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About the OECD

The Organisation for Economic Co-operation and Development (OECD) is an
intergovernmental organisation in which representatives of 36 industrialised countries

in North and South America, Europe and the Asia and Pacific region, as well as the

European Commission, meet to co-ordinate and harmonise policies, discuss issues of

mutual concern, and work together to respond to international problems. Most of the

OECD6s work is carried out by more than 200 s
groups composed of member country delegates. Observers from several countries with

special status at the OECD, and from interested international organisations, attend

many of the OECD6s workshops and other meeting
are served by the OECD Secretariat, located in Paris, France, which is organised into

directorates and divisions.

The Environment, Health and Safety Division publishes free-of-charge documents in

eleven different series: Testing and Assessment; Good Laboratory Practice and

Compliance Monitoring; Pesticides; Biocides; Risk Management; Harmonisation

of Regulatory Oversight in Biotechnology; Safety of Novel Foods and Feeds;

Chemical Accidents; Pollutant Release and Transfer Registers; Emission

Scenario Documents; and Safety of Manufactured Nanomaterials. More

information about the Environment, Health and Safety Programme and EHS
publications i s availabl e on t he OECD©O6 s
(www.oecd.org/chemicalsafety/).

This publication was developed in the IOMC context. The contents do not
necessarily reflect the views or stated policies of individual IOMC
Participating Organizations.

The Inter-Organisation Programme for the Sound Management of Chemicals
(IOMC) was established in 1995 following recommendations made by the
1992 UN Conference on Environment and Development to strengthen co-
operation and increase international co-ordination in the field of chemical
safety. The Participating Organisations are FAO, ILO, UNDP, UNEP, UNIDO,
UNITAR, WHO, World Bank and OECD. The purpose of the IOMC is to
promote co-ordination of the policies and activities pursued by the
Participating Organisations, jointly or separately, to achieve the sound
management of chemicals in relation to human health and the environment.
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Objective

1. Project -AAssessing the gl obal readi meguslaoryo f

models for assessing occupational exposure to manufactured nanomaterialso The
objective is to compile available regulatory and non-regulatory tools and models for the
assessment of occupational exposure to manufactured nanomaterials and to assess their
applicability for occupational exposure to manufactured nanomaterials.

2. Project - iCompi | ati on of available tools
consumer exposure to manufactured nanomaterials and evaluation of their
applicability i n explheabjectve B toT@pik mailaklestanls and

models for the assessment of consumer exposure to manufactured nanomaterials and to
evaluate their applicability to manufactured nanomaterials exposure assessment.

Design

3. These projects assess the compiled models/tools by providing scope analysis,
accessibility and support examination, sensitivity analysis, and performance testing. The
scope analysis addresses the output of the models/tools, the input parameters required by
models/tools, the intended use of the models/tools in terms of scenarios and exposure
pathway, and assumptions considered by the models/tools. The accessibility and support
examination of the models/tools addresses the user-interface of the models/tools and
availability of input parameters. The sensitivity analysis addresses the sensitivity of
models/tools against changes in input parameters and identifies the most and least sensitive
parameters. The performance testing assesses the predictive capability of models/tools for
consumer and occupational exposure separately by comparing output of models/tools with
measurement data. Finally, the recommendations for the applicability of the models/tools in
exposure assessment of manufactured nanomaterials and for future activity are provided.

Description

4. This joint report provides (1) an inventory of models/tools collected under two projects,
(2) outcomes of scope analysis, accessibility and support examination of models/tools, and
(3) outcomes of sensitivity analysis of models/tools.

5. Outcomes of performance testing of models/tools are provided in two separate
documents: Part Il for occupational exposure tools/models and; Part Ill for consumer exposure
tools/models.
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OCCUPATIONAL PROJECT

"Assessing the Global Readiness of

Regulatory and Non-regulatory Models
for Assessing Occupational Exposure to
Manufactured Nanomaterials"

v

CONSUMER PROJECT

"Compilation of Available Tools and

Models Used for Assessing Consumer
Exposure to Manufactured
Nanomaterials"

Report: Evaluation of Tools and Models for Assessing
Occupational and Consumer Exposure to

Manufactured Nanomaterials

r

.

Part I: Compilation of tools/models
and analysis for further evaluation

ENV/CBC/MONO(2021)27

- Compilation of tools/models for
occupational and consumer exposure
- Assessment of scope analysis,

and accessibility and support

- Sensitivity analysis

—@Annex

Exposure Models
Inventory.xIsx

v

tools

\

Part II: Performance testing
results for occupational
exposure tools/models

ENV/CBC/MONO(2021)28

- Performance testing report of
Occupational exposure models and

tools

Part Ill: Performance testing
results for consumer exposure
tools/models

ENV/CBC/MONO(2021)29

- Performance testing report of
Consumer exposure models and

—@A'nnex

A - Case studies.xIsx
B - Exposure assessment
reports generated by tools

—@ A'nnex

Case studies.xlsx
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Executive summary

6. This document provides a compilation of 32 models/tools, 9 of which were assessed
under the occupational project, alone 9 under the consumer project alone, and the remaining
14 under both projects. The compilation of the models/tools was created by consultation within
the OECD WPMN and by searching in several OECD, EU and US EPA projects, as well as
peer-reviewed scientific articles, books, thesis and technical reports. A summary of the 32
compiled tools is provided in the report in table format. From the 32 compiled tools, 27 were
assessed by scope analysis, and accessibility and support. The remaining 5 tools, which are
part of the consumer project, were not further considered, as they are not nanospecific (the
consumer project focuses only on nanospecific models/tools). In the scope analysis, tool
description, mapping of input and output parameters, domain and assumptions are detailed.
In addition, the tools were assessed according to their accessibility and support, which
addresses the user-interface of the models/tools and availability of guidance documents and
input parameters. A summary of the assessed tools is provided in the Annex 3A Ex p o
Models Inventory.xIsxo Following the first assessment, 19 of the tools underwent a sensitivity
analysis. These models/tools are ISO/TS CB nanotool, BIORIMA Occupational exposure
section, SprayExpo, RISKOFDERM, MEASE, EMKG, ENAE-CPSC, CB nanotool, LICARA
nanoSCAN, NanoSafer, SUNDS, ANSES, Swiss Precautionary Matrix, Stoffenmanager nano,
ConsExpo nano, ART, MPPD, Boxall et al. (2007), and Nazarenko et al. (2012 & 2014). The
remaining 8 tools were not assessed for sensitivity analysis due to several reasons: (1) the
tool was categorized as not-suitable after the scope analysis, (2) the tool has no user interface,
(3) the tool has a nano-version which has similar characteristics, or (4) the tool is too complex.
The sensitivity analysis (SA) was performed using different methodologies according to the
tools characteristics. Main methodologies used are one-at-a-time -methodology with either
range scanning or random sampling (Monte Carlo), all-at-once analysis with random
sampling, diagnostic method, and regression analysis/design of experiments. The sensitivity
analysis addressed the sensitivity of models/tools against changes in input parameters and
identified the most and least sensitive parameters. The results of the SA are included in this
document, as well as the recommendation for future activities.

7. Based on the SA results, the models/tools are further selected for the performance
testing. The performance testing assessed the predictive capability of the models/tools by
comparing the outputs with exposure measurement data. The 15 models/tools selected for
the performance testing for occupational exposure are 1ISO, BIORIMA Occupational Exposure
section, RISKOFDERM, MEASE, EMKG, Stoffenmanager, ENAE-CPSC, LiCARA
nanoSCAN, NanoSafer, GUIDEnano, SUNDS, Swiss Precautionary Matrix, Stoffenmanager
Nano, ConsExpo nano and ART. The 7 models/tools selected for the performance testing for
consumer exposure include ConsExpo nano, Swiss Precautionary Matrix, GUIDEnhano,
Stoffenmanager Nano, NanoSafer, Boxal et al. (2007), and ENAE. The results of the
performance testing are given in two separate documents: ENV/CBC/MONO(2021)28 and
ENV/CBC/MONO(2021)29, also published in the Testing and Assessment link for
occupational and consumer exposure, respectively.
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Definitions and vocabulary

8. This document uses the following definitions adopted from the previous EU FP7 SUN project (EC-
GA No. 604305):

1 Applicability scoreit he term appl i c applcability scoredrefersito how complete arid
broad a tool is in terms of application domain (consumer / occupational), exposure domain (point source /
handling / dispersion / abrasion), exposure routes covered (inhalation / dermal / oral), type of output
(qualitative / semi-quantitative / quantitative) and completeness of in the exposure assessment (exposure
potential / risk management measures).

1 Applicationdomaini i n t hi spplicgignaontaindi r ef er s tsaenatiolofeexposare af e
tool (work, consumer and environmental). Each tool application domain is indicated in Section 2, Table 1.
The fact that one tool application domain is defined as for example consumer and worker, does not mean
this tool is assessed for both application domains in this work. However, the tools are never assessed
outside of their intended application domain except for NanoSafer, Stoffenmanager nano, ART and
ANSES (which even though their application domain is work exposure, they were also addressed in the
consumer project), and ConsExpo and ConsExpo nano (which even though their application domain is
consumer exposure are also considered in the occupational project). This is detailed and summarized in
Section 2, Table 1.

1 Control banding (CB) tool - a system that performs a combined qualitative or semi-quantitative risk
assessment with recommended management actions as function of a qualitative, semi-quantitative or
guantitative hazard and exposure assessment. It is a process that matches a set of control measures to a
range or "bands" of hazards and exposures. The CB system determines a set of useful controls that aims
to prevent harm depending on known or estimated hazards (bands) and anticipated exposure levels
(bands). The function of CB tools is to minimize exposures to hazardous chemicals or other risk factors
(see e.g., http://www.ccohs.ca/oshanswers/chemicals/control_banding.html).

1 Difficulty scorei thet er m di fficulty in the Adifficulty scoreo
atool is by considering its accessibility, interface and support, and guidance provided in order to introduce
inputs and running the tool.

1 Exposure assessment framework - a formalized procedure with elements to address or sets of tools to
follow during assessment or ranking the potential exposure to a specific set of chemicals.

1 Exposure management framework - a formalized procedure with elements to address or sets of tools to
use to identify the procedure/best method by which to reduce or prevent exposure to a specific set of
chemicals.

1 Exposure assessment tool - a specific set of parameters applied in equations or decision logics by which
the exposure potential can be qualified, scaled or quantified.

1 Exposure categorization tool - a system that performs a qualitative or semi-quantitative assessment of
the exposure likelihood using simple equations or a decision tree. The function of exposure categorization
is to identify materials, products and actions with potential exposure.
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Exposure management tool - a set of parameters, equations or decision logics that can be used to
calculate needs to reduce or prevent exposure in a qualitative, scaled or quantitative way.

Important parameters i are those parameters in a model/tool that due to their own uncertainty or
variability contribute substantially to the model uncertainty.

Qualitative / Semi-quantitative / Quantitative output i the tool provides a qualitative output or a scale
which is associated to a qualitative parameter (e.g. likelihood of exposure) / the tool provides a semi-
guantitative scaled value / the tool provides a quantitative value (e.g. output is given as a potential or
estimated concentration). The focus is on the output regardless of the approach used by the tool.

Regulatory tools i the term is used to refer to the tools listed in the Annex 3 which are recommended
and included in guidelines by regulatory authorities for assessment of exposure. For this, input was asked
to all OECD member countries. However, it is important to note that 1) in this inventory only the input that
was received is included (thus some members might not be represented), and 2) the great variability in
authorisations between OECD member countries. The tools/models listed and assessed in this work,
which are recommended by the European Chemical Agency (ECHA), are clearly identified.

Sensitive parameter 1 is a parameter for which variation in the value has significant influence on the
model output value.

