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FOREWORD

The OECD Working Party on Manufactured Nanomaterials (WPMN) is a subsidiary body
of the OECD Chemicals Committee. This programme concentrates on human health and
environmental safety implications of manufactured nanomaterials (limited mainly to the
chemicals sector), and aims to ensure that the approach to hazard, exposure and risk
assessment is of a high, science-based, and internationally harmonised standard. It
promotes international co-operation on the human health and environmental safety of
manufactured nanomaterials, and involves the safety testing and risk assessment of
manufactured nanomaterials.

Physico-chemical properties are key starting points for risk assessments of chemicals. They
provide a description of the chemical, and prove useful in assessment of environmental
behaviour, uptake routes into organisms, toxicokinetics and ultimate effects in organisms.
For nanomaterials, relevant physico-chemical properties can differ from those commonly
considered for non-nanomaterials (e.g. surface area versus boiling point). With this in mind,
The OECD WPMN has striven to develop tools that can assist identifying appropriate
physico-chemical parameters to better understand the link between those parameters and
potential human health and environmental effects of nanomaterials, and to facilitate
prediction of such effects. This document supports the Physical-Chemical Decision
Framework To Inform Decisions For Risk Assessment Of Manufactured Nanomaterials
[ENV/IM/MONO(2019)12]. It is intended to aid in improving the conduction of the
studies, in addition to promoting consistent data reporting (including reporting details on
sample preparation and measurement protocols) to maximise utility and comparability of
the data. These two project are complementary and are collectively intended to facilitate
the identification of the most useful parameters and best available methods while
maintaining rigour in data quality and reporting. It is important to note that there are not
intended for risk assessment per se but rather presents an approach to gather fit-for-purpose
physico-chemical information to more fully understand the behaviour of nanomaterials in
biotic and abiotic systems.

This framework, and its guiding principles, are recognised as a living document, and they
will be subject to amendment and refinement as researchers gain greater understanding in
using it.

This document is published under the responsibility of the Joint Meeting of the Chemicals
Committee and the Working Party on Chemicals, Pesticides and Biotechnology of the
OECD.
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Introduction

Fit-for-purpose testing and data reporting are key components to regulatory decision
making. For many methods, OECD test guidelines exist, providing transparent, tested,
and broadly accepted measurement procedures for the generation of specific and
comparable data. This data is accepted globally through the Mutual Acceptance of Data
(MAD) principle!. The MAD principle greatly reduces ambiguity in addressing
requirements, the research burden and the resources required for evaluating chemical
substances. However, OECD and other accepted test guidelines are not available for
each and every potential physico-chemical endpoint (e.g. surface reactivity, hetero-
coagulation). This necessitates the use of information from non-standardized methods
— often not conducted under the conditions of Good Laboratory Practices (GLP) — for
information gathering or for the assessment of substances.

Currently, data generated by methods not covered by MAD does not have an associated
consistent manner to treat and evaluate it. Regional differences in information
requirements and intended use of the information further complicates the question of
data and method suitability, even for the same general physico-chemical parameter.
One example is that a suitable data set with associated method(s) for determining the
particle size distribution of a substance may vary from region to region. Thus to share
data, communication becomes extremely important, especially when sharing on a
global level. In addition, any substance and local environmental scenario specific
testing adaptations (due to the extrinsic nature of many potentially relevant physico-
chemical parameters) require improved communication practices in order to
communicate important alterations in the test systems with supporting rationale. This
not only aids in appropriately interpreting and comparing (or not comparing) outcomes,
but also aids in the development of an improved testing strategy. To further this along,
a common process for method selection and data quality assessment would be
beneficial when clear guidelines do not exist.

Physico-chemical properties are considered essential parameters and a starting point
for any risk assessment, including the grouping of traditional chemical substances and
nanomaterials. A lack of both standard measurement methods and sample preparation
protocols has limited progress in developing relationships between physico-chemical
parameters and aspects related to the health and safety of nanomaterials.

Physico-chemical characterisation endpoints can be measured through multiple
methods, each with their own nuances and insights into the material’s behaviour and
properties. Varied sample preparation requirements and approaches often accompany
these measurement methods, and, frequently, sample preparation and measurement
protocols require adjustment in order to provide the most relevant information for
different purposes (e.g. for material identification versus informing exposure
potential). Nevertheless, the general process for determining method suitability,
limitations, and necessary reporting requirements for comparability with other
techniques/equipment is similar.

For hazard assessment, a set of principles were developed and agreed upon at an OECD
Workshop in Solna, Sweden in 1996, for the validation of new or updated test methods

www.oecd.org/env/ehs/mutualacceptanceofdatamad.htm
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for hazard assessment. These “Solna Principles” though are also applicable to the
physico-chemical testing of nanomaterials and provide a background philosophy that
is core to the objectives of this document. The Principles are:

1) A rationale for the test method should be available. This should include a clear
statement of scientific need and regulatory purpose.

2) The relationship of the endpoint(s) determined by the test method to the in vivo
biological effect and to the toxicity of interest should be addressed. The
limitations of a method should be described, e.g., metabolic capability.

3) A formal detailed protocol must be provided and should be readily available in
the public domain. It should be sufficiently detailed to enable the user to adhere
to it, and it should include data analysis and decision criteria. Test methods and
results should be available preferably in an independent peer-reviewed
publication. In addition, the result of the test should have been subjected to
independent scientific review.

4) Intra-test variability, repeatability and reproducibility of the test method within
and amongst laboratories should have been demonstrated. Data should be
provided describing the level of inter- and intra-laboratory variability and how
these vary with time.

5) The test method’s performance must have been demonstrated using a series of
reference chemicals preferably coded to exclude bias.

6) The performance of test methods should have been evaluated in relation to
existing relevant toxicity data as well as information from the relevant target
species.

7) All data supporting the assessment of the validity of the test methods including
the full data set collected in the validation study must be available for review.

8) Normally, these data should have been obtained in accordance with the OECD
Principles of Good Laboratory Practice (GLP).

6. The Guidance Document on the Validation and International Acceptance of New or

Unclassified

Updated Test Methods for Hazard Assessment (ENV/JIM/MONO(2005)14) also
provides detailed information on the conduction and validation of test methods for
hazard assessment. This document provided detailed information on study design,
different approaches to validation, important supporting documentation for new test
submissions and general criteria for regulatory acceptance. As with the Solna
Principles, the fundamental approaches and considerations are also relevant for the
physico-chemical testing of nanomaterials. To this regard, in addition to the Solna
Principles, the following criteria are also important to the regulatory acceptance of a
test method or testing approach:

1) Application of the method provides data that adequately predicts the end-point
of interest in that it demonstrates either a linkage between (i) the new test and
an existing test method or (ii) the new test and effects in the target species.

