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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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n-governmental, in liaison with ISO, also take part in the work. ISO collaborates closel
ernational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

brnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa
b main task of technical committees is to prepare International Standards. Draft_International
ppted by the technical committees are circulated to the member bodies for voting. Publica

brnational Standard requires approval by at least 75 % of the member bodies.casting a vote.

exceptional circumstances, when a technical committee has collected-data of a different king
ch is normally published as an International Standard (“state of thé:art”, for example), it may d

brmative in nature and does not have to be reviewed until the ‘data it provides are considere
ger valid or useful.
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D/TR 13121 was prepared by Technical Committee ISO/TC 229, Nanotechnologies.
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Introduction

This Technical Report is intended for use in all countries, regardless of whether they have legal or regulatory
schemes that address manufactured nanomaterials.

This Techni
adequate
requirements applicable to nanomaterials (and matenals generally), and that implementing the process
described jn this Technical Report does not necessarily mean that the organization will be in compliance with
all applicable legal requirements. This Technical Report is not a legal or regulatory compliance-guidance
document [aimed at satisfying the specific legal or regulatory requirements of any particular jurisdiction. Syich
guidance ghould be sought from the appropriate regulatory authorities.

This Techpical Report is intended primarily for organizations that manufacture or procéss nanomaterials, or
manufacture, process or distribute products that contain manufactured nanomaterialsy However, governmental
authorities| professionals, and members of the public might also find this information Useful.

NOTE This Technical Report is based on the Nano-Risk Framework, an approach created by the Environmeptal
Defense Fund and DuPont. For further details, see http://www.nanoriskframework-erg.

Vi © 1S0O 2011 — All rights reserved
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While the overall product stewardship and risk management process set forth in this“Technical Re
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solind risk evaluations and risk management decisions, as well as how to,manage in the face of inc
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thgy manage nanomaterials. To that end, it describesya process of organizing, docume
communicating what information organizations have about nanomaterials. This includes acknowled

infprmation is incomplete, explaining how information*gaps were addressed, and explaining th
behind the organization's risk management decisions,and actions.

2 | Symbols and abbreviated terms

AQME: Absorption, distribution{metabolism, and excretion

AIChE: American InstitutesofChemical Engineers

BAF: Bioaccumulation’factor

BQF: Bioconeentration factor

CAS: CHemical Abstract Service

CHl: Confidential business information

CNT Carbon nanotube

gtect the health and safety of the public, consumers, workers and the environment.

anotechnologies — Nanomaterial risk evaluation

s Technical Report describes a process for identifying, evaluating, addressing, making.decisi
i communicating the potential risks of developing and using manufactured nanomaterials, i

brmation and issues specific to nanotechnologies. It offers guidance on_the:information neede
Certain information by using reasonable assumptions and appropriatenrisk management practice
ncludes methods to update assumptions, decisions, and practices as new information becomes
] on how to communicate information and decisions to stakeholders.

s Technical Report suggests methods organizations can.use to be transparent and accounta

bns about,
n order to

port is not

que to nanomaterials, it supplements recognized approaches by providingi/where possible, a focus on

d to make
pomplete or
s. Further,
available,
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hting, and
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b rationale

COSHH: Control of Substances Hazardous to Health

CVD: Chemical vapour deposition

DEFRA: U.K. Department for Environment Food and Rural Affairs

EEC: European Economic Community
EHS: Environmental health and safety
EPA: U.S. Environmental Protection Agency
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GHS: Globally Harmonized System of Classification and Labelling of Chemicals
HPV: High production volume

HSE: U.K. Health and Safety Executive

ILSI: International Life Sciences Institute

ISO: International Organization for Standardization

IUR: trventory-UpdateRule

LCA: Lifecycle assessment

LOAEL: Lowest observed adverse effect level

NAICS: North American Industrial Classification System

NGO: Non-governmental organization

NIOSH: U.S. National Institute for Occupational Safety and Health

NCI-NCL:| U.S. National Cancer Institute's Nanotechnology Characterization Laboratory

nm: Nanometer
NNI: U.S. National Nanotechnology Initiative
NOM: Natural organic matter

NPPTAC: U.S. National Pollution Prevention and Toxics Advisory Committee
NTP: U.S. National Toxicology Program

OECD: Organization for Economic Co-operation and Development
OPPTS: U.S. EPA Office of Pollution, Prevention, and Toxic Substances
OSHA: U.S. Occupational Safety and Health Administration

R&D: Research and.development

REACH: Registration, Evaluation, Authorisation and Restriction of Chemicals (EU)

ROS: Reactive oxygen species

SETAC: Society for Environmental Toxicology and Chemistry
SIDS: Screening information data set

SME: Small/medium enterprise

TiOy: Titanium dioxide

TSCA: U.S. Toxic Substances Control Act

WHO: World Health Organization
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3 Summary of the process described in this Technical Report

This Technical Report focuses on manufactured nanomaterials that might exhibit novel properties and consist
of particles or physically discrete entities that, in their primary, non-aggregated form, are typically at or below
100 nanometers (nm) in one dimension (e.g. nanoplates), two dimensions (e.g. nanofibres), or three
dimensions (e.g. nanoparticles). This process is focused primarily on manufactured nanomaterials as they are
used in industrial, chemical, manufacturing, and consumer applications, and on the potential risks associated
with releases of nanomaterials at some point in their lifecycles. Where a product, process or material contains
manufactured nanomaterials, it might not be the nanomaterial component that poses the most significant risk.
Accordingly, the focus in this Technical Report on nanomaterials is not intended to suggest that risk

ntba L

Aanacars mitad -tao-th walaticon-aoftha nanaopmaatarial Aot ~Ff ot riale e el Ate
mcllusulllulu T MC U ToO e o varaatoTT o troTrartorraterar COTmTTp oo T U hatcTars- o pTrotattoT

Step 1. Describe materials and applications

The first step is to identify and describe the manufactured nanomaterials being evaluated*and thejr intended
uses or functions (including potential benefits). The organization might also identify. analogoug materials
(i.g. similar materials that are not in the nanoscale and applications) that might help’/address data ggps.

Step 2. Material profiles

The second step describes a process to develop three sets of “profiles” of (1) the maphufactured
napomaterial's physical and chemical properties; (2) inherent environmental, health and safety hagards, and
(3)| potential human and environmental exposures throughout the_nanomaterial's lifecycle. All three profiles
wofk together; for example, exposure information might suggest which hazards are most important to
inviestigate, or vice versa. Similarly, the nanomaterial's properties might suggest which hazard of exposure
scgnarios are most likely. The profiles of the nanomaterial's hazards and exposures might also include
information about the material's potential to reduce hazards or exposures in comparison with the materials
thgy are intended to replace.

The process of developing these profiles should; also include identifying and prioritizing data |gaps, and
de¢iding how to address such gaps (e.g. by cellecting additional data or, in the place of the migsing data,
using “reasonable worst case assumptions”:or.values).

Step 3. Evaluate risks
In |this step, the information from the profiles is evaluated to identify and characterize the nature and

mdgnitude of the risks (i.e. ¢ombination of hazards and exposure) presented by particular manufactured
nahomaterials and their antiCipated applications.

Step 4. Assess risk management options
Here, the organijzation evaluates how to manage the risks identified in Step 3 and recommends g course of
acfion. Options,“might include materials substitution (e.g. using a safer material), product o¢r process
maqdification$,engineering controls, protective equipment, and risk communication.

Step 5 Decide, document, and act

In this step, appropriate 10 the product's stage of development, the organization decides whether or in what
capacity to continue development and production of the nanomaterial (or the process or product using the
nanomaterial). The organization documents those decisions and their rationale, and might share appropriate
information with relevant stakeholders, both internal and external. The organization might decide that further
information is needed and take action to gather it.

Step 6. Review and adapt
Through regularly scheduled reviews, as well as reviews triggered by specific events, the organization might
update the risk evaluation, ensure that risk management systems are working as expected, and revise or

improve those systems in response to new information (e.g. new hazard data) or new conditions (such as new
or altered exposure patterns).

© 1S0O 2011 — All rights reserved 3
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Implementing the process

This process is intended to be implemented flexibly, and does not suggest a “one-size-fits-all” approach.
Different organizations, depending on their size and structure, and the legal jurisdictions in which they operate,
might have different ways of implementing this process or parts of this process. How it is implemented will
depend in part on the organization's position in a nanomaterial's lifecycle. For example, organizations that
develop and manufacture nanomaterials for sale as primary products in diverse applications might adopt a
broader perspective than organizations that purchase specific nanomaterials for a narrow set of applications.
Cooperation and timely information exchange between nanomaterials' suppliers and their customers will be
important to effective risk identification and management.

Implementation will be influenced by the nature and degree of regulation of manufactured nanomaterizlals.
While implementing this process does not necessarily ensure compliance with applicable laws, organizations
should be[aware of and comply with applicable legal requirements, and understand that such requirements
might be fiequently changing as nanotechnologies develop.

Organizatipns are encouraged to integrate the elements of this process into their_existing product
developmeént, product stewardship or supply-chain management processes, occupationabhealth and safety| or
quality mapagement (e.g. ISO 9001) or environmental management (e.g. ISO 14001).Systems.

Recognizing that most organizations have limited resources, this process7suggests approaches |or
assumptiops that can be used to simplify implementation. For example, organizations might use “reasonable
worst casq scenarios” (e.g. assume that a material is hazardous and implement appropriate worker protectipn,
risk management or engineering protocols), thus potentially decreasing the need (and cost) for generaing
new hazard or exposure information. Organizations are also encouraged to use existing information and sgek
information up and down the supply chain about the nature and intended uses of the nanomaterial(s).

Specific irfdividual or individuals (e.g. a team or committee)~iff the organization should have the definjed
responsibility for the implementation of this process. In most.cases, the responsible person(s) will be somedne
who alreadly has responsibility for product development. Equally important is the input and participation frpm
individuals| who are involved in technical product development, business development and marketipg,

Ideally, thg team will include professionals competent (whether by education, experience, or a combination of
the two) in risk assessment, toxicology, environmental fate, occupational safety and industrial hygiepe.
However, many organizations might not have the resources to include such staff. It might be necessary to fely
on publicly-available literature, engage-appropriate outside experts (e.g. hiring consultants such as indusfial
hygienists|or risk assessors, or partnefing with university researchers), or participate in consortia to share

Organizatipbns may also chogse to include external stakeholders in some or all of the process of implementing

This process may be~incorporated into or paired with an organization's management and compliance systems

itis reV|S|ted ona perlodlc and as- needed baS|s

The Output Worksheet (Annex F) is meant to facilitate the collection, evaluation, management, and
communication of data. The Worksheet provides a template for organizing all information collected during the
process, capturing overall evaluations of that information, and recording management decisions on how to act
on it. The Worksheet can also be used as the basis for sharing information and decisions with stakeholders?).

1) Case studies using the Nano Risk Framework created by Environmental Defense Fund and DuPont can be found at
http://www.nanoriskframework.org.

4 © 1S0O 2011 — All rights reserved
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4 Describe materials and applications

4.1 General

The first step is to describe the manufactured nanomaterial(s) and its intended uses?2). Accurately describing
nanomaterials is important, as changes in composition (e.g. surface coatings) might have a substantial effect
on the biological behaviour of the materials. Accurate identification is also essential for comparing research
results obtained with the same materials at various locations. This description should be sufficient to guide
development of the more detailed profiles of the nanomaterial's properties, and its hazard and exposure
potential, at various lifecycle stages such as manufacture, use (including maintenance and servicing) and end-

of-[ife.” This description should allow the organization's decision makers and interested stakd
become familiar with the material, how it might change over time or in different conditions, andhits
forpseeable applications.

My
ma
ob
sh

ch of the information necessary for this step might already be in the possession of the
nufacturer or supplier of the nanomaterial, or be available in the literature. An end user might
ain relevant information from its suppliers or the nanomaterial's developer3). The informatio
puld be reviewed for accuracy and completeness (which might require the assistance of experts).

Th
oc
an
es
ov

b lifecycle of a product system involving nanomaterials encompassescall-the processes and ac
cur from initial extraction or creation of the material (or its precursors)\from the earth to the poi

of the nanomaterial's residuals are returned to the environment#): Organizations should cor
ablished and reasonably anticipated activities or processes to\which the nanomaterial might
r its lifecycle (either intended or unintended).

thg associated consideration of all material and energy inputs and outputs that LCA typically enta

Ived in decisions about nanomaterials. While the material manufacturer typically decides on or

olders to
easonably

developer,
be able to
h obtained

ivities that
t at which
sider both
be subject

rmalized lifecycle assessment (LCA) methodology of nanomaterial product systems is not necgssary, nor

Is. Rather,

relevant processes and activities throughout the.'lifecycle of a nanomaterial (or its pred¢cessor or

tial for the

producer,
uses and

lifecycle profile helps identify~ the different organizations (typically, commercial entities) thaf might be

influences
affect the
vy metal in
at product

cloper and
ndertake a
rchasing a
re focused

2) The development and use of nanomaterials can arise in the context of the creation of new products, or the
enhancement of or modifications to existing products. Accordingly, the process described in this Technical Report is not
limited to new product development.

3) The expectation that this information will generally already be in the possession of the developers is shared by some
regulatory agencies. See: National Pollution Prevention and Toxics Advisory Committee [NPPTAC], A Federal Advisory
Committee to the U.S. Environmental Protection Agency. Overview Document on Nanoscale Materials, November 22,
2005; Consultation on a Proposed Voluntary Reporting Scheme for Engineered Nanoscale Materials, United Kingdom
Department for Environment Food and Rural Affairs [DEFRA], March 2006.

4) ISO 14040 and ISO 14044 provide detailed guidance on LCA.

© 1S0O 2011 — All rights reserved
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4.2 Materials descriptions

The physical and chemical description of the manufactured nanomaterial should include chemical composition
(including impurities), surface composition, physical structure, physical form, concentration, size (or surface
area) distribution, solubility, and aggregation and agglomeration state. An organization should also identify the
nanomaterial's sources and the manufacturing processes in which the organization uses (or plans to use) the
nanomaterial, and review the literature on its known relevant uses. More guidance on identifying the physical
properties of nanomaterials is provided in Clause 6 of this Technical Report.

4.3 Materials sourcing

Describe the source of the inputs used to manufacture the nanomaterials (if you are a develgpeér| or
manufacturer) or the source of the nanomaterials (if you are a processor or end-user). This includes fransport
from points of acquisition to the point of processing or use. This information is relevant for determinjng
whether there is potential exposure to nanomaterials at these stages, or if the specific sourcescof the startjng
materials influence the composition, properties, or behaviour of the resulting nanomaterial (€g” by affecting
the extent| of impurities). Relevant reference materials®) should also be identified, as well as “incumbpnt
materials” [that might be replaced by the nanomaterial, and bulk counterparts (that is,darger, non-nanoscale
materials with the same chemical composition as the nanomaterial).

