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Accounting for Mobility in Alternatives Assessments
Insights from the ZeroPM Project



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

ü Best way to engage with A4
ü Get access to member exclusive 

content
ü Discounts to A4 events

SIGN UP FOR EMAIL LIST
ü Receive quarterly newsletters
ü Stay up-to-date on webinars, 

workshops, and events

SHARE A4 CONTENT
ü Follow us on LinkedIn & Twitter
ü Share A4 content with your network
ü Tell a friend about A4

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/a4-membership 

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


Webinar Logistics

• 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.org

• Please stay with us until the end when we will launch a poll to get your 
perspective about the webinar. 
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http://www.saferalternatives.org/


WELCOME!

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

Pim de Voogt, 2008



Mobile chemicals in 
the media



Properties of a drinking water contaminant

Chemical Synthesis

Uses / Products

Transport through 
the environment or 
infrastructure

Water treatment
and production

Consumption

Persistent and Mobile

Toxic



Novel & ubiquitous drinking water contaminants
identified in the past 5 years

Benzyltrimethyl
ammonium

1,3-Di-o-
tolylguanidine

Trifluoromethane-
sulfonic acid
Up to 3 µg/L

2-Acrylamido-2-
methylpropane 
sulfonic acid
10-1000 µg/L

Dimethylbenzene sulfonic
acid
0.01-1 µg/L

Cyanoguanidine
0.1 – 10 µg/L

N

N

H2N

H2N

1,3-Diphenyl
guanidine

p-Cumenesulfonate
3,5-Di-tert-butylsalicyliate
0.1 – 1 µg/L

Diazabicyclooctane
0.01 – 1 µg/L

3-Nitrobenzene
sulfonate
Up to 10 µg/L

Adamantan-1-amine
Up to 0.01 µg/L

2,5-dichloro-
benzenesulfonic acid
Up to 100 ng/L

Neuwald et al. ES&T 2022
Kiefer et al. Water research 196 (2021) 116994

Phenyl 
phosphonic acid
Up to 0.05 ng/L

Triisopropanolamine
borate
Up to 40 ng/L

metaolachlor
Up to 0.5 µg/L

Schulze et al. Water research 153 (2019): 80-90.
Neuwald et al. Water Research 204 (2021) 117645



Zero pollution of persistent, mobile 
substances 
• ZeroPM will interlink and synergize three 

strategies to protect the environment and 
human health from persistent, mobile 
substances: Prevent, Prioritize and Remove.

Project period: 
October 2021 to September 2026
Project budget: 11.6 million Euro



ZeroPM’s concept



European Regulatory Developments



PMT/vPvM hazard classes in the CLP regulation

..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.



Assessing persistency (P and vP)
P and vP criteria identicle to Annex XIII of
REACH

ECHA Chapter R.11. Version 3.0 (June 2017)
Neumann & Schliebner (2019)

persistent (P) 
in any of the 
following 
situations

very persistent 
(vP) in any of the 
following 
situtations

marine water half-life > 60 days half-life > 60 days

fresh water half-life > 40 days half-life > 60 days

marine sediment half-life > 180 
days

half-life > 180 
days

fresh water 
sediment

half-life > 120 
days

half-life > 180
days

soil half-life > 120 
days

half-life > 180 
days



Assessing Mobility
Mobile (M) 
if it fulfills P or vP 
and the following
situation

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

CLP Draft 
Ammendment

log KOC

< 3.0 <2.0

Mobile Criterion (M)

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."



Alternative assessment to avoid «Regrettable Substitution» -
include mobility!

P B M

T Teco Trans-
form-
ation 
Produ

cts

Uncer
t-aintyC Mut R EDC Aqua Terr.

USEPA CTSA û ü û ü ü ü û ü û ü ü
UNEP POP General 

Guidance on Alternatives ü ü û ü ü ü ü û û û û

BizNGO protocol 
including GreenScreen® ü ü û ü ü ü ü ü û ü ü

NAS guideline ü ü û ü ü ü ü ü ü ü ü
European Commission 

DGE ü ü û ü ü ü û ü û û ü

Zheng et al. (2020,2021) ü ü ü ü ü ü ü ü û ü ü

Zheng et al. " Environmental science & technology 55 (2020): 1088-1098.



DecaBDE banned in Europe 2008 in 
electronics, added to Stockholm 
Convention. USA voluntary phase-out 
by 2013



Alternatives to heat maps 
• MAUT - Mul)a+ribute u)lity theory (MAUT)

• P, B, M, T converted into comparable scales
• trade-off weigh;ng factor represen;ng the rela;ve 

significance of each criterion to be assigned in order to 
permit aggrega;on. 