2) The method generates data for risk assessment purposes that are at least as
useful as, and preferably better than, those obtained using existing methods.
This will give a comparable or better level of protection for human health or the
environment.
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3) There are adequate testing data for chemicals and products representative of
the type of chemicals administered by the regulatory programme or agency (e.g.
pesticides, cosmetics).

4) The test should be robust and transferable and allow for standardisation. If
highly specialised equipment, materials or expertise are required, efforts should
be sought to facilitate transferability. This is an important criterion to be
considered at an early stage of a validation study. [Note added by the
Secretariat: According to current OECD policy, the test should not require
equipment or material from a unique source. This would prevent the acceptance
of patented methods. The Solna Workshop did not discuss the issue of patented
tests but referred the issue to higher policy levels at OECD)].

5) The test is cost effective and likely to be used.

6) Justification (scientific, ethical, economic) should be provided for the new
method with respect to any existing methods available. In this respect due
consideration should be given to animal welfare consideration including the
3Rs.

7. This document builds upon the concepts of the Solna Principles and the Guidance
Document on the Validation and International Acceptance of New or Updated Test
Methods for Hazard Assessment (ENV/JM/MONO(2005)14) and provides adaptations
for the physico-chemical characterization of nanomaterials. However, the current
document is not intended to guide the development of OECD Test Methods, but rather
to provide a means of identifying fit-for-purpose and suitable quality methods from a
number of sources — some of which may not have been intended for regulatory purpose
(e.g. academic research). The present document also recognizes that the level of
acceptable precision and rigour varies for different purposes of physico-chemical
characterization, not all of which may be related to hazard or exposure, but simply for
identification. Parameters important for identifying a substance but not linked to hazard
or exposure potential may not require as detailed scrutiny as those that have shown a
clear link.

8. This document provides a transparent approach that (1) aids communication of key
purposes for the data generation, (2) facilitates the identification of suitable methods,
(3) pinpoints method limitations and (4) highlights good reporting practices that
address purposes related to the assessment of nanomaterials. Taken as a whole this
transparent approach is called "the guiding principles". This document introduces their
usage for different types of physico-chemical analysis. The approach provided within
this document has been developed to accompany the Physico-Chemical Decision
Framework to Inform Decisions for Risk Assessment and integrates the concepts of the
Solna Principles for physico-chemical characterization.

Unclassified
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Guiding Principles: Overview, Parameters and Descriptions

9. Overall, the guiding principles are intended to afford a systematic and objective

system for identifying suitable analytical methods, data sources and technical
approaches to address knowledge gaps related to the safety assessment of
nanomaterials. The applicability of many of these principles is broader than
nanomaterials. The Guiding Principles have been developed incorporating the
learnings from OECD GD 34 (ENV/JM/MONO(2005)14). It integrates and builds
on several established quality assessment and strategic experimentation methods
(e.g. Six Sigma Methodology) that have been applied for industrial, analytical and
regulatory purposes. For the guiding principles, the clear communication of the
intended purpose of the measurement and explicit requirements from the requestor
of the data (e.g. regulatory organisation) are important to determine the fit-for-
purpose status of evaluated methodologies and data sets. The approach is also
intended to provide a transparent and structured evaluation tool (based on common
quality principles) to facilitate ranking and selection of methods, protocols, or data
sources. This assists in clarifying the deficiencies and benefits of different method
options with respect to the identified purpose. The individual guiding principles
highlighted in Figure lare discussed below, followed by sections describing their
practical implementation.

Figure 1. Schematic identifying the Guiding Principles and potential applications

“Guiding Principles” /Agglications \
3 5 Method evaluation /
¢ Purpose = Relevance selection
g Lé AdequaCy Reporting guidance
E Re“ab”lty Non-guideline
g - - method
i ObJGCtIVIty improvement

Qata usability /

Note: OECD GD 34 provides additional detail on requirements for “Relevance” and “Reliability.”

10. Collectively, the Guiding Principles address key areas of concern when attempting to

Unclassified

use,

apply, or recommend physico-chemical methods and data for the evaluation of

nanomaterials and, more generally, chemical substances. The guiding principles are
summarised in Table 1.
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Table 1. List and Description of the Guiding Principles for Measurement and Reporting of

Nanomaterials
Guiding e
Principle Description

Purpose A clear description of the need and intended use of the data with defined domain of
applicability. For example, measurement of particle size distribution for the assessment of
substance identity or for the assessment of environmental fate. Purposes with associated
physico-chemical endpoints/parameters are defined in the Decision Framework

Relevance A measure of the degree of alignment of the overall methods and/or data with regards to the
intended purpose. Methodology capable of identifying key mechanism should be
prioritised, if possible.

Reliability A measure of the repeatability, reproducibility, trueness (accuracy) and suitability of the
reported data and applied methodologies with respect to necessary degree of resolution as
specified by the intended purpose.

Adequacy A measure of the completeness of the methodological description and reported data with
respect to the intended purpose.

Objectivity A measure of the extent of bias due to sampling, estimations and systematic effects based
on the overall methods employed and study design with respect to the intended purpose.

11. In the following sections, each guiding principle is described in detail with respect to
parameters relevant for method selection, data acceptance, and data reporting.
Subsequently, their integration into a comprehensive assessment tool is discussed,
followed by a discussion of the integration of the guiding principles with the Physico-
Chemical Decision Framework to Inform Decisions for Risk Assessment and then
exemplified in case studies.

Purpose

12. Communication of the purpose for the data generation should, for the sake of clarity,
be supported by meta-data, i.e. context setting parameters. These include the identified
information need, intended use of the information, relevant substances (i.e. is the data
to fulfil this query specific to a subset of nanomaterial types or particle types), and the
actual scenario that the information is intended to aid in predicting. For instance, a
request for the dissolution rate of a coated particle substance in lung lining fluid should
provide additional descriptive information. Knowing how the test is intended to be used
and which substances are to be represented by the test is critical. If the data was
intended to draw a detailed comparison to another particle type with a known irn vivo
dissolution profile, then the test would be designed differently (and assessed for quality
differently) than if the data was only intended for rough screening applying a standard
media to determine if more rigorous assessment is needed.

