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Learning Objectives

Explain why regrettable substitutions occur

Provide examples of the differences between risk assessment
and alternatives assessment

ldentify the key steps of an alternatives assessment and the
commonly used modules

Know several resources to find alternatives

Become familiar with at least one chemical hazard assessment
tool

Be able to screen out chemicals based on hazard lists
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What is a Regrettable
Substitution?

Replacing a known toxic substance
with another known (or not yet
known) toxic substance.

It can also be replacing a toxic
chemical with one that fails to
meet performance needs.



Regrettable Substitution

The function of the chemical is as a developer in thermal paper.
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Bisphenol A Bisphenol S

« Toxic to Development  Toxic to Reproduction
« Endocrine Disruptor « Endocrine Disruptor
« Acute Agquatic Toxicity « Chronic Aquatic Toxicity

Example from the EU HERE


https://echa.europa.eu/documents/10162/2564887/bpa_thermal_paper_report_2020_en.pdf/59eca269-c788-7942-5c17-3bd822d9cba0

Regrettable Substitution

The function of the chemical is as a heat and light stabilizer in PVC
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Lead (Il) Stearate Cadmium (lIl) Stearate
—  Carcinogenic « Carcinogenic
 Toxic to Reproduction « Acute Mammalian Toxicity
« Acute Aquatic Toxicity  Acute Aquatic Toxicity

Example from the US HERE


https://toxicsinpackaging.org/wp-content/uploads/2018/11/TPCH-Research-Bulletin-Flexible-PVC-Nov-2017-11.18.pdf

Other Regrettable Substitutions

The function of the chemical is as a durable water repellent.

C8F17' and C10F21' c6F13'Side . C4F9' and C6F13-Side Chain
Chain Fluorinated Polymers Fluorinated Polymers

The functions of the chemical is as a flame retardant and anti-drip agent.
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Why Does This
Happen (in the
first place)?



"One Incorrectly Assessed the Chemical Risk

4

effect in an organism, system or (sub)
population caused under specified
circumstances by exposure to a substance.

One can incorrectly assess the risk in a number of

ways. Examples include:

« Considering one route of exposure or exposure
from one type of product

 Accidental exposure y

« Underestimating the hazard due to lack of data
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Hazard

Hazard - The inherent property of a substance having the potential to cause

adverse effects when an organism, system or (sub) population is exposed.

Human Health Effects

—~  Examples - Carcinogenicity, Reproductive toxicity, Endocrine
Disruption. Neurotoxicity

Environmental Health

—  Examples - Acute Aquatic Toxicity, Chronic Aquatic Toxicity

Environmental Fate

—  Examples - Persistence, Bioaccumulation

Physical/Chemical Properties

—  Examples - Reactivity, Flammability
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Exposure

Exposure- Any condition which provides an opportunity for

an external environmental agent to enter the body. It is the
extent to which an individual, population or ecosystem is
exposed to a chemical substance.

Three main ways chemicals can enter the body:

®* Inhalation - breathing the chemicals into the lungs

®* Absorption - the chemicals soak through the skin, or
®* Ingestion - swallowing the chemicals

Injection is another route of exposure but it is less common.




Controlling Exposure

We try to control chemical risk by controlling the exposure using the:

L
« Hierarchy of Controls
effective
Physically remove
the hazard
Substitution Hopiece
the hazard
Engineerin Isolate people
from the hazard
Administrative | Change the way
Controls 4 people work
F___ | Protect the worker with
Personal Protective Equipment
Least
effective

Image from- https://www.cdc.gov/niosh/topics/hierarchy/default.ntml More information HERE.



https://www.cdc.gov/niosh/topics/hierarchy/default.html
https://www.osha.gov/sites/default/files/Hierarchy_of_Controls_02.01.23_form_508_2.pdf

Diacetyl in Food Flavoring

Considering one route of exposure/underestimating
hazard due to lack of data

y|

__* Diacetyl was considered by US FDA as Generally
\J~; Recognized as Safe (GRAS) based on ingestion in
' 0| 1980 based on 2 toxicity studies that demonstrated
) ,\ . no effect:

< S - a cultured cell study looking at mutagenic activity
- & - s - an animal feeding study looking at teratogenicity

“ + [N 1994 there was additional testing based on
. exposure through ingestion as it was a food additive.
No studies looked at effects from inhalation.




Diacetyl in Food Flavoring

Considering one route of exposure/underestimating
hazard due to lack of data

.. *» In 2000, eight cases of bronchiolitis obliterans, a
life-threatening and irreversible lung disease, were
reported among former workers exposed to
diacetyl used in butter flavoring.

2% , ‘ « There were no workplace standards controlling its
| use as inhalation hazards had not been
considered.

More information HERE (case study 3).


https://www.uml.edu/docs/Lessons%20Learned%20Solutions%20for%20Workplace%20Safety%20and%20Health%2C%20full%20report_tcm18-232340.pdf
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Here is an example of a label from a paint stripper
product that contains methylene chloride

ANGER! 48
vé‘ﬁfﬂmp%sﬁ:m O HARHRL WY BEFTALFISENENLOSE MO NENTATED ik 5047 .
e Wsmmmwm msmmm CAUSE BLIONESS IF SWALLOWED, EYE AND SKI AN 0 1t v |
Use a basemerts,bahooms, bathtus, closets,or oher smallenclosed ars, Whenever possible

a2 o,  STRONG 08 tsﬂ%oﬂ%mgfjWMMdMMMnamvenﬁmdmmfreshairaaossmeworkam

andMemweneChIonde.Cannotbemadenm-poisams.MemebﬁdehasbeenstumtocausecancemlabmtmyammaIs.

mmfhe&%dependsmmeleveim uration of expostre. Reperts have associted neuroloaical and oer ohvsclaical damane  anedtod

nimravaanira $a aakoaals 1 ¢

For this product, there are recommended engineering controls, personal
protective equipment as well as administrative controls. Yet...
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...there were still Accidental Exposures

Bathtub Refinisher Deaths Washington State Department o
O

Labor & Industries

from Methylene Chloride (MC)*

(*also known as Dichloromethane)

MC-based paint strippers are an EXTREME hazard

Thirteen bathtub refinishers from ten states have died (2000 - 2011) after
inhaling toxic methylene chloride while stripping residential tubs’. Ten
different products, containing 60 to 100% MC, were associated with the deaths.
Products included Klean-Strip Premium Stripper and Tal-Strip |l Aircraft Coating
Remover'. In each case, ventilation and respiratory protection were absent or
inadequate”.

Stripping with MC can have deadly consequences because:

MC vapor is absorbed quickly by the lungs at low concentrations that you cannot smell.

MC vapor is heavier than air. Vapor can sink and remain low in the bathtub and breathing area during stripping.
Bathrooms are difficult to ventilate effectively. Standard ceiling bathroom fans cannot remowve MC vapor from low
inside the bathtub where you are breathing. Ventilation is needed to both suck contaminated air out of the bathtub and to
push fresh air into the space. Small bathrooms with limited windows are difficult to ventilate without air turbulence.

Filter and respirator cartridges don’t protect you from MC vapor. Instead, you need a full-face supplied air respirator.

DO NOT use MC-based strippers on bathtubs

There are safer alternatives to MC-based strippers.

Watch the story about an individual who used a product improperly HERE
SHARP Hazard alert HERE


https://www.youtube.com/watch?v=C4JCeMpPs9k
https://lni.wa.gov/safety-health/safety-research/files/2012/MethChlorideHazardAlert.pdf

Not Understanding the Fate and Toxicity
of Transformation Products

6PPD is an anti-degradant used in tires. This chemical
prevents cracking and breakdown of the rubber in tires by
continuously migrating out of the tires and reacting with the
ozone which prevents the oxidation of the rubber.

When 6PPD reacts with ozone, 6PPD-quinone is produced.
This compound is very highly toxic to the aquatic
environment.

Read an Article About it HERE
or Watch a Video HERE
More information on 6PPD is also available HERE.



https://www.science.org/doi/10.1126/science.abd6951
https://www.youtube.com/watch?v=vxmojuC_dJE&t
https://6ppd.itrcweb.org/
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Why Does This
Happen
(again)?
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Result of a Phase Out

When one switches to a compliant alternative, even if it is “greener”, it doesn't
mean it is safer.

Safer Alternative

.
.
3
.
.
2y
.

Alternative with

Company Unknown Hazards
Policies /' ~~~~~ .

[ Lo ] Phase out toxic chemical — Toxic Alternative
\ or chemical class
{
7N 1 1
S 1 |
v N e e e e e e e e e e e e e e e e e e e e e e e e e = s |1
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Supply Chains Are Complicated

The Textile & Textile Chemistry Supply "Network” This is an example of
Textile Supplier Tierin K—H A 5 = i
PP g Ter 1 TR TR (T TR T e some Supp|y chains

Fibers, Feathers/

Agents, Finished Goods ind Weavers

. Trading Materials Printers c Down Processing, Raw Material
Retailers Brands < Assemblers “ ” o ’ Knitters & x . 4 4
| Companies & L Converter Finishers, & | Spinners, Film & | Suppliers @) a p pa e
: Licensees ! (+subcontract) : I.aminatc;rs Natecens I Tape ’Mfg. r r .

It can be hard to
know the chemicals
being used
throughout the
supply chain.

-y——supply chain to
ey

di finished 1

It can also be hard
to effectively

Large retailer w/
private brand(s) Chemical
Supplier

Detergents,
Conditioning agents,

Masterbatches,
|Polymers, Lubricants))

(4o03spasy Anysiwayo se) sjesaujw  salo j aamynonbe

ek gl communicate the
WDUSTRY ™o 1 1 NG TN want of a safer
SUSTAINABILITY blender/mixer a I te rna t ive In
Diagram original Chgmieal
o g\ A 9@ @ complex supply
ﬁmjhsn’;"i:?if:l:ons i Raw chemilcal c h a I n s ‘
colleagues. supplier

fossil fuels }

http://oia.outdoorindustry.org/TextileChemistrySupplyWebChart



http://oia.outdoorindustry.org/TextileChemistrySupplyWebChart
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Lack of Transparency

This is partially due to a
lack of transparency in
many sectors.

