments n order to character ze uptake, d str butions d str butions or remova from
ecosystems

* Stud es not yet done

* Many stud es have shown a ack of absorption of MWCNTS nto tissues

« tseems un kely that d str bution w th n aquatic b otaw have an mpact on

b oconcentration or effects

« fabsorption occurs ths s crtica

« L mited data

* Data soveryemprca

* Currently very mited data
Smiarcha enges as for human stud es n terms of mon tor ng partic es n comp ex

env ronments n order to character ze uptake, d str butions d str butions or remova from
ecosystems

* Stud es not yet done

« tseemsun kely that metabo sm w th n aquatic botaw have an mpact on

b oconcentration or effects

« MWCNTS are expected to be fa r y res stant to metabo sm

« fabsorption occurs ths s crtica

« L mited data

* Data soveryemprca

 Ana ytica Techn ques 7(#)
23(%)

« Contro Techno og es 3(#) 10(%)
« MWCNT Process ng Methods
4(#) 13(%)

« MWCNT Purty 6(#) 19(%)

« MWCNT Synthes s Methods
(1) 13(%)

« Persona Protective Equ pment
3(#) 10(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

+ Anaytica Techn ques 6(t)
19(%)

« Contro Techno og es 2(#) 6(%)
« MWCNT Process ng Methods
4(#) 13(%)

« MWCNT Purty 5(#) 16(%)

* MWCNT Synthes s Methods
4(#) 13(%)

« Persona Protective Equ pment
2(#) 6(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

+ Anaytica Techn ques 4(#)
13(%)

« Contro Techno og es 2(#) 6(%)
« MWCNT Process ng Methods
3(#) 10(%)

« MWCNT Purty 4(#) 13(%)

* MWCNT Synthes s Methods
2(#) 6(%)

« Persona Protective Equ pment
1(#) 3(%)

* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Adsorption/Desorption Ab.ty (#)
26(%)

* Aggregation/Agg omeration State 9(#)

29(%)

« App ed Coatings 6(t) 19(%)

* Bodegradab ty 6(#) 19(%)

* Cata ytic Activ ty 4(#) 13(%)

* Charge 5(#) 16(%)

« Conductive or Magnetic Properties
a(#) 13(%)

*Crysta ne Phase 3(#) 10(%)
+Lpoph cty7(#) 23(%)
«MatrxBound vs Free 9(#) 29(%)
* Morpho ogy (e.g aspectratio ength
wdth shape) 9(#) 29(%)

« Pers stence 7(#) 23(%)

« Redox Potentia 4(#) 13(%)

S ze/S ze D str bution 9(#) 29(%)

* Spec f ¢ Surface Area 7(#) 23(%)

« Structura Formu a/Mo ecu ar
Structure 6(#) 19(%)

* Surface Chem stry 8(#) 26(%)

* WaterSo ub ty/Dspersb ty 10(#)
32(%)

* Other 0O(#) 0(%)

« Spec fv other 0(#) 0(%)

« Adsorption/Desorption Ab. ty 7(#)
23(%)

* Aggregation/Agg omeration State 9(#)

29(%)

* App ed Coatings 6(#) 19(%)

* Bodegradab ty 7(#) 23(%)

« Cata ytic Activ ty 5(#) 16(%)

* Charge 6(#) 19(%)

« Conductive or Magnetic Properties

a(#) 13(%)

«Crysta ne Phase 3(#) 10(%)

Lpoph cty7(#) 23(%)

* Matr x Bound vs Free 8(#) 26(%)

« Morpho ogy (e.g aspectratio ength

wdth shape) 9(#) 29(%)

« Pers stence 7(#) 23(%)

+ Redox Potentia 4(#) 13(%)

« 5 26/5 ze D str bution 8(#) 26(%)

« Spec f c Surface Area 7(#) 23(%)

« Structura Formu a/Mo ecu ar

Structure 7(#) 23(%)

« Surface Chem stry 9(#) 29(%)

* WaterSoub ty/Dspersb ty 10(#)

32(%)

« Other 0(#) 0(%)

« Soec fv other 0(#) 0(%)

* Adsorption/Desorption Ab  ty 3(#)
0(%)

1
« Aggregation/Agg omeration State 4()

13(%)

« App ed Coatings 4(#) 13(%)

* Bodegradab ty 5(#) 16(%)

« Cata ytic Activ ty 3(#) 10(%)

* Charge 3(#) 10(%)

« Conductive or Magnetic Properties
3(#) 10(%)

«Crysta ne Phase 3(#) 10(%)
+Lpoph cty5(#) 16(%)

* Matr x Bound vs Free 5(#) 16(%)
* Morpho ogy (e.g aspectratio ength
wdth shape) 5(#) 16(%)

« Pers stence 5(#) 16(%)

« Redox Potentia 4(#) 13(%)

« 5 26/5 ze D str bution 4(#) 13(%)
« Spec f ¢ Surface Area 4(#) 13(%)
« Structura Formu a/Mo ecu ar
Structure 4(#) 13(%)

« Surface Chem stry 5(#) 16(%)

* WaterSo ub ty/Dspersb ty 6(#)
19(%)

« Other O(#) 0(%)

« Spec fv other 0#) 0(%)

< Ar3(#) 1

* Groundwater 5(#) 16(%)
* Sed ment 5(#) 16(%)
*So 4(#) 13(%)

« surface Water 7(#) 23(%)
* Wastewater 5(#) 16(%)
« Other 1(#) 3(%)

* Spec fy other 0(#) 0(%)

< Ar3(#) 10(%)

* Groundwater 5(#) 16(%)
* Sed ment 5(#) 16(%)
*So 5(#) 16(%)

« Surface Water 7(#) 23(%)
* Wastewater 6(#) 19(%)
« Other 1(#) 3(%)

« Spec fy other 0(#) 0(%)

« Ar3(H) 10(%)

* Groundwater 3(#) 10(%)
* Sed ment 3(#) 10(%)
*So 3(#) 10(%)

« Surface Water 5(#) 16(%)
« Wastewater 4(#) 13(%)
« Other 1(#) 3(%)

« Spec fy other 0(#) 0(%)

« F ow Regime 4(¢) 13(%)
«LghtAva ab ty 2(#) 6(%)
*So Poros ty 3(#) 10(%)

« 50 /Sed ment Fractionation
3(#) 10(%)

« Temperature 5(#) 16(%)
«Wnd 3(#) 10(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* F ow Regime 3(#) 10(%)
«LghtAva ab ty1(#) 3(%)
+So Poros ty 3(#) 10(%)

« 50 /Sed ment Fractionation
3(#) 10(%)

* Temperature 5(#) 16(%)

* W nd 3(#) 10(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« F ow Regime 2(#) 6(%)
«LghtAva ab ty 1(#) 3(%)
*So Porosty 2(#) 6(%)

« 50 /Sed ment Fractionation
20#) 6(%)

« Temperature 4(#) 13(%)

* W nd 3(#) 10(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* D spers ng Agents G(u) 19(%)
« D 550 ved Oxygen Content 5()
16(%)

* Exposure to Sun ght 3(#) 10(%)
« Heavy Meta s n Env ronment 6(#)
19(%)

« oncstrength n Env ronment
6(#) 19(%)

« Lgand Concentrations n

Env ronment 6(#) 19(%)

* Natura Organ c Matter (NOM)
8(#) 26(%)

« Other Contaminants n

Env ronment 4(#) 13(%)

* pH 6(#) 19(%)

« Protein Concentration n

Env ronment 7(#) 23(%)

Sa nty6(#) 19(%)

« Surfactant (in Lab) 6(#) 19(%)
* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

 Conductiv ty 3(#) 10(%)

* D spers ng Agents 5(#) 16(%)
* D'ss0 ved Oxygen Content 4(#)
13(%)

* Exposure to Sun ght 4(#) 13(%)
* Heavy Meta s n Env ronment 6(#)
19(%)

« oncStrength n Env ronment
4(#) 13(%)

« Lgand Concentrations n

Env ronment 4(#) 13(%)

* Natura Organ c Matter (NOM)
() 23(%)

« Other Contaminants n

Env ronment 5(#) 16(%)

* pH5(#) 16(%)

« Protein Concentration n

Env ronment 6(#) 19(%)

*Sa nty 5(#) 16(%)

« Surfactant (in Lab) 4(#) 13(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

 Conductiv ty 3(#) 10(%)

« D spers ng Agents 4(#) 13(%)
* D550 ved Oxygen Content 5(#)
16(%)

* Exposure to Sun ght 3(#) 10(%)
* Heavy Meta s n Env ronment 4(#)
13(%)

« oncStrength n Env ronment
3(#) 10(%)

« Lgand Concentrations n

Env ronment 3(#) 10(%)

« Natura Organ ¢ Matter (NOM)
5(#) 16(%)

« Other Contaminants n

Env ronment 3(#) 10(%)

* pH 4(#) 13(%)

« Protein Concentration n

Env ronment 5(#) 16(%)

«5a nty3(#) 1006

« Surfactant (in Lab) 3(#) 10(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

ADMET(H) 23(%%)

* B oaccumu ation 6(#) 19(%)
* B omagn f cation 5(#) 16(%)
*Mcroba Commun ties n
Env ronment 4(#) 13(%)

* Organ sm Hea th 7(#) 23(%)
« Speces/ ndv dua
Developmenta Behav or 3(#)
0(%)

« Speces/ ndv dua Feed ng
Behav or 5(#) 16(%)

« Speces/ nd v dua Reproductive
Behav or 3(#) 10(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* ADME 8(#) 26(%)

* B oaccumu ation 8(#) 26(%)
* Bomagn f cation 7(#) 23(%)
*Mcroba Commun ties n
Env ronment 4(#) 13(%)

* Organ sm Hea th 9(#) 29(%)
« Specees/ nd v dua
Developmenta Behav or 4(#)
3(%)

« Speces/ ndv dua Feed ng
Behav or 6(#) 19(%)

* Speces/ nd v dua Reproductive
Behav or 4(#) 13(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

« ADME 5(#) 16(%)

* B oaccumu ation 4(#) 13(%)
* Bomagn f cation 4(#) 13(%)
*Mcroba Commun ties n
Env ronment 4(#) 13(%)

« Organ sm Hea th 5(#) 16(%)
« Specees/ nd v dua
Developmenta Behav or 3(#)

* Speces/ nd v dua Feed ng
Behav or 4(#) 13(%)

* Speces/ nd v dua Reproductive
Behav or 3(#) 10(%)

« Other O[#) 0(%)

« Spec fy other 0(#) 0(%)

Surrounding Media Physical Conditions Chemical condlﬂnns [ Biological Conditions | Social Conditions

* Acute Exposure 7(#) 23(%)

« Chron ¢ Exposure 7(#) 23(%)

* Exposure Route 6(#) 19(%)

« Geograph c Location (i.e. rura vs
urban) 4(#) 13(%)

* Hab tat Structure 4(#) 13(%)

« Human Activ ty 3(#) 10(%)

« ndvdua Activ ty Level 2(#) 6(%)
* Lfe Stage 4(t) 13(%)

« Occupation 1(#) 3(%)

* Subchron ¢ Exposure 5(#) 16(%)

« Susceptib e

Popu ations/ nd v dua s 3(#) 10(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

* Acute Exposure 7(#) 23(%)

« Chron ¢ Exposure 7(#) 23(%)

* Exposure Route 6(#) 19(%)

« Geograph c Location (i.e. rura vs
urban) 3(#) 10(%)

* Hab tat Structure 3(#) 10(%)

* Human Activ ty 3(#) 10(%)

* ndvdua Activty Level 2(#) 6(%)
« L fe Stage 5(#) 16(%)

« Occupation 2(#) 6(%)

* Subchron c Exposure 6(#) 19(%)

« Susceptib e

Popu ations/ nd v dua s 4(#) 13(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

+ Acute Exposure 4(#) 13(%)

« Chron ¢ Exposure 4(#) 13(%)

« Exposure Route 3(#) 10(%)

« Geograph c Location (i.e. rura vs
urban) 2(4) 6(%)

« Hab tat Structure 3(#) 10(%)

+ Human Activ ty 3(#) 10(%)

* ndvdua Activ ty Level 2(#) 6(%)
« Lfe Stage 4(#) 13(%)

« Occupation 1(#) 3(%)

* Subchron c Exposure 4(#) 13(%)

« Susceptib e

Popu ations/ nd v dua s 3(#) 10(%)
* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)




[10]Element-RRF pair |

RRF Importance

RRF Confidence

Influential Factors

57

Aquatic B ota

Terrestrial Biota-
Absorption

() 48(%)

8(#); 26(%)

11(#) 35(%)

17(#); 55(%)

(#) 16(%)

6(#); 19(%)

10(#) 32(%)

3(#) 100%)

0(#); 0(%)

2(#) 6(%)

1(#); 3(%)

3
1(#) 3(%

3(#); 10(%)

a(#) 13(%)

1(#); 3(%)

10(#) 32(%)

a(#); 13(%)

urrently very mited or no data
S miar cha enges as for human stud es n terms of mon tor ng partic es n comp ex

env ormements n order to character se uptake, d str butions or remova from ecosystems n
add tion there are comp exities n perfoming stud es w th particu ates that do not genera y
form steady homogenous suspens ons mak ng nterpretation of actua app ed dose d ff cu t
wh ch therefore may mpact on the ab  ty of measur ng excretion rates

« D fferent stud es have shown d fferent extents to wh ch organ sms can excrete MWCNTS
accumu ated n the gut tract

« fabsorption occurs ths s crtica

« Lmited data

overy emp r ca

* Need to quantify absorption to determine if exposure occurs
« Seems that some data is out there already on rat studies

« Currently very limited or no data
« similar challenges as for human studies in terms of monitoring and distinguishing particles in
complex environments in order to characterize uptake, distributions or removal from

« Several studies have shown a lack of absorption of MWCNTs into tissues
« If absorption occurs, this is critical

« Ana ytica Techn ques 6(#)
19(%)

« Contro Techno og es 2(#) 6(%)
 MWCNT Process ng Methods

« MWCNT Pur ty 4(#) 13(%
« MWCNT Synthes s Methods
2(4) 6(%)

« Persona Protective Equ pment
1(#) 3(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Analytical Techniques 3(#);

ENM Characteristics

« App ed Coatings 6(#) 19(%)
« B odegradab  ty 7(#) 23(%
« Cata ytic Activ ty 4(#) 13(%)
« Charge 5(#) 16(%)
« Conductive or Magnetic Properties
3(#) 10(%)

Crysta. ne Phase 3(#) 10(%)
«Lpoph cty6(#) 19(%)
« Matr x Bound vs Free 6(#) 19(%)
« Morpho ogy (e.g aspectratio ength
wdth shape) 8(t) 26(%)
« Pers stence 7(#) 23(%)
« Redox Potentia 3(#) 10(%)
Dstr bution 6(#) 19(%)
« Spec f ¢ Surface Area 5(#) 16(%)
« Structura Formu a/Mo ecu ar
Structure 5(#) 16(%)
« Surface Chem stry 8(#) 26(%)
< WaterSoub ty/Dspersb ty 9(#)
29(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)
« Adsorption/Desorption Ability 3(#);
10(%)

*Sze/

State 3(#);

1(#); 3(%)
« MWCNT Processing Methods
1(#); 3(%)

* MWCNT Purity 2(#); 6(%)

* MWCNT Synthesis Methods
1(#); 3(%)

« Personal Protective Equipment
1(#); 3(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

10(%)

« Applied Coatings 2(#); 6(%)

* Biodegradability 4(#); 13(%)

« Catalytic Activity 1(#); 3(%)

* Charge 2(#); 6(%)

« Conductive or Magnetic Properties
1(#); 3(%)

« Crystalline Phase 1(#); 3(%)

* Lipophilicity 3(#); 10(%)

* Matrix Bound vs. Free 4(#); 13(%)
« Morphology (e.g. aspect ratio, length,
width, shape) 4(#); 13(%)

« Persistence 4(#); 13(%)

* Redox Potential 1(#); 3(%)

« Size/Size Distribution 4(#); 13(%)

« Specific Surface Area 2(#); 6(%)

« Structural Formula/Molecular
Structure 2(4); 6(%)

« Surface Chemistry 4(#); 13(%)

* Water Solubility/Dispersibility 3(#);
10(%)

« Other 0(#); 0(%)

« Soecify other 0(#); 0(%)

Surrounding Medi:

ur

< Ar3(#) 10(%)
roundwater 3(#) 10

« Sed ment 4(#) 13(%)

*S0 3(#) 10(%)

« Surfac

« Wastewater 4(#) 13(%)

« Other 1(#) 3(%)

« Spec fy other 0(#) 0(%

* Air 3(#); 10(%)

« Groundwater 2(#); 6(%)
« Sediment 1(#); 3(%)
« Soil 3(#); 10(%)

« Surface Water 2(#); 6(%)
« Wastewater 1(#); 3(%)

« Other 1(#); 3(%)

* Specify other 0(#); 0(%)

Water 6(#) 19(%)

ical Conditions
« F ow Regime 2(#) 6(
«LghtAva ab ty 1(#) 3(%)
S0 Porosty 2(4) 6(%)

« 5o /Sed ment Fractionation
3(#) 10(%)

« Temperature 4(#) 1

« W nd 3(#) 10(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* Flow Regime 1(#); 3(%)

« Light Availability 1(¢); 3(%)
« Soil Porosity 2(#); 6(%)
« Soil/Sediment Fractionation
2#); 6(%)

« Temperature 2(#); 6(%)

* Wind 1(#); 3(%)

« Other 0#); 0(%)

* Specify other 0(#); 0(%)

onductiv ty 3(#) 10(%)
« Dspers ng Agents 4(#) 13(%)
« D550 ved Oxygen Content 4(#)
13(%)

« Exposure to Sun ght 3(#) 1

« Heavy Meta s n Env ronment 4(#)
13(%)

« oncStrength n Env ronment
() 13(%)

« L gand Concentrations n

Env ronment 3(#) 10(%)

« Natura Organ ¢ Matter (NOM)
al#) 13(%)

« Other Contaminants n

Env ronment 3(#) 10(%)

« pH 4(#) 13(%)

« Protein Concentration n

Env ronment 5(#) 16(%)

52 nty3(#) 10(%)

« Surfactant (in Lab) 3(#) 10(%)
« Other 1(#) 3(%)

« Spec fy other 0(#)

« Conductivity 1(#); 3(%)

« Dispersing Agents 1(#); 3(%)

* Dissolved Oxygen Content 1(#);
3(%)

« Exposure to Sunlight 2(4); 6(%)
* Heavy Metals in Environment 1(#);
3(%)

« lonic Strength in Environment
14); 3(%)

« Ligand Concentrations in

1(#); 3(%)

* Natural Organic Matter (NOM)
4(#); 13(%)

« Other Contaminants in
Environment 1(#); 3(%)

« pH 1(#); 3(%)

« Protein Concentration in
Environment 3(#); 10(%)

« Salinity 1(#); 3(%)

« Surfactant (in Lab) 2(#); 6(%)
« Other 0#); 0(%)

* Specify other 0(#); 0(%)

Biological Conditions
« ADME 7(#) 23(%)
« B oaccumu ation 7(#) 23(%)

n 6(#) 19(%)

*Mcroba Commun ties n
Env ronment 4(#) 13(%)
« Organ sm Hea th 7(#) 23(%)
« Spec es/ nd v dua
Developmenta Behav or 4(#)
13(%)
« Speces/ ndv dua Feed ng
Behav or 6(#) 19(%)
« Speces/ nd v dua Reproductive
Behav or 4(#) 13(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

* ADME 2(#); 6(%)

« Bioaccumulation 2(4); 6(%)
« Biomagnification 1(#); 3(%)
* Microbial Communities in
Environment 1(#); 3(%)

« Organism Health 2(#); 6(%)
« Species/Individual
Developmental Behavior 1(#); 3(%)
« Species/Individual Feeding
Behavior 4(#); 13(%)

« Species/Individual Reproductive
Behavior 1(#); 3(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

posure 5(#) 16(%)

« Chron ¢ Exposure 5(#) 16(%)
posure Route 4(#) 13(%)

« Geograph ¢ Location (i.e. rura vs

urban) 2(#) 6(%)

« Hab tat Structure 3(#) 10(%)

« Human Activ ty 3(#) 10

« ndvdua Activ ty Level 2(4) 6(%)

« Lfe Stage 5(#) 16(%)

« Occupation 2(#) 6

« Subchron ¢ Exposure 5(#) 161

« Susceptib e

Popu ations/ nd v dua s 4(#) 13(%

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* Acute Exposure 2(#); 6(%)

« Chronic Exposure 2(#); 6(%)
« Exposure Route 2(#); 6(%)
« Geographic Location (i.e. rural vs.
urban) 1(#); 3(%)

* Habitat Structure 2(#); 6(%)

« Human Activity 1(#); 3(%)

« Individual Activity Level 2(#); 6(%)
« Life Stage 2(#); 6(%)

« Occupation 1(#); 3(%)

* Subchronic Exposure 2(#); 6(%)

« Susceptible
Populations/Individuals 2(#); 6(%)

« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

59]

Terrestrial Biota-
Distribution

8(#); 26(%)

17(#); 55(%)

6(#); 19(%)

6(#); 19(%)

1(#); 3(%)

1(#); 3(%)

3(#); 10(%)

1(#); 3(%)

a(#); 13(%)

« Seems that some datais out there already on Rat studies

« Currently very limited or no data

« Similar challenges as for human studies in terms of monitoring and distinguishing particles in
complex environments in order to characterize uptake, distributions or removal from
ecosystems

« Several studies have shown a lack of absorption of MWCNTs into tissues

« If absorption occurs, this is critical

« Analytical Techniques 3(#);

« Adsorption/Desorption Ability 3(#);
10(%)
State 3(#);

1(#); 3(%)
« MWCNT Processing Methods
1(#); 3(%)

* MWCNT Purity 2(#); 6(%)

« MWCNT Synthesis Methods
1(#); 3(%)

« Personal Protective Equipment
1(#); 3(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

10(%)

« Applied Coatings 2(#); 6(%)
 Biodegradability 3(#); 10(%)
* Catalytic Activity 1(#); 3(%)
* Charge 2(#); 6(%)

« Conductive or Magnetic Properties
1#); 3(%)

« Crystalline Phase 1(#); 3(%)

« Lipophilicity 4(#); 13(%)

* Matrix Bound vs. Free 4(#); 13(%)

« Morphology (e.g. aspect ratio, length,
width, shape) 4(#); 13(%)

« Persistence 4(#); 13(%)

* Redox Potential 1(#); 3(%)

« Size/Size Distribution 4(#); 13(%)

« Specific Surface Area 2(#); 6(%)

« Structural Formula/Molecular
Structure 2(4); 6(%)

« Surface Chemistry 4(#); 13(%)

* Water Solubility/Dispersibility 2(#);
6(%)

« Other O(#); 0(%)

« Soecifv other 0#); 0(%)

« Air 2(4); 6(%)

« Groundwater 2(4); 6(%)
* Sediment 1(#); 3(%)

* Soil 2(#); 6(%)

« Surface Water 2(#); 6(%)
« Wastewater 1(4); 3(%)

« Other 1(#); 3(%)

« Specify other 0(#); 0(%)

« Flow Regime 1(#); 3(%)

« Light Availability 1(#); 3(%)
« Soil Porosity 1(#); 3(%)

« Soil/Sediment Fractionation
1#); 3(%)

« Temperature 2(#); 6(%)

* Wind 1(#); 3(%)

« Other O(#); 0(%)

 Specify other 0(#); 0(%)

« Conductivity 1(#); 3(%)

« Dispersing Agents 1(#); 3(%)

« Dissolved Oxygen Content 1(#);
3(%)

« Exposure to Sunlight 2(4); 6(%)
« Heavy Metals in Environment 1(#);
3(%)

« lonic Strength in Environment
1#); 3(%)

« Ligand Concentrations in
Environment 1(#); 3(%)

« Natural Organic Matter (NOM)
2(#); 6(%)

« Other Contaminants in
Environment 1(#); 3(%)

« pH 1(#); 3(%)

« Protein Concentration in
Environment 2(#); 6(%)

« Salinity 1(#); 3(%)

« Surfactant (in Lab) 1(#); 3(%)

« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

* ADME 2(#); 6(%)

« Bioaccumulation 2(4); 6(%)
« Biomagnification 1(#); 3(%)
* Microbial Communities in

1(#); 3(%)
+ Organism Health 2(#); 6(%)
« Species/Individual
Developmental Behavior 1(#); 3(%)
« Species/Individual Feeding
Behavior 4(#); 13(%)
« Species/Individual Reproductive
Behavior 1(#); 3(%)
« Other 0(#); 0(%)
« Specify other 0(#); 0(%)

* Acute Exposure 2(#); 6(%)

* Chronic Exposure 2(#); 6(%)

* Exposure Route 2(#); 6(%)

« Geographic Location (i.e. rural vs.
urban) 1(#); 3(%)

* Habitat Structure 1(#); 3(%)

* Human Activity 1(#); 3(%)

* Individual Activity Level 2(#); 6(%)
* Life Stage 2(#); 6(%)

« Occupation 1(#); 3(%)

« Subchronic Exposure 2(#); 6(%)

« Susceptible
Populations/Individuals 2(#); 6(%)
« Other O(#); 0(%)

* Specify other 0(#); 0(%)




1D[_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
' u 0 Pl c Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
60| Terrestrial Biota- | 8(#); 26(%) | 17(4); 55(%) | 6(); 190%) | 4(#); 1306) | 2(#);606) | 20 6(%) | 20#; 6(%) | 20 6(%) | 4(#); 13(%) [+ Seems that some data is out there already on Rat studies « Analytical Techniques 2(#); 6(%) |+ Adsorption/Desorption Ability 2(#); | Air 2(#); 6(%) « Flow Regime 1(#); 3(%) « Conductivity 1(#); 3(%) « ADME 2(#); 6(%) « Acute Exposure 2(#); 6(%)
« Currently very limited or no data « Control Technologies 1(#); 3(%) [6(%) « Groundwater 2(#); 6(%) | Light Availability 1(#); 3(%) « Dispersing Agents 1(#); 3(%) « Bioaccumulation 1(#); 3(%) « Chronic Exposure 2(4); 6(%)
 MWCNTs are expected to be fairly resistant to metabolism * MWCNT Processing Methods |+ Aggregation/Agglomeration State 2(#); |+ Sediment 1(#); 3(%) « soil Porosity 1(#); 3(%) « Dissolved Oxygen Content 1(#); [+ Biomagnification 1(#); 3(%) « Exposure Route 2(#); 6(%)
« The chemical nature of CNT and observed biopersistence means that metabolism is unlikly to | 1(#); 3(%) 6(%) « soil 2(#); 6(%) « Soil/Sediment Fractionation  |3(%) * Microbial Communities in « Geographic Location (i.e. rural vs
result in modification of the CNT or production of toxic metabolites etc although the « MWCNT Purity 2(#); 6(%) « Applied Coatings 2(#); 6(%) « surface Water 2(4); 6(%) | 1(4); 3(%) « Exposure to Sunlight 2(4); 6(%)  [Environment 1(#); 3(%) urban) 1(#); 3(%)
metabolism of contaminating substances formed during production etc may be of interest |« MWCNT Synthesis Methods | Biodegradability 3(#); 10(%) « Wastewater 1(#); 3(%) « Temperature 2(#); 6(%) « Heavy Metals in Environment 1(#); |+ Organism Health 2(#); 6(%) « Habitat Structure 1(#); 3(%)
« If absorption occurs, this s critical 1(#); 3(%) « Catalytic Activity 1(#); 3(%) « Other 1(#); 3(%) « Wind 1(#); 3(%) 3(%) « Species/Individual « Human Activity 1(#); 3(%)
« Personal Protective Equipment |+ Charge 1(#); 3(%) « Specify other 0(#);0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 1(#); 3(%) | « Individual Activity Level 2(#); 6(%)
1(#); 3(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) 1); 3(%) « Species/Individual Feeding « Life Stage 2(#); 6(%)
« Other 0(#); 0(%) 1); 3(%) « Ligand Concentrations in Behavior 3(#); 10(%) « Occupation 1(4); 3(%)
« Specify other 0(#); 0(%) « Crystalline Phase 1(4); 3(%) Environment 1(#); 3(%) « Species/Individual Reproductive |+ Subchronic Exposure 2(#); 6(%)
« Lipophilicity 3(#); 10(%) « Natural Organic Matter (NOM)  [Behavior 1(#); 3(%) « Susceptible
« Matrix Bound vs. Free 3(#); 10(%) 2#); 6(%) « Other 0(#); 0(%) Populations/Individuals 2(#); 6(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) « Other 0(#); 0(%)
width, shape) 3(#); 10(%) Environment 1(#); 3(%) « Specify other 0(#); 0(%)
« Persistence 3(#); 10(%) « pH1(#); 3(%)
* Redox Potential 2(#); 6(%) * Protein Concentration in
« Size/Size Distribution 3(#); 10(%) Environment 2(#); 6(%)
« specific Surface Area 2(#); 6(%) « salinity 1(#); 3(%)
« Structural Formula/Molecular « Surfactant (in Lab) 1(#); 3(%)
structure 2(4); 6(%) « Other 0(#); 0(%)
« surface Chemistry 3(#); 10(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 2(#);
6(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
61Terrestrial Biota- | 8(#); 26(%) | 17(#);55(%) | 6(4); 19(%) | 5(#); 16(%) | 3(); 10(%) | 0(#);0(%) | 2(#); 6(%) | 1(#);3(%) | 5(#); 16(%) |+ Seems that some data is out there already on Rat studies « Analytical Techniques 3(#); « Adsorption/Desorption Ability 2(#); | Air 2(#); 6(%) « Flow Regime 1(#); 3(%) « Conductivity 1(#); 3(%) « ADME 2(#); 6(%) « Acute Exposure 2(#); 6(%)
Excretion « Currently very limited or no data 10(%) 6(%) « Groundwater 2(#); 6(%) |« Light Availability 1(#); 3(%) « Dispersing Agents 1(#); 3(%) « Bioaccumulation 2(4); 6(%) « Chronic Exposure 2(4); 6(%)
« similar challenges as for human studies in terms of monitoring and distinguishing particles in | Control 1#); 3(%) |* State 3(#); |+ Sediment 1(#); 3(%) « Soil Porosity 1(#); 3(%) « Dissolved Oxygen Content 1(#); [+ Biomagnification 1(#); 3(%) « Exposure Route 2(#); 6(%)
complex environments in order to characterize uptake, distributions or removal from * MWCNT Processing Methods [ 10(%) « Soil 2(#); 6(%) « Soil/Sediment Fractionation |3(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
ecosystems 1(#); 3(%) « Applied Coatings 2(#); 6(%) « surface Water 2(4); 6(%6) | 1(#); 3(%) « Exposure to Sunlight 2(#); 6(%)  [Environment 1(#); 3(%) urban) 1(#); 3(%)
« If absorption occurs, this s critical « MWCNT Purity 2(#); 6(%) « Biodegradability 3(#); 10(%) « Wastewater 1(#); 3(%) « Temperature 2(#); 6(%) « Heavy Metals in Environment 1(#); | « Organism Health 2(#); 6(%) « Habitat Structure 1(#); 3(%)
« Afew studies have shown elimination of MWCNTS by organisms  MWCNT Synthesis Methods |« Catalytic Activity 1(#); 3(%) « Other 1(#); 3(%) « Wind 1(#); 3(%) 3(%) « Species/Individual « Human Activity 1(#); 3(%)
1(#); 3(%) « Charge 1(#); 3(%) « Specify other 0(#); 0(%) |« Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 1(#); 3(%) | « Individual Activity Level 2(#); 6(%)
« Personal Protective Equipment [+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) 1#); 3(%) « Species/Individual Feeding « Life Stage 2(#); 6(%)
1(#); 3(%) 1(#); 3(%) « Ligand Concentrations in Behavior 4(#); 13(%) « Occupation 1(#); 3(%)
« Other 0(#); 0(%) « Crystalline Phase 1(#); 3(%) 1#); 3(%) « Species/Individual Reproductive | Subchronic Exposure 2(#); 6(%)
« Specify other 0(#); 0(%) « Lipophilicity 4(#); 13(%) « Natural Organic Matter (NOM)  [Behavior 1(#); 3(%) « Susceptible
* Matrix Bound vs. Free 4(#); 13(%) 2(#); 6(%) « Other 0(#); 0(%) Populations/Individuals 2(#); 6(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 4(#); 13(%) Environment 1(#); 3(%) « Specify other 0(#); 0(%)
« Persistence 4(#); 13(%) « pH 1(#); 3(%)
* Redox Potential 1(#); 3(%) « Protein Concentration in
« Size/Size Distribution 4(#); 13(%) Environment 2(#); 6(%)
« Specific Surface Area 2(#); 6(%) « Salinity 1(#); 3(%)
* Structural Formula/Molecular « Surfactant (in Lab) 1(#); 3(%)
Structure 2(4); 6(%) « Other 0(#); 0(%)
« Surface Chemistry 4(#); 13(%) * Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 2(#);
6(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
62| Abiotic-Absorption [ 3(#); 10(%) | 13(#); 42(%) | 15(#); 48(%) | 3(#); 10(%) | O(#);0(%) | 0(#); 0(%) | O(#); 0(%) | O(#); 0%) | 3(#); 10(%) [ Currently very limited or no data « Analytical Techniques 1(#); 3(%) |+ Adsorption/Desorption Ability 1(#); | = Air 2(#); 6(%) « Flow Regime 1(#); 3(%) « Conductivity 1(#); 3(%) « ADME 0(#); 0(%) « Acute Exposure 1(#); 3(%)
« Control Technologies 2(#); 6(%) |3(%) « Groundwater 1(4#); 3(%) |« Light Availability 1(#); 3(%) « Dispersing Agents 2(4); 6(%) « Bioaccumulation 1(4); 3(%) « Chronic Exposure 1(#); 3(%)
* MWCNT Processing Methods |+ Aggregation/Agglomeration State 2(#); | Sediment 1(#); 3(%) « Soil Porosity 1(#); 3(%) « Dissolved Oxygen Content 2(#); [+ Biomagnification 1(#); 3(%) « Exposure Route 1(#); 3(%)
2#); 6(%) 6(%) « Soil 2(#); 6(%) « Soil/Sediment Fractionation |6(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
« MWCNT Purity 2(#); 6(%) « Applied Coatings 2(#); 6(%) « Surface Water 2(#); 6(%)  [1(#); 3(%) « Exposure to Sunlight 2(#); 6(%) 2#); 6(%) urban) 1(#); 3(%)
« MWCNT Synthesis Methods | Biodegradability 2(#); 6(%) « Wastewater 2(4); 6(%) « Temperature 2(#); 6(%) « Heavy Metals in Environment 2(#); |+ Organism Health 1(4); 3(%) « Habitat Structure 1(#); 3(%)
2#); 6(%) « Catalytic Activity 2(#); 6(%) « Other 2(#); 6(%) « Wind 2(#); 6(%) 6(%) « Species/Individual « Human Activity 1(#); 3(%)
« Personal Protective Equipment |+ Charge 2(#); 6(%) « Specify other 0(#); 0(%) |« Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 1(#); 3(%) | « Individual Activity Level 0{#); 0(%)
2#); 6(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) 2#); 6(%) « Species/Individual Feeding « Life Stage 1(#); 3(%)
* Other 0(#); 0(%) 2(#); 6(%)  Ligand Concentrations in Behavior 1(#); 3(%) = Occupation O(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase 2(4); 6(%) Environment 2(#); 6(%) « Species/Individual Reproductive |+ Subchronic Exposure 1(#); 3(%)
« Lipophilicity 2(#); 6(%) « Natural Organic Matter (NOM)  [Behavior 1(#); 3(%) « Susceptible
« Matrix Bound vs. Free 2(#); 6(%) 2(#); 6(%) « Other 0(#); 0(%) Populations/Individuals 1(#); 3(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 2(#); 6(%) Environment 2(#); 6(%) « Specify other 0(#); 0(%)
« Persistence 2(#); 6(%) « pH 2(#); 6(%)
* Redox Potential 2(#); 6(%) « Protein Concentration in
« Size/Size Distribution 2(#); 6(%) Environment 2(#); 6(%)
« Specific Surface Area 2(#); 6(%) « Salinity 2(#); 6(%)
« Structural Formula/Molecular « Surfactant (in Lab) 2(#); 6(%)
Structure 2(4); 6(%) « Other 1(#); 3(%)
« surface Chemistry 2(#); 6(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 2(#);
6(%)
« Other O(#); 0(%)
« Soecifv other 0#); 0(%)