4.4 Manufacturing

Three substages, materials manufacture, product fabrication, and packaging, are typically involved in fhe
transformdtion of source materials into a nanomaterial to be delivered to.end-users. The degree of detail gnd
relevance [of each of these descriptions will depend in part on the evaluating organization's stage in the [ife
cycle.

1) Materials Manufacture. Describe the activities involved in converting a source material into a fqrm
that can be used to fabricate a finished product. The production of intermediate chemicals| or
materials is normally included in this category;.asis their transport. For example, carbon nanotubes
CNTs) can be produced by several techniques, including arc discharge, laser ablation, chemical
vapour deposition (CVD), or high-pressure.¢arbon monoxide (HiPco), each of which can prodiice
npnomaterials with particular characterjsties. Since each process can yield a distinct combinatior| of
pfoducts, it is important that their associated processes, the differences between them, and the
dlfferences between the resulting products, be identified.

2) Product Fabrication. Describe the use or processing of manufactured nanomaterials to creatg¢ a
pfoduct. That product might be an intermediate or component of a larger product, a product intended
for industrial or commercial uses, or a consumer product. For example, purification of CNTs, their
corporation into matrices (e.g. to form a polymer nanocomposite), and their preparation for fina| or
ritermediate use C{e:g. by means of grinding and smoothing operations), or incorporating
Bnomaterials into,a coating, would all be activities in this substage of the lifecycle profile.

5 = =

3) Packaging: Describe the processes that package an intermediate or finished product. Although
these activities might change the location or physical configuration of a product, they do not involve a
transformation of materials. Packaging CNT-containing polymer pellets for distribution to automotiyve-
pprts, ‘producers, for example, or packaging molded parts for distribution to end-product

it CTRT - PR P P-C P-4 | rranaie £ HHH \ 2 mvardd-baeinalidaed in-thi uhaotaa
rT drnuracviiurcro \UI T an vr 1opyuan Ia\JIIILIUD}, wWUUTU VT TITTUIUUTU 1T Uuno OUUOlaHU.

4.5 Distribution

Describe the transportation modes (e.g. truck, rail, air, marine) that are used throughout the product or service
system to deliver a manufactured nanomaterial(s) (or a product containing the nanomaterial(s)) to users (e.g.
industrial, commercial, retail, or direct to consumer, such as through internet sales).

5) In ISO Guide 30:1992, reference materials are defined as follows: “Material or substance, one or more of whose
property values are sufficiently homogeneous and well established to be used for the calibration of an apparatus, the
assessment of a measurement method, or for assigning values to materials.”

6 © 1SO 2011 — All rights reserved
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4.6 Use/reuse/maintenance

Describe the intended or reasonably likely uses of the manufactured nanomaterial(s) (or the product
containing the nanomaterial(s)) relevant to the organization conducting the evaluation. The reasonably
anticipated conditions of use will differ among industrial, professional or consumer uses. For example, the
conditions of use in the pharmaceutical or medical device sectors are likely to be more highly controlled than
consumer uses. The description of the use may include the improved product performance characteristics that
are anticipated to be related to the use or incorporation of nanomaterial(s) (e.g. improved strength/weight ratio,
increased efficiency or efficacy, etc.). The description should also take into account activities such as storage,
wear and tear, weathering and other conditions of degradation or failure, maintenance, repair, and

replacement.

4.7 End of life/recycle/waste management
Thfs describes what occurs after the product or nanomaterial as served its intended, purpose ang will enter
either a new product system (through reuse or recycling) or its end-of-life (throughmthe waste-management
sygtem). Post-use possibilities such as recycling, composting, landfills, disposal through wastewater systems
(fof example, down-the-drain disposal of a personal care product containing nahomaterials), and irjcineration,

andl associated distribution, should be considered. If recycling or re-use is-a reasonably anticipated option,
comsideration should be given to whether the “new” uses will be different from.the originally anticipaled uses.

4.8 Questions to ask regarding the nanomaterial

The following questions and suggestions should help to guidé)the creation of the basic descriptions of the
napomaterial and its applications (noting that each question might not be relevant to every organization):

4.4.1 Questions to ask regarding the description of.nanomaterials
—| What is the stage of development ( lab scale,pilot, demonstration, commercial, etc.) of this nanppmaterial?
—| Briefly describe the source of the nanomaterial. Is it manufactured in-house or purchased?
—| If purchased, who produces the nanematerial?

—| How is the nanomaterial manufactured?

—| How and in what form is.if transported to your facility(ies)?

—1| Is there a larger:sized, or bulk, version of this nanomaterial in commerce?

—| What otherqganomaterials exist that are similar to this one?

—| How longhas this nanomaterial, or a similar nanomaterial, been in commerce?

—| MVhat are sources of additional information on this nanomaterial?

4.8.2 Questions to ask regarding the description of applications
— What are the known or intended uses of the nanomaterial based on a literature review?

— What are the expected or intended applications of this nanomaterial, (noting especially differences from
the uses of incumbent and non-nanomaterial forms of the material).

— Are these uses new compared to any that are already represented in the literature?

— Why is the material being manufactured and used in the nanoscale range, as opposed to other sizes?

© 1S0O 2011 — All rights reserved 7
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— How will you (and your employees or contractors) be handling, using or processing the nanomaterial?

— How will the nanomaterial be handled when received by downstream processors? By end- users?

— In what form will the nanomaterials be present in final products?

es

— Will the nanomaterials be agglomerated or bound in a matrix in the final product? If so, describe.

— Will the nanomaterial be used by a large number of downstream users? In what form will it be when it is
so used?

— How rhuch of the nanomaterial will be present in the intended products? What types and sizes?

— What polume of nanomaterials will be used on an annual basis?

— What [new or different application benefits does this nanomaterial offer compared to existing alternati
for thg same application?

— What

— Are th

— How v

5 Proiiles of the nanomaterials' properties, hazards and exposures

5.1 Gern

511 Int

This part
hazards, 4
data sets

desired ddta. The accurate and complete identification of the manufactured nanomaterials (see Clause 5

essential t

5.1.2 The use of data sets

“Data setq
properties
sets). Data
adequate

amount of
used for s(

are the other potential applications of this nanomaterial?
ere applications for this nanomaterial that intentionally will not be pufsued?

ill the nanomaterials or products be handled and disposed of (post-use?

eral

roduction

bf the process includes describing the\nanomaterial's physical and chemical properties, its inher|
nd the exposures associated with_its lifecycle. This introduction provides an overview about
associated with these profilesg and what steps can be taken when one does not have all of

b the accuracy of these profiles.

” have been-outlined for each of the three main categories of information -physical/chem
hazard, and,éxposure potential (see Annexes A, C and E for more detailed information on the d
sets collect'those types of data that are deemed by technical professionals to be necessary for
characterization and use of chemicals®). The data sets serve as a reference point for the type 4
infarmation that should be addressed by the time of a product's commercial launch, and can
réening purposes in early stages of product development.

ent
the
the

is

cal
ata
the
nd
be

To the extent that there are national or regional legal requirements applicable to the data that must be
developed and submitted if a nanomaterial is to be placed on the market or distributed in commerce, those
requirements must be met.

6) Data sets are used in other programs that promote or require hazard-data development for chemicals, such as the
screening information data set (SIDS) program of the Organization for Economic Co-operation and Development (OECD).
Annex G describes some of the sources from which the data sets in this Technical Report were derived.
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The data sets are not meant to represent a comprehensive assessment or full toxicological profile of a given
nanomaterial. Rather, they are designed to cover the kinds of data that might be required to provide a
reasonable balance between an adequate characterization of properties, hazards, and exposure, and a
practical strategy for the development of nanomaterials. The strategies outlined in Annexes A to E represent
several current approaches for achieving those goals.

It might not be necessary in every case to generate all of the data called for in the data sets. For example,
where data are sufficient to rule out a particular route of exposure, the user will not likely pursue hazard
evaluations specific to that route. Similarly, one might elect not to pursue certain elements of the data set, or
one might need to develop more information than is called for in the data set, depending on the expected uses

of asnanomaterial or its stage of dn\/nlnlnmnn’r

These data sets are expected to be dynamic; that is, they will need to be revised as more, infg
deyeloped or published on nanomaterials' risks and as other efforts to refine appropriate risk;asses
risk-management approaches are developed or made public.

5.1.3 Use of default values and assumptions

Deyveloping the data sets will typically begin with a survey of existing literature to obtain the chara
hagard and exposure data necessary for an adequate assessment of risk.. However, there might b
thq literature such that the data sets cannot be completed. It might not be.feasible or appropriate, e
thq early stages of product development, to perform new tests on nanematerials in order to comple
sefs. In these situations, the literature-based data might nonetheless be sufficient to allow initial d
be|made based on sound (and documented) expert judgment.“Where the literature does not su
judgments, one can use “reasonable worst-case” default valuesior assumptions in the absence of {
a domplete data set, and before commercialization.

‘R
ris
thg
dis
de
as
arg

asonable worst-case” default assumptions can be useful in the absence of complete data, as th
characterization or a preliminary assessment to_.be conducted for estimating, in a reasonable V
risks that a nanomaterial might pose. For xample, if no data exist on the fate of a n4g
charged to a sewage treatment plant, one-eould assume that none or very little of the nang
graded and most of it is discharged in‘-effluent. That is, the environment gets the full d
sumptions are sometimes used by regulatory agencies as inputs to exposure models when mea
unavailable?). The more data or ipformation on analogous situations is available, the more one
assumptions from a “reasonable worst case” to less conservative assumptions. The factual and
prgdicates for any such assumptions should be transparently described. Further, reasonable
scegnarios generally do not include speculative or highly improbably assumptions.

=

“R¢
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na
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as

pasonable worst-case! default values can be derived from several sources, such as data a

the subject nanomaterial) or non-manufactured nanoparticles. For example, one could
nomaterial as/if‘it/were as toxic as a related toxic bulk material for which the toxicity is well unde
gjht also betpossible to “bridge” or “read across” from data that exists for a similar material
ow). If there are no data on the related bulk materials, reasonable worst-case values might
bignment to the highest-level tier in an existing classification system. For example, one could
nanomaterial as if it possessed characteristics of reproductive toxicity sufficient to classify it as a
sulpstance (known or presumed human reproductive or developmental toxicant) under the UN

rmation is
sment and

Cterization,
b “gaps” in
specially at
te the data
ecisions to
bport such
esting and

ey allow a
vorst case,
nomaterial
material is
pse. Such
sured data
can adjust

analytical
vorst case

ailable on

hlogous bulk toxic materials (i.e. non-nanoscale materials that have the same or similar chemical structure

manage a
rstoodd). It
discussed
come from
manage a
Category 1
s Globally

Harmonized System for Classification and Labeling®).

7) See, e.g. U.S. EPA's New Chemicals Program homepage, http://www.epa.gov/oppt/newchems/index.htm.

8)
the bulk material. One should not assume, for example, that the nano-scale form of a non-toxic bulk produc
toxic.

9) United Nations, Globally Harmonized System of Classification and Labelling of Chemicals (G
http://www.unece.org/trans/danger/publi/ghs/ghs_welcome_e.html.
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It is not intended that default values and assumptions be taken as characterizations of the actual toxicity or
exposure to a nanomaterial or even to indicate any presumption of toxicity or exposure potential (or lack
thereof). Rather, they are meant to allow an assessment to be conducted even in the absence of such data
and experience. As new data and experience with nanomaterials accumulate, these values or assumptions
can be updated or supplanted with more specific information.

While it is expected that, in general, a full set of data will be used to assess potential lifecycle risks by the time
of commercial launch, some organizations could by choice or necessity not generate the recommended data.
In this case, default values and assumptions (or values or assumptions based on transparently-described data
or information from analogous situations) should prowde a margin of safety to workers and other potent|ally
exposed pop :

specific to the nanomaterials being commermahzed might be possible.

It is imporfant, however, that in cases in which an organization has relied on assumptions rather thandatg to
develop risk evaluations and to drive risk management decisions and practices, the organization should
clearly desgcribe why they were made, and why the organization believes them to be reasenable. Thig is
information that may be shared with key stakeholders.

5.1.4 Evaluating data quality

Evaluating, documenting, and communicating the quality, sufficiency, and uncertainty of data are integral parts
of the degision-making process10). Basing decisions on scientifically sound and defensible informatipn,
identifying|uncertainty, and maximizing transparency increases the integrity’and credibility of the process.|An
assessmeft of the degree of confidence in the data should be made and carried along with the dpta
themselveg. A method that has been used internationally is the Klimisch score for evaluating the validity of
data®). Hpwever, this approach does not fully take into account the'characterization of nanomaterials as gart
of the stufly design of a toxicity study. Where additional data> will likely be needed to complete the risk
evaluation| that fact should be noted, as should the intentiofithat as additional data become available, the
assessment will be updated.

5.2 DeVelop physical/chemical properties profile

This part pf the process identifies and characterizes the nanomaterial's physical and chemical properties,
including groperty changes, throughout the lifecycle identified in the first step of the process. This knowledge
is critical fo the correct handling of the nanomaterial, anticipating its behaviour when interacting with|its
surroundings, and to assessing the ultimate fate and behaviour of the nanomaterial in the environment.

The natur¢ of the nanomaterial must be understood not only in the “free form” but also, appropriate to the
stage of development, its characteristics after subsequent aggregation, processing, incorporation with or into
other matgrials, during use (including maintenance and servicing), ultimate fate, potential reuse/recycling{ or
release (duiring or after its;service life) in the form of waste. The extent of variations in the properties, includjing
those resulting from differences in manufacturing, processing, and specific applications, should also be notgd.
Similarly, the properties of the nanomaterial should be compared to those of the corresponding npn-
nanomatefial forms>of the material, where appropriate, to determine the nature and extent to which fhe
properties [are different.

Any anticip rial
should be noted. For these reasons, it might be necessary to charactenze the nanomaterial at mult|ple points
of the life cycle, unless there is good reason to expect that the nanomaterial will remain unchanged.

10) U.S. EPA has developed guidelines and provides training to facilitate the evaluation of data quality. EPA 2006. Quality
Management Tools — Data Quality Assessment, http://www.epa.gov/quality/dga.html.