Sometimes a supplier
will tell you what the
material is not (so it is
“Free of” a list of
restricted chemicals) but
won’t tell you what it is.
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Specifications Don't Communicate Hazard

It could also be that
one specifies
performance
needs, quantities
and a Restricted
Substance List (RSL)
but does not list
hazard traits that
are unacceptable.
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Chemists Not Conventionally Taught Toxicology
(Neither are Material Scientists nor Designers)

Bisphenol S

Bisphenol A

So, when told that you need a chemical with the same function, they often supply an alternative
similar in structure. But this could also be similar in hazard.



Not Assessing a Broad Range of Hazard Endpoints

Human Health Environmental

Toxicity & Fate

Acute Acute Aquatic
Carcinogenicity Mammalian Toxicity
Toxicity

Mutagenicity &
Genotoxicity

Systemic Toxicity
& Organ Effects

Chronic Aquatic
Toxicity

Reproductive
Toxicity

Neurotoxicity Terrestrial Toxicity

Skin Sensitization ; :
Developmental Bioaccumulation

Toxicity Respiratory

Sensitization Mobility

Skin Irritation Persistence/

Endocrine Activity Biodegradation

Eye Irritation

Physical Hazards

Reactivity

Flammability

Ozone Depleting
Potential

Which might result
in the alternative not
having the same
toxicity as the
original chemical of
concern but where it
has a different
toxicological
characteristic that is
just as concerning.
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Not Thinking Holistically

BEGINNING OF LIFE USE END OF LIFE

LI FE EXTRACTION Incineration
CYCLE PROCESSING '"TEJJ"[[]'::ELE;RS’ RECYCLING
MANUFACTURING DISPOSAL

PHASE DISTRIBUTION CONSUMERS Composting It could be that one
Is focused on the
one population and
the alternative
ends up negatively
POTENTIAL impacting another

Figure 1 modified from SELECTING SAFER ALTERNATIVES TO TOXIC CHEMICALS AND ENSURING THE PROTECTION OF THE MOST VULNERABLE
https.//www.nrdc.org/sites/default/files/toxic-chemicals-vulnerable-populations-report.pdf Examples of Regrettable Substitutions are on p 8-9.

ENVIRONMENT ENVIRONMENT ENVIRONMENT



https://www.nrdc.org/sites/default/files/toxic-chemicals-vulnerable-populations-report.pdf
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Another Regrettable
Substitution

The function of the chemical is as a solvent in a furniture adhesive.

Cl Cl

|
—ém — .-C — /\/Br
‘Cl H ¢ \C|
Cl H

1,1,1-Trichloroethane Methylene Chloride n-Propyl Bromide

« Damages Ozone « Does not Damage -+ Reproductive Toxicant
« Acute Aquatic Toxicity Ozone « Developmental Toxicant
« Probable Carcinogen » Probable Carcinogens Causes Neuropathy

Watch the Case Study HERE.


https://vp.nyt.com/video/2013/03/31/20021_1_cushion-makers_wg_480p.mp4
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How do we minimize
e 4 : the chance of a
Regrettable
Substitution?
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By Picking the Right Tool for the Job

) , ™
: Evaluates hazards across a spectrum of endpoints: The inherent
Chemical Hazard :
Assessment potential to harm.
Which chemical is inherently safer? )
N
Risk Evaluates risk: The probability of adverse harm.
Assessment Is this chemical safe enough for intended use? )
Life Considers multiple impacts across the life cycle and hazard from emissions.
Cycle Energy usage tends to dominate results.
Assessment What are the overall impacts of a chemical/product from cradle to <X>?
4 L .
: N\ | Evaluates hazard, exposure, cost/availability, performance, and potentially more.
Alternatives : : : : :
Which chemicals are feasible and pose a lower hazard to what is currently being
Assessment
J used, and what are the tradeoffs?

.
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By Prioritizing the
Reduction of Hazard
When Looking at
Alternatives (in addition
to meeting the usual
requirements of a
substitution such as
performance, economic

viability and compliance).

Risk = f(Hazard x Exposure)
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Alternatives Assessment

A tool for “informed substitution”

Alternatives Assessment-
Process for identifying and
comparing potential
chemical and non-chemical
existing alternatives used
as substitutes to replace
chemicals or technologies of
high concern.

The Objective of an
alternative assessment is to
replace chemicals of concer
in products or processes wit
inherently safer
alternatives, thereby
protecting and enhancing
human health and the
environment.
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Activity

Read the open access journal article:
Risk Assessment and Alternatives
assessment: Comparing Two
Methodologies, Risk Analysis, 2015

https://onlinelibrary.wiley.com/doi/full/10.

1111/risa.12549)

What are some similarities
and differences between a
risk assessment and an
alternatives assessment?

isk Amalynis, Vol 35, No. 12, 2015 DO 10001 Wrisa, [ 25459

Perspective

Risk Assessment and Alternatives Assessment: Comparing
Two Methodologies

Margaret H. Whittaker*

The sclection and use of chemicals and malerials with kess haxardous profiles reflecis a
paradigm shill from relisnce on risk minimization through cxposure controls o haxard
avoidance. This arliclc introduces risk asscssmonl and allcralives assessmenl [rameworks in
order 1o clanly a misconceplion that alicrnatives asscssmenl is a less clfective ool e guide
decision making, discusscs faclors promoting the use of cach ramework, and akso identilics
how and when application of cach ramework is most elfeclive. As parl of an assessor’s de-
cEion prooess o selecl one framework over the other, il is crilical o recognize Lhal cach
[ramework is inlended o perform different funclions. Although Uhe two Irameworks share a
number of similarities (such as idenlifying hazards and assessing exposurc), an allernatives
asscssmenl provides a more realistic [ramework with which Lo selecl ecovironmenially prefer-
ahle chemicals bocause of ils primary reliance on asscssing haxards and scoondary relisnce on
cxposure asscssmenl. Relevanl o other life cycle impacts, the hazard of a chemical is inher-
enl, and although il may be possible 1o minimize cxposure (and subscquently reduce risk),
il is challenging Lo assess such cxposurcs through a chemical's lile cycle. Through increascd
usc of allernatives assessmenls al Lhe inilial slage of matcrial or product design, there will be
less relinnee on prost facie risk-based asscssment Llechnigues becawse the polential for harm is
significantly reduced. il nol avoided, nogating the noed lor asscssing risk in the first place.

KEY WORDS: Alicrnalives assessmenl; green chemislry, hayand; risk; risk asscssment

1. INTRODUCTION

The concept of synthesizing and  sclecting
chemicals and materials with less hazardous human
health andfor environmental profiles s becoming
more mainstream, with phrases such as “Cradle to
Cradle,” “green chemistry,” and “informed substi-
tution™ used by both industry-funded trade groups
and nongovernmental organizations. This concept
reflects a paradigm shift from reliance on risk
minimization through exposure controls w hazard
avoidance. Much as formal risk assessment found
its footings in the 1980 with the dissemination of
reports such as the ULS. National Rescarch Council

* Address Correspondence 1o Margaret T Whittaker, ToxServices

LI, 1367 Connedlicul Avemue, MW., Suile 30M, Wash-
imglom, [D.0C0 20036, USA: wek (202) 429-E787. mwhillnkerd®
EErvices oom.

(NRC) publication “Risk Assessment in the Federal
Government: Managing the Process” (“the Red
Book™!) and the Royal Socicty’s report titled “Risk
Assessment: A Study Group Report,”2) the concept
of alternatives assessment has developed into a
decsion-making methodology that recognizes the
importance of adhering to a transparent, rigorous
framework and drawing a clear distinction between
hazard reduction and hazard management in the
selection of alternatives.

This introductory article is one of three articles
in this issue of Risk Analysis relating to alternatives
assessment, and s designed to introdwce risk as-
sessment and alternatives assessment frameworks
in order to dismiss a common misconception about
chemical alternatives assessment and dentifies how
and when application of each framework 15 most
effective. In the second article of this series, Malloy
e al. discuss the value of alternatives assessmients to

(FT2433H1 S0 H00-21 29522 001

129
&35 The Authoes Risk Anabysis publiched by Wiley Periodicaks, Inc. on behalf af Society for Ridk Analysis

This is an open access artick: under the lenms of the Crealive Commons Altribulion-NoaUnmmerdal License, which permils use, distribulion and
reproduction i any medium, provided the original work is property ciled and & nol wed for commereial purposes.


https://onlinelibrary.wiley.com/doi/full/10.1111/risa.12549
https://onlinelibrary.wiley.com/doi/full/10.1111/risa.12549
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Alternatives Assessment Frameworks

There are several frameworks available. All provide
flexible guidance on how to do an assessment.

B 2 examples of free publicly available frameworks are:
CHEMICAL ALT « A Framework to Guide Selection of Chemical
Alternatives from the National Academy of Sciences and
« Alternatives Assessment Guide from the Interstate
Chemicals Clearinghouse (1C2)

Interstate Chemicals Clearinghouse
Alt tives Assess:

There is information on: Transparency, Stakeholder Involvement,
Frameworks, Hazard, Performance, Economic Viability, Exposure,
Materials Management, Social Impact, Life Cycle Thinking and
Addressing Tradeoffs



https://nap.nationalacademies.org/catalog/18872/a-framework-to-guide-selection-of-chemical-alternatives
https://nap.nationalacademies.org/catalog/18872/a-framework-to-guide-selection-of-chemical-alternatives
https://www.theic2.org/alternatives-assessment-guide/
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Six General Steps of an Alternatives Assessment

ldentify Chemicals of Concern
Initial Evaluation

@ Scoping
@ Identification of Alternatives
@ Evaluation of Alternatives

Identify Acceptable Alternatives or
Innovate
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Step 1: Identify Chemical(s) of Concern

Objective

To identify a chemical, product
or process that is the subject of
the Alternatives Assessment
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Identify Chemical(s) of Concern

It is assumed that the chemical or chemicals of concern have been
identified. It could be due to regulatory demands, market drivers or
improving business operations/chemical management.