[10]Element-RRF pair |

RRF Importance

RRF Confidence

Influential Factors

63 Human Cancer

64 Human Non cancer

Human-
Reproductive/
Developmental

29(#) 94(%)

29(#) 94(%)

29(1#); 94(%)

2(#) 6(%)

2(#) 6

2(#); 6(%)

0(#) 0(%)

0(#) 0(%)

0(#); 0(%)

23(4) 74(%)

21(#) 68(%

10(#); 32(%)

6(#) 19(%

7(#) 23(%)

15(#); 48(%)

1(#) 3(%)

A(#); 13(%)

8(#) 26(%

6(#) 19(%)

3(#); 100%)

9(#) 29(%)

5(#); 16(%)

16(#) 52(%)

14(4) 45(%)

21(#); 68(%)

« Ev dence of DNA change

« Existing data suggesting s mi ar ties between MWCNT and asbestos

« thnk there s enough ev dent to state that some MWCNTs might cause cancer under some

¢ rcumstances

« Defin tive stud es have not been done

« ncomp ete dataava abe ana ogy to asbestos but no d rect data for MWCNT

« Known d srupter of mitos s but tt e to no chron ¢ exposure data to nd cate poss b e cancers
Nodata Tabe5 1

« Potentia for asbestos ke eff

« The carc nogen ¢ endpo nt has yet to be conv nc ng y estab shed for CNT or has the ong

term effects of exposure acute or chron ¢ a though severa stud es have now nc uded onge
post exposure per ods of “6months 1yr Stud es have typ ca y focused on the use of

genetica y susceptab e an ma s or have emp oyed nappropr ate assays to conv nc ngy

estab sh f CNT are or are not carc nogen c or genotoxic (e.g use of the Am:
hort compact f bres nan ntraper tonea assay)

« Some ev dence has been reported of effects from nha ation and d rect mp anting the

stiffness of the MWCNT depends on the process

«Anma Pstudes nd catea poss b e cancer r sk

* Data are a ready ava ab e to suggest ong term effects depend ng on the s ze and f ber ength
« There s some ava ab e data but more wou d be helpfu

« nha ation stud es are not d rectly ava abe forths

« No chron ¢ stud es.

« L mited data

« Want to be sure to prevent worker nha ation exposure and determine f there are ong term

effects from exposure

or use of

bundant ev dence for f bros s

nma nha ation/asp ration/ T stud es nd cate ungfbros s
« Data are a ready ava ab e to suggest ong term depend ng on the s ze and f ber ength
« Data documenting nf ammatory response n resp ratory system
« Defin tive stud es have not been done
« nsuff c ent data
eNodataTabe5 1
« Fary good grasp on f bros s and potentia for mesothel oma from nha ation but not much
data on derma exposures
* No chron ¢ stud es.
« Non cancerous endpo nts such as nf ammation (lung ocu ar or derma ), f bros s and
granu oma formation have most typ ca y been descr bed n numerous stud es nc ud ng
severa h ghy robust stud es us ng nha ation expsoure a though the functiona mpact of these
observations (i.e. n terms of ¢ nca dsease) sstil ackng There has ben some nvestigation
of the ro e of contaminants (e.g metas) n the el c ta on of nfammation (inha ation and
derma exposure) as wel as the ro e of shape. There s mited nformation on the systemic
toxic ty of CNT a though some stud es do show potentia card ovascu ar as wel as
mmuno og ca effects
« Some h nt of asbestos ke responses
* Affect organ function
*Th's coud be mportant but we s mpy do not know at th s po nt n time
« Stud es on a range of endpo nts are ava ab e n the terature wh ch show mixed resu ts
« L mited data
« Want to be sure to prevent worker nha ation exposure and determine f there are ong term
effects from exposure

« Definitive studies have not been done
« Insufficient data Table 5-1

« No data available

of reproductive/developmental effects

ibution studies have already shown that reproductive organs are not a likely target
« Further studies are required usin relevant routes of exposure and dose response
experiments to establish if at plausible maternal exposure levels, a significan foetal dose and
effect occurs

« Insufficient data

« There were only two studies on this topic

« This could be important but we simply do not know at this time

« Some of our animal studies indicate transport to the pup.

« Little to no data

« Usually at higher doses than other
and development

that first, then

+ Ana ytica Techn ques 9(#)
29(%)

« Contro Techno og es 8(#) 26(%)
+ MWCNT Process ng Methods
6(#) 19(%)

« MWCNT Purty 8(#) 26(%)

« MWCNT Synthes s Methods
6(#) 19(%)

« Persona Protective Equ pment
9(#) 29(%

« Other 0(#) 0(%)

« Spec fy other 0(#) Of

+ Anaytica Techn ques 8(#)
26(%)

« Contro Techno og es 8(#) 26
« MWCNT Process ng Methods
6(#) 19(

« MWCNT Pur ty 8(#) 26(%)
 MWCNT Synthes s Methods
6(#) 19(%)

« Persona Protective Equ pment
(#) 29(%)

« Other 1(#) 3(%)

« Spec fy other 0(#) Of

Characteristics
« Adsorption/Desorption Ab.ty 9(#)
29(%)
« Aggregation/Agg omeration State
14(#) 45(%)
« App ed Coatings 11(#) 35(%)
«Bodegradab ty 10(#) 32(%
« Cata ytic Activ ty 8(#) 26(%
« Charge 8(#) 26(%)
« Conductive or Magnetic Properties
3(#) 10(%)
«Crysta ne Phase 5(#) 16
«Lpoph cty 10(4) 32(%
« Matrx Bound vs Free 13(#) 42(%
« Morpho ogy (e.g aspectratio ength
wdth shape) 13(#) 42(%)
« Pers stence 13() 42(%)
« Redox Potentia 10(#) 32(%

v bution 13(#) 42(%)
« Spec fc Surface Area 11(#) 35(%
« Structura Formu a/Mo ecu ar
Structure 6(#) 19(%)
« Surface Chem stry 13(#) 42!
«WaterSoub ty/Dspersb ty 9(t)
29(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

« Adsorption/Desorption Ab ty 10(#)
32(%)
« Aggregation/Agg omeration State
13(#) 42(%)
« App ed Coatings 11(#) 35
« Bodegradab ty 10(#) 32(%)
Cata ytic Activ ty S(#) 29(%)
« Charge 9(#) 29(%)
Conductive or Magnetic Properties
4(#) 13(%)
Crysta ne Phase 4(#) 13(%)
«Lpoph cty 10(4) 32(%
« Matrx Bound vs Free 12(#) 39(%
* Morpho ogy (e.g aspectratio ength
wdth shape) 13(#) 42(%)
« Pers stence 11(#) 35(%)
* Redox Potentia 8(#) 26(%)
/S ze D str bution 13(#) 42
pec f ¢ Surface Area 10(#) 32(%)
uctura Formu a/Mo ecu ar
Structure 7(#) 23(%)
rface Chen stry 12(#) 39
* WaterSoub ty/Dspersb ty 10(#)
32(%)
« Other 0(#) 0(%)
Spec fy other 0(#) 0|

« Analytical
29(%)

. i ion Ability 10(#);
32(%)
State

5(#); 16(%)
« MWCNT Processing Methods
4(#); 13(%)

« MWCNT Purity 8(#); 26(%)

« MWCNT Synthesis Methods
5(4); 16(%)

« Personal Protective Equipment
7(#); 23(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

13(1); 42(%)
« Applied Coatings 12(#); 39(%)

« Biodegradability 11(#); 35(%)

« Catalytic Activity 10(#); 32(%)

« Charge 10(#); 32(%)

« Conductive or Magnetic Properties

19(%)

« Lipophilicity 13(#); 42(%)

* Matrix Bound vs. Free 13(#); 42(%)
« Morphology (e.g. aspect ratio, length,
idth, shape) 14(#); 45(%)

* Persistence 12(#); 39(%)

« Redox Potential 11(#); 35(%)

« Size/Size Distribution 13(#); 42(%)

« Specific Surface Area 11(#); 35(%)

« Structural Formula/Molecular
Structure 9(#); 29(%)

« Surface Chemistry 14(#); 45(%)

« Water Solubility/Dispersibility 13(#);
42(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

Surrounding Medi

< Ar7(#) 23(%)
roundwater 3(#) 10(%)

* Sed ment 1(#) 3(%)

50 3(#) 10(%)

« Surface Water 4(#) 13(%)

« Wastewater 2(#) 6(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

<Ar7(#) 23(%
roundwater 5(#) 16(%)
* Sed ment 1(#) 3(%)
*So 3(#) 10(%)
 Surface Water 5(#) 16(%)
* Wastewater 3(#) 10(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

* Air 5(#); 16(%)

« Groundwater 5(#); 16(%)
« Sediment 2(#); 6(%)

* Soil 4(#); 13(%)
* Surface Water 5(#); 16(%)
« Wastewater 3(#); 10(%)

« Other 0(#); 0(%)

 Specify other 0(#); 0(%)

ical Conditions
ime 2(#) 6(%)
«LghtAva ab ty () 3(%)
S0 Porosty 1(#) 3(%)
S0 /Sed ment Fractionation
1(#) 3(%)
« Temperature 2(#) 6(%)
©Wnd 2(#) 6(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

« F ow Regime 2(#) 6(%)
«LghtAva ab ty 1(#) 3(%)
S0 Porosty 1(#) 3(%)
«50 /Sed ment Fractionation
1) 3(%)

« Temperature 2(#) 6(%)
«Wnd 2(#) 6(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Flow Regime 1(#); 3(%)
ity 1(#); 3(%)
« Soil Porosity 1(#); 3(%)
« Soil/Sediment Fractionation
(#); 3(%)
« Temperature 2(#); 6(%)
* Wind 0(#); 0(%)
« Other 0(#); 0(%)
 Specify other 0(#); 0(%)

0 )
* D spers ng Agents 5(#) 16(%)

* D550 ved Oxygen Content 1(#)
3(%)

* Exposure to Sun ght 1(#) 3(%)

« Heavy Meta s n Env ronment 6(#)
1

9(%)
« oncStrength n Env ronment
a(#) 13(%)

« Lgand Concentrations n

Env ronment 5(#) 16(%)

* Natura Organ ¢ Matter (NOM)
a(#) 13(%)

« Other Contaminants n

Env ronment 7(#) 23(%)

« pH 3(#) 10(%)

« Protein Concentration n

Env ronment 4(#) 13(%)

«Sa nty2(#) 6(%)

« Surfactant (in Lab) 6(#) 19(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Conductiv ty 2(#) 6(%)

« D spers ng Agents 6(#) 19(%)

* D550 ved Oxygen Content 1(#)
3(%)

* Exposure to Sun ght 1(#) 3(%)

« Heavy Metas n Env ronment 7(#)

« oncStrength n Env ronment
4(#) 13(%)

« Lgand Concentrations n

Env ronment 6(#) 19(%)

« Natura Organ c Matter (NOM)
5(#) 16(%)

« Other Contaminants n

Env ronment 7(#) 23(%)

« pH 4(#) 13(%)

« Protein Concentration n

Env ronment 5(#) 16(%)

*Sa nty 2(#) 6(%)

« Surfactant (in Lab) 6(#) 19(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Conductivity 2(#); 6(%)

« Dispersing Agents 5(); 16(%)

« Dissolved Oxygen Content 1();
3(%)

« Exposure to Sunlight 2(4); 6(%)

« Heavy Metals in Environment 6(#);
19(%)

« lonic Strength in Environment
S(#); 16(%)

« Ligand Concentrations in
Environment 4(#); 13(%)

« Natural Organic Matter (NOM)
4(#); 13(%)

« Other Contaminants in

nment 6(#); 19(%)

* pH 4(#); 13(%)

« Protein Concentrat
Environment 3(#); 10(%)

« salinity 2(#); 6(%)

« urfactant (in Lab) 5(#); 16(%)
« Other 0(#); 0(%)

« Specify other 0{#); 0(%)

n

Biological C

« ADME 10(#) 32(%)
* B oaccumu ation 9(#) 29(%)

« B omagn f cation 7(#) 23(%)
*Mcroba Commun ties n

Env ronment 3(#) 10(%)

« Organ sm Hea th 8(#) 26(%)

« Speces/ nd v dua
Developmenta Behav or 5(#)
16(%)

« Speces/ ndv dua Feed ng
Behav or 5(#) 16(%)

« Speces/ ndv dua Reproductive
Behav or 3(#) 10(%)

* Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

« ADME 7(#) 23(%)

« B oaccumu ation 9(#) 29(

« Bomagn f cation 7(#) 23(%)
*Mcroba Commun ties n
Env ronment 3(#) 10(%)

« Organ sm Hea th 8(#) 26(%)
« Specees/ nd v dua
Developmenta Behav or 6(#)
19(%)

« Speces/ ndv dua Feed ng
Behav or 7(#) 23(%)

« Specees/ nd v dua Reproductive
Behav or 4(#) 13(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%

* ADME 10(#); 32(%)
accumulation 10(#); 32(%)

« Biomagnification 8(#); 26(%)

* Microbial Communities in

Environment 4(#); 13(%)

« Organism Health 8(#); 26(%)

* Species/Individual

Developmental Behavior 8(#);

26(%)

« Species/Individual Feeding

Behavior 7(#); 23(%)

« Species/Individual Reproductive

Behavior 8(#); 26(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

* Acute Exposure 12(#) 39(%)

« Chron ¢ Exposure 18(#) 58(%)

« Exposure Route 17(#) 55(%)

« Geograph ¢ Location (i.e. rura vs
urban) 5(#) 16(%)

« Hab tat Structure 5(#) 16(%)

« Human Activ ty 10(#) 32(%)

* ndvdua Activty Level 11(#)
35(%)

« Lfe Stage 10(#) 32(%)

« Occupation 14(#) 45(%)

« Subchron ¢ Exposure 15(#) 48(%)
« Susceptib e

Popu ations/ nd v dua s 17(#) 55(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* Acute Exposure 11(#) 35(

« Chron c Exposure 16(#) 52(%)

* Exposure Route 16(#) 52(%)

« Geograph c Location (i.e. rura vs
urban) 4(#) 13(%)

« Hab tat Structure 5(#) 16(%)

+ Human Activ ty 9(#) 29(%)

« ndvdua Activ ty Level 11(#)

« Lfe Stage 11(#) 35(%
* Occupation 14(#) 45(%)

« Subchron ¢ Exposure 14(#) 45(%)
« Susceptib e

Popu ations/ nd v dua s 14(#) 45(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Acute Exposure 13(t); 42(%)

« Chronic Exposure 18(#); 58(%)

« Exposure Route 18(#); 58(%)

« Geographic Location (i.e. rural vs.
urban) 5(#); 16(%)

« Habitat Structure 6(#); 19(%)

« Human Activity 10(#); 32(%)

« Individual Activity Level 11(#);
35(%)

« Life Stage 12(#); 39(%)

« Occupation 13(¢); 42(%)

« subchronic Exposure 15(¢); 48(%)
« Susceptible
Populations/Individuals 17
« Other 0(#); 0(%)

« Specify other 0(); 0(%)

5(%)




1D]_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
u 3 Methods Techniques ENM C Media Physical Conditions Chemical Conditions Biological Conditions Social Conditions
66| Aquatic Biota- 15(#); 48(%) | 11(#); 35(%) | S(#); 16(%) | 11(#); 35(%) | 3(#); 10%) | 1(#); 3(%) | 3(#); 20(%) | 6(#); 19(%) | 6(#); 19(%) [« Data are available * Analytical Techniques 4(#); * Adsorption/Desorption Ability 6(#); [« Air 1(#); 3(%) « Flow Regime 2(#); 6(%)  Conductivity 1(#); 3(%) * ADME 5(#); 16(%) * Acute Exposure 6(#); 19(%)
Survival « Existing data documenting physical effects of MWCNT 13(%) 19(%) * Groundwater 3(#); 10(%) | Light Availability 1(#); 3(%) * Dispersing Agents 5(#); 16(%) « Bioaccumulation 6(#); 19(%) [« Chronic Exposure 7(#); 23(%)
« Definitive studies have not been done + Control 3(#); 10(%) |+ State 7(#); |+ Sed; (#); 13(%) « Soil Porosity 1(#); 3(%) * Dissolved Oxygen Content 4(#); | Biomagnification 5(#); 16(%) |* Exposure Route 5(#); 16(%)
« Incomplete data available * MWCNT Processing Methods |23(%) « Soil 1(#); 3(%) « Soil/Sediment Fractionation |13(%) * Microbial Communities in * Geographic Location (i.e. rural vs.

67

68

Aquatic B ota
Developmenta

Aquatic B ota
Reproductive

15(#) 48(%

11(#) 35(%)

11(#) 35(%)

5(#) 16(%)

5(#) 16(%)

a(#) 29(%)

a(#) 29(%)

6(#) 19(%)

6(#) 19(%)

O(#) 0(%)

0(#) 0

0(#) 0(%)

1(#) 3(%)

5(#) 16(%)

a(#) 13(%)

10(#) 32(%)

10(#) 32(%)

« There are complexities in perfoming studies with particulates that do not generally form

ady suspensions making

therefore the devl f an accurate d Il

f actual applied dose difficult and

there are only limited studies available although several do exist.

. In addition,

« Minimal effects are typically observed for sediment organisms, but various effects have been

observed for water-dwelling organisms

« If the releases
« Little to no data

il not h:

« Defin tive stud es have not been done

tic species

« There are comp exities n perfoming stud es w th particu ates that do not genera y form

steady homogenous suspens ons mak ng nterpretation of actua app ed dos
therefore the dev opment of an accurate do:
«Dataareava abe

* ncomp ete dataava abe

« nsuff c ent data

« Existing data suggesting energetics effects of nh b tion of food ass mi ation
« There are a number of stud es on the weight changes of organ s
other top cs related to development

« fthere are s gn f cant releases to surface water must be sure w
«Lttetonodata

«Dataareava abe
« Defin tive stud es have not been done

* There are comp exities n perfoming stud es w th particu ate

ffeutand

e-response relationsh p cha eng ng

s w th time but fewer on

not harm aquatic spec es

that do not genera y form

steady homogenous suspens ons mak ng nterpretation of actua app ed dose d ff cu t and
therefore the dev opment of an accurate dose-response relationsh p cha eng ng n add tion

there are ony mited stud es ava ab e a though severa do exist.
« Few stud esare ava abeonthstop c

« nsuff c ent data

« Existing data suggesting energetics effects of nh b tion of food ass mi ation
«Lttetonodata

« fthere are s gn f cant releases to surface water must be sure w.

not harm aquatic spec es

10(%)
* MWCNT Purity 3(#); 10(%)
« MWCNT Synthesis Methods

« Personal Protective Equipment

0(#); 0(%)
* Other 0(#); 0(%)
* Specify other 0(#); 0(%)

« Anaytica Techn ques 5(t)
16(%)

« Contro Techno og es 3(#) 10(
« MWCNT Process ng Methods
2(4) 6(%)

 MWCNT Pur ty 3(#) 10(%)

* MWCNT Synthes s Methods
1(#) 3(%)

« Persona Protective Equ pment
0(#) 0(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) Of

* Ana ytica Techn qu
19(%)

« Contro Techno og es 3(#) 10(%)
* MWCNT Process ng Methods
2(#) 6(%)

 MWCNT Pur ty 3(#) 10(%)

* MWCNT Synthes s Methods
1(#) 3(%)

« Persona Protective Equ pment
1(#) 3(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) Of

6(#)

« Applied Coatings 5(#); 16(%)
* Biodegradability 4(#); 13(%)
* Catalytic Activity 3(#); 10(%)
* Charge 2(#); 6(%)
« Conductive or Magnetic Properties
2(#); 6(%)
« Crystalline Phase 2(4); 6(%)
« Lipophilicity 5(#); 16(%)
* Matrix Bound vs. Free 7(#); 23(%)
« Morphology (e.g. aspect ratio, length,
width, shape) 7(#); 23(%)
* Persistence 6(#); 19(%)
* Redox Potential 5(#); 16(%)
« Size/Size Distribution 7(#); 23(%)
« Specific Surface Area 5(#); 16(%)
« Structural Formula/Molecular
Structure 3(#); 10(%)
« Surface Chemistry 6(#); 19(%)
* Water Solubility/Dispersibility 7(#);
23(%)
« Other O(#); 0(%)
« Soecify other 0(#): 0(%)
« Adsorption/Desorption Abty 5(#)
16(%)
« Aggregation/Agg omeration State 6(#)
19(%)
« App ed Coatings 5(t) 16(%)
* Bodegradab ty 4(#) 13(%)
Cata ytic Activ ty 4(#) 13(%)
« Charge 3(#) 10(%)

Conductive or Magnetic Properties
2#) 6(%)

Crysta ne Phase 3(#) 10(%)
«Lpoph cty7(#) 23(%)
«MatrxBound vs Free 7(#) 23(%

* Morpho ogy (e.g aspectratio ength

« Pers stence 6(#) 19(%)
* Redox Potentia 7(#) 23(%)
/S ze D str bution 7(#) 23(%)

uctura Formu a/Mo ecu ar
Structure 4(#) 13(%)
rface Chem stry 7(#) 23(%)
* WaterSoub ty/Dspersb ty 7(#)
)

« Other 0(#) 0(%)
oec fv other 0(#) 0(%)
« Adsorption/Desorption Ab. ty 6(#)
19(%)
« Aggregation/Agg omeration State 7(#)

« App ed Coatings 5() 16(%)
« Bodegradab ty 5(#) 16(%)
« Cata ytic Activ ty 4(#) 13
* Charge 3(#) 10(%)
« Conductive or Magnetic Properties
2(#) 6(%)
«Crysta ne Phase 3(#) 10(%)
«Lpoph cty7(#) 23(%)
«Matrx Bound vs Free 8(#) 26(%)
* Morpho ogy (e.g aspectratio ength
wdth shape) 8(#) 26(%)
« Pers stence 6(#) 19(%)
« Redox Potentia 7(#) 23(%)
« 5 2e/5 ze D str bution 7(#) 23(
Spec f c Surface Area 5(#) 16(%)
tructura Formu a/Mo ecu ar
Structure 4(#) 13(%)
urface Chem stry 8(#) 26(%)
* WaterSoub ty/Dspersb ty 8(#)
26(%)
« Other O(#) 0(%)
« Spec fv other 0#) 0(%)

« Surface Water 6(#); 19(%)
* Wastewater 5(#); 16(%)

« Other O(#); 0(%)

« Specify other 0(#); 0(%)

< Ari(H) 306
roundwater 3(#) 10(%

« Sed ment 4(#) 13(%)

50 1(#) 3(%)

« surface Water 6(#) 19(%)

* Wastewater 5(#) 16(%)

« Other 0(#) 0(%

« Spec fy other 0(#) 0(%)

*Ar1(#) 3(%)

« Groundwater 3(#) 10(%
« Sed ment 5(#) 16(%)

* S0 1(#) 3(%)

« Surface Water 7(#) 23(%)
* Wastewater 5(#) 16(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

3(#); 10(%)

« Temperature 3(#); 10(%)
* Wind 1(#); 3(%)

« Other O(#); 0(%)

« Specify other 0(#); 0(%)

« F ow Regime 2(#) 6(%)
«LghtAva ab ty 1(#) 3(%)
« S0 Porosty 1(#) 3(%

« 50 /Sed ment Fractionation
3(4) 100%)

* Temperature 3(#) 10(%)
«Wnd 1(#) 3(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« F ow Regime 2(#) 6(%)
«LghtAva ab ty 1(#) 3(%)
*So Porosty 1(#) 3(%)

« 50 /Sed ment Fractionation
LORE!

« Temperature 3(#) 10(%)
*Wnd 1(#) 3(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Exposure to Sunlight 1(4); 3(%)
* Heavy Metals in Environment 6(#);
19(%).

« lonic Strength in Environment
4(#); 13(%)

« Ligand Concentrations in
Environment 5(#); 16(%)

« Natural Organic Matter (NOM)
6(#); 19(%)

« Other Contaminants in
Environment 7(#); 23(%)

 pH 4(#); 13(%)

« Protein Concentration in
Environment 5(#); 16(%)

« Salinity 4(#); 13(%)

« Surfactant (in Lab) 5(#); 16(%)
« Other O(#); 0(%)

* Specify other 0(#); 0(%)

« Conductiv ty 1(#) 3(%)

* Dispers ng Agents 4(#) 13(%)

* D550 ved Oxygen Content 4(#)
13

* Exposure to Sun ght 1(#) 3(%)
« Heavy Meta s n Env ronment 7(#)
23(%)

« oncStrength n Env ronment
4(#) 13(%)

« Lgand Concentrations n

Env ronment 6(#) 19(%)

* Natura Organ c Matter (NOM)
6(#) 19(%)

« Other Contaminants n

Env ronment 7(#) 23(%)

« PH 4(#) 13(%)

« Protein Concentration n

Env ronment 5(#) 16(%)

«Sa ntya(#) 13(%)

« Surfactant (in Lab) 5(#) 16(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

 Conductiv ty 1(#) 3(%)

« D spers ng Agents 5(#) 16(%)
* D550 ved Oxygen Content 4(#)
13(%)

« Exposure to Sun ght 1(4) 3(%)
« Heavy Metas n Env ronment 7(#)
23(%)

« oncStrength n Env ronment
4(#) 13(%

« Lgand Concentrations n

Env ronment 6(#) 19|

* Natura Organ c Matter (NOM)
7(#) 23(%)

« Other Contaminants n

Env ronment 7(#) 23(%)

« pH 4(#) 13(%)

« Protein Concentration n

Env ronment 5(#) 16(%)

Sa nty5(#) 16(%)

« Surfactant (in Lab) 6(#) 19(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

Environment 4(#); 13(%)

* Organism Health 7(#); 23(%)
« Species/Individual
Developmental Behavior 4(#);

« Species/Individual Feeding
Behavior 5(#); 16(%)

« Species/Individual Reproductive
Behavior 3(#); 10(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

« ADME 7(#) 23(%)

« B oaccumu ation 8(#) 26(%
« B omagn f cation 7(#) 23(%)
*Mcroba Commun ties n
Env ronment 5(#) 16(%)

« Organ sm Hea th 8(#) 26(%)
« Specees/ nd v dua
Developmenta Behav or 7(#)
23(%

« Speces/ ndv dua Feed ng
Behav or 5(#) 16(%)

« Specees/ nd v dua Reproductive
Behav or 5(#) 16(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%

« ADME 7(#) 23(%
* B oaccumu ation 8(#) 26(%)
* Bomagn f cation 7(#) 23(%)
*Mcroba Commun ties n
Env ronment 5(¢) 16(%)
* Organ sm Hea th 9(#) 29(%)
* Speces/ nd v dua
Developmenta Behav or 6(#)
19(%
« Specees/ nd v dua Feed ng
Behav or 6(#) 19(%)
Specees/nd v dua Reproductive
Behav or 8(#) 26|
* Other 0(#) 0(%)
Spec fy other 0(#) 0(%

urban) 3(#); 10(%)

* Habitat Structure 5(#); 16(%)

* Human Activity 2(#); 6(%)

« Individual Activity Level 1(#); 3(%)
* Life Stage 6(#); 19(%)

* Occupation O(#); 0(%)

« subchronic Exposure 5(#); 16(%)
« Susceptible
Populations/Individuals 4(#); 13(%)
« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

« Acute Exposure 6(#) 19(%)

« Chron ¢ Exposure 9(#) 29(%

« Exposure Route 7(#) 23(%)

« Geograph c Location (i.e. rura vs
urban) 3(#) 10(%)

« Hab tat Structure 6(#) 19(%

+ Human Activ ty 3(#) 10(%)

+ ndvdua Activ ty Level 2(#) 6(%)
« Lfe Stage 8(#) 26(%)
 Occupation 1(#) 3(%)

« Subchron ¢ Exposure 6(#) 19(

« Susceptib e

Popu ations/ nd v dua s 5(#) 16

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* Acute Exposure 6(#) 19(%)

« Chron c Exposure 10(#) 32(

« Exposure Route 8(#) 26(

« Geograph c Location (i.e. rura vs
urban) 3(#) 10(%)

« Hab tat Structure 6(#) 19(%)

* Human Activ ty 3(#) 10(%)

* ndvdua Activ ty Level 2(#) 6(%)
« Lfe Stage 9(#) 29(%)

« Occupation 1(#) 3(%)

« Subchron ¢ Exposure 7(#) 23(%)

« Susceptib e

Popu ations/ nd v dua s 5(#) 16(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%



[10]Element-RRF pair |

RRF Importance

RRF Confidence

Influential Factors

69 Aquatic B ota Other

Sub etha
Endpo nts

Terrestrial Biota-
Survival

1

9(#); 29(%)

() 48(%)

11(#) 35(%)

16(#); 52(%)

6(#); 19(%)

5(#) 16(%)

2(#); 6(%)

0(#); 0(%)

0(#); 0(%)

5(#) 16(%)

3(#); 10(%)

6(4); 19(%)

10(#) 32(%) * f tcannot surv ve, develop or reproduce...what else s there?

« ncomp ete dataava abe
« Lke what endpo nts?