11) Klimisch HJ, Andreae E and Tillmann U (1997). A systematic approach for evaluating the quality of

experimental and ecotoxicological data. Reg.Tox. and Pharm. 25:1-5. The “Klimisch score” was developed as a scoring
system for data reliability, particularly for ecotoxicity and health studies. See Chapter 3 (data evaluation) of the OECD
Manual For Investigation Of HPV Chemicals (2009).
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Any physical and chemical properties from the data-set list (see Annex A) that remain unknown, as well as
any additional physical and chemical properties that the organization deems important, should be highlighted
and documented for further investigation. The order of collection of the missing data should then be prioritized,
test methods defined, and testing completed as needed. Data on physical and chemical properties beyond the
data set need only be gathered if they are deemed relevant to determining the fate, behaviour, hazard, or
exposure potential, and subsequently to determining the risks, associated with the nanomaterial or
nanomaterial-containing product. Any decision that filling in the gaps on particular physical or chemical
properties in the data set is not necessary should be explained and documented.

5.3 Develop hazard profile

5.3.1 Introduction

In this step, information is gathered and integrated into a hazard profile that characterizes the nanpmaterial's
pofential intrinsic health, environmental, and safety hazards over the entire lifecycle. As part of this procedure,
thg needs for additional data are determined and prioritized, and actions are taken to-fill those data needs or
to fevelop default assumptions. Two approaches to collecting health hazard data.are presented in Annexes B
and C. Environmental hazard and fate data sets are described in Annexes D and<E:

Mgximizing the quality and completeness of the hazard profile is fundamental to considering an application's
risks. Of course, certain intrinsic hazard endpoints might be relevantctovonly specific routes of ekposure. If
particular routes of exposure are not reasonably likely to occur basedupon an evaluation of a nanpmaterial's
lifel cycle, then the hazards associated with such a route of exposure become less relevant. Therefore, there is
an|iterative relationship between the hazard and exposure analyses. For example, information that there might
be| significant occupational or public exposures to “free” fnanomaterials should be taken into account in
planning the hazard evaluation.

Sclentifically valid hazard data might not always ‘be " available for a particular nanomaterial.| Therefore
prafessional judgment might be needed in order to.conduct realistic evaluations of the potential hagards. End
users of nanomaterials should request relevant hazard data from their suppliers. Manufacturers ang suppliers
should take steps to obtain that hazard data and provide it to end users

If suppliers are not able to provide such information, end users should seek alternative suppliers who can
prqvide that information, undertake(to-'collect the information on their own or, if they elect fo use the
nanomaterial without relevant hazard information, should take a precautionary approach to handling it.

The organization may also choose to develop a “matching set” of health and environmental hazayd data for
any “incumbent” materials that the nanomaterials might be replacing. This information would be relevant to the
risk evaluation and risk-management steps (i.e. decision makers and interested stakeholders might consider
relevant the relative hazards of the target nanomaterials and the materials that might be replaced).

5.3.2 Testingissues

—_

At this timeja’number of in vivo and in vitro methods have been used to evaluate the toxicity of manufactured
nanomaterials, but most have not been validated for this purpose. Many stakeholders wish |to reduce
de )endence on mammahan tOXICIty testlng and develop rehable reprodumble and predictive tests using
in S C se_preferentially
alternatlve valldated tOXICIty testlng methods that av0|d the use of anlmals as, over t|me these methods are
further tested and developed and their performance characteristics proven to be useful.

“Tiered” or “phased” testing organizes groups of tests according to increasing levels of complexity, specificity,
and expense. See Annex B. |deally, the initial tiers of testing should have a very high ability to predict toxicity
in humans and ecosystems, with subsequent, more resource-intensive tiers employed only to confirm positive
results or determine mechanisms or other aspects of toxicity needed to eliminate, reduce or manage toxic
risks.

© 1SO 2011 — All rights reserved 11


https://standardsiso.com/api/?name=b77b6e0d803746453ca71195410cef5d

ISO/TR 13121:2011(E)

The current ability of in vitro tests to screen for potential toxicity of nanomaterials with a high degree of
predictive accuracy is limited, and the accuracy of in vivo tests for these purposes is also limited. An
integrated testing system comprised of both in vitro and in vivo test systems is suggested, with initial tiers of
in vitro tests used to provide preliminary insights into potential toxicity rather than definitive assurance of the
presence or absence of toxic hazards'2). This allows developers to align hazard testing strategies with
product development.

At early stages of product development, organizations might only conduct early phase testing — simpler, faster,
and cheaper screening tests that might identify nanomaterials with greater probability for toxicity or other risks.
This early screening data, combined with early assessment of the technical and business prospects for the
nanomateria-erprodust being-developed—can-help-inform-decisions-on-whetherand-how tocontinue—product
developmgnt. Where early phase screening tests suggest likely significant toxicity or other hazards,
organizatigns are encouraged to seek ways to “engineer out” the risks through changes in the material or the
way it will be used.

As a nanomaterial or product gets closer to market launch, organizations should apply the more ‘complex and
specific tgsts (which are usually more expensive) of later tiers or phases to more precisely assess fhe
potential Hazards a nanomaterial or product might present. By the time a product or fanomaterial reaches
commercigl launch, the information from all tiers or phases should have been addressed.

Different grganizations may choose different timing and triggers to move from Qrie tier of testing to another,
but the tiefs described below can be applied to the typical stages of product-development. For example,|an
organizatign might apply Tier 1 testing during the research and developmént-stage, move to Tier 2 testing if
and when the nanomaterial or product moves to a prototype stage, apply(Tier 3 testing as they prepare for fest
marketing,land complete Tier 4 as they move to manufacturing scale-up/prior to commercial launch.

In some cpses, uncertain results from one Tier of tests might result in a decision to use higher stage tgsts
earlier thap planned to resolve the uncertainties. In any case;the data sets and tiered test plans that are
relevant tg the organization's planned activities should be addressed (either through data, sound professional
decisions [pased on existing literature, “reasonable worst case” values or assumptions where there are
significant|data gaps, or controls) by the time of product launch so that the user can make reasonably soynd
conclusions about potential risks.

5.3.3 Usp of “bridging information”

When an |organization has limited specific hazard data for a nanomaterial, one way to evaluate that
nanomatefial is to extrapolate or “bridge” (or “read across”) to another nanomaterial for which there exists
robust hazard data for a specific type)of endpoint of interest (e.g. pulmonary toxicity). The two nanomaterials
may be gntered into a toxicological evaluation, with the well-characterized nanomaterial serving ag a
“reference| for the nanomateriab of interest for which limited data exists. In most cases, the test that was
conducted|was a shorter, simpler test than what would be needed for a more thorough understanding of the
specific type of toxicity endpoint under consideration for the nanomaterial of interest!3).

Rigorous guidance ©n multi-factor approaches to bridging, or “read across”, for conventional chemicals, have
been devgloped. by OECD and various regulatory agencies'4). The strength of the bridging strategy is
dependeni on‘a number of factors, including: robust data on the “reference” nanomaterial from more thorough

12) Oberdorster et al, “Principles for characterizing the potential human health effects from exposure to nanomaterials:
Elements of a screening strategy,” Particle and Fibre Toxicology, October 2005,
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1260029; Warheit, David B., Borm, Paul J. A., Hennes, Christa
& Lademann, Jiirgen (2007). Testing Strategies to Establish the Safety of Nanomaterials: Conclusions of an ECETOC
Workshop. Inhalation Toxicology, 19 (8), 631-643. Retrieved March 20, 2009, from
http://www.informaworld.com/10.1080/08958370701353080.

13) An example would be bridging from markers of pulmonary inflammation in a short-term test to pulmonary
fibrosis on a chronic assay.

14) OECD: http://appli1.oecd.org/olis/2007doc.nsf/linkto/env-jm-mono(2007)28. U.S. EPA has also done extensive work
on this topic. http://www.epa.gov/chemrtk/pubs/general/categuid.htm.

12 © 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=b77b6e0d803746453ca71195410cef5d

ISO/TR 13121:2011(E)

toxicity tests, and evidence that supports the relevance of the ‘“reference” nanomaterial to the new
nanomaterial, particularly with respect to its potential mechanisms of toxicity. Where such relevance can be
established, bridging studies might provide useful insights into the new nanomaterial's relative ability to cause
a particular type of hazard through mechanisms shared with the well characterized “reference”
nanomaterial®). Bridging and read-across criteria for nanomaterials have not yet been developed. However,
the physical and chemical characteristics of nanomaterials will play an important role in developing such
criteria. When conducting read-across, the user should determine that the “reference” or “surrogate”
nanomaterial has as many of the properties of size, size distribution, crystallinity, surface reactivity, etc. in
common with the nanomaterial of interest as possible.

Th cal studies

on|the nanomaterial of interest, and it might not be possible at this time to bridge across endpoints and

different mechanisms for nanomaterials. Nevertheless, appropriate bridging studies ight [provide a

prgliminary screen when evaluating the same or closely related toxicological effects for, a hewly |developed

napomaterial or when making small modifications to an existing nanomaterial.

Nanhomaterials pose unique challenges compared to conducting read-across for conventional chemnicals. For

example, similarity of two conventional materials' chemical structures alone is‘considered by some to be a

sufficient basis for read-across. But the properties and potential hazards-of ‘nanomaterials are(frequently

as$umed to be related to other factors besides chemical structure (i.e. the-unique properties of narjomaterials
arg frequently size-dependent, rather than dependent on chemical structre). Hence, a more cgnservative
approach to read-across for nanomaterials is recommended6).

5.3.4 The process of creating the hazard profile

For each lifecycle stage, as appropriate to stage of development:

—| Use existing data. An initial literature review on the usual, non-nanomaterial form of the manufactured
nanomaterial, as well as on any variations -0r impurities that arise as a result of sourcing| industrial
processing, or environmental/biological transformation, is performed. Existing data should be| evaluated
using a “weight-of-evidence” approach, along with exposure information, to determine whether additional
information is needed for making a hazard assessment.

—| Prioritize data needs. Where data’needs (i.e. gaps) are identified, determine (and explain) hpw best to
address them. For example, information from the physical/chemical properties profile and exposure
profile might be useful in prioritizing data gaps in the hazard profile. Key considerations include the most
likely modes of release @nd’routes of exposure, the nature of the nanomaterial expected to be feleased or
to which exposure mightoccur, the expected magnitude of release or exposure (e.g. number ¢f exposed
individuals, spatialcand temporal extent), as well as the resources needed (and available) for ftesting the
product. All decisions on data needs, the justifications for those decisions, and the means used to
compensate_for missing data elements should be documented in the Output Worksheetl In some
jurisdictionsythere are mandatory data sets established by law for the registration of chemical gubstances,
includingnanomaterials.

15) This strategy has been used in studies where toxicity assessments for a new ultrafine TiO, particle were conducted
and compared to toxicity assessments for two other types of TiO. and a control. See Warheit DB, Webb TR, Reed KL,
Frerichs S, and Sayes CM. “Pulmonary toxicity study in rats with three forms of ultrafine-TiO, particles: Differential
responses related to surface properties.” Toxicology 230: 90-104, 2007, Nov 10, 2006.

16) First, read-across should be limited to identical or closely related endpoints. Second, it should only be applied when
there are data available for the nanomaterial of concern from a short-term or mechanistic test for a given endpoint, and
those data indicate that it responds similarly to a well-characterized substance subject to the same test. In these cases,
bridging may appropriately be used to predict that the nanomaterial would also respond similarly to the way the well-
characterized substance performed in a related, but more robust test. As more data is generated regarding specific
nanomaterials, the use of read-across could potentially be expanded. For more information on the use and limitations of
read-across strategies, see “Practical Guide 6: How To Report Read-Across and Categories, (ECHA 2009).
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— Define protocols and conduct appropriate testing. Once existing information has been reviewed and data
gaps have been identified, specific test protocols needed to complete the hazard profile should be
selected. Possible sources for test protocols include those listed by International Life Sciences Institute!7)
and by the U.S. National Cancer Institute'8). Two possible approaches to developing these data sets are
contained in Annexes B and C. All such data generated and resulting decisions, as well as their
justifications, should be documented in the Output Worksheet.

— Characterize hazard. Information based on existing literature is combined with any new data generated
and entered into the Output Worksheet. A profile of the known hazard information on the nanomaterial,
including comparisons to reference, bulk, and incumbent materials, is then generated. Ultimately, the key

' iZatior, i i rial

. Even then, the profile will not be truly final; it might have to be updated thereafter as ‘new

information warrants.

5.4 Develop exposure profile

5.4.1 Introduction

This step |dentifies and characterizes the potential for human and environmental’éxposures across the full
lifecycle of the product system involving the subject manufactured nanomatérials. As noted above,
information is not only important to the ultimate evaluation and management<of'risk, it is also an important
input to designing the hazard evaluation process, reflecting the iterative nature-of the process described in this
Technical Report.

Potential gxposures might occur in two ways: when an opportunity arises for an organism to come into di
contact with a nanomaterial, or when a nanomaterial is released into“a medium (e.g. air, water, soil, sediment)
or used il a product that might lead to such contact. Exposurée may be followed by actual entry into the
organism yia intake (inhalation or ingestion) or uptake (dermal‘penetration or absorption though other exposed
tissue, sugh as the eye).

Regarding| consumer usage, the nature of the nanOmaterial-based product may lead to various routes of
exposure. [For example, if the nanomaterial is a-component in a spray-product formulation, release from the
spray can fause emissions into the ambient airand subsequent inhalation into the lungs or dermal penetrafion
through the skin. To provide another example if the nanomaterial is ultimately intended to go down the drain,
e.g. it is part of a cleaning product, water_might be the primary medium for exposure and dermal penetra
and ingesfjon is possible. Ingestion mightoccur directly, through contact with the water into which the product
has been (discharged, or even by gating food that has been in contact with the water. Furthermore, dinect
contact with residuals (left after the Cleaning product is used) is a potential route of exposure.

Organizatipns should take inte“account how the nanomaterial is incorporated into their product, since that
might affegct whether, how and the nature of any nanomaterials that have the potential to be released. For
example, & nanomaterial“may be part of a coating such that exposure potentials are limited (e.g. to releages
from weathering, grinding). Further, the use of nanotechnology or nanomaterials in the manufacture of a
product dges not.necessarily mean that the final product contains nanomaterials.

17) Oberdorster et al, “Principles for characterizing the potential human health effects from exposure to nanomaterials:
Elements of a screening strategy,” Particle and Fibre Toxicology, October 2005.

18) See Assay Cascade of the Nanomaterial Characterization Laboratory of the National Cancer Institute
(http://ncl.cancer.gov/working_assay-cascade.asp).
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5.4.2 The process of developing the exposure profile

5.4.2.1 Overview

For each lifecycle stage, as appropriate to phase of development and the planned activities of the
organization:

— Assess the potential for releases of manufactured nanomaterials. All known or reasonably anticipated
processes or uses involving the nanomaterial or nanomaterial-containing product should be evaluated for

the potential to cause exposure from direct contact or releases to the environment.

