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HOW WE MAKE A DIFFERENCE

« Advancing the science, practice, and policy of alternatives assessment and informed substitution

« Fostering international and interdisciplinary collaboration
« Supporting a community of practitioners dedicated to the adoption of safer chemicals

WHY JOIN A4 OR PARTICIPATE

BECOME A MEMBER SIGN UP FOR EMAIL LIST SHARE A4 CONTENT
v' Best way to engage with A4 v' Receive quarterly newsletters v Follow us on LinkedIn & Twitter
v' Get access to member exclusive v’ Stay up-to-date on webinars, v' Share A4 content with your network
content workshops, and events v' Tell a friend about A4

v Discounts to A4 events
To learn more and join, please visit the A4 website at www.saferalternatives.org.

It takes one minute to go online and join as a member at
https:/saferalternatives.org/membership/a4d-membership



http://www.saferalternatives.org/
https://saferalternatives.org/membership/a4-membership

Webinar Logistics ;4

 We are using Zoom Meeting. Please keep your lines muted and your videos
off.

« Use “speaker view” in Zoom — it will offer the best viewing experience.

* During the Q&A portion of the session, if you wish to ask a question or offer a
comment, please raise your hand.

* Feel free to unmute your line and turn on your video to engage more
voices/faces in the conversation.

— Also feel free to use the chat.

» This session is being recorded and will be posted with the slide deck on the A4
website: www.saferalternatives.orqg

* Please stay with us until the end when we will launch a poll to get your
perspective about the webinar.



http://www.saferalternatives.org/

WELCOME! 14’

Today we will hear from researchers involved the ZeroPM — Zero Pollution of
Persistent, Mobile (PM) substances — project and their efforts to better account
for the hazards of these substances in alternatives assessment process.

Primary Goals:

« Learn about new criteria recently adopted by the EU Commission

« Explore the essential use and substance grouping concepts as related to PM
substances

» Consider implications for alternative assessment — results from case studies

« Explore the use “big data” for identifying functional alternatives to PM substances
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The Flow

« What is chemical mobility?

The ZeroPM project

Updated CLP criteria in Europe

Mobility in Alternative Assessments

Essential Use in Alternative Assessments

In development...
« Stakeholder perception

« Sustainability assessments
 Tools for market transition
« "Big Data” cheminformatics databases/tools




What is chemical mobility?

“The European REACH legislation will possibly drive producers to
Innovate their products, possibly to develop newly designed
chemicals that will be less persistent, bioaccumulative or toxic.
...[T]his may result in higher mobilities of chemicals in the
aqueous environment. As a result, the drinking water companies
may face stronger demands on removal processes as the
hydrophilic compounds inherently are more difficult to remove.”

7 Pim de Voogt, 2008



Mobile chemicals in

the media
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Scientists in China call for national strategy on PMT

substances

20 May 2021

China

Review of studies finds evidence of surface water contamination

Exposure monitoring & measurement
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nEwigkeitschemikalie“, Sanierung ausgeschlossen. Wasserwerke und Behdrden

Scientists are concerned that the allowable levels of to:
sind bis heute mit den Schiaden beschiftigt.

“forever chemicals” - in drinking water are too high.

By Leana Hosea and Rachel Salvidge
BBC News
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SAN FRANCISCO (AP) — A lawsuit filed Thursday by the state of California accuses 3M, Dupont
and 16 smaller companies of covering up the harm caused to the environment and the public

@®®6e

from chemicals manufactured by the firms that have over decades found their way into waterways
and human bloodstreams.

A BBC study found PFAS levels exceeded European safety levels in almost half
of the samples taken. However, none exceeded the current safety level in

England and Wales.
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Uses / Products

Properties of a drinking water contaminant

~

Transport through  \Water treatment

. Consumption
the environment or and production




Novel & ubiquitous drinking water contaminants
identified in the past 5 years
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Zero pollution of persistent, mobile
substances

« ZeroPM will interlink and synergize three Ze rb. P M

strategies to protect the environment and

human health from persistent, mobile
substances: Prevent, Prioritize and Remove.