13. It is noted that the companion project, the Physico-Chemical Decision Framework, can
be used to identify purposes and the desired physico-chemical information. This
document is intended to aid in identifying the suitability of the methods selected. For
instance, if a particle size distribution is intended for the identification of a
nanomaterial, a primary particle size distribution may be suitable with appropriate
validation. However, if the particle size distribution is intended to determine the
potential for pulmonary exposure an aerosolized particle size distribution (with
appropriate reference measurement and validation) or dustiness measurements may be
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14.

15.

Unclassified

desired as an indication of inhalation exposure potential. Although qualitative, this
information is helpful for identifying best available options (e.g., methods, data sets),
when an ideal solution may not be available and choices between suboptimal
information gathering is needed. For instance, determining the surface reactivity of a
nanomaterial after release into the environment would be complicated by a wide range
of factors including surrounding media and the preceding environment/matrix from
which it was released. The Guiding Principles can then be used to select the most
appropriate method for the purpose of measuring the surface reactivity of the
nanomaterial as released in a specific environment.

Additionally, quantitative parameters are also important to identify if essential
requirements are met, in addition to ensuring that the applied method/data resolution
and accuracy are suitable for the given purpose. Depending on purpose, pre-established
requirements in the form of critical-to-quality (CTQ) elements may need to be
addressed. CTQs vary in form but are generally used to highlight pre-identified critical
factors that are necessary to be fit-for-purpose. CTQs can range from mandating sample
compatibility for developing methodological cross-correlations to facilitate data inter-
exchangeability between historical benchmark methods and proposed methods, to
simply meeting cost and qualitative expertise requirements. For methods that might be
considered for OECD a CTQ might be confirmation that the method is not restricted to
proprietary instrumentation or reagents, is reasonably available and cost effective. An
understanding of how precise the data is required to be in order to resolve meaningful
differences is another key factor. This is separate from accuracy requirements that
identify how close to true values the data must be, with the resolution limits of the
methodology in mind.

The identification and clear communication of the purpose is essential for all
subsequent guiding principles. Hence, clearly defining the purpose is critical. For a
purpose to be meaningful there needs to be enough specificity to enable the
identification of methods that are clearly fit-for-purpose and those that are clearly not
fit-for-purpose. In terms of physico-chemical parameters, the purpose for a given
measurand can vary widely (e.g. dissolution measurements for determining solubility
in fresh water systems versus in lung lining fluid). Sufficient detail and context
including both informative and quantitative parameters is required to facilitate practical
fit-for-purpose measurements and reporting. Table 2 provides the relevant parameters
for defining Purpose.
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Table 2. Considerations regarding Purpose in order to evaluate the requirements to

information generation

Relevant Realistic
Scenarios

Critical-to-quality

Parameters Related Questions
Information Why is the information required?
Requirement
Intended Use How will the information be used? How will the information not be used?
Substance For which substance(s) will the information apply? Which parameters identify
Identification similar and dissimilar substances for the evaluated material class?

What realistic scenarios would the data aid in predicting? Is the information
intended to be broadly or narrowly applied? What are the relevant conditions that
need to be satisfied?

Are there specific key factors, related to the purpose, implicated as critical to

(CTQ) Components | meeting the overall purpose? (e.g. method is cost effective and widely available )
Resolution What is the required resolution of the data? (e.g. the practical quantification
Requirement difference to be made against another substance — how small of a difference must

be quantified). A precision specification (e.g. within +/- 10%) should be given, if
relevant.

Accuracy and Range
Requirement

How accurate (true) is the data required to be and over what quantification range?
Identify relevant reference standards, gold standard methods (if any).

16. Throughout this document, considerations for Purpose are reflected in order to
determine relevance, adequacy, reliability and objectivity. Hence, it is critical that the
Purpose is linked to a clear description of the need and intended use of the data with
defined domain of applicability, also to ensure that the subsequent evaluation will be
useful. The parameters and questions listed in Table 2 are intended to ensure that both
the broader and specific context for the data is appropriately addressed. By identifying
core elements within the other guiding principles that need to be met to satisfy the
purpose, a fit-for-purpose status of the methods can be determined. Further
specification and refinement of the Purpose through communication from/with the data
accessor would be needed in case that there is insufficient information available to
clearly determine whether the purpose has been reasonably satisfied. The Integrated
Assessment and Scoring Protocol section of this document suggests and describes a
process for assessing this.

Relevance

17. Relevance is a measure of the degree of alignment of the overall methods and/or data
in regards to the intended purpose. Some assessments refer to this measure as
directness. It includes specification of the relevance of the scientific principle, the test
method, the applied media, sample preparation and sample history with respect to the
intended purpose. Parameters related to relevance, many specific to the physico-
chemical characterisation of nanomaterials, are provided in Table 3.
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Table 3. Considerations regarding Evaluating Relevance of available information

Parameters

Description

Scientific Principle

The degree to which the applied scientific principle used in data acquisition fits the
intended purpose. Is the measurement capable of measuring the desired parameter
conclusively without broad assumptions?

Substance The degree of similarity of the substance analysed and the intended substance(s)
identified in the purpose. Does the measured substance represent the intended
substance?

Media & The degree of appropriateness of the test media (i.e. liquid, solid, and gaseous

Environmental matrix used in the test) and environmental conditions (e.g. temperature, humidity)

Conditions for the intended purpose.

Sample Preparation

The suitability of the sample preparation methodology for the intended purpose.

Sample The appropriateness of the sample concentration with respect to the realistic

Concentration phenomena identified in the purpose.

Time The appropriateness of the timescale over which the experiment was conducted
with respect to the realistic phenomena identified in the purpose.

History The appropriateness of the sample storage, handling, and conditioning prior to

Critical-to-quality
(CTQ) Compliance

testing (i.e., sample history) with respect to the realistic experience for the
phenomena intended to be mimicked as identified in the purpose (e.g. for materials
that may transform, is the appropriate form of the substance being tested?)

The degree to which the data or methodology is within an acceptable range
facilitating compliance with all CTQs.

Adequacy

18. Adequacy is a measure of the completeness of the methodological description and
reported data with respect to the intended purpose. The evaluation of the adequacy of
test results and documentation is particularly important when the techniques and
analysis methods are uncommon. Parameters related to adequacy are presented in
Table 4.

Table 4. Considerations regarding Evaluating Adequacy of reporting

Parameters Description

The degree to which the analytical process description allows for one to
independently reproduce the experiment with certainty. This includes
sufficient descriptions of environmental conditions, applied media, sample
preparation methodology, and measurement timescales.