Be
foll

For
[ example, are there potential exposures to nanomaterials associated with the intended use of the material

Fo
or
the

cayising nanoscale materials to leach into, groundwater)? Further, nature of the nanoscale materials

be

Ea
tra
kn
alo
foll

cause risk management and control measures affect exposure during manufacturing, answ
owing questions should be obtained when developing an exposure profile at the occupational lev

— What are the routes or opportunities for occupational exposure to nanomaterials?,

— What engineering controls (e.g. dust collection, containment) are in place and how
performing?

— What personal protection equipment (e.g. specific filter cartridge (glove type) is in use?

— What procedures (including housekeeping, decontamination.of spills or releases, chang
systems, recycling, waste management and disposal methads) are in place to minimize ex

— How effective are the engineering controls and pretection equipment with regard to the
nanomaterial under consideration?

both human and environmental exposures, the mechanisms of potential exposure should be]

broduct, will exposures only be likely in servicing or repair situations (e.g. grinding, drilling, weld
re specific end-of-life scenarios that might\create exposures (e.g. exposure to acidic liquids i

released in any particular scenario is.also relevant.

ch medium into which a release is expected to occur should be “mapped.” That is, all known
hsformations or transfers to.6ther media) are identified. In this way, it is possible to determine

ng two lines: human-exposure and environmental-exposure potentials (though the two can be re
owing types of questions should be considered when assessing potential for human exposure:

— What are"the potential routes of human exposure (e.g. inhalation, ingestion, and eye
penetration)? What mechanisms or activities might cause releases that could result in expq

— Are‘nanomaterials present in a consumer product? If yes, in what form are they press
conditions of intended or reasonably anticipated use, what are the potential routes of e
any)?

ers to the

<IH

are they

ng of filter
bosure?

particular

identified.

ng), or are
a landfill,
that might

fates (e.g.
what is not

bwn about pathways, routes.of exposure, dose, and other relevant factors. Acquiring information proceeds

ated). The
or dermal
sure?

nt? Under
kposure (if

— If nanomaterials are released to water, what is the use of the water (e.g. recreationa
agricultural)?

— Can the nanomaterials be present in the ambient air or surfaces of the workplace, home,
locations where people could be exposed? How?

I, drinking,

and other

— What sensitive populations (e.g. children, elderly persons) could be exposed? Under what

conditions?
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When investigating environmental-exposure potential, consider these questions:

16

— What are the potential routes of entry into the environment (e.g. air, water, soil, sediment, and biota)?

Under what conditions might the nanoscale materials enter the environment?

— How does the nanomaterial partition in the environment (that is, how does it distribute itself between

air, water, soil, sediment, and biota)?

— What are the potential exposure pathways?

— hat is the ultimate environmental fate of the nanomaterial and does it accumulate in-~particy
gnvironmental sinks”?

— ill the nanomaterial persist in the environment in a bioavailable form?

— Bpsed on the above environmental-fate information, what are the populations{(e.g. avian, aqua
benthic, or terrestrial species) that might be exposed? How?

— hat is the bioaccumulation potential?

— hat is not known about the nanomaterial's environmental fate-and how could such unknowns b
bg addressed?

Prioritjze data needs. Where data gaps exist, determine how.best to address them. Key consideratiq
include the most likely modes of release and routes of expasure, the nature of the nanomaterial expec
to be [released or to which exposure might occur, the expected magnitude of release or exposure (€
number of exposed individuals, spatial and temporal-extent), and the resources needed for testing
produgt. Depending upon the situation, it might be\possible to exclude certain exposure pathways.
decisipns on data needs, the justifications for these decisions, and the means used to compensate
missing data elements should be documented and recorded in the Output Worksheet (see Annex F).

Develpp and implement a plan to address data needs. After reviewing the questions described above 3
identifying and prioritizing the critical ‘'unknowns, a plan should be developed to fill the data gaps

— Al statement of purpose, scope, level of detail, and the approach used in the assessment, includ
key-assumptions.

ar

tic,

est

ns
ted
.g.
the
All
for

nd
(or

in
ost

ary
nd

ng

— Estimates of exposure and dose by pathway, both for individuals and populations

— Evaluation of the overall quality of the assessment and the degree of confidence in the exposure

estimates and conclusions drawn
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5.4.2.2 Guidance on obtaining exposure information
— Manufacturing
— Number and locations of manufacturing sites.
— Current and expected annual production volumes of nanomaterials.

— Industrial functions (e.g. adhesive, coloring agent) of the nanomaterial.

— Stage of development (e.g. R&D, pilot scale, commercial scale).
— Percentages of production volume for each planned industrial function of the nanomaterial

— Physical form(s) of the nanomaterial as it leaves the organization's possession, along with the
associated percentage of production volume.

— Maximum concentration of the nanomaterial in each industrial functior as it leaves the organization's
possession.

— Description of manufacturing methods.
— Number of employees working with the nanomaterial at the'site of manufacture or import.

— Types of employees, handling practices, and occupational and environmental contaipgment and
control equipment used to mitigate exposure potential.

—| Processing
— Description(s) of industrial processing-oruse operations involving nanomaterials at downs{ream sites.
— Approximate number of processing and commercial-use sites.

— The functions of the nanomaterial during the processing or use operations.

— The percentage of production volume, number of sites, and number of workers associated, whether
for processing or usej with each industrial-function combination.

— Estimated number of employees working with the nanomaterial at sites where the substarjce is used
or processed,

— Typesof employees, handling practices, and environmental containment and control equipment used
to.mitigate exposure potential.

—| Use

— Commercial or consumer product types (e.g. paints and coatings, soaps, and detergents) in which
the nanomaterial is used or might be present.

— Amount (and concentration) and nature of the nanomaterials used or present in commercial or
consumer products, and how they are present in the article (e.g. coatings, agglomeration state, etc.).

— The percent of production volume associated with each commercial or consumer use.

— Locations of use (e.g. in manufacturing sites, in homes, outdoors)

© 1SO 2011 — All rights reserved 17
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— Frequency of use of the products containing nanomaterials.

— U

se patterns (e.g. description of products or applications and how they are used).

— Numbers of commercial users (including workers) working with the nanomaterial and consumers
using the product.

— Indication of whether the products are intended for use by children or other sensitive populations

— Indication of whether the nanomaterial is intended for release during use, or can reasonably be

a
n

i

=

|
® 0

Distri

|
=z

— T

— M

Wasté¢ from manufacturing/processing

— R

oY)

— H

— N

Post se management

|
c g

ticipated 1o be teleased, during USE, Tepair, maintenance or disposal. 1350, what—are
echanisms, magnitude, frequency, duration, and mode (e.g. to air) of the expected release?

dication of whether there is potential for exposure to the nanomaterial in the product”throd
halation, ingestion, skin absorption, or ocular uptake.

lequired or recommended controls for use (e.g. training, engineering controls, personal protect
uipment).

lecovery/recall techniques (e.g. in case of misuse or new hazard data).
bution/storage

ethods of delivery of nanomaterial or nanomaterial-containing products to customers.
ype of packaging and labeling utilized.

ethods of storage by producer and by customers.

easonably anticipated releases, specified in terms of physical form, magnitude, frequency, durati
hd media, from manufacturing, processing, transportation, and waste management

xpected recycling or disposal_methods for manufacturing waste and off-specification nanomateriz

ature and concentrations(ofijthe nanomaterial in each waste stream.

escribe potential/disposal, recovery, reuse and recycling methods for the products containing
5ing nanomaterials.

escribepossible exposures (human and environmental) associated with these methods.

he

gh

ive

Is.

or
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Guidance for exposure measurements/monitoring

Methods should be implemented to gather exposure-profile information on nanomaterials, covering detection,
sampling, and monitoring. The monitoring program should be designed to focus on key uncertainties and
target end-points identified in the other steps of this process’9).

a)

Workplace Monitoring:

1)

Until methods for measuring worker exposure to airborne nano-objects are more fully developed,

the following measurements should be considered:

2)

3)

4)

5)

6)

i) Mass concentration.

i) Nano-object-number concentration.
iii) Nano-object-size distribution.

iv) Surface area.

Particle characterization.

v)

Measurements should be taken before processes are started in order to create an

adequate

baseline against which to assess potential increases inairborne concentrations that fesult from

nanomaterial handling (recognizing that there remain_.significant technical challenges in
doing so). Worker-exposure air-monitoring data in. particular should be collected to est
manufacture concentrations (mass and particle .number), and then again after opera
commenced. The data should include short-term,exposure levels, maximal measured cong
and eight-hour time-weighted averages for workers with the highest potential exposures.

Based on the manufacturing and handling processes employed, a sampling strategy
developed that takes into account spatial and temporal variability, locations of anticipa
concentration, presence of potentially exposed workers, and availability and perfo
engineering controls and safe-handling practices.

In order to assess the efficacy of the control measures, exposure monitoring data
collected, whenever possible, both before and after the installation of engineering control
reducing exposures.

Engineering (estimates of nanomaterials released from accidents and spills within
should also bé-made where feasible, with results recorded (particularly of maximum conce

accurately
Ablish pre-
ions have
entrations,

should be
ed maxim
mance of

should be
5 aimed at

vorkplaces
htrations).

Workplace settings associated with the repair and maintenance, waste handling, reclagation and

recycling of nanomaterials (or products containing nanomaterials) should also employ an 4§
maonhitoring and sampling strategy, with measurements obtained prior to and during operati

ppropriate
DNS.

19) Much of the content of this section reflects recent guidance contained in the ISO/TR 12885, Health and Safety
Practices in Occupational Settings Relevant to Nanotechnologies, as well as the information contained in National Institute
of Occupational Safety and Health, Approaches to Safe Nanotechnology: An Information Exchange with NIOSH, available
online at www.cdc.gov/niosh/topics/nanotech/safenano/. See also: ISO/TR 27628, Workplace atmospheres — Ultrafine,
nanoparticle and nano-structured aerosols — Inhalation exposure characterization and assessment; Maynard, A. D. and
Kuempel, E. D., “Airborne nanostructured particles and occupational health,” Journal Of Nanoparticle Research (2005)

7(6):587-614 (basic information on exposure monitoring). Online, available:
http://www.springerlink.com/content/70095022523342j4/fulltext.pdf.
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b)

6 Evaltuate risks

6.1

This step |in the process-is the assessment of risk, taking into account the data collected to create
physical/chemical preperties, and hazard and exposure profiles. Depending on the stage of development &

Environmental releases from manufacturing, processing, storage, transport, or waste handling

1)

Consumer use and post use

General

In processes and operations involving manufactured nanomaterials, gaseous emissions (e.g. from

air

ventilation and exhaust systems), waterborne discharges (e.g. to wastewater treatment), and solid

wastes should be routinely monitored for the presence of the nanomaterials being processed, etc..

In

order to assess the efficacy of the containment and control measures, data should be collected

before and after the installation of engineering controls.

For points of potential fugitive or non-routine releases, engineering calculations of potential releases

should be performed where feasible.

rocessing, storage and waste-handling facilities and transport containers/vehicles should
bnducted, with results on associated maximum air and liquid concentrations recorded.

O T

Further monitoring or measurements, including field simulations and actual measurements
nvironmental concentrations, could be triggered by initial monitoring data or new toxicity informat

D

Fpr any applications during use or post-use stages of the lifecycle that.can be anticipated to lead
r¢leases to the air, water, soil, or sediment, or to deposition onto surfaces, simulations, calculatiq
of modeling based on reasonably anticipated use patternas ‘(including wear, degradati
maintenance or repair) should be performed. Full characterization of nanomaterials that might
¢leased, including particle-size distribution and other dosé<relevant parameters, should also
pnducted. For airborne releases, maxim and time-weighted average concentrations (mass 3
imber) should be modeled.

350 3

here uses might involve direct skin contact with“nanomaterials, the evaluation should prov
stimates of dose, frequency, and duration of application, including an evaluation of factors such
ermal uptake and absorption, as well as ingestion (e.g. hand-to-mouth contact).

Qo<

here applications might involve the actual or potential presence of nanomaterials in, or migratior
od or water, organizations should provide measured or calculated nanomaterial concentration d
nder reasonably anticipated conditions of consumer use.

cos

Engineering estimates of nanomaterials released from accidents and spills involving manufacturing,

be

of
on.

to
ns
bn,
be
be
nd

de
as

to,
ata

the
nd

availability| of relevant’hazard and exposure data, the risk analysis might result in qualitative, semi-quantita

ive,

extent on how to conduct rlsk evaluatlons and thls text is not mtended to suggest a novel approach to this
topic. Rather, it applies well-known risk assessment principles to the challenges related to nanomaterials.

20) Separately from good risk management practices, regulations may require an organization to evaluate the risks of a
chemical substance. For example, under REACH, Chemical Safety Reports must be created for chemical substances
place on the EU market in annual quantities exceeding 10 tonnes.

20
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6.2 The risk evaluation process

— Review hazard and exposure profiles. Review the hazard and exposure profiles in anticipation of
integrating their contents. In order to facilitate this process, relevant information from the profiles can be
organized in the Output Worksheet (see Annex F).

— Match exposure situations with hazards and compare potential exposure levels to published or
derived effect levels, where available. For each exposure situation identified in the product lifecycle, the
relevant routes of exposure and potential receptors (e.g. workers, children, elderly persons, specific
ecosystems) should be identified. All hazard data relevant to those routes of exposure or receptors are

; i i i i ified. Safety
factors may be applied to these effect levels, as appropriate, and then compared to_th¢ potential
magnitude of exposures

— Evaluate (quantifying, where possible) the nature, magnitude, and likelihoodrof ‘identified potential
risks. In cases where there are insufficient hazard or exposure data to do a full quantitative assessment of
risks, a qualitative assessment of available data can be done, especially at early stages [of product
development. But as the nanomaterial is nearing commercialization, these- alternative, qualitative, or
semi-quantitative methods should no longer be relied upon; rather, adequate hazard or exposurre profiles
should be as complete as practically possible by this time.

— Where there is a decision to be made regarding alternative materials and processes, the comparative
risks of each should be taken into account (i.e. the risks assoCiated with the nanomaterial shquld not be
singled out to the exclusion of the risks associated with either.incumbent or competing new matferials).

—| Evaluate uncertainty in the risk assessment. If the data“are sufficient for conducting a quaniitative risk
assessment to generate a risk value, then the application of uncertainty factors (also sometines called
assessment factors or margins of safety) should b& considered to account for uncertainty. In the absence
of adequate data, the risk assessment will be qualitative. In such cases, assumptions and default values
should be conservative (meaning to err on thé’side of caution by assuming a “reasonable worst case”).