«Fewstud esareava abe onthstop

« nsuff c ent data

« Existing data suggesting energetics effects of nh b tion of food ass mi ation
« Poss b e endocr ne d sruptors

«Lttetono data

« Definitive studies have not been done

* Incomplete data available

* More likely to end up in soil; potential for antimicrobial effects
« There have been a number of plant studies which show toxic effects at high concentrations
and a lack of mortality in earthworm studies but decreased survival with some microorganism
studies

« Little to no data

« Ana ytica Techn ques 3(#)
100%)

« Contro Techno og es 2(#) 6(%)
 MWCNT Process ng Methods
1(#) 3(%)

« MWCNT Pur ty 2(#) 6(%)

« MWCNT Synthes s Methods
1(#) 3(%)

« Persona Protective Equ pment
0(#) 0(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Analytical Techniques 4(#);

ENM Characteristics
« Adsorption/Desorption Ab_ty 4(#)
« Aggregation/Agg omeration State 5(#)

6(%)
« App ed Coatings 3(#) 10(%)
+ Bodegradab ty 3(#) 10(%)
« Cata ytic Activ ty 2(4) 6(%)
« Charge 2(#) 6(%)
« Conductive or Magnetic Properties
1) 3(%)

Crysta ne Phase 1(#) 3(%)
«Lpoph cty3(#) 100%)
« Matr x Bound vs Free 5(#) 16(%)
« Morpho ogy (e.g aspectratio ength
wdth shape) 5() 16(%)
« Pers stence 3(#) 10(%)
« Redox Potentia 4(#) 13(%)
Dstr bution 4(#) 1
urface Area 3(#) 10(%)
« Structura Formu a/Mo ecu ar
Structure 3(#) 10(%)
« Surface Chem stry 5(#) 16(%)
«WaterSoub ty/Dspersb ty 5(#)

*Sze/

«Specfc

« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

« Adsorption/Desorption Ability 4(#);
13(%)

1(#); 3(%)
« MWCNT Processing Methods
1(#); 3(%)

* MWCNT Purity 1(#); 3(%)

* MWCNT Synthesis Methods
0(#); 0(%)

« Personal Protective Equipment
0(#); 0(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

State 3(#);
10(%)

« Applied Coatings 3(#); 10(%)

* Biodegradability 4(#); 13(%)

« Catalytic Activity 3(#); 10(%)

* Charge 2(#); 6(%)

« Conductive or Magnetic Properties
1(#); 3(%)

« Crystalline Phase 2(#); 6(%)

* Lipophilicity 4(#); 13(%)

* Matrix Bound vs. Free 4(#); 13(%)
« Morphology (e.g. aspect ratio, length,
width, shape) 4(#); 13(%)

« Persistence 4(#); 13(%)

* Redox Potential 3(#); 10(%)

« Size/Size Distribution 3(#); 10(%)

« Specific Surface Area 3(#); 10(%)

« Structural Formula/Molecular
Structure 1(#); 3(%)

« Surface Chemistry 3(#); 10(%)

* Water Solubility/Dispersibility 4(#);
13(%)

« Other 0(#); 0(%)

« Soecify other 0(#); 0(%)

Surrounding Medi

~ATO(f) 00%)

roundwater 1(#) 3(%)
« Sed ment 3(#) 10(%)
50 0(#) 0(%)
« Surface Water 4(#) 13(%)
« Wastewater 2(#) 6(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%

« Air 2(4); 6(%)

« Groundwater 1(#); 3(%)
« Sediment 1(#); 3(%)
« Soil 4(#); 13(%)

« Surface Water 3(#); 10(%)
« Wastewater 1(#); 3(%)

« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

« F ow Regime 2(#) 61
«LghtAva ab ty O(#) 0(%)
%)

S0 /Sed ment Fractionation

« Temperature 2(#) 6(%)
« W nd 1(#) 3(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

* Flow Regime O(#); 0(%)

« Light Availability 1(¢); 3(%)
« Soil Porosity 2(#); 6(%)
« Soil/Sediment Fractionation
3(#); 10(%)

« Temperature 1(#); 3(%)

* Wind 1(#); 3(%)

« Other 0#); 0(%)

* Specify other 0(#); 0(%)

« Dspers ng Agents
« Dsso ved Oxygen Content 2(#)
6(%)

« Exposure to Sun ght 0(#) 0(%)
« Heavy Meta s n Env ronment 4(#)
i

« oncStrength n Env ronment
1(#) 3(%)

« Lgand Concentrations n

Env ronment 3(#) 10(%)

« Natura Organ ¢ Matter (NOM)
al#) 13(%)

« Other Contaminants n

Env ronment 4(#) 13(%)

« pH 2(#)

« Protein Concentration n

Env ronment 2(#)

52 nty 2(#) 6(%)

« Surfactant (in Lab) 3(#) 10(%)
« Other 0(#) 0(%)

« Spec fy other 0(#)

« Conductivity (#); 0(%)

« Dispersing Agents 2(#); 6(%)

* Dissolved Oxygen Content 0(#);
0(%)

« Exposure to Sunlight 1(4); 3(%)

* Heavy Metals in Environment 3(#);
10(%)

« lonic Strength in Environment
2(4); 6(%)

« Ligand Concentrations in

2(#); 6(%)

* Natural Organic Matter (NOM)
3(#); 10(%)

« Other Contaminants in
Environment 3(#); 10(%)

« pH 2(#); 6(%)

« Protein Concentration in
Environment 3(#); 10(%)

« Salinity 1(#); 3(%)

« Surfactant (in Lab) 3(#); 10(%)
« Other 0#); 0(%)

* Specify other 0(#); 0(%)

Biological Condit

a

« ADME 3(#) 10(%)

« B oaccumu ation 4(#) 13(%)
agn n 3(#) 100%)

*Mcroba Commun ties n

Env ronment 2(#) 6(%)

« Organ sm Hea th 6(#) 19(%)

« Spec es/ nd v dua

Developmenta Behav or 4(#)

13(%)

« Speces/ ndv dua Feed ng

Behav or 4(#) 13(%)

« Speces/ nd v dua Reproductive

Behav or 4(#) 13(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* ADME 4(#); 13(%)

* Bioaccumulation 4(#); 13(%)
« Biomagnification 4(#); 13(%)
* Microbial Communities in
Environment 3(#); 10(%)

« Organism Health 3(#); 10(%)
« Species/Individual
Developmental Behavior 2(#); 6(%)
« Species/Individual Feeding
Behavior 3(#); 10(%)

Social Conditions

posure 3(#) 10(%)

« Chron ¢ Exposure 6(#) 19(%)
posure Route 4(#) 13(%)

« Geograph ¢ Location (i.e. rura vs

urban) 2(#) 6(%)

« Hab tat Structure 2(#) 6(%)

« Human Activ ty 2(#) 6(%)

« ndvdua Activ ty Level 2(4) 6(%)

« Lfe Stage 5(#) 16(%)

« Occupation 1(#)

« Subchron ¢ Exposure 4(#) 13(¢

« Susceptib e

Popu ations/ nd v dua s 3(#) 10(%

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* Acute Exposure 4(#); 13(%)

« Chronic Exposure 5(#); 16(%)
* Exposure Route 5(#); 16(%)
« Geographic Location (i.e. rural vs.
urban) 2(4); 6(%)

* Habitat Structure 3(#); 10(%)

« Human Activity 1(#); 3(%)

« Individual Activity Level O(#); 0(%)
« Life Stage 3(#); 10(%)

« Occupation O(#); 0(%)

Behavior 1(#); 3(%)
« Other 0(#); 0(%)
« Specify other O(#); 0(%)

« subchronic Exp
« Susceptible
Populations/Individuals 1(#); 3(%)
« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

(#); 13(%)

71]

Terrestrial Biota-
Developmental

9(#); 29(%)

16(#); 52(%)

6(#); 19(%)

6(#); 19(%)

3(#); 10(%)

0(#); 0(%)

0(#); 0(%)

3(#); 10(%)

6(#); 19(%)

« Definitive studies have not been done

« Incomplete data available

« More likely to end up in soil; potential for antimicrobial effects

« There have been some studies on this with plant growth and root and shoot length, but
fewer studies on other organisms except for one study on bacteria in soils

« Little to no data

« Analytical Techniques 4(#);

« Adsorption/Desorption Ability 4(#);
13(%)

1(#); 3(%)
« MWCNT Processing Methods
1(#); 3(%)

* MWCNT Purity 1(#); 3(%)

« MWCNT Synthesis Methods
0(#); 0(%)

« Personal Protective Equipment
0(#); 0(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

State 3(#);
10(%)

« Applied Coatings 3(#); 10(%)

« Biodegradability (#); 13(%)

« Catalytic Activity 3(#); 10(%)

« Charge 2(#); 6(%)

« Conductive or Magnetic Properties
1(#); 3(%)

« Crystalline Phase 2(#); 6(%)

« Lipophilicity 4(#); 13(%)

* Matrix Bound vs. Free 4(#); 13(%)
* Morphology (e.g. aspect ratio, length,
width, shape) 4(#); 13(%)

« Persistence 4(#); 13(%)

* Redox Potential 3(#); 10(%)

« Size/Size Distribution 3(#); 10(%)

« Specific Surface Area 3(#); 10(%)

« Structural Formula/Molecular
Structure 1(#); 3(%)

« Surface Chemistry 3(#); 10(%)

* Water Solubility/Dispersibility 4(#);
13(%)

« Other 0(#); 0(%)

« Soecifv other 0#); 0(%)

« Air 2(4); 6(%)

« Groundwater 1(4); 3(%)

* Sediment 1(#); 3(%)

« Soil 4(#); 13(%)

« Surface Water 3(#); 10(%)
« Wastewater 1(4); 3(%)

« Other O(#); 0(%)

« Specify other 0(#); 0(%)

« Flow Regime 0(#); 0(%)

« Light Availability 1(#); 3(%)
« Soil Porosity 2(#); 6(%)

« Soil/Sediment Fractionation
3(#); 10(%)

« Temperature 1(#); 3(%)

* Wind 1(#); 3(%)

« Other O(#); 0(%)

 Specify other 0(#); 0(%)

« Conductivity (#); 0(%)

« Dispersing Agents 2(#); 6(%)

« Dissolved Oxygen Content O(#);
0(%)

« Exposure to Sunlight 1(4); 3(%)
« Heavy Metals in Environment 3(#);
10(%)

« lonic Strength in Environment
2(4); 6(%)

« Ligand Concentrations in
Environment 2(#); 6(%)

« Natural Organic Matter (NOM)
3(#); 10(%)

« Other Contaminants in
Environment 3(#); 10(%)

« pH 2(#); 6(%)

« Protein Concentration in
Environment 3(#); 10(%)

« Salinity 1(#); 3(%)

« Surfactant (in Lab) 3(#); 10(%)
« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

* ADME 4(#); 13(%)

» Bioaccumulation 4(#); 13(%)
« Biomagnification 4(#); 13(%)
* Microbial Communities in
3(#); 10(%)

 Organism Health 3(#); 10(%)
« Species/Individual
Developmental Behavior 3(#);

« Species/Individual Feeding
Behavior 2(#); 6(%)

« Species/Individual Reproductive
Behavior 1(#); 3(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

* Acute Exposure 4(#); 13(%)

* Chronic Exposure 5(#); 16(%)

« Exposure Route 5(#); 16(%)

« Geographic Location (i.e. rural vs.
urban) 2(#); 6(%)

* Habitat Structure 3(#); 10(%)

« Human Activity 1(#); 3(%)

« Individual Activity Level O{#); 0(%)
« Life Stage 3(#); 10(%)

« Occupation 0(#); 0(%)

« Subchronic Exposure 4(#); 13(%)
« Susceptible
Populations/Individuals 1(#); 3(%)
« Other O(#); 0(%)

* Specify other 0(#); 0(%)




1D[_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
' u 0 Pl c Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
72| Terrestrial Biota- | 9(#); 290%) | 16(#); 52(%) | 6(#); 19(%) | 5(#); 16(%) | 4(#); 13%) | 0(; 00%) | 0#); 0(%) | 2(#); 6(%) | 7(#); 23(%) |+ Definitive studies have not been done « Analytical Techniques 5(#); « Adsorption/Desorption Ability 5(#); | Air 2(#); 6(%) « Flow Regime 0(#); 0(%) « Conductivity 0(#); 0(%) « ADME 4(#); 13(%) « Acute Exposure 4(#); 13(%)
« Few studies are available on this topic 16(%) 16(%) « Groundwater 1(#); 3(%) |« Light Availability 1(#); 3(%) « Dispersing Agents 3(#); 10(%) « Bioaccumulation 4(#); 13(%) |+ Chronic Exposure 6(¢); 19(%)
« Incomplete data « Control 1#); 30%) |+ State 4(#); |+ Sediment 2(#); 6(%) « soil Porosity 2(#); 6(%) « Dissolved Oxygen Content O(#); |+ Biomagnification 4(#); 13(%) |+ Exposure Route 6(#); 19(%)
« More likely to end up in sol, not enough data * MWCNT Processing Methods  [13(%) « Soil 4(#); 13(%) « Soil/Sediment Fractionation  [0(%) * Microbial Communities in « Geographic Location (i.e. rural vs
1(#); 3(%) « Applied Coatings 3(#); 10(%) « Surface Water 4(#); 13(%) ~ [4(#); 13(%) « Exposure to Sunlight 1(#); 3(%)  [Environment 3(#); 10(%) urban) 2(#); 6(%)
« MWCNT Purity 1(#); 3(%) « Biodegradability 5(#); 16(%) « Wastewater 1(#); 3(%) « Temperature 1(#); 3(%) « Heavy Metals in Environment 3(#); [+ Organism Health 4(#); 13(%) | Habitat Structure 3(#); 10(%)
« MWCNT Synthesis Methods |+ Catalytic Activity 3(); 10(%) « Other 0(#); 0(%) « Wind 1(#); 3(%) 100%) « Species/Individual « Human Activity 1(#); 3(%)
o(#); 0(%) « Charge 2(#); 6(%) « Specify other 0(#);0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 3(#); |« Individual Activity Level 0(#); 0(%)
« Personal Protective Equipment [+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) 2#); 6(%) « Life Stage 4(#); 13(%)
0(#); 0(%) 1); 3(%) « Ligand Concentrations in « Species/Individual Feeding « Occupation O(#); 0(%)
« Other 0(#); 0(%) « Crystalline Phase 2(4); 6(%) Environment 2(#); 6(%) Behavior 3(#); 10(%) « Subchronic Exposure 5(#); 16(%)
« Specify other 0(#); 0(%) « Lipophilicity 4(#); 13(%) « Natural Organic Matter (NOM) [« Species/Individual Reproductive |+ Susceptible
« Matrix Bound vs. Free 5(#); 16(%) 4(4); 13(%6) Behavior 4(#); 13(%) Populations/Individuals 1(#); 3(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 5(¢); 16(%) Environment 3(#); 10(%) « Specify other 0(#); 0(%) « Specify other 0(#); 0(%)
« Persistence 4(#); 13(%) * pH 2(); 6(%)
* Redox Potential 3(#); 10(%) * Protein Concentration in
« Size/Size Distribution 3(#); 10(%) Environment 3(#); 10(%)
« Specific Surface Area 3(#); 10(%) « salinity 1(#); 3(%)
« Structural Formula/Molecular « Surfactant (in Lab) 3(#); 10(%)
structure 1(4); 3(%) « Other 0(#); 0(%)
« surface Chemistry 4(#); 13(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 5(¢);
16(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
73(Terrestrial Biota- | 9(#); 29(%) | 16(4); 52(%) | 6(4); 19(%) | 2(4); 6(%) | 3(#); 10(%) | 4(#); 13(%) | O(#); 0(%) | 1(#);3(%) | 8(#); 26(%) |« If it cannot survive, develop or reproduce...what else is there? « Analytical Techniques 2(#); 6(%) |+ Adsorption/Desorption Ability 2(#); | Air O(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity O(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure 1(#); 3(%)
Other sublethal « Incomplete data available « Control Technologies O(#); 0(%) [6(%) « Groundwater 0(#); 0(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 1(#); 3(%) « Bioaccumulation 0(#); 0(%) « Chronic Exposure 2(4); 6(%)
Endpoints « Few studies are available on this topic * MWCNT Processing Methods |+ Aggregation/Agglomeration State 1(#); Sediment 2(#); 6(%) « Sail Porosity 0(#); 0(%) « Dissolved Oxygen Content O(#); [+ Biomagnification 0(#); 0(%) « Exposure Route 2(#); 6(%)
« More likely to end up in soil, not enough data 0(#); 0(%) 3(%) « Soil 1(#); 3(%) « Soil/Sediment Fractionation |0(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
« MWCNT Purity 0(#); 0(%) « Applied Coatings 1(#); 3(%) « surface Water 1(#); 3(%6) | 2(#); 6(%) « Exposure to Sunlight O(#); 0(%)  [Environment 1(#); 3(%) urban) O(#); 0(%)
 MWCNT Synthesis Methods |+ Biodegradability 2(#); 6(%) « Wastewater 0(#); 0(%) « Temperature 0(#); 0(%) « Heavy Metals in Environment 0(#); |+ Organism Health 1(#); 3(%) « Habitat Structure O(#); 0(%)
o#); 0(%) « Catalytic Activity 1(4); 3(%) « Other 0(#); 0(%) « Wind 0(#); 0(%) 0(%) « Species/Individual « Human Activity 0(#); 0(%)
« Personal Protective Equipment |+ Charge O(#); 0(%) « Specify other O#); 0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 1(#); 3(%) | « Individual Activity Level 0{#); 0(%)
o#); 0(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) o(4); 00%) « Species/Individual Feeding « Life Stage 1(#); 3(%)
« Other 0(#); 0(%) 0(#); 0(%)  Ligand Concentrations in Behavior 1(#); 3(%) = Occupation O(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) (#); 0(%) « Species/Individual Reproductive |+ Subchronic Exposure 2(#); 6(%)
« Lipophilicity O(#); 0(%) « Natural Organic Matter (NOM)  [Behavior 1(#); 3(%) « Susceptible
* Matrix Bound vs. Free 2(#); 6(%) 1(#); 3(%) * Other 0(#); 0(%) Populations/Individuals O(#); 0(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 2(#); 6(%) Environment 0(#); 0(%) « Specify other 0(#); 0(%)
« Persistence 1(#); 3(%) « pH O(#); 0(%)
* Redox Potential O(#); 0(%) « Protein Concentration in
« Size/Size Distribution O(#); 0(%) Environment O(#); 0(%)
« Specific Surface Area 1(#); 3(%) « salinity O(#); 0(%)
* Structural Formula/Molecular « Surfactant (in Lab) 0(#); 0(%)
Structure 0(#); 0(%) « Other 0(#); 0(%)
« surface Chemistry 1(#); 3(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 2(#);
6(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
74| Other-Economic | 10(#); 32(%) | 10(4); 32(%) | 11(#); 35(%) | S(#); 16(%) | 4(#); 13(%) | 1041 3(%) | O(#); 0(%) | 4(#); 13(%) | 6(#); 19(%) |+ Applications unknown, so benefits/risk balance is unknown. There could be more benefits to [« Analytical Techniques O(#); 0(%) [+ Adsorption/Desorption Ability O(#); |« Air 0(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity 0(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure O(#); 0(%)

using the technology vs. not using it

« Little data presented or seems to be available

« Incomplete information available about the process and material to be pursued
« Important trade-off between ways to treat textiles

« Little to no data

« Control Technologies 1(#); 3(%)
« MWCNT Processing Methods
2(#); 6(%)

* MWCNT Purity 2(#); 6(%)

« MWCNT Synthesis Methods
2(#); 6(%)

« Personal Protective Equipment
1(#); 3(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

S
Ed

« Aggregation/Agglomeration State 1(#);
3(%)

 Applied Coatings 2(#); 6(%)

« Biodegradability 1(#); 3(%)

« Catalytic Activity O(#); 0(%)

« Charge O(#); 0(%)

« Conductive or Magnetic Properties
1#); 3(%)

* Crystalline Phase O(#); 0(%)

« Lipophilicity 0(#); 0(%)

* Matrix Bound vs. Free 1(#); 3(%)

« Morphology (e.g. aspect ratio, length,
width, shape) 1(#); 3(%)

« Persistence 1(#); 3(%)

* Redox Potential O(#); 0(%)

« Size/Size Distribution 1(#); 3(%)

« Specific Surface Area 1(#); 3(%)

« Structural Formula/Molecular
Structure 1(#); 3(%)

« surface Chemistry 1(#); 3(%)

* Water Solubility/Dispersibility 1(#);
3(%)

« Other O(#); 0(%)

« Soecifv other 0#); 0(%)

« Groundwater O{#); 0(%)
« Sediment 0{#); 0(%)

« Soil {#); 0(%)

« Surface Water 0(#); 0(%)
« Wastewater 0(#); 0(%)

« Other 0(#); 0(%)

= Specify other 0(#); 0(%)

* Light Availability 0(#); 0(%)
« ol Porosity O(#); 0(%)

« Soil/Sediment Fractionation
o(4); 00%)

« Temperature 0(#); 0(%)

* Wind O(#); 0(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

« Dispersing Agents 1(#); 3(%)
« Dissolved Oxygen Content O(#);
0(%)

« Exposure to Sunlight 0(#); 0(%)

« Heavy Metals in Environment O(#);
0(%

« lonic Strength in Environment
0(#); 0(%)

« Ligand Concentrations in
Environment 0(#); 0(%)

« Natural Organic Matter (NOM)
0(#); 0(%)

« Other Contaminants in
Environment 0(#); 0(%)

 pH O(#); 0(%)

« Protein Concentration in
Environment 0(#); 0(%)

« Salinity O(#); 0(%)

« Surfactant (in Lab) O(#); 0(%)
« Other 0#); 0(%)

* Specify other 0(#); 0(%)

« Bioaccumulation O(#); 0(%)
« Biomagnification O(#); 0(%)
« Microbial Communities in

0(#); 0(%)
« Organism Health 1(#); 3(%)
« Species/Individual
Developmental Behavior O(#); 0(%)
« Species/Individual Feeding
Behavior O(#); 0(%)

* Chronic Exposure 0(#); 0(%)

* Exposure Route O(#); 0(%)

« Geographic Location (i.e. rural vs.
urban) 2(#); 6(%)

* Habitat Structure 2(#); 6(%)

= Human Activity 2(#); 6(%)

« Individual Activity Level 1(#); 3(%)
« Life Stage O(#); 0(%)

« Occupation 2(#); 6(%)

Behavior O(#); 0(%)
« Other 0(#); 0(%)
« Specify other 0(#); 0(%)

« subchronic Exp
« Susceptible
Populations/Individuals O(#); 0(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

(#); 0(%)




1D[_Element-RRF Pair RF Importance RRF Confidence Why Influential Factors
u 0 Pl c Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
75 Other-Societal 10(#); 32(%) | 10(); 32(%) | 11#); 35(5%) | S(#); 160%) | 4(#); 130%) | 10 30%) | 1 30%) | 40 130%) | 5(#); 16(%) [+ Public may have inflated view of risk « Analytical Techniques 0(#); 0(%) |+ Adsorption/Desorption Ability O(#); | Air O(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity 0(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure 1(#); 3(%)
« Applications unknown, 5o benefits/risk balance is unknown. There could be more benefits to |« Control Technologies 1(#); 3(%) |0(%) « Groundwater 0(#); 0(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 0(#); 0(%) « Bioaccumulation 0(#); 0(%) « Chronic Exposure 1(#); 3(%)
using the technology vs. not using it * MWCNT Processing Methods |+ Aggregation/Agglomeration State O#); |  Sediment O(#); 0(%) « Soil Porosity 0(#); 0(%) « Dissolved Oxygen Content 0(#); [+ Biomagnification 0(#); 0(%) « Exposure Route O(#); 0(%)
« Little data presented or seems to be available 0(#); 0(%) 0(%) « soil 0(#); 0(%) « Soil/Sediment Fractionation [0(%) * Microbial Communities in « Geographic Location (i.e. rural vs
« Incomplete information available about the process and material to be pursued « MWCNT Purity 0(#); 0(%) « Applied Coatings 0(#); 0(%) « surface Water 0(#); 0(%)  |0(#); 0(%) « Exposure to Sunlight 0(#); 0(%)  [Environment 0(#); 0(%) urban) 2(#); 6(%)
« Little to no data  MWCNT Synthesis Methods [+ (#); 0(%)  0(#); 0(%) . 0(#); 0(%) « Heavy Metals in Environment O(#); | « Organism Health 0(#); 0(%) « Habitat Structure 2(#); 6(%)
o(#); 0(%) « Catalytic Activity 0(#); 0(%) « Other 0(#); 0(%) « Wind 0(#); 0(%) 0(%) « Species/Individual « Human Activity 2(#); 6(%)
« Personal Protective Equipment |+ Charge O(#); 0(%) « Specify other 0(#);0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 1(#); 3(%)
o(#); 0(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) o(#); 00%) « Species/Individual Feeding « Life Stage 1(#); 3(%)
« Other 0(#); 0(%) o(#); 0(%) « Ligand Concentrations in Behavior 0(#); 0(%) « Occupation 2(4); 6(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment O(#); 0(%) « Species/Individual Reproductive |+ Subchronic Exposure 1(#); 3(%)
« Lipophilicity 0#); 0(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free O(#); 0(%) o(#); 00%) « Other 0(#); 0(%) Populations/Individuals 2(#); 6(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) « Other 0(#); 0(%)
width, shape) O(#); 0(%) Environment 0(#); 0(%) « Specify other 0(#); 0(%)
« Persistence O(#); 0(%) « pH O(#); 0(%)
* Redox Potential O(#); 0(%) * Protein Concentration in
« Size/Size Distribution O(#); 0(%) Environment O(#); 0(%)
« specific Surface Area O(#); 0(%) « salinity O(#); 0(%)
« Structural Formula/Molecular « surfactant (in Lab) 0(#); 0(%)
structure 0(#); 0(%) « Other 0(#); 0(%)
« surface Chemistry 0(#); 0(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 0(#);
0(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
76 Other- 10(#); 32(%) | 10(4); 32(%) | 11(#); 35(%) | 6(#); 19(%) | 3(#); 100%) | 1(#);3(%) | 1(#);3(%) | 4(#); 13(%) | 5(#); 16(%) | Incomplete information available about the process and material to be pursued « Analytical Techniques 1(#); 3(%) |+ Adsorption/Desorption Ability 1(#); | Air 2(#); 6(%) « Flow Regime 1(#); 3(%) « Conductivity O(#); 0(%) « ADME 1(#); 3(%) « Acute Exposure O(#); 0(%)
Environmental « Life time may be too short through oxidation and coagulation « Control Technologies 1(#); 3(%) [3(%) « Groundwater 2(#); 6(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 2(4); 6(%) « Bioaccumulation 2(4); 6(%) « Chronic Exposure O(#); 0(%)
Resources « Until you know how it will be used and how it may/may not get into the environment to |+ MWCNT Processing Methods « Sediment 2(#); 6(%) « ol Porosity 2(4); 6(%) « Biomagnification 2(#); 6(%) « Exposure Route O(#); 0(%)

impact other resources, really can't make any input on this.
« Little to no data

4(#); 13(%)

« MWCNT Purity 4(#); 13(%)

* MWCNT Synthesis Methods
3(#); 10(%)

« Personal Protective Equipment
0(#); 0(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

* Aggregation/Agglomeration State 1(#);
3(%)

* Applied Coatings 2(#); 6(%)
 Biodegradability 2(#); 6(%)

« Catalytic Activity 1(#); 3(%)

* Charge 1(#); 3(%)

« Conductive or Magnetic Properties
1(#); 3(%)

« Crystalline Phase 1(#); 3(%)

« Lipophilicity 1(#); 3(%)

* Matrix Bound vs. Free 2(#); 6(%)

« Morphology (e.g. aspect ratio, length,
width, shape) 2(#); 6(%)

« Persistence 2(#); 6(%)

* Redox Potential 1(#); 3(%)

« Size/Size Distribution 2(#); 6(%)

« Specific Surface Area 2(#); 6(%)

« Structural Formula/Molecular
Structure 2(4); 6(%)

« surface Chemistry 2(#); 6(%)

* Water Solubility/Dispersibility 2(#);
6(%)

« Other O(#); 0(%)

« Soecify other 0(#); 0(%)

« Soil 2(#); 6(%)

« Surface Water 2(#); 6(%)
« Wastewater 2(4); 6(%)

« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

« Soil/Sediment Fractionation
2#); 6(%)

« Temperature 1(#); 3(%)

* Wind 1(#); 3(%)

« Other 0#); 0(%)

 Specify other 0(#); 0(%)

* Dissolved Oxygen Content 0(#);
0(%)

« Exposure to Sunlight 0(#); 0(%)

* Heavy Metals in Environment 1(#);
3(%)

« lonic Strength in Environment
0(#); 0(%)

« Ligand Concentrations in

(#); 0(%)
« Natural Organic Matter (NOM)
0(#); 0(%)
« Other Contaminants in
Environment 1(#); 3(%)
* pH O(#); 0(%)
« Protein Concentration in
Environment 0(#); 0(%)
« salinity O(#); 0(%)
« Surfactant (in Lab) 1(#); 3(%)
« Other 0(#); 0(%)
* Specify other 0(#); 0(%)

* Microbial Communities in
Environment 2(¢); 6(%)

« Organism Health 1(#); 3(%)

« Species/Individual
Developmental Behavior 1(#); 3(%)
« Species/Individual Feeding
Behavior 1(#); 3(%)

« Geographic Location (i.e. rural vs.
urban) 3(#); 10(%)

* Habitat Structure 2(#); 6(%)

« Human Activity 2(#); 6(%)

« Individual Activity Level 1(#); 3(%)
« Life Stage O(#); 0(%)

« Occupation 0(#); 0(%)

Behavior 1(#); 3(%)
« Other 0(#); 0(%)
« Specify other O(#); 0(%)

« subchronic Exp
« Susceptible
Populations/Individuals 0(#); 0(%)
« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

(#); 0(%)
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Appendix E: Results from Round 2

Contents:

1. Group Results: Element Importance Stacked Bar Chart

2. Group Results: Importance/Confidence Matrix of Element-Risk Relevance
Factor (E-RRF) Pairs

3. Group-Wide CEA Level-Specific Bar Charts

4, Group Results: Table (with Influential Factors)
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1. Group Results: Element Importance Stacked Bar Chart
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2. Group Results: Importance/Confidence Matrix of Element-Risk
Relevance Factor (E-RRF) Pairs
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* Exposure Route-Human: Occupational-Inhalation, I:

100%; C: 39%
* Impacts-Aquatic Biota-Survival, I: 36%; C: 25%

Group Results: Importance/Confidence Matrix of Element-Risk Relevance Factor (RRF) Pairs - All Participants

*1: %; C: % represents the percentage of total respondents who chose the cell's Importance and Confidence responses, respectively, for the listed Element-Risk Relevance Factor.
¢ Product Life Cycle-Material Processing-Volume, |: 46%;

* Product Life Cycle Material Synthesis Volume, I: 57%; C:
25%

« Product Life Cyc e Mater a Synthes s Re ease Rate, I:
61%; C: 36%

« Product Life Cyc e Mater a Process ng-Re ease Rate, I:
29%; C: 25%

« Product L fe Cycle Product Manufactur ng Vo ume, I:
71%; C: 36%

« Product L fe Cycle Product Manufactur ng Re ease Rate, I:
68%; C: 39%

 Product Life Cycle Use Volume, I: 61%; C: 36%

* Product Life Cycle Use Release Rate, I: 64%; C: 57%

« Product L fe Cycle D sposa /Recycl ng Vo ume, I: 46%; C:
25%

 Product L fe Cycle D sposa /Recycl ng Re ease Rate, I:
46%; C: 36%

* Env. TT&F Air Mobility, I: 82%; 1%

* Env. TT&F Air Persistence, I: 54%; C: 57%

* Env. TT&F Air Bioavailability, I: 64%; C: 64%

« Env. TT&F Wastewater Mobility, I: 64%; C: 36%

* Env. TT&F Wastewater Persistence, 1%; C: 36%

« Env. TT&F Wastewater Bioavailability, I: 39%; C: 50%

* Env. TT&F Sediment Mobility, I: 18%; C: 21%

* Env. TT&F Sediment Persistence, I: 36%; C: 21%

* Env. TT&F Sediment Bioavailability, I: 39%; C:

* Env. TT&F Soil Mobility, I: 14%; C: 21%

* Env. TT&F Soil Persistence, I: 32%; C: 18%

* Env. TT&F Soil Bioavailability, I: 36%; C: 25%

* Exposure Route Human: Consumer Ingestion, I: 39%; C:
43%

* Exposure Route Human: Consumer Inha at on, I: 46%; C:
36%

 Dose (Kinetics)-Human Absorption, I: 79%; C: 64%

« Dose (Kinetics)-Human Distribution, I: 71%; C: 64%

* Dose (Kinetics)-Human Metabolism, I: 43%; C: 68%

« Dose (Kinetics)-Human Excretion, I: 57%; C: 64%

 Dose (Kinetics)-Aquatic Biota Absorption, 3%; C: 21%
« Dose (Kinetics)-Aquatic Biota Distribution, I: 43%; C: 32%
« Dose (Kinetics)-Aquatic Biota Excretion, I: 32%; C: 29%
« Impacts Human Cancer, I: 82%; C: 50%

* Impacts Human Non cancer, |: 64%; C: 39%

« Impacts Aquatic Biota Developmental, I: 36%; C: 32%

* Impacts Aquat c B ota Reproduct ve, I: 32%; C: 32%

« Impacts Aquat c B ota Other Sub etha Endpo nts, I: 21%;

C:36%

* Exposure Route-Human: Occupational-Ingestion, I:  Impacts-Human-Reproductive/ Developmental, I: 50%; C: 79%

43%; C: 54%

Possibly
Important
* Exposure Route-Human: Occupational-Dermal, I: 43%; |e Exposure Route-Human: Consumer-Dermal, I: 29%; C: 46%
C:43%  Dose (Kinetics)-Aquatic Biota-Metabolism, I: 25%; C: 36%
Least
Important

Confident Somewhat Confident Not Confident
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3. Group-Wide CEA Level-Specific Bar Charts
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4. Group Results: Table (with Influential Factors)

Please refer to Figure 8 in the Summary Report for an overview and explanation of the
color-coding of the rows in this table. For example, red rows indicate that the row’s
Element-Risk Relevance Factor (E-RRF) pair is grouped in the “Important” and “Not
Confident” bin of the Importance/Confidence Matrix of E-RRF pairs.
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* Represents the number and percentage of participants who ranked the row's Element-Risk Relevance Factor (E-RRF) Pair with the corresponding column's selection.