Chemicals of high concern include substances that are:
persistent, bioaccumulative and toxic

persistent, mobile and toxic

very persistent and very bioaccumulative
carcinogenic;

mutagenic;

reproductive or developmental toxicant;

endocrine disruptor

neurotoxicant.

“Toxic” includes both human toxicity and ecotoxicity

Some resources on how to screen for chemicals of concern will be shared in Step 4.



37

Step 2: Initial Evaluation

Objective

To gather information on the
chemical of concern

To determine whether the
chemical is truly needed in
the product or process.
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Is an Alternative Assessment Needed?

In order to understand if an alternative assessment is
needed, one needs to understand why a chemical of
concern is in a product in the first place.

If an alternative assessment is needed, this step is also
helpful as one can better understand the function and
related relevant requirements of both the chemical,
material and product the chemical of concern is used in.

So, the first question to ask is:
Is the chemical intentionally* added to the product?

*intentionally added in this case is a chemical that is added to the formulation of the final product or
added to a component or ingredient of that product.
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If the chemical is intentionally added, ask “Is the
Function Necessary?”
If it is not necessary, eliminate it.
(and no assessment needed!)

Examples

* Triclosan (function is an antimicrobial) in hand soap. An antimicrobial is
not necessary in hand soap as physical removal of germs suffice.

* PFAS (function is water repellency) on a water shoe. Water repellency is
not needed on straps of a water shoe as ones feet will get wet.




“ If the chemical is intentionally added, ask “Is the
Function Necessary?”

If the function is necessary, move forward with an
alternatives assessment.

Examples

* N-Methyl-2-Pyrrolidone (NMP) (function is a
solvent) in a photoresist stripper formulation.
A solvent is needed.

* Diethyl phthalate (DEP) (functions as a solvent
and fixative) in a fragrance oil used as an
ingredient in scented shampoo. A solvent and
fixative is needed in a fragrance oil.

You will also need to get a better understanding of the properties
and performance needs of the chemical, material and product.
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Chemical of Concern

If an Alternative Assessment is needed some
information you might need to gather include:

the human health and environmental effects of the
chemical

Specific function of functions the chemical serves in
the product or process

« Performance requirements

« Relevant physical and chemical properties

« Potential exposure pathways
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If the chemical is unintentionally added and it is a
contaminant in a material or chemical impurity

No AA is needed if:

« The chemical or material containing the chemical of
concern can be removed without impacting the
product or

* One can purchase the material or chemical without
the chemical of concern, for example, an alternative
with a higher purity.

If these are not possible, an AA is needed.
Example

* 1,4 dioxane is a manufacturing impurity of Sodium Laureth Sulfate (SLES) (function is a
surfactant) in some cleaning products. Surfactants are needed in those products so
an AAis needed.
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Step 3: Scoping

Objectives

. To determine your stakeholders
and how they will be involved

. To identify goals, principles and
decision rules

. To determine assessment
methods
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Stakeholders

Stakeholders- Individuals or groups that are impacted or can impact the

transition.

Examples include chemical manufacturers, product designers, users of the
product, fence line communities, researchers and others downstream of the product use.

Engaging stakeholders can lead to greater understanding and buy-in, provide
broader perspectives, data and expertise that will improve the quality of the

assessment.
The level of engagement will depend on factors such as who is conducting the

assessment and the scale of the change.

Recommendation, Read p 35-45
about Scoping


https://nap.nationalacademies.org/catalog/18872/a-framework-to-guide-selection-of-chemical-alternatives
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Stakeholders

Some questions that can help you identify stakeholders:

Which stakeholders are critical to your success?
Who is affected by the alternative assessment and decisions?
Are there external stakeholders that are specifically affected?

Are there external stakeholders who are potential collaborators for
addressing all, or parts, of the assessment?

What expertise is needed for this interdisciplinary project and are they on
your team?

Are there external stakeholders who could provide missing perspectives?
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Reading on Stakeholder Engagement

Read p 37-38 of A Framework to Guide Selection of Chemical Alternatives
from the National Academy of Science.

If you want to learn more, please read the section on stakeholder
engagement in the IC2 Alternative Assessment Guide.



https://nap.nationalacademies.org/catalog/18872/a-framework-to-guide-selection-of-chemical-alternatives
https://www.theic2.org/alternatives-assessment-guide/

Establish Goals
(Desired Outcomes)

What is the main goal driving the substitution?
Are there overarching organizational goals?

Do you need to decide on one alternative for a
specific application or identify a range of
alternatives for a fairly broad application?

Example goals:
“To support the informed transition to functional,
cost-effective and safer alternative.”

“To use the highest percent biobased waste
. feedstock possible.”



Establish Principles
(Values or Tenets of the organization)

THE COMMONS PRINCIPLES FOR
ALTERNATIVES ASSESSMENT

Addressing Chemicals of Concern to Human Health or the Environment

In October 2012, a

group of 26 environ-
mental health scientists,
advocates, funders and
policy makers met in
Boston, Massachusetts
for two days of meetings
entitled Building a
Chemical Commons:
Data Sharing, Alternatives
Assessment and Commu-
nities of Practice. One of
the key outcomes of this
meeting was an agree-
ment regarding the need
for a common definition
and set of principles for
chemicals alternatives
assessment. Following this
meeting, a subcommittee
met over four months in
2013 to refine a consensus
set of principles. These
principles were based on
earlier foundational work
by the Lowell Center for
Sustainable Production,
the Massachusetts Toxics
Use Reduction Institute,
the Environmental Defense
Fund, and the BizNGO
Working Group. These
principles are now avail-
able to be shared and
used in framing discus-
sions about alternatives
assessment and to guide
decision making about
safer chemical use

selecting safer alternatives® to chemicals of concern (including those in

materials, processes or technologies) on the basis of their hazards, per-
formance, and economic viability. A primary goal of Alternatives Assessment
is to reduce risk to humans and the environment by identifying safer choices.

Q Iternatives Assessment is a process for identifying, comparing and

These Principles for Alternatives Assessment are designed to guide a process for
well informed decision making that supports successful phase out of hazardous
products, phase in of safer substitutes and elimination of hazardous chemicals
where possible.

REDUCE HAZARD Reduce hazard by replacing a chemical of concern with a
less hazardous alternative. This approach provides an effective means to reduce
risk associated with a product or process if the potential for exposure remains
the same or lower. Consider reformulation to avoid use of the chemical of
concern altogether.

MINIMIZE EXPOSURE Assess use patterns and exposure pathways to limit
exposure to alternatives that may also present risks.

USE BEST AVAILABLE INFORMATION Obtain access to and use information
that assists in distinguishing between possible choices. Before selecting pre-
ferred options, characterize the product and process sufficiently to avoid
choosing alternatives that may result in unintended adverse consequences

REQUIRE DISCLOSURE AND TRANSPARENCY Reguire disclosure across the
supply chain regarding key chemical and technical information. Engage stake-
holders throughout the assessment process to promote transparency in regard
to alternatives assessment methodologies employed, data used to characterize
alternatives, assumptions made and decision making rules applied

RESOLVE TRADE-OFFS Use information about the product’s life cycle to better
understand potential benefits, impacts, and mitigation options associated with
different alternatives. When substitution options do not provide a clearly prefer-
able solution, consider organizational goals and values to determine appropriate
weighting of decision criteria and identify acceptable trade-offs.

TAKE ACTION Take action to eliminate or substitute potentially hazardous
chemicals. Choose safer alternatives that are commercially available, technically
and economically feasible, and satisfy the performance requirements of the
process/product. Collaborate with supply chain partners to drive innovation

in the development and adoption of safer substitutes. Review new information
to ensure that the option selected remains a safer choice.

* "Safer Alternative: An option, including the option of not continuing an activity, that is healthier
for humans and the envirenment than the existing means of meeting that need. For example, safer
alternatives ta a particular chemical may include a chemical substitute or a re-design that eliminates
need for any chemical addition” From Tickner, 1. and Eliasan, P._Alternatives Assessment for
Chemicals: Fram Prob n to Solutio and : A background
paper created expressly for use in the March 31-April 1, 2011 Interagency Discussion on Alternatives
Assessment, EPA Potomac Yards Conference Facility, Crystal City, VA. March 24, 201

— PLEASE SEE SIGNATORIES ON REVERSE —

Example Principles

« Ensure transparent information

« Take precautionary approach when
there is uncertainty

Read “The Commons Principles for
Alternatives Assessment” for more
information on principles.

https://www.bizngo.org/images/ee_images/uploads/resources/commons_principles AA_2013_10_14.pdf



https://www.bizngo.org/images/ee_images/uploads/resources/commons_principles_AA_2013_10_14.pdf
https://www.bizngo.org/images/ee_images/uploads/resources/commons_principles_AA_2013_10_14.pdf
https://www.bizngo.org/images/ee_images/uploads/resources/commons_principles_AA_2013_10_14.pdf
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Establish Decision Rules and Assessment
Criteria

This step can address things such as:

« What modules will be used

« Are there minimum criteria?

« How will data gaps be handled? What
about trade offs?

« Acceptable sources of info?

Examples:

Avoid chemicals that are persistent, bioaccumulative and toxic

Avoid chemicals that are highly toxic to aquatic organisms and persistent
Avoid options that do not meet specific performance criteria.

Certain data gaps are unacceptable for alternatives- data is required for
carcinogenicity, Mutagenicity/Genotoxicity, Reproductive or Developmental
Toxicity, Persistence.