—| Assess potential for and consequences*of changes in material and applications. It might be appropriate to
take into account a variety of potential”situations that might alter the likelihood, nature, or magnitude of
potential risks2!). Examples couldinclude changes in the supplier of nanomaterials which miight cause
subtle changes in the properties of the product at some stage of the lifecycle; or shifts from applications
with very little exposure petential (such as industrial catalysts) to ones with higher exposurge potential
(such as hazardous waste)cleanups). While such changes cannot always be foreseen, the| questions
should be asked, as thel answers could have significant impact on potential risks. In any |event, the
“review and adapt” element of the process is intended to encourage organizations to regulafly address
the possibility and.consequences of relevant changes.

—| Identify knowledge gaps. In the course of evaluating risks, there will likely be significapt gaps in
knowledgé»of exposure, or hazard, or both. Careful consideration during the development of the
nanomaterial profiles should lead to identification of data needs for known and reasonably anticipated
expesure and risk scenarios. These can then be prioritized for further data development. For ¢xample, a
plastic additive containing nanomaterials might pose little exposure risk until or unless the plastic starts to
degrade. It might be difficult in early developmental stages to sufficiently characterize the nature of the
degraded material, but this goal can be prioritized for further study prior to commercialization.

21) There are a variety of methods and tools for doing this, including but not limited to failure analysis and scenario
planning. For more information on these tools, see the following references: UK HSE (Health & Safety Executive) Risk
Management Home Page http://www.hse.gov.uk/risk/index.htm American Institute of Chemical Engineers (AIChE) —
Center for Chemical Process Safety. Technical Guidelines and Publications.
http://www1.lvs.dupont.com/SHE/psm&fire/process/training/reference_materials/aiche_ccps_publications.pdf.
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— Develop a plan to fill data needs or identify “reasonable worst-case” values, assumptions, and scenarios
for use as benchmarks in risk management. If the data are insufficient at this point for adequately
assessing potential risks in specific scenarios developed in the lifecycle exposure profile, decisions
should be made regarding the data gaps. For example: should the missing data be generated now; how
necessary is the missing data; or should the next steps be informed instead by the use of “reasonable
worst-case” values, assumptions, and scenarios that can subsequently serve as benchmarks for control
and mitigation efforts? Scenarios are a combination of data and assumptions to create situations that are
reasonably foreseeable. The purpose of considering scenarios is to enable the team to consider what risk
management measures could be needed. As the product nears commercialization, priority should be

given to completing the data sets for relevant hazard and exposure profiles; in that way, the scenarios are
based-as-much as possible on real data

7 Assass risk management options

Risk manggement comprises actions for managing and reducing the identified potential risk.to humans and
the enviropnment from a process or product, in this case, a nanomaterial-containing process or product. The
risk management assessment should provide information sufficient for determiningtfhow best to purgue
practices, fonduct processes, and safely produce, use, and ultimately dispose of or recycle the product.

Specialistd in safety, occupational health, and environmental science, along with, business managers famifiar
with the product and application, as well as those who know the applicable~legal requirements, should|be
involved il this process. The outputs of this process are the actions, if necessary, to reduce and control rigks
from knowh and reasonably anticipated activities associated with the product's or nanomaterial's raw-mateyial
sourcing, manufacturing processes, transportation, expected uses, and‘disposal, recycling, or reuse pathways.
The scopg of this effort depends on where the organization is in theynanomaterial's life cycle. For example, it
is often not practical for an end-user to reduce or control the risks associated with the raw-material sourcing of
their suppljers.

Results of] this assessment process might include matétial substitution, product or process modifications,
engineering or management controls, warning labels,~or decisions to change or abandon the product. The
current consensus in the literature for risk management is that the hierarchy of “most effective to lefast
effective” pontrols is the following: 1) elimination; substitution, or reduction of the material, process,| or
condition fhat presents the hazard; 2) engineering controls; 3) warnings; 4) training, procedural, gnd
administrafive controls; and 5) personal protective equipment.

This Techhical Report does not prescribe specific risk management actions, which need to be decided op a
case-by-cgse basis. The aim of this Technical Report is instead to provide guidance for achieving a
performange-based level of risk (management. There are many sources of information that provide additiopal
knowledgd, guidance, and toolsito guide risk management for nanomaterials22). Users should consult thgse
reference§ and consider.-adopting their recommendations, as appropriate, to particular nanomaterials,
applicatior]s, and conditions:

22) These references, while not exhaustive, provide an overview (based on the current state of knowledge) of available
options for risk management that could be applicable to nanomaterials. Health and Safety Executive — United Kingdom
Information Note: Nanotechnology http://www.hse.gov.uk/pubns/hsin1.pdf; Health and Safety Executive — United
Kingdom, COSHH (Control of Substances Hazardous to Health) — Achieving Control
http://www.hse.gov.uk/coshh/control.htm; German Federal Institute for Occupational Safety and Health (BAuA) and
German Association of the Chemical Industry (VCI), “Guidance for handling and use of nanomaterials at the workplace”
(August 2007); ASTM International — ASTM E2535-07, “Standard Guide for Handling Unbound Engineered Nanoparticles
in Occupational Settings” (October 2007); U.S. National Institute for Occupational Safety and Health, Centers for Disease
Control and Prevention, “Approaches to Safe Nanotechnology — Managing the Health and Safety Concerns Associated
with Engineered Nanomaterials (March 2009).
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The risk management process includes the following elements, all based upon the evaluation of risk
discussed above:

— Determine needed levels of protection. Control measures should be commensurate with the identified risk.
Decisions should be based on existing health, safety and environmental legal requirements and
standards, and on the effectiveness of the chosen control method in reducing exposure to below the level
determined acceptable in the risk evaluation (or lower, if so indicated by management)23). These
decisions need to be made for each stage of the product lifecycle, and they should be based on the risk
evaluation.

Hements—to—considerfor-the—decisionprocess—eottdnclude—aformat-meanagementpolicy-that states a
commitment to minimizing potential exposures to the nanomaterial; relevant safety, health,"and existing
environmental exposure requirements standards; and well-developed risk-assessment™infofmation. In
addition, reasonable professional judgment should be exercised, based on the nanomatgrial used,
conditions of use, control measures implemented, exposure assessments, andythe knowledge and
experience of the users. For example, handling nano-objects incorporated or fixed in a polymer might
reduce the potential for skin and inhalation exposure, whereas a mixing operation with nano-dbjects in a
non-fixed state (e.g. a powder) will pose an increased potential for skin, ocular.and inhalation exposure. A
user might decide, therefore, that working with nanoparticles fixed in{a, polymer would rgquire less
restrictive levels of protection (e.g. general ventilation, goggles, and gloves), while wdrking with
nanoparticles in a dry-mixing operation would require higher levels of protection (e.g. gngineering
controls).

—| Review of controls for reducing identified risks . This phase_6f the process is a formal and ongqing review
of current risk management practices relevant to the mandfacturing process, the product itsglf, and the
transportation and use of the product. Measurement.of exposures should be undertaken where
appropriate and practical to inform the assessment of controls. The review should also take into account
the following: safety, health, environmental \goals, policies, and procedures; applicable legal
requirements; safe-handling practices; suppliers; product distribution and transportation; cugtomer use
and misuse of the product; and recycling and,waste management24). Issues that can be conpidered, or
questions that can be asked, include:

— Substitution. Can the hazards be'reduced or eliminated by changing the nanomaterials, chemistry, or
process variables (taking intoxaccount the degree of risk posed by substitutes and the [incumbent
materials)?

— Engineering issues.(For example, are local exhaust/ventilation systems effective at| capturing
airborne nanoparti¢les and are they being maintained and performing according to specifications?

— Administrative7Zissues. For example, are hand-washing and other good-hygiene practicgs required
prior to leaving the work area where nanomaterials are processed?

— Personal-protection equipment issues. For example, are respirators that are effective aj capturing
nahomaterials available, are workers trained in their use, and are they being properly usedf?

=2\, Communication. Is hazard and safe-handling information shared with those who have [a need to
know (e.g. through Safety Data Sheets, training, supply-chain communications)?

— Are procedures communicated to customers in order to inform them on how to safely use, dispose of,
or recycle the product, and manage environmental, health, and safety risks?

23) Many practitioners will be familiar with this approach as the ALARA principle (“As Low As Reasonably Achievable”).
See http://www.ilpi.com/msds/ref/alara.html.

24) These questions could be asked in the context of an organization's formal occupational health and safety
management system, if it has one.
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8

8.1

— Do labels, other safety-information communications, and packaging used by the organization indicate
the extent of harm that could result from reasonably foreseeable misuse and comply with applicable
legal requirements (e.g. national or regional requirements based on the United Nations' Global
Harmonized System)?

Determine best risk management options. Once the above steps have been performed, the adequacy of
existing risk management options, and the need to enhance or supplement them, must be evaluated. In
that way, the user may determine whether the risks posed by a given product at any particular stage of its
lifecycle should be managed. The selected risk management options should adequately address existing
and potentially new exposure scenarios.

The decision process is guided by the management objectives of manufacturing products that can|be
safely| used, and minimizing unintended exposures across the products' lifecycles. The process. should
include: implementation of procedures to achieve the expected level of protection; facilities and
equipment improvements for containment control; and the availability of supporting equipment ‘and other
resoufces. Organizations should also consider whether there are needs for customernand distribytor
training; communications to guide customers on safe use, disposal, recycling, environmental control, and
permifting recommendations; and first-aid and medical recommendations for overexposure. In the end,
the ornganization should be able to credibly document that the risk management.measures chosen will
adequately address the identified risks.

Develpp a plan for risk management, which includes monitoring, complianee, and reporting. The plan is a
mean$ of determining and documenting (as well as verifying, through the implementation of a writfen
audit protocol) that appropriate and effective systems are in place formanaging a product's safety, health,
and epvironmental risks throughout its lifecycle. The plan should<dentify and address key uncertainties.
The documentation of the plan provides a foundation for comimunicating the current risk managemgent
program and considering whether future changes to the program may be warranted.

Decifle, document and act

General

Earlier steps in this process involve the compilation (typically, by the project leader or the product steward) of
needed enmvironmental, health, and safety information and assessments. In this step of the process, fhe
organizatign reviews those compilations, ‘analyzes the options, makes decisions, documents the analyses and

decisions, [and takes appropriate actions.

The scopg of information that is €onsidered and the composition of the review team should be appropriatg to
the stage pf the project. Early-stage developments, for example, might have limited information to consiger
and small[review teams, while late-stage developments might generate substantial amounts of informatjon

and requirgé more diverse,gualifications and more senior membership in the review team.

Organizatibns might wish to involve outside stakeholders in the review and decision making process, when
appropriatg, as early'in the process as possible. Involving additional perspectives can result in more complete
and effective reviews and anticipate potential concerns that might not be identified within the organization[ A

more trangparent approach might enhance the broader acceptance of nanotechnologies and nanomaterials

The deliberations of the review team might produce a number of outputs, including:

24

A decision to move ahead on, terminate, or redirect or modify the development, manufacture, use, or sale
of the product or application involving manufactured nanomaterials.

If moving ahead or redirecting, identification of specific actions to be taken.
Assignment of a “product steward” (if not already assigned).

Specification of (along with rationale for) additional data to be collected, including how, by whom and
when this would be done.
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Endorsement of assumptions used in place of data; or recommendations for review and
assumptions.

Final implementation timeline for the risk management, monitoring, and compliance processes.
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revision of

Determination of an agreed-upon product-review cycle, including the timing and conditions for the next

review.

Documentation of the review team's decisions and its recommended actions.

A plan to communliCate this Information, as appropriate, across the organization and to other St

b following is a description of the key steps an organization should take in the review and'decis
cess. Organizations that already have product development processes should integrate'these
th processes, and do not need to create special review processes for manufactured nanomateria

) Assemble a cross-functional decision-making review team

e size and composition of the review team will depend on the nature of the organization involved
the overall effort, and the stage of development. Ideally, the team willyinclude a broad cross

bply or value chain of the product under consideration (e.g. suppliers, customers), consultants,
Knowledgeable experts from academia or consulting firms.

b review team should include individuals that, together, have the competence, based on educati
] experience, to understand, evaluate and make decisions about the information that is gathere

to this process, including:

Idg
en

The nanomaterials and technology beifig” contemplated, including the life cycle of the m
related products;

The human health and enviconmental
contemplated course of action;

exposures, hazards and risks associated

How the nanomaterials or products containing them are intended to be manufactured, ma
used;

How the ‘nanomaterials will be handled by and in the organization, including any occupati
or environmental measures

ally, the~team will include persons with knowledge and experience in risk assessment,

COl
or

ironmental fate, and industrial hygiene. Many organizations might not have all of the
petencies on staff. One option is to engage outside experts to meet these needs (e.g. hiring ¢

bvant viewpoints, including technical, manufacturing, workforce, business, and legal persped
anization may also choose to include participants from outside the erfganization, such as membe|

keholders.

on making
steps into
S.

the scope
section of
tives. The
Is from the
financiers,

bn, training
d pursuant

aterial and

with the

rketed and

The applicablé-environmental, product safety and occupational safety legal requirements; and

bnal safety

toxicology,
necessary
onsultants

als on staff

full-time. Additionally, the creation of consortia could function to share resources to ensure that these areas of
expertise are covered (taking appropriate notice of potential restrictions established by competition law).

8.3 Review information

Review the information that was collected and evaluated regarding the risks associated with development,
manufacture, use, reuse/recycling, and disposal of the nanomaterial, and the options to lessen, control or
eliminate such risks. Different perspectives, reflecting different organizational roles, will likely surface, which

col

lectively should aid in the determination of whether additional information or action is needed.
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8.4 Consider business, legal, and stakeholder issues

Examples include emerging regulations, public perceptions, worker perspectives, liability concerns, potential
for design changes to reduce risk, and the potential benefits (including any reductions in risks) associated with
the use of the nanomaterial.

Particularly important is attention to public, consumer and worker safety perspectives. It is prudent to
understand these issues early in the product-development cycle so that lines of communication are open and
relevant information can be factored in.

8.5 Detérmine who is responsible for implementing recommended actions
An individgial (who ideally should have already been assigned during the previous steps) should be-identifjed
who is responsible to follow through on the recommendations of the review team (or the decisions'of senior
management) to ensure that they are implemented. Frequently, the responsibility for taking specific actipns

contained jn the recommendations might be scattered in various functions (e.g. product design; occupatiohal
safety, marketing).

8.6 Based on these inputs, decide whether and how to proceed
Possible outcomes of the review team's deliberations include

— Accetance of the tentative recommendations as presented to the teamrand implementation of the projgct
— Providional acceptance, with specified additional information required

— Providional hold or suspension of the project, with specified~additional information required
— Redirgction of the project

— Termipation of the project.

In the cas¢ of provisional acceptance, provisional hold, or redirection, the review team should list criteria that
must be met, or hurdles to overcome, for the revised project to proceed.