1D[ Element-RRF Pair Element Importance RRF Importance RRF Confidence Why Influential Factors
1 u 0 c Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
1[Raw Materials- 8(); 2906)* | 8(1); 29(%) | 12(4);430%) | 8(#); 29(%) [ O(k); 0(%) | 0(#);006) | 5(#); 18(%) | 1) 4(%) | 2(#);7(%) [« essential for exposure analysis « Analytical Techniques 1(#); 4(%) |+ Adsorption/Desorption Ability 1(#); | Air 2(#); 7(%) « Flow Regime 2(#); 7(%) « Conductivity 2(#); 7(%) « ADME 1(#); 4(%) « Acute Exposure 2(#); 7(%)
Volume « Need to be able to identify impurities including amounts « Control Technologies 2(#); 7(%) [4(%) « Groundwater 2(#); 7(%) | Light Availability 0(#); 0(%) « Dispersing Agents 2(#); 7(%) « Bioaccumulation 2(#); 7(%) « Chronic Exposure 2(4); 7(%)
« proportional to exposure « MWCNT Processing Methods |+ Aggregation/Agglomeration State 2(#); Sediment 2(#); 7(%) « soil Porosity 1(#); 4(%) « Dissolved Oxygen Content 1(#); [+ Biomagnification 1(#); 4(%) « Exposure Route 2(#); 7(%)
« Lack of published data on quantities manufactured or imported. 2(1); 7(%) 7(%) « soil 2(4); 7(%) « Soil/Sediment Fractionation  [4(%) * Microbial Communities in « Geographic Location (i.e. rural vs
« Uses of MWCNT not at all well defined. « MWCNT Purity 2(#); 7(%) « Applied Coatings 2(#); 7(%) « surface Water 2(4); 7(%6) | 1(4); 4(%) « Exposure to Sunlight 1(#); 4(%)  [Environment 0(#); 0(%) urban) 1(#); 4(%)
« need to completely characterize raw material to know what s being released « MWCNT Synthesis Methods | Biodegradability 2(#); 7(%) « Wastewater 2(#); 7(%) « Temperature 1(#); 4(%) « Heavy Metals in Environment 1(#); |+ Organism Health 2(#); 7(%) « Habitat Structure 1(#); 4(%)
2(1); 7(%) « Catalytic Activity 2(4); 7(%) « Other O#); 0(%) « Wind 1(#); 4(%) « Species/Individual « Human Activity 2(#); 7(%)
« Personal Protective Equipment |+ Charge 2(4); 7(%) « Specify other 0(#); 00%) |« Other 0(#); 0(%) « lonic Strength in Environment [ Developmental Behavior 1(#); 4(%) | * Individual Activity Level 2(#); 7(%)
2(#); 70%) * Conductive or Magnetic Properties * Specify other 0(#); 0(%) 0(#); 0(%) * Species/Individual Feeding « Life Stage 1(#); 4(%)
« Other 1(#); 4(%) 1); 4(%) « Ligand Concentrations in Behavior 1(#); 4(%) « Occupation 2(4); 7(%)
« Specify other 0(#); 0(%) « Crystalline Phase 1(4); 4(%) Environment O(#); 0(%) « Species/Individual Reproductive |+ Subchronic Exposure 2(#); 7(%)
« Lipophilicity 2(#); 7(%) « Natural Organic Matter (NOM)  [Behavior 1(#); 4(%) « Susceptible
« Matrix Bound vs. Free 2(#); 7(%) o(#); 00%) « Other 0(#); 0(%) Populations/Individuals 2(#); 7(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) « Other O(#); 0(%)
width, shape) 2(#); 7(%) Environment 1(#); 4(%) « Specify other 0(#); 0(%)
« Persistence 2(#); 7(%) « pH 2(#); 7(%)
* Redox Potential 2(#); 7(%) « Protein Concentration in
« Size/Size Distribution 2(#); 7(%) Environment O(#); 0(%)
« specific Surface Area 2(#); 7(%) « Salinity O(#); 0(%)
« Structural Formula/Molecular « surfactant (in Lab) 2(4); 7(%)
tructure 2(#); 7(%) * Other 0(#); 0(%)
« surface Chemistry 2(#); 7(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 2(#);
7(%)
« Other 1(#); 4(%)
« Soecify other 0(#); 0(%)
2 [Raw Materials- 8(4); 290%) | 8(#); 290%) | 12(#);43(%6) | 4(); 140%) | 300; 1105%) | 14 4(%) | 34 1109) | 2(#); 7(%) | 3(#); 11(%) | essential for exposure analysis « Analytical Techniques 2(#); 7(%) « Air 1(4); 4(%6) « Flow Regime 1(#); 4(%) « Conductivity 1(#); 4(%) « ADME 0(#); 0(%) « Acute Exposure 1(#); 4(%)

Release Rate

 proportional to exposure

« Due to increase in permitting and safety requirements for just about any product these days,
highly unlikely that release of the material wil be allowed at al.

« Lack of published data on quantities manufactured or imported.

« lack of release data

« Control Technologies 1(#); 4(%)
« MWCNT Processing Methods
1(#); 4(%)

* MWCNT Purity 2(#); 7(%)

* MWCNT Synthesis Methods
2(#); 7(%)

« Personal Protective Equipment
1(#); 4(%)

« Other 1(#); 4(%)

« Specify other 0(#); 0(%)

* Adsorption/Desorption Ability O(#);
0(%)

« Ageregation/Agelomeration State 2(#);
7(%)

« Applied Coatings 1(#); 4(%)

* Biodegradability 1(#); 4(%)

« Catalytic Activity 2(#); 7(%)

* Charge 1(#); 4(%)

« Conductive or Magnetic Properties
o(4); 00%)

« Crystalline Phase 1(#); 4(%)

« Lipophilicity 1(#); 4(%)

* Matrix Bound vs. Free 2(#); 7(%)

« Morphology (e.g. aspect ratio, length,

width, shape) 1(#); 4(%)

« Persistence 1(#); 4(%)

* Redox Potential 1(#); 4(%)

« Size/Size Distribution 1(#); 4(%)

« Specific Surface Area 1(#); 4(%)

« Structural Formula/Molecular
Structure 1(#); 4(%)

« surface Chemistry 1(#); 4(%)

* Water Solubility/Dispersibility 2(#);

7(%)
« Other 1(#); 4(%)
= Soecify other 0(#): 0(%)

« Groundwater 1(4); 4(%)
« Sediment 1(#); 4(%)

* soil 1(#); 4(%)

« Surface Water 1(#); 4(%)
« Wastewater 1(4); 4(%)

« Other 0#); 0(%)
 Specify other 0(#); 0(%)

« Light Availability O(#); 0(%)
« Soil Porosity 1(#); 4(%)

« Soil/Sediment Fractionation
1(#); 4(%)

« Temperature 0(#); 0(%)

* Wind 1(#); 4(%)

« Other 0#); 0(%)

* Specify other 0(#); 0(%)

« Dispersing Agents 1(#); 4(%)
« Dissolved Oxygen Content O(#);
)

« Exposure to Sunlight 1(#); 4(%)
* Heavy Metals in Environment 1(#);

« lonic Strength in Environment
0(#); 0(%)

« Ligand Concentrations in
Environment 0(#); 0(%)

« Natural Organic Matter (NOM)
0(#); 0(%)

« Other Contaminants in
Environment 1(#); 4(%)

« pH 1(#); 4(%)

« Protein Concentration in
Environment 0(#); 0(%)

« salinity O(#); 0(%)

« Surfactant (in Lab) 1(#); 4(%)
« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

« Bioaccumulation 1(4); 4(%)

« Biomagnification 0(#); 0(%)

* Microbial Communities in
Environment 0(#); 0(%)

« Organism Health 1(#); 4(%)

« Species/Individual
Developmental Behavior 1(#); 4(%)
« Species/Individual Feeding
Behavior 1(#); 4(%)

« Species/Individual Reproductive
Behavior 1(#); 4(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

* Chronic Exposure 1(#); 4(%)

* Exposure Route 1(#); 4(%)

« Geographic Location (i.e. rural vs.
urban) 0(#); 0(%)

* Habitat Structure O(#); 0(%)

« Human Activity 1(#); 4(%)

« Individual Activity Level 1(#); 4(%)
« Life Stage 1(#); 4(%)

« Occupation 1(#); 4(%)

* Subchronic Exposure 1(#); 4(%)

« Susceptible
Populations/Individuals 1(#); 4(%)
« Other 0(#); 0(%)

* Specify other 0(#); 0(%)




1D Element-RRF Pair Element Importance RRF Importance RRF Confidence Why Influential Factors.
Pl u ] u c sc NC Methods Techniques ENM C Media Physical Conditions Chemical Conditions Biological Conditions Social Conditions
3 | Material Synthesis- | 19(#); 68(%) | 5(#); 18(%) | 4(#); 14(%) | 16(#); 57(%) | 3(#); 12(%) [ O(#); 0(%) [ 7(#); 25(%) | 5(#); 18(%) | 7(#); 25(%) | essential for exposure analysis * Analytical Techniques 6(#); « Adsorption/Desorption Ability 4(#); [« Air 8(#); 29(%) « Flow Regime 3(#); 11(%) « Conductivity 3(#); 11(%) « ADME 3(#); 11(%) « Acute Exposure 8(#); 29(%)
Volume « First Principles 21(%) 14(%) « Groundwater 2(#); 7(%) « Light Availability 0(#); 0(%) « Dispersing Agents 8(#); 29(%) « Bioaccumulation 5(#); 18(%) « Chronic Exposure 8(#); 29(%)
« Need to estimate exposures. * Control 8(#); 29(%) |+ State 8(#); |+ Sediment 2(#); 7(%) « Soil Porosity 1(#); 4(%) « Dissolved Oxygen Content 1(#); | Biomagnification 4(#); 14(%) | Exposure Route 7(#); 25(%)
« proportional to exposure * MWCNT Processing Methods  (29(%) « Soil 3(#); 11(%) « Soil/Sediment Fractionation |4(%) * Microbial Communities in « Geographic Location (i.e. rural vs.

4 Matera Synthes s

Material Processing
Volume

19(#) 68(%)

16(#); 57(%)

5(#) 18(%)

11(#); 39(%)

4(#) 14(%)

1(#); 4(%)

17(#) 61(%)

13(#); 46(%)

1(#) 4(%

1(#); 4(%)

1(#) 4(%)

2(#); 7(%)

4(#) 14(%

7(#); 25(%)

5(#) 18(%

3(#); 11(%)

« Lack of published data on quantities manufactured or imported.

* Manufacturers rarely reveal this information yet this information informs modeling about
potential concentrations in the environment

« Proportion of MWCNT made during synthesis is unclear. Contamination level can vary
between samples.

« Uses of MWCNT not at all well defined. Further, how to incorporate them into various
products varies greatly.

« estimates can be made from manufacturer data if made available

* The volume of production influences the potential for exposure and therefore is important
information to have. Volume production information is in existance but due to the lack of
reporting schemes, may be an underestimation.

« This is no relevent volume data available yet. The concern would be for risks of high
volumes of MWNTS (and byproducts) being produced, which has yet to occur on significant
scale.

« The rates have not been established

« Market predictions for the size of the MWCNT market vary by orders of magnitude and will
likely change further as we get more familiar with the technology. Ultimate volume s hard to
estimate at present. (Note: Itis the product of volume and release rate that is most
important, neither is more important than the other o tells a full risk story without the other. )
« Data from small scale R&D facilities only

6(%) * essentia for exposure anays s

6(#); 21(%)

FrstPrncpes
« proportiona to exposure

« Hard to estimate for fu_sca e production fac ties

« ackof pub shed data on quantities manufactured or mported

*Ltte nformation sava ab e about ths step for d fferent synthes s approaches
« potentia for release unknown

* Release rate (and partic e character stics) s very mportant n estimating potentia for
exposure of production workers yet a most no nformation exists espec a y n mass production
fac ties greatestcha enges are nmon tor ng techn ques

* Release evels can be approximated fa r y wel

*Wh e existing ndustra processesw  kely be adequate to conta n hazards assoc ated w th
mater a release dur ng MWNT synthes s at h gh vo umes the r sk wou d ncrease and new
methods such as h gh vo ume HEPA f ter ng may need to be emp oyed f the r sk of MWNTs
and byproducts released dur ng MWNT synthes s s s gn f cant.

«Due to ncrease n permitt ng and safety requ rements for ust about any product these days
hghyun kely that relea:
« ack of release data

ofthematera w bea owed ata

*The mited resu ts from abs nd cate a prob em however production fac ties shou d be
tighter

* Release rates n commerca fac tiesw probaby be more contro ed than n other
downstream stages Wh e not tota y conf dent, am somewhat conf dence that we can udge
ths because th's s an has a ready been stud ed by many experts n var ous settings Know ng
the release rate s mportant for r sk but my e doa
reasonab e ob of keep ng th s under contro

« Data from sma sca e R&D fac ties ony

ectation s that manufacturers w

« essential for exposure analysis
« First Principles

« proportional to exposure
« If the volumes of strong acids, etc. that may be required for MWNT processing (purification,
functionalization) are significant then it may pose a risk to the environment in terms of energy
used and waste generated. Specific processes that will be required did not seem to be well
known in the information provided.

« Uses of MWCNT not well known which would drive volume. Could be large amounts, could
be niche small amounts.

« very little data available; processes are not mature

« exposure-relevant

« Important to know how many workers might be potentially exposed

« Many questions about purifcation used in comercially available materials

« Im confident that we dont know the volumes but that is not a big concern we assume
Volume will grow to a significant level to plan for the future, 50 again low priority at this point.
Since this is a new material it will need to go through the PMN process

« This should be fairly easy to track

« No good studies

9(#); 32(%)

* MWCNT Purity 8(#); 29(%)

* MWCNT Synthesis Methods
10(#); 36(%)

« Personal Protective Equipment
6(4); 21(%)

« Other 1(#); 4(%)

« Specify other O(#); 0(%)

« Ana ytica Techn ques 10(#)
36(%)
« Contro Techno og es 10(#)

+ MWCNT Process ng Methods
7(#) 25(

« MWCNT Purty 7(#) 25(%)
 MWCNT Synthes s Methods
10(#) 36(%)

« Persona Protective Equ pment
8(#) 29(%,

« Other 2(#) 7(%)

« Spec fy other 0(#) Of

I Techniques 5(H);

* Control 7(#); 25(%)

* Applied Coatings 7(#); 25(%)

« Biodegradability 2(#); 7(%)

* Catalytic Activity 4(#); 14(%)

* Charge 6(#); 21(%)

« Conductive or Magnetic Properties
2(#); 7(%)

« Crystalline Phase 2(4); 7(%)

« Lipophilicity 3(#); 11(%)

* Matrix Bound vs. Free 7(#); 25(%)
« Morphology (e.g. aspect ratio, length,
width, shape) 6(#); 21(%)

« Persistence 2(#); 7(%)

* Redox Potential 4(#); 14(%)

« Size/Size Distribution 7(#); 25(%)

« Specific Surface Area 6(#); 21(%)

« Structural Formula/Molecular
Structure 4(#); 14(%)

« Surface Chemistry 5(#); 18(%)

* Water Solubility/Dispersibility 6(¢);
21(%)

* Other 1(#); 4(%)

« Soecify other 0(#): 0(%)

« Adsorption/Desorption Ab. ty 5(#)
18(%)

« Aggregation/Agg omeration State
11(#) 39(%)
« App ed Coatings 7(#) 25(%)
« Bodegradab ty 2(#) 7(%)
Cata ytic Activ ty 4(#) 14(%)
arge 5(#) 18(%)
Conductive or Magnetic Properties
1) 4(%)
«Crysta ne Phase 2(4) 7(%)
«Lpoph cty5(#) 18(%)
«Matrx Bound vs Free 10(#) 36(%
* Morpho ogy (e.g aspectratio ength
wth shape) 8(#) 29(%)
« Pers stence 5(#) 18
* Redox Potentia 3(#) 11(%)
2e/5 7 D str bution 8(#) 29(%)
ec f ¢ Surface Area 8(#) 29

pec fy other O(#) 0(%)

« Adsorption/Desorption Ability 4(#);
14(%)

+ MWCNT Processing Methods
6(#); 21(%)

* MWCNT Purity 5(#); 18(%)

« MWCNT Synthesis Methods
5(#); 18(%)

« Personal Protective Equipment
5(#); 18(%)

« Other 1(#); 4(%)

« Specify other 0(#); 0(%)

. State 5(#);
18(%)

« Applied Coatings 5(t); 18(%)

« Biodegradability 2(#); 7(%)

« Catalytic Activity 4(#); 14(%)

« Charge 5(#); 18(%)

« Conductive or Magnetic Properties
2(#); 7(%)

* Crystalline Phase 1(#); 4(%)

« Lipophilicity 3(#); 11(%)

* Matrix Bound vs. Free 5(#); 18(%)

« Morphology (e.g. aspect ratio, length,
width, shape) 6(%); 21(%)

« Persistence 3(#); 11(%)

* Redox Potential 3(#); 11(%)

« Size/Size Distribution 5(#); 18(%)
 Specific Surface Area 6(#); 21(%)

« Structural Formula/Molecular
Structure 4(#); 14(%)

« Surface Chemistry 6(#); 21(%)

« Water Solubility/Dispersibility 6(¢);
21(%)

« Other 1(#); 4(%)

« Soecifv other 0#); 0(%)

« Surface Water 1(#); 4(%)
* Wastewater 6(#); 21(%)
* Other 0O(#); 0(%)

« Specify other 0(#); 0(%)

© Ar8(#) 29(%)

* Groundwater 3(#) 113
« Sed ment 3(#) 11(%)
*So 5(#) 18(%)

« Surface Water 2(#) 7(%

« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

* Air 5(#); 18(%)

* Groundwater 3(#); 11(%)
« Sediment 2(#); 7(%)
* Soil 3(#); 11(%)

« Surface Water 2(4); 7(%)
* Wastewater 5(#); 18(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

1(#); 4(%)

« Temperature 1(#); 4(%)
* Wind 1(#); 4(%)

* Other 0O(#); 0(%)

« Specify other 0(#); 0(%)

« F ow Regime 4() 14(%)
«LghtAva ab ty 0(#) O(%)
S0 Porosty 3(#) 11(%

« 50 /Sed ment Fractionation
2#) 7(%)

« Temperature 1() 4(%)
«Wnd 2(#) 7(%)

« Other 0(#) 0(%

« Spec fy other 0(#) 0

= Flow Regime 2(#); 7(%)

« Light Availabilty O(#); 0(%)
= Soil Porosity 2(#); 7(%)
« Soil/Sediment Fractionation
2(#); 7(%)

« Temperature 1(4); 4(%)

« Wind 2(#); 7(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

* Exposure to Sunlight 2(#); 7(%)

* Heavy Metals in Environment 1(#);
4(%)

« lonic Strength in Environment
2); 7(%)

« Ligand Concentrations in

* Natural Organic Matter (NOM)
2#); 7(%)

« Other Contaminants in
Environment 2(#); 7(%)

* pH 2(#); 7(%)

« Protein Concentration in
Environment 1(#); 4(%)

« Salinity 1(#); 4(%)

« Surfactant (in Lab) 6(#); 21(%)
« Other O(#); 0(%)

* Specify other 0(#); 0(%)

« Conductiv ty 2(#) 7(%)

* D spers ng Agents 7(#) 25(%)
« D 550 ved Oxygen Content 0()
0(%)

« Exposure to Sun ght 2(#) 7(%)
« Heavy Metas n Env ronment 2(#)
7%

« oncStrength n Env ronment
1(#) 4(%)

« Lgand Concentrations n

Env ronment O(#) 0(%

« Natura Organ ¢ Matter (NOM)

« pH 2(#) 7(%)

« Protein Concentration n

Env ronment 1(#) 4(%)

*Sa nty 2(#) 7(%)

« Surfactant (in Lab) 4(#) 14(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Conductivity 2(#); 7(%)

« Dispersing Agents 6(¢); 21(%)
« Dissolved Oxygen Content 1();
4(%)

« Exposure to Sunlight 1(4); 4(%)
« Heavy Metals in Environment 3(#);
11(%)

« lonic Strength in Environment
1(#); 4(%)

« Ligand Concentrations in
Environment 0(#); 0(%)

« Natural Organic Matter (NOM)
1(#); 4(%)

« Other Contaminants in
Environment 4(#); 14(%)

* pH 4(#); 14(%)

« Protein Concentration in
Environment 1(#); 4(%)

« Salinity 1(#); 4(%)

« Surfactant (in Lab) 6(#); 21(%)

« Other O(#); 0(%)

« Specify other 0(); 0(%)

Environment O(#); 0(%)

* Organism Health 2(#); 7(%)

« Species/Individual
Developmental Behavior 1(#); 4(%)
« Species/Individual Feeding
Behavior 2(#); 7(%)

« Species/Individual Reproductive
Behavior 1(#); 4(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

* ADME 3(#) 11(%)

* B oaccumu ation 5(#) 18(%)

« B omagn f cation 4(#) 14(%)
*Mcroba Commun ties n

Env ronment 2(#) 7(%)

+ Organ sm Hea th 2(#) 7(%)

« Speces/ nd v dua
Developmenta Behav or 1(#) 4(%)
« Spec es/ nd v dua Feed ng
Behav or 2(#) 7(%)

« Speces/ nd v dua Reproductive
Behav or 1(#) 4(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%

 ADME 1(#); 4(%)

* Bioaccumulation 5(#); 18(%)
magnification 2(#); 7(%)
obial Communities in
Environment 0(#); 0(%)

* Organism Health 2(#); 7(%)
* Species/Individual
Developmental Behavior 1(#); 4(%)
« Species/Individual Feeding
Behavior 2(#); 7(%)

« Species/Individual Reproductive
Behavior 2(#); 7(%)

* Other 0(#); 0(%)

« Specify other 0(#); 0(%)

urban) 2(4); 7(%)

* Habitat Structure 1(#); 4(%)

* Human Activity 5(#); 18(%)

« Individual Activity Level 6(#);
(%)

« Life Stage 1(#); 4(%)

* Occupation 6(#); 21(%)

* Subchronic Exposure 5(#); 18(%)
« Susceptible
Populations/Individuals 4(#); 14(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

« Acute Exposure 9(#) 32(%)
« Chron ¢ Exposure 9(#) 32(

« Exposure Route 7(#) 25(%)

« Geograph c Location (i.e. rura
urban) 1(#) 4(%)

« Hab tat Structure 0(#) 0(%)

« Human Activ ty 6(#) 21(%)

« ndvdua Activ ty Level 7(#)
25(%)

« Lfe Stage 1(#) 4(%

+ Occupation 7(#) 25(%)

« Subchron ¢ Exposure 6(#) 21
« Susceptib e

Popu ations/ nd v dua s 3(#) 11
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%

« Acute Exposure 5(#); 18(%)

* Chronic Exposure 5(#); 18(%)
« Exposure Route 4(#); 14(%)
« Geographic Location (i.e. rural vs.
urban) 3(#); 11(%)

« Habitat Structure 1(#); 4(%)

« Human Activity 3(#); 11(%)

« Individual Activity Level 3(#);
11(%)

« Life Stage 2(#); 7(%)

« Occupation 2(#); 7(%)

« subchronic Exposure 4(#); 14(%)
« Susceptible
Populations/Individuals 4(#); 14(%)
« Other O(#); 0(%)

« Specify other 0(); 0(%)




H ement AR Flementimporianee rtmeoranee R Conience _

[ [ u | ¢ [ sc [ w~w | |  MethodsTechmiues [ ENM Characteristics | _SurroundingMedia | Physical Conditions | ___Chemical Conditions [ ___Biological Conditions ]|

6 Matera Process ng 16(«) 57(%) 11(») 39(%) 1(«) (%) (») 29(%) 7(~) 2506)  1(#) 40%)  4(%) 14(%) S(¥) 18(%) 7(%) 15(%) rStPrncp es Adsorption/Desorption Ab.ty 3(#) (i ADME 0(#) 0(%) Acute Exposure 4(#) 14(%)

Release Rate « proportiona to exposure 21%) 11(%) « Groundwater 2(#) 7(%)  *LghtAva ab ty O(#) 0(%) « D spers ng Agents 4(#) 14(%) « Boaccumu ation 3(#) 11(%) Chron ¢ Exposure 4(#) 14(%)
«Here am ntesested n the release to the env ronment. ~ th nk worker exposure s « Contro Techno og es 5(#) 18(%)  Aggregation/Agg omeration State 5(#) » Sed ment 2(#) 7(%) 50 Porosty 2(#) 7(%) « D550 ved Oxygen Content 0(#)  + B omagn f cation 0(#) 0(%) « Exposure Route 3(#) 11(%)
understood and can be mon tored w th N OSH protoco to 7 ug/m3 « MWCNT Process ng Methods  18(%) O R) « 50 /Sed ment Fractionation  0(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
« ackof pub shed data on quantities manufactured or mported 6(#) 21(%) « App ed Coatings 4(t) 14(%) « Surface Water 3() 11(%)  2(#) 7(%) « Exposure to Sun ght 1(#) 4(%)  Env ronment 0(#) 0(%) urban) 0(#) 0(%)

« Release rate (and partic e character stics) s very mportant n estimating potentia for « MWCNT Purty 3(#) 11(%) «Bodegradab ty 1(#) 4(%) « Wastewater 4(#) 14(%)  « Temperature 0(#) 0(%) « Heavy Meta s n Env ronment 2(#) » Organ sm Hea th 1(#) 4(%) « Hab tat Structure 0(#) 0(%)
exposure of production workers yet a most no nformation exists espec a y n mass « MWCNT Synthes s Methods = Cata ytic Activ ty 2(#) 7(%) « Other 0(#) 0(%) «Wnd 2() 7(%) %) « Speces/ nd v dua « Human Activ ty 2(#) 7(%)
production/ process ng fac ties  greatest cha enges are n mon tor ng techn ques 2(#) 7(%) « Charge 3(#) 11(%) « Specfy other 0(#) (%)  « Other 0(#) 0(%) « oncstrength n Envronment  Developmenta Behav or 1(#) 4(%)  nd v dua Activ ty Level 2(#) 7(%)
« Contro of dust not known exposures expected to be greatest at th s stage « Persona Protective Equ pment  + Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 1) 4(%) « Speces/ ndv dua Feed ng « Lfe Stage 1() 4(%)
« Due to ncrease n permitt ng and safety requ rements for ust about any product these days ~ 4(#) 14(%) 1(#) 4(%) « Lgand Concentrations n Behav or 2(#) 7(%) « Occupation 2(#) 7(%)
hghyun kely that release of the matera w bea owed ata « Other 1(#) 4(%) «Crysta ne Phase 1(4) 4(%) Env ronment 0(#) 0(%) « Speces/ ndv dua Reproductive » Subchron c Exposure 3(#) 11(%)
« ack of release data « Spec fy other 0(#) 0(%) «Lpoph cty2(#) 7(%) « Natura Organ ¢ Matter (NOM)  Behav or 1(#) 4(%) « Susceptib e
« Methods and mechan sms exist for hand ng of standard chem ca s such as oxid z ng ac ds «MatrxBound vs Free 5(#) 18(%) 1(#) a%) « Other 0(#) 0(%) Popu ations/ nd v duas 1(#) 4(%)
and release rates shou d be ab e to be min mized « Morpho ogy (e.g aspectratio_ength « Other Contaminants n « Spec fy other 0(#) 0(%) « Other 0(#) 0(%)
« Same questions exh stas nvoume but kely contr bution may be better contro ed wdth shape) 5(#) 18(%) Env ronment 2(#) 7(%) « Spec fy other 0(#) 0(%)
* No good stud es * Pers stence 4(#) 14(%) * pH2(#) 7(%)

« Redox Potentia 1(#) 4(%) « Protein Concentration n

« 5 2e/5 ze D str bution 5(#) 18(%) Env ronment 0(#) 0(%)

« Spec f c Surface Area 5(#) 18(%) «sa nty1(#)

« Structura Formu a/Mo ecu ar « surfactant (in Lab) 3(#) 11(%)

Structure 2(#) 7(%) * Other 0(#) 0(%)

* Surface Chem stry 5(#) 18(%) « Spec fy other 0(#) 0(%)

* WaterSo ub ty/Dspersb ty 6(#)

21(%)

* Other 1(#) 4(%)

« Soec fv other 0(#) 0(%)

7 Product 23(#) 82(%) A(H) 14(%)  1(#) 4(%)  20(#) 7U%)  2(#) 7(6) 1) 40%)  T(#) 25(%) 6(H) 21(%) 10(#) 36(%) *FrstPrncpes + Ana ytica Techn ques 7(#) « Adsorption/Desorption Ab ty 8(#)  « Ar11(#) 39(%) « F ow Regime 4(#) 14(%) « Conductiv ty 3(#) 11(%) « ADME 5(#) 18(%) « Acute Exposure 9(#) 32(%)
Manufactur ng « proportiona to exposure 25(%) 29(%) « Groundwater 3(#) 11(%)  «LghtAva ab ty 1(#) 4(%) « D spers ng Agents 9(#) 32(%) « Boaccumu ation 8(#) 29(%) = Chron c Exposure 9(#) 32(%)
Vo ume « manufacturers shou d be ab e to eas y track production vo umes + Contro Techno og es 11(#) « Aggregation/Agg omeration State  » Sed ment 2(#) 7(%) 50 Porosty 3(#) 11(%) «Dssoved Oxygen Content 1(#)  » Bomagn f cation 3(#) 11(%) = Exposure Route 8(#) 29(%)

« Vo ume by any metrc svta n order to do any k nd of exposure assessment dur ng 39(%) 10(#) 36(%) 50 4(#) 14(%) «50 /Sed ment Fractionation  4(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
manufactur ng whc h aga n s a fundamenta part of r sk assessment « MWCNT Process ng Methods  + App ed Coatings 10(#) 36(%) « Surface Water 2(#) 7(%)  3(#) 11(%) « Exposure to Sun ght 2() 7(%)  Envronment 1(#) 4(%) urban) 3(#) 11(%)

« Lack of pub shed data on quantities manufactured or mported 12(#) 43(%) « Bodegradab ty 3(#) 11(%) « Wastewater 8(#) 29(%)  * Temperature 1(#) 4(%) « Heavy Metas n Env ronment 2(#) « Organ sm Hea th 2(#) 7(%) * Hab tat Structure 1(#) 4(%)

« Release scenar os appear to be min ma stud es no mention of the contaminates (i.e. meta  * MWCNT Pur ty 7(#) 25(%) « Cata ytic Activ ty 5(#) 18(%) « Other 0(#) 0(%) «Wnd 3(#) 11(%) () « Specees/ nd v dua « Human Activ ty 8(#) 29(%)
catayst) « MWCNT Synthes s Methods  » Charge 8(#) 29(%) « Spec fy other O#) 0(%)  * Other 0(#) 0(%) « oncStrength nEnvronment  Developmenta Behav or 1(#) 4(%) * nd v dua Activ ty Level 7(#)

« There s the potentia for matera release dur ng manufacture and n partiu ar dur ngthe  7(#) 25(%) « Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 3(#) 11(%) « Speces/ ndv dua Feed ng 25(%)
 ean ng processes and app cation of the f ame retardant to textiles The evel of release s+ Persona Protective Equ pment  4(#) 14(%) « Lgand Concentrations n Behav or 3(#) 11(%) * Lfe Stage 2(#) 7(%)

Kely to be reflected n the sca e of activ ties (as wel as n contro methods used) but there s 13(#) 46(%) «Crysta ne Phase 2(4) 7(%) Env ronment 0(#) 0(%) « Speces/ ndv dua Reproductive + Occupation 9(#) 32(%)

tte nformation on th s espec a y as the techno ogy for production s stil develop ng « Other 1(#) 4(%) «Lpoph ctys(#) 18(%) « Natura Organ c Matter (NOM)  Behav or 2(#) 7(%) « subchron ¢ Exposure 7(#) 25(%)
« Uses of MWCNT not wel known wh ch wou d dr ve vo ume Cou d be arge amounts coud  « Spec fy other 0(#) 0(%) « Matrx Bound vs Free 11(#) 39(%) 3(#) 11(%) « Other 0(#) 0(%) « Susceptib e

ben chesma amounts « Morpho ogy (e aspect ratioength « Other Contaminants n « Spec fy other 0(#) 0(%) Popu ations/ nd v dua s 6(#) 21(%)
« mportant but not crtica for EE wdth shape) 9(#) 32(%) Env ronment 2(#) 7(%) « Other 0(#) 0(%)

« measurement techn ques can estimate, but on y somewhat conf dent « Pers stence 7(#) 25(%) « pH 4(#) 14(%) « Spec fy other 0(#) 0(%)