Evaluate only alternatives that are chemical alternatives (versus material, product
or process change)




Example Criteria and Decision Rule for Alternatives

am “This minimum set of criteria and practices should
Guidance on Key Considerations I N not preclude assessors from including more
f{;g]ﬁﬁﬁf'/ comprehensive approaches in their alternatives

assessments. Assessments that go beyond these
minimum requirements will reduce the likelihood
of a substitution decision leading to unintended
consequences to the environment, workers, and
the public more broadly. “

“Avoiding CMRs, PBTs and vPvBs (very persistent, very
bioaccumulative substances)” is a decision rule that is
consistent with most regulatory program priorities, for
example authorization under REACH (Article 57),

N whereby substances characterized by these hazard

S S @))OECD traits are prioritized for substitution.”

—

https://www.oecd-ilibrary.org/environment/guidance-on-key-considerations-for-the-identification-and-
selection-of-safer-chemical-alternatives_a1309425-en



https://www.oecd-ilibrary.org/environment/guidance-on-key-considerations-for-the-identification-and-selection-of-safer-chemical-alternatives_a1309425-en
https://www.oecd-ilibrary.org/environment/guidance-on-key-considerations-for-the-identification-and-selection-of-safer-chemical-alternatives_a1309425-en
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Example Decision Frameworks

Sequential

Initial List of Potential Alternatives

Less
™ | | | | Favorable

Alternatives
Initial Hazard or Performance Screens I
(optional) _

\ 7
V. e/
N

Additional
Modules
(optional)

el 0 G0 C0 &0 &0

Preferred
Alternatives

Simultaneous

Initial List of Potential Alternatives

Initial Hazard or Performance Screens (optional)

Assessment Modules

Hazard

Optional
(implemented
simultaneously)

Cost &

Performance | , . jlability

Exposure

Multi-Parameter
Analysis

Preferred
Alternatives

Alternatives Assessment Guide - Interstate Chemicals Clearinghouse (IC2)

Less
Favorable
Alternatives

—


https://www.theic2.org/alternatives-assessment-guide/
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Types of alternatives

When looking for alternatives, you can decide on the types of
alternatives to assess that may meet the chemical (or the products
that it is in) function and performance requirements. Types include:

- Avrelatively simple chemical substitute that does not
result in a substantial product or production process
redesign (some are known as a “drop in substitute”)

« An alternative material

- A product or process change that eliminates the need for
the chemical of concern

- Re-design of a product that eliminates the need for the
chemicals of concern
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Example of a Chemical Substitute

Seattle Bullitt Center: Air and Water Barrier Coating

i B _ .
Photo from https://prosoco.com/the-bullitt-center-and-prosoco/

The building designers specified that
no phthalates could be used in
materials selected for the project.

Phthalates function as plasticizers
and, at the time, were used in the
barrier as the plasticizer function is
needed to prevent cracking of the
material.

The company selected reformulated
and used po yﬁropxlene glycol as the
plasticizer so that they could meet
the performance requirements
without the hazard.

Reference for example HERE


https://livingbuilding.kendedafund.org/2019/03/29/prosoco-air-barrier-closely-tied-to-living-buildings/index.html

Example of a Material
Substitute

Urea Formaldehyde Adhesives can be
used to bond plywood. An alternative
material is a formaldehyde-free
adhesive made of soy.

The adhesive can be used in the same
application equipment.

Video with more info HERE



https://www.youtube.com/watch?v=WhdLS4iegbk
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Example of an Alternative Process

Perchloroethylene (PERC) is a
halogenated solvent that has
frequently been used in the dry
cleaning industry.

An alternative technology is
professional wet cleaning. One
needs different equipment and
the cleaning process is different
but is another way to clean
clothes.

Case Study of a facility who substituted PERC dry cleaning with wet cleaning HERE


https://www.turi.org/publications/eliminating-the-use-of-toxic-chemicals-in-dry-cleaning/
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Example of a Redesign

Complete Elimination of a Chemical Developer

7 I
“mﬂaallﬂ

M: 1000-00000007843
mg lla-aa-zﬁ%

AUTH NO: 7131

CREDIT PURCHASE

ADD $8.00 VALUE

10 SHARTRIP

S/N;
0167 11bb 3417 0372 4802

TUTAL AMOUNT: $6.00

Bisphenol A (or Bisphenol S) functions as a developer,
which reacts with white or colorless dyes (color formers)
in the presence of heat, converting them to a dark color.

An alternative thermal printing paper was designed that
does not need a chemical developer to create an image.
This technology relies on air voids in the paper coating to
develop an image. The heat melts the surface coating with

the air voids turning it from opaque to clear letting a
colored layer show through.

This thermal paper is compatible with commercial
thermal printers that use the bisphenol thermal printing

paper.
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Methods

In this step, you will need to decide and document your intended
process. It is important to be transparent about this step. This
will help reduce bias while going through the process. Some of
these methods may need to be modified during the assessment
process as you gain more information from the process.

«  Which assessment steps (examples- hazard, exposure,
erformance, cost) will be addressed? At what level and

with what tools?

» How alternatives will be assessed or compared- for
example do they have to meet a minimum criteria or be
within a certain range for an assessment step?
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P
U

Guidance for Evaluating the

Performance of Alternati '

Fit-for-Purpose Performance
(Version 1.0)

JULY 2022

Performance
Fit-for-Purpose

Guidance considerations include:

Determine the function of the chemical/material/product/process of concern for
the specific application and understand this function within the production chain.
Define the application-specific scenario(s) in which the substance of concern is
used and identify alternatives that are suitable for that particular purpose.
Establish and/or use performance standards that have been developed
independent of the existing chemicals/materials/products/processes of
concern (as much as possible) and adjust them based on available alternatives or
alternatives on the horizon.

Develop and use a range of performance standard benchmarks, from
“inadequate” to “sufficient” to “best in class” to evaluate the alternative for the
specific application(s).

Consider technical performance separately from technical feasibility (feasibility
of adoption) of potential alternatives.

Consult stakeholders to determine acceptable tradeoffs between performance
results and other elements such as environmental health and safety.

From HERE (recommended reading).


https://static1.squarespace.com/static/633b3dd6649ed62926ed7271/t/6348389b52e34a1aee404c99/1665677467889/AA-Assessment-Guidance-Fit-for-Performance-2022.pdf
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m University of
o Massachusetts

UMASS Lowell

Guidance for Evaluating the

Performance of Alternatives:

Fit-for-Purpose Performance
(Version 1.0)

JULY 2022

SERDP Project WP19-1424

Sustainable
Chemistry
Catalyst

Performance
Fit-for-Purpose

Performance based on application-specific contexts

“A fit-for-purpose performance approach underscores the importance of
evaluating whether the function of the chemical, material, product, or process of
concern achieves sufficient performance, recommends using a range of acceptable
thresholds, and acknowledges important considerations around tradeoffs with
environmental health and safety performance. “

Guidance considerations include:

Determine the function of the chemical/material/product/process for the
specific application and understand this function within the production chain.
Define the application-specific scenario(s) in which the substance of concern is
used and identify alternatives that are suitable for that particular purpose.
Establish performance standards that have been developed independent of
the existing chemical of concern.

Develop and use a range of performance benchmarks for the specific
application(s).

Consider technical performance separately from technical feasibility (feasibility
of adoption)

Consult stakeholders to determine acceptable
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Step 4: Identification of Potential Alternatives

Objectives

. To identify potential
alternatives within the scope
of the assessment

. To screen out those that are
easily identified as
problematic



Looking for Potential Alternatives

Consider the range of alternatives you defined in your scope
(i.e., chemical, material, alternative process, redesign)

Use as many resources as you can think of to find potential
alternatives such as:

« your colleagues,

databases,

your suppliers,

manufacturer/vendor information,

organizations working on safer alternatives,
government publications,

trade association sites/journals and

tailored internet searches

Note that just because an alternatives is marked as safer,
doesn’t mean that they meet your criteria of safer.
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Is there a way to communicate
your criteria?

Communicate what you want -
compliance AND safer
chemicals that serve the
function you need




Example Request for Chemical Alternatives

Compatible with ABS/PC resin

R S B NS e eSS R W N e S R L A RN W e N e B AR B RN R

Can Meet UL 94 VO at specified target wall
thickness.

N S RN - O NS ; =\ S NN " M
0L T RS RO SR | RO S RO
e g B SN T W e N R G N e St NS DN M NN G o W, TN X0 T o W N e NN

No Brominated or Chlorinated compounds,
No chemicals with H340, H350 or H360 H-
phrases

\\ o N \\ S \\\ \\\‘3\ \\* \\\w‘\ SRS ‘-\'-‘,*\.\‘ S

Preference for chemlcals that are GreenScreen
Benchmark 2,3 or 4, Enhesa Hazard Category Green,
Green/Yellow or Yellow, ChemForward A,B or C, or listed
on US EPA SCIL, CleanGredients, ChemForward SAFER or
Cradle to Cradle Certified

‘\ S 'qf\;.\\ : \,',\*\\ \\\ \\} \ Q\ ‘\\ \\ W \5\ \\ ~\\\ \ ‘\ NGRS TN N
B S o 2 N R
0 DD D S PSR T NN J BN AR Viase B

3 A S S A

In addition to
specifying
performance needs,
guantities and a
Restricted Substance
List (RSL), consider
providing a list of
hazard traits that are
unacceptable or
preferable chemical
hazard assessment
scores/material
certifications.
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Activity

Go to the ACTIVITY SLIDES and select one or two of the
resources.

Take 3-5 minutes to explore the resource making sure to look
at what types of alternatives are mentioned as well as the
information available.

When you are ready, share this information with a partner. Is
there anything you found especially useful?

https://www.qglobalgreenchem.com/ files/ugd/c7d2f6 61227acf466141c289bd3091b4bl1de58.pdf



https://www.globalgreenchem.com/_files/ugd/c7d2f6_61227acf466141c289bd3091b4b1de58.pdf
https://www.globalgreenchem.com/_files/ugd/c7d2f6_61227acf466141c289bd3091b4b1de58.pdf
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Congrats!