Tiered Approach-a st epwi se appr oach f rAdevel dar grade withim thei higrarthy me an i |
of an organization or systemo as defined i n Oxford

(http://'www.oxforddictionaries.com/definition/english/tier). In the REACH guidance R.14 and R.15,
exposure assessment tools are defined into two tiers: Tier 1 and higher Tier models (ECHA, 2016a, b).
ECHAG6s Tier 1 models are relatively simple and
higher Tier models comprise a number of quantitative exposure assessment tools of different levels of
complexity and level of documentation and calibration.

Due to the nature of risk assessment for manufactured nanomaterials (MNMs) and CB, the tiers and
posure assessment tools were defined in this work by the establishment of three Tiers based on EN 17058
follows:

Tier 1 - Qualitative tools where the exposure estimation and/or risk management is based on assumptions
and/or qualitative data to be applied in a binary decision tree or simple equations to complete a simple
categorization or ranking of the likelihood for exposure and/or risk management. This class includes risk
categorization tools and some simple CB Tools.

Tier 2 - Semi-quantitative tools based on assumptions or highly reduced determinants with quantitative
input parameters (possibly in combination with precautionary default or expert opinion values) for use in
simple calculations and/or decision logics resulting in qualitative or semi-quantitative values of exposure
potentials and/or suitable risk management. The result can be either decision trees, scaled or quantitative.
This class includes CB tools.

Tier 3 - Tools providing a quantitative output, which are based on quantitative data for use in predictive
conceptual exposure/risk management modelling. The tools may combine quantitative and precautionary
default values, expert opinion values and/or measurements for the assessment.

The tier classification adopted here may differ slightly from other adopted classifications.
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Figurel. Explains the meaning of 0i nput par amet e
scope of this projedDL: datasets and libraries; P: input parametersutput.

11. Input parameters are defined as data values required by the computational code before it can
perform its task. A model or a tool incorporates an algorithm, which is implemented as a computational code
that produces an output based on input parameters. Numerical values for quantities that are required by the
mo d e | are called é6input parametersé6 wi t-thefinedbythatsol, r epor
which means that they are set by the model developers and they cannot be changed by the user of the
model, or need to be filled out by the user.
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1. Background and purpose

1.1 Occupational exposure models

12. The OECD WPMN agreed to conduct an informal survey for compiling information on currently
existing regulatory and new nano-specific models for occupational exposure assessment of Nano-Objects
and their Aggregates and Agglomerates (NOAA). The main challenge encountered in NOAA regulations is
the wide range of definitions for Nano-Objects (i.e. hanomaterials). Boverhof et al. (2015p) identified 14
different nanomaterial definitions from various regulatory authorities and more definitions are coming (e.g.
Hansen, 2017p2)). Thus, for some potential NOAA materials, the exposure and risk assessment have to be
made using conventional and NOAA exposure and risk assessment methods.

13. There are identified three main differences between the conventional material and NOAA exposure
and risk assessment modelling tools (Liguori et al., 20162):

i.  The nano-specific Occupational Exposure Limits (OELs) or No Observed (Adverse) Effect Levels
(NO(A)ELs) considering the most important biological end-points (Carcinogenicity, Mutagenicity,
Allergy and Reproductive Toxicology).

ii.  Chemical and physical characteristics of nanoparticles and released fragments.
iii.  Exposure scenarios and emission classes for nanomaterials and nano-enabled products (NEPS).

14. To overcome some of these problems, new risk assessment frameworks and CB tools as well as
higher-level risk assessment or management tools (Table 1) were developed over the last two decades. Most
of the tools were developed for occupational exposure assessment with different scopes and application
domains in mind. The majority of these tools focus on exposure via inhalation, even though a full risk
assessment should also consider potential effects via oral, dermal, and eye exposure. Only a relatively low
number of the models listed in Table 1 are currently mentioned by the European Chemical Agency (ECHA)
as accepted options in their regulatory guidance documents for assessment of occupational and consumer
exposures (ECHA, 2016(3;; ECHA, 2016(4)). The tools mentioned in ECHA guidance (hereafter denoted ECHA
recommended tools) are ECETOC TRA, MEASE, EMKG Expo tool, Stoffenmanager, ART and
RISKOFDERM. However, none of these tools were developed nor tested, calibrated and validated for
assessment of exposure to MNMs. To meet this apparent lack of proper methodology, a number of new
models, ranging from CB to advanced aerosol dynamic models have been developed over the last two
decades of which some are intentionally developed for exposure assessment of NOAA taking into
consideration the nanospecific requirements and/or a precautionary risk management approach. There is a
need to understand to what extent different existing models are applicable and suitable for exposure
assessment to MNMs.

15. The OECD WPMN Project fAAssessing t he-reguatmdymddelsyr eadi n
for assessing occupation a | exposure to manuf aimgto evalihte the suitabiitytoe r i al s
existing regulatory (meaning models that are recommended and included in accepted guidelines by
regulatory authorities for assessment of occupational exposure) and new nano-specific models for
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assessment of occupational exposure of MNMs in regards to their intended application domains, concepts,
input parameters, availability of algorithms and output formats. It is important to note the differences between
OECD member countries regarding regulations and guidelines. To evaluate the global readiness of models
for assessing occupational exposure, testing and comparison of model output against high-quality
observations (real data) is imperative.

16. The models performance testing carried during this Project are the culmination of an extensive effort
including:

i.  Compilation the available tools and models for assessing occupational exposure to MNMs through an
extensive literature review of peer reviewed publications (ECHA, 2016(3;; ECHA, 20164; Liguori et al.,
2016(z; Isigonis et al., 2019;5; Hristozov et al., 2016 ); Jantunen, Gottardo and Crutzen, 20177;
Jantunen et al., 2018;g; Oomen et al., 20189;; Trump et al., 201810; Brouwer et al., 2012(117) (Franken
et al.,, 2020112)), the outcomes from recent international projects and inventories (NanoREG, SUN,
caLIBRAte, ENV/IM/MONO(2015)20 (OECD, 2015p13)), ENV/ICHEM/NANO(2016)15/REV1 (OECD,
2016(14)), ENV/ICHEM/NANO(2016)17 (OECD, 2016p147), and consultation with the OECD WPMN
member countries. The final inventory of tools, finalised in February 2019, is provided in the Annex 3
and is divided into two categories. Category 1 includes a descriptive list of 12 (13 considering
ConsExpo nano) nano-specific models/tools relevant to occupational exposure assessments of MNMs.
Category 2 includes a descriptive list of 10 chemical exposure tools/ models that in-themselves or
adapted could be used in occupational exposure assessments of MNMs.

ii.  ldentifying regulatory requirements and the criteria for global readiness regarding the potential use and
suitability of risk- and exposure assessment tools for occupational exposure assessment to MNMs.

iii.  Establishment of an inventory of high quality scenario-specific measurement data of occupational
exposure to MNMs.

iv. Evaluation of the global readiness for assessing occupational exposure to MNMs. The evaluation
process was carried out based on scope analysis and application domains, accessibility and support
examination, function and sensitivity testing of models, and evaluation of the predictive capability of
the models by comparing the modelling results with observations (real data) made in actual exposure
scenarios. The non-nanospecific models (e.g. SprayExpo 2.3, EGRET2 and Stoffenmanager) will be
omitted from the consideration for some parts of the tool assessment in which especially the nano-
specific models are considered. By a hon-nanospecific model, we mean models that are not designed
to take into account nanomaterial specific phenomena (emission and transport characteristics). They
could still require nanospecific data as, for instance, product concentration or emission rate.

V. Recommend selection of tools for qualitative (Tier 1), semi-quantitative (Tier 2) and quantitative (Tier
3) nanospecific exposure assessment considering scope, application domain and output format
required for purposes ranging from industrial risk management to regulatory exposure assessment.

17. This OECD WMPN project, had direct collaboration with EU H2020 caLIBRAte Project in regards to
mapping of input/output parameters, sensitivity and performance testing of human risk assessment (HRA)
models designed for MNMs.

1.2 Consumer exposure models

18. In 2015, OECD WPMN was tasked with identifying the available data on consumer and
environmental exposure and mitigation measures, with the aim of prioritizing future work and research needs.
The survey on Consumer and Environmental Exposures to MNMs collected data on the importance and
availability of information related to exposure assessment (OECD, 201614)). The analysis of the responses
to the survey identified exposure models for use in characterizing or estimating consumer and/or
environmental exposure to MNMs to be of high importance, requiring further investigation. As such, in the
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spring of 2017, Canada submitted a propos &b mpitatmtndf he OE
Available Tools and Models Used for Assessing Environmental and Consumer Exposure to Manufactured
Nanomaterials and Evaluation of their Applicability in Exposure Assessmentso . The project ain
Compile the available tools and models for assessing environmental and consumer exposure to MNMs, and

(2) Evaluate their applicability to MNM exposure assessment. The outcomes of consumer and environmental

parts of the project are provided separately. This report includes the consumer part of the project.

19. Under the first objective, an inventory of available models/tools/databases for assessing consumer
exposure to MNM was created through an extensive literature review of peer reviewed publications, the
outcomes from recent international projects and inventories, and consultation with OECD WPMN. The
inventory includes 15 nano-specific models/tools relevant to consumer exposure to MNM and 9 chemical
exposure tools/ models that in-themselves or adapted could be used in exposure assessments of MNM. The
15 nano-specific models/tools and the 9 chemical exposure tools are provided in Categories 1 and 2 in the
Annex 3 fExposure Models Inventor v . x| s x 0

20. Under the second objective, an evaluation of the applicability of the listed models/tools in Category
1 was conducted in consultations with WPMN experts and collaborators. The evaluation process was carried
out based on scope analysis, accessibility and support examination, sensitivity analysis (SA), and
performance testing. The scope analysis addresses input parameters required by models/tools, their
intended domain in terms of scenarios and routes of exposure, output of the models/tools, and assumptions
considered by models/tools. The accessibility and support examination of the models/tools provides
information on user-interface of models/tools and availability of input parameters required by models/tools.
The SA identifies how sensitive models/tools are against changes in input parameters. It also identifies the
most and least sensitive parameters for models/tools. The performance testing is aimed at addressing which
model(s)/tool(s) would be suitable for consumer exposure assessment of MNMs. It assesses the predictive
capability of the models/tools by comparing the outputs with measurement data chosen from case studies.
Case studies are taken from a consumer exposure database constructed by compiling measurement data
on consumer exposure to MNM during this project.
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Inventory of models/tools

21. The inventory of models/tools given in Category 1 (nano-specific) and Category 2 (conventional
chemical tools and models) of the Excel file was developed by consultation within OECD WPMN, and by
searching the following resources:

1 Analysis of the survey on available methods and models for assessing exposure to manufactured
nanomaterials (OECD, 2015/13),

91 Investigating the different types of risk assessments, tools available for risk management measures,
and uncertainties which guide additional nanospecific data needs in member countries (OECD, 2016y15))

1 Information and data used for assessing consumer and environmental exposure to manufactured
nanomaterials: Light Analysis of the Survey (OECD, 2016(14))

1 European Projects: NanoREG, SUN, caLIBRAte

1 The NANOREG 2016 report - Improved and validated occupational exposure models of release,
exposure, dispersion and transfer

1 The Danish EPA report - Exposure assessment of MNM in consumer products

1 Google Scholar - peer-reviewed online academic journals and books, conference papers, thesis and
dissertations, preprints, abstracts, and technical reports

22. Regarding Google scholar, a search strategy covered the following terms, found in the title or
abstract:

9 Control band/NMs/consumer exposure or Control band/NMs/occupational exposure
1 Exposure models/tools/MNMs
1 Chemical exposure tools/applicability/ MNMs

23. I nformation collected for Category 1, wnmsioh cOattegor y
points and email, references, country of origin, type of model, tier, description, availability, source, intended
application domain, product types, product form, MNM properties/characteristics, routes of exposure
considered by the models/tools, input parameters, output, validation, and assumptions made, if available.