« Need to know s ze of production number of manufacturers « Redox Potentia 4(#) 14(%) « Protein Concentration n

« 5 nce % by weight of CNTs are ow n these mixtures tota vo ume of retardants wou d be « 5 2e/5 ze D str bution 11(#) 39(%) Env ronment 1(#) 4(%)

necessary to understand potentia exposures « Spec fc Surface Area 9(#) 32(%) «sa nty2(#) 7

*Thsnumberw continue to grow so t s not worth try ng to co ect datanow ust assume t * Structura Formu a/Mo ecu ar « Surfactant (in Lab) 5(#) 18(%)
W ncrease to as gn f cant number can estimate from decaBDE textile use and wt% n textile Structure 5(#) 18(%) « Other 0(#) 0(%)
for worst case « Surface Chem stry 11(#) 39(%) * Spec fy other 0(#) 0(%)

« t snot c ear what vo umes of products and correspond ng evel of r sks n manufactur ng «WaterSoub ty/Dspersb ty 11(#)
W occur 39(%)

= App cation of mater a to fabr  w th spray systems w th potentia for over spray « Other 1(#) 4(%)

« Lack of centra zed reporting system « Spec fy other 0(#) 0(%)

8 Product 23(4) 82%) 4(#) 14(%)  1(#) 4(%) 19() 68(%) 3(+) 11(%)  1(4) 4(%) 7(#) 25(%) S5() 18(%) 11(#) 39(%) o essentia for exposure anays s + Anaytica Techn ques 10(#)  » Adsorption/Desorption Ab ty7(#) Ar9(#) 32(%) « F ow Regime 4(#) 14(%) « Conductiv ty 2(#) 7(%) « ADME 4(#) 14(%) « Acute Exposure 8(#) 29(%)
Manufactur ng FrstPrncpes 36(%) 25(%) « Groundwater 3(#) 11(%)  *LghtAva ab ty 2(#) 7(%) « D spers ng Agents 8(#) 29(%) « B oaccumu ation 6(#) 21(%) = Chron c Exposure 8(¢) 29(%)
Release Rate « One needs to know the release rate n order to assess the exposure potentia dur ng product  Contro Techno og es 11(#) « Aggregation/Agg omeration State 9(#) « Sed ment 3(#) 11(%) S0 Porosty 4(#) 14(%) « Dssoved Oxygen Content 0(#)  * B omagn f cation 2(#) 7(%) « Exposure Route 7(#) 25(%)

manufactur ng 39(%) 32(%) *So 5(#) 18(%) « S0 /Sed ment Fractionation  0(%) *Mcroba Commun ties n « Geograph c Location (i.e. rura vs
« proportiona to exposure « MWCNT Process ng Methods  » App ed Coatings 9(#) 32(%) « Surface Water 4(#) 14(%)  4(#) 14(%) « Exposure to Sun ght3(#) 11(%)  Env ronment 2(#) 7(%) urban) 1(#) 4(%)
« ack of pub shed data on quantities manufactured or mported 11(#) 39(%) « Bodegradab ty 2(#) 7(%) « Wastewater 9(#) 32(%)  + Temperature 1(#) 4(%) « Heavy Metas n Env ronment 3(#) « Organ sm Hea th 1(#) 4(%) « Hab tat Structure O(#) 0(%)
« mited data « MWCNT Purty 5(#) 18(%) « Cata ytic Activ ty 3(#) 11(%) « Other 0(#) 0(%) «Wnd 4(#) 14(%) 11(%) « Specees/ nd v dua « Human Activ ty 6(#) 21(%)
«Ltte nformation sava ab e about how products wou d be manufacturer and how d fferent - MWCNT Synthes s Methods  « Charge 6(#) 21(%) « Spec fy other O(#) 0(%)  * Other 0(#) 0(%) « oncStrength nEnvronment  Developmenta Behav or 2(#) 7(%) * ndvdua Activ ty Level 7(#)
processes mpact release rates 5(#) 18(%) « Conductive or Magnetic Properties « Spec fy other 0(#) 0(%) 4(#) 14(%) « Specees/ nd v dua Feed ng 25(%)
« There s the potentia for matera release dur ng manufacture and n partiu ar durngthe ~ « Persona Protective Equ pment  2(#) 7(%) « L gand Concentrations n Behav or 4(#) 14(%) « Lfe Stage 2(#) 7(%)
celan ng processes and app cation of the f ame retardant to textiles The evel of release s 11(#) 39(%) «Crysta ne Phase 2(#) 7(%) Env ronment 1(#) 4(%) « Specees/ nd v dua Reproductive + Occupation 8(#) 29(%)
Kely to be reflected n the sca e of activ tis (as wel as n contro methods used) but there s Other 1(#) 4(%) «Lpoph cty3(#) 11(%) « Natura Organ c Matter (NOM) ~ Behav or 1(#) 4(%) « subchron ¢ Exposure 6(#) 21(%)
tte nformation on ths espec a y as the techno ogy for production s stil develop ng « Spec fy other 0(#) 0(%) « Matrx Bound vs Free 12(#) 43(%) 4(#) 14(%) « Other 0(#) 0(%) « Susceptib e
* Genera methods of app cation of MWCNT formu ations are known and can be used to * Morpho ogy (e.g aspectratio ength * Other Contaminants n « Spec fy other 0(#) 0(%) Popu ations/ nd v dua s 4(#) 14(%)
nform potentia release rates wdth shape) 10(#) 36(%) Env ronment 4(#) 14(%) * Other 0(#) 0(%)
« mportant to estimate exposures « Pers stence 6(#) 21(%) « pH 4(#) 14(%) * Spec fy other 0(#) 0(%)
* 5 nce the retardants are most kely to be app ed wet t wou d be necessary to know the « Redox Potentia 2(#) 7(%) « Protein Concentration n
potentia for release and exposure « 5265 ze D str bution 11(#) 39(%) Env ronment 1(#) 4(%)
« Dueto ncrease n permitt ng and safety requ rements for ust about any product these days « Spec f ¢ Surface Area 10(#) 36(%) «5a nty4(#) 146
hghyun kely that release of the matera w bea owed ata * Structura Formu a/Mo ecu ar « Surfactant (in Lab) 4(#) 14(%)
*Coudpayaroe neary release, doesnt seem to matter n ater release stud es Structure 4(#) 14(%) « Other 0(#) 0(%)
« Needs to determined n actua cond tions « Surface Chem stry 9(#) 32(%) « Spec fy other 0(#) 0(%)
« ack of centra zed reporting system * WaterSoub ty/Dspersb ty 11(#)
« No good stud es

39(%)
« Other 1(#) 4(%)
« Spec fy other 0(#) 0(%)




1D[ Element-RRF Pair Element Importance RRF Importance RRF Confidence Why Influential Factors
Pl u Pl u c sc Ne Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
9 [Product storage, | 20#); 7(%) | 11(#); 39(%) | 15(); 540%) | 28 7(%) | ot 00%) | o) 006 | 28 7%) | o) 00%) | 0(#); 0(%) [« Need to estimate exposures « Analytical Techniques 0(#); 0(%) |+ Adsorption/Desorption Ability O(#); | Air O(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity 0(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure O(#); 0(%)
Transport-Volume « proportional to exposure « Control Technologies 0(#); 0(%) [0(%) « Groundwater O(#); 0(%) | Light Availability 0(#); 0(%) « Dispersing Agents 0(#); 0(%) « Bioaccumulation 0(#); 0(%) « Chronic Exposure O(#); 0(%)
« MWCNT Processing Methods |+ Aggregation/Agglomeration State 0(#); |  Sediment 0(#); 0(%) « soil Porosity 0(#); 0(%) « Dissolved Oxygen Content 0(#); [+ Biomagnification 0(#); 0(%) « Exposure Route 0(#); 0(%)
o(#); 0(%) 0(%) « 5oil 0(#); 0(%) « Soil/Sediment Fractionation  [0(%) * Microbial Communities in « Geographic Location (i.e. rural vs
« MWCNT Purity 0(#); 0(%) « Applied Coatings 0(#); 0(%) « Surface Water O(#); 0(%)  [0{#); 0(%) « Exposure to Sunlight 0(#); 0(%)  [Environment 0(#); 0(%) urban) O(#); 0(%)
 MWCNT Synthesis Methods [+ (#); 0(%) .  0(#); 0(%) . 0(#); 0(%) « Heavy Metals in Environment O(#); | « Organism Health 0(#); 0(%) « Habitat Structure 0(#); 0(%)
o(#); 0(%) « Catalytic Activity 0(#); 0(%) « Other 0(#); 0(%) « Wind 0(#); 0(%) 0(%) « Species/Individual « Human Activity 0(#); 0(%)
« Personal Protective Equipment |+ Charge O(#); 0(%) « Specify other O(#); 0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 0(#); 0(%)
o#); 0(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) o(#); 00%) « Species/Individual Feeding « Life Stage O(#); 0(%)
« Other 0(#); 0(%) o(#); 0(%) « Ligand Concentrations in Behavior O(#); 0(%) « Occupation O(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) (#); 0(%) . « Subchronic Exp (#); 0(%)
« Lipophilicity 0(#); 0(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free O(#); 0(%) o(#); 00%) « Other 0(#); 0(%) Populations/Individuals O(#); 0(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) O(#); 0(%) Environment 0(#); 0(%) « Specify other 0(#); 0(%)
« Persistence O(#); 0(%) « pH O(#); 0(%)
* Redox Potential O(#); 0(%) * Protein Concentration in
« Size/Size Distribution O(#); 0(%) Environment O(#); 0(%)
« specific Surface Area O(#); 0(%) « salinity O(#); 0(%)
« Structural Formula/Molecular « surfactant (in Lab) 0(#); 0(%)
tructure 0(#); 0(%) « Other O(#); 0(%)
« surface Chemistry 0(#); 0(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility O(#);
0(%)
« Other O(#); 0(%)
« Specify other 0(#); 0(%)
10[Product Storage, | 2(#); 7(%) | 11(#); 39(%) | 15(#);5406) | 24 7(%) | 0(#);0(%) | O#);0%) | 1(#;4(%) | 1(#;4(6) | 0(#); 0(%) |« proportional to exposure « Analytical Techniques 1(#); 4(%) « A 1(#); 4(%) « Flow Regime 0(#); 0(%) « Conductivity 0(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure O(#); 0(%)

Transport-Release
Rate

11 Use-Vo ume

20(#) 71(6

8(#) 29(%)

o(#) 0(%)

17(#) 61(%)

2(#) 7(%)

1(#) 4(%)

5(#) 18(%)

5(#)

10(#) 36(%) o e

« Similar to other chemicals

entia for exposure ana ys s
« Need to estimate exposures.

« proportiona to exposure

« App cations not defined or known 50 no way of know ng fvo ume w
« nformation s genera y not supp ed by the manufacturers about numbers of products and
MWCNT concentrations n products

« ackof pub shed data on quantities manufactured or mported

be b g orsma

* mited data
«Voume used s key n order to comp ete exposure assessments dur ng uses At the moment,
we do either not have the nformation about uses and vo ume or we do not have access to
such nformation

« Current f ame retardant coating exposure w th upho stery use s somewhat known R skw th
use of MWCNT prod
« can estimate w
*Theda y
« Market pred ctions for the s ze of the MWCNT market vary by orders of magn tude and w

t s not known
st case as current decaBDE textile:

e wou d cause release of partic es and accumu ation n house dust

kely change further as we get more fami ar w th the techno ogy

« Control Technologies 1(#); 4(%)
« MWCNT Processing Methods
1(#); 4(%)

* MWCNT Purity 1(#); 4(%)

* MWCNT Synthesis Methods
1(#); 4(%)

« Personal Protective Equipment
0(#); 0(%)

« Other 0(#); 0(%)

« Specify other 0(#); 0(%)

* Ana ytica Techn ques 5(#)

* Contro Techno og es 6(#) 21(%)
 MWCNT Process ng Methods.
7(#) 25(%)
 MWCNT Pur ty 6(#) 21(%)
* MWCNT Synthes s Methods
5(#) 18(%)
« Persona Protective Equ pment
#) 11(%)
« Other 2(#) 7(%)
Spec fy other O(#) 0%

« Adsorption/Desorption Ability 1(#);
4(%)

« Aggregation/Agglomeration State 1(#);

* Groundwater 0(#); 0(%)
« Sediment 0(#); 0(%)

« Light Availability 0(#); 0(%)
« Soil Porosity 0(#); 0(%)

4(%) * Soil 0(#); 0(%) * Soil/Sediment Fractionation
« Applied Coatings 1(#); 4(%) * surface Water 0(#); 0(%)  [0(#); 0(%)
. (#); 0(%) « Wastewater 0(#); 0(%) . o#); 0(%)

« Catalytic Activity O(#); 0(%)

* Charge O(#); 0(%)

« Conductive or Magnetic Properties
0(#); 0(%)

« Crystalline Phase O(#); 0(%)

« Lipophilicity O(#); 0(%)

* Matrix Bound vs. Free 1(#); 4(%)

« Morphology (e.g. aspect ratio, length,
width, shape) O(#); 0(%)

« Persistence O(#); 0(%)

* Redox Potential O(#); 0(%)

« Size/Size Distribution O(#); 0(%)

« Specific Surface Area 0(#); 0(%)

« Structural Formula/Molecular
Structure 0(#); 0(%)

« surface Chemistry 0(#); 0(%)

* Water Solubility/Dispersibility 1(#);
4(%)

« Other O(#); 0(%)

* Aggregation/Agg omeration State 9(#)
32(%)
* App ed Coatings 10(#) 36(%)
« Bodegradab ty 5(#) 18(%
Cata ytic Activ ty 4(#) 14(%)
Charge 6(#) 21(%)
« Conductive or Magnetic Properties.

ne Phase 2(#) 7(%
(#) 18(%)

« Matr x Bound vs Free 10(#) 36(%)
* Morpho ogy (e.g aspect
wdth shape) 8(¢) 29(%)
« Pers stence 8(#) 29(%)
« Redox Potentia 3(#) 11(%)

5 2e/5 ze D str bution 10(#) 36(%)

pec f ¢ Surface Area 7(#) 25

ratio ength

Structura Formu a/Mo ecu ar

Surface Chem stry 7(#) 25(%)
*WaterSoub ty/Dspersb ty 8()
29(%)

« Other 1(#) 4(%)
« Spec fy other 0(#) 0(%)

« Other 0#); 0(%)
* Specify other 0(#); 0(%)

« Arg(#) 29(
« Groundwater 2(#) 7(%)
* Sed ment 3(#) 11(%)
*So 5(#) 18(%)

« Surface Water 2(#) 7(%
« Wastewater 7(#) 25(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0f

* Wind 0(#); 0(%)
« Other 0#); 0(%)
* Specify other 0(#); 0(%)

« F ow Regime 2(#) 7(%)
«LghtAva ab ty 2(#) 7(%
*So Porosty 2(#) 7(%)

ed ment Fractionation
2(#) 7(%)
« Temperature 1(#) 4(%)
©Wnd 3(#) 11(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0f

« Dispersing Agents 0(#); 0(%)

* Dissolved Oxygen Content 0(#);
0(%)

« Exposure to Sunlight O(#); 0(%)
* Heavy Metals in Environment O(#);
0(%)

« lonic Strength in Environment
0(#); 0(%)

« Ligand Concentrations in
Environment 0(#); 0(%)

* Natural Organic Matter (NOM)
0(#); 0(%)

« Other Contaminants in

(#); 0(%)
« pH O(#); 0(%)
« Protein Concentration in
Environment 0(#); 0(%)
« salinity O(#); 0(%)
« Surfactant (in Lab) O(#); 0(%)
« Other 0(#); 0(%)
* Specify other 0(#); 0(%)

« Conductiv ty 4(#) 14(%)
nts 5(#) 18(%)
ygen Content 2(t)

* Exposure to Sun ght 2(#) 7(%)
* Heavy Meta
7(%)

* oncStrength n Env ronment
3(#) 11(%)

« L gand Concentrations n

Env ronment 1(#) 4(%)

« Natura Organ c Matter (NOM)
2(#) 7(%)

« Other Contaminants n

n Env ronment 2(#)

Env ronment 2(#) 7(%)
* pH 3(#) 11(%
« Protein Concentration n
Env ronment 1(#) 4(
nty 3(#) 11(%
* Surfactant (in Lab) 4(#) 14(9
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%

« Bioaccumulation 0(#); 0(%)
« Biomagnification 0(#); 0(%)
« Microbial Communities in
0(#); 0(%)

« Organism Health 0(#); 0(%)

« Species/Individual
Developmental Behavior 0(#); 0(%)
« Species/Individual Feeding
Behavior O(#); 0(%)

« Chronic Exposure O(#); 0(%)

« Exposure Route 0(#); 0(%)

« Geographic Location (i.e. rural vs.
urban) 0(#); 0(%)

* Habitat Structure 0(#); 0(%)

« Human Activity 0(#); 0(%)

« Individual Activity Level O(#); 0(%)
« Life Stage 0(#); 0(%)

« Occupation 0(#); 0(%)

Behavior O(#); 0(%)
« Other 0(#); 0(%)
« Specify other O(#); 0(%)

« ADME 6(#) 21(
« B oaccumu ation 6(#) 21(%)
« B omagn f cation 6(#) 21(
*Mcroba Commun ties n
Env ronment 2(#) 7(%
« Organ sm Hea th 3(#) 11(%)
« Speces/ nd v dua
Developmenta B
« Specees/ nd v dua Feed ng
Behav or 3(#) 11(%)

Speces/ nd v dua Reproductive
Behav or 2(#) 7(%)
« Other 0(#) 0(%)

Spec fy other 0(#) 0(%)

« subchronic Exp
« Susceptible
Populations/Individuals O(#); 0(%)
« Other 0(#); 0(%)

* Specify other 0(#); 0(%)

(#); 0(%)

« Acute Exposure 6(#) 21(%)

« Exposure Route §
* Geograph c Location (i.e. rura vs
urban) 4(#) 14(%)
* Hab tat Structure 3(#) 11(%)
+ Human Activ ty 8() 29(%)

ua Activ ty Level (#)
32(%)
* Lfe Stage 4(#) 14(%)
+ Occupation 6(#) 21(%
+ Subchron ¢ Exposure

Popu ations/ nd v dua s 8(#) 29(%

)
« Spec fy other 0(#) 0(
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e\ease Rate

13 D sposa /Recyc ng
Vo ume

14 D sposa /Recyc ng
Release Rate

20(«) 71(%)

17(#) 61(%)

17(#) 61(%)

(») 29(%)

a(#) 32(%)

a(#) 32(%)

0(“) 0(%)

2(#) 7(%)

2(#)

7(%)

t») (%)

13(#) 46(%)

13(#) 46(%)

)

(“) 7(%)

a(#) 14(%)

a(#) 14(%)

u(») 0(%)

0(#) 0(%)

0(#) 0(%)

(“) 7(%)

6(#) 21(%)

3(#) 11(%)

(“) 7(%)

a(#) 14(%)

a(#) 14(%)

15(») 57(%)

7(#) 25(%)

10(#) 36(%)

ssentia for exposure anays s

« proportiona to exposure
« App cations not defined or known 50 no way of know ng f use of the product (wh ch wou d
determine release rate) w orw not release MWCNT

« As n the case of product manufactur ng release rate svta n order to comp ete an
exposure assessment dur ng uses

« nformation on decaBDE release dur ng the use phase of a f ame retardent suggests that
there sa cons derab e potentia for CNT release fused nas miar manner (e.g textiles). The
evel of release and phys cochem ca character stics of the released partic es therefore s of
utmost concern espec a y as wh st contro measures are common y used dur ng synthes s
process ng and manfactur ng phases they are not typ ca y used by consumers

« ackof pub shed data on quantities manufactured or mported

« The rate of release of MWCNTs and assoc ated hazards from new to be made products s not
wel known mostly because the exact mater as formu ations processes products and use
scenar os are to be determined

« There are few stud es on release rates from products or po ymer nanocompos tes w th
MWCNTs

«We earned from PDBES that even though t was thought there wou d be no release there
ends up being a release. Th s must be understood

«Smiarto other chem ca's

« Not enough data o test methods

« essentia for exposure ana ys s

« Need to estimate exposures.

« proportiona to exposure

* App cations ot defined or known nor f the products cou d be recyc ed or how they can be

d sposed of

« products are too mmature for suff  ent data

*There s an nformation gap on the k ey future evel of recyc ngas t s gradua y becoming
ess commerc a yand soc a y acceptab e to produce mater a s wh ch cannot be recyc ed

Therefore the compar son w th decaBDE based f ame retardent mater a s may ead to an under

estimation of the vo ume of recovery and recyc ng of NT conta n ng f ame retardants

* Ths depends on the magn tude of products d sposed of or recyc ed

* Vo ume d sposed and recyc ed svta n order to assess exposure over time and the mon tor

trends

* Current f ame retardant coating exposure w th upho stery use s somewhat known Rskw th
use of MWCNT product s not known

* We are aware of what vo umes of textiles that are d sposed/recyc ed

* Market pred ctions for u timate vo ume vary ths s further compounded by unknown end of
fedeta s

« essentia for exposure ana ys s
« proportiona to exposure

« Lack of data or ana ogue data

«Lttedataava abesnce arge sca e manufactur ng of CNT coated textiles has not occurred
No opportun ties to conduct stud es s nce mater a s are not be d sposed of yet.

* Release rates dur ng d sposa and recyc ng processes need to be known n order to assess
exposure

«Same ssue for vo ume app cations not defined recyc e methods unknown and fna fate of
sad product conta n ng MWCNT unknown  rea ze the study s supposed to focus on
MWCNT for use n textile backcoatings but s nce there s no proof that thsw ~ever actua y.
be used one cannot ust assume releases from furn ture go ng to andf s a correct model

* The nature of release from mater a s dur ng recyc ng may be of concern particu ar y dur ng.
processess such as shred ng yet tte nformation exits on the nature of the released mater a
s rate of release nor the contro measures used to mit exposure. n add tion the rate of
release dur ng decompos tion n and f ~(and subsquent d str bution nto ground water etc) s
of nterest.

*Thsw determine the mpact of the vo ume of MWCNT conta n ng products and where
MWCNTs are released (dur ng recyc ng n andf s etc)

« Unknown release rate/mechan sm for MWCNT f ame retardant upho stery coatings

*Non nc nerator d sposa needs more character zation

* The release rate w vary based on spec f c formu ation deta s th's s further compounded
by unknown end of fe deta s

Anayi
46(%)
« Contro Techno og es 8(#) 29(%)
+ MWCNT Process ng Methods

) 36(%)
« MWCNT Purty 9(#) 32(%)
* MWCNT Synthes s Methods
8(#) 29(%)
« Persona Protective Equ pment
4(#) 14(%)
« Other 3(#) 11(%)
« Spec fy other 0(#) 0(%)

Techn ques 13(«1

+ Anaytica Techn ques 5(t)
18(%)

« Contro Techno og es 6(#) 21(%)
+ MWCNT Process ng Methods
5(#) 18(%)

« MWCNT Purty 3(#) 11(%)

* MWCNT Synthes s Methods
2(#) 7(%)

« Persona Protective Equ pment
5(#) 18(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

+ Anaytica Techn ques 8(#)
29(%)

* Contro Techno og es 8(#) 29(%)
+ MWCNT Process ng Methods
6(#) 21(%)

« MWCNT Purty 3(#) 11(%)
 MWCNT Synthes s Methods
2(#) 7(%)

« Persona Protective Equ pment
5(#) 18(%)

* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

Surrounding Media Physical Conditions Chemical Conditions Biological Conditions

r11(#) 39(%)

Adsorption/Desorption Ab.ty 12(#)
EE) « Groundwater 4(#) 14(%)
* Sed ment 5(#) 18(%)
*So 7(#) 25(%)

« Surface Water 3(#) 11(%)
* Wastewater (#) 29(%)
* Other 1(#) 4(%)

* Spec fy other 0(#) 0(%)

o LghtAva ab ty 3(#) 11(%)
S0 Poros ty 2(#) 7(%)
S0 /Sed ment Fractionation
2() 7(%)

« Temperature 2(#) 7(%)
©Wnd 4(#) 14(%)

« Other 1(#) 4(%)

« Spec fy other 0(#) 0(%)

« Aggregation/Agg omeration State
13(#) 46(%)

« App ed Coatings 14(#) 50(%)

* Bodegradab ty 5(#) 18(%)

* Cata ytic Activ ty 5(#) 18(%)

* Charge 7(#) 25(%)

« Conductive or Magnetic Properties
A4(#) 14(%)

*Crysta ne Phase 3(#) 11(%)
*Lpoph cty6(#) 21(%)

« Matrx Bound vs Free 15(#) 54(%)
« Morpho ogy (e.g aspectratio_ength
wdth shape) 12(#) 43(%)

« Pers stence 9(#) 32(%)

« Redox Potentia 4(#) 14(%)

* S ze/S ze D str bution 14(#) 50(%)
« Spec fc Surface Area 10(#) 36(%)
« Structura Formu a/Mo ecu ar
Structure 7(#) 25(%)

« Surface Chem stry 11(#) 39(%)

* WaterSoub ty/Dspersb ty 12(#)
43(%)

* Other 1(#) 4(%)

* Spec fy other 0(#) 0(%)

« Adsorption/Desorption Ab. ty 5(#)
18(%) « Groundwater 4(#) 14(%)
« Aggregation/Agg omeration State 6(#) « Sed ment 4(#) 14(%)
21(%) *So 4(#) 14(%)
« App ed Coatings 5() 18(%) « surface Water 3(#) 11(%)
* Bodegradab ty 3(#) 11(%) * Wastewater 5(#) 18(%)
« Cata ytic Activ ty 1(#) 4(%) « Other 0(#) 0(%)
* Charge 3(#) 11(%) « Spec fy other 0(#) 0(%)
« Conductive or Magnetic Properties

(#) (%)
«Crysta ne Phase 0(#) 0(%)
*Lpoph ctyd(#) 14(%)
* Matr x Bound vs Free 5(#) 18(%)
« Morpho ogy (e aspect ratioength
wdth shape) 5(#) 18(%)
« Pers stence 5(#) 18(%)
* Redox Potentia 1(#) 4(%)
« 5 26/5 ze D str bution 4(#) 14(%)
« Spec f c Surface Area 3(#) 11(%)
« Structura Formu a/Mo ecu ar
Structure 4(#) 14(%)
« Surface Chem stry 4(#) 14(%)
* WaterSo ub ty/Dspersb ty 5(#)
18(%)
« Other 0(#) 0(%)
« Soec fv other 0(#) 0(%)
« Adsorption/Desorption Ab ty 7(#)  « Ar(#) 32(%)
25(%) * Groundwater 6(#) 21(%)
* Aggregation/Agg omeration State 9(#) + Sed ment 7(#) 25(%)
e} *So 9[#) 32(%)
« Surface Water 5(#) 18(%)
« Wastewater 7(#) 25(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

< Ara(#) 14(%) « F ow Regime 2(#) 7(%)
«LghtAva ab ty 1(#) 4(%)
+So Poros ty 3(#) 11(%)

« 50 /Sed ment Fractionation
3(#) 11(%)

* Temperature 2(#) 7(%)
*Wnd 3(#) 11(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Fow Regime 3(#) 11(%)
*LghtAva ab ty 2(#) 7(%)
*So Poros ty 5(#) 18(%)
*So /Sed ment Fractionation
6(#) 21(%)

« Temperature 3(#) 11(%)
W nd 5(#) 18(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« App ed Coatings 6() 21(%)

* Bodegradab ty 7(#) 25(%)

« Cata ytic Activ ty 2(4) 7(%)

* Charge 6(#) 21(%)

« Conductive or Magnetic Properties
1(#) 4(%)

«Crysta ne Phase 1(4) 4(%)
Lpoph cty5(#) 18(%)

* Matr x Bound vs Free 9(#) 32(%)
« Morpho ogy (e aspect ratio_ength
wadth shape) 8(#) 29(%)

« Pers stence 7(#) 25(%)

* Redox Potentia 1(#) 4(%)

« 5 2e/5 ze D str bution 7(#) 25(%)

+ Spec f ¢ Surface Area 6(#) 21(%)

« Structura Formu a/Mo ecu ar
Structure 5(#) 18(%)

« Surface Chem stry 7() 25(%)

* WaterSo ub ty/Dspersb ty 9(#)

32(%)
« Other 1(#) 4(%)
« Soec fy other 0(#) 0(%)

Conductiv ty 4(#) 14(%)
* D spers ng Agents 7(#) 25(%)
« D 550 ved Oxygen Content 2(t)
7(%)
* Exposure to Sun ght 3(#) 11(%)
« Heavy Meta s n Env ronment 2(#)
7(%)
« oncstrength n Env ronment
A4(#) 14(%)
« Lgand Concentrations n
Env ronment 2(#) 7(%)
* Natura Organ c Matter (NOM)
3(#) 11(%)
« Other Contaminants n
Env ronment 2(#) 7(%)
« pH 4(#) 14(%)
« Protein Concentration n
Env ronment 1(#) 4(%)
*Sa nty 4(#) 14(%)
« Surfactant (in Lab) 3(#) 11(%)
* Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

« Conductiv ty 1(#) 4(%)

* D spers ng Agents 4(#) 14(%)
* D550 ved Oxygen Content 1(#)
4(%)

« Exposure to Sun ght 0(#) 0(%)
* Heavy Meta s n Env ronment 2(#)
7(%)

« oncStrength n Env ronment
2(#) 7(%)

« Lgand Concentrations n

Env ronment 1(#) 4(%)

* Natura Organ c Matter (NOM)
3() 11(%)

« Other Contaminants n

Env ronment 2(#) 7(%)

« pH2(#) 7(%)

« Protein Concentration n

Env ronment 1(#) 4(%)

«Sa nty 1(#) 4(%)

« Surfactant (in Lab) 4(#) 14(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

« Conductiv ty 1(#) 4(%)

« D spers ng Agents 6() 21(%)
* D550 ved Oxygen Content 2(#)
7(%)

« Exposure to Sun ght 1(#) 4(%)
* Heavy Meta s n Env ronment 5(#)
18(%)

« oncStrength n Env ronment
3() 11(%)

« Lgand Concentrations n

Env ronment 2(#) 7(%)

« Natura Organ ¢ Matter (NOM)
3() 11(%)

« Other Contaminants n

Env ronment 4(#) 14(%)

« pH 3(#) 11(%)

« Protein Concentration n

Env ronment 1(#) 4(%)

«Sa nty2(#) 7(%)

« Surfactant (in Lab) 3(#) 11(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

ADME 6(#) 21(%) Acute Exposure 8(#) 29(%)

* B oaccumu ation 6(#) 21(%)
* B omagn f cation 5(#) 18(%)
*Mcroba Commun ties n
Env ronment 2(#) 7(%)

* Organ sm Hea th 3(#) 11(%)
« Speces/ ndv dua
Developmenta Behav or 3(#)
11(%)

« Speces/ ndv dua Feed ng
Behav or 4(#) 14(%)

« Speces/ nd v dua Reproductive
Behav or 3(#) 11(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

 ADME 2(#) 7(%)

* B oaccumu ation 4(#) 14(%)

= Bomagn f cation 2(#) 7(%)
*Mcroba Commun ties n

Env ronment 2(#) 7(%)

* Organ sm Hea th 2(#) 7(%)

« Specees/ nd v dua
Developmenta Behav or 2(#) 7(%)
« Speces/ ndv dua Feed ng
Behav or 3(#) 11(%)

* Speces/ nd v dua Reproductive
Behav or 2(#) 7(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

« ADME 3(#) 11(%)

« B oaccumu ation 5(#) 18(%)

* Bomagn f cation 3(#) 11(%)
*Mcroba Commun ties n

Env ronment 2(#) 7(%)

+ Organ sm Hea th 2(#) 7(%)

« Specees/ nd v dua
Developmenta Behav or 2(#) 7(%)
« Specees/ nd v dua Feed ng
Behav or 4(#) 14(%)

« Specees/ nd v dua Reproductive
Behav or 2(#) 7(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Chron ¢ Exposure 11(#) 39(%)

* Exposure Route 10(#) 36(%)

« Geograph c Location (i.e. rura vs
urban) 5(#) 18(%)

* Hab tat Structure 4(#) 14(%)

« Human Activ ty 11(#) 39(%)

« ndvdua Activ ty Level 12(t)
43(%)

* Lfe Stage 6(#) 21(%)

* Occupation 8(#) 29(%)
 Subchron ¢ Exposure 10(#) 36(%)
« Susceptib e

Popu ations/ nd v dua s 11(#) 39(%)
* Other 1(#) 4(%)

* Spec fy other 0(#) 0(%)

* Acute Exposure 4(#) 14(%)

« Chron ¢ Exposure 4(#) 14(%)

« Exposure Route 4(#) 14(%)

« Geograph c Location (ie. rura vs
urban) 3(#) 11(%)

* Hab tat Structure 3(#) 11(%)

* Human Activ ty 2(#) 7(%)

* ndvdua Activty Level 2(#) 7(%)
* Lfe Stage 2(#) 7(%)

* Occupation 3(#) 11(%)

« Subchron c Exposure 3(#) 11(%)
« Susceptib e

Popu ations/ nd v dua s 2(#) 7(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

« Acute Exposure 5(#) 18(%)

« Chron c Exposure 5(#) 18(%)

« Exposure Route 4(#) 14(%)

« Geograph c Location (i.e. rura vs
urban) 5(#) 18(%)

« Hab tat Structure 3(#) 11(%)

+ Human Activ ty 4(#) 14(%)

* ndvdua Activ ty Level 4(#)
14(%)

« Lfe Stage 3(#) 11(%)

« Occupation 5(#) 18(%)

* Subchron c Exposure 3(#) 11(%)
* Susceptib e

Popu ations/ nd v dua s 5(#) 18(%)
* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)
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27(«) 96(%)

27(#) 96(%)

27(#) 96(%)

(&) 4(%)

1(#) 4(%)

1(#) 4(%)

0(“) 0(%)

0(#) 0(%)

of#)

0(%)

(») 82(%)

15(#) 54(%)

18(#) 64(%)

3(~) 11(%)

10(#) 36(%)

6(#) 21(%)

1(”) 4(%)

2(#) 7(%)

3(#) 11(%)

4 14(%)

7(#) 25(%)

4(#) 14(%)

6(#) 21(/»)

a(#) 14(%)

5(#) 18(%)

17(») 61[%)

16(#) 57(%)

18(#) 64(%)

bundant data
«aera dspers on saconcern ack of d spers on nformation
« App cations of MWCNT unknown so unknown wh ch ev ronmenta factorw ~dr ve
exposure, and f MWCNT were exposed to th s element, unknown what ts mob ty.
pers stence, and b oava ab y s
« Dependent on cond tions of what happens to tubes once a borne or settled/red sturbed
«Ltte nformation on a rborne env ronmenta fate once t s released Most kely scenar o for
exposure.
Mob  ty vs MWCNT form and formu ation data for MWCNT f ame retardant upho stery
coatings are not wel known
need to understand for ndoor use once t s released from textiles to estimate dust evels
* No stud es have descr bed transport of CNTs nar no rea stic stud es
« Our know edge about the mob  ty of MWCNT s very mited and why do not know whether
the test methods we se to assess mob ty of regu ar chem ca are approrp ate
« There seems mited nformation on the effect of partic e character stics as wel as.
env ronmenta factors on the mob ty of CNT nthear
very tte dataon ths front; d ff cu t to des gn contro ed exper ments
« Much of what we know about other organ ¢ aeroso s may be relevant
*Onyava abedataonarmob ty sfrom mited occupationa exposure stud es
« Shou d rema n on dust
« No data on CNT release to a r or what happens when they are released
« fthe partice s ze s known can pred ct motion
« nTTF category nha ation wou d be the ma or route of exposure. Yet most ava ab e data
are from the stud es conducted n ess rea stic cond tions

« abundant data

« nsuff cent data

«aera dspers on saconcern potentia for photoactivation/degredation/etc

« We know that MWCNT are very pers stent

* Accumu ation n areas wou d be s gn f cant.