You now have a list of potential alternatives.

The next step is to go through the list and screen out
the least promising alternatives to get to an amount
that one has the capacity to assess in more depth.
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Screening

This step is to narrow down the number of
alternatives that you will assess further.

One can screen out based on hazard or
negative performance.

One can also screen out those that don't

meet the decision rules that were developed
in the scoping step.

Remember, that one needs to document all
of ones decisions.
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Transparency

In order to screen alternatives for

hazard, one either needs:

+ transparency of the ingredients
of the alternatives (through
disclosure) or

- a third-party certification that
meets your hazard criteria.

Learn more about the Principles of Chemical Ingredient Disclosure
(website and webinar)



https://www.bizngo.org/public-policies/principles-for-chemical-ingredient-disclosure
https://www.bizngo.org/resources/entry/webinar-principles-for-chemical-ingredient-disclosure
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Screening for Hazard

Screen out chemicals that are identified to
have hazard traits of high concern
identified during scoping.

One can do this by:

Scanning Safety Data Sheets (SDSs) for
certain H-phrases and screening them out
based on decision rules.

Reviewing specified Hazard Authoritative lists.

@)
O
®

@)
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SDSs

One can look at Section 2 of SDSs
Example:

2.2 Label elements
Labelling according Regulation (EC) No 1272/2008

Pictogram @

Signal Word Warning

Hazard statement(s)

H315 Causes skin irritation.

H319 Causes serious eye irritation.

H336 May cause drowsiness or dizziness.
H351 Suspected of causing cancer.

Or on several databases to find Harmonized Classifications
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Methodologies with Authoritative Lists
GreenScreen List Translator™

One way to screen chemicals is with existing resources such as the GreenScreen List Translator. A
nonprofit, Clean Production Action, developed a methodology (GreenScreen - which will be
discussed later) that allows one to assess, summarize and compare the hazards of chemicals.
Based on this, the organizations developed a simpler tool that only pulls from authoritative lists to
quickly identify chemicals of high concern. It cannot identify if a chemical is safer.

Provides a hazard

Uses Information Compares against assessment level for each
from Hazard the GreenScreen endpoint and a summar
Authoritative Lists Hazard Endpoints P y

score and can flag if
chemicals of concern

Lists —-> Criteria = Score

and Hazard Criteria

Useful for screening out hazardous alternatives and for prioritizing
chemicals to try to replace.

https://www.greenscreenchemicals.org/assess/list-translator



https://pharosproject.net/comparisons
https://www.greenscreenchemicals.org/assess/list-translator
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GreenScreen List Translator™

Hazard Levels, Example List and Example Criteria

The GreenScreen List Translator™ allow one to quickly
identify chemicals of high concern by compiling
information from over 40 hazard lists developed by
authoritative scientific bodies convened by
international, national and state governmental
agencies, intergovernmental agencies and NGOs and
scoring the chemicals on a range of hazard endpoints
based on the results. An example is EU-GHS H-
statements.

TaBLE 7. Description of Hazard Levels for List Translator

Hazard Level Classification*

vH Very High Concern

H High Concern

M Moderate Concern

L Low Concern

vL Very Low Concern

(BLANK) The chemical was not found on any of the authoritative or screening lists associated
with GreenScreen
Range A range may be reported for chemicals found on “B” lists. B lists sometimes include a

level of uncertainty and may benefit from additional research to confirm a more specific
hazard classification level

* Bold font indicates result was derived from an Authoritative A list; ltalics font indicates result was derived from Authoritative B,
Screening A, or Screening B lists

https://www.greenscreenchemicals.org/assess/list-translator

Display In
GreenScreen Aor | Hazmand

List Sublist Category Hazard List Type B Range I-:d
EU - GHS (H- H318 - Causes serious eye | Eye Imitation/ _—
State ) damage Corosivity Authoritative A vH vH
EU - GHS (H- H319 - Causes serious eye | Eye Imitation/ .
Statements) irritation Corrosivity Authorpiye A H H
EU - GHS {H- H320 - Causes eye Eye Irritation,’ .
Staterments) irritation Corrosivity Authoritative A M M
EL - GHS (H- . Acute Mammalian -
State ) H330 - Fatal if inhaled Toxicity Authoritative A vH vH
EU - GHS (H- S Acute Mammalian -
State ) H331 - Taoxic if inhaled Toxicity Authoritative A H H
EU - GHS (H- . Acute Mammalian o
State: ) H332 - Harmful if inhaled Toxicity Authoritative A M M

H334 - May cause allergy
EU - GHS (H- or asthma symptoms or Respiratory .
Statements) breathing difficulties if Sensitization Authortatve | B | HorM | HorM
inhaled
Systemic Toxicity/

sEItJat_eGHS "}*‘ HBBEEEGM?mE:tﬁ Organ Effects Authoritative | A M M

nents, respiratory (Single Exposure)
EU - GHS (H- H336 - May cause MNeurotoxicity-Single I
Statements) drowsiness or dizziness | Exposure Puoipive | B | Marl MorL
EU - GHS (H- H340 - May cause genetic | Mutagenicity,” -
Statements) defects Genotoxicity Authorfiative | A H H
EU - GHS (H- H341 - Suspected of Mutagenicity, _—
Statements) causing genetic defects | Genotoxicity Authoritative | A M M
EU - GHS (H- H350 - May cause cancer | Carci nici Authoritative A H H
Statements) ay nogenicity
EU - GHS (H- H350i - May cause cancer ) - .
State ) by inhalation Carcinogenicity Authoritative A H H
EU - GHS {H- H351 - Suspected of ) - .
State ) causing cancer Carcinogenicity Authoritative A M M



https://www.greenscreenchemicals.org/assess/list-translator

Hazard Endpoints

Group | Human Group Il and II* Human ‘ Ecotex | Fate |Phy5ical Multiple

C M R D E AT ST N SnS* (SnR*| IrS  IrE | AA | CA P B Rx F
| SINGLE = REPEATED® | SINGLE |HEPEATED‘

AA Acute Aquatic Toxicity D Developmental Toxicity M Mutagenicity and Genotoxicity SnS Sensitization (Skin)

AT Acute Mammalian Toxicity E Endocrine Activity N Neurotoxicity SnR Respiratory Sensitization
BE Bioaccumulation F Flammability P  Persistence ST Systemicd/Organ Toxicity
C Carcinogenicity IrE Eye Irritation R Reproductive Toxicity

CA Chronic Aquatic Toxicity IrS Skin Irritation Rx Reactivity * Repeated exposure

PBT = High P + High B + [very High T (Ecotoxicity or
Group Il Human) or High T (Group | or II* Human]]

The results of those endpoints are then  vPvB=veryHighP+veryHighB B
put into a summary score. For example, V' =veryHigh P+ [very High T (Ecotoxicity or It would score as an LT-1

! . . . Group Il Human) or High T (Group | or [I* Human]]
if a chemical is any of the following: VBT = very High B + [very High T (Ecotoxicity or

Group Il Human) or High T (Group | or II* Human]]
High T {(Group | Human)
https://www.greenscreenchemicals.org/assess/list-translator



https://www.greenscreenchemicals.org/assess/list-translator

GreenScreen List Translator™

Scores:
NoGS, LT-UNK, LT-P1, LT-1

"LT-1" (a known chemical of high concern) -the hazard classifications for a given
chemical meet one or more of the GreenScreen Benchmark-1 criteria and would most
likely be a Benchmark-1 chemical.

"LT-P1" - the hazard classifications for a given chemical may meet one or more of the
GreenScreen Benchmark-1 criteria but it is based on a screening list so more
information is needed.

"LT-UNK" - the chemical is present on at least one of the GreenScreen specified Lists but
none that would result in a score of LT-1 or LT-P1.

“NoGS" - the chemical is not found on any of the GreenScreen Specified Lists.

Consider Screening out chemicals that are LT-1s. One will need to assess the remaining chemicals
more thoroughly to ensure that they are safer that the chemical of concern one is replacing.

https://www.greenscreenchemicals.org/assess/list-translator



https://www.greenscreenchemicals.org/assess/list-translator

GreenScreen List Translator™

2 Database Tools that have Automated
GreenScreen List Translators:

3E Exchange -

(open access for chemical comparisons- need to log in)
https://exchange.3eco.com/ https://pharos.habitablefuture.org/



https://exchange.3eco.com/Account/SignUp?email=&refreshLanguage=True&cultureName=en
https://exchange.3eco.com/
https://pharos.habitablefuture.org/

Example of
Using a GreenScreen List Translator

3E Exchange

Summary Score is here

| To look up what each of
' [71-55-6], [EC: 200-756-3] the endpoints are, go to='} - K&
1,1,1-Trichloroethane the question marks.
| The results for
Group | Human (3) Group Il and || il Ecotox (7) Fate (7) Physical (7 Mult* (7) the Ind IVId ual
c/ M| R D E| AT - srrepEated* - N B Sns* snR* [Irs [IrE | AA [ cA P |B Rx F endeIntS based
M Mor L M M M Morl H H vH Mult vHor H M Mult D E— On Authoritative

lists are here.