8.7 Determine additional data-needs and initiate data collection, as necessary

These dafa could include physical and chemical property data, hazard data, exposure data, or fisk
management information. Staff“involved in the product development must then obtain this information| to
present to[the review team:

8.8 Establish and'implement appropriate risk management, monitoring, compliance, and
communjcation-processes

If the projgct-and plan for risk management, monitoring, compliance, and reporting are approved and moyed
forward, mechamnisnTs; nctudingthose Tetatedtoaccountabitity, shoutdbeestabtishedtoensurethat theplan
is properly executed. The monitoring program should be designed to focus on key areas of uncertainty or risk.

The decisions made and the bases for those decisions should be documented. This documentation should
describe the technical results of the risk evaluation and risk management assessment, and summarize
decisions relevant to future development or commercialization of the product. The results of all studies,
regardless of the conclusions they support, should be included in the documentation. All assumptions should
be clearly described. Advantages and limitations of each test, measurement, model, or estimate employed
should be identified, and residual uncertainty caused by the nature or source of the data, as well as data gaps
and potential biases, should be noted.
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Documentation allows those not present at the meetings to understand the decision-making process, its
outcomes, and the resulting actions. The documentation can also serve as a transparency tool for informing
stakeholders (e.g. customers, the public, workers, government agencies, nongovernmental organizations) that
potential risks have been identified and addressed and that necessary risk management measures are in
place.

The organization must decide who will have access to such documentation. For example, consistent with most
occupational hazard communication programs, information relevant to occupational exposures, hazards, risks
and controls (including the rationales for such controls) should be communicated and made available to

workers who research, develop, or manufacture the product (e.g. through safety data sheets and training),
and-that qlnlnrnlnriafn feedback mechanisms are in lr\l:um:: to.address waorker concerns.

As|products move into commercialization, organizations should consider making relevant information available
to fp broader range of stakeholders29). Organizations may choose to create a publicly available freport that
summarizes relevant information or decisions, create documents for specific audiences, in order {o facilitate
eage of understanding, or provide selected stakeholders with relatively open access, to a broad range of
dogumentation. Organizations should be prepared to respond to requests from stakeholders for mgre detailed
information, and should also be prepared to demonstrate to stakeholders that the risks associated with their
mdterials or products have been identified and are being appropriately controlléd.

While a transparent decision-making process is important for credibility with’certain external stakehplders, it is
alsp recognized that users have a need to protect legitimate confidential business information| (“CBI”) to
prgvent competitors from gaining an unfair commercial advantagée based on the nanomaterial developers'
effprts. A balance should be struck between providing transparency*to encourage public trust and yithholding
CHI to protect investments and intellectual property26). In ceftain cases, it might be desirable [to have a
regponsible independent third party examine the CBI to validate conclusions to outside stakeholder groups.
Where CBI has been withheld in stakeholder reports, this should be noted. Organizations should consider the
possibility of providing a non-proprietary description of.the sensitive information (e.g. a description pf the type
and class of material that does not reveal its exact chemical composition).

In prder to gain shared awareness of the risks-and precautions, it might be beneficial that users [provide as
mdych summary information as possible without compromising CBI. The summary should be sufficignt to allow
thg reader understand the user's risk management decisions, given the potential risks of the nanomaterial.

The Output Worksheet included in the Annex F (or a variation thereof) should be used as a| means of
summarizing the information that the team considered, the assumptions it made, the risk management
degisions it came to, and the rationales behind those choices.

Berause the state of knowledge about risks associated with manufactured nanomaterials is rapidly fleveloping
ang changing, it is re€cemmended that organizations make new data publicly available, especially as they
apply to human health“and environmental hazards, environmental fate and transport, physical hagards, and
exposure. Publication in peer-reviewed journals might provide the most credibility for such findings.

25) Some “downstream” communication may be required by law. For example, suppliers of manufactured nanomaterials
are typically obligated to provide safety data sheets to their customers, and certain legal regimes, such as the EU's
Regulation concerning the Registration, Evaluation, Authorisation, and Restriction of Chemicals (“REACH”) (EC
1907/2006) establishes a number of supply chain communications requirements for manufacturers, processors and users
of chemicals.

26) Most chemical regulatory regimes, including REACH in the EU and TSCA in the US, include provisions for protecting
CBl.
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9 Review and adapt

9.1 General

In this “review and adapt” step, the organization should implement a process of periodic and “as needed”
reviews to ensure that the information, evaluations, decisions, and actions regarding manufactured
nanomaterials are kept up-to-date. These reviews could be integrated into an organization's existing
processes, such as the “management review” step in ISO 9001 or 14001.

The essence of these reviews is that the organization identify and evaluate new information, determine

whether s
adequacy
current ris

uch new information should cause adjustments to the risk assessment, and re-evaluate
of the risk management measures for the nanomaterial or application. In other words, does
evaluation or risk management practices need to be revised in light of new information?

the
he

As with th¢ other steps in this process, it is expected that the level of detail will vary, depending on the phase

of develop

9.2 Asi

The organ
hazard or
enough td

nanomatetial or application. Examples include:

— Acha
would

— The 4
result

literatlire.

— Changes in legal requirements that would affeet the regulatory status of the product or material.

9.3 Reg

In addition
should als

ment for the given nanomaterial or application.

needed reviews
zation should conduct a risk management review whenever there has‘been a significant changg

exposure information, production volume, or use profile. In general, “significant” means seriq
potentially require a revision in the risk-evaluation or risk,management procedures for

hge in production, processing, or use patterns for the manufactured nanomaterial or application t
alter the lifecycle exposure profile.

cquisition of new data relevant to the risk evaluation for the nanomaterial or application, such
5 from testing initiated by the review team, or.new hazard or exposure information learned from

ular reviews

to as-needed reviews that_respond to unanticipated new information or situations, organizatig
b establish a regular schedule for periodically reviewing recent data and the adequacy of the curr|

risk mana

with the particular nanomaterial-or application, and it should align with any data-development activities so t
the new data can be promptilyreviewed and acted on.

In these r

— Analyze any.hew data on properties, hazards, exposure, or risk management, as well as any relev

chan

ement process. The. 'schedule should be based on the degree of risk and uncertainty associa

ular reviews;the review team should:

s.(or‘anticipated changes) in legal requirements.

us
the

hat

as
the

ns
ent
ted
hat

ant

— Decide on any additional data needs and how they are to be met.

— Determine whether previous decisions on development or deployment of the nanomaterial application
remain valid.

— Determine any needed changes in the risk evaluation or the associated risk management practices.

28
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These reviews should also include any information that will help assess how well the selected risk
management practices are performing. In particular, the review team should consider any monitoring data that
have been collected so that it can determine whether the risk management practices are keeping exposure
levels below the maximum allowable exposure goals. In addition, the review team should consider any data
from health screening or monitoring programs in order to ascertain whether the nanomaterial application might
be causing any unexpected effects in employees or other monitored populations. Finally, the team should
consider whether any new monitoring programs need to be initiated or existing monitoring programs require
modification.

The team should also consider the broader issues addressed in the initial decision making phase, including

an

/ new information on. nmnrging rngulnfinne, Innhlin and worker Innrelnnr\fi\me, Iiahilihj concerns. |

tential for

de

Ba
as
ris

9.4

Th
Th

On
for
tes
an

9.9

Ea
Th

5ign changes to reduce risk, and related influences.
sed on its review of any relevant new information or situations, the team should update the risk

necessary and then choose (or recommend to senior management for its decision)-the ‘most &
management options to address the altered conditions.

| Adapting risk management and collecting additional information;-as appropriat

b team should decide or make recommendations on what actions should‘be taken as a result of
bse can include:

Confirm and continue ongoing actions, including the production, use, and marketing of the ng
or application, as well as the current risk management practices.

Provisionally continue ongoing actions, with additional. information required (and a plan to o
information).

Put a provisional hold on current actions, pending generation and review of new information

Revise current actions in any part of preduct development, including the design, production
marketing of the nanomaterial or application, or revise current risk management practices.

Terminate current actions (e.g. stop'the development, production, or use of a nanomaterial or 2
initiate a communications stratégy or recall, or pursue other remediation activities)27).

ce the decision is made pn-how to proceed, the review team should determine and assign resp
implementing it. In the-case of a provisional hold or continuation that requires additional inforn

m should designate-hoew the required information is to be generated and set a follow-up date t
] determine its consequences

» Documenting and communicating any new decisions and actions

b dacumentation should include:

evaluation
ppropriate

e

he review.

nomaterial

btain such

, use, and

pplication,

onsibilities
nation, the
0 review it

ch reviewsshould be documented (which could be an update or expansion of the existing documentation).

Tnformation reviewed by the team.
Significance of new information or situational changes.
Changes to the lifecycle profiles and risk evaluations (and reasons for the changes).

Changes to assessments of risk management options (and reasons for the changes).

27) A decision to stop producing or distributing a product for risk-based reasons may trigger legal requirements, including
notifications to regulators and product recalls. Organizations must be familiar with these requirements in the markets in
which they do business, and be aware that such requirements frequently require quick action.
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— Changes to risk management practices (and reasons for the changes).

— Updated decision to move ahead on, redirect, or terminate the development, manufacture, use, or sale of
the product or application.

— If there are any changes, specific actions that will be taken.

— Additional data to be collected, and how and when it will be collected.

— Endorsement of any assumptions used in place of data, or recommendations for review and revision of

assunpptions

— Updated implementation timeline for the risk management, monitoring, and compliance process

— Updated product-review cycle, including timing and conditions for the next review

— Upda
stake

It is espe
managem

d plan to communicate this information across the participating organizations and to ot
olders, consistent with the organization's existing communication plan.

ent practices to those who will be affected. These audiences can include:

— Workgrs who handle the nanomaterial or product.

— Custo

— Other
manu

— Memb
— Regul

— Publid
nanor

In some in
team shol
feedback,

Finally, be
and specif
responsibi

mers who purchase and use the nanomaterial or product.

companies within the supply chain, including these involved in managing waste from
acture, use, recycling, or disposal of the nanomaterial or product.

ers of the public who might be exposed to the\nanomaterial or product.
btory agencies that have oversight overthe risks presented by the nanomaterial or product.

-interest groups (NGOs, governmental organizations) with a legitimate concern about
naterial or product.

stances, updating the informmation might be required by law (e.g. updating safety data sheets). 1
Id document any feedback it receives from the above groups, the company's responses to
and any actions or changes that result from them.

ore completing any given review process, the team should set a date for the next scheduled rev
y the conditions that would trigger the next as-needed review. The team should also establish cl
ity for manitoring those conditions.

her

ially important for the review team to communicate any changes inthé risk evaluation or fisk
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Annex A
(informative)

Data set of physical and chemical properties2s)

A.1 list of physical and chemical p[Qpprfipq

— Technical Name

— Commercial name

— Common form

— Chemical composition (including surface coating)
— Molecular structure

— Crystal structure

— Physical form and shape (at room temperature and pressure)
— Particle size, size distribution and surface area
— Particle density

— Solubility (in water and biologically retevant fluids)
— Dispersability

— Bulk density

— Agglomeration state

— Porosity

— Surface-charge

— Sufface reactivity

A.R Detailed information for physical and chemical properties

A.2.1 Technical and Commercial Names. A descriptive name (e.g. AB-123 or surface-treated nano rutile
TiO;) should be used to distinguish the nanomaterial from similar nanomaterials or those in bulk form.
Similarly, if a series of samples of different compositions has been generated, a unique designation should be
used for each so that their corresponding physical properties can be tracked.

28) see “Principles for characterizing the potential human health effects from exposure to nanomaterials: Elements of a
screening strategy,” Oberdorster et. al., Particle and Fibre Toxicology, October 2005.
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A.2.2 Common Form. Is the nanomaterial a loose powder, contained in a liquid dispersion, agglomerated
into larger-size particles, or aerosolized? The form of the nanomaterial will have implications for the potential
route of human or environmental exposure.

A.2.3 Chemical Composition. What are the concentrations of elemental chemicals or chemical compounds,
particularly those known to be harmful, in the nanomaterial? Moreover, accompanying substances should not
be overlooked; surface treatments and lattice doping are often used in nanomaterials and should be reported,
as they can affect toxicity and exposure. Note too that chemical composition can change as nanomaterials are
incorporated into products or break down, either during use or after disposal or recycling. Impurities in the
nanomaterial, and the extent of contamination, should be identified as well.

A.2.4 Crystal Phase/Molecular Structure. How elements or molecules are arranged physically Nl a
nanomatefial can influence its potential toxicity. Early understanding of phase and molecular structure ¢an
lead to befter understanding of potential structure-property relationships.

A.2.5 PRysical Form/Shape. Is the nanomaterial crystalline or amorphous? Are the edges round or angular?
What are the dimensions of the nanomaterials, e.g. are they plates, fibres, or particles? \Physical form gnd
shape infllence how the nanomaterials flow, interact with other particles (to agglomerate), how easily they
disperse when entering various media or the environment, and how they interact with plants and animals.

A.2.6 Sike and Surface-Area Distribution. What are the mean particle size, the-mean surface area, and the
distributior)s around the means? What are the mass and number-count distributions? These measures gre
important because an increased surface-area-to-mass ratio of nanomaterials appears to be a critical feature in
understangling some aspects of their toxicity29), particle surface energy3%, and reactivity31).

A.2.7 P3rticle Density. What is the mass of particle per unit volume? This physical property, used in the
determinafion of how easily the nanomaterial is dispersed in air_and water and how easily it settles from|air
and water [ has implications for the behaviour of the nanomaterial“in gases and liquids.

A.2.8 Sqlubility. Does the nanomaterial dissolve in water,or other substances? Whether the nanomaterid is
soluble in|acids, bases, organic solvents, or biological ‘media might be important at various stages in|its
lifecycle ap it interacts with other product components, materials, organisms, or the environment. Solub{lity
plays a role not only in determining how the nanomaterial behaves during its useful life but also in affecting its
potential persistence in the environment thereafter.

A.2.9 Dispersibility. This property is “the ease with which an insoluble solid or liquid nanomaterial may|be
dispersed uniformly in a liquid’32). The dispersibility of a nanomaterial, particularly in water, has implicatipns
for exposyre and fate throughout the product lifecycle. It will influence the partitioning of the nanomaterial
should it epter an aquatic environment.

A.2.10 Bdlk Density. Bulk(density provides a quick indication of how much dust the nanomaterial might
generate when being handled in its powder form. Low bulk density materials often have a higher degreq of
dusting thgn high bulk-dénsity materials of the same chemical composition.

29) Gunter Oberdorster et al., “Nanotoxicology: An Emerging Discipline Evolving from Studies of Ultrafine Particles,” 113,
Environmental Health Perspectives, 823-839 (2005).