Prevent

Prioritize

@ Empa

Materials Science and Technology
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”””””””””” Project period:
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Stockholm @ Divgrsitat VUE i October 2021 to September 2026

BnIeEaIy Project budget: 11.6 million Euro




ZeroPM's concept

ZerOPM

Multilevel framework

_ regrettable substitution for
Prevent prioritized PM substances, by assessing
hazards, sustainability, exposure and removal.

Interlinked Strategy

Chemical Technology, Policy and Markets ( Prioritizing PM substances and groups
Prioritize based on intrinsic properties, exposure,
and hazard to select those substances to
prevent and remove most urgently
e Water Exposure and Hazards
Y Remove el orioritized PM substances via
/

effective, sustainable and safe remediation
methods, that nrevent unfocused
remediation effort

Y Remediationand Impacts
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N European Regulatory Developments

»

EU Clgemicals Strategy
¥for Sustainability
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PMT/vPvM hazard classes in the CLP regulation

EUROPEAN COMMISSION

Brussels, 19.12.2022
COM(2022) 748 final
2022/0432(COD)

Proposal for a
REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

amending Regulation (EC) No 1272/2008 of the European Parliament and of the Council on classification, labelling and packaging of substances and
mixtures

..added definitions and scientific and technical criteria to enable substances and mixtures that have endocrine
disrupting (‘ED’), persistent, bioaccumulative and toxic (‘PBT’), very persistent and very bioaccumulative
(‘vPvB’), persistent, mobile and toxic (‘PMT’), or very persistent and very mobile (‘vPvM’) properties to be

classified into established hazard classes.

... European Chemical Manufactures now need to do PBT/vPvB and PMT/vPvB substance
evaluation/labelling to bring them on the European market.
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Assessing persistency (P and vP)

P and vP criteria identicle to Annex Xlll of

identifiable organic chemical Ll

N/A
persistent ? £> not a
PMT/vPVvM

NO
", substance

vPVM PM
substance substance

toxic?
other

L8 hazardous
properties

PMT

REACH
Annex Xl
section 1.1.

substance

REACH

persistent (P)
in any of the
following
situations

very persistent
(vP) in any of the
following
situtations

marine water half-life > 60 days

fresh water half-life > 40 days

marine sediment half-life > 180
days

fresh water half-life > 120

sediment days

soil half-life > 120
days

half-life > 60 days
half-life > 60 days
half-life > 180
days

half-life > 180
days

half-life > 180
days

ECHA Chapter R.11. Version 3.0 (June 2017)
Neumann & Schliebner (2019)
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Assessing Mobility Mobile Criterion (M)

. o : i NO
identifiable organic chemical LI N/A
>0.1% ?

; NO
persistent ? s nota
PMT/vPVM
mobile? _NO_ " substance

vPVYM PM
substance substance

toxic?
other

L8N hazardous
properties

PMT

REACH
Annex XIlI
section 1.1.

substance

Mobile (M) very mobile (vM)
if it fulfills P or vP if it fulfills P or vP
and the following  and the following

situation situation
CLP Draft
Ammendment
< 3.0 <2.0
log Koc

CLP delegated act (2022): "The classification criteria for M/vM
relate, in particular, to the log Koc (soil adsorption coefficient)
value. The Koc value is the organic carbon-water partition
coefficient and reflects the ability of a substance to be adsorbed
on the organic fraction of solid environmental compartments
such as soil, sludge and sediment, and is therefore inversely
related to the substances’ potential of entering into ground
water. It is therefore appropriate to assess the mobility criterion
against the log Koc value of a substance, a low Koc implying a
high mobility."
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Alternative assessment to avoid «Regrettable Substitution» - G

include mobility!
| USEPACTSA

C Mut R EDC Aqua Terr.
USEPA CTSA x v % v v v x v x v v
.UNEP POP Genera! v v < v v v v < " « «
Guidance on Alternatives
: BIZ.NGO protocol v v « v v v v v « v v
including GreenScreen®
NAS guideline v v x v v v v v v v v