2 General Information

> Transformation Products and Impurities If one clicks on
S —— this row, one can
> Restricted Substance Lists see the lists and
how that data is
incorporated into
> GreenScreen® Specified Lists <— the summ ary
(example on next
slide)
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Vv GreenScreen® Specified Lists

Example of

Score - LT-1 ()

Using a GreenScreen List Translator

Group | Human (7) Group Il and II* Human (2 Ecotox (2) Fate (?) Physical (7
C M R D AT ST N SnS* SnR* IrS | IrE CA P B Rx F
single repeated® single repeated®
M Morl M M M Morl H H vH vH or H M Mult
Regulation Chemical Chemical Name RN  Group Reason for Inclusion Hazard Type Hazard List
Family ID Score Translator
GHS - Korea 1,1,1-Trichloroethane; 71- H420
Trichloroethane 55-6
GHS - Korea 1,1,1-Trichloroethane; 71- Skin corrosion/irritation: Category 2
Trichloroethane 55-6
GHS - Malaysia 1,1,1-trichloroethane; methyl 71- [Acute Tox. 4 (inh); H332] Acute Mammalian Toxicity M LT - UNK
chloroform 55-6
GHS - New Zealand Ethane, 1,1,1-trichloro- 71- Acute Tox. 4 (inhalation); H332 Acute Mammalian Toxicity M LT - UNK
55-6
EU - GHS (H-Statements) 1,1,1-trichloroethanemethyl 71- Acute Tox. 4 Acute Mammalian Toxicity M LT - UNK
chloroform; 602-013-00-2 55-6
CA Prop 65 1,1,1-Trichloroethane 71- cancer Carcinogenicity m LT-1
55-6
GHS - Japan 1,1,1-Trichloroethane 71- H350 Carcinogenicity LT-P1
55-6
IARC 1,1,1-Trichloroethane 71- 2A Carcinogenicity m LT-1
55-6
GHS - New Zealand Ethane, 1,1,1-trichloro- 71- Aguatic Chronic 2; H411 Chronic Aguatic Toxicity Mult LT-P1
55-6
MAK Pregnancy Risk 1,1,1-Trichloroethane 71- C Developmental Toxicity Morl LT - UNK

55-6

3E Exchange

the lists and how
that datais
incorporated into
the summary




GreenScreen List Translator™

If you are interested in learning more
about GreenScreen List Translator:

https://vimeo.com/160264438

look at the methodology here or

watch part of a webinar which gives a brief
overview on GreenScreen and then more
detail on the List Translator (4:15-21:55)

Note- while the webinar is fairly old, versions have changed and
the speakers have moved to different organizations the content
still provides a useful overview.



https://www.greenscreenchemicals.org/assess/list-translator
https://www.greenscreenchemicals.org/resources/entry/webinar-a-dive-into-greenscreen-list-translator
https://vimeo.com/160264438
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All LT-1s

Example of Screening Alternatives
Using a GreenScreen List Translator

So, if one reviewed all of the solvents that were used in the furniture
adhesives mentioned in the earlier example, one would have seen
that they are all chemicals of concern that should be avoided.

3E Exchange

Q [75-09-2], [EC: 200-838-9] Dichloromethane

GreenScreen List Translator™ Score - LT-1 (7)

Group | Human (%) Group Il and II* Human (7) Ecotox (7) Fate (3)
CIM[R] D | E AT st N Sns* snR* | Irs | IrE AA CA P [B Rx F
single repeated® single repeated®
M| M M M M Morl M Mult
2
S € BB (715561, [EC: 200-756-3] 1,1,1-Trichloroethane
5 GreenScreen List Translator™ Score - LT-1 (7)
(<T] Group | Human (%) Group Il and II* Human (%) Ecotox (2) Fate (2) Physical (7 Mult* (2)
o cC[ MR D E| AT ST N Sns* snR* [Irs [IrE | AA [  CA P /B Rx F
: single repeated® single repeated®
g M Morl M M M Morl H H vH Mult vH or H M Mult
]
o
15
- -J4-2], . - - -bromopropane
o BBl [106-94-5], [EC: 203-445-0] 1-B
5 GreenScreen List Translator™ Score - LT-1 (7)
— Group | Human (2) Group Il and II* Human (2) Ecotox (7) Fate (7) Physical (7) Mult* (2)
I c | M [ R [ D [E]|Ar ST N Sns* snR* [ IrS | IrE AA CA P /B Rx | F
single repeated® single repeated®
M M M MorL M Mult

Comparison Here


https://exchange.3eco.com/Substances/CompareSubstances?listId=7ade50ee-3f2a-4756-9ff3-854e040bfea8
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Activity

You are being asked to screen selected potential
alternatives for hazards.

Please go to the “Hazard Screening Activity” for
more information and for instructions on how to
use the Automated GreenScreen List Translator.

https://www.globalgreenchem.com/ files/ugd/c7d2f6 f671bf894c454428bed70dee2b9a4282.pdf



https://www.globalgreenchem.com/_files/ugd/c7d2f6_f671bf894c454428bed70dee2b9a4282.pdf
https://www.globalgreenchem.com/_files/ugd/c7d2f6_f671bf894c454428bed70dee2b9a4282.pdf
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Screening for Performan%e ©0g ®

O o O‘ @)
. . L e}
Screen out chemicals that are identified to

not perform.

One can do this by:
« Assessing if the proposed alternative(s)
have been identified by expert sources
as unfavorable for the application
based on performance.
« Implementing relevant decision rules
that were defined during scoping © o
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Screening for Performan%e ©0g ®
O o 90

O
For example, Dipropylene Glycol functions as a e

solvent and fixative in fragrances.

If one was looking for alternatives to Diethyl
Phthalate (DEP) used in fragrances for the
manufacturing of cold processed soaps,
Dipropylene Glycol would be filtered out as it causes
the soap batch to seize.

Another example would be eliminating alternatives
that one doesn’t have adequate space or
infrastructure to implement. @ o
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What Does One Do if there are no
potential alternatives?

One needs Green Chemistry
innovation!

Post requests for alternatives and Communicate and collaborate on
share information on the criteria. Innovation.

Green Chemistry Technology Needs
1 & chemsec X . — ‘, This list is developed and maintained by the GC3 Startup Network based on input provided by a selection of
MARKETPLACE Q] =

COMMERCE COUNCIL

manufacturers, brands, and retailers comprising the GC3 membership, It is a living document subject to
«continued modification. There are no representations or warranties about the completeness, accuracy, or
reliability of the information.

Chemical Function Description Identifier
Bonding agents without the use of methylene diphenyl dilsocyanate (MDI) and 1
toluene diisocyanate (TDI), generally used in paints, coatings, foams, glues,
Search results Q composite woods and flooring
MEK-free primers/adhesives 2
. Adh /switchable adh for applications including recycling/recovery, 3
\ ( Filter A industrial electronics pick-and-place processes, short-term silicon wafer bonding,
feet for climbing robots
| looking fe Technical Functi Sector of U
_am oo cng ol echnical FuncrionQ) Secroneiusel0 Solvent-free, water-based adhesives that do not rely on chloroprene monomer, 4
I « Evaluated Alternatives None selected - None selected - including applications such as foam to foam, foam to polymer, foam to wood, and
metal to metal capabilities in high humidity climate conditions, especially in
I ¥ Alternatives Legal requirements, itz
Material Article Category € standards and third party labels & Wood adhesives that do not contain added formaldehyde 5
¥ Requests
I None selected - None selected - Cobalt-free batteries that are environmentally (GreenScreen® Benchmark 2 or 6
T s e Battery higher) and socially sustainable
All items v Technologies EGDME (1,2-dimethoxyethane)-free batteries that are GreenScreen® Benchmark 2 7
. Blowing agents for wire and cable insulation without the use of azodicarbonamide 8
Blowing Agents. (ADC)

Example is ChemSec Marketplace. Example is through communicating and collaborating with
organizations like Change Chemistry (formerly GC3).



https://marketplace.chemsec.org/Alternatives/
https://assets-002.noviams.com/novi-file-uploads/gc3/pdfs-and-documents/StartupNetwork/GC3_Green_Chem_Needs_02_2020-266c016d.pdf

Nexus of Green Chemistry and
Alternatives Assessment

LY 1S T ST SO SFaseh s

A OPEN ACCESS | M Bt i

The nexus b 1 alternati nt and green chemistry: supporting the
development and adoption of safer chemicals
Joel A Tickner", Rachel V. Simon®, Maolly Jacobs®, Lindsey D. Pollard” and Saskia K. van Bergen®

Lowell far abl , University of | Lovwedl, Lowellus, MA, LSA; "Massachusetts Towes Use Reduction
Insistute, University of Lowedl, MA, USA; “State Department of Ecology, Lacey, W, USA
ABSTRACT mmmmﬂ

| of 7 Septumber 200
mmmdmhmmmvnmmm:ﬂmm mmmm
es
altermafives asscssment and green chemistry as complementary approaches fo support the 50T WORDS
dewelopment and mdwmmmkhvﬁM|m_ M""“‘"’mm
article dizcusses Mfmmahmmwmmhmmm -.o.d.
companies have utilized the took and ap dmummdmm
splutions. This research demonstrates the lnpm nﬂ'!ydﬂ!uuiq)png
umnmammwunmmmm.Emamnml
and collaboratwe spaces o jointly T Mermee nd
mmm mammmmm“umam
and green chemisiry in supporting the transition 1o
n&.-mmmnkm including: dearer definitions and criteria of what &5 “safer:

to cvahuate of chemical
. iy ety eﬂ%m“mwm&ﬂ
combine multiple Sttrbutes o make an infomed decision.

ASSESSMENT CHEMISTRY
‘oUTCOMES PRINCIPLES
Eisting ey e
R el AL

S -4
rbteriafor

dsfiniag matar

Introduction substitutes, whers replacements for & chemical of

Mcreasi ! and markel for compa-  concern have similar of greater health of environmental
mies 1o eliminate chemicals of concem from the products.  impacts of unacosplable performance. It has propelied
they create and source may force manufectirers and  signilicant growth in the feld of altematives ssessment,
retailers 1o respond quickly, focuwsing primarily on the  an approach o guide te evaluation and substitution of
removal of the chemical of concem, withowl an  chemicals of concern The publication of the US
informed understanding of the replacement. This National Research Coundl's Framework 1o Guide the
approach can lead 1o the adoplion of regrettable  Selection of Chemical Allermatives (1), the developeent

Suggested Reading

“To better understand the nexus between alternatives
assessment and green chemistry as complementary
approaches to support the development and adoption
of safer, more sustainable chemicals for specific
functional uses, this [open access] article discusses the
foundations of the two fields and examines two case
examples in which companies have utilized the tools
and approaches of both disciplines in developing safer
chemical solutions. “



https://www.tandfonline.com/doi/full/10.1080/17518253.2020.1856427
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Step 5: Evaluation of Alternatives

Objectives

. To Assess and Compare Alternatives

against a number of modules (Hazard,
relative Exposure, Performance,
Economic viability)
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. Evaluation of Alternatives

Now that there is a narrower list, one needs to
take the alternatives through more robust

assessments based on what was decided in the
Scoping step.