Short descriptions of models/tools included in Category 1 and Category 2 are given in Table 1.

24. High-tier source to receptor inhalation exposure assessment models (also known as a near field/far
field (NF/FF) model) has been described considering the transformation of particle sizes and concentrations
during transport and the role of contextual conditions (Schneider et al., 20115); Hewett and Ganser, 2017g);
Jayjock, Armstrong and Taylor, 2011(7; an advanced multi-box aerosol dynamic dispersion model by Jensen
et al., 2018s). These physical mass-balance models would be Tier 3 exposure assessment models and
could be applicable to both consumer and occupational inhalation exposure assessment, because both the
source- and contextual information requirements are generic.
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Tablel. Summary of the models/tools

Model Model and Tier  Owner/publication Model Type | Application Short description Project
ne Version (category) domain
1 ISO/TS 12901 1 ISO CB (category : Work It describes the use of a CB approach for controlling the risks ass  Occupatione
2:2014 CB nanotc occupational exposures to NOKOA1i#), even if knowledge regardin
v1.0 (Part 2 toxicity and quantitative exposure estimations is limited
2 BIORIMA 3 ITENE  QEA(category Work The online platform contains a web application running a hc  Occupatione
Occupatione (Aceti, 2019 1) atmospherelbx (NF/FF) model for estimating occupational ii
exposure sectic exposure tdNM The outputs are mass and particle number concen
air.
3 SprayExpo mod 3 Federal Institute { Physical ConsWork SprayExpo is a model that enables the prediction of dermal ar  Occupatione
2.3 Occupational Safety ¢ modellingQEA exposure levels to aerosols during spray applicat@rapbrating
Health (BAufoch (category 2 substances. The model calculates airborne concentrationslefdre
etal., 20129 particle size fractions and takes into account the turbulent diffu:
evaporation and sedimentatiovements
4 RISKOFDERN 2 TNO  QEA (categor Work  Itis a toolkit for assessment and managédraeatdyfexposure and risk 1  Occupatione
(ECHA (Final Paper Versior 2) dermal exposure to hazardous chemicals at the workplace. It prc
recommendec Toolkitjvan Hemme data categories of hazard and exposure that lead to a rough estim
etal., 2003) risk from dermal exposure, i.e. the total amount of a substantze
contact with the protective clothing, work clothing and exf
5 MEASR.2.0 2 EBRC CB (category : Work The MEASE exposure model aims to provide a screening tool for tt  Occupatione
(ECHA of occupational inhaledioth dermal exposure to metals and inc
recommendec substances during manufacturing an
For inhalati@xposured EASE is basedtbeECETOC targeted ri
assessmeliTRA}ool and for dermal exposure on the classification ¢
the estimation and assessment of substance exposure (EAS
6 EMKG Expoto 1-2 Federal Institute { CB (category - Work | IT+tool that allows the user to estimate and evaluate worker inhalatic Occupatione
2.0 Occupational Safety ¢ and identify risk management measures (RMM) at workplace
(ECHA Healt{(BAUA) approach
recommendec
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Model Model and Tier  Owner/publication Model Type | Application Short description Project
n° Version (category) domain
7 EGRET 2.( 23 ESIG/ESVO(  QEA (categor Conshork EGRET2the European Solvents Industry Group Generic exposur  Occupationa
(Zaleski etl., 2014) 2) Risk and Exposure T¢
The tool has been developed to assess the qgkdnt@dnsumers who
products that contain solvents under REACH. Estimates exposur
through dermal, oral and inhalation routes, and provides risk cha
ratios for each route. EGRET is intended for screening level
8 Dermal Advance 2-3 TNO/HSL  QEA (categor Work It is a dermal exposure nesjedcially designed for hand exposures  Occupatione
Reach Tool (dAR (Goede edl., 201 2) volatile liquids including siwHétpuid products occurring during synthe:
McNally etl., 20191) manufacturing use of chemi
9 Stoffenmanager € 2-3 Cosanta B\ CB/RM Work ' Itis a risk prioritisation-lageed tool which consists of a CB tool for in Occupatione
(ECHA (Marquart at., 200%) (category 2 and dermal exposures and also provides a quantitative inhalatipare
recommendec
10 Engineerec 3 National Institute,  QEA (categor Cons/work The tool estimates air concentration and surface loading| Occupatione
Nanoparticle Standards an 1) nanoparticles. The estimation is expressed in number of particles p and consume
Airborne Exposu Technology (NIS the air concentration and number of particles per area for the sur
(ENAE) Toc
(CPSC ENP Mod
v1.0
11 Control Bandin 1 Lawrence Livermc CB (category ! Cons/Worl The tool estimates an emission probability (wifdrrirmpexposu  Occupatione
(CB) Nanotool v2 Nationdlaboratory controls) and severity band and provides advice on what engineerir and
(LLNL) use. It includes nine domains covering handling of liquids, powders Consumel
(Paik, Zalk and Swus of solids. Combines hazard severity and exposure probability sebee
2003 Zalk, Paik an to obtain a level of risk and associated controls out of 4 possi
Swuste, 2009 increasing risk and associated controls. It is intended for arscklie
operation involving production and use of
12 LiICARA nanoSC# 1 TNO/EMP/ Risk Benefi Env/Cons/Wor  Determines and weighs the benefits and risks over the lifecyasesf Occupatione
v1.0 (van Harmelenadt, (category 1 products. This todgecifically intended for use by SME to suppor and
201Gs) communicating with regulators, and potential clients and inves Consumel
principles and assessment criteria from the Precautionary Matrix, |
and Stoffenmanager Nano, and integrategtiremest judgement thro
MCDA.
13 NanoSafervl. 2 NRCWE CB/RM Work Occupational inhalation exposure assessmentremagskner  Occupationz
(Kristensen at., (category 1 recommendations during prepessfic manufacturing and handling of and
201@sj Jensen ., Banding is based on a combination of given or predicted MNM Consumel

n.dp7)

labels, and the estimated exposure po
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Model Model and Tier  Owner/publication Model Type | Application Short description Project
n° Version (category) domain
14 GUIDEnanoto| 3 LEITA RA/RM Env/Cons/Wor Assessment and mitigation ofereized product risks on humar  Occupatione
(Park eal., 201 (category 1 environmental health considering the whole product life ¢ic3el dds, and
industry will be able to evaluate and efficiently mitigate possible he Consumel
workers, consumers and the environment associated to
nanotechnologie
15 The SUN Decisic 3 Greendcision Srl  Combination ¢ Env/Cons/Wor Decision support systentisk management of MNMs and NEPs. SUI  Occupatione
Support Systel (Subramanianast, multiple cloudbased nanproduct sustainability assessment Decision Suppor and
(SUNDS) 201Goj Hristozov el.,  approaches, R SUNDS allows supporting decisions on assessment & managem Consumel
20180) / RM (categor and NEPs along their lifecycles. Target users inclydecgdiasary bodi
1) and insurance companies. It appliesier @pproach which, on the ba:
the supplied information, is able to generate qualitative or quanti
results.
16 ANSEStoc 1 | French Agency for Fo CB (category : Work The ANSES CB nanotool was developed to be applied for cor  Occupatione
Environmental ar assessment and risk management of work with MNMs or NEPs and
Occupational Healtt settings. Consumel
Safety
(ANSES, 2019
Riediker etl., 2012»)
17 Swiss 1 Federal Office of Put Risk Cal Env/Cons/Wor The precautionary matrix is a method for assessingpleeifiam@alth ar  Occupatione
Precautionar Health (FOPF (category 1 environmental risks of NEPs. The precautionary matrix fc and
Matrix v3.( (Hock edl., 2008 nanomaterials is gearedtd industry and tra Consumel
Hock eal., 20134
Hock edl., 2013)
18 Stoffenmanage 2 TNO CB/RM Work Occupational inhalation exposure from poirdrdogitee emission dur  Occupatione
Nano v1.C (van DuureStuurmar (category 1 synthesis, handling and transfer of powders, dispersion, applicateor and
etal., 2012) use products (e.g. spraying), fracturing and abrascmuetsdat work sit Consumel
(e.g. sanding, milling, cutting, high energy end of lifelroettemia
processes, etc.
19 ConskExpo Nar 3 RIVM Physical Cms Tool for the assessment of consumer exposure to MNMs via inhe  Occupatione
(Delmaar, Park ai  modellindQEA scenario as well as custom scené and
Engelen, 2085 (category 1 Consumel
Delmaar and Meeste
202@s)
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Model Model and Tier ~ Owner/publication Model Type = Application Short description Project
n° Version (category) domain
20 ConsExpc 3 RIVM Physical Cons ConsExpo was developed to estimate exposure to chemicals1 Occupatione
(Delmaar, Park ai  modellingQEA products under various exposure conditions. The tool calculates | and
Engelen, 2085 (category 2 and internal exposueeinhalation, dermal, and oral routes sep. Consumel
Delmaar and Bremm
200%9)
21 Advanced REAC 23 HSL'  QEA (categor Work — The Advance Reach Tool was developed to estimate inhalation ex ~ Occupatione
Tool v1.5 (Fransman at., 2) workplacét combines a soureeeptor approach with modifying f. and
(ECHA 201%0j ECHA, 2015 (Fransman et al., 2011) and the ability to update the estimates w Consumel
recommendec own data
This integtian of information is done usingpailtidatabase of cle
activities with measurement data and Bayesian ¢
22 ECETOC TRAV2 12 ECETOC CB (category - Cons/Worl The tool calculates exposure via inhalation, dermal, and oral routes ~ Occupatione
(ECHA (ECETOC, 2047 is available as an integrated tool that combines worker, enviror and
recommendec ECHA, 2066ECHA, consumer calculationsoutput is masmsed metrics which can be us Consumel
2016 estimate the masased exposure to a material from a
23 NanoRiskCe 1 DTU RiskCat Cons/Worl NanoRiskCat is a categorization tool that communicates knowl Occupationg
(Hansen, Jensen a (category 1 potential exposure and hazard of MNM in consumer products. The and
Baun, 2014) is based on the location of the MNM in the product, and the | Consumel
exposureo the MNM in the product or article during the intet
24 Multiplé>ath 3 ARA| QEA Particle Cons/Worl MPPD estimates human and rat airway particle dosimetry. The to Consumel
Particle Dosimet (Anjilvel and Asghari. Dosimetry the deposition and clearance of monodisperse and polydispersene
Model (MPPL 19953 Asgharian (category 1 nanotechnologgpsed consumer spray prod
Hofmann and Bergma
200%4)
25 I-NANO 3 INRS IOM QEA Cons/Worl I-NANO was developed during the NANOREG projeasiiimatesith: Consumel
(Sanchez Jiméneakt (category 1 time evaluation of air concentration of MNM by taking into accoun
2016i5) and losses through gravitational settling (i.e., particles settling
diffusion (particles settling on walls and surfaces) and dilutic
ventilation)
26 Boxalet al (2007) 3 (Boxall el., 2004s) QEA Cons  Boxalkt al (2007) presents a simple dilution model for estimating exg Consumel
(category 1 personal hygiene and skin care productgdBh@stimates air concentr.

of MNM and does not account for the transmission factors includir
and diffusior
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Model Model and Tier  Owner/publication Model Type | Application Short description Project
n° Version (category) domain

27 Nazarenket al 3 (Nazarenko at, QEA Particle Cons The model used by Nazaren&b(2012 & 2014) estimates inhaled dos Consumel
(2012 & 201< 20127 Nazarenko, Lic Dosimetry nanotechnologgsed consumer sprays and cosmetic pohelensde
and Mainelis, 2@y (category 1 takes into account the size of MNM for the estimation, and ex
estimation as mass of particle per body mass

28 DREAM 2 (vanWendetleJoode CB Work| DREAM was developed to assess and evaluate occupational derma Consumel
etal., 200%) (category 2 chemical agents. The model estimates potential and actual dermal

taking into account the protection afforded by clothing ¢

29 Consumel 3 EPA QEA Cons CEM was developed to calculate exposure to chemicals from vario Consumel
Exposure Mod (category 2 products. The tool estimates indoor air concentrations, i
(CEM) concentrations, dermal exposure, and mouthingfexposide variety
consumer products and mate
30 E-FAST 3 EPA QEA Cons EFast was developed to estimate general population, consumer, ar Consumel
(category 2 exposures from environmental releases of chemicals manufacturec
industrial/commercial setti
31 Exposure Relate 3 EPA QEA Cons/Wort ERDEM was developed to predict how chemicals move through anc Consumel
Dose Estimatir (category 2 in human tissues and body fl
Model (ERDEN
32 Wall Pain 3 EPA QEA Cons/Worl WPEM was developed to estimate indoocentrations of chemi Consumel
Exposure Mod| (category 2 released from wall paint over
(WPEM)

NoteAbbreviations: Emnvironmental, Cenensumer, GEontrol Banding, Risk Assessment, RRisk Management, QBAantitative Exposure Assessment, RiRis€&tegorization).
Category 1 means napecific and Category 2 means conventional chemical tools and modelsrgiplitationrefers to theended use and target exptsaiteol is designed to be used.
Project column indicates in which frojettmer and/or @gational) the tool was assessed.
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3 Scope analysis and accessibility

support

25. The scope analysis addressed input parameters required by models/tools, their intended domain in
terms of scenarios and routes of exposure, output of the models/tools, and assumptions considered by
models/tools. The accessibility and support examination of the models/tools is solely based on user-interface
of models/tools and availability of input parameters.