European Commission
DGE

v v x v v v x v x x v
Zheng et al. (2020,2021) IR 2 A S

Zheng et al. " Environmental science & technology 55 (2020): 1088-1098.
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Combining in Silico Tools with Multicriteria Analysis for Alternatives

Assessment of Hazardous Chemicals: A Case Study of
Decabromodiphenyl Ether Alternatives

Ziye Zheng,T@ Gregory M. Peters,”" Hans Peter H. Arp,”"L and Patrik L. Andersson™’ @

Br Br
Br O Br
Br BrBr Br
Br Br
DecaBDE banned in Europe 2008 in

electronics, added to Stockholm

Convention. USA voluntary phase-out
by 2013

T

Tz
S

Hazard &
criteria

P B M

Experimental
f . In silico data
data

Target

chemicals

Alternatives
Assessment

2

Y

/

Multicriteria decision
analysis tools

ELECTRE 1lI

Air half-life

Water half-life

P| Soil half-life

Sediment half-life

Biodegradation

B| BCF

T| Skin sensitization

Mutagenicity

Carcinogenicity

Developmental toxicity

Estrogen binding

Androgen binding

Transthyretin binding

Skin irritation

Eye irritation

Rat oral LD50

Fish acute LC50

Daphnia Magna 1.C50 48h

T. pvriformis IGC50 48h

M| Mobility

Jagedap

Jdddd
Idg939199
dd9d49-vdddl

ZV1-ddll

ddddd

H491-Hd
dg31-H3d
8073ALEOdg>d v

)
o

dHdL
ddddd

4919
ddddg-vdd

ddNELL

d39L
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Alternatives to heat maps

 MAUT - Multiattribute utility theory (MAUT)
* P B, M, T converted into comparable scales

* trade-off weighting factor representing the relative M (PBT)
significance of each criterion to be assigned in orderto M (PMT)
permit aggregation. M (PBTM)

E (PBT)
E (PMT)
* Elimination Et Choix Traduisant la Realite’ (ELECTRE Ill) E (PBTM)

which an alternative outranks the other alternatives.

. ves wi TEEEEEEFEEEEEEEE
* compare the performance of pairs of alternatives with CEIEE I LIrFE EBIZOS T
tar z =B~ e SRCIN ~ (B
respect to each criterion, S 2 % S8 ® 5 2 . _Ev . =
. . ope - . m -~ 1 > W :.:- O
* build a “credibility matrix” which presents the extent to g N = z e
= &
= S
o

* Importance coefficients are used instead of trade-off
weights

* Allows for consideration of uncertainties via
“thresholds”

=9

S - N W

o W s U o3 w9
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The “Least worst” of organic chemical

alternatives to decaBDE

CHa

Br O ‘j/\/\CHs
Br
@)
@)
Br
Br @) g\/\/CH3
CHj
BEH-TEBP

Relatively less toxic, not mobile, but still
persistent and some toxicity (including
transformation products)

-> A P and T substance

NH.