Analytical Process
Description

The thoroughness of the description of the substance origin (e.g. lot #, date of
manufacture, synthesis route).

Substance Description

The thoroughness of the description of the storage and sequence of handling
of the substance after initial receipt and prior to analysis.

Storage and Handling
Description

The degree to which source of experimental errors and uncertainty have been
contemplated and conveyed.

Description of sources of
experimental error and
uncertainty
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Reliability

19. Reliability is measure of the reproducibility of the reported data from the applied
methodologies with respect to necessary degree of resolution as specified by the
intended purpose. Reliability includes validation factors specific to the analytical
technique as well as laboratory procedure. These parameters specified are typically
addressed during method development and the determination of standard laboratory
protocols (SOPs). When SOPs have been developed these parameters should be noted
within the associated documentation. The parameters associated with reliability are

presented in Table 5.

Table 5. Considerations regarding Evaluating Reliability of the method

Parameters Description

Technique Related:

Accuracy The degree at which the technique meets the specified range for accuracy. The
accuracy of an analytical procedure expresses the closeness of agreement between
the value which is accepted either as a conventional true value or an accepted
reference value and the value found.

Specificity The ability of the method to measure the desired parameter unequivocally
considering likely confounding factors.

Limit of The degree in which the lowest amount of a parameter that can be quantitatively

Quantification determined (with suitable precision and accuracy) fits within the resolution

(LOQ) requirement.

Linearity The degree to which the method produces a result directly proportional to the
quantity of a parameter over the range of the technique.

Range The degree to which the range of the technique matches the desired range. The
range of an analytical procedure is the interval between the upper and lower
amounts of a parameter for which it has been demonstrated that the analytical
procedure has a suitable level of precision, accuracy and linearity.

Robustness The degree to which the technique is unaffected by small, but deliberate variations
in method parameters. (An indicator of reliability under normal usage)

Laboratory Related:

Operator Training

The extent to which the laboratory applies formal validation protocols for the
qualification of technique operators.

Instrument The extent to which the laboratory implements regular instrument calibrations and
Validation controls to identify deviations in performance.

Media The extent to which media applied in the testing has been characterised.
Characterization

Reference The extent to which reference material measurements have been applied to
Measurements evaluate accuracy and reproducibility and to aid in normalising results.
Intermediate The degree of within laboratory variations in reported outcomes amongst
precision available equipment and operators.

Reproducibility The degree to which laboratory practices for the parameter have been confirmed

via comparison with results from external laboratories. (e.g. participation in inter-
laboratory comparison / round robin testing).
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Overall Laboratory
Experience Level

When appropriate, the degree of familiarity of laboratory staff to the technique
and its fundamental principles.

Objectivity

20. Objectivity is a measure of the extent of error due to sampling, estimations and
systematic effects based on the overall methods employed and study design with
respect to the intended purpose. The key dimensions for objectivity are Bias and
Transparency as indicated in Table 6 adapted from the Cochrane Collaboration’s Risk
of Bias Tool (Higgins et al. 2011) and Bioletta et al. (2014). Identifying potential
sources of bias is an important step in qualifying data and methodologies. Relevant
parameters of bias are given in Table 7. Notably, to judge bias, a suitable amount of
transparency is required. An increasing number of peer-reviewed journals are currently
adopting transparency measures to improve the utility and quality of research. Pertinent
parameters of transparency and openness are provided in Table 8 based on “The TOP
Guidelines”. (TOP, 2015; Nosek et al., 2015)

Table 6. List of relevant parameters for defining objectivity of a measurement

Dimension

Description

Risk of Bias The degree to which the experimentation is designed and implemented to reduce the
probability of bias. This includes elements of randomization, blind analysis, and
operation/instrumentation bias (see Table 7 for additional details).

Transparency | The degree to which the experimental design, methods, and materials are made available
for assessment (see Table 8 for additional details).

Table 7. Considerations regarding Evaluating Risk of Bias in a measurement

Parameter

Description

Performance Bias

Detection Bias

Reporting  Bias
Selective Reporting

Selection  Bias  due
inadequate Randomisation inadequate randomisation of measurements and conditions.

Attrition  Bias  due
Incomplete Outcome Data imbalance amongst groups and/or outcomes.

to | Systematic differences between baseline characteristics resulting from

Systematic differences between groups due to improper blinding of
samples and the potential for preferential treatment by operators.

Systematic differences between groups due to improper blinding of
samples and the potential for bias in outcome identification by assessor.

to | Systematic differences between groups due to incomplete data and

due to | Systematic differences between reported and unreported findings based

on pre-specified study/analysis plan.
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Table 8. Considerations regarding Evaluating Transparency and Openness for a
measurement

Parameter Description

Data Transparency The raw data and relevant metadata is made available for independent
assessment.

Analytical/ Computational The analytical method used to compute reported data applied in the final

Method Transparency data analysis is made available for independent assessment.

Research Material The materials applied in the study are made available for independent
Transparency assessment.

Design and Analysis The experimental design and analysis protocols are detailed and made
Transparency available for independent assessment.

Pre-Registration of Study The study plan is registered prior to being conducted and made available.

Pre-Registration of Analysis | The data analysis plan is registered prior to being conducted and made
Plan available.

INTEGRATED ASSESSMENT AND SCORING PROTOCOL

21. The guiding principles are intended to be applied to achieve two goals: (1) to determine
the ‘fit-for-purpose’ status for a given dataset or method, and (2) to provide a
transparent and structured evaluation tool to facilitate ranking and selection of
methods, protocols or data sources. This is also intended to assist in clarifying
deficiencies and benefits of different method or data options with respect to the
identified purpose.