26. I n addition, the tools have been graded according
defined below. The mentioned scores provide summarized information regarding the difficulty and
applicability of the tools to be used for fast interpretation and comparison of tools. However, it is important to

note that these scores are a very simplified expression of the tools applications and difficulty. Therefore, not

useful for an in deep and detailed evaluation of the tools, which would require careful examination of the

tools features considering the intended goal.

Difficulty score

27. The difficulty score intends to provide information on the user-interface, accessibility and
comprehensiveness of the tools in a summarized number for fast interpretation and comparison. The difficulty
score ranges from 1 to 5, 1 being easiest to use and 5 most difficult, and it is defined arbitrarily. The difficulty
score is based on five criteria 1) interface, 2) accessibility, 3) inputs difficulty, 4) output format, and 5) user
guide. For each criteria, several options are available with different associated weights. The sum of all
weights form the final difficulty score. Criteria and associated weight are shown in Table 2. The results of the
difficulty score for each tool are provided in each individual section 3. Full details on calculations and results
are provided Exposurenvindeld mvertary.xI8x0 fi
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Table2. Difficulty score criteria ara$sociatedveights.

Criteria Options Weights
Intuitive GUI 0.2
Interface GUI provided 04
GUI limited or complicated 0.6
NoGUI 1
Webbased 0.2
Accessibility Excel 04
Installed 0.6
Guidance docum@ublication 1
Dropdown/multiple choice with guidance 0.2
Manually entered with guidance 04
Inputs difficulty Dropdown/multiple choice without guidance 0.6
Manually with guidance somewhere else 0.8
Manually without guidance 1
Output format Downloadable results in usable format 0.2
Not downloadable results 1
User guide walitten 0.2
User guide User guide limited or complicated or Helpdesk 04
Publication 0.8
No guidance available 1

3.1 1SO/TS 12901-2:2014 CB nanotool v1.0

3.1.1 Scope analysis

Tool description, domain and assumptions

28. ISO/TS 12901-2:2014 describes the use of an occupational risk management CB approach for
controlling the risks associated with inhalation exposure to NOAA and materials containing NOAA (i.e.,
nanoparticles, nanopowders, nanofibers, nanotubes, nanowires, as well as of aggregates and
agglomerates), even if knowledge regarding their toxicity and quantitative exposure estimations is limited or
lacking. The fundaments for this approach are the hazard identification process and the assessment of the
worker exposure assessment potential. The guideline is intended to help during the manufacturing,
processing or handling of NOAA and it is specifically designed for inhalation control although some guidance
for skin and eye protection is also given.

29. When there is limited information to guide decisions on the potential for hazard and exposure,
reasonable worst-case assumptions should be used along with appropriate management practices.

Input and output parameters

30. Input parameters required are described below:

1 NOAA information: name, CAS, formula or molecular structure, composition, morphology, surface
chemistry and production method.
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1 Physicochemical properties: agglomeration/aggregation, solubility in water or other biologically
relevant fluids, crystalline phase, dustiness, crystallite size, TEM pictures, particle size distribution and
specific surface area, catalytic or photocatalytic activity, pour density, porosity, octanol-water partition
coefficient, redox potential, radical formation potential.

1 Toxicological data: pharmacokinetics (absorption, distribution, metabolism and elimination), acute,
repeated dose, chronic, reproductive, development and genetic, toxicity, human exposure and
epidemiological data.

1 General exposure characterisation:; estimate of exposure for each relevant pathway, evaluation of the
guality of the assessment and confidence degree, and critical parameters (physical form of the NOAA,
amount of NOAA, dust generation during process and actual exposure data).

1 Control measures characterisation: general control measures, reduction of emission, reduction of
transmission (e.g., containment, ventilation cabin or natural/mechanical ventilation), and reduction of
emission (personal enclosure or separation, segregation, use of personal protective equipment (PPE)).

31. For the hazard and exposure banding, the guideline guides the user through a decision tree with
several yes/no questions that lead the user to a final hazard band allocation. The exposure band is
determined according to the type of process, which is different depending on the NOAA form, dispersion in
liquid, suspension in liquid, solid or powder form. The hazard exposure information is combined to determine
and appropriate level of control (e.g., general ventilation, local exhaust ventilation (LEV) or containment of
the source). Finally, risk or priority bands are determined according to a matrix merging hazard and exposure
band (Table 3).

Table 3. Risk or priority bands matrix. EBxposure bandf ISO CB nanotool

Hazard band Exposure band
EB1 EB 2 EB 3 EB 4
A Low Low Low Medium
B Low Low Medium High
C Low Medium Medium High
D Medium Medium High High
E Medium High High High

3.1.2 Accessibility and support

32. The ISO/TS 12901-2:2014 has been developed to be an easy-to-understand, pragmatic approach
for the control of occupational exposures. It is not implemented as free web-based or excel-sheet but as a
guideline with a step-by-step guidance that needs to be purchased. This can be an advantage as it can be
accessible without any software limitation. However, relatively good knowledge of the process, materials and
CB approach is required. Most input parameters required are available from safety data sheet (SDS) or
manufacturers information, and characterisation is made through simple decision-trees. The difficulty score
calculated for this tool is 3.6.
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3.2 BIORIMA Risk assessment and risk control module (Occupational exposure
section)

3.2.1 Scope analysis

Tool description, domain and assumptions

33. BIORIMA is an Integrated Risk Management framework designed to identify and assess the potential
exposure, hazard and risk posed by MNM and nanobiomaterials to humans in occupational and consumer
environments and to the environment. The framework consists of two modules 1) the Integrated Approaches
to Testing and Assessment (IATA) module and 2) the risk assessment and risk control module.

34. The IATA module provides a set of IATAs for human health and environmental endpoints to support
the evaluation and generation of data to be used in hazard and risk assessment.

35. The risk assessment and risk control module conduct assessment of occupational and
environmental risks during synthesis, product manufacturing, use and end of life. For the human exposure
part, the tool estimate exposure for inhalation, dermal, inadvertent oral and ocular. For the environmental
part, the model assess exposure to air, soil, sediment and water. The user can select through a selection
tree which parts wants to assess.

36. In this project, only the occupational inhalation exposure part of the risk assessment and risk control
module was considered.

37. The occupational exposure model is based on the 2-box (NF/FF) as described in Ganser and Hewett
(2017s07). The model is used for estimating occupational inhalation exposure to MNM in the form of solids
or liquids. The model assumes homogeneous atmosphere and that the source is located inside the NF
boundaries of the model.

Input and output parameters

38. Input parameters required are particle dimeter (nm), density (g/cm?3), percentage of pure MNM, used
mass (in g), task duration (min), generation rate (min), number of repetitions, room volume (m3), air changes
per hour, activity generating the release rate. All input parameters are numerical values entered by the user
except the activity where the user selects the activity class from a drop down menu which contains >100
options.

The output for the inhalation occupational exposure is currently given in mass concentration (mg/m3).

3.2.2 Accessibility and support

39. The tool is available to users through an easy-to-use graphical user interface (GUI). The inhalation
occupational part only require 10 input parameters and most of them can be easily obtained through SDS
and only relatively good knowledge of the environment is required. The tool is publicly available at
https://sunds.qgd/sections. The difficulty score calculated for this tool is 2.2.
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3.3 SprayExpo model 3.2

3.3.1 Scope analysis

Tool description, domain and assumptions

40. SprayExpo is a mechanistic model that serves the purpose of calculating the inhalation and dermal
exposures of the worker during application of a non-volatile substance dissolved in a solvent with known
volatility, by means of spraying or fogging techniques in enclosed rooms (Koch et al., 201217). The exposure
concentration is computed by means of a droplet simulation model. This model takes into account, among
other factors, the turbulent mixing of the spray with the indoor air, the gravitational sedimentation of droplets,
and droplet evaporation. The corresponding transport balance equations are set up and solved numerically
(Koch, 2004). With regard to dermal exposure, the model can only take the sedimentation flow of the airborne
droplets into account, but not accidentally occurring splashes.

Input and output parameters

41. The key input parameters are the released droplet spectrum, the release rate, the concentration of
the active substance, the spatial and temporal pattern of the release process (surface spraying against floor,
ceiling, wall and room spraying), the vapour pressure of the liquid, the size of the room and the Air changes
per Hour (ACH). In addition, the path of the sprayer can be explicitly included in the model. The model
calculates the airborne concentrations of the respirable, thoracic, inhalable, or any other meaningful size
fraction of aerosols generated during working processes. From the calculated concentration the inhalation
as well as the dermal exposure is determined. For surface treatment with spraying, a droplet deposition
module has been incorporated in the program package. This module calculates the fraction of non-impacting
droplets which are of relevance to human exposure.

3.3.2 Accessibility and support

42. SprayExpo can be installed as a program or used as an Excel® worksheet. Recently, to facilitate the
use of the SprayExpo model, an MS Excel® worksheet was developed. It is compatible with the operating
system MS Windows® XP Service Pack 2 or later and with the program MS Excel® 2007 or later and can
be found in__ https://www.baua.de/EN/Topics/Work-design/Hazardous-substances/Assessment-unit-
biocides/Sprayexpo.html. To facilitate its use, program description and installation instructions are available
in their webpage. The tool has also been improved by including an internally stored database for droplet
distribution of certain spray devices. Therefore, it is only necessary to specify the spraying technique and
simple process parameters, such as the spraying pressure. The difficulty score calculated for this model is
1.8.

3.4 RISKOFDERM

3.4.1 Scope analysis

Tool description, domain and assumptions

43. RISKOFDERM consists of a toolkit and a model/tool. The toolkit is defined as data driven
deterministic toolkit for assessment and management of hazard, exposure and risk from dermal exposure to
hazardous chemicals at the workplace. It applies to health risks from occupational dermal exposure to both,
single substances and mixtures.
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44, The toolkit can only handle one chemical product and one exposure-scenario at a time and provides
broad data categories of hazard and exposure that lead to a rough estimate of health risk from dermal
exposure. The toolkit was constructed by analysing the major determinants of dermal hazard and dermal
exposure. The results are combined in the form of a decision-tree that leads the user of the toolkit through a
number of questions on the hazardous properties of the chemical in use, and on the exposure situation. After
going through the decision-tree the user is advised to consider an action to control the risk.