N*N
A

HoaN" N NH,

melamine

Least toxic and mobile, quite
persistent

A PMT and vPvM substance



The combination of the essential-use
and functional substitution concepts

What is the technical If the technical function is not
function of the CoC in needed, remove the CoC from
the application? the application EQCVIHUI]["CE"]HL
N If safer alternatives are available Ie“ce& e "0 ngu
Fit-for-purpose | | Is the functional use of that provide “fit-for-purpose” pubsacs orglest
L performance criteria ) the CoC necessary for performance, substitute the
i St Ol Combined Application of the Essential-Use and Functional
4 N Non-essential Substitution Concepts: Accelerating Safer Alternatives
Ranige ot on use If the CoC is non-substitutable
performance Is the use of the CoC but the application is not Monika A. Roy, Ian Cousins, Elizabeth Harriman, Martin Scheringer, Joel A. Tickner,*
outcomes for necessary for health, and Zhanyun Wang
alternatives that \ safety or gitical for the N1S008eaL/: PHASIIOUL B GoG
fulfil the technical functioning of society?
\_ function of the CoC ) OR Essential
use
/ i \ Are there no available
Func!nor!al alternatives for the use Assess:
Substitution :
Develop safer alternatives
Levels of the CoC that are . .
« Chemical function acceptable from the 1 ) Tec h Nnica | fu nction
+ End-use function standpoint of Risk management and 3
- Function as a environment and substitution plan for continued necessary for pe rformance?
\ service ), human health? CoC use | . . I b | 5
iare— 2) Safer alternatives available?
Conce
= 3) Necessary for health, safety
or critical functioning of
Source: Roy et al. (2022) 9
society?
22



Definition of the technical function for

cosmetic products

CLIMBAZOLE BENZOPHENONE-4

CAS Number: 38083-17-9 CAS Number: 4065-45-6
Technical function: Technical function: UV filter
Preservative and anti- and UV absorber

seborrheic agent Type of products: All types of
Type of products: Shampoos cosmetic products

(as anti-dandruff agent)

ALLURA RED

CAS Number: 25956-17-6
Technical function: Pigment
Type of products: All types of
cosmetic products

Van Dijk, J. et al, Managing PMT/vPvM substances in consumer products through the concepts of essential-
use and functional substitution: a case-study for cosmetics, Environ. Sci.. Processes Impacts, 2023



Is the function necessary for the
performance in the application?

Anti-dandruff Anti-dandruff
Ant dandif Ant dandrft YES




Is the function necessary for the
performance in the application?

) :
UV filter Pro’Fectloon from
) skin diseases

LY Improve
 diyt UV absorber duration of use
&

¥.

o'

YES

YES



Is the function necessary for the
performance in the application?

Provide color
to the surface

ALLURA RED
. Marketing
%Y? [ Pigment J { purposes J
-
o

YES

NO



Hazard assessment

Pigment red 122
Pigment red 68

Allura red

Pigment red 51
Malvidin chloride
Beetroot red
Acid red 180
Allura red

Data
Datagaps_Thuman

Datagaps_Tenv

Il QSAR P
Phenylemenis—Diphenyltriazine Il QSAR_B
° Ensulizole B QSAR_ M
= - Bornelane B QSAR_Thuman
E _ Bisdisulizole dls?dluTn I QSAR Tenv
S Benzylidene Camphor Sulfonic Acid ]
vt . Il Experimental_P
Bemotrizinol _
Benzophenone-4 B Experimental B
Bl Experimental_M
B Experimental_Thuman
Shikimic acid I Experimental_Tenv
o Octanoic acid
x Hexamidine diisethionate
v Ciclopirox olamine
5 .’ Caprylylglycine
‘ ° Climbazole
S 0 10 20
a ® Number of datapoints



Comparison of the alternatives

Chemical name

Heatmap

Ranking

MAUT

ELECTREIII

Octanoic acid
Caprylylglycine

available for all case
study

Shikimic acid
Ciclopirox olamine
Hexamidine diisethionate

Anti
seborrheic

° Comparison Of II\.\/II;IaLII\:-iZi:\e(cthoride 2 ‘21 3

alternatives with Bectroot red ! ! !
igment re

MCDA methods based = pigment red 68 2 6 3

. Acid red 180 7 7 7

on hazard profile pigment red 122 : ; :

o Benzophenone-4 2 4 3

Heat map > Ens:lizole 1 1 1

s MAUT I-Bl Benzylidene camphor sulfonic acid 5 5 7

2 Bisdisulizole disodium 2 3 5

« ELECTRE III f Bemotrizinol 4 2 2
ornelone

° Safer alternatlves Er.enylemenis-diphenyltriazine 6 7 3

imbazole 6 6 5

3 2 1

2 3 2

1 1 4

4 4 2

5 5 6




Conclusion on essentiality

: No safer Necessary for

Chemical Is the use of the : :
Substance name : D alternative health and Conclusion

function chemical justified? :

available?  safety?