« App cations of MWCNT unknown so unknown wh ch ev ronmenta factorw ~dr ve
exposure, and f MWCNT were exposed to th s element, unknown what ts mob ty.

pers stence, and boava ab y s

« mportant to estimate potentia dose

* Ltte nformation appears to be ava ab e

* Need to define pers stence (e.g b opers stence, env ronmenta ). An ma stud es nd cate
b opers stence of MWCNT

« mited pers stence nar s expected outdoorsw gotoso or water f released toar

« No stud es have descr bed pers stence nar

« Pers stance vs MWCNT form and formu ation data for MWCNT f ame retardant upho stery
coatings are not wel known

« No data on CNT release to a r or what happens when they are released

*Bu dup

« Shou d not pers st narforvery ong matera w
« depends on depos tion

« MWCNTS are probab y ess pers stant than a ot of other ndustra chem cass (i.e. ess
thermodynamica y stab e),

*Norea stic stud es

settle

« abundant data
« nsuff cent data

«aera dspers on saconcern potentia exposure toar breath ng organ sms h gh

« App cations of MWCNT unknown so unknown wh ch ev ronmenta factorw ~dr ve
exposure, and f MWCNT were exposed to th s element, unknown what ts mob ty.

pers stence, and b oava ab y s

*Boava ab tyvs MWCNT form and formu ation data for MWCNT f ame retardant upho stery
coatings are not wel known

« Chem ca transformations of a r borne nanotubes may a ter their b oava ab ty

«most nha ab e s ze fraction and and agg omeration vs s ng e f ber fate

* Our know edge about the b oava ab ty of MWCNT s very mited and why do not know
whether the test methods we use to assess b 0ava ab. ty of regu ar chem ca are approrp ate
« Ony based on other particu ate types

« No data on CNT release to a r or what happens when they are released

* Shou d rema n on dust, exposure by nha ation

Ava ab ty ncomb nation w th other exposures cou d be s gn f cant.

* Lack of pub shed data

« Not a concern for env ronment and f res dence time nar(mob ty) s short enough tw
reduce human nha ation exposure. What s ze are partic es as nhaed nto ung faggregation
occurs cou d reduce b oava ab tyva nha ation

+Boava ab ty nformation sava ab e for other med a

« Depends on ocation of depos t

*Norea stic stud es

Anayi
46(%)
« Contro Techno og es 9(#) 32(%)
+ MWCNT Process ng Methods
8(#) 29(%)

« MWCNT Purty 8(#) 29(%)

* MWCNT Synthes s Methods
5(#) 18(%)

« Persona Protective Equ pment
8(#) 29(%)

« Other 2(#) 7(%)

« Spec fy other 0(#) 0(%)

Techn ques 13(«1

« Anaytica Techn ques 10(#)
36(%)

« Contro Techno og es 8(#) 29(%)
+ MWCNT Process ng Methods
7(#) 25(%)

« MWCNT Purty 8(#) 29(%)

* MWCNT Synthes s Methods
5(#) 18(%)

« Persona Protective Equ pment
6(#) 21(%)

« Other 2(#) 7(%)

« Spec fy other 0(#) 0(%)

* Ana ytica Techn ques 11(#)
39(%)

* Contro Techno og es 6(#) 21(%)
« MWCNT Process ng Methods
8(#) 29(%)

* MWCNT Pur ty 10(#) 36(%)

* MWCNT Synthes s Methods
5(#) 18(%)

« Persona Protective Equ pment
8(#) 20(%)

« Other 1(#) 4(%)

« Spec fy other 0(#) 0(%)

Surrounding Media Physical Conditions Chemical Conditions Biological Conditions

Adsorption/Desorption Ab ty 11(#) T 13(#) 46(%)
39(%) « Groundwater 2(#) 7(%)
« Sed ment 3(#) 11(%)
*So 4(#) 14(%)
« Surface Water 4(#) 14(%)
« Wastewater 3(#) 11(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

o LghtAva ab ty 3(#) 11(%)
S0 Poros ty 2(#) 7(%)
S0 /Sed ment Fractionation
1(#) 4(%)

« Temperature 8(#) 29(%)

© W nd 14(#) 50(%)

« Other 1(#) 4(%)

« Spec fy other 0(#) 0(%)

« Aggregation/Agg omeration State
17(#) 61(%)

« App ed Coatings 10(#) 36(%)

* Bodegradab ty 7(#) 25(%)

* Cata ytic Activ ty 7(#) 25(%)

* Charge 11(#) 39(%)

« Conductive or Magnetic Properties
5(#) 18(%)

*Crysta ne Phase 4(#) 14(%)
*Lpoph cty6(#) 21(%)

« Matrx Bound vs Free 16(#) 57(%)
« Morpho ogy (e.g aspectratio_ength
wdth shape) 12(#) 43(%)

« Pers stence 9(#) 32(%)

« Redox Potentia 7(#) 25(%)
«52¢/5 ze D str bution 16(#) 57(%)
« Spec f c Surface Area 12(#) 43(%)
« Structura Formu a/Mo ecu ar
Structure 8(#) 29(%)

« Surface Chem stry 12(#) 43(%)

* WaterSo ub ty/Dspersb ty 9(#)
32(%)

* Other 3(#) 11(%)

* Spec fy other 0(#) 0(%)

« Adsorption/Desorption Ab. ty 10(#)
36(%)

« Aggregation/Agg omeration State
13(4) 4

« App ed Coatings 9(#) 32(%)

« Bodegradab ty 10(#) 36(%)

« Cata ytic Activ ty 6(#) 21(%)

* Charge 9(#) 32(%)

« Conductive or Magnetic Properties
a(#) 1400)

«Crysta ne Phase 4(#) 14(%)
Lpoph cty6(#) 21(%)

« Matrx Bound vs Free 13(#) 46(%)
« Morpho ogy (e.g aspectratio ength
wdth shape) 11(#) 39(%)

« Pers stence 12(#) 43(%)

 Redox Potentia 6(#) 21(%)

* S ze/S ze D str bution 10(#) 36(%)
« Spec f c Surface Area 8(#) 29(%)

« Structura Formu a/Mo ecu ar
Structure 7(#) 25(%)

« Surface Chem stry 9(#) 32(%)

* WaterSo ub ty/Dspersb ty 7(#)
25(%)

« Other 1(#) 4(%)

« Spec fy other 0(#) 0(%)

< Ar11(#) 39(%)

« Groundwater 1(#) 4(%)
« Sed ment 2(#) 7(%)

*So 4(#) 14(%)

« Surface Water 4(#) 14(%)
* Wastewater 2(#) 7(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« F ow Regime 6(#) 21(%)
LghtAva ab ty 4(#) 14(%)
+So Poros ty 3(#) 11(%)

« 50 /Sed ment Fractionation
2#) 7(%)

* Temperature 5(#) 18(%)

* W nd 9(#) 32(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* Adsorption/Desorption Ab ty 13(#)  « Ar 11(#) 39(%)

46(%) * Groundwater 3(#) 11(%)
* Aggregation/Agg omeration State * Sed ment 4(#) 14(%)
15(#) 54(%) *So 5(#) 18(%)

« App ed Coatings 13(#) 46(%) « Surface Water 5(#) 18(%)
«Bodegradab ty 11(#) 39(%) « Wastewater 4(#) 14(%)
« Cata ytic Activ ty 7(#) 25(%) « Other 0(#) 0(%)

* Charge 10(#) 36(%) * Spec fy other 0(#) 0(%)
« Conductive or Magnetic Properties

4(#) 14(%)

«Crysta ne Phase 5(#) 18(%)

*Lpoph cty11(#) 39(%)

« Matrx Bound vs Free 13(#) 46(%)

* Morpho ogy (e.g aspectratio ength

wdth shape) 12(#) 43(%)

« Pers stence 11(#) 39(%)

« Redox Potentia 9(#) 32(%)

* S ze/S ze D str bution 12(#) 43(%)

« Spec f ¢ Surface Area 11(#) 39(%)

« Structura Formu a/Mo ecu ar

Structure 8(#) 29(%)

* Surface Chem stry 13(#) 46(%)

* WaterSoub ty/Dspersb ty 11(#)

39(%)

« Other 2(#) 7(%)

« Spec fy other 0(#) 0(%)

« F ow Regime 5(#) 18(%)
«LghtAva ab ty2(#) 7(%)
*So Porosty 2(#) 7(%)

« 50 /Sed ment Fractionation
3() 11(%)

« Temperature 4(#) 14(%)

* W nd 10(#) 36(%)

« Other 1(#) 4(%)

« Spec fy other 0(#) 0(%)

Conductiv ty 3(#) 11(%)
* D spers ng Agents 9(#) 32(%)
* D550 ved Oxygen Content 1(#)
4(%)
* Exposure to Sun ght 3(#) 11(%)
« Heavy Meta s n Env ronment 5()
18(%)
« oncstrength n Env ronment
3(#) 11(%)
« Lgand Concentrations n
Env ronment 2(#) 7(%)
* Natura Organ c Matter (NOM)
3(#) 11(%)
« Other Contaminants n
Env ronment 5(#) 18(%)
* pH3(#) 12(%)
« Protein Concentration n
Env ronment 1(#) 4(%)
*Sa nty3(#)
« Surfactant (in Lab) 5(#) 18(%)
* Other 1(#) 4(%)
« Spec fy other 0(#) 0(%)

« Conductiv ty 3(#) 11(%)

* D spers ng Agents 7(#) 25(%)
* D550 ved Oxygen Content 1(#)
4(%)

« Exposure to Sun ght 3(#) 11(%)
* Heavy Meta s n Env ronment 3(#)
11(%)

« oncStrength n Env ronment
3() 11(%)

« Lgand Concentrations n

Env ronment 3(#) 11(%)

* Natura Organ c Matter (NOM)
2(#) 7(%)

« Other Contaminants n

Env ronment 5(#) 18(%)

« pH 3(#) 12(%)

« Protein Concentration n

Env ronment 1(#) 4(%)

*Sa nty3(#) 11(%)

« Surfactant (in Lab) 5(#) 18(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

« Conductiv ty 2(#) 7(%)

« D spers ng Agents 8(¢) 29(%)
* D550 ved Oxygen Content 1(#)
4(%)

« Exposure to Sun ght 4(#) 14(%)
 Heavy Meta s n Env ronment 4(#)
14(%)

« oncStrength n Env ronment
4(#) 140%)

« Lgand Concentrations n

Env ronment 4(#) 14(%)

« Natura Organ ¢ Matter (NOM)
4(#) 140%)

« Other Contaminants n

Env ronment 5(#) 18(%)

« pH a(#) 14(%)

« Protein Concentration n

Env ronment 3(#) 11(%)

*Sa nty4(#) 14(%)

« Surfactant (in Lab) 7(#) 25(%)
« Other 1(#) 4(%)

« Spec fy other 0(#) 0(%)

Acute Exposure 7(#) 25(%)
« Chron ¢ Exposure 9(#) 32(%)
* Exposure Route 8(#) 29(%)
« Geograph c Location (i.e. rura vs
urban) 5(#) 18(%)
* Hab tat Structure 4(#) 14(%)
« Human Activ ty 9(#) 32(%)
« ndvdua Activ ty Level 6(t)
21(%)
* Lfe Stage 5(#) 18(%)
* Occupation 4(#) 14(%)
* Subchron ¢ Exposure 8(#) 29(%)
« Susceptib e
Popu ations/ nd v dua s 8(#) 29(%)
* Other 0(#) 0(%)
* Spec fy other 0(#) 0(%)

* B oaccumu ation 6(#) 21(%)

« B omagn f cation 4(#) 14(%)
*Mcroba Commun ties n

Env ronment 2(#) 7(%)

* Organ sm Hea th 3(#) 11(%)

« Speces/ ndv dua
Developmenta Behav or 1(#) 4(%)
« Speces/ ndv dua Feed ng
Behav or 4(#) 14(%)

« Speces/ nd v dua Reproductive
Behav or 3(#) 11(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* ADME 4(#) 14(%)

* B oaccumu ation 6(#) 21(%)
* Bomagn f cation 3(#) 11(%)
*Mcroba Commun ties n
Env ronment 4(#) 14(%)

« Organ sm Hea th 5(#) 18(%)
« Specees/ nd v dua
Developmenta Behav or 3(#)
11(%)

« Speces/ ndv dua Feed ng
Behav or 4(#) 14(%)

* Speces/ nd v dua Reproductive
Behav or 4(#) 14(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

* Acute Exposure 5(#) 18(%)

« Chron ¢ Exposure 5(#) 18(%)

« Exposure Route 4(#) 14(%)

« Geograph c Location (ie. rura vs
urban) 5(#) 18(%)

« Hab tat Structure 4(#) 14(%)

« Human Activ ty 6(#) 21(%)

* ndvdua Activty Level 6(#)
21(%)

« L fe Stage 5(#) 18(%)

* Occupation 4(#) 14(%)

* Subchron c Exposure 6(#) 21(%)
« Susceptib e

Popu ations/ nd v dua s 5(#) 18(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

« ADME 6(#) 21(%)

« B oaccumu ation 9(#) 32(%)
* B.omagn f cation 6(#) 21(%)
*Mcroba Commun ties n
Env ronment 4(#) 14(%)

« Organ sm Hea th 7(#) 25(%)
« Specees/ nd v dua
Developmenta Behav or 5(#)

« Acute Exposure 6(t) 21(%)

« Chron c Exposure (#) 32(%)

« Exposure Route 8(#) 29(%)

« Geograph c Location (i.e. rura vs
urban) 6(#) 21(%)

« Hab tat Structure 4(#) 14(%)

+ Human Activ ty 9(#) 32(%)

* ndvdua Activ ty Level 7(#)
25(%)

« Lfe Stage 6(#) 21(%)

« Occupation 5(#) 18(%)

* Subchron c Exposure 7(#) 25(%)
* Susceptib e

Popu ations/ nd v dua s 9(#) 32(%)
* Other 1(#) 4(%)

« Spec fy other 0(#) 0(%)

« Speces/ ndvdua Feed ng
Behav or 6(#) 21(%)

* Speces/ nd v dua Reproductive
Behav or 5(#) 18(%)

« Other O[#) 0(%)

« Spec fy other 0(#) 0(%)




1D[ Element-RRF Pair Element Importance RRF Importance RRF Confidence Why Influential Factors
Pl u Pl u c sc Ne Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
18| surface Water- 12(#); 43(0%) | 13(); 46(%) | 30 110%) | 118 390%) | 1(#);406) | 0(#; 00%) | 3(1); 110%) | 4(#); 14(%) | S(#); 18(%) |+ SW may be major distribution route « Analytical Techniques 4(#); « Adsorption/Desorption Ability 7(#); | Air 3(#); 11(%) « Flow Regime 6(¢); 21(%) « Conductivity 4(#); 14(%) « ADME 3(#); 11(%) « Acute Exposure 1(#); 4(%)
Mobility « this can be tested more directly 14(%) 25(%) « Groundwater 2(#); 7(%) |« Light Availability 2(#); 7(%) « Dispersing Agents 7(#); 25(%) « Bioaccumulation 4(#); 14(%) |+ Chronic Exposure 4(#); 14(%)
« Applications of MWCNT unknown, so unknown which evironmental factor will drive « Control a(#); 14(5%) |+ State 7(#); | » Sediment 4(#); 14(%) « soil Porosity 2(#); 7(%) « Dissolved Oxygen Content 4(#); |+ Biomagnification 3(#); 11(%) | Exposure Route 4(#); 14(%)
exposure, and if MWCNT were exposed to this element, unknown what its mobility, * MWCNT Processing Methods  [25(%) « Soil 4(#); 14(%) « Soil/Sediment Fractionation |14(%) * Microbial Communities in « Geographic Location (i.e. rural vs
persistence, and bioavailabily s. 3(4); 11(%) « Applied Coatings 7(#); 25(%) « Surface Water 6(#); 21(%) ~ [4(#); 14(%) « Exposure to Sunlight 4(#); 14(%) |Environment 4(#); 14(%) urban) 4(#); 14(%)
« Our knowledge about the mobility of MWCNT is very limited and why do not know whether |+ MWCNT Purity 5(#); 18(%) « Biodegradability 6(#); 21(%) « Wastewater 4(#); 14(%) |+ Temperature 5(#); 18(%) « Heavy Metals in Environment 6(#); |+ Organism Health 3(#); 11(%) |+ Habitat Structure 2(4); 7(%)
the test methods we use to assess mobility of regular chemical are approrpiate « MWCNT Synthesis Methods |+ Catalytic Activity 4(#); 14(%) « Other 0(#); 0(%) « Wind 2(#); 7(%) 21(%) « Species/Individual « Human Activity 6(#); 21(%)
« There are a number of papers on this topic but the full range of contexts has not been 3(4); 11(%) « Charge 4(#); 14(%) « Specify other 0(#); 00%) |« Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 2(#); 7(%) | « Individual Activity Level 3(#);
adequately studied nor are models validated « Personal Protective Equipment [+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) 8(4); 29(%) « Species/Individual Feeding 10%)
« Insufficient data 1(#); 4(%) 2); 7(%) « Ligand Concentrations in Behavior 3(#); 11(%) « Life Stage 2(4); 7(%)
« Other 0(#); 0(%) « Crystalline Phase 1(4); 4(%) 7(#); 25(6) « Species/Individual Reproductive |+ Occupation 2(#); 7(%)
« Specify other 0(#); 0(%) « Lipophilicity 7(#); 25(%) « Natural Organic Matter (NOM)  [Behavior 1(#); 4(%) « Subchronic Exposure 3(#); 11(%)
« Matrix Bound vs. Free 6(#); 21(%) 8(#); 29(%) « Other 0(#); 0(%) « Susceptible
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) Populations/Individuals 3(#); 11(%)
width, shape) 6(#); 21(%) Environment 6(#); 21(%) * Other O(#); 0(%)
« Persistence 2(#); 7(%) « pH 6(#); 21(%) « Specify other 0(#); 0(%)
* Redox Potential 3(#); 11(%) * Protein Concentration in
« Size/Size Distribution 7(#); 25(%) Environment 5(#); 18(%)
« Specific Surface Area 6(#); 21(%) « salinity 8(#); 29(%)
« Structural Formula/Molecular « Surfactant (in Lab) 4(#); 14(%)
Structure 5(#); 18(%) « Other 0(#); 0(%)
« surface Chemistry 6(#); 21(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 6(¢);
21(%)
« Other 1(#); 4(%)
« Specify other 0(#); 0(%)
19| urface Water- 12(#); 43(%) | 13(4); 46(%) | 3(); 11(%) | 10(#); 36(%) | 20#);7(%) | O(#); 00%) | 3(); 11(%) | 4(#); 14(%) | 5(#); 18(%) |+ SW may be major distribution route « Analytical Techniques 4(#); « Adsorption/Desorption Ability 5(#); | Air 4(#); 14(%) « Flow Regime 4(#); 14(%) « Conductivity 4(#); 14(%) « ADME 2(#); 7(%) « Acute Exposure 2(#); 7(%)
Persistence « We know that MWCNT are very persistent 14(%) 18(%) « Groundwater 3(#); 11(%) |« Light Availability 2(#); 7(%) « Dispersing Agents 5(#); 18(%) « Bioaccumulation 5(#); 18(%) |+ Chronic Exposure 4(¢); 14(%)
« MWCNTS are probably less persistant than a lot of other industrial chemicals (i.e., less « Control 30 11(%) |+ State 6(#); |+ Sediment 4(#); 14(%) « Soil Porosity 3(#); 11(%) « Dissolved Oxygen Content 3(#); |« Biomagnification 2(#); 7(%) « Exposure Route 3(#); 11(%)
thermodynamically stable).  MWCNT Processing Methods  [21(%) « Soil 5{#); 18(%) « Soil/Sediment Fractionation |11(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
« Applications of MWCNT unknown, so unknown which evironmental factor willdrive 3(4); 11(%) « Applied Coatings 5(#); 18(%) « Surface Water 6(#); 21(%)  [5(#); 18(%) « Exposure to Sunlight 3(#); 11(%) 3(#); 11(%) urban) 2(#); 7(%)
exposure, and if MWCNT were exposed to this element, unknown what its mobility, « MWCNT Purity 3(#); 11(%) « Biodegradability 5(#); 18(%) « Wastewater 5(#); 18(%) |« Temperature 4(#); 14(%) « Heavy Metals in Environment 5(#); |+ Organism Health 3(#); 11(%) |+ Habitat Structure 1(4); 4(%)
persistence, and bioavailabily s. « MWCNT Synthesis Methods |+ Catalytic Activity 3(#); 11(%) « Other 0#); 0(%) « Wind 4(#); 14(%) 18(%) « Species/Individual « Human Activity 4(#); 14(%)
« Few studies are available on this topic but MWCNTs are expected to be fairly resistant to | 2(#); 7(%) « Charge 3(#); 11(%) « Specify other O(#); 0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 1(#); 4(%) | « Individual Activity Level 3(#);
degradation « Personal Protective Equipment [+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) 6(4); 21(%) « Species/Individual Feeding 1(%)
« Insufficient data 24 7(%) 2(#); 7(%) « Ligand Concentrations in Behavior 3(#); 11(%) « Life Stage 2(#); 7(%)
« Other 0(#); 0(%) « Crystalline Phase 1(#); 4(%) Environment 5(#); 18(%) * Species/Individual Reproductive | Occupation 2(#); 7(%)
« Specify other 0(#); 0(%) « Lipophilicity 5(#); 18(%) « Natural Organic Matter (NOM)  [Behavior 1(#); 4(%) « subchronic Exposure 2(#); 7(%)
* Matrix Bound vs. Free 6(#); 21(%) 6(#); 21(%) « Other 0(#); 0(%) * Susceptible
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) Populations/Individuals 2(#); 7(%)
width, shape) 4(#); 14(%) S(#); 18(%) * Other 0(#); 0(%)
« Persistence 6(#); 21(%) * pH 5(#); 18(%) * Specify other 0(#); 0(%)
* Redox Potential 3(#); 11(%) « Protein Concentration in
« Size/Size Distribution 5(#); 18(%) Environment 3(#); 11(%)
« Specific Surface Area 4(#); 14(%) « salinity 5(#); 18(%)
* Structural Formula/Molecular « Surfactant (in Lab) 3(#); 11(%)
Structure 5(#); 18(%) « Other 0(#); 0(%)
« Surface Chemistry 5(#); 18(%) * Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 5(#);
18(%)
« Other 0(#); 0(%)
« Soecify other 0(#); 0(%)
20[surface Water- 12(#); 43(%) | 13(4); 46(%) | 304 110%) | 9#); 320%) | 3(#; 11(%) | 0(#); 0(%) | 2(#); 7(%) | 3(#); 11(%) | 7(#); 25(%) |+ SW may be major distribution route; potential uptake, accumulation, and foodchain transfer [+ Analytical Techniques 5(#); « Adsorption/Desorption Ability 6(#); |« Air 2(#); 7(%) « Flow Regime 4(¢); 14(%) « Conductivity 4(#); 14(%) « ADME 3(#); 11(%) « Acute Exposure 2(#); 7(%)
Bioavailability in aquatic organisms; including plants. 18(%) 21(%) « Groundwater 3(#); 11(%) |« Light Availability 1(#); 4(%) « Dispersing Agents 6(#); 21(%) « Bioaccumulation 5(#); 18(%) |+ Chronic Exposure 4(¢); 14(%)
« Applications of MWCNT unknown, so unknown which evironmental factor willdrive « Control a(#); 14(%) |+ State 7(#); |+ Sediment 3(#); 11(%) « ol Porosity 3(#); 11(%) « Dissolved Oxygen Content 4(#); |« Biomagnification 2(#); 7(%) « Exposure Route 3(#); 11(%)
exposure, and if MWCNT were exposed to this element, unknown what its mobility, « MWCNT Processing Methods  [25(%) « Soil 4(#); 14(%) « Soil/Sediment Fractionation |14(%) * Microbial Communities in « Geographic Location (i.e. rural vs.
persistence, and bioavailabily s. 3(#); 11(%) « Applied Coatings 6(#); 21(%) « surface Water 5(#); 18(%)  [S(#); 18(%) « Exposure to Sunlight 3(#); 11(%) |Environment 3(#); 11(%) urban) 2(4); 7(%)
« Our knowledge about the bioavailability of MWCNT is very limited and why do not know |« MWCNT Purity 4(#); 14(%) « Biodegradability 6(+); 21(%) « Wastewater 4(#); 14(%) |« Temperature 3(#); 11(%) « Heavy Metals in Environment 6(#); |+ Organism Health 3(#); 11(%) | Habitat Structure 1(#); 4(%)
whether the test methods we use to assess bioavailability of regular chemical are approrpiate [+ MWCNT Synthesis Methods | Catalytic Activity 3(¢); 11(%) « Other 0(#); 0(%) « Wind 3(#); 11(%) 21(%) « Species/Individual « Human Activity 5(#); 18(%)
« Probably not so bioavailable (maybe metal impurities are relevant), but good chance of 2#); 7(%) « Charge a(#); 14(%) « Specify other 0(#); 0(%) |« Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 1(#); 4(%) | « Individual Activity Level 3(#);
contact with organisms of concern. « Personal Protective Equipment |+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) 7(8); 25(%) « Species/Individual Feeding 1(%)
« There is relatively sparse data on this due to complicated nature of quantifying nanotubes in |2(#); 7(%) 2#); 7(%) « Ligand Concentrations in Behavior 4(#); 14(%) « Life Stage 3(#); 11(%)
biological matrices « Other 0(#); 0(%) « Crystalline Phase 1(4); 4(%) Environment 6(4); 21(%) « Species/Individual Reproductive |+ Occupation 2(4); 7(%)
« Ingestion by organisms will ikely impact transport and also is likely to increase « Specify other 0(#); 0(%) « Lipophilicity 8(#); 29(%) « Natural Organic Matter (NOM)  [Behavior 1(#); 4(%) « subchronic Exposure 2(#); 7(%)
agglomeration and settling out of solution « Matrix Bound vs. Free 7(#); 25(%) 8(4); 20(%) « Other 0(#); 0(%) « Susceptible
« Insufficient data « Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) Populations/Individuals 2(#); 7(%)
width, shape) 6(¢); 21(%) Environment 6(#); 21(%) « Other 0(#); 0(%)
 Persistence 4(#); 14(%) * pH 7(#); 25(%) * Specify other 0(#); 0(%)
* Redox Potential 3(#); 11(%) « Protein Concentration in
« Size/Size Distribution 7(#); 25(%) Environment 5(#); 18(%)
 Specific Surface Area 5(#); 18(%)  Salinity 8(#); 29(%)
« Structural Formula/Molecular « Surfactant (in Lab) 4(#); 14(%)
Structure 4(#); 14(%) « Other O(#); 0(%)
« Surface Chemistry 7(#); 25(%) * Specify other 0(#); 0(%)
« Water Solubility/Dispersibility 5(¢);
18(%)
« Other 1(#); 4(%)
« Soecifv other 0#); 0(%)