45, The RISKOFDERM tool is a model for estimating potential dermal exposure, i.e., the total amount of
a substance coming into contact with the protective clothing, work clothing and/or exposed skin. It includes
six dermal exposure operation (DEO) units, where each unit is a cluster of exposure scenarios involving
general chemical substances. The 6 DEO units are filling and mixing (DEO1), wiping (DEOZ2), dispersion with
hand held tools (DEQO3), spraying (DEO4), immersion (DEO5) and mechanical treatment (DEOBG).

46. The tool assumes that the occurrence of local health effects depends mainly on the peak values of
actual exposure dose, even if these last only a short time. In addition, because the uptake rate is unknown
in many cases, a aeasonably worst casedassumption of complete percutaneous absorption it is used (i.e.
the internal exposure equals the actual exposure).

Input and output parameters

47. Main input parameters needed are product and dilution state, ingredients, risk phrases, pH, chemical
state of the product, and workplace activity descriptors, selected from predefined options (e.qg., task duration,
type of process, body parts exposed). According to the selections on the workplace activity descriptions, the
tool assigns modifying factors (MFs) depending on e.g., task duration or body parts exposed.

48. Hazard score equals Intrinsic Toxicity score (IT), which is calculated according to risk phrases and
pH values. On the other hand, the integrated MF is calculated firstly by multiplication of each single MF with
the applicable relative contribution of the respective route of exposure, and then by summing up. This result
is later transformed into a banding level that indicates the significance of actual exposure (AE score, which
can range from negligible to extreme). Afterwards, the hazard score and the AE score are combined in order
to obtain a health risk score (Figure 2).
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Hazard Exposure
assessment assessment
\ ” /
assessment
Control
actions
AE score Hazard score
Low (no risk) Moderate High Very high Extreme

Negligible 1 1 2 5 6
Low 1 2 5 6 8
Moderate 2 3 6 8 9
High 3 6 8 9 10
Very High 6 8 9 10 10
Extreme 7 9 10 10 10

Figure2. Basic steps of dermal risk assessment matagement in the RISKOFDERMIkit (up),
and Health scores (down)

Sourcemodified from Oppl et al., 2003 (DOI: 10.1093/annhyg/meg069

3.4.2 Accessibility and support

49, RISKOFDERM is intended to be used especially by employers, safety officers, technical staff and
consultants in companies of any size, but particularly by small and medium-sized enterprises that should
have access to all the input parameters required. The final version of the toolkit executes the decision
algorithms behind the scene so that the non-expert user can only see the judgements, the recommendations
and the general information. The toolkit and the tool are given as a programmed decision tree in an Excel®
file where the user is led through the decision logic without seeing any details of assignment, calculation and
ranking of the values in between. This can be easily  downloaded from
http://www.eurofins.com/Research_occ_hygiene. The difficulty score calculated for this tool is 1.4.

3.5 MEASE 2.2.0

3.5.1 Scope analysis

Tool description, domain and assumptions

50. The MEASE exposure model aims to provide a screening tool for the estimation of occupational
inhalation and dermal exposure to metals and inorganic substances in the form of solids, liquid aerosols or
gaseous substances during manufacturing and use in workplace environments. The model is not
recommended for estimating exposure to organic chemicals.

51. For inhalation exposure, the tool follows the process-category (PROC)-specific approach of the
targeted risk assessment (TRA) tool and selects initial exposure estimates from three "fugacity classes" i.e.
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low, medium, high. This is based on the physical form, the melting point of the metal, the temperature of the
process, the vapour pressure and the selected PROC. The initial exposure estimates for PROCs in MEASE
are based on measured data from the metals industry. Risk management measures (RMM) are based on a
publication of Fransman et al. (2008s1;) who analysed >400 publications for data on the efficiency of RMMs.
As a result, MEASE gives users the possibility to choose between several RMMs. For dermal exposure,
MEASE is based on the classification system of the broadly used EASE system. The exposure estimates
are, however, based on real measured data for several metals.

Input and output parameters

52. Input parameters required are PROC selection (type of activity), physical form, level of containment,
level of automation, amount of material used, repetition, room size, concentration/purity of the substance,
duration of the activity, information on ventilation, worker protective equipment and cleaning practices.
Information regarding parallel activities can also be included.

53. Output provided by the tool is the form of 8-h time weighted average (TWA) exposure concentrations.

3.5.2 Accessibility and support

54, MEASE is an Excel®-based tool, which can be downloaded from
https://www.ebrc.de/tools/downloads.php when creating a free account. All necessary input parameters
information and results are presented in a single worksheet. Background information and user guidance can
be found in the glossary within the tool itself and the HERAG Fact Sheet 01 (HERAG, 2007s2;), which
contains information about the underlying measured data supporting the dermal model. Additional
information can be found in Fransman et al. (2008;sy)), regarding data about the efficiency of risk mitigation
measures which has been incorporated into MEASE. However, a specific user manual is not available and
users are referred to sets of underlying publications. The difficulty score calculated for this tool is 2.2.

3.6 EMKG-Expo-Tool 2.0

3.6.1 Scope analysis

Tool description, domain and assumptions

55. The EMKG-Expo-Tool uses a CB approach to quantitatively estimate and evaluate worker inhalation
exposure, and identification of RMM from exposure to solids and liquids. The EMKG-Expo-Tool can be used
as a generic tool for assessing and comparing the level of exposure with limit values (OEL), Derived No-
Effect Level (DNEL), and it is recommended by the ECHA guidance R.14 as a tool that should be used as
an approach for filtering the non-risky workplace situations from those that require detailed attention. The
exposure estimate of the EMKG-Expo-Tool is defined by the exposure potential of a substance (based on
the amount of substance used and its volatility/ dustiness) and the control approach. Exposure to dust by
abrasive techniques, spray, gases, pesticides, fumes, wood dust, welding and soldering are beyond the
scope of the tool.

Input and output parameters

56. The input parameters for the tool are substance information, dustiness or volatility (for solid or
liquids), amount of material handled, task duration, surface application size, and control strategies. Based
on the potential exposure band calculated by the tool and the selected control strategy, the corresponding
exposure band is determined (Table 4). Considering the expected exposure level and the DNEL or other
reference values, the risk categorisation ratio is estimated.
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Table4. Exposure potential band§ EMKG

Exposure Potential Band

Exposure band Material type 2 2 3 2
Control Strategy 1 Solidmg/r®) 0.010.1 0.3:1 1-10 >10
Liquid (ppm) <5 550 50500 >500
5 Solidmg/rd) 0.0010.01 0.010.1 0.11 1-10
Liquid (ppm) <0.5 0.55 550 5500

Solidmg/d) <0.001 0.0010.01 0.010.1 0.1
Liquid (ppm) <0.05 0.050.5 0.55 0.55

Sourcemodified from DOI 10.21934/baua:praxis20180801.

3.6.2 Accessibility and support

57. The EMKG-Expo-Tool is a generic easy-to-use Java TM Desktop application, originally developed
to help small and medium-sized companies derive a tier 1 inhalation exposure value for the workplace. It
requires only three input parameters, and its simple structure enables the user to distinguish quickly between
critical and non-critical workplace situations. The tool offers a simplified approach to evaluate worker
exposure and identify RMMs requiring a small number of input parameters. A new revised and improved
software version is now available at https://www.baua.de/EN/Topics/Work-design/Hazardous-
substances/REACH-assessment-unit/tEMKG-Expo-Tool.html. The new version improves accessibility and
support by way of providing a comprehensive user guide, built-in help features and an interactive user
interface. User help functions are available during tool usage via help texts. The tool also allows the user to
generate a report of the results of the assessment of the exposure scenario which can be exported as a pdf
file and saved to an inventory accessible for the user. The user must refer to external control guidance sheets,
which can be obtained from the COSHH Essentials homepage
(https://www.hse.gov.uk/coshh/essentials/index.htm) and partly the BAUA homepage (German version). The
control guidance sheets contain detailed information concerning the use description and implemented RMM
that have to be followed in order to ensure an appropriate estimation of exposure. The difficulty score
calculated for this model is 1.4.

3.7 EGRET 2.0

3.7.1 Scope analysis

Tool description, domain and assumptions

58. EGRET has been developed to assess the potential risk of exposure to consumers and workers
under the REACH legislation. The tool estimates exposure to liquids containing solvents through dermal, oral
and inhalation routes, providing risk categorisation ratio (RCR) for each route. EGRET is based on the
European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) (TRA version 2, consumer
module) but includes additional refinements.

59. The tool assumes that 100% of the amount of product used on during a spray scenario is released
into the air.

Input and output parameters

60. Main input parameters are physical/chemical properties of the substance (molecular weight and
vapour pressure), DNEL reference values, and optionally select one of the three RCR. The user can also
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select from several Specific Consumer Exposure Determinants (SCEDSs), which are sets of refined exposure
determinants to be used as input parameters in exposure tools to obtain more realistic exposure estimates.
If necessary, the user can modify the default value of one parameter and compensate for this variation by
changing the value of another parameter to ensure the safe use of the product (ingredient, surface contact
area, dilution factor, dermal factor, amount swallowed, amount used per vent and inhalation factor).
Parameters that cannot be modified are frequency, exposure duration, place of use, and oral transfer factor.
Exposure output is provided in mg/kg/day for oral and dermal exposure, and 24-h TWA in mg/m3 for
inhalation exposure. Risk assessment is provided in form of RCR.

3.7.2 Accessibility and support

61. EGRET is presented in the form of a nine worksheet Excel®, and its user manual is available for
download, free of charge, at http://www.esig.org/en/regulatory-information/reach/ges-library/consumer-gess.
The quickness of use reflects the minimum input parameters, DNEL banding approach, and excel macro
functions that enable auto-populating of operation conditions (OCs) and RMMs into the exposure narratives.
The generic exposure scenario concept implemented within the tool was found to be particularly useful,
enabling public assessment of numerous substances and products without disclosure of confidential
information. The difficulty score calculated for this tool is 1.6.

3.8 Dermal Advanced Reach Tool (dART)

3.8.1 Scope analysis

Tool description, domain and assumptions

62. The dermal advanced reach tool is a mechanistic dermal exposure model especially designed for
hand exposures to low volatile liquids including solids-in-liquid products occurring during synthesis,
manufacturing and use of chemicals in workplaces. The model is based on an existing conceptual dermal
source-receptor model that has been integrated into the ART framework, and various components of DREAM
(Goede, et al., 2019; Figure 3). The model adopts two features from ART, i.e. independent principal MFs and
activity classes (ACs) of structured groups of occupational activities. Three key processes involved in mass
transport associated with dermal exposure are applied, i.e. deposition, direct emission and contact, and
transfer. For deposition, the model adopts all the relevant MFs applied in ART. In terms of direct emission
and contact (e.g. splashes) and transfer (e.g. hand-surface contacts), the model defines independent
principal MFs, i.e. substance related factors, activity-related factors, localized- and dispersion control and
exposed surface area of the hands. To address event-based exposures as much as possible, the model
includes crucial events during an activity (e.g. hand immersions) and translates objective information on tools
and equipment (manual or automated) to probable events (e.g. splashes) and worker behaviours (e.g.
surface contacts). Based on an extensive review of peer-reviewed literature and unpublished field studies,
multipliers were assigned to each determinant and provide an approximated (dimensionless) numerical
value. In the absence of (sufficient) evidence, multipliers were assigned to determinants based on physical
laws complemented by assumptions made during discussions by experts in the consortium.
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Figure3. Simplified diagram of dermal exposure with key compartments of the ART model.