22. A mixed tiered approach towards assessment for the evaluation of the guiding principle
parameters is suggested to facilitate ease of use while allowing for a flexible yet
sufficiently prescriptive methodology to enable quality ranking. The assessment of
quality and fit-for-purpose attributes can be complicated and a range of approaches
have been suggested in the literature. Quantitative methods such as multi-criteria data
analysis (MCDA) are powerful but can be complicated to customize and implement for
non-experts. On the other hand, qualitative tools tend to be easier to use but often lack
sufficient resolution to provide guidance across a diverse array of scenarios (Martin et
al. 2018). Herein, a two-step hybrid scoring assessment is proposed to simplify the
assessment process while maintaining core elements of the MCDA process to enable
ranking. The first step of the approach is to determine the fit-for-purpose classification
of the method or data set. This process is solely dependent on determining if the
minimum requirements set forth in the purpose ‘are met’, ‘are possibly met’ or ‘are not
met’. A second step is employed to determine a quantitative quality ranking across all
of the parameters within the guiding principles for a given method or data set. The
collective process provides the user with (1) an assessment of whether or not the needs
of the purpose are met and (2) a generalized quality index that can also be applied to
identify areas of improvement in the data reporting, method, and study design while
further delineating differences between methods within or across categories. A
schematic overview the process is depicted in Figure 2.
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Figure 2. Overview of the Guiding Principle assessment and scoring protocol
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The status of a method or dataset as ‘fit-for-purpose’, ‘possibly-fit-for-purpose’ or ‘not-
fit-for-purpose’ relies heavily on a well-described and sufficiently populated purpose
statement reflecting the elements provided in Table 2. The purpose needs to be both
well-defined and backed by sufficient information to enable the identification of ‘fit-
for-purpose’ method(s) and dataset rather than only ‘possibly-fit-for-purpose’
outcomes. To further assist in identifying whether the purpose is sufficiently defined,
a subset of commonly required parameters has been identified where there should be
no ambiguity in the status of the method or data set. These parameters are provided in
Table 8 along with pertinent questions that should be answerable with ‘yes’ or ‘no’. If
the information provided is insufficient for a decisive answer (which may simply
indicate that the parameter is not applicable) then the Purpose needs to be better defined
and consultation with the data requestor/user is recommended.

Once the purpose is suitably defined, the evaluation process is relatively simple. If all
essential elements for the purpose are met by the method or dataset then it is classified
as ‘fit-for-purpose’. If one or more of the identified essential elements for the purpose
are not met, then it is classified as ‘not-fit-for-purpose’. For all other cases, there is not
enough information yet to determine the method status and it is determined to be
‘possibly-fit-for-purpose’. Note that the fit-for-purpose status only indicates that
methodology or data set meets the request and does not explicitly comment on the
quality of the method or dataset. The overall fit-for-purpose evaluation process is
provided in Figure 3. In general, fit-for-purpose data sets are preferred, followed by
possibly fit-for-purpose methods/data.
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Table 9. Common Parameters that Should Sufficiently be Defined by the Measurement

Purpose
Parameter Description Evaluation
Substance The measured substance represents the intended substance(s). | Yes | No | Maybe
Similarity
Media & The test media and environmental conditions are appropriate | Yes | No | Maybe
Environmental for the intended purpose.
Conditions
Sample The sample preparation methodology is adequate for the | Yes | No | Maybe
Preparation intended purpose.
CTQ Compliance | Are the identified CTQs are met by the data or method. Yes | No | Maybe
Analytical The experimental details are sufficient to allow complete | Yes | No | Maybe
Process reproduction of the experiment with an acceptable level of
Description ambiguity. This includes sufficient descriptions of
environmental conditions, applied media, sample preparation
methodology, and measurement timescales.
Equipment The method is not known to suffer from significant | Yes | No | Maybe
Consistency manufacturer to manufacturer or instrument-to-instrument
variability in the range of the resolution specified for the
measurement, or steps have been taken to account for this
variability through the use of reference standards, prescribed
parametrisation, etc.
Substance The description of the substance origin (i.e. lot #, date of | Yes | No | Maybe
Description manufacture, synthesis route) is reasonably complete.
Accuracy The technique meets the specified accuracy or trueness | Yes | No | Maybe
requirement. If no requirement is specified, the measured
value is within the limits of a reference material (if no
reference material is available assume within 10% of an
expected value). The accuracy of an analytical procedure
expresses the closeness of agreement between the determined
value and the true value or an accepted reference value.
Resolution The measurement system has the capability to detect and | Yes | No | Maybe
limit faithfully indicate small changes of the parameter within the
resolution specified in the purpose.
Robustness The results of the method are not significantly impacted (effect | Yes | No | Maybe
less than specified resolution) by small, but definite variations
in non-specified method parameters (e.g. user selectable data
interpretation analysis options — chosen assumptions — and
signal filtering methods). (An indicator of reliability under
normal usage).
Range The range of the technique matches the required range. The | Yes | No | Maybe

range of an analytical procedure is the interval between the
upper and lower amounts of a parameter for which it has been
demonstrated that the analytical procedure has a suitable
level of precision, accuracy and linearity.
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Purpose Classification
L Essential Element 1 T
Essential Element 2 Fit-for-Purpose —
Essential Element 3 All Essential Elements Satisfied

Possibly Fit-for-Purpose Ii

All Essential Elements Satisfied or Possibly
Satisfied

Not Fit-for-Purpose I

One or more Essential Elements not satisfied

Compliance with
Essential Elements

Adequacy Reliability Objectivity

|dentified Identified Identified Identified
Essential Essential Essential Essential
Elements Elements Elements Elements

Figure 3. Overview of the Fit-For-Purpose Status Assessment Process
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In contrast to the fit-for-purpose status evaluation, the quality score includes
contributions from all parameters in the evaluation components regardless of whether
the parameter is “essential for purpose” (see Worksheets in Appendix 1). The
component quality score is intended to provide perspective of the overall level of
quality versus the ideal scenario.

For each guiding principle parameter that is suitably met a point is given, for each
parameter that is not met a point is taken away. No points are given to parameters that
remain uncertain. This is done for the full series of parameters across the guiding
principles and results in component scores for each guiding principle (i.e. a component
score for Relevance, Adequacy, Reliability, and Objectivity). To simplify this process
a series of worksheets and instructions have been developed and are provided in
Appendix 1. By answering questions related to questions in the worksheets (yes =
parameter has been met; no = parameter has not been met) the component scores and
subsequently the quality score can be derived. The quality score identification process
through the use of these worksheets is identified in Figure 4.

For a given Fit-for-Purpose Status, the numerical quality component scores can help in
further differentiating methods/data sets. By reviewing the component scores, strengths
and areas for improvement can be identified as well as strategies to improve on the
methodologies.



ENV/IM/MONO(2019)13 | 27

Ranking

28. For each classification, the method/data options can be ranked using the component
scores depending on the overall purpose of the evaluation. The better the fit-for-
purpose status and the higher the score the better suited the method.

29. The ranking philosophy for the methods/data sets is use specific and should be devised
and documented prior to proceeding with the evaluation process to avoid bias. In many
cases, the process of defining the purpose would also determine if one or more of the
guiding principles are more important to fulfil the objectives. If so, the component
scores for those guiding principles would have preference.