Sermsalienennd DGOSR NO Assessmentnot  \ 4N ESSENTIAL

or UV filter needed

YES

Allura Red Pigment NO Assessmentnot  \ 4N ESSENTIAL

NO, if use for
marketing purposes

needed

Climbazole Anti-dandruff YES NO
agent

Assessment not
needed

NON-ESSENTIAL




In development...

WP8

WP2
WP3
WP4
WP5
WP6
WP7
WP8

Project Management
Alternatives Assessment

Policy

Market transition

Substance grouping

Risk assessment

Technical solutions
Dissemination & Communication
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Considering Social Perceptions within
the Essential-Use concept

 An extra layer of 'Techntiica:l defiition of - | Requlate use of PiAS as
12l essential use: % :
essen:tl al Ity beyond Is PFAS needed for the 1 aecsenge
techn|ca| fu nction functioning of product? ,
Yes = Apply social data: No
* Relevant for | es» Is the product or the level " | Retain as
. . of functioning socially essential, but with
assessing diverse essential? Yes —barendove.rall .

‘ ct
stakeholder el
perspectives

I Social science methods:
(I n d U st ry’ g enera l * Assess what different stakeholders know/think about PFAS, across key groups in society.
p u bl I C, p O | |Cy) * Assess whether there is majority support for policy changes to enforce PFAS regulation for certain

uses, when people are adequately informed of the risks/benefits.
 Test and use best-practice communications about the risks/benefits of PFAS to foster support for
regulatory control of PFAS (+ extend practice to other SVHCs).

Mat White

Senior Scientist

Sabine Pahl

Professor of Environmental Psychology M

Ellise Suffill

Post-doctoral researcher

Mathew.white@univie.ac.at

Sabine.pahl@univie.ac.at
University of Vienna

Ellise.suffill@univie.ac.at
University of Vienna

University of Vienna
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Overall sustainability and life cycle
considerations

 Consider life cycle impact analysis
with alternatives assessment

* Also consider technology and
impacts of water removal technology

LCA step LCI Transformation LCIA
PFAS | lwvontory of sl PFAS " | A tdeniification of relevant
specific | emissons n the studied : terminal degradation B Cliicicsisiagas of
procedure 1 B M mees | ggm':"'ﬁ’:f“ [ * (ocohoxcity mpacts Ene:\r.gy |nter.15|ye reverse 0smosis
| (pimarypollutants) | | emission compartments facility to eliminate PFAS at the
N s N Rastatt test site to make drinking
Input PFAS use Translation table PFARadpted water potable
information e (Ao P
fractions
\ Dr. Greg Rahul & :" Mz:rcel
Holmaquist et al. Environ. Sci. Technol. 2020, 54, 10, 6224-6234 & P el WP leades

(TZW)



Market transition for industry to assess
alternatives

§,'chemsec

IRl [ ’ Searc Investigate Phase out Concern Regulation Sector
{ 41 )
Ul l .

{,"chemsec

MARKETPLACE

Welcome to the

PFAS Guide Future-proof your business
Find safer alternatives to hazardous chemicals

PFAS chemicals are used in many product categories, even where you least Marketplace gathers all green chemistry innovations in one
expectit. The PFAS Guide can alert you to products likely to contain these place, making it easier for companies to choose safer
chemicals and give your company advice on how to phase them out. solutions. Search advertisements of safer alternatives and
connect with suppliers.
47 g (B
Hh OV A B G
| tigat Phase ou t Concern Regulat Sect