Source: Goede et 2019DOI: 10.1093/annweh/wxy106)

63. The tool assumes that the air concentration is representative of the dermal exposure via deposition,
that direct emission and contact is only relevant when a source is located in the NF of the worker, and that
low volatile products will always be available due to an almost continuous renewed availability during
application of a product.

Input and output parameters

64. The tool considers the ART input parameters, which are extended with a number of additional
dermal-specific determinants. Main input parameters are weight fraction of active ingredient, local controls
(protection factor, enclosure, exhaust) temperature, vapour pressure, viscosity, type of activity, use rate,
direction of application, spray technique, local control, spray room, level of automation, spray pressure,
surface shape and exposed surface area.

65. The tool is an activity-specific model that, if taking into account the non-exposure time during a
working day, could be used to estimate an overall TWA dermal exposure for a single task within a working
day or shift. Exposure results are provided in terms of loading rate on the hands (i.e. mg min'?) per activity
which is transformed into mass loading estimate (i.e. mg/cm? or mg/hands) by considering the exposure
duration. The model does not facilitate combining multiple activities into a single work shift estimate. Removal
processes, such as handwashing, are not included in the model.

3.8.2 Accessibility and support

66. From a tool user perspective, the ART user input parameters are merely extended with a limited
number of additional dermal-specific determinants. Nevertheless, the translation of the model into everyday
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workplace scenarios under REACH could still remain a challenge since the model is prescriptive in character
and it will require the implementation of dermal-specific model determinants. A detailed workflow with

examples, like that developed for the ART model before software development, will be required (Goede et al.,
201920;; McNally et al., 201921)).

3.9 Stoffenmanager 8.3

3.9.1 Scope analysis

Tool description, domain and assumptions

67. Stoffenmanager is a risk prioritisation web-based tool to assess exposure to chemical substances in
occupational environments. The tool provides a quantitative output for the inhalation exposure part and CBs
for inhalation and dermal exposures, which helps to prioritise the health risks of working with hazardous
products in the workplace and determining effective control measures.

68. The exposure model used for the classification into exposure bands is based on the model presented
by Cherrie and Schneider (1999s3)), which was based on earlier work by Cherrie et al. (19964). The
exposure algorithm follows a source-receptor approach and incorporates MFs related to source emission
and dispersion of contaminants (Marquart et al., 2008221). Exposure is represented as a multiplicative
function of type of handling, intrinsic properties of the product, local controls and general ventilation. For the
CB part, Stoffenmanager combines the hazard information of a product with an estimate of exposure by
inhalation or skin contact (Table 5). If risks are identified, control measures can be selected. By combining
the hazard and exposure bands the tool provides a risk or priority band. Stoffenmanager also enables the
user to design a risk reduction scenario or control scenario and a new priority band is assigned based on the
modified input parameters.

Table5. Risk matrix in Stoffenmanager

Risk band Hazard band
A B C D E
Exposure band 1 3 8 8 2
2 3 3 2 2
3 3 2 2
4 2

NoteHazard: A = lowest hazard and E = highest hazard; exposure 1 = lowest exposure and 4 = highest expohighesteratngsult: 1 =
and 3 = lowest prioffiyurcemodified from Marquart et al.,(R@I80.1093/annhyg/men032

69. Stoffenmanager inherently assumes that exposure is linearly dependent on the fraction of a
substance in a mixture. To simplify, it is assumed that the same handling and local control measures are
conducted in the FF as in the NF. In addition, no distinction is made between one or multiple co-workers in
the FF or continuous presence/part time presence of co-workers. The calculated exposure score is based
on the assumption that a task is being performed during 8 h a day with a frequency of 5 days per week (totally
40 h per week). If a task is being performed during fewer hours per day and/or in a lower frequency, a linearly
proportional reduction is used.

Input and output parameters

70. Information required by the tool is name of the product, publication date of the SDS, whether the
substance is a solid or a liquid (for solid, the dustiness is required and for a liquid, the vapour pressure),
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supplier of the product, departments in which the product is used, composition of the product (according to
the SDS), hazard categories (i.e. symbols according to the SDS), PPE and ventilation needed (according to
the SDS), and risk and safety phrases for the product according to the SDS (i.e. not for the individual
components).

71. For the exposure output, Stoffenmanager estimates the worst-case task concentration, (90-
percentile) as well as other percentiles of the exposure distribution (e.g. 50, 75 or 95-percentile).
Subsequently, the daily average concentration can be calculated for one or more tasks. Exposure
concentrations are given for substance and chemical components which can be compared with OEL values.
For risk assessment, the tool provides risk or priority bands (Table 4).

3.9.2 Accessibility and support

72. The tool is a web application available at https://stoffenmanager.com/ in four different licences, Basic
(free), Product+, Risk+ and Premium. Stoffenmanager® Basic is free of charge and is suitable for new users
and small and medium-sized companies with a limited number of products (a maximum of 35 products and
35 risk assessments). For these free license users, Cosanta B.V. provides basic support (helpdesk) and
complimentary webinars free of charge. The difficulty score calculated for this tool is 1.6.

3.10 Engineered Nanoparticle Airborne Exposure (ENAE) Tool (CPSC ENP Model) v1.0

3.10.1 Scope analysis

Tool description, domain and assumptions

73. Engineered Nanoparticle Airborne Exposure Tool, developed under the CONTAM program, is
intended to estimate air concentrations and surface loading of airborne nanoparticles in order to provide
inhalation and dermal exposure of consumers and workers. The tool is a single-zone model, based on the
NIST multizone modelling software CONTAM. The model implements a simple air handling system that
provides supply air to and removes return air from the zone. The supply and return airflow rates, and the
outdoor air fraction are user input parameters, and the model determines the resulting zone air balance. The
model takes into account gravitational settling (i.e., particles settling to the floor), diffusion (i.e., particles
settling on walls and surfaces) and dilution (i.e., effect of ventilation). The tool also assumes that
nanoparticles remain unaltered in the process of exposure, and does not distinguish between nanomaterial

types.

Input and output parameters

74. The exposure condition-related input parameters include room geometry (volume, floor area, wall
area, ceiling area, penetration factor), ventilation (supply airflow rate, return airflow rate, percent outdoor air,
air change rate, outdoor air filter), emission source (source type, release rate, emission time), occupant
exposure, initial concentration and surface loadings, resuspension rate (floor, wall, ceiling), and resuspension
area (floor, wall, ceiling). The particle-related parameters include particle diameter and density, and particle
deposition velocities (floor, walls, and ceiling).
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75. The outputs of the tool are time average of air concentrations and surface loading, expressed in
number of particles per volume and number of particles per area, respectively. As shown in Figure 4, the tool
also provides a graphical representation of time evolution of air concentrations.

3.10.2 Accessibility and support

76. Engineered Nanoparticle Airborne Exposure Tool is a free access tool implemented in a web-based
user interface and easy-to-use. The tool is available from the following link https://pages.nist.gov/CONTAM-
apps/webapps/NanoParticleTool/index.htm, and it can be used as a program or web-based application. With
regards to the availability of input parameters, the exposure-condition relevant parameters can be
determined from generic exposure factor documents. Values of the resuspension-related parameters can be
assumed 0, as they are negligible in the case of MNMs. For the particle-related parameters, values for
particle diameter and density can be determined from open sources (e.g., literature, manufacturers,
suppliers, and laboratories) while values for the particle deposition velocities may not be easily available.
The difficulty score calculated for this tool is 2.4.

3.11 Control banding (CB) Nanotool v2.0

3.11.1 Scope analysis

Tool description, domain and assumptions

77. The CB Nanotool was primarily developed to protect researchers at the Lawrence Livermore

National Laboratory by enabling precautionary qualitative risk assessment. It is a simplified approach for

experts and non-experts and accounts for factors determining the extent to which occupational workers and

consumers may be potentially exposed to MNM through inhalation. The CB Nanotool is primarily intended to

address powder handling and synthesis scenarios for evaluating the emission potential, which are not

scenarios relevant to consumer exposure. However, owing to its evaluation procedure, there is a possibility

t hat the tool ds exposure module could be applied for
exposure assessment of MNM.
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Table6. Matrix of control bands/risk level (Hejived by combinations of severity and probability
scoresof CB Nanotool

Control bands Probability
Extremely Less likely Likely Probable
unlikely (0-25) (26-50) (51-75) (76-100)
Severity = Very High (76-100) RL3 RL3 ~ RL4
High (51-75) RL 2 RL 2 RL3 ~ RL4
Medium (26-50) RL 1 RL 1 RL 2 RL 3
Low (0-25) RL 1 RL 1 RL 1 RL 2

Input and output parameters

78. As shown in Table 6, the output of the tool is 4 control bands in form of risk level (RL) derived by a
combination of severity and probability scores in a two-dimensional decision matrix, ranking from lower RL1
to higher RL4. The severity and probability scores represent hazard and exposure scores respectively. The
tool estimates an emission probability and a severity (hazard) score, and provides advice on what
engineering controls to use. The hazard band is determined by the severity score. The severity score is
based on a number of factors; surface reactivity, particle shape, particle diameter, solubility, carcinogenicity,
reproductive toxicity, mutagenicity, dermal toxicity, asthmagenicity and toxicity, carcinogenicity, reproductive
toxicity, mutagenicity, dermal toxicity and asthmagenicity of the parent material. To estimate the probability
score, the CB Nanotool evaluates the emission potential of the product through summation of five exposure
factors, where each factor is encoded to a point according to the CB Nanotool Classification Matrix. These
factors, which are input parameters required by the tool, include the amount of product used during task,
dustiness, number of employees with similar exposure, frequency of operation, and operation duration.
Output for exposure assessment is a score between 0-100.

3.11.2 Accessibility and support

79. The CB Nanotool is a free access tool implemented in an Excel-based user interface and easy-to-
use. The tool can be downloaded from the following link: http://controlbanding.net/Services.html. With
regards to the availability of input parameters, the scores of the amount of product used, frequency of
operation and operation duration parameters can be determined from generic exposure factor documents.
Score of the dustiness parameter (e.g., high) can be determined based on judgment of relative
dustiness/mistiness level. The difficulty score calculated for this tool is 1.4.

3.12 LICARA nanoSCAN v1.0

3.12.1 Scope analysis

Tool description, domain and assumptions

80. LICARA nanoSCAN is intended to address both the benefits and risks of new NEPs when compared
to non-NEPs along their life cycle. It may also be used to re-evaluate existing NEPs in order to improve them.
The tool is addressed to decision makers in the value chain and covers risks and benefits considering seven
modules:

1 nanoparticle and legislation (type of materials and application, nano-relevance and legislation)

1 environment (considers manufacturing, use and end-of-life)

1 economy (market potential, profitability, development stage)
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1 society (technology break through, highly qualified labour, global health or food)
1 public health and environmental risks (system knowledge, potential effect, potential input environment)
1 occupational health (exposure potential and hazard)
1 consumer health (exposure potential, exposed population and hazard)
81. The assessment is based on the location of the nanomaterial in the product, and the potential for

exposure to the nanomaterial in the product or article during intended use and expected modification. The

tool assumes that exposure potential depends on the location of the nanomaterial in the product. In relation

to the consumer risks, LICARA nanoSCAN uses the NanoRisKCat exposure module for the consumer
assessment, and Stoffenmanager Nano hazard module for the hazard assessment. Similar to NanoRiskCat,

the tool categorizesproduct s i nto four exposurleeatiand aMMNViansthe prgduch s ses s
without considering exposure routes and scenarios, and three risk classes. Public health and environment,
nanoproduct and legislation modules are assessed by using the Precautionary Matrix. Owing to this, SA and
performance testing are not performed on this tool.

Input and output parameters

82. As shown in Figure 5, the output of LICARA nanoSCAN is a two-dimensional graph derived from the
combination of risks and benefits scores. The risk score is obtained by evaluating environmental,
occupational, and consumer risks, where each risk is estimated as a function of exposure potential and
hazard.