It is recommended that, at a minimum Hazard,
relative Exposure, Performance and Economic
viability are assessed.
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Assessing Hazard and Exposure

The alternatives have already been screened and some of the regrettable
substitutions have been phased out.

In order to ensure that the remaining alternatives are safer, one needs to use a
more robust chemical hazard assessment methodology. No data does not mean a
chemical is safer.

It also could be that a chemical or ingredient has been assessed and certified by a
third-party assessor with a robust material health methodology that meets your
criteria for safer.

With respect to exposure, one needs to use life cycle thinking when evaluating
exposure Eotential to ensure that no significant exposure pathways are missed and
one isn't shifting risk.

Also, what are the intrinsic hazards, while several alternatives might be identified as
safer, do any have hazard traits that are cate%orized as high or very high and have
exposure pathways connected to those traits:
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Hazard
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Broad Range of Hazard Endpoints to Consider

Environmental
Toxicity & Fate

Human Health

Acute Acute Aquatic
Carcinogenicity Mammalian Toxicity
Toxicity

Mutagenicity &
Genotoxicity

Systemic Toxicity
& Organ Effects

Chronic Aquatic
Toxicity

Reproductive
Toxicity

Neurotoxicity Terrestrial Toxicity

Skin Sensitization Bioaccumulation

Developmental

Toxicity Respiratory

Sensitization Mobility

Persistence/
Biodegradation

Skin Irritation

Endocrine Activity .
Eye Irritation

Physical Hazards

Reactivity

Flammability

Ozone Depleting
Potential

A few of the fate
and transport
endpoints could
be considered
under exposure
versus hazard
but they are
mentioned here
as many of the
tools that will be
mentioned,
consider these.

One can also consider
environmental
transformation products.



How to Assess and Compare Chemical Hazards
Example Criteria/Methods/Tools

- Safety Data Sheet (GHS H phrases)

e ChemHAT

- PRIO

- P20OASys

« GreenScreen® List Translator Tools

- Safer Choice Master Criteria/Functional Criteria
- @GreenScreen®

« Enhesa Chemical Assess

- Cradle to Cradle Certified and ChemForward

Unbolded are useful screening tools. Bolded are more robust assessments that, depending on
your requirements, can provide data to help one determine that the alternative safer (or not) than
the chemical of concern.
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How to Assess Screen and Compare Chemical Hazards

Example Tools/Databases

- Safety Data Sheet (GHS H phrases) (Required)
« ChemHAT (open access)
« PRIO (open access)
« P20ASys (open access)
« GreenScreen® List Translator Tools +
—  Pharos
—  3E Exchange (open access for chemical comparisons- need to log in)
- Safer Choice Master Criteria/Functional Criteria
- Safer Chemical Ingredient List (open access)
- Cleangredients
- GreenScreen®
« |C2 Chemical Hazard Assessment Database (open access)
« ToxFMD Screened Chemistry Library (Benchmark 1 summaries open
access- need to log in)
« Enhesa Chemical Assess
- Cradle to Cradle Certified Product Registry (open access)
« ChemForward (several open access assessments)

Unbolded are
useful screening
tools. Bolded
are more
robust
assessments
that, depending
on your
requirements,
can provide data
to help one
determine that
the alternative
safer (or not)
than the
chemical of
concern.


https://chemhat.org/en
https://www.kemi.se/prioguiden/english/search
https://p2oasys.turi.org/
https://exchange.3eco.com/Account/SignUp?email=&refreshLanguage=True&cultureName=en
https://www.epa.gov/saferchoice/safer-ingredients
https://www.theic2.org/hazard-assessment-database/
https://database.toxservices.com/FMD
https://c2ccertified.org/certified-products
https://alternatives.chemforward.org/preview/ojotns3e75gd/portfolios/38

The US EPA Safer Chemical Ingredient List (SCIL)

Chemicals on SCIL are listed by function and meet either the master criteria or the o

Mot Wi 2 Runclion i 12 £300gary is salected, tha saarch abowe will enly 3pply 10 tha chanicals assigned (o this henctional use.

relevant functional criteria. These chemicals are assessed by a third party profiler

Mot for Surtactins The hazrd profik of 2 s,

Tunctional class My need 10 provids asdson al isfomaation for Sater Cheice fiviiw. So6the,

and then EPA staff review the completed hazard profile and, if it meets the

e e

relevant criteria, it is approved for the list. R [ ] ]

T} T Hessaditangic i Seatisctants

) Hixadecantic acid Serlactnts

Alanine, M by LRE
R besa..Alaning, H. (3-carbayathyl|-H-[3 cenane Stortants

idorylonyerogyl]-, sodim it [1:1)

Criteria for Safer Chemical Ingredients OO [ —

03334 Serlactants

Each chemical ingredient in a formulation has a function in making a product work - whether it is to aid in cleaning by reducing surface

aing- - arbissprithel)- N

tension (surfactants), dissolve or suspend materials (solvents), or reduce water hardness (chelating agents). Within these "functional L 18-unsatt. acyl) d LeTIT0-44-3
classes," many ingredients share similar toxicological and environmental fate characteristics. As a result, Safer Choice focuses its review —
L Propas B —— e
of formulation ingredients on the key (environmental and human health) characteristics of concern within a functional class. This ° salts s S
approach allows formulators to use those ingredients with the lowest hazard in their functional class, while still formulating high- e ina-H icarbiispmmatheyl- KN £17E3387 P—
. o i, sod —
performing products. EPA’s Safer Choice Program - —
- - dcarmangmethyl-HY Searlintimts
H H H salts
The Safer Choice Program evaluates each ingredient in a formulation against the following Master and Functional-Class Criteria Master Criteria for Safer Ingredients P
L R o 13772450 Serfoctants
documents, as appropriate. These documents define the characteristics and toxicity thresholds for ingredients that are acceptable in S :
Safer Choice products. - B Sartoctans
- L . . . . . . . . Version 2.1 baeeyrmiel] M dimtind-3 e
The criteria are based on EPA expertise in evaluating the physical and toxicological properties of chemicals, and while they incorporate October 2024 L ol JEMEL Sertoctints
authoritative lists of chemicals of concern, they go far beyond these lists. Safer Choice applies the criteria using EPA research and - L idaclo 1 proganaic w01 hoptyl 2. difpdre. s
analytical methods to ensure that Safer Choice products contain only the safest possible ingredients. All criteria documents are part of Office of Pollution Prevention & Toxics i ""'"‘"""'""“'m_’"""'"
the Safer Choice Standard. U.S. Environmental Protection Agency *Eiphasyh alpi 0 ghcacs
[} 2-Ethylhand poly-0-ghaiosidis
. MaSter Critef’ia - 2-0-Rhamniry ranecyl-Matssgyranas- 3 F—
ydrcoybdacancy |- 3 hpdrarpditanaate. —
* Functional-class criteria g o PEE—— P

o Chelating and sequestering agents SAFER . Auti i, et et pradcts ik L aagey
CHOICE it

o Colorants, polymers, preservatives, and related chemicals

Acitic acid, chian., sodiue Salt, eacion prodas

o Defoamers - B R ————— Sesttants
epa.gov/saferchoice and soodian bpdrieidd
o Enzymes and enzyme stabilizers
- Algriheis, CLO-LE, etfcmdatiod propasylatid ERIS4OT2
o Fragrances
. . - L Alcahoks, CLO-1&, etfmdatid
o Oxidants and oxidant stabilizers
[} Alcohods, CLO-U6, etfmdatind
o L .
mgw - Aleohsls, CLO-RE, etfedatind propasylatid £0017.23-1
o Solvents & Alcoheks, CL1-Lé e, C13-rich, aihanylated TE330-218
o Surfactants L] Alcohoks, CL1-15-secondary, athorylated

Shseing 1t 250 352 tics |Iiheredd b OS5 bital catios)

https://www.epa.gov/saferchoice/safer-ingredients



https://www.epa.gov/saferchoice/safer-ingredients

GreenScreen® for Safer Chemicals

TNy
GreenSbre
fb S%ferCBeml éls A nonprofit, Clean Production Action, developed the

As&é&ment Gu1danc

GreenScreen methodology so that one could assess,
summarize and compare the hazards of chemicals.
builds off the Globally Harmonized System of
Classification and Labeling of Chemicals (GHS).

Technical experts assess and classify 18 human health
and environmental endpoints using information such
as authoritative lists, scientific literature, modeling
tools and suitable chemical analogs. A summary and
i * justification of each decision is documented in the

- S— assessment and the relevant literature is cited.

After the endpoints are assessed, a summary score is
determined (Benchmark 1, 2, 3, 4 or U).

A VAT = very Hgh B + [y igh T Edstewoty e Greags | Humanl o6 :
igh (Gasep o 1" Hurvard| AnBechadne
o s ¥Fchorn Ot

m e https://www.greenscreenchemicals.org/learn/qguidance-and-method-documents-downloads



https://www.greenscreenchemicals.org/learn/guidance-and-method-documents-downloads
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GreenScreen- for Safer Chemicals
Example of Summary for Cyrene

GreenScreen® Assessment View source View key

Group | .
Human Group Il Human Ecotox  Fate Physical
ST N
CERMIR D E AT SnS SnR IrS IrE AAICA/Eo P B Rx | F

single repeat single repeat

IILIL L DG L M L L L L DG L M L L ..LL

1 The full assessment is available as a PDF document T_

Benchmark 3

For the endpoint scores, bold is high confidence, italicized is lower confidence.