30) Gilinter Oberdodrster et al., “Principles for characterizing the potential human health effects from exposure to
nanomaterials: Elements of a screening strategy,” Particle and Fibre Toxicology, October 2005.

31) M. C. Daniel & D. Astruc, “Gold Nanoparticles: Assembly, Supramolecular Chemistry, Quantum-size-related
Properties, and Applications toward Biology, Catalysis, and Nanotechnology,” 104 Chemicals Review, 293-346 (2004).

32) FAO Plant Production and Protection Paper 173, Pesticide Specifications, Manual on Development and Use of FAO
and WHO Specifications for Pesticides, First Edition, Prepared by the FAO/WHO Joint Meeting on Pesticide Specifications,
World Health Organization and Food and Agriculture Organization of the United Nations, Rome, 2002; see
http://www.fao.org/docrep/007/y4353e/y4353e0g.htm.
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A.2.11 Agglomeration State. This measure gives another indication of how much dust the nanomaterial might
generate when handled in its powder form. Moreover, the agglomeration state provides information on the
likely size distribution of inhalable particles as well as on their relative ease of dispersion.

A.2.12 Porosity. This measure is an indication of the fraction of the particle that is devoid of material. The
porosity and pore-size distribution of the nanomaterial has implications for its interaction with substances in its
surroundings.

A.2.13 Surface Charge. The electric potential of a nanomaterial also suggests its likelihood of interacting with
other materials. In solution, the surface charge, often determined by measuring the zeta potential33) | has
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.14 Surface Reactivity. This measure provides an indication of the likelihood anmd, 'ng
nomaterial's interaction with other materials. Specific assays might need to be tailored
nomaterials; examples include a Vitamin C test, a haemolysis test, and a reactive oxygen spec

bay.

3 Other considerations

addition to the physical and chemical characteristics of the specific manufactured anomaterial, i
buld be gathered regarding whether or how those characteristics will‘change through the produ

cycle, including:

Will the nanomaterial be coated? If so, with what?2:What impact does the coating ha
nanomaterial's characteristics?

Will additives be used to minimize or encourage the tendency to aggregate? If so, what additive
In what form will the nanomaterial be present.at different stages of the product system's life cyc
What impact will manufacturing or processing have on the nanomaterial's characteristics? For
the nanomaterial is heated, milled, dispersed into liquids, or surface-treated with other chemica

its properties change?

How does the nanomaterial change as it is produced in larger volumes and mov
commercialization? Forexample, will nanomaterials even be present in the final product?

How does variability,;in how the nanomaterial is produced or handled change its physical an
properties?

What impurities might be present and what are the impacts of impurities?

ture of a
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ies (ROS)

nformation
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33) See http://www.colloidal-dynamics.com/CDEITut1.pdf.
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Annex B
(informative)

Tiered testing approach to health hazard data

B.1 Intraduction to tiered hazard fpcfing

The accurmulation of hazard data could be accomplished through a step-wise process beginning. with
general agsessment of cytotoxic potential using in vitro and in silico methods. Once satisfied that the gene
potential fpr toxicity of a given nanomaterial is sufficiently low to be further developed, additional in v
assays with greater specificity should then be applied to assess mechanisms of action and\the effects
specific tokicity pathways. Animal tests should follow the initial tiers to assess endpoints not yet adequat
assessed by non-animal methods.

Tiers | and Il are currently available screening assays using biology-based, in vitro méthods amenable to hi
throughpui analysis. These tests provide insight into potential mechanisms of-toxicity but do not prov
reliable qyantitative information on doses likely to result in toxicity in humans and other animals. Cell-|
choice is prucial; it is important to note that immortalized cell lines might-hot respond in ways that

indicative ¢f a typical human response.

B.2 Testing tiers

B.2.1 Tigr I: General determination of toxicity

The aim of Tier | of this testing strategy is to provide the user with accessible, reliable, cost-effective methd
to assess fthe potential for general toxicity related, to-the nanomaterial of interest. Tier | test results will al
the user fo gauge toxicity and decide whethér or how to move forward with the development of
nanomatefial or to rework the nanomaterial so that its potential for toxicity decreases.

B.2.2 Tigr ll: Specialized assays-including portal of entry endpoints

Tier Il aim$ to assess more specific mechanisms of action and toxicity pathways. These tests begin to ans
portal of entry questions and’serve as methods of screening during the early phases of nanomate
developmgnt. A nanomaterialsspecific Tier Il testing strategy would be designed following consideration
physical/chhemical properties and expected exposure scenarios.

Following |the guidelines provided by EPA's Draft Nanomaterial Research Strategy, additional (relevs
“virtual bodly” assays*should be employed to assess the in vitro pulmonary, cancer, neurological, reproducti
cardiovasqular; ‘and developmental toxicities that nanomaterials might induce. EPA also recommends t
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(http://epa.gov/icomptox/toxcast/news.html)  offers  potential  high-throughput and/or computatio
assessments that might be applicable to nanomaterials.

ast
nal

Several assays have been modified or specifically designed to address toxicity of nanomaterials specific to
portals of entry. Once the route of exposure and dose has been determined, cytotoxicity of cell types relevant
to portal-of-entry can be assessed using a variety of in vitro methods adapted for use with nanomaterials,
including those that can measure pulmonary toxicity, neurotoxicity, developmental toxicity and embryotoxicity.
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B.2.3 Tier lll: Validated OECD test methods that might apply to nanomaterials

This tier is recommended for those nanomaterials that have been proven to have commercial potential. Some
of these additional tests might be needed for classification and labelling of the nanomaterials and/or products
in which they are used. Depending on the intended use of the product, these tests might be appropriate for an
earlier stage of screening.

B.2.4 Tier IV: Testing triggered by results from previous testing tiers

Validated test guidelines can be used to further identify risk related to the nanomaterial being developed for

cofmercial applications. Because nanomaterials vary greatly and can be applied to diverse fields W

div
to
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erse applications in computing, sporting goods, industrial chemicals, and the medical field, it.is
prescribe a testing matrix that would be relevant to all sectors. When approaching long-term it is
have identified specific routes of exposure and the most efficient Test Guidelines to satisfy th
uirements. Some nanomaterials will not be developed to the stage of Tier lll, testing as

nomaterials proven to be the safest candidates for commercial/industrial uses and-for which Tie
not indicate potential toxicity will proceed to more in-depth Tier Il and Tier 1V testing. Tier Il

tegting would include further characterization of specific toxicity (i.e. determiination of dose-res

en

If i

or
OH
nu

points not included in Tier Il testing (i.e. developmental toxicity).

.B Additional data to be developed as needed

is determined following consideration of Tier Il to IV results) along with physical chemical prog
posure estimates, that a specific nanomaterial must undergo.testing for developmental toxicity, ne
mmunotoxicity, the testing using Extended One Generation testing strategy now being develo

mber of animals used as well as the expense of the*older, separate test guidelines.

ith equally
mpossible
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pse testing
bnly those
r Il results
nd Tier IV
ponse) or
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CD might be considered. This newer guideline combines the aforementioned endpoints and re¢duces the
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Annex C
(informative)

Health hazard data set (alternative approach)

C.1 Testing

C.1.1 Introduction

This Annek describes the basic types of testing that might be available to assist in creating the hazard profjle.
As noted glsewhere, though many of these test methods have long been used on bulk materials, their efficacy
and accuracy with respect to the testing of nanomaterials has in many cases not yet\been verified $4).
Determinirilg which of the testing methods used should be based, among other things; on the data gaps
identified by the literature review and exposure profile. In each case, predictive, reproducible and transferaple
non-animdl testing alternatives including in vitro tests and in silico solutions should be considered firs{ to
address health hazard questions.

C.1.2 Dermal tests

Dermal exposure is typically an important route of exposure to consider for nanomaterials. The following are
examples pf dermal tests that should be considered:

rrositex for SkinCorrosivity (OECD Guide 435)

Vitro Skin Corrosion: Human Skin Model Test(OECD Guide 431)
iSkin skin corrosion assay: (OECD Guide 431)

iDerm skin corrosion assay: (OECD Guide 431)

t TER skin corrosivity assay; (OECD Guide 430)

— EPISKIN with MTT Redugtion and IL-1a release (For skin irritation. Validated and recommended |for
r¢gulatory use by ECVAM as a replacement, and by ICCVAM as a screen in a tiered-testing strategy;
ECD Guide 431)
iDerm with-sMTT Reduction and IL-1a release (For skin irritation. Validated and recommended |for

r¢gulatory<use by ECVAM as a replacement -- a negative result might require further testipng.
lidated:and recommended for regulatory use by ICCVAM as a screen in a tiered-testing strategy

— LENA in mice for skin sensitization (OECD Guide 429)

— In Vitro Skin absorption (OECD Guide 428).

34) The following pages contain many references to test methods developed by the OECD. The OECD Guidelines for the
Testing of Chemicals are tools for governments and industry worldwide to assess the safety of chemical products, and are
available free of charge on the OECD public website at http://www.oecd.org/env/testguidelines.
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C.1.3 Oral tests

If the evaluation of the manufacture or use of the material indicates a potential for ingestion, the following are
examples of oral tests that might be considered:

— Acute Toxic Class (ATC) Method (OECD Guide 423)
— Fixed Dose Procedure (FDP) (OECD Guide 420)

— Up-and-Down Procedure (OECD Guide 425)

C.

InH
foll

oC

C.

C.1

1.5 Ocular tests

— 28-day repeated-dose oral toxicity test with full histopathology, over a 90-day observat
(This modification is designed to help distinguish latent effects from the short-term
particularly if ingestion is virtually exclusive as the known or expected route of exposure.)

1.4 Inhalation tests

alation exposure is frequently one of the most important routes of exposure in_the occupational s
owing is an example of an inhalation test that might be considered:

28-day inhalation study with full histopathology, over a 90-day.observation period, OR S
instillation study with full histopathology, over a 90-day obseryation period.

animals for such a study.

lar test that might be considered for:
OcularBovine Corneal Opacity (BCOP) and Isolated Chicken Eye (ICE)
NOTE 1 ECVAM and ICCVVAM support the use of these tests in appropriate circumstancd
certain limitations as screening ‘tests to identify substances as ocular corrosives and severe i
tiered-testing strategy, and‘as part of a weight-of-evidence approach. ICCVAM does not conside

methods to be completesreplacements for the in vivo rabbit eye test.

NOTE 2 Dust and/or powders by themselves might be irritating when administered into thq
in vivo test.

1.6 Genotoxicity'testing

.6.1 General

Ge

examples of genotoxicity tests that might be considered.
11 P g y g

notoxicity should be evaluated if there is potential exposure, regardless of the route. The fol

on period.
EXPOSUres,

etting. The

ingle-dose

NOTE Acute inhalation studies would not likely provide sufficient meaningful information to warramt the use of

ere there is a possibility that nanomaterials could“get into the eyes, the following is an example of an

s and with
rritants in a
r these test

eye in the

owing are

CA1.6.2 Tierl

— Ames-Bacterial Reverse Mutation Test (OECD Guide 471)

— In Vitro Mammalian Chromosome Aberration Test (OECD Guide 473)

C.1.6.3 Tierll (if necessary)

— In Vitro Mammalian Cell Gene Mutation Test (OECD Guide 476)

— In Vitro Micronucleus Assay (OECD Guide 487 is being drafted)
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— UDS (unscheduled DNA synthesis) test in mammalian cell in vitro (OECD Guide 482)
— In Vitro SHE (Syrian hamster embryo) cell transformation assay (OECD Guide 495).

C.1.6.4 Tier lll (if necessary)

Chromosomal-aberration assay using in vivo methods such as the micronucleus test or metaphase
analysis of bone-marrow cells.

C.2 Additional data to be developed as needed

C.2.1 Introduction

Depending on the outcome of the above testing and other considerations, additional data might need to|be
developed

C.2.2 Biglogical fate and behaviour

The develppment of test methods for gaining an understanding of the fate and transport of nanomaterialg in
the body s a widely recognized critical-information need and a priority for near-term research3%). This
information is particularly important for nanomaterials that exhibit significant potential for chronic or repeated
exposure {o workers, consumers, or the general population. Hence, where nanomaterials are to be used in
ways that [can result in significant exposure, undertaking these types, of studies might be warranted everj in
advance of the development of standardized methods.

A broad gpectrum of study designs and methods has been>routinely used to assess biological fate gnd
behaviour [of non-nanomaterials, and a number of studies-have more recently been conducted to assess the
biological glisposition of certain nanomaterials. Technicakehallenges in applying such approaches specifically
to nanomaterials are significant, and development of suitable bioassays is at an early stage of development.

C.2.3 Chfronic (> 1-year dosing) studies for oral, dermal or inhalation exposure

Chronic dgsing or exposure studies might be necessary to identify health risks if there is evidence of toxigity
following the acute exposure studies included in the base set or if chronic exposures of the worker, consunijer,
general public are expected to occuf. OECD test guidelines for chronic testing are available online36).

C.2.4 Reproductive and developmental toxicity

OECD has guidelines both for one and two-generation reproductive-toxicity assays37). The U.S. Natiopal
Toxicology Program ufilizes a study design, termed Reproductive Assessment by Continuous Breeding, whiich
is a two-géneration study to identify effects on male or female reproduction, characterize toxicity, and define
the dose-respaonse relationships for each compound38). By contrast, developmental toxicity study designs gre
more varigble."\Chemicals are tested in pregnant animals such as mice, rats, or rabbits; and offspring gre

35) US National Nanotechnology Initiative (NNI), 2006, “Environmental Health and Safety Research Needs for
Engineered Nanoscale Materials” (September 2006). This was followed by NNI's “Strategy for Nanotechnology-Related
Environmental, Health and Safety Research,” (February 2008). See also United States Environmental Protection Agency,
2007, Nanotechnology White Paper, February 15, 2007, http://www.epa.gov/osa/nanotech.htm.

36) The OECD Guidelines for the Testing of Chemicals are tools for governments and industry worldwide to assess the
safety of chemical products, and are available free of charge on the OECD public website at
http://www.oecd.org/env/testguidelines.

37) See note 39 and 40.

38) Chapin and Sloan, Reproductive Assessment by Continuous Breeding: Evolving Study Design and Summaries of
Ninety Studies, Environmental Health Perspectives 105 (Supp. 1): 199 — 395 (1997).
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assessed for indications of toxicity during fetal development. Exposure duration could be from implantation to
the day before delivery, or it could continue to a specific postnatal period. In addition, OECD has methods for
a reproductive and developmental toxicity testing39).