1D[ Element-RRF Pair Element Importance RRF Importance RRF Confidence Why Influential Factors
' Pl u 0 Pl u c sc Ne Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
(1), 14(%) | 11(#); 390%) | 13(#); 46(%) | 3(#); 110%) | 1(#);4(%) | O(#);0(%) | O(#);0%) | 1(#);4(%) | 3(#); 11(%) | Applications of MWCNT unknown, so unknown which evironmental factor will drive « Analytical Techniques 1(#); 4(%) |+ Adsorption/Desorption Ability 3(#); |« Air 0(#); 0(%) « Flow Regime 2(#); 7(%) « Conductivity 1(#); 4(%) « ADME 2(#); 7(%) « Acute Exposure 2(#); 7(%)
Mobility exposure, and if MWCNT were exposed to this element, unknown what its mobility, « Control Technologies 2(#); 7(%) [11(%) « Groundwater 2(#); 7(%) | Light Availability 0(#); 0(%) « Dispersing Agents 3(#); 11(%) « Bioaccumulation 2(#); 7(%) « Chronic Exposure 3(#); 11(%)
persistence, and bioavailabily s. « MWCNT Processing Methods |+ Aggregation/Agglomeration State 3(#); | Sediment 1(#); 4(%) « soil Porosity 2(#); 7(%) « Dissolved Oxygen Content 1(#); [+ Biomagnification 1(#); 4(%) « Exposure Route 2(#); 7(%)
« lack of repeatability in data 2(1); 7(%) 11(%) « soil 2(4); 7(%) « Soil/Sediment Fractionation  [4(%) * Microbial Communities in « Geographic Location (i.e. rural vs
« MWCNT Purity 2(#); 7(%) « Applied Coatings 3(#); 11(%) « Surface Water 2(4); 7(%)  [2(#); 7(%) « Exposure to Sunlight 0(#); 0(%)  [Environment 2(#); 7(%) urban) 1(#); 4(%)
« MWCNT Synthesis Methods | Biodegradability 2(#); 7(%) « Wastewater 2(#); 7(%) « Temperature 2(#); 7(%) « Heavy Metals in Environment 3(#); |+ Organism Health 1(#); 4(%) « Habitat Structure 1(#); 4(%)
1(#); 4(%) « Catalytic Activity 2(4); 7(%) « Other 0(#); 0(%) « Wind 1(#); 4(%) 1(%) « Species/Individual « Human Activity 2(#); 7(%)
« Personal Protective Equipment |+ Charge 3(#); 11(%) « Specify other O(#); 0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 1(#); 4(%)
2(#); 70%) * Conductive or Magnetic Properties * Specify other 0(#); 0(%) 3(#); 11(%) * Species/Individual Feeding « Life Stage 1(#); 4(%)
« Other 0(#); 0(%) 1); 4(%) « Ligand Concentrations in Behavior 2(#); 7(%) « Occupation 1(4); 4(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) 1); 4(%) « Species/Individual Reproductive |+ Subchronic Exposure 2(#); 7(%)
« Lipophilicity 3(#); 11(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free 3(#); 11(%) 3(); 11(%) « Other 0(#); 0(%) Populations/Individuals 2(#); 7(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) « Other 0(#); 0(%)
width, shape) 3(#); 11(%) Environment 3(#); 11(%) « Specify other 0(#); 0(%)
« Persistence 2(#); 7(%) « pH 2(#); 7(%)
* Redox Potential 1(#); 4(%) * Protein Concentration in
« Size/Size Distribution 3(#); 11(%) Environment 1(#); 4(%)
« Specific Surface Area 3(#); 11(%) « salinity 3(#); 11(%)
« Structural Formula/Molecular « Surfactant (in Lab) 3(#); 11(%)
Structure 3(#); 11(%) « Other 0(#); 0(%)
« surface Chemistry 2(#); 7(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 3(¢);
11(%)
« Other O(#); 0(%)
« Specify other 0(#); 0(%)
22| Groundwater- (1), 14(%) | 11(4); 390%) | 13(#);46(%) | 204);7(%) | 20#);7(%) | O(#);0(%) | O(#);0(%) | 1(#);4(%) | 3(#); 11(%) | Applications of MWCNT unknown, so unknown which evironmental factor will drive « Analytical Techniques 1(#); 4(%) |+ Adsorption/Desorption Ability 2(#); | Air O(#); 0(%) « Flow Regime 1(#); 4(%) « Conductivity 1(#); 4(%) « ADME 1(#); 4(%) « Acute Exposure 2(#); 7(%)
Persistence exposure, and if MWCNT were exposed to this element, unknown what its mobilty, « Control Technologies 1(#); 4(%) |7(%) « Groundwater 2(#); 7(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 2(#); 7(%) « Bioaccumulation 2(4); 7(%) « Chronic Exposure 2(4); 7(%)
persistence, and bioavailabily s. * MWCNT Processing Methods |+ Aggregation/Agglomeration State 2(#); Sediment 1(#); 4(%) « ol Porosity 2(4); 7(%) « Dissolved Oxygen Content 1(#); |« Biomagnification 1(#); 4(%) « Exposure Route 1(#); 4(%)
« MWCNTS are probably less persistant than a lot of other industrial chemicals (i.e., less 1(#); 4(%) 7(%) « soil 2(#); 7(%) « Soil/Sediment Fractionation |4(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
stable). « MWCNT Purity 1(#); 4(%) « Applied Coatings 2(#); 7(%) « Surface Water 2(#); 7(%)  [2(#); 7(%) « Exposure to Sunlight (#); 0(%) 1(#); 4(%) urban) 1(#); 4(%)
 MWCNT Synthesis Methods |+ Biodegradability 1(#); 4(%) « Wastewater 2(#); 7(%) « Temperature 1(#); 4(%) « Heavy Metals in Environment 2(#); |+ Organism Health 1(#); 4(%) « Habitat Structure 1(#); 4(%)
o#); 0(%) « Catalytic Activity 1(#); 4(%) « Other 0#); 0(%) « Wind 1(#); 4(%) 706) « Species/Individual « Human Activity 1(#); 4(%)
« Personal Protective Equipment |+ Charge 2(#); 7(%) « Specify other O(#); 0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 1(#); 4(%)
2); 7(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) 2#); 7(%) « Species/Individual Feeding « Life Stage 1(#); 4(%)
« Other 0(#); 0(%) 1(#); 4(%)  Ligand Concentrations in Behavior 2(#); 7(%) « Occupation 1(#); 4(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment 1(#); 4(%) « Species/Individual Reproductive |+ Subchronic Exposure 1(#); 4(%)
« Lipophilicity 2(#); 7(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
* Matrix Bound vs. Free 2(#); 7(%) 2(#); 7(%) * Other 0(#); 0(%) Populations/Individuals 1(#); 4(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 2(#); 7(%) 2(#); 7(%) * Specify other 0(#); 0(%)
« Persistence 2(#); 7(%) « pH 2(#); 7(%)
* Redox Potential 1(#); 4(%) « Protein Concentration in
« Size/Size Distribution 2(#); 7(%) Environment 1(#); 4(%)
« Specific Surface Area 2(#); 7(%) « Salinity 1(#); 4(%)
* Structural Formula/Molecular « Surfactant (in Lab) 2(#); 7(%)
Structure 2(4); 7(%) « Other 0(#); 0(%)
« surface Chemistry 2(#); 7(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 2(#);
7(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
23 Groundwater- 40 140%) | 110 390%) | 13(#);46(%6) | 204 7(%) | 108 40%) | 141 4(%) | O#);0(%) | 1(#);4(%) | 3(#); 11(%) |+ Applications of MWCNT unknown, so unknown which evironmental factor will drive « Analytical Techniques 1(#); 4(%) |+ Adsorption/Desorption Ability 2(#); | Air O(#); 0(%) « Flow Regime 1(#); 4(%) « Conductivity 1(#); 4(%) « ADME 1(#); 4(%) « Acute Exposure 2(#); 7(%)
Bioavailability exposure, and if MWCNT were exposed to this element, unknown what its mobility, « Control Technologies 1(#); 4(%) |7(%) « Groundwater 2(4); 7(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 2(#); 7(%) « Bioaccumulation 2(4); 7(%) « Chronic Exposure 2(4); 7(%)
persistence, and bioavailabily s. * MWCNT Processing Methods |+ Aggregation/Agglomeration State 2(#); Sediment 1(#); 4(%) « ol Porosity 2(#); 7(%) « Dissolved Oxygen Content 1(#); |« Biomagnification 1(#); 4(%) « Exposure Route 1(4); 4(%)
« Fewer organisms of concern in the aquifer; probably not so bioavailable. 1(#); 4(%) %) « Soil 2(4); 7(%) « Soil/Sediment Fractionation  [4(%) * Microbial Communities in « Geographic Location (i.e. rural vs.
« MWCNT Purity 1(#); 4(%) « Applied Coatings 2(#); 7(%) « Surface Water 2(4); 7(%6) | 2(#); 7(%) « Exposure to Sunlight 0(#); 0(%)  [Environment 1(#); 4(%) urban) 1(#); 4(%)
« MWCNT Synthesis Methods | Biodegradability 1(#); 4(%) « Wastewater 2(4); 7(%) « Temperature 1(#); 4(%) « Heavy Metals in Environment 2(#); |+ Organism Health 1(#); 4(%) « Habitat Structure 1(#); 4(%)
ol); 0(%) « Catalytic Activity 1(#); 4(%) « Other 0(#); 0(%) « Wind 1(#); 4(%) (%) « Species/Individual « Human Activity 1(#); 4(%)
« Personal Protective Equipment |+ Charge 2(#); 7(%) « Specify other 0(#); 0(%) |« Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 1(#); 4(%)
2#); 7(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) 2#); 7(%) « Species/Individual Feeding « Life Stage 1(#); 4(%)
* Other 0(#); 0(%) 1(#); 4(%)  Ligand Concentrations in Behavior 2(#); 7(%) « Occupation 1(#); 4(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment 1(#); 4(%) « Species/Individual Reproductive |+ Subchronic Exposure 1(#); 4(%)
« Lipophilicity 2(#); 7(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free 2(#); 7(%) 2(1); 7(%) « Other 0(#); 0(%) Populations/Individuals 1(#); 4(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other 0(#); 0(%) « Other 0(#); 0(%)
width, shape) 2(#); 7(%) Environment 2(#); 7(%) « Specify other 0(#); 0(%)
« Persistence 2(#); 7(%) * pH 2(#); 7(%)
* Redox Potential 1(#); 4(%) « Protein Concentration in
« Size/Size Distribution 2(#); 7(%) Environment 1(#); 4(%)
« Specific Surface Area 2(#); 7(%) « Salinity 2(#); 7(%)
« Structural Formula/Molecular « Surfactant (in Lab) 2(#); 7(%)
Structure 2(#); 7(%) « Other 0#); 0(%)
« surface Chemistry 2(#); 7(%) « Specify other 0(#); 0(%)
« Water Solubility/Dispersibility 2(#);
7(%)
« Other 0(#); 0(%)
« Soecifv other 0#); 0(%)




] O e Y AN
| [ »m [ u [ ¢ [ sc [ w~ | | MethodsTechniaves ]
19(«) 68(%) (») 25(%) z(u) 7(%) (») 64(%) 1() (%)  O) 006) 3(%) 11(%) 6(#) 21(%) m(») 35(%) ntic pated ma or source of MWNT Anayi
« can be repeatab y tested EL0) 43(%)
« App cations of MWCNT unknown so unknown wh ch ev ronmenta factor w ~dr ve « Contro Techno og s 6(#) 21(%) + Aggregation/Agg omeration State
exposure, and f MWCNT were exposed to th s element, unknown what ts mob ty « MWCNT Process ng Methods  13(#) 46(%)
pers stence, and b oava ab y s 3() 11(%) « App ed Coatings 9(t) 32(%)
« Datanotava abeonmob ty of MWCNTs n wastewater « MWCNT Purty 5(#) 18(%) «Bodegradab ty 10(#) 36(%)
«Much of th's data s mited by the need for more robust methods for quantitation of MWNTs « MWCNT Synthes s Methods  « Cata ytic Activ ty 4(#) 14(%)
n wastewater 2(#) 7(%) * Charge 5(#) 18(%)
« Our know edge about the mob ty of MWCNT s very mited and why do not know whether ~« Persona Protective Equ pment  « Conductive or Magnetic Properties
the test methods we use to assess mob  ty of regu ar chem ca are approrp ate 1(#) 4(%) 2#) 7(%)
* Where does t end up? « Other 0(#) 0(%) «Crysta ne Phase 2(#) 7(%)
« Few stud es descr be MWCNT remova by wastewater treatment processes « Spec fy other 0(#) 0(%) «Lpoph cty 10(#) 36(%)
« kely to accumu ate n wastewater s matera co ected from eff uent? « Matr x Bound vs Free 13(#) 46(%)
« poss b e ma or route of env ronmenta release; cou d be modeled from f rst pr nc pa « Morpho ogy (e.g aspectratio_ength
«Wh st there may not be agreat dea of data on the mob_ ty of CNT n WWTP we do know wdth shape) 9(#) 32(%)
they tend to agg omerate rap d y and ev dence from other NPs (e.g T 02) suggests reduced « Pers stence 5(#) 18(%)
mob. tyand rap d sed mentation nto the s udge « Redox Potentia 4(#) 14(%)
« Shou d be determined by s ze « 5 2¢/5 ze D str bution 8(#) 29(%)
« Spec f c Surface Area 6(#) 21(%)
« Structura Formu a/Mo ecu ar
Structure 6(#) 21(%)
« Surface Chem stry 12(#) 43(%)
* WaterSoub ty/Dspersb ty 12(#)
43(%)
* Other 1(#) 4(%)
* Spec fy other 0(#) 0(%)

Conductiv ty 5(#) 18(%)
* D spers ng Agents 9(#) 32(%)
« D 550 ved Oxygen Content 5()
18(%) *Mcroba Commun ties n
« Exposure to Sun ght 3(#) 11(%)  Env ronment 6(#) 21(%)
« Heavy Meta s n Env ronment 7(#) + Organ sm Hea th 4(#) 14(%)
25(%) « Speces/ ndv dua
« oncstrength n Envronment  Developmenta Behav or 3(#)
9(#) 32(%) 11(%)
« Lgand Concentrations n « Speces/ ndv dua Feed ng
Env ronment 8(#) 29(%) Behav or 4(#) 14(%)
* Natura Organ ¢ Matter (NOM) = Specees/ nd v dua Reproductive
11(#) 39(%) Behav or 2(#) 7(%)
* Other Contaminants n « Other 1(#) 4(%)
Env ronment 7(#) 25(%) * Spec fy other 0(#) 0(%)
* pH 8(#) 29(%)
« Protein Concentration n
Env ronment 6(#) 21(%)
*Sa nty 7(#) )
« Surfactant (in Lab) 6(#) 21(%)
* Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

Acute Exposure 4(#) 14(%)
« Chron ¢ Exposure 4(#) 14(%)
* Exposure Route 3(#) 11(%)
« Geograph c Location (i.e. rura vs
urban) 5(#) 18(%)
* Hab tat Structure 2(#) 7(%)
« Human Activ ty 5(#) 18(%)
« ndvdua Activ ty Level 1(#) 4(%)
* Lfe Stage 1(#) 4(%)
* Occupation 2(#) 7(%)
* Subchron ¢ Exposure 4(#) 14(%)
« Susceptib e
Popu ations/ nd v dua s 4(#) 14(%)
« Other 0(#) 0(%)
* Spec fy other 0(#) 0(%)

* Groundwater 3(#) 11(%)
* Sed ment 3(#) 11(%)
*So 5(#) 18(%)

« Surface Water 3(#) 11(%)
* Wastewater 11(#) 39(%)
* Other 1(#) 4(%)

* Spec fy other 0(#) 0(%)

«LghtAva ab ty 2(#) 7(%)
*So Poros ty 3(#) 11(%)

« 50 /Sed ment Fractionation
6(#) 21(%)

« Temperature 4(#) 14(%)
«Wnd 1(#) 4(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* B oaccumu ation 3(#) 11(%)
* B omagn f cation 3(#) 11(%)

25 Wastewater
Pers stence

19(#) 68(%) 7(#) 25(%)  2() 7(%) 17(#) 61(%) 2(#) 7(%)  O(#) O(%) 4(#) 14(%) S(#) 18(%) 10(#) 36(%) *Comp exboogca medaw thmu tip epotentia b o ogca /phys ca routes of
transformation
« We know that MWCNT are very pers stent
« App cations of MWCNT unknown so unknown wh ch ev ronmenta factorw ~dr ve
exposure, and f MWCNT were exposed to th s element, unknown what ts mob ty.
pers stence, and boava ab y s
* Datanotava ab e on pers stence of MWCNTS n wastewater
« Lfetime n env ronment mpt

most kely not pers stent n wastewater

+ Anaytica Techn ques 8(#) « Adsorption/Desorption Ab. ty 9(#)
29(%) 32(%)

« Contro Techno og es 4(#) 14(%)  Aggregation/Agg omeration State 9(#)
* MWCNT Process ng Methods 2(%)

3(#) 11(%)

« MWCNT Purty 4(#) 14(%)

* MWCNT Synthes s Methods
2(#) 7(%)

« Persona Protective Equ pment

< Ar1(#) 4(%)

* Groundwater 3(#) 11(%)
* Sed ment 3(#) 11(%)
*So 4(#) 14(%)

« surface Water 3(#) 11(%)
* Wastewater 9(#) 32(%)
« Other 1(#) 4(%)

« Spec fy other 0(#) 0(%)

« F ow Regime 6(#) 21(%)
+LghtAva ab ty3(#) 11(%)
+So Poros ty 3(#) 11(%)
« 50 /Sed ment Fractionation

 Conductiv ty 5(#) 18(%)

* D spers ng Agents 6(#) 21(%)
* D'ss0 ved Oxygen Content 4(#)
14(%) *Mcroba Commun ties n
6(#) 21(%) « Exposure to Sun ght4(#) 14(%)  Env ronment 4(#) 14(%)

« Temperature 5(#) 18(%) « Heavy Metas n Env ronment 5(#) » Organ sm Heath3(#) 11(%)  « Hab tat Structure 1(#) 4(%)
*Wnd 1(#) 4(%) 18(%) « Specees/ nd v dua * Human Activ ty 2(#) 7(%)

« Other 0(#) 0(%) « oncStrength n Envronment  Developmenta Behav or 2(#) 7(%) * ndvdua Activ ty Level O(#) 0(%)
« Spec fy other 0(#) 0(%) 7() 25(%) « Speces/ ndv dua Feed ng * Lfe Stage 1(#) 4(%)

* L gand Concentrations n Behav or 3(#) 11(%) * Occupation 1(#) 4(%)

Env ronment 5(#) 18(%) * Specees/ nd v dua Reproductive  Subchron c Exposure 3(#) 11(%)
« Natura Organ ¢ Matter (NOM)  Behav or 2(#) 7(%) « Susceptib e

9(#) 32(%) « Other 0(#) 0(%) Popu ations/ nd v dua s 3(#) 11(%)
« Other Contaminants n « Spec fy other 0(#) 0(%) « Other 0(#) 0(%)

Env ronment 6(#) 21(%) * Spec fy other 0(#) 0(%)

* pH 6(#) 21(%)

« Protein Concentration n

Env ronment 4(#) 14(%)

*Sa nty4(#) 14(%)

« Surfactant (in Lab) 3(#) 11(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

* ADME 3(#) 11(%)
* B oaccumu ation 3(#) 11(%)
* Bomagn f cation 3(#) 11(%)

* Acute Exposure 3(#) 11(%)

« Chron ¢ Exposure 2(#) 7(%)

« Exposure Route 2(#) 7(%)

« Geograph c Location (ie. rura vs
« App ed Coatings 7(#) 25(%) urban) 4(#) 14(%)
* Bodegradab ty 9(#) 32(%)

« Cata ytic Activ ty 5(#) 18(%)

* Charge 3(#) 11(%)

« Conductive or Magnetic Properties
3(#) 11(%)

«Crysta ne Phase 2(4) 7(%)

Lpoph cty7(#) 25(%)

« Matrx Bound vs Free 10(#) 36(%)

« Morpho ogy (e.g aspectratio ength
wdth shape) 5(#) 18(%)

« Pers stence 9(#) 32(%)

 Redox Potentia 5(#) 18(%)

« 5 26/5 ze D str bution 5(#) 18(%)

« Spec fc Surface Area 4(#) 14(%)

« Structura Formu a/Mo ecu ar
Structure 4(#) 14(%)

« Surface Chem stry 8(#) 29(%)

* WaterSo ub ty/Dspersb ty 9(#)
32(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* CNT have been shown n other b o og ca systems to be rather pers stant so wh st not spec fc 1(#) 4(%)
« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

data t s nd cative.
« Cou d be der ved from chem ca prncpas

« t sun kely for substantia degradation to occur based on the short time n wastewater
treatment p ants

«The Zhu et a (2011) paper on MWCNT oxidation needs to ver f ed to determine fe time of
mater a

26 Wastewater
Boava ab ty

19(#) 68(%)

7(#) 25(%)

2(#)

7(%)

11(#) 39(%)

)

8(#) 29(%)

0(#) 0(%)

2(#) 7(%)

3(#) 11(%)

14(#) 50(%)

M crobes and microb a b of ms must mportant and probab e organ sms of concern n
WWTP 29(%)
« App cations of MWCNT unknown so unknown wh ch ev ronmenta factorw ~dr ve
exposure, and f MWCNT were exposed to th s element, unknown what ts mob  ty

pers stence, and b oava ab y s

*Lttedataava abeonboava ab ty of MWCNT forms for f ame retardants n wastewater
« Our know edge about the b 0ava ab ty of MWCNT s very mited and why do not know
whether the test methods we use to assess b 0ava ab ty of regu ar chem ca are approrp ate
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pp cations of MWCNT unknown so unknown wh ch ev ronmenta factorw dr ve
exposure, and f MWCNT were exposed to th s element, unknown what ts mob ty.
pers stence, and b oava ab y s
« Our know edge about the mob  ty of MWCNT s very mited and why do not know whether
the test methods we use to assess mob  ty of regu ar chem ca are approrp ate
esedment s kely fate of MWNTs n surface waters
lowsoub ty nwaterw mitmob tyuness functiona zed
S miarto above, there are even more mited stud es of MWNTs n sed ments and so s and
ths sthe kely pace theyw be found n the env ronment
« Stud es assess ng sorption of MWCNTs toso sw  kely a so be app cab e to sed ments

« minmima_transformation/degredation expected

« We know that MWCNT are very pers stent

« App cations of MWCNT unknown so unknown wh ch ev ronmenta factorw ~dr ve
exposure, and f MWCNT were exposed to th s element, unknown what ts mob ty.

pers stence, and b oava ab y s

« mportant to know how ong these mater a s rema n n the nano form n comp ex med a
« nformation mited p 3 12 12

*W affect ength of exposure

« Degradation of MWCNTS n sed ments s kely to be very s ow

«microba b of msand benth ¢ nvertebrates kely organ sms of concern
* App cations of MWCNT unknown so unknown wh ch ev ronmenta factorw ~dr ve
exposure, and f MWCNT were exposed to th s element, unknown what ts mob ty.

pers stence, and b oava ab y s

« nformation mited p 3 12 12

« Native vs functiona zed form w ~affect b oava ab ty

* Our know edge about the b oava ab ty of MWCNT s very mited and why do not know
whether the test methods we use to assess b 0ava ab. ty of regu ar chem ca are approrp ate
« Anumber of stud es have shown mited b oaccumu ation of MWCNTS by sed ment

organ sms a though b oturbation and mixing of MWCNTs n sed ments by organ sms cou d
occur
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« 50 /Sed ment Fractionation
A4(#) 14(%)

* Temperature 3(#) 11(%)
©Wnd 1(#) 4(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« F ow Regime 2(#) 7(%)
«LghtAva ab ty 1(#) 4(%)
*So Porosty 4(#) 14(%)

« 50 /Sed ment Fractionation
5(#) 18(%)

« Temperature 3(#) 11(%)
©Wnd 1(#) 4(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* D spers ng Agents 4(#) 14(%)
« D 550 ved Oxygen Content 2(t)
7(%)

« Exposure to Sun ght 2(#) 7(%)
« Heavy Meta s n Env ronment 3(#)
11(%)

« oncstrength n Env ronment
3(#) 11(%)

« Lgand Concentrations n

Env ronment 3(#) 11(%)

* Natura Organ c Matter (NOM)
A4(#) 14(%)

« Other Contaminants n

Env ronment 4(#) 14(%)

« pH 3(#) 11(%)

« Protein Concentration n

Env ronment 3(#) 11(%)

«sa nty2()

« surfactant (in Lab) 4(#) 14(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Conductiv ty 1(#) 4(%)

* D spers ng Agents 4(#) 14(%)
* D550 ved Oxygen Content 1(#)
4(%)

« Exposure to Sun ght 1(#) 4(%)
* Heavy Meta s n Env ronment 2(#)
7(%)

« oncStrength n Env ronment
2(#) 7(%)

« Lgand Concentrations n

Env ronment 2(#) 7(%)

* Natura Organ c Matter (NOM)
3() 11(%)

« Other Contaminants n

Env ronment 3(#) 11(%)

« pH 3(#) 12(%)

« Protein Concentration n

Env ronment 2(#) 7(%)

«Sa nty 1(#) 4(%)

« Surfactant (in Lab) 3(#) 11(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

« Conductiv ty 1(#) 4(%)

« D spers ng Agents 5(#) 18(%)
* D550 ved Oxygen Content 2(#)
7(%)

« Exposure to Sun ght 2(#) 7(%)
* Heavy Meta s n Env ronment 3(#)
11(%)

« oncStrength n Env ronment
3() 11(%)

« Lgand Concentrations n

Env ronment 3(#) 11(%)

« Natura Organ ¢ Matter (NOM)
4(#) 140%)

« Other Contaminants n

Env ronment 4(#) 14(%)

« pH 5(#) 18(%)

« Protein Concentration n

Env ronment 4(#) 14(%)

«sa nty 2(#) 7(%)

« Surfactant (in Lab) 4(#) 14(%)
« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

Surrounding Media Physical Conditions Chemical Conditions Biological Conditions

ADME 1(#) 4(%)

* B oaccumu ation 2(#) 7(%)

« B omagn f cation 2(#) 7(%)
*Mcroba Commun ties n

Env ronment 2(#) 7(%)

+ Organ sm Hea th 2(#) 7(%)

« Speces/ ndv dua
Developmenta Behav or 1(#) 4(%)
« Speces/ ndv dua Feed ng
Behav or 2(#) 7(%)

« Speces/ nd v dua Reproductive
Behav or 1(#) 4(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

 ADME 2(#) 7(%)

* B oaccumu ation 2(#) 7(%)

= Bomagn f cation 2(#) 7(%)
*Mcroba Commun ties n

Env ronment 2(#) 7(%)

* Organ sm Hea th 2(#) 7(%)

« Specees/ nd v dua
Developmenta Behav or 1(#) 4(%)
« Speces/ ndv dua Feed ng
Behav or 2(#) 7(%)

« Speces/ nd v dua Reproductive
Behav or 1(#) 4(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%)

 ADME 2(#) 7(%)

« B oaccumu ation 4(#) 14(%)

* Bomagn f cation 4(#) 14(%)
*Mcroba Commun ties n

Env ronment 4(#) 14(%)

« Organ sm Hea th 3(#) 11(%)

« Specees/ nd v dua
Developmenta Behav or 2(#) 7(%)
« Speces/ nd v dua Feed ng
Behav or 3(#) 11(%)

« Specees/ nd v dua Reproductive
Behav or 2(#) 7(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

Acute Exposure 2(#) 7(%)
« Chron ¢ Exposure 2(#) 7(%)
* Exposure Route 2(#) 7(%)
« Geograph c Location (i.e. rura vs
urban) 2(#) 7(%)
* Hab tat Structure 2(#) 7(%)
« Human Activ ty 3(#) 11(%)
« ndvdua Activ ty Level 1(#) 4(%)
* Lfe Stage 1(#) 4(%)
* Occupation 2(#) 7(%)
* Subchron ¢ Exposure 2(#) 7(%)
« Susceptib e
Popu ations/ nd v dua s 2(#) 7(%)
* Other 0(#) 0(%)
* Spec fy other 0(#) 0(%)

* Acute Exposure 2(#) 7(%)

« Chron ¢ Exposure 2(#) 7(%)

« Exposure Route 2(#) 7(%)

« Geograph c Location (i.e. rura vs
urban) 2(4) 7(%)

* Hab tat Structure 1(#) 4(%)

* Human Activ ty 2(#) 7(%)

* ndvdua Activty Level 2(#) 7(%)
+ Lfe Stage 1(#) 4(%)

+ Occupation 2(#) 7(%)

* Subchron c Exposure 2(#) 7(%)
« Susceptib e

Popu ations/ nd v dua s 2(#) 7(%)
« Other 0(#) 0(%)

 Spec fy other 0(#) 0(%)

* Acute Exposure 2(#) 7(%)

« Chron ¢ Exposure 2(#) 7(%)

« Exposure Route 2(4) 7(%)

« Geograph c Location (i.e. rura vs
urban) 1(4) 4(%)

* Hab tat Structure 0(#) 0(%)

« Human Activ ty 2(#) 7(%)

* ndvdua Activ ty Level 1(#) 4(%)
« Lfe Stage 2(#) 7(%)

« Occupation 1(#) 4(%)

* Subchron ¢ Exposure 2(#) 7(%)
« Susceptib e

Popu ations/ nd v dua s 1(#) 4(%)
* Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)




« Lack of appropriately conducted studies with animals to evaluate the ingestion of MWCNT
« No studies have indicated the extent to which this pathway will occur
« Especially for liquid applications for CNT dried spray or splatter can easily be transferred from
hand to mouth
« abundant animal data
« Adult population

ugh ingestion will be I i

« Exp nt althe
* No reliable studies.

h the level of study is limited

« Redox Potential 3(#); 11(%)

« Size/Size Distribution 8(#); 29(%)

« Specific Surface Area 7(#); 25(%)

« Structural Formula/Molecular
Structure 6(#); 21(%)

« surface Chemistry 8(#); 29(%)

« Water Solubility/Dispersibility 7(2);
25(%)

* Other 1(#); 4(%)

« Specify other 0(#); 0(%)

* Protein Concentration in
Environment 5(#); 18(%)

« salinity 3(#); 11(%)

« Surfactant (in Lab) 5(#); 18(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

1D[ Element-RRF Pair Element Importance RRF Importance RRF Confidence Why Influential Factors
Pl u Pl u c sc Ne Methods Techniques ENM ch Physical Conditions Chemical Conditions Biological Conditions Social Conditions
33]Biota- 12(#); 43(0%) | 14(4); 500%) | 2#); 7(%) | 1208 430%) | 0(#);00%) | 0(; 00%) | 0#); 0(%) | 6(#); 210%) | 6(#); 21(%) [+ Applications of MWCNT unknown, so unknown which evironmental factor will drive « Analytical Techniques 7(#); « Adsorption/Desorption Ability 6(#); | Air 4(#); 14(%) « Flow Regime 3(#); 11(%) « Conductivity 2(#); 7(%) « ADME 8(#); 29(%) « Acute Exposure 3(#); 11(%)
Bioaccumulation exposure, and if MWCNT were exposed to this element, unknown what its mobilty, 25(%) 21(%) « Groundwater 4(#); 14(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 6(4); 21(%) « Bioaccumulation 9(#); 32(%) |+ Chronic Exposure 6(#); 21(%)
persistence, and bioavailabily is. « Control 241 7(%) |+ State 9(#); | Sed (#); 14(%) « ol Porosity 2(4); 7(%) « Dissolved Oxygen Content 3(4); |+ Biomagnification 9(#); 32(%) |+ Exposure Route 6(#); 21(%)
« Need a wider array of organisms/microcosms for studies of MWNT accumulation « MWCNT Processing Methods  [32(%) « Soil 5(#); 18(%) « Soil/sediment Fractionation |11(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
« Our knowledge about the bioaccumulation of MWCNT is very limited and why do not know | 2(#); 7(%) « Applied Coatings 8(#); 29(%) « Surface Water S(#); 18(%)  [4(#); 14(%) « Exposure to Sunlight 2(4); 7(%)  |Environment 8(#); 29(%) urban) 3(#); 11(%)
whether the we use to assess f regular chemical are « MWCNT Purity 4(#); 14(%) « Biodegradability 6(4); 21(%) « Wastewater 5(#); 18(%) | Temperature 2(#); 7(%) * Heavy Metals in Organism Health 6(#); 21(%) |+ Habitat Structure 2(4); 7(%)
approrpiate * MWCNT Synthesis Methods * Catalytic Activity 1(#); 4(%) « Other O(#); 0(%) * Wind 2(#); 7(%) 14(%) . * Hi Activity 4(#); 14(%)
« Incomplete data on accumulation of MWCNT in biota. 1#); 4(%) « Charge 2(#); 7(%) « Specify other 0(#); 00%) |« Other O#); 0(%) « lonic Strength in Environment [ Developmental Behavior 6(#); | Individual Activity Level 3(#);
. have shown limited by a range of multicellular organisms |« Personal Protective Equipment [+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) (1) 140%) 21(%) 1(%)
but less is known about e by unicellular (#); 706) 2(#); 7(%) « Ligand Concentrations in « Species/Individual Feeding « Life Stage 4(#); 14(%)
food chain transfer « Other 0(#); 0(%) « Crystalline Phase 0(#); 0(%) (#); 18(%) Behavior 7(4); 25(%) « Occupation 3(#); 11(%)
« where does material bioaccumulate f exposure was not airborne « Specify other 0(#); 0(%) « Lipophilicity 8(#); 29(%) « Natural Organic Matter (NOM) [+ Species/Individual Reproductive | Subchronic Exposure 4(#); 14(%)
* No reliable studies * Matrix Bound vs. Free 8(#); 29(%) 6(#); 21(%) Behavior 6(#); 21(%) * Susceptible
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Other 1(#); 4(%) Populations/Individuals 3(#); 11(%)
width, shape) 5(2); 18(%) Environment 5(#); 18(%) « Specify other 0(#); 0(%) « Other 0(#); 0(%)
« Persistence 6(#); 21(%) « PH 7(#); 25(%) « pecify other 0(#); 0(%)
* Redox Potential 4(#); 14(%) « Protein Concentration in
« Size/Size Distribution 8(#); 29(%) Environment 7(#); 25(%)
 Specific Surface Area 4(#); 14(%)  Salinity 5(#); 18(%)
« Structural Formula/Molecular « surfactant (in Lab) 4(#); 14(%)
Structure 2(4); 7(%) « Other O(#); 0(%)
« surface Chemistry 7(#); 25(%) * Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 7(#);
25(%)
« Other 1(#); 4(%)
« Specify other 0(#); 0(%)

34/ Human: 28(#); 100(%)| O(#); 0(%) | O(#);0(%) | 6(#); 21(%) | 12(#); 3(%) | 10(#); 36(%) | 3(#); 11(%) | 15(#); 54(%) | 10(2); 36(%) | conflicting results thus far « Analytical . Abilty 8(#); |+ Air 3(#); 11(%) « Flow Regime 0(#); 0(%) « Conductivity 1(#); 4(%) '+ ADME 7(#); 25(%) « Acute Exposure 9(#); 32(%)
Occupational- « Incomplete data available for specifie MWCNT forms. 29(%) 20(%) « Groundwater 2(#); 7(%) | = Light Availability 1(#); 4(%) « Dispersing Agents 7(#); 25(%) [« 7 250%) et 10(#); 36(%)
Ingestion « least probable exposure route and unlikely « Control 8(1); 29(%) |+ State 8(#); |« Sediment 1(#); 4(%) « Soil Porosity 0(#); 0(%) « Dissolved Oxygen Content 0(#); [+ Biomagnification 4(#); 14(%) |+ Exposure Route 10(#); 36(%)

« Limited exposure, metabolism and transport not expected « MWCNT Processing Methods ~ [29(%) « soil 1(#); 4(%) « Soil/Sediment Fractionation [0(%)  Microbial Communities in « Geographic Location (i.e. rural vs.
« oral toxicity would not be expected 58(1); 29(%) « Applied Coatings 8(t); 29(%) « Surface Water 2(4); 7(%)  [0(#); 0(%) « Exposure to Sunlight 1(4); 4(%) 3(4); 11(%) urban) 2(4); 7(%)

« Workers are now trained enough to not be eating materials contaminated or exposed to |« MWCNT Purity 6(#); 21(%) « Biodegradability 6(#); 21(%) « Wastewater 1(4); 4(%) « Temperature 3(#); 11(%) « Heavy Metals in Environment 5(#); |+ Organism Health 5(#); 18(%) |+ Habitat Structure 2(4); 7(%)
MWCNT « MWCNT Synthesis Methods | Catalytic Activity 2(4); 7(%) « Other 2(#); 7(%) « Wind 2(¢); 7(%) 18(%) « Species/Individual « Human Activity 7(#); 25(%)

« Data availabl 7(4); 25(%) « Charge 5(#); 18(%) « Specify other 0(#); 0(%) |« Other 0(#); 0(%) « lonic Strength in Environment [ Developmental Behavior 4(#); | Individual Activity Level 6(#);

« If there is occupational exposure, some ingestion cannot be ruled out but there are limited | Personal Protective Equipment [« Conductive or Magnetic Properties « Specify other 0(#); 0(%) 4(4); 14(%) 14(%) 21(%)

or no studies on this 9(4); 32(%) 1(#); 4(%) « Ligand Concentrations in « Species/Individual Feeding « Life Stage 5(#); 18(%)

« In terms of exposure routes for particulates in the ocupational setting, ingestion is relativly | Other 1(#); 4(%) « Crystalline Phase 2(4); 7(%) Environment 3(#); 11(%) Behavior 6(#); 21(%) « Occupation 7(#); 25(%)

unlikely although ingestion secondary to inhalation exposure (i.e. swallowing of material from |+ Specify other 0(#); 0(%) « Lipophilicity 7(#); 25(%) « Natural Organic Matter (NOM) [« « subchronic 32(%)
the lung cleared by the mucocillary escalator) of due to had to mouth contamination. The dose. « Matrix Bound vs. Free 9(#); 32(%) 2(4); 7(%) Behavior 3(#); 11(%) « susceptible

recieved from these routes is likely to be low although litle data exists to confirm this for CNT « Morphology (e.g. aspect ratio, length, « Other Contaminants in « Other 0(#); 0(%) Populations/Individuals 8(#); 29(%)
« Ingestion has not been well studied in terms of MWCNT exposures. Risk due to exposure is width, shape) 8(#); 29(%) 7(4); 25(%) « Specify other 0(#); 0(%) « Other 0(#); 0(%)

still not known « Persistence 7(#); 25(%) « pH 6(#); 21(%) « Specify other 0(#); 0(%)




1D Element-RRF Pair Element Importance RRF Importance RRF Confidence Why Influential Factors.
] ] u ] ] u c sc NC Methods Techniques ENM C Physical Conditions Chemical Conditions Biological Conditions Social Conditions
36[Human: 28(#); 100(%)| 0(); 01%) | 0();00%) | 5(); 18(%) | 11(#); 39(%) | 12(#); 43(%) | 6(); 21(%) | 12(#); 43(%) | 10(#); 36(%) |+ Incomplete data available for specifie MWCNT forms. « Analytical Techniques 5(#); « Adsorption/Desorption Ability 4(#); |« Air 2(#); 7(%) « Flow Regime O(#); 0(%)  Conductivity O(#); 0(%) * ADME 4(#); 14(%) * Acute Exposure 5(#); 18(%)
Occupational- « There is still a considerable lack of scientific data of dermal exposure levels during various  [18(%) 14(%) « Groundwater O(#); 0(%) « Light Availability 0(#); 0(%) * Dispersing Agents 1(#); 4(%) * Bioaccumulation 3(#); 11(%) « Chronic Exposure 6(#); 21(%)
Dermal work activities yet knowledge of the dermal exposure to other poorly soluble particles could |+ Control 5(#); 18(%) |+ State 5(#); |+ 0(%) « Soil Porosity O(#); 0(%) « Dissolved Oxygen Content 0(#); | Biomagnification 1(#); 4(%) « Exposure Route 4(#); 14(%)

37 Human Consumer
ngestion

38 Human Consumer
nha ation

19(#) 68(%

19(#)

8(#) 29(%)

8(#) 29(%)

1(#) 4(%

1(#) 4(%)

11(#) 3

%)

13(#) 46(%)

3(#) 11(%

5(#) 18(%

5(#) 18(%)

1(#) 4(%

2(#) 7(%)

CORIT

7(#) 25(%

10(#) 36(%)

be used in place

« can have clear cut tests

« potential exposure route but low probability

« Data available but characterization s a questionmark

« If there is occupational exposure, dermal exposure cannot be ruled but evidence indicates
that pure nanoparticles do not penetrate the skin and workers must be assumed to be
wearing PPE such as gloves

« Limited exposure and toxicity potential

« not a likely route

« Data out there already on MWCNT expsoure in typical MWCNT manufacturing activities.