30. It is recommended that the evaluation proceeds by first ranking methods/data by the
fit-for-purpose status first, then by the component quality scores. When a specific
priority order of the component quality scores has not been established it is
recommended that the evaluation proceeds by first ranking methods/data by the Fit-
for-Purpose Status, then by the Relevance Component Score, the Adequacy
Component Score and finally the Objectivity Component Score. To this effect, the
following ranking format is suggested:

31. Fit-for-Purpose Status: (Relevance Score: Adequacy Score: Reliability Score:
Objectivity Score)

32. By reviewing the parameters that were answered with a “maybe” or “no”, adjustments
may be feasible to improve the overall method. In general, the component scores should
be used to guide process corrections for method/data improvement.

Component Scores

For all
Worksheet
Parameters

Figure 4. Schematic overview of the quality score and component score evaluation process
for the worksheet found in Appendix 1.

Relevance Adequacy Reliability
Score Score Score

Objectivity

Score

Y.yes — ¥ no
10

Y yes — Y no
13

Y yes — Yy no
5

Y yes — ¥ no
8

33. As with any scoring system, the proposed methods require testing to validate or refine
methodologies to promote consistency and ease of use. The above suggestions are
simply a starting place for further discussion.

34. It is noted that the scoring philosophy is based on a simplified Multi-Criteria Decision
Analysis (MCDA) structure. MCDA is a decision-making tool that divides decisions
into smaller, more understandable parts, which are individually analysed then
integrated to produce a meaningful solution. The decision making is broken down into
essential elements that must be met, as well as general quality criteria. Rather than a
fully numerical approach, a hybrid Boolean and numeric approach was chosen for
simplicity (yes, no and maybe choices graded as by +1, -1, and 0, respectively; and the
identification of essential elements to determine fit-for-purpose status and prioritising
component quality scores instead of applying weighting factors). MCDA methods have
been used successfully by Becker et al. (2017) and Linkov et al. (2011) for both similar
(i.e., Nanosafety applications) and diverse applications. Linkov et al. (2007) applies
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MCDA for Nanomaterial Environmental, Health and Safety Purposes. An advantage
of the methodology is the ability to link performance information to decision criteria
allowing for visualisation of the trade-offs involved in the decision-making process.
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35.

36.

INTEGRATION WITH THE PHYSICO-CHEMICAL
CHARACTERIZATION DECISION FRAMEWORK

The guiding principles are intended to serve as a generalised philosophy for ensuring
that the purposes identified in the decision framework are specified to a suitable degree
to facilitate appropriate method identification. They might also, for instance in the case
of analogue data procurement, provide a means for identifying and highlighting the
most relevant, adequate, reliable and objective data that meets the intended scope of
the analogue criteria. A schematic illustration for the integration with the Physico-
chemical Parameter Decision Framework is provided in Figure 5.

The proposed methodology and scoring regimen is anticipated to be refined through
case studies developed from key purposes identified in the Decision Framework
document. By comparison of aggregate scores, the best available method for
explicit purposes in the Decision Framework will be determined. Additionally, in
future editions of this document, recommendations will be provided to guide
researchers to focus on meaningful method development and improved reporting
practices to promote data usability and transparency. Facilitating the reproducibility of
scoring amongst multiple scorers. It is proposed to include base templates for known
methods to help facilitate agreement. The example base templates are found in
Appendix 2.

Figure 5. Overview of input and output as well as interlinkages of the Physico-chemical
Characterisation Decision Framework and the Guiding Principles for Measuring and Reporting

Nanomaterial & anticipated use

Decision Framework for Physicochemical Characterisation

« Nanomaterial and Use guide identification of Purposes
* Purposes guide essential parameters

— “ —
[ Priority physicochemical parameters to be determined :>

for specific purposes

J

Purpose: Selected physicochemical parameter to be determined for a specific purpose |dentify and
prioritise
Guiding Principles for Measuring and Reporting . ?aps t'.n
« Purpose guides choice of method information
« Purpose guides choice of test setup and
- Improve description of methods, output and assessment methodology
Required method elements )
Required information reported ) \ ),
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Appendix 1: Guiding Principle Worksheets and Evaluation Methods

Steps for Using the Worksheets

37. The use of the worksheets involves several steps:
1) Complete the Purpose Worksheet (Sheet 1).

2) Review the worksheets for Relevance (Sheet 2), Adequacy (Sheet 3),
Reliability (Sheet 4) and Objectivity (Sheet 5).

3) Check the “Essential for Purpose” box for line items that are specifically
noted in the purpose worksheet (Sheet 1). Note that some boxes are pre-
checked as commonly being essential for purpose.

4) Identify if the purpose is sufficiently defined. If all pre-checked boxes can only
be answered by “maybe” then the ambiguity in the purpose should be reduced
through consultation with appropriate stakeholder (e.g. a representative of the
party receiving the data).

5) Fill out the worksheets, to evaluate a method or dataset.

6) Identify the Fit-for-Purpose Status and the Component Quality Scores
(Sheet 6).

7) Rank the results and identify the best data sets and methods. Note, potential
improvements to existing methodologies.

Step 1: Define the Purpose

38. The identification and conveyance of purpose lays the foundation for the evaluations.
It cannot be understated that clearly defining the purpose and its bounds is critical. In
terms of physico-chemical parameters, the purpose for a given measurement can vary
widely. Sufficient detail and context, including both informative and quantitative
parameters, is required to facilitate practical fit-for-purpose determination and
reporting. Each question within each parameter should be answered as best as possible.
The column identified as “worksheet parameter” provides an indication of the
potentially impacted parameters from the other worksheets (R=Relevance,
A=Adequacy, Ry=Reliability, and O=Objectivity).
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Sheet 1. Purpose Worksheet.

Requirement

quantification range?

Relevant Reference Standard:
Identified Gold Standard Method:
Trueness Specification:

Required Range:

. ) Worksheet

Parameters Questions defining purpose Parameter

Information Why is the information required?

Requirement

Intended Use How will the information be used? How will the information
not be used?