How it works  Find alternatives  Add alternative ~ Submit request ~ Terms & conditions  News  FAQ

https://pfas.chemsec.org/ https://marketplace.chemsec.org/

. Anna Lennquist
ChemSec
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Cheminformatic approaches

* Global Chemical Inventory

* Info on all chemicals in the global
chemical inventory

* Including transformation pathways
* Persistent and mobility assessment

» Substance grouping P

« Alternative Assessment Database L 5

» Case studies selected regarding use
* Dossiers of information alternatives sl

(chemical, material, digital, etc.) C? C;Q/O

Sivani Baskaran Emma L. Schymanski Zhanyun Wang
sivani.baskaran@ngino mma schyma nski@uni.lu zhanyun.wang@empa.ch
NGI rsity of Luxembourg EMPA

o Raoul Wolf
) Lw lf@ngin,
'\4.

Hans Peter Arp
hans.peter.arp@ngi.no
NGI

& Parviel Chirsir

Emma Palm
PhD Student

University of Luxe

mbour:

emma.palm@uni.lu



Summary wre

« ZeroPM seeks to incorporate in
Alternatives Assessment
« Mobility (PMT/vPVM criteria)
* Essential Use
« Stakeholder perceptions
» Sustainability and LCIA
* Tools for industry and policy makers
 Big data approaches

WP1
WP2
WP3
WP4
WP5
WP6
Wp7
WP8

Project Management
Alternatives Assessment

Policy

Market transition

Substance grouping

Risk assessment

Technical solutions
Dissemination & Communication
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CLP to GHS

EQuem:e Enn 00y

pubs.acs.org/est

The Need to Adopt an International PMT Strategy to Protect
Drinking Water Resources
Biao Jin,* Chen Huang, Yang Yu, Gan Zhang, and Hans Peter H. Arp*

Cite This: Environ. Sci. Technol. 2020, 54, 11651-11653 Read Online

Inclusion of PMT/vPvM criteria in the UN-GHS

The EU will chair a new UN informal working group
to develop global criteria for the newly adopted

hazard classes

Please get in contact if you are working with the
UN-GHS



ZerOPM

Thank-you!!

@ Empa L, *chemsec

Materials Science and Technology INTERNATIONAL CHEMICAL SECRETARIAT

5 8:0)
s~ TZW %
ﬂ DVGW Technologiezentrum R 3\
Wasser Ny i £
UNTVERSITY OF THE, ATGEAN
®
l' 'l I I Il ¥ TG ENVIRONMENTAL
RESEARCH

ITEM -F " @

Norwegian Institute for Water Research UNIVERSITE DU
LUXEMBOURG

s‘::&%

2l 2

03" Z5 wniversitat g{ e
Stockholm 0 WIER Umwelt VU oo
University Bundesamt

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101036756.

\
S
o
®

Contact: hans.peter.arp@ngi.no



ZeroPM'’s objectives

To establish an evidence-based multilevel framework for minimising use, emissions and
pollution from PM substances to protect European water resources and avoid risks to humans.

» Subobjectives
PREVENT

V¥ Provide safer chemical alternatives to non-essential uses of PM substances

¥ Stimulate and support policy changes to more effectively tackle PM substances
V¥ Assist a market transition away from harmful PM substances
PRIORITIZE

V¥ Prioritize PM substances and substance groups on the global chemical market for
prevention and removal

V¥ Characterise and quantify impacts of PM substances on human health and the
environment

REMOVE
¥ Demonstrate how and if legacy PM substance pollution can be remediated



Additional Insights
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Questions? Comments?
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ASSOCIATION FOR
THE ADVANCEMENT
OF ALTERNATIVES
ASSESSMENT
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INTERNATIONAL SYMPOSIUM ON
ALTERNATIVES ASSESSMENT

Enhancing Safety, Health and Equity .

OCTOBER 25-26,2023 | TACOMA, WA
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THANK YOU!

Please complete evaluation poll
before you leave
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