• Elimina)on Et Choix Traduisant la Realite ́(ELECTRE III) 
• compare the performance of pairs of alterna;ves  with 

respect to each criterion, 
• build a “credibility matrix” which presents the extent to 

which an alterna;ve outranks the other alterna;ves. 
• Importance coefficients are used instead of trade-off 

weights
• Allows for considera;on of uncertain;es via 

“thresholds”



The “Least worst” of organic chemical 
alternatives to decaBDE

Relatively less toxic, not mobile, but still 
persistent and some toxicity (including 
transformation  products)
-> A P and T substance

Least toxic and mobile, quite 
persistent 

A PMT and vPvM substance

BEH-TEBP
melamine



The combination of the essential-use 
and functional substitution concepts

Source: Roy et al. (2022)
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Assess:
1) Technical function 

necessary for performance?
2) Safer alternatives available?
3) Necessary for health, safety 

or critical functioning of 
society?



Definition of the technical function for 
cosmetic products

CLIMBAZOLE
CAS Number: 38083-17-9
Technical function: 
Preservative and anti-
seborrheic agent
Type of products: Shampoos 
(as anti-dandruff agent)

BENZOPHENONE-4
CAS Number: 4065-45-6
Technical function: UV filter 
and UV absorber
Type of products: All types of 
cosmetic products

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 
agent

Anti-dandruff 
properties YESCLIMBAZOLE



Is the function necessary for the 
performance in the application?

BENZOPHENONE-4

Protection from 
skin diseasesUV filter

UV absorber Improve 
duration of use

YES

YES



Is the function necessary for the 
performance in the application?

Provide color 
to the surfacePigment

Pigment Marketing 
purposes

YES

NO

ALLURA RED
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Hazard assessment



Comparison of the alternatives

• Comparison of 
alternatives with 
MCDA methods based 
on hazard profile

• Heat map
• MAUT
• ELECTRE III

• Safer alternatives 
available for all case 
study

Use 
case

Chemical name Ranking
Heatmap MAUT ELECTREIII

Pi
gm

en
t

Allura red 3 4 3
Malvidin chloride 6 2 2
Beetroot red 1 1 1
Pigment red 51 3 5 5
Pigment red 68 2 6 3
Acid red 180 7 7 7
Pigment red 122 5 3 5

U
V-

fil
te

r

Benzophenone-4 2 4 3
Ensulizole 1 1 1
Benzylidene camphor sulfonic acid 5 5 7
Bisdisulizole disodium 2 3 5
Bemotrizinol 4 2 2
Bornelone 7 6 5
Phenylemenis-diphenyltriazine 6 7 3

A
nt

i-
se

bo
rr

he
ic

Climbazole 6 6 5
Octanoic acid 3 2 1
Caprylylglycine 2 3 2
Shikimic acid 1 1 4
Ciclopirox olamine 4 4 2
Hexamidine diisethionate 5 5 6



Conclusion on essentiality

Substance name Chemical 
function

Is the use of the 
chemical justified?

No safer 
alternative 
available?

Necessary for 
health and 
safety?

Conclusion

Benzophenone 4 UV absorber 
or UV filter YES NO Assessment not 

needed NON-ESSENTIAL

Allura Red Pigment

YES

NO, if use for 
marketing purposes

NO Assessment not 
needed NON-ESSENTIAL

Climbazole Anti-dandruff 
agent YES NO Assessment not 

needed NON-ESSENTIAL



In development…

Assessment



Considering Social Perceptions within 
the Essential-Use concept
• An extra layer of 

essentiality beyond 
technical function

• Relevant for 
assessing diverse 
stakeholder 
perspectives 
(industry, general 
public, policy)



Overall sustainability and life cycle 
considerations
• Consider life cycle impact analysis 

with alternatives assessment
• Also consider technology and 

impacts of water removal technology

Energy intensive reverse osmosis 
facility to eliminate PFAS at the 
Rastatt test site to make drinking 
water potable

Holmquist et al. Environ. Sci. Technol. 2020, 54, 10, 6224-6234



Market transition  for industry to assess 
alternatives

Anna Lennquist
ChemSec

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



Cheminformatic approaches
• Global Chemical Inventory

• Info on all chemicals in the global 
chemical inventory

• Including transformation pathways
• Persistent and mobility assessment
• Substance grouping

• Alternative Assessment Database
• Case studies selected regarding use
• Dossiers of information alternatives 

(chemical, material, digital, etc.)

& Parviel Chirsir



Summary

Assessment

• 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



CLP to GHS

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



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

Thank-you!!

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
▼ Provide safer chemical alternatives to non-essential uses of PM substances
▼ Stimulate and support policy changes to more effectively tackle PM substances
▼ Assist a market transition away from harmful PM substances
PRIORITIZE
▼ Prioritize PM substances and substance groups on the global chemical market for

prevention and removal
▼ 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
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Additional Insights

Romain Figuière 
PhD Student 
Stockholm 
University

Greg Peters 
Professor 

Chalmers University 
of Technology

Ian Cousins 
Professor

Stockholm University



Questions? Comments?
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THANK YOU!  
Please complete evaluation poll 

before you leave
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