1,0
Cancel/ Further
0,8 Rethink research
needed
L o6
“ ,
[ Undecided
-
3 o4
o
Other
02 benefits
n Go ahead
required
0,0 : .
0,0 0,2 0,4 0,6 0,8 1,0

Net Benefits

Figureb. LICARA nanoSCAN output derived from the condnirtdtrisks and benefits scores

3.12.2 Accessibility and support

83. LICARA nanoSCAN is a free access tool, implemented in a web-based user interface and easy-to-
use. The tool is available from the following link: https://diamonds.tno.nl/licara/. With regards to the availability
of input parameters, information on the location of MNM in the product can be easily determined based on
understanding of the location of MNM in the chemical substance. The user can also use the following
d o c u meategorids and hazard identification scheme of MNMo which provides guidance on how to
determine the location of the MNM in the product. It is a generic tool and thus it does not require detailed
information on specific MNMs and NEPs. Guidelines with a systematic step-by-step procedure can be
downloaded from https://www.empa.ch/web/s506/licara. As the tool uses already existing tools, experience
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from using is different for each module. However, in general, the tool is easy to use by using the drop down
menu. Most complex part is the one assessed by Stoffenmanager nano. The difficulty score calculated for
this tool is 1.4.

3.13 NanoSafer v1.1b

3.13.1 Scope analysis

Tool description, domain and assumptions

84. NanoSafer is a CB tool developed to address risks associated with occupational inhalation exposure
during production and use of MNM. The tool provides RLs expressed in control bands by combining hazard
assessment and case-specific exposure potentials. NanoSafer provides a risk evaluation in the NF and FF,
in which the NF is defined as a space (<2 m) around the source and FF as the remainder of the area.

Table 7. Matrix of risk levels (RL) derived by combinations of hamhexposure bandsf NanoSafer

Control bands Toxicity
0.761.00 0.510.75 0.250.50 0.060.25

osioo | I U B

<0.11 _ RL 3 RL 2 RL1
85. For the hazard evaluation, the tool considers MNM properties (water solubility, aspect ratio and

presence of coatings), risk sentences and OEL of the nearest bulk analogue compound if no nano-specific
limit value can be used. To allocate the exposure band, the tool first estimates the time evolution of air
concentrations of MNM by using a two-box model to estimate exposure potentials in the NF and FF assuming
instant mixing, and then scales the estimated values using the volume-specific surface area of the nearest
analogue bulk material. The beta version is a modified version in development since version 1 described in
Kristensen et al. (2010j26)).

Input and output parameters

86. The input parameters required by the tool for allocating the exposure bands include relative density
and specific surface area of MNM, constant release rate, volume of the room, ACH, duration of the task, and
OEL for analogue bulk material. According to the literature review, the tool generally addresses exposure
assessment of powder handling and fugitive/point emissions. Owing to this and the evaluation algorithm, the
NanoSafer exposure module could be applied to estimate the air concertation of MNM for powder and spray
scenarios, where MNM is released into the air.

87. The output of the tool is 5 risk bands with associated risk management recommendations for acute
(15 min) and 8-hour NF and FF exposure. As shown in Table 7, the risk bands are derived from a combination
of hazard and exposure bands in a two-dimensional risk matrix, ranking from RL1 (low) to RL5 (high).

3.13.2 Accessibility and support

88. NanoSafer is a free access tool implemented in a web-based user interface and easy-to-use,
primarily intended for small and mid-size enterprises (SMEs). The tool is available from the following link:
http://www.nanosafer.org/Login . Membership is needed in order to access the tool. The membership is free
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and can be obtained directly on the website. A short user guide is available from the member zone. With
regards to the availability of input parameters, values for the volume of the room, ACH, and the duration of
task parameters can be determined from generic exposure factor documents. Value for the constant release
rate parameter may not be easily available and is provided as an estimate or known value. The physical and
chemical information can be obtained from technical data sheets, manufacturers or suppliers. Potential
missing values on e.g., water solubility and relative density can be obtained from open literature or web-
based sources. In absence of size and surface area data the tool will provide more conservative
assessments. The difficulty score calculated for this tool is 1.6.

3.14 GUIDENnano tool

3.14.1 Scope analysis

Tool description, domain and assumptions

89. The GUIDEnano tool is intended to assess human (consumers and workers) and environmental
health risks of NEPs along their life cycle. The tool includes a database of around 200 exposure activities
with default parameters, and addresses dermal, oral and inhalation exposure. The tool is based on
computational exposure models. Fate models (e.g., the I0S dispersion model), are implemented in the tool
to estimate concentration of MNM in outdoor compartments.

Input and output parameters

90. The input parameters required by the GUIDEnano tool for the estimation can be divided into two
groups: (1) exposure condition-related parameters and (2) MNM/product relevant parameters. The exposure
condition-related parameters include operational time and frequency, room geometry, ACH, ventilation rate,
amount of product used, room temperature and pressure, and PPE used. The MNM/product-related
parameters include composition, dustiness, OEL, size distribution, mean diameter, size type (e.g.,
aerodynamic size, primary size), shape, and density.
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Figure 6. Predicted air concentration of Fi@er exposure time for different size rangdh
GUIDEnano

As shown in Figure 6, the tool also provides a graphical representation of air concentrations of MNM over
exposure time. In addition, the tool guides the user into appropriate external exposure assessment models
based on exposure scenario or route defined by the user. For example, for inhalation exposure, ConsEXxpo is
offered by the tool for the calculation of the air concentration and inhale dose of MNM.

3.14.2 Accessibility and support

91. The GUIDEnano tool is implemented in a web-based user interface and is available from the
following link together with a guide tutorial: https://tool.quidenano.eu/. Membership is needed in order to
access the tool. With regards to the availability of input parameters, values for the exposure condition-related
parameters can be determined from generic exposure factor document or from default values provided by
the GUIDEnano tool. For the MNM/product-related parameters, the user can choose values from open
sources (e.g., literature, manufacturers, suppliers, and laboratories). It should be noted that if an external
exposure model is required, corresponding input parameters are also required. The difficulty score calculated
for this tool is 1.8.

3.15 The SUN Decision Support System (SUNDS)

3.15.1 Scope analysis

Tool description, domain and assumptions

92. The SUNDS tool was developed to assess occupational, consumer and environmental risks of MNM
along the life cycle of NEPs. The tool offers two levels of assessment. The first assessment level, which is
performed by the LICARA nanoSCAN tool, involves screening risks and benefits associated with MNM. The
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second assessment level involves performing quantitative risk assessment of MNM using advanced dose-
response, occupational, consumer and environmental exposure models. Six modules are implemented in
The SUNDS tool for the second assessment level, which can be used independently. These modules include
(1) Ecological Risk Assessment module, (2) Public Health Risk Assessment module, (3)
Occupational/Consumer Risk Assessment module, (4) Economic Assessment module, (5) Environmental
Impact Assessment module, and (6) Social Impact Assessment module. The Consumer Risk Assessment
module incorporates the ConsExpo Nano model, discussed in Section 3.19, for the estimation of inhalation
consumer risks of MNM.

Input and output parameters

93. The Input parameters required by the module as well as the output of module and scenarios
addressed by the module are the same as those in the ConsExpo Nano model. Owing to this, the SA,
performance testing, and validation of ConsExpo Nano will be demonstrated the applicability of the SUNDS
tool for assessing consumer exposure to MNMs in a regulatory context.

3.15.2 Accessibility and support

94. The SUNDS tool is implemented in a web-based user interface and is available from the following
link https://sunds.dais.unive.it/. Membership is heeded in order to access the tool. With regards to availability
of the input parameters of the Consumer Risk Assessment module, values for the input parameters can be
obtained from the sources used for ConsExpo Nano. Occupational exposure assessment is based on a
cloud-link with the basic NanoSafer exposure assessment model and added RMM considering efficacies in
provided by the ECEL: Emission Control Efficiency Library for MNMs (Fransman et al., 2008). The difficulty
score calculated for this tool is 2.4.

3.16 ANSES tool

3.16.1 Scope analysis

Tool description, domain and assumptions

95. The ANSES CB tool was developed to conduct risk assessment and risk management of
occupational inhalation exposure to MNM or NEPs in industrial settings during manufacturing or usage. The
ANSES CB tool defines the emission potential bands by evaluating the emission potential of the MNM,
whether raw or included in a matrix. For the evaluation, it is assumed that the emission potential depends on
two factors: (1) the physical state of product, ranging from solid (exposure band 1) to aerosol (exposure band
4), and (2) process operations (i.e., activity emission potential). Basically, the evaluation is performed using
the following algorithm: (1) allocating the initial exposure bands based on the physical state of product at the
beginning of the process, and (2) modifying the allocated bands if physical state of product is altered due to
the process operations. It is noted that the algorithm does not consider the number of workers, frequency
and duration of exposure, and the quantity of product. The tool does not account for transmission factors.

Input and output parameters

96. The input parameters required by the tool include the physical state of product and the exposure
scenarios arising from process operation activities. The exposure scenarios include handling and transferring
of bulk powdered MNM (e.g., bagging or dumping of powder), dispersion of ready-to-use products containing
MNM (e.g., spraying), and performing activities resulting in fracturing and abrasion products containing MNM
(e.g., sanding of surfaces). Owing to the evaluation algorithm and the exposure activities addressed by the
tool, the exposure module of the tool could be applied for qualitative consumer exposure assessment when
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exposure occurs through spraying and abrasion scenarios. The tool considers up to five hazard bands, which
are defined according to the level of hazard resulting from the analysis of available information. Information
may be related to toxicity (suspected or described in literature or technical documentation, ability to cross
biological barriers, fibrous nature, biopersistence and chemical properties (surface chemistry, crystalline
form, morphology or size).

97. As shown in Table 8, the output of the tool is 5 control bands, derived by combinations of hazard
and exposure bands in a two-dimensional decision matrix, ranking from CL1 (control level low) to CL5 (control
level high).

Table 8. Matrix of control level (CL) bands derived by combinations of hazard and exposwk bands
ANSES

Control bands Emission potential bands
EP1 EP2 EP3 EP4
Hazard bands HB1 CL1 CL1 CL2 CL3
HB2 CL1 CL1 CL2 CL3
HB3 CL1 CL1 CL3
HB4 CL5

3.16.2 Accessibility and support

98. The ANSES CB tool is a free, non-interactive tool and includes decision-making rules available from
the following link: https://www.anses.fr/en/system/files/AP2008sa0407RaEN.pdf. Guidance on how to use
the tool is available from the link: https://www.anses.fr/en/system/files/-AP2008sa0407RaEN.pdf. With
regards to the availability of input parameters, information on the physical state of product can be easily
determined from the knowledge of the physical state of the chemical substance. For the exposure scenario,
information can be provided from the process operation under which exposure occurs. The difficulty score
calculated for this tool is 3.6.

3.17 Swiss Precautionary Matrix v3.0

3.17.1 Scope analysis

Tool description, domain and assumptions

99. The Swiss Precautionary Matrix is a tool that is made to help businesses to assess the need for
nanospecific measures (precautionary need) for synthetic MNM and their applications for professional end-
users, consumers and the environment. In addition, it helps to identify potential sources of risk in the
development, production, use and disposal of synthetic MNM covering the full life cycle. The tool defines a
score which is estimated considering nano definition (according to the tool), the potential effect (hazard
score), information on life cycle and potential exposure consumer, occupational and environmental. For the
consumer exposure, it is assumed that the potential exposure depends on three factors the carrier material
of the MNM (air, liquid, solid), where for MNM in the air and liquid media, the type of exposure route
considered.