Substance For which substance(s) will the information apply? R2,A3

Identification What parameters are used to distinguish similar and dissimilar

substances of the same material class?
Relevant Realistic What realistic scenarios would the data aid in predicting, if | R.3, R.5, R.6,
Scenarios any? R.7,A.1,A4
What are the relevant conditions for that scenario?
Is the information intended to be broadly or narrowly applied?
Critical to Quality Are there specific key factors, implicated as critical to meeting | R.8
(CTQ) Components | the overall purpose? (e.g. method cost, availability
requirements)
1.
2.
3.
Resolution What is the required resolution of the data? (e.g. the practical | A.2, A.5, Ry.3,

Requirement quantification difference to be made against another substance | Ry.6
— how small of a difference must be quantified).
Precision Specification:

Trueness and Range | How accurate (true) is the data required to be and over what | A.5, Ry.1, Ry.5

Step 2: Review Other Worksheets and Mark Line Items Defined in the Purpose
Worksheet as “Essential to Purpose”.

39. This step identifies essential parameters specified by the purpose for assessment for
categorization purposes. Relevant line items/parameters in other worksheets are
identified in the worksheet parameter column. See Sheet 2, Sheet 3, Sheet 4, Sheet 5.

Step 3: Identify if the purpose is sufficiently defined.

40. If all checked boxes can only be answered by “maybe” then the ambiguity in the
purpose should be reduced through consultation with an appropriate stakeholder (e.g.
a representative of the party receiving the data).
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Step 4: Complete the Relevance, Adequacy, Reliability and Objectivity

Worksheets.
Relevance
Sheet 2. Relevance Worksheet
Parameters Essential Description Evaluation
for
Purpose
R.1 | Scientific The measurement directly measures the desired parameter
Principle and does not require broad assumptions or fitting parameters. | Yes | No | Maybe
R.2 | Substance The measured substance represents the intended
Similarity o substa.mce(.s)? (see Purpose Worksheet/Substance Yes | No | Maybe
Identification)
R.3 | Media & The test media and environmental conditions are appropriate
Envir_opmental J for tl'le .intended 'purpose? (see Purpose Worksheet/Relevant Yes | No | Maybe
Conditions Realistic Scenario)
R.4 | Sample The sample preparation methodology is adequate for the
Preparation N intende.d purpose? (see Purpose Worksheet/Relevant Realistic Yes | No | Maybe
Scenario)
R.5 | Sample The concentration of sample during measurement is sufficient
Concentration and adequate for the .int.ended p}lrpose? (see Purpose Yes | No | Maybe
Worksheet/Relevant Realistic Scenario)
R.6 | Time The timescale for conducting the experiment is appropriate
for the intended purpose? (see Purpose Worksheet/Relevant | voc | No Maybe
Realistic Scenario)
R.7 | History The sample storage and handling/processing prior to
measurement appropriate are appropriate. Yes | No | Maybe
R.8 | CTQ Are the identified CTQs met by the data or method?
Compliance \/ Yes No Maybe
Total answers for “Essential for Purpose” parameters
Total answers for all parameters
Relevance Component Score ((Total “Yes” — Total “No”)/8) RV=
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Adequacy
Sheet 3. Adequacy Worksheet
Parameters Essential Description Evaluation
for
Purpose
A.1 | Analytical Process The experimental details are sufficient to allow complete
Description reproduction of the experiment with an acceptable level of
A ambiguity. This includes sufficient descriptions of Yes | No | Maybe
environmental conditions, applied media, sample
preparation methodology, and measurement timescales.
A.2 | Equipment The method is not known to suffer from significant
Consistency manufacturer to manufacturer or instrument-to-instrument
N variability in the range of the resolution specified for the Yes | No | Maybe
measurement, or steps have been taken to account for this
variability through the use of reference standards,
prescribed parametrization, etc.
A.3 | Substance The description of the substance origin (i.e., lot #, date of
Description v manufacture, synthesis route) is reasonably complete. Yes | No | Maybe
A.4 | Storage and The description of the storage and handling of the substance
Handl'lng after initial receipt and prior to analysis is thorough. Yes | No | Maybe
Description
A.5 | Uncertainty Budget A critical assessment of the source of experimental errors
and uncertainty have been contemplated and conveyed for Yes | No | Maybe
the method indicating suitability.
Total answers for “Essential for Purpose” parameters
Total answers for all parameters
Relevance Component Score ((Total “Yes” — Total “No”)/5) Am
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Reliability

Sheet 4. Reliability Worksheet

Parameters

Essential

for
Purpose

Description

Evaluation

Technique Related:

Ry.1

Accuracy

The technique meets the specified accuracy or
trueness requirement.

If no requirement is specified, is the measured
value within the limits of a reference material? If
no reference material is available assume within
10% of an expected value.

The accuracy of an analytical procedure expresses
the closeness of agreement between the
determined value and the true value or an
accepted reference value.

Yes

Maybe

Ry.2

Specificity

The method measures the desired parameter
unequivocally, and is not influenced by
confounding factors under the measurement
conditions.

Yes

Maybe

Ry.3

Resolution limit

The measurement system has the capability to
detect and faithfully indicate small changes of the
parameter within the resolution specified in the
purpose.

Yes

Maybe

Ry.4

Linearity

The method produces a result directly
proportional to the quantity of a parameter over
the range of the technique. This also includes
goodness of correlation of non-linear functions.

Yes

Maybe

Ry.5

Range

The range of the technique matches the required
range.

The range of an analytical procedure is the
interval between the upper and lower amounts of
a parameter for which it has been demonstrated
that the analytical procedure has a suitable level
of precision, accuracy and linearity.

Yes

Maybe

Ry.6

Robustness

The results of the method are not significantly
impacted (effect less than specified resolution) by
small, but definite variations in non-specified
method parameters (e.g. user selectable data
interpretation analysis options — chosen
assumptions — and signal filtering methods). (An
indicator of reliability under normal usage).

Yes

Maybe

Laboratory Related:

Ry.7

Operator Training

The laboratory applies formal validation protocols
for the qualification of operator performance.