« Insufficient studies, only inferring possible inhalation pathway p 4-20-21

key route of exposure for workers handling coated textiles as they are converted into furniture
(they will not wear PPE)

« Little to no work done on dermal exposures in workplace- are dermal exposures even a
concern?

« Prelimary in vivo data indicate that MWCNT could penetrate abraided skin, however, no
adverse effects have been noted todate.

« Use protective gloves

« No reliable studies

« Most probab e exposure route through contaminanted food
« Few stud es are ava ab e on th s other than compar sons to decaBDE
« No data ava ab e on consumer contact w th MWCNT f ame retardant upho stery coatings
Too tte sknown about sources to determine r sk
* Rel ab e data on consumer exposure s not yetava ab e but can estimate worst case
onsumer exposure

ngestion has not been wel stud ed n terms of MWCNT exposures R sk due to exposure s
stil not known
« nhaation s prmary r sk w th MWCNT not ngestion
« mited exposure, metabo sm and transport not expected
«The kel hood of ngestion exposure to a CNT conta n ng f e retardant s kely to be very ow
and fso agan secondary to nha ation/ derma exposure
* ackof data both exper menta and f eld
* Lack of appropr ate expos
«Ch dren mouth ng
* We expect MWCNT to be prmar y excreted but stil wou dnt eat them

re assessment techn ques

« Due to the eary stage n the use of CNT conta n ng products ths nformation s comp etely

ack ng yet as d scussed n Chapter 2 the potentia for release s ev dent from dusts contian ng.

decaBDE being elease from textiles and nsu ation matera s Therefore the evel of exposure

durng use s mportant a though ev dence suggests potentia ya ow hazard from CNTv a

derma exposure as s a so seen w th many poor y so ub e partic es
« Lack of exper menta or f eld data Lack of appropr ate ure a
« Resuspended dust w th released MWCNT

« Few stud es are ava ab e on th s other than compar sor
* Ma n route of exposure
« Potentia for da y acute
* Rel ab e data on consumer exposure s not yet ava ab e but can estimate worst case

nent techn ques
to decaBDE

posures bu d up of product n househo d dust, e

tte s known about sources to determine r sk
w kel hood for exposure n produc

« App cations of MWCNT not wel defined

woud n turn ead to exposures unknown

« No data ava ab e on consumer contact w th MWCNT f ame retardant upho stery coatings

onsumer use wh ch cou d ead to release wh ch

* Once embedded nto a po ymer or a surface coating exposure through nha ation s expected
to be min ma

+ MWCNT Processing Methods
S(#); 18(%)

« MWCNT Purity 3(#); 11(%)

* MWCNT Synthesis Methods
3(#); 11(%)

« Personal Protective Equipment
5(4); 18(%)

« Other 1(#); 4(%)

« Specify other 0(#); 0(%)

« Ana ytica Techn ques 8(#)

« Contro Techno og es 4(#) 14(%)
ng Methods

 MWCNT Pur ty 4(#) 14(%)

* MWCNT Synthes s Methods
2(#) 7(%)

« Persona Protective Equ pment
20#) 7(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0f

« Ana ytica Techn ques 10(#)

* Contro Techno og es 7(#) 25(
 MWCNT Process ng Method:
5(#) 18(%)

 MWCNT Pur ty 7(#) 25(%)

* MWCNT Synthes s Methods
5(#) 18(%)

« Persona Protective Equ pment
5(#) 18(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

« Soil 1(#); 4(%)

« Surface Water 0(#); 0(%)
« Wastewater 0(#); 0(%)

« Other 1(#); 4(%)

« Specify other 0(#); 0(%)

« Soil/sediment Fractionation
0(#); 0(%)

« Temperature 1(#); 4(%)

* Wind 0(#); 0(%)

« Other O(#); 0(%)

« Specify other 0(#); 0(%)

18(%)

« Applied Coatings 5(#); 18(%)

« Biodegradability 3(#); 11(%)

« Catalytic Activity 1(#); 4(%)

* Charge 1(#); 4(%)

« Conductive or Magnetic Properties
1w); 4(%)

« Crystalline Phase 1(4); 4(%)

* Lipophilicity 5(#); 18(%)

* Matrix Bound vs. Free 6(#); 21(%)

« Morphology (e.g. aspect ratio, length,
width, shape) 5(#); 18(%)

* Persistence 4(#); 14(%)

« Redox Potential 1(4); 4(%)

« Size/Size Distribution 5(#); 18(%)

« Specific Surface Area 2(#); 7(%)

« Structural Formula/Molecular
Structure 3(#); 11(%)

« Surface Chemistry 5(#); 18(%)

* Water Solubility/Dispersibility 3(¢);
11(%)

« Other 1(#); 4(%)

« Soecify other 0(#): 0(%)
« Adsorption/Desorption Ab. ty 5(#)
18(%)

© Ara() 14(%) « F ow Regime 1(#) 4(%)
« Groundwater 3(#) 112 «LghtAva ab ty 2(#) 7(%)
« Sed ment 1(#) 4(%) S0 Poros ty 1(#) 4(%)
*So 1(#) 4(%) S0 /Sed ment Fractionation
« Surface Water 2(#) 7(% 1(4) 4(%)
« Wastewater 0(#) 0(%) * Temperatur %)
« Other 0(#) 0(%) ©Wnd 3(#) 11(%)
« Spec fy other 0(#) 0f « Other 0(#) 0(%)
« Spec fy other 0(#) 0f

« Aggregation/Agg omeration State 6()

« App ed Coatings 7(#) 25(%)

« Bodegradab  ty 4(#) 14(%)

Cata ytic Activ ty 2(#) 7(%)
arge 4(#) 14(%)

Conductive or Magnetic Properties
2#) 7(%)

Crysta ne Phase 2(4) 7(%)
«Lpoph cty4(#) 14(%)
«MatrxBound vs Free 6(#) 21
* Morpho ogy (e.g aspectratio ength
wdth shape) 5(#) 18(%)

« Pers stence 6(#) 21(%)

« Redox Potentia 2(4) 7(%)
2e/5 7 D str bution 5(#) 18(%
ec f ¢ Surface Area 2(#) 7(%

Structura Formu a/Mo ecu ar
Structure 5(#) 18(%)

urface Chem stry 5(#) 18(%)
«Water Soub ty/Dspersb ty 6(#)

oec fy other 0(#) 01%)
* Adsorption/Desorption Ab ty 8(#) * Ar12(#) 43(%) * Fow Regime 3(#) 11(%)
* Groundwater O(#) 0(%) *LghtAva ab ty2(#) 7(%)
* Sed ment 1(#) 4(%) *So Poros ty 1(#) 4(%)
*So 3(#) 11(%) *So /Sed ment Fractionation
* Surface Water 2(#) 7(% 1(#) 4(%)
* Wastewater 2(#) 7(% * Temperature 4(#) 14(%)
« Other 0(#) 0(%) W nd 6(#) 21(%)
* Spec fy other 0(#) Of * Other O(#) 0(%)

« Spec fy other 0(#) O

« Aggregation/Agg omeration State
11(#) 39(%)
« App ed Coatings 10(#) 36(%
« B odegradab  ty 8(#) 29(%)
« Cata ytic Activ ty 4(#) 14(%)
* Charge 5(#) 18(%)
« Conductive or Magnetic Properties
3(#) 1109
«Crysta ne Phase 2(#) 7(%)
«Lpoph cty6(#) 21(%)
« Matrx Bound vs Free 11(#) 39(%)
* Morpho ogy (e.g aspectratio ength
wdth shape) 8(#) 20(%)
« Pers stence 10(#) 36(%)
« Redox Potentia 5(#) 18(%)
2/ 7 D str bution 11(#) 39(%
pec f ¢ Surface Area 7(#) 25
Structura Formu a/Mo ecu ar
Structure 7(#) 25(%)
« Surface Chem stry 8() 29(%)
« WaterSoub ty/Dspersb. ty 6(#)

« Other 0(#) 0(%)
« Spec fy other 0(#) 0(%)

0(%)

« Exposure to Sunlight O(#); 0(%)

* Heavy Metals in Environment 2(#);
7(%)

« lonic Strength in Environment
0(#); 0(%)

« Ligand Concentrations in

* Natural Organic Matter (NOM)
0(#); 0(%)

« Other Contaminants in
Environment 1(#); 4(%)

* pH O(#); 0(%)

« Protein Concentration in
Environment 0(#); 0(%)

« Salinity O(#); 0(%)

« Surfactant (in Lab) 1(#); 4(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

« Conductiv ty 1(#) 4(%)
« D spers ng Agents 2(#) 7(%)

« D 550 ved Oxygen Content 0()
(%)

« Exposure to Sun ght 1(#) 4(%)
« Heavy Meta s n Env ronment 3(#)
11(%)

« oncStrength n Env ronment
3(#) 11(%)

« Lgand Concentrations n

Env ronment 3(#) 11(%)

* Natura Organ ¢ Matter (NOM)
2#) 7(%)

« Other Contaminants n

Env ronment 3(#) 11(%)

« pH 3(#) 11(%)

« Protein Concentration n

Env ronment 4(#) 14(%)

*Sa nty 2(#) 7(%)

« Surfactant (in Lab) 2(#) 7(%)

« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%

« Conductiv ty 1(#) 4(%)

« D spers ng Agents 3(#) 11(%)
* D550 ved Oxygen Content O(#)
0(%)

« Exposure to Sun ght 2(#) 7(%)
« Heavy Meta s n Env ronment 2()
7(%)

« oncStrength n Env ronment
2(#) 7(%)

« L gand Concentrations n

Env ronment 2(#) 7(%)

« Natura Organ ¢ Matter (NOM)
2#) 7(%)

« Other Contaminants n

Env ronment 4(#) 14|

« pH 3(#) 11(%)

« Protein Concentration n

Env ronment 2(#) 7(%)

«5a nty 2(#) 7(%)

« Surfactant (in Lab) 3(#) 11(%)
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%)

* Microbial Communities in
Environment 0(#); 0(%)

* Organism Health 2(#); 7(%)

« Species/Individual
Developmental Behavior 2(#); 7(%)
« Species/Individual Feeding
Behavior 1(4); 4(%)

« Species/Individual Reproductive
Behavior 1(4); 4(%)

« Other 0(#); 0(%)

« Specify other O(#); 0(%)

« ADME 6(t) 21(%)

« B oaccumu ation 3(#) 11(%)
« B omagn f cation 3(#) 11(%)
*Mcroba Commun ties n
Env ronment 1(#) 4(%

* Organ sm Hea th 3(#) 11(%)
« Specees/ nd v dua
Developmenta Behav or 3(#)
11(%)

« Speces/ ndv dua Feed ng
Behav or 4(#) 14(%)

« Speces/ nd v dua Reproductive
Behav or 2(#) 7(%)

« Other 0(#) 0(%)

* Spec fy other 0(#) 0(%

« ADME 5(#) 18
« B oaccumu ation 4(#) 14(%)
* B omagn f cation 4(#) 14(
M croba Commun tie
Env ronment 1() 4(%
« Organ sm Hea th 4(#) 14(%)
« Specees/ nd v dua
Developmenta Behav or 5(#)
18(%)
Speces/nd v dua Feed ng
Behav or 4(#) 14(%)
Speces/ nd v dua Reproductive
Behav or 2(#) 7(%)
* Other 0(#) 0(%)
« Spec fy other 0(#) 0(%

« Geographic Location (i.e. rural vs.
urban) 1(#); 4(%)
* Habitat Structure 1(#); 4(%)
* Human Activity 4(#); 14(%)
« Individual Activity Level 4(#);
(%)

« Life Stage 1(#); 4(%)

* Occupation 5(#); 18(%)

* Subchronic Exposure 5(#); 18(%)
« Susceptible
Populations/Individuals 4(#); 14(%)
« Other O(#); 0(%)

« Specify other 0(#); 0(%)

« Acute Exposure 6(#) 21(%)
« Chron ¢ Exposure 9(#) 32(
« Exposure Route 9(#) 32(%)
« Geograph c Location (i
urban) 0(#) 0(%)

« Hab tat Structure 2(#) 7(%)

« Human Activ ty 7(#) 25(%)

« ndvdua Activ ty Level 6(#)
21(%)

« Lfe Stage 3(#) 11(%)
 Occupation 4(#) 14(%)

« Subchron ¢ Exposure 7(#) 2

« Susceptib e

Popu ations/ nd v dua s 6(#) 21(%
« Other 0(#) 0(%)

« Spec fy other 0(#) 0(%

rura

« Acute Exposure 10(#) 36(%)

« Chron ¢ Exposure 11(#) 39(9

* Exposure Route 10(#) 36(%)

« Geograph c Location (i.e. rura vs
urban) 1(#) 4(%)

* Hab tat Structure 3(#) 11(%)

« Human Activ ty 9(#) 32(%)

« ndvdua Activ ty Level 8(#)
29(%)

« Lfe Stage 7(#) 25(%)

« Occupation 5(#)

« Subchron ¢ Exposure 11(#) 39(%)
« Susceptib e

Popu ations/ nd v dua s 9(#)
« Other 0(#) 0(%)

« Spec fy other 0() 0%

2(%)



1D[ Element-RRF Pair Element Importance RRF Importance RRF Confidence Why Influential Factors
Pl u | Pl u c sc N Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
39| Human: Consumer- | 19(#); 68(%) | 8(#); 20(%) | 1(#); 4(%) | S(#); 1806) | 6(#); 21(%) | 8(); 29(%) [ 3(); 11(%) | 3(#); 11(%) | 13(#); 46(%) |+ No data available on consumer contact with MWCNT flame retardant upholstery coatings. | » Analytical Techniques 6(#); « Adsorption/Desorption Ability 5(#); | Air 1(#); 4(%) « Flow Regime 1(#); 4(%) « Conductivity 1(#); 4(%) « ADME 5(#); 18(%) « Acute Exposure 7(#); 25(%)
Dermal « Lack of experimental or field data. Lack of appropriate exposure assessment techniques. 21(%) 18(%) « Groundwater 0(#); 0(%) |« Light Availability 1(#); 4(%) « Dispersing Agents 2(#); 7(%) « Bioaccumulation 3(#); 11(%) |+ Chronic Exposure 7(#); 25(%)
« Low likelihood for exposure in products « control 24 7(%) | State 6(#); |+ Sediment 1(#); 4(%) « Soil Porosity 1(#); 4(%) « Dissolved Oxygen Content O(#); [+ Biomagnification 2(#); 7(%) « Exposure Route 5(#); 18(%)
« Applications of MWCNT not well defined, so consumer use which could lead to release which |« MWCNT Processing Methods  [21(%) « Soil 2(#); 7(%) « Soil/sediment Fractionation |0(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
would in turn lead to exposures unknown. Plus, inhalation is primary concern, not dermal.  |2(#); 7(%) « Applied Coatings 6(#); 21(%) « Surface Water 1(#); 406) [ 1(#); 4(%) « Exposure to Sunlight 2(#); 7(%)  [Environment 1(#); 4(%) urban) O(#); 0(%)
« Dermal exposure does not seem to be a risk. Not well studied. « MWCNT Purity 2(#); 7(%) « Biodegradability 4(#); 14(%) « Wastewater 1(#); 4(%) « Temperature 2(#); 7(%) « Heavy Metals in Environment 2(#); |« Organism Health 3(#); 11(%) |+ Habitat Structure 2(4); 7(%)
« Limited exposure, contained in polymer matrix « MWCNT Synthesis Methods [« Catalytic Activity 1(#); 4(%) « Other O(#); 0(%) * Wind O(#); 0(%) 7(%) « Species/Individual « Human Activity 7(#); 25(%)
« Nota likely route 1(#); 4(%) « Charge 1(#); 4(%) « Specify other 0(#); 0(%) |« Other 0(#); 0(%) « lonic Strength in Environment  [Developmental Behavior 4(#); | Individual Activity Level 7(#);
« No reliable techniges for estimating gen pop exposures. « Personal Protective Equipment |« Conductive or Magnetic Properties « Specify other 0(#); 0(%) 1#); 4(5%) 14(%) 25(%)
« Constant contact with skin from upholstery could lead to potential exposure 1(#); 4(%) 1w); 4(%) « Ligand Concentrations in « Species/Individual Feeding « Life Stage 3(#); 11(%)
« Due to the early stage in th use of CNT containing products, this information is completely | Other 0(#); 0(%) « Crystalline Phase 1(4); 4(%) 1#); 4(%) Behavior 3(#); 11(%) « Occupation 3(#); 11(%)
lacking yet as discussed in Chapter 2, the potential for release is evident from dusts contianing | Specify other 0(#); 0(%) « Lipophilicity 4(#); 14(%) « Natural Organic Matter (NOM) [« « Subchronic Expe (#); 21(%)
decaBDE being elease from textiles and insulation materials. Therefore the level of exposure « Matrix Bound vs. Free 6(#); 21(%) w); 4(%) Behavior 2(4); 7(%) « Susceptible
during use is important although evidence suggests potentially a low hazard from CNT via « Morphology (e.g. aspect ratio, length, « Other Contaminants in « Other O(#); 0(%) Populations/Individuals 6(#); 21(%)
dermal exposure s s also seen with many poorly soluble particles. width, shape) 5(#); 18(%) Environment 2(#); 7(%) « Specify other O(#); 0(%) « Other O(#); 0(%)
« Few studies are available on this other than comparisons to decaBDE. « Persistence 4(#); 14(%) « pH 1(#); 4(%) « Specify other 0(#); 0(%)
* Redox Potential 1(#); 4(%) * Protein Concentration in
« Size/Size Distribution 5(#); 18(%) Environment 1(#); 4(%)
« Specific Surface Area 1(#); 4(%) « salinity 1(#); 4(%)
* Structural Formula/Molecular « Surfactant (in Lab) 2(#); 7(%)
Structure 3(#); 11(%) * Other O(#); 0(%)
« Surface Chemistry 5(#); 18(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 4(#);
14(%)
« Other O(#); 0(%)
« Specify other 0(#): 0(%)
40| Human: General | 6(#); 21(%) | 16(4); 57(%) | 6(); 21(%) | 1(#);4(%) | 3(); 11(%) | 20#);7(%) | 1(#);4(%) | 1(#);4(%) | a(#); 14(%) |+ Most likely route of exposure « Analytical Techniques 2(#); 7(%) |+ Adsorption/Desorption Ability 1(#); = Air 1(#); 4(%) « Flow Regime O(#); 0(%) « Conductivity O(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure 1(#); 4(%)
Population- « Applications of MWCNT not well defined, so consumer use which could lead to release which | » Control Technologies 1(#); 4(%) |4(%) « Groundwater 1(#); 4(%) |« Light Availability 1(#); 4(%) « Dispersing Agents 0(#); 0(%) « Bioaccumulation O(#); 0(%) « Chronic Exposure 1(4); 4(%)
Ingestion would in turn lead to exposures unknown. Plus, inhalation is primary concern, not ingestion. [+ MWCNT Processing Methods |+ Aggregation/Agglomeration State 1(#); | Sediment 0(#); 0(%) « Soil Porosity 0(#); 0(%) « Dissolved Oxygen Content O(#); |« Biomagnification O(#); 0(%) « Exposure Route 1(#); 4(%)
« Lack of data 1(#); 4(%) 4(%) « Soil 0(#); 0(%) « Soil/Sediment Fractionation |0(%) « Microbial Communities in « Geographic Location (i.e. rural vs.
« No reliable techniques for estimating general population exposures « MWCNT Purity 1(#); 4(%) « Applied Coatings 2(#); 7(%) « Surface Water 1(#); 4(%6)  |0(#); 0(%) « Exposure to Sunlight 0(#); 0(%) 0(#); 0(%) urban) O(#); 0(%)
« MWCNT Synthesis Methods | Biodegradability 1(#); 4(%) « Wastewater 0(#); 0(%) « Temperature 1(#); 4(%) « Heavy Metals in Environment 0(#); | « Organism Health 0(#); 0(%) « Habitat Structure 0(#); 0(%)
1(#); 4(%) « Catalytic Activity 1(4); 4(%) « Other 0(#); 0(%) « Wind 2(#); 7(%) 0(%) « Species/Individual « Human Activity 0(#); 0(%)
« Personal Protective Equipment [+ Charge 1(#); 4(%) « Specify other 0(#); 00%) |« Other 0(#); 0(%) « lonic Strength in Environment [ Developmental Behavior 0(#); 0(%) |+ Individual Activity Level O(#); 0(%)
1(#); 4(%) « Conductive or Magnetic Properties « Specify other 0(#); 0(%) o(4); 0(%) « Species/Individual Feeding « Life Stage O(#); 0(%)
« Other 0(#); 0(%) 1(#); 4(%)  Ligand Concentrations in Behavior O(#); 0(%) * Occupation 0(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment O(#); 0(%) « Species/Individual Reproductive |+ Subchronic Exposure 1(#); 4(%)
« Lipophilicity 1(#); 4(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free 2(#); 7(%) 0(#); 0(%) « Other 0(#); 0(%) Populations/Individuals O(#); 0(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) « Other 0(#); 0(%)
width, shape) 1(#); 4(%) (#); 0(%) * Specify other 0(#); 0(%)
« Persistence 2(#); 7(%) « pH 1(#); 4(%)
* Redox Potential 1(#); 4(%) « Protein Concentration in
« Size/Size Distribution 1(#); 4(%) Environment O(#); 0(%)
« Specific Surface Area 1(#); 4(%) « salinity O(#); 0(%)
* Structural Formula/Molecular « Surfactant (in Lab) 0(#); 0(%)
Structure 1(#); 4(%) « Other 0(#); 0(%)
« surface Chemistry 1(#); 4(%) « Specify other 0(#); 0(%)
* Water Solubility/Dispersibility 1(#);
4(%)
« Other O(#); 0(%)
« Soecify other 0(#); 0(%)
41[Human: General | 6(#); 210%) | 16(4); 57(%) | 6(4); 21(%) | 20 7%) | 3(#) 11(%) | 1043 4(%) | 1(#);4(%) | 1(#);4(%) | 4(#); 14(%) |+ Too lttle is known about sources to determine risk « Analytical Techniques 3(#); « Adsorption/Desorption Ability 2(#); | Air 4(#); 14(%) « Flow Regime 1(#); 4(%) « Conductivity O(#); 0(%) « ADME 2(#); 7(%) « Acute Exposure 2(#); 7(%)
Population- « Likely route of exposure 11(%) 70%6) « Groundwater O(#); 0(%) | Light Availability 1(#); 4(%) « Dispersing Agents 1(#); 4(%) « Bioaccumulation 1(4); 4(%) « Chronic Exposure 3(#); 11(%)
Inhalation « Applications of MWCNT not well defined, so consumer use which would lead to release « Control 20 7(%) |+ State 3(#); |+ Sediment O(#); 0(%) « ol Porosity 1(#); 4(%) « Dissolved Oxygen Content 0(#); |« Biomagnification 1(#); 4(%) « Exposure Route 3(#); 11(%)
which would in turn lead to exposures unknown.  MWCNT Processing Methods  [11(%) « ol 2(#); 7(%) « Soil/Sediment Fractionation |0(%) * Microbial Communities in « Geographic Location (i.e. rural vs.
« No reliable techniges for estimating general population exposures 20#); 7(%) « Applied Coatings 3(#); 11(%) « Surface Water 1(#); 4(%)  [0(#); 0(%) « Exposure to Sunlight 1(#); 4(%)  [Environment 0(#); 0(%) urban) 2(#); 7(%)
« MWCNT Purity 2(#); 7(%) « Biodegradability 2(#); 7(%) « Wastewater 1(#); 4(%) « Temperature 2(#); 7(%) « Heavy Metals in Environment O(#); | « Organism Health 1(#); 4(%) « Habitat Structure 1(#); 4(%)
« MWCNT Synthesis Methods [+ Catalytic Activity 2(#); 7(%) « Other 0(#); 0(%) « Wind 3(#); 11(%) 0(%) « Species/Individual « Human Activity 2(4); 7(%)
2#); 7(%) « Charge 2(#); 7(%) « Specify other 0(#); 0(%) |« Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 1(#); 4(%) | « Individual Activity Level 2(#); 7(%)
« Personal Protective Equipment |+ Conductive or Magnetic Properties « Specify other 0(#); 0(%) o(4); 0(%) « Species/Individual Feeding « Life Stage 2(#); 7(%)
2#); 7(%) 2#); 7(%) « Ligand Concentrations in Behavior 1(#); 4(%) « Occupation 1(#); 4(%)
« Other 0(#); 0(%) « Crystalline Phase O(#); 0(%) Environment 0(#); 0(%) « Species/Individual Reproductive |+ Subchronic Exposure 3(#); 11(%)
« Specify other 0(#); 0(%) « Lipophilicity 2(#); 7(%) « Natural Organic Matter (NOM)  [Behavior 0(#); 0(%) « Susceptible
« Matrix Bound vs. Free 4(#); 14(%) 0(#); 0(%) « Other 0(#); 0(%) Populations/Individuals 2(#); 7(%)
« Morphology (e.g. aspect ratio, length, « Other Contaminants in « Specify other O(#); 0(%) « Other 0(#); 0(%)
width, shape) 2(#); 7(%) Environment 0(#); 0(%) « Specify other 0(#); 0(%)
« Persistence 4(#); 14(%) « pH 1(#); 4(%)
* Redox Potential 2(#); 7(%) « Protein Concentration in
« Size/Size Distribution 3(#); 11(%) Environment O(#); 0(%)
« Specific Surface Area 3(#); 11(%) « salinity O(#); 0(%)
« Structural Formula/Molecular « Surfactant (in Lab) 1(#); 4(%)
Structure 2(#); 7(%) « Other 0#); 0(%)
« Surface Chemistry 3(#); 11(%) * Specify other 0(#); 0(%)
« Water Solubility/Dispersibility 3(t);
11(%)
« Other O(#); 0(%)
« Soecifv other 0#); 0(%)




1D[ Element-RRF Pair Element Importance RRF Importance RRF Confidence Why Influential Factors
' Pl u Pl u c sc Ne Methods Techniques ENM Ci Physical Conditions Chemical Conditions Biological Conditions Social Conditions
42|Human: General | 6(#); 210%) | 16(4); 57(%) | 6(); 21(%) | 0(k);00%) | 1(#);4(%) | S();18(%) | 14 4(0%) | 1(#); 4(%) | 4(#); 14(%) | Little absorption « Analytical Techniques 0(#); 0(%) |+ Adsorption/Desorption Ability O(#); | Air O(#); 0(%) « Flow Regime 0(#); 0(%) « Conductivity 0(#); 0(%) « ADME 0(#); 0(%) « Acute Exposure O(#); 0(%)
Population-Dermal « Applications of MWCNT not well defined, so consumer use which could lead to release which | « Control Technologies 0(#); 0(%) |0(%) « Groundwater 0(#); 0(%) |« Light Availability 0(#); 0(%) « Dispersing Agents 0(#); 0(%) « Bioaccumulation 0(#); 0(%) « Chronic Exposure O(#); 0(%)
would in turn lead to exposures unknown. Plus, inhalation is primary concern, not dermal. [+ MWCNT Processing Methods |+ Aggregation/Agglomeration State 0(#); | Sediment 0(#); 0(%) « soil Porosity 0(#); 0(%) « Dissolved Oxygen Content 0(#); [+ Biomagnification 0(#); 0(%) « Exposure Route 0(#); 0(%)
« Nota likely route 0(#); 0(%) 0(%) « soil 0(#); 0(%) « Soil/Sediment Fractionation  [0(%) * Microbial Communities in « Geographic Location (i.e. rural vs
« No reliable techniges for estimating gen pop exposures No reliable techniges for estimating. |+ MWCNT Purity 0(#); 0(%) « Applied Coatings 0(#); 0(%) « surface Water 0(#); 0(%)  |0(#); 0(%) « Exposure to Sunlight 0(#); 0(%)  [Environment 0(#); 0(%) urban) O(#); 0(%)
general population exposures  MWCNT Synthesis Methods [+ (#); 0(%) .  0(#); 0(%) . 0(#); 0(%) « Heavy Metals in Environment O(#); | « Organism Health 0(#); 0(%) « Habitat Structure O(#); 0(%)
o(#); 0(%) « Catalytic Activity 0(#); 0(%) « Other 0(#); 0(%) « Wind 0(#); 0(%) 0(%) « Species/Individual « Human Activity 0(#); 0(%)
« Personal Protective Equipment |+ Charge O(#); 0(%) « Specify other O(#); 0(%) [+ Other 0(#); 0(%) « lonic Strength in Environment | Developmental Behavior 0(#); 0(%) | « Individual Activity Level 0(#); 0(%)
0(#); 0(%) * Conductive or Magnetic Properties * Specify other 0(#); 0(%) 0(#); 0(%) * Species/Individual Feeding « Life Stage 0(#); 0(%)
« Other 0(#); 0(%) o(#); 0(%) « Ligand Concentrations in Behavior O(#); 0(%) « Occupation O(#); 0(%)
« Specify other 0(#); 0(%) « Crystalline Phase O(#); 0(%) (#); 0(%) . « Su