Unclassified



48 | ENV/CBC/MONO(2021)27/REV

Input and output parameters

100. Based on the previously described factors, the input parameters required by the tool for the
estimation of potential exposure include the amount of product used, the type of carrier material, and the
frequency of task. The value of each input parameter is a predefined value assigned based on a category
chosen by the user from the corresponding categorization matrix detailed in the Precautionary Matrix
guidelines document.

101. Based on the output precautionary score, The Swiss Precautionary Matrix classifies the
nanomaterials into two risk categories. Nanoparticles with a score below 20 are assigned to class A, and
those with a score of 20 or higher are assigned to class B. While class A suggests no concern in relation to
the risk management, class B indicates a need for further collection of information or action. Owing to its
evaluation procedure and output, the tool could be used in the categorization-based consumer exposure
assessment of MNM.

3.17.2 Accessibility and support

102. The Swiss Precautionary Matrix is a free tool implemented in a web-based user interface and easy-

to-use. The tool is available from the following link: https://www.bag.admin.ch/bag/en/-
home/themen/mensch-gesundheit/chemikalien/nanotechnologie/sicherer-umgang-NMien/-vorsorgeraster-
NMien-webanwendung.html. Guidance on how to use the tool is available from the documentfi Gui del i nes
the Precautionary Matrix for Synthetic MNMa With regards to availability of input parameters, values for input
parameters can be determined from generic exposure factor documents. The difficulty score calculated for

this tool is 1.4.

3.18 Stoffenmanager Nano v1.0

3.18.1 Scope analysis

Tool description, domain and assumptions

103. Stoffenmanager Nano is a CB tool developed specifically to manage the potential risk from
occupational exposure to MNM. As for the qualitative version of Stoffenmanager, the output of
Stoffenmanager Nano is risk bands derived from a combination of hazard and exposure bands in a two-
dimensional risk matrix, ranking from 1 (i.e., highest priority) to 3 (i.e., lowest priority). The exposure band is
obtained by estimating a relative exposure score described in Stoffenmanager (section 3.9). The score
estimated by Stoffenmanager is converted to the exposure bands based on Stoffenmanager Nano
categorization matrix. The value of each input parameter is a score assigned based on a category chosen
by the user from the corresponding categorization matrix detailed in Stoffenmanager Nano's supporting
documentation. For example, if the user selects a category value ranging from 55% to 99% for the weight
fraction parameter from the corresponding categorization matrix, the score of the corresponding factor will
be 1.

Input and output parameters

104. Input parameters required by the tool include exposure scenarios, dustiness of product, moisture
content, weight fraction of MNM in product, room geometry, duration of the task, frequency of the task,
ventilation rate, and local control adjustment factor. An assumption made by Stoffenmanager Nano is that
the intrinsic emission entirely depends on weight fraction, dustiness, and moisture content. From the
evaluation algorithm, it can be found that Stoffenmanager Nano explicitly takes into account exposure
scenarios for the estimation. According to Stoffenmanager Nano supporting documentation, the tool
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generally addresses four scenarios: (1) MNM synthesis, (2) powder handling, (3) dispersion of ready-to-use
products containing MNM, and (4) activities resulting in fracturing and abrasion of products containing MNM.
Scenarios 3 and 4 can be related to consumer exposure. Considering * =1 (i.e., no separation between
receptor and source) and t p (i.e., no PPE used), Stoffenmanager Nano could be applied for consumer

exposure assessment of MNM when exposure to consumer products occurs through the scenarios 3 and 4.

3.18.2 Accessibility and support

105.  Stoffenmanager Nano is a free access tool implemented in a web-based user interface. The tool is
available from the following link: https://nano.stoffenmanager.nl/. With regards to availability of input
parameters, values for ventilation, room geometry, duration of task, and frequency of task parameters can
be determined from generic exposure factor documents. For the weight fraction of MNM in product,
dustiness, moisture content parameters, the user can choose values from product description label if
applicable, otherwise the user can choose values from open sources (e.g., literature, manufacturers,
suppliers, and laboratories). To assign a score to the activity parameter, the user needs to have a clear
description of the scenario under which exposure occurs. The difficulty score calculated for this tool is 1.6.

3.19 ConsExpo nano

3.19.1 Scope analysis

Tool description, domain and assumptions

106. The ConsExpo nano tool was developed to estimate inhaled dose and alveolar load of aerosol
containing MNM from spray products in consumers. It is a physics-based, mechanistic model (Delmaar and
Bremmer, 200939)). The tool provides the user with two scenarios: (1) spray scenario, where the air
concentration of the aerosol is estimated by the tool, and (2) custom scenario, where the air concentration
of the aerosol is provided by the user. In order to estimate air concentrations in the spray scenarios,
ConsExpo nano uses the model implemented in the ConsExpo tool. For both scenarios, the tool incorporates
the ICRP deposition model for estimating deposition of inhaled aerosol in the alveolar region and provides
results of a hazard study in rat using Multiple-Path Particle Dosimetry (MPPD) models for comparison if
needed.

Input and output parameters

107.  The input parameters can be divided into four groups: (1) exposure condition-related parameters,
(2) product-related parameters, (3) aerosol-related parameters, and (4) MNM- relevant parameters. The
exposure condition-related parameters include exposure duration, mass generation rate, spray duration,
room geometry, and inhalation rate. The product-related parameters include weight fraction of MNM in
product and airborne fraction. The aerosol-related parameters include density and diameter of aerosol
particles, type of diameter distribution. The MNM-related parameters involve the density, diameter and shape
of MNM, type of distribution, and dissolution rate for soluble MNM. For the estimation of inhaled dose, the
tool assumes that MNM is released as part of aerosol, and the aerosol particles are transported through the
respiratory tract. The tool also assumes that the aerosol particles only consist of MNM, and no other
components are present. The aerosol particles remain unchanged during inhalation, and they only change
when deposited in the alveolar region due to dissolution. Based on the models implemented in the ConsExpo
nano tool, the tool could be applied for predicting consumer inhalation exposure to MNMs released from
spray products. Thus, the tool will be subjected to SA, performance testing, and validation.

108.  For both scenarios, the output dose levels can be expressed as per event in any of the seven metrics:
(1) mass, (2) number of aerosol particles, (3) surface area of aerosol particles, (4) volume of aerosol particles,
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(5) number of primary MNM, (6) surface area of primary MNM, and (7) volume of primary MNM. As shown
in Figure 7, the tool also provides a graphical representation of inhaled dose and alveolar load of MNM over
exposure time.
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3.19.2 Accessibility and support

109. ConsExpo nano is a free access tool implemented in a web-based user interface and easy-to-use.
The tool is available from the following link: https://www.consexponano.nl/. With regards to the availability of
input parameters, values for the exposure condition and product relevant parameters, except for the mass
generation rate parameter, can be determined from the generic exposure factor documents and product
description label respectively. Value of the mass generation rate parameter may not be easily available. For
the aerosol-related parameters, the user can choose values from laboratory testing. For the MNM-related
parameters, the user can choose values from open sources (e.g., literature, manufacturers, suppliers, and
laboratories). The difficulty score calculated for this tool is 1.6.

3.20 ConsExpo

3.20.1 Scope analysis

Tool description, domain and assumptions

110. ConsExpo is a web-based tool that enables the estimation and exposure assessment via inhalation,
the skin or oral intake to chemical substances (i.e. paint, cleaning agents and personal care products). The
ConsExpo program implements a set of process models (of both screening models and higher tier models)
that facilitate the estimation of chemical exposure arising from the indoor, non-professional use of consumer
products. The program contains algorithms which have also been included in the EU revised Technical
Guidance Document on Risk Assessments (ECB, 2003ss)). For all routes of exposure, ConsExpo Web offers
models of increasing complexity, from simple, rough estimate models to more detailed mechanistic models.
The simple, first order models require only limited, general information, whereas the more advanced models
often require very specific data that may be hard to obtain.

111.  The tool assumes that the product is applied to skin instantaneously for dermal exposure, and direct
uptake of the compound from a product that is swallowed for oral exposure.
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Input and output parameters

112.  General information required by the tool is frequency of use, body weight, amount or concentration
of product (and fraction of the compound), exposure duration, room volume and ventilation rate. For vapour
and spray inhalation exposure, application duration, release area, mass transfer rate, molecular weight, cloud
volume, mass release rate, airborne fraction, density, particle distribution and inhalation cut-off diameter are
also required. More details on equations and requirements of the models can be found in Delmaar, Park
and Engelen (2005)z91a2 n d CobnsExjiio Web. Consumer exposure models - model documentation: Update
for ConsExpo Web 1.0.2 (doi: 10.21945/RIVM-2017-0197)a The output is provided as internal and external
exposure dose per body weight.

3.20.2 Accessibility and support

113.  ConsExpo tool, general information, manual, publications or frequently asked questions are available
at https://www.rivm.nl/en/consexpo. In newer version, the tool was also made available as web-based and
exposure estimations can be imported into Chesar (CHEmical Safety Assessment and Reporting tool
developed by ECHA) through a ConsExpo Web export file. Information about circumstances under which
consumers are exposed to chemical substances from consumer products is available in fact sheets. For
several product categories, default parameter values are provided which can be used as a basis for the
calculations in ConsExpo Web. The difficulty score calculated for this tool is 1.

3.21 Advanced REACH Tool v1.5

3.21.1 Scope analysis

Tool description, domain and assumptions

114. The Advanced Reach Tool (ART) was developed to estimate inhalation exposure to vapours, mists,
dust and metal fumes in the workplace. As represented in Figure 8, the ART tool is based on a source-
receptor approach (Fransman et al., 2011407), which describes the transport of a contaminant from the source
to the receptor. The calculation is conducted using an in-built database of class activities with measurement
data and Bayesian statistics. The model also has
The tool defines independent principal MFs (i.e. substance emission potential, activity emission potential,
localized controls, segregation, personal enclosure, surface contamination, and dispersion), which are
estimated from input parameters (i.e. for substance emission potential of powders dustiness, moisture and
weight fraction are considered). The workspace is divided into two compartments, the NF (within 1 m from
t he wor ker 6s FRh(eandrisingdhe temaintiee of the workspace). Personal exposure from a NF
source is a multiplicative function of substance emission potential, activity emission potential, (primary)
localized controls e.g. wet suppression and LEV, and dispersion. The algorithm for a FF source also includes
segregation and personal enclosure/separation. The level of surface contamination for each activity depends
on the location of the source, i.e. NF, FF, or both. Details of equations are described in Fransman et al.
(2011u07). The tool assumes that exposure determinants for the analogous scenario relevant to the ART
mechanistic model are similar to those pertaining to the user's scenario. The overall exposure is estimated
by an algorithm that considers multiple activities and exposure time to calculate an 8-h work shift or long-
term exposure periods with assumingly zero exposure.
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Figure8. Flow diagran of the ART model.

Source: Fransman et al., 2001 10.1093/annhyg/mer083)

Input and output parameters

115.  The tool requires numerous inputs and they vary with the different selections. A full and detailed
description of the tool inputs is described in the performance testing report. In summary, main inputs required
are chemical name, CAS n, duration of the activity, product type (powder, liquid, powder inli qui dé) ,
dustiness, moisture content, process temperature, vapour pressure, boiling temperature, activity coefficient,
viscosity, powder/liquid weight fraction, whether or not the activity is located in the worker breathing zone,
activity class, description of activity situation and type pf handling (e.g. amount of material handled, spray
application rateé), selection of localized control s,

116.  The tool provides mass concentrations for full shift or long term exposure in the form of 50, 75, 90,
95 and 99t percentiles. The confidence interval is also provided and user can select between inter-quartile,
80, 90 or 95%.

3.21.2 Accessibility and support

117. The advanced REACH tool is a web-based tool publicly available at www.advancedreachtool.com.
Regarding input parameters, most can be easily obtained from manufacturers or suppliers. For those which
are more complex to obtain, the tool provides drop-down definitions (i.e. dustiness index, protective
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