Yes

No

Maybe
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Parameters Essential Description Evaluation
for
Purpose
Ry.8 Instrument The laboratory implements regular instrument
Validation calibrations and controls to identify deviations in Yes | No | Maybe
performance.
Ry.9 Media Description The test media applied in analysis (if any) has been
/ Characterization characterl'zed or described to facilitate independent Yes | No | Maybe
comparative measurements.
Ry.10 Reference Reference material measurements have been
Measurements applied to aid in normalizing results or for Yes | No | Maybe
confirming operability.
Ry.11 Intermediate Within laboratory variations in reported outcomes
precision amongst available equipment and operators are Yes | No | Maybe
reported.
Ry.12 Between The laboratory practices for the parameter have
Laboratory been confirmed via comparison with results from
Precision external laboratories (e.g. participation in inter- Yes | No | Maybe
laboratory comparisons, independent certification,
etc.).
Ry.13 Experience Level The laboratory staff routinely performs the
technique and has expert or intermediate-level Yes | No | Maybe
understanding of its fundamental principles.
Total answers for “Essential for Purpose” parameters
Total answers for all parameters
Relevance Component Score ((Total “Yes” — Total “No”)/13) P
y=—_
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Objectivity
Sheet 5. Objectivity Worksheet
Parameter Essential Description Evaluation
for
Purpose
Risk of Bias
0.1 Selection Bias due to Systematic ~ errors  were  avoided  through
inadequgte ‘ random%zation of samples. Sample order was Yes | No | Maybe
Randomization randomized?
0.2 Performance and Samples were blinded? Systematic differences
Detection Bias between measurements due to improper blinding of
samples and the potential for preferential treatment by | Yes | No | Maybe
operators was avoided.
0.3 Attrition Bias due to All data sets used were complete? Significant
Incomplete Outcome measurement information differences between Yes | No | Maybe
Data samples were avoided.
04 Reporting Bias due to Results were not selected based on outcome and pre-
Selective Reporting specified se.lective reporting i§ not evident in | yoo | No Maybe
study/analysis plan. Were all findings were reported?
Transparency
0.5 Data Transparency The raw data and relevant metadata is made available
for independent assessment. Yes | No | Maybe
0.6 Analytical Code The analytical code applied for data analysis is made
Transparency available for independent assessment. Yes | No | Maybe
0.7 Research Material The materials applied in the study are made available
Transparency for independent assessment. Yes | No | Maybe
0.8 Design and Analysis v The experimental design and analysis protocols are
Transparency detailed and made available for independent Yes | No | Maybe
assessment
0.9 Pre-Registration of Study The study plan is registered (documented) prior to
being conducted and made available. Yes | No | Maybe
0.10 | Pre-Registration of The data analysis plan is registered (documented)
Analysis Plan prior to being conducted and made available. Yes | No | Maybe
Total answers for “Essential for Purpose” parameters
Total answers for all parameters
Relevance Component Score ((Total “Yes” — Total “No”)/10) o=
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Step 5: Identify the Classification and the Quality Score

Determine the classification of the method by evaluating the outcomes of
“essential to purpose” parameters across the four worksheets (i.e. Sheet 2, Sheet
3, Sheet 4, Sheet 5). If all parameters are answered with a “Yes” then the
method or data set is classified as “fit-for-purpose”. If one or more parameters
is answered with a “No” then the method or data set is classified as “Not fit-for-
purpose’. Else, the method is classified as “possibly fit for purpose”.

41. To determine the quality score, the component scores need to be added. Sheet 6 below
can be filled out to derive the quality score by summing the component scores.

Sheet 6. Quality Score

Guiding Principle Quality Score
Relevance Relevance Component Score
Adequacy Adequacy Component Score
Reliability Reliability Component Score
Objectivity Objectivity Component Score

1. For each classification, the method/data options can be ranked using the component
scores. Priority and component importance (e.g., Reliability versus Objectivity)
depends on the purpose for the evaluation. The default scenario has the order of
importance as Relevance, Adequacy, Reliability followed by Objectivity. The better
the fit-for-purpose status and the higher the component scores (in order of priority) the
better suited the method.

42. The ranking philosophy applied for the methods/data sets should be devised and
documented prior to proceeding with the evaluation process to avoid bias. In many
cases, the process of defining the purpose would also determine if one or more of the
guiding principles are more important to fulfil the objectives. If so, then the Component
Scores for those guiding principles would gain priority.

43. When a specific priority order is not identified, it is recommended that the evaluation
proceeds by first ranking methods/data by the Fit-for-Purpose Status, then by the
Relevance Component Score, the Adequacy Component Score and finally the
Objectivity Component Score. To this effect, the following ranking format is
suggested:

Fit-for-Purpose Status: Quality Score (Relevance Score: Adequacy Score:
Reliability Score: Objectivity Score)

44. By reviewing the parameters that were answered with a “Maybe” or “No”, adjustments
may be feasible to improve the overall method. In general, the Quality Score and
Component Scores should be used to guide process corrections for method/data
improvement.
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Appendix 2: Base Templates

1. Base templates are common information sets that pertain to specific elements within
an evaluation scheme. For standard methodologies and analyses that utilise commercial
analytical equipment, elements of the Guiding Principles can be pre-populated in
templates that should assist in the selection of appropriate methods once the purpose is
defined. A similar practice can be conducted for laboratory assessments based on
normal practices and established protocols.

45. An example analytical technique base template is given below. A similar template can
be used to cover common laboratory procedures for data handling and analysis.

Parameters Description
TECHNIQUE RELATED:
o Measured Parameter e.g. hydrodynamic diameter
e Physical Principle used e.g. Stoke’s sedimentation
to obtain parameter
e Alternative Uses e.g. Sedimentation Rate Calculations if applied density is known or via raw
data
e Reported Accuracy e.g. +/-5nm
e Reference Materials
Applied for Accuracy ¢.g NIST SRM XXXX
Claim
e Reported Resolution e.g. 5nm
limit
e (Reference) Materials . . . . .
Applied for Resolution e.g. ~ monodisperse iron oxide dispersion measured by TEM
Claim
e Reported Intermediate e.g. 3 nm
Precision
e (Reference) Materials
Applied for Precision e.g. NIST SRM XXXX
Claim
e Linearity e e.g.99.5% least squares residual to linear fit
¢ (Reference) Materials di . de di . dbv TEM
Applied for Linearity e.g. ~ monodisperse iron oxide dispersion measured by
Claim
e Range e.g. ~5 to 10000 nm
e Robustness e.g. Requires knowledge of adjusting for baseline detector drift and
impacted by inappropriate warm up routines, sample cell cleaning
e Equipment Cost e.g. ~$30,000 (estimated in 2015)
MATERIAL
REQUIREMENTS:
e Major determining e.g. Must adsorb radiation at XXX nm; Samples must be concentrated
factor for method above ~1% wt. Nanomaterials must be measured in liquid
validity
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Parameters

Description

e Complexity of Method

o Nanomaterial and Fluid
Compatibility
Requirements

e Interlaboratory
precision of Method in
documented Round
Robin

e Intermediate precision
from Round Robin

e.g. Requires moderate to expert laboratory operators

e c.g. Some equipment allows for non-aqueous fluids. Nanomaterial
must adsorb radiation at XXX nm.

e.g. ~10 nm as reported in XXX

e.g. ~4 nm as reported in XXX
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