C.2.5 Neurotoxicity studies

Neurotoxicity is the study of effects of chemicals on the nervous system, including the brain. Significant
damage to nervous-system tissue might be detected through an extended histopathology following a
repeated-dose toxicity test. More subtle damage might not be detected through histopathology, however.

If meurofoxicity emerges as a concern, available neurotoxicity tests, such as the OECD Neurotdxicity Test

Guideline*9), should be evaluated for applicability and adapted as needed. This guideline is designed to detect
major neurobehavioural and neuropathological endpoints, some of which would not~be apparent on
histopathological examination, in adult rodents.

.6 More extensive genotoxicity studies

Pogitive results in the initial genotoxicity studies can trigger additional genotoxicity studies or |possibly a

results of the initial base sets, in combination with known or‘\expected patterns of exposure, could trigger
mqre focused toxicity studies. If, for example, evidence of allergenicity or immunotoxicity is seen in the initial
toxicity studies, then an endpoint-specific bioassay might.be warranted. If ingestion is considerg¢d to be a
significant route of exposure, then additional testing on-the interaction with or effects on the gut could be

Id be considered in short term (28 days) studies in order to evaluate possible reversibility of th¢ observed
adyerse effects

C.2.8 Endocrine-disruption studies

Sugh studies should be triggeredi\by either of the following: 1) the bulk compound is a known or|suspected
endocrine disruptor; or 2) results of base-set tests, additional reproduction or developmental toxicity| testing, or
any other available informatien indicate a potential for endocrine disruption. Several OECD guidelines are
available for detectionof_oestrogenic effects (OECD 440 2007, OECD 455 2009) and androgepic effects
(OECD 441 2009). Professional judgment would determine which endocrine-disruption tests should [be applied,
pending guidance from regulatory authorities.

39) See, e.g. OECD Series on Testing and Assessment Number 43: Guidance Document on Mammalian Reproductive
Toxicity Testing and Assessment, ENV/JM/MONO(2008)(16); OECD Series on Testing and Assessment Number 89:
Retrospective Performance Assessment Of The Test Guideline 426 On Developmental Neurotoxicity,
ENV/JM/MONO(2008)(15).

40) OECD Series on Testing and Assessment Number 20: Guidance Document For Neurotoxicity Testing,
ENV/JM/MONO(2004)(25).
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Annex D
(informative)

Environmental hazard data set

D.1 Consideration of aquatic and terrestrial fpcfing

D.1.1 Introduction

Test meth¢ds related to bioaccumulation should consider organisms at base trophic levels suchas foundaf
species a$ well as annelids, nematodes, flatworms, relevant insects and Cladocerans (DPaphnia spp).
exposure [to nanomaterials, if these test organisms show decreased viability and sighs of stress
precautiongry approach should be followed. Bioaccumulation is expected to increase-with trophic le
Testing the abiotic aspects of ecosystems, followed by relevant foundation species: allow researchers
generate important indicators of environmental impact.

on
On
a
el.
to

The aquat|c and terrestrial testing elements and conditions are taken directly-from the Screening Informafjon

Data Set [SIDS) developed by the OECD. SIDS is utilized in OECD's{High Production Volume (“HP|
Program and in the U.S. EPA's HPV Challenge Program. SIDS avas developed through internatio
consensuq and is considered the minimum data set needed to conduct.a screening-level hazard assessm
on a subsfance. Avian toxicity and population/ecosystem-level studies are considered data elements that
above and|beyond the SIDS. See

— OECO, Manual for Investigation of HPV Chemicals, «Chapter 2: SIDS, the SIDS Plan, and the Sl
Dossigr, available at www.oecd.org/dataoecd/13/18/36045056.pdf.

— U.S. HPA SIDS guidance is available at www.epa:gov/chemrtk/pubs/general/sidsappb.htm.

D.1.2 Aquatic toxicity elements

Inclusion df these elements in the data-Set'(they also are present in data sets used in virtually every volunt
and reguldtory program used throughout the world) is intended to provide an approach to determine whet
nanomatefials are toxic to aquatic organisms. The data set includes acute toxicity tests to fundament
different classes of aquatic organisms, which might exhibit independent mechanisms and extents of toxig
The specific organisms identified are those for which standardized, widely employed test protocols

V')
nal
ent
are

pS

ary
her
ally
ity.
bre

available; fhus these organisms should be used, barring a justification for a different test organism. The¢se

toxicity tesfts should be performed as standard procedure, unless release to aquatic environments at any pq

int

not
For

many nan@msa

.of

time are more likely than lethality or other acute effects. Hence the data set prowdes that chronic toxicity to
aquatic invertebrates (Daphnia) be assessed, in addition to or instead of acute toxicity, where evidence of

possible persistence or bioaccumulation potential is available.

The three classes of test organisms are all residents of the water column in aquatic environments, whereas

many materials with low water solubility (a typical feature of nanomaterials) are likely to accumulate

in

sediments, where exposure to sediment-dwelling or benthic organisms could occur. For this reason, toxicity

testing using such organisms, e.g. Hyalella azteca (a shrimp-like crustacean), might also be needed.
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D.1.3 Toxicity to terrestrial organisms

Where there is evidence (monitoring data, for example) of the presence of nanomaterials in soil or other land
environments, or there is reason to anticipate that nanomaterials might be released to or otherwise reach and
accumulate in soil or other terrestrial environments, toxicity testing using terrestrial animals and plants might
be warranted. Nanomaterials used directly on land, whether by themselves (for example, through fertilizers or
pesticides) or in products that might lead to releases to land environments (e.g. from agricultural films or farm
structures) are candidates for such testing. Similarly, waste products containing nanomaterials or associated
products (such as wastewater sludge) that are intentionally applied to land, or could reach it, should be
considered for such testing. Finally, the potential for transfer of nanomaterials from air or water to land (via

deposition-of-airborne-particles—for-example—oruse-of-untreated-waterforirrigation)-should-be-considered
HOR-B-aHBOoFI8PaHHG8 S0+ SHRPHE—oF4 HHAH-8 a8 G- WaHBOBHHgaHOR-SRoUtHa— a .

D.2 Additional data to be developed as needed

Where evidence emerges of toxicity to aquatic organisms, or of persistence on-accumulation in these
ordanisms or in aquatic environments, additional studies to better understand“the longer-term toxicity,
bidlogical fate, and behaviour of nanomaterials in aquatic organisms should-be-considered. For example,
chronic toxicity and ADME (absorption, distribution, metabolism, and excretion) studies in Daphniga might be
triggered by such findings. Tracing methods, such as radiolabelling, or‘\the use of new or exXperimental
prgcedures may be needed to conduct these studies.
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Annex E
(informative)

Environmental fate data set

E.1 Environmental fate data set

There are |several factors that should be taken into account when creating the nanomaterial's profile related to
the materidl's potential transport into the natural environment. These factors include:

— Envirgnmental fate based on physical-chemical properties

|
@)

omplete physical and chemical properties
— Adsorption-desorption coefficients in release medium (soil or sludge)

— Nanomaterial agglomeration or de-agglomeration, aggregation orydisaggregation in applicaple
Kposure media (e.g. air, water, soil, sludge, sediment)

D

— Persidtence-potential screen

|
o)

rganic-based nanomaterials only - Biodegradability test

|
o3

pth organic-based and inorganic-based nanomatetials

— Photodegradability/phototransformation

- Stability in water (hydrolysis)

— Bjoaccumulation-potential screen of bacteria, algae, fish and Daphnia.

E.2 Additional data to be/developed as needed

The follow|ng information is(rot part of the recommended data set, but it might be useful for clarifying the fate
of nanomgterials in the environment:

Activated $ludge respiration inhibition. The degree to which a nanomaterial will inhibit microbial respiration in
activated $ludge is~an indicator of the material's potential for upsetting processes at wastewater-treatmgnt
plants.

Inhibitory —effects (toxicity)—to _microorgarisims 1 other _refevart—media. i —a nanomateriat is
released/deposited/transported to soils or sediments, then information about its potential inhibition of
microorganisms is important for determining adverse ecosystem effects, on carbon or nitrogen cycles, for
example.

Persistence potential in relevant media (i.e. along expected exposure pathways). For organic-based
nanomaterials, an “inherent-biodegradability test,” “simulation test,” or other relevant biodegradability test is
recommended if suitable analytical methods are available. But, as discussed above, there are no current
standard methods for the biodegradability assessment of nanomaterials. Therefore adaptation of existing
biodegradability guidelines [e.g. U.S. EPA OPPTS (Office of Prevention, Pollution and Toxic Substances),
OECD] or development of customized biodegradability studies might be needed. If a nanomaterial is applied
or deposited to soil, then an aerobic-soil or anaerobic-soil biodegradability study would be recommended. If a
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nanomaterial is expected to pass through a wastewater-treatment plant as part of effluent entering a water
body, or it is directly emitted, applied, or deposited (via air) to water, and if the nano-object density indicates a

potential for settling to sediments, then the following testing is recommended:

Adsorption/desorption coefficients in sediment,

Aerobic/anaerobic sediment biodegradability study.

Transformations in inorganic-based materials. As with inorganic bulk materials, inorganic nanomaterials would
not be degraded via biodegradability, though there could be a potential for transformations via oxidation-
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esfablished methods for bulk materials can be applied to nanomaterials. As suitable analytica

be
m3
en

Ph
che
se
co
oth
pa
na
pre
thg

Th
in
na
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stomized design might be needed. Its form would depend on the physical-chemical proper
nomaterial, expected uses, and exposure media pathways.

B Other considerations when developing environmental fate information

ndard methods not currently available. At this time, there are no standard™ methods, or e
cepted methods, for assessing nanomaterials' environmental fate (i.e. where nanomaterials can |
environment, and their transformation/persistence potential). There~is—also uncertainty abo

come available, it might be possible to modify existing environmental-fate assessment metho
terials so that they meet the needs of nanomaterials. In thé&(interim, it will be necessary
ironmental-fate assessments using best available scientific approaches.

emical properties affect partitioning and transport between environmental media (such as air,
liments, and biota). For bulk materials, water solubility and vapour pressure are key paran
nsidering that low water solubility and low vapour pressure are common characteristics of nan
er physical-chemical properties, such as agglemeration state, surface charge, dispersibility, parti
ticle size, size distribution, or surface area.(See Box 2), could be the key indicators for determi
nomaterial partitions in the environment.*Sublimation might also be relevant in some cases. F
sence of natural organic matter (NOM);might play a role in the dispersal of carbon-based nanon
natural aqueous environment41).

ere are still many unknowns enihow physical-chemical properties can influence behaviour of nan
the environment. In time,.‘when scientists can make accurate correlations between these pr
nomaterials and their_environmental behaviour, it might be possible to develop reliable 1

now nanomaterials ‘tehave in the environment might be established by determining the following:

Adsorption/desorption coefficients in soil (if land-applied or deposited to soil) or sludge (if disch
wastewatertreatment),

Degree of nanomaterial agglomeration/aggregation or dispersibility in applicable exposure med

rsistence-potential screen. Factors such as a nanomaterial's organic or inorganic basis, its

present, a
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en widely
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ysical-chemical properties. For nanomaterials, there is:still significant uncertainty about which physical-
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physical-

chemical properties, and the analytical methodology available for determining presence in the environment of
parent or transformation products will be the main determinants for choosing appropriate tests to determine
persistence potential. Biodegradability assessments, for example, should only be conducted on organic-based
nanomaterials. A U.S. EPA OPPTS or OECD “Ready Biodegradability” or “Inherent Biodegradability” test is
typically recommended, though it might be necessary to customize it. If radiolabelled nanomaterials are
available for the biodegradation studies, this can be very helpful to the analysis.

41) H. Hyung, J.D. Fortner, J.B. Hughes, and J-H Kim, 2007, “Natural Organic Matter Stabilizes Carbon Nanotubes in the
Aqueous Phase,” Environ. Sci. Technol. 41, 179-184.
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For organic and inorganic-based nanomaterials alike, photodegradability/phototransformation studies might be
applicable if it is expected that the nanomaterial would be found in air, surfaces of water or soil, or anyplace
else where exposure to sunlight is likely. Discrete nanomaterials would likely be stable in water, so hydrolysis
might not be a factor. However, if the nanomaterial is tested with a carrier or is incorporated in a bulk material,
then hydrolysis might be a consideration for potentially liberating the nanomaterial.

Bioaccumulation-potential screen. No standard methods have been developed for assessing the
bioaccumulation potential of nanomaterials. The octanol-water partition coefficient is used as a surrogate for
bioaccumulation of bulk materials, but whether or not it is applicable for nanomaterials remains unclear. If the

appropriate analytical methodology can be developed, then a Bioconcentration Factor (BCF) test or
Bioaccumulation Factar (RAF) test mighf he qlnlnrnlnrin’rn
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Annex F
(informative)

Output worksheet

F1_Descril ial and i licati

Develop basic descriptions (general overviews) of the nanomaterial and its intended uses.
—| General Overview*?)

—| Nanomaterial description

— material source or producer

— manufacturing process

— appearance

— chemical composition

— physical form/shape

— concentration

— size distribution

— solubility

— state of aggregation or agglomeration

— material CAS number (if applicable)

—| Main applications (currént or expected)

—| Stage of development

—| General physical and mechanical properties of this material
—| Past experience with this material or a similar material

—| Patential benefits/positives of the material

Dot ' 1 ral L ' £ 4l 4 oy |
— rmuULcTilal IIDI\DIIIGHGLIVUD Ul U1 11rratcrial

— health

— environmental

— Sources of additional information.

42) The general overview should contain descriptions sufficient to guide development of more detailed profiles of the
material's properties related to hazard and exposure potential at various lifecycle stages (such as manufacture, use, and
end-of-life). This overview should be developed from information in the possession of the user or available in the literature.
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F.2 Lifecycle considerations

F.2.1 Profile lifecycles

Define and catalogue the known and anticipated activities in a nanomaterial's lifecycle in the following table,
detailing both the product form and the operations and activities that occur at that stage of the product
lifecycle. Include activities within the organization's control as well as those upstream or downstream activities

about which the organization has information.

Table F-4—Lifecycleprofile

MatTriaI lifecycle stage Material form(s)

Operations and activities

Material smllrcing

(e.g. produger, supplier)

Manufacturing level |

(e.g. procegsor)

Manufacturing level Il

(e.g. produgt fabrication)

Manufacturing level lli

(e.g. filling/packaging)

Distribution

(e.g. retailer)

Use/ReusefMaintenance

(e.g. consuier)

End of life

(e.g. recycling, disposal)

F.2.2 Deyelop lifecycle properties:profile

Identify and characterize the nanomaterial's physical and chemical properties, including property changges,

throughout the full product lifecycle!
—  Summary
— Data peeds and-actions: (see Table F.2, Lifecycles properties)

— Additipnal-notes.

46
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