Acute Aquatic Toxicity D Developmental Toxicity M Mutagenicity and Genotoxicity SnS Sensitization (Skin)
Acute Mammalian Toxicity E Endocrine Activity N Neurotoxicity SnR Respiratory Sensitization
Bioaccumulation F  Flammability P Persistence ST Systemic/Organ Toxicity
Carcinogenicity IrE Eye Irritation R Reproductive Toxicity

Chronic Aquatic Toxicity IrS Skin Irritation Rx Reactivity * Repeated exposure

https://www.greenscreenchemicals.org/learn/guidance-and-method-documents-downloads

Slight Concern



https://www.greenscreenchemicals.org/learn/guidance-and-method-documents-downloads

GreenScreen- for Safer Chemicals
Example Endpoint Summary and Supporting Data

Mutagenicity/Genotoxicity (M): L

Cyrene (53716-82-8) was assigned a hazard classification level of Low for

Mutagenicity/Genotoxicity based on negative results reported from in vitro assays using h sSummar
the chemical of interest. The low hazard conclusion is based on high quality studies y

reported for the chemical of interest therefore reported with high confidence.

Data
e Lists

o Authoritative: None = Not on Relevant Hazard Lists

o Screening: None

¢ Measured Data

ECHA 2023a
+ Cyrene has been tested in a valid bacterial reverse mutation assay, conducted h Data
according to OECD Test Guideline 471 (1997) and in compliance with GLP, using

Salmonella typhimurium strains S. typhimurium TA 1535, TA 1537, TA 98, TA 100, and
TA 102. No increase in the number of revertants was observed in any test strain, with or
without metabolic activation when tested up to limit concentration. Appropriate positive,
negative, and solvent controls were added and gave expected results. It is concluded
that the test substance is negative for mutagenicity to bacteria under the conditions of
the test.

* Cyrene has been tested for ability to cause chromosome aberrations in cultured
peripheral human lymphocytes in an in vitro cytogenicity study, conducted according to
OECD Test Guideline 487 and in compliance with GLP. No increase in the number of
cells with aberrations was observed either with or without metabolic activation in
cultured peripheral human lymphocytes. Appropriate solvent and positive controls were
included and gave expected results. It is concluded that the test substance is negative
for the induction of chromosome aberrations under the conditions of this study.

s Cyrene has been tested in a valid in vitro mammalian mutagenicity study, conducted
according to OECD Test Guideline 476 and in compliance with GLP, using mouse
lymphoma L5178Y cells. Cyrene did not induce mutation at the HPRT locus of L5178Y
mouse lymphoma cells when tested for 3 hours up to cytotoxic concentrations in the
absence of a metabolic activation system (S9) and up to a concentration equivalent to
10 mM in the presence of metabolic activation system. Appropriate solvent, negative
and positive controls were included and gave expected results. It is concluded that the
test substance is negative for mutagenicity to mammalian cells under the conditions of
this study.

e Estimated Data: None

Full Assessment for Cyrene is HERE.


https://www.theic2.org/wp-content/uploads/2023/08/Cyrene_GreenScreen_Chemical_v4_2023.03.29.pdf
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IC2 Chemical Hazard Assessment Database

INTERSTATE CHEMICALS
2 ABOUT ~ FOCUS AREAS ~ HPCDS v KNOWLEDGEBASE EVENTS
CLEARINGHOUSE

Home > Knowledgebase > Chemical Hazard Assessment Database (CHAD)

BACK TO KNOWLEDGEBASE

Chemical Hazard Assessment Database (CHAD)

* Over 180 Open Access GreenScreen Assessments.
« No login needed.

https://www.theic2.org/hazard-assessment-database/



https://www.theic2.org/hazard-assessment-database/

ToxFMD

« Online subscription-based service with GreenScreen

ToxFMD Screened Chemistry™ Library
Benchmark Scores of >800 Chemicals

assessments. "
* Free access to over 200 Benchmark 1 Chemicals (need to -

set up an account).

Group | Human Group Il and IIF Human Ecotox Fate Physical

SCREENED Fo.. . s . 5 S
CHEMISTRY® < £E Z . . . 3 H z 5 g2 = 2 g, ER £ k| £ £
= Tk ) = = =2 = £ ® [ £ = = < 5 = a
LIBRARY H Ex 33 £S5 3% 3 2 3 £ ££ E £ g g3 ¢ g 3 3
£ o3 e E o % 23 o E s -] v = - e 5 Qe 4 3 3 £
g £ &¢ g ¥ ;= E g 5 z &g = & e g é g = H
S RG] & @ 2 = 2 a @ @ 2 s o i

=] =< () =<
Enter CAS# or Chemical Name: @
S R* S R = =
Clear | 80-09-1 [s]

— (o M R D E AT STs STr Ns Nr SNS™ SNR™ Irs IrE AA CA P B Rx F

80-09-1 | Bisphenol § | M L - L - L DG M DG L L DG L L M

S indicates single exposure, R* or * indicates repeated exposure. Hazard levels in ITALICS reflect low confidence. Hazard levels in BOLD reflect values based on high confidence

=
-
-

GreenScreen® Benchmark Summary:

Benchmark a b c d e f g
1: Avoid—Chemical of High Concern NO NO NO NO YES
STOP
STOP
4. Prefer—Safer Chemical STOP

No: Chemical is not captured by the hazard combinations addressed by this sub-benchmark. If all outputs for sub-benchmarks in a benchmark level are "No", the benchmarking process progresses to the next benchmark level.

Yes: Chemical is captured by the hazard combinations addressed by this sub-benchmark . If any output for a sub-benchmark in a benchmark level is "Yes" the benchmarking process does not progress to the next benchmark level
GreenScreen® Benchmark Score:

I Full GreenScreen® Report ~

https://database.toxservices.com/FMD



https://database.toxservices.com/FMD
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Chemical Assess

« Online subscription-based service of hazard assessments (over 5000 verified)
« 24 Human, Environmental and Physical endpoints.

scivera.lens Betsy
by enhesa.
Viewing CAS RNs for Group: Demo Group nterpreting this report
Summary Score _ =
Det; 1
O
D A L v @ ] ] q q ® 4 4 ® L ® q q q
O A v 4 q L q q 4 q q 4 4 L 4 [ ] q q q q q
D A q v @ o [ [ ] [ ] L q L] q L { L [ ] 4 q [ ] [ ] [ ] q q o
. A ® v @ [ ] [ ] [ ] q q L L L L 4 4 4 L L L 4 4 e [ ] [ ] @ ®
] Organe extract A q
O TAN v 4 @ L q q q ® q ® q 4 q q q q q ® ®
- A ] v @ @ @ q ® L ® ] 4 q e L q ®

Lists selected for Assessment: 541 out of 541 (Total available) - Click to View.

https://www.enhesa.com/sustainablechemistry/our-solutions/chemical-assess/



https://www.enhesa.com/sustainablechemistry/our-solutions/chemical-assess/
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Cradle to Cradle Certified

« Online open access
* Nologin needed
« Uses Cradle to Cradle Methodology

cradletocradle Certified Product:
aodetoorle :>) Coriied Products Topics & Sectors Menu | ||
ca esources

THE STANDARD GET CERTIFIED OUR COMMUNITY THE INSTITUTE

Certified
products

Q Search in products

Products () Product category @ C2C Certified @ Material Health Certificate

https://c2ccertified.org/certified-products/

CRADLE TO CRADLE

PRODUCTS

INNOVATION
NS T LT T E

PLATINUM

Eastman Copolyesters with Approved
Additives

ISSUED TO E: 1 Chemical C

STANDARD 3.1 EXPIRES 17 December 2025

LEAD ASSESSMENT BODY

MBDC

PHASES AND PROCESSES CONSIDERED IN THE CHEMICAL TOXICITY ASSESSMENT

Manufacturing; Final manufacturing; Professional Use; Use; | ded end of use: recycling; Unintended end of use:
landfilling, incinerati lled burning, rel to the envi it

PRODUCTS COVERED
Please see the List of Certified Products for all products covered within the scope of this certificate.

PRODUCT OPTIMIZATION SUMMARY
Cradle to Cradle Certified® Banned List compliant

Material Health optimization strategy not required

No exposure from carcinogens, mutagens, or reproductive toxicants

VOC emissions testing not required for this product type

Product is fully optimized - does not contain any GREY or x-assessed chemicals
Process chemicals have been identified and none are GREY or x-assessed

PERCENTAGE OF ASSESSMENT RATINGS PRODUCT
CHEMICAL SUBSTANCES BY WEIGHT OPTIMIZATION
ASSESSED BY WEIGHT 22

100% =g 2%

o g 0 0
aorb c X GREY
Inventory threshold for chemicals in : :
each material = 100 ppm x: 0% GREY: 0%
% CHEMICAL SUBSTANCES 22 CHEMICAL SUBSTANCES



https://c2ccertified.org/certified-products/
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ChemFORWARD

Summary Score « Online subscription-based service of
assessments using 2 methodologies (GHS and
Chemical Name CAS #  Chemical Class :I:Z::ZoBr:v:;dﬂ C2 CC) .

EEEOCIRICTED A gt * Free access to some assessments (need to set

up an account).

2 Hazard Summaries GHS and C2CC * Includes routes of exposure.

GHS c2c
How to read the C2CC Hazard Summary Table
GHS
Human Health Environmental Other
How to read the GHS Hazard Summary Table
3‘ -]

c . > % ' g

2 ] > £ H -~ £ = > ° =

3 . . = ] 2 ] ° > 2 K] Z H

£ 3 PR 3 H i 3 > «- £ > = AR 2 z s E |
H F ] £ 3 H § 5 = - = > P K] 5 E > - £ : 2 2 H ¥ H S
2 E 3 2 3 g K 5 5 5 & s 3 s 2 £ Z2E & - e Eps H 2 % T = ° E £ g ]
z z g g £ o i 3 3 H L a 3 % 3 8§ % TE s5F g = % §F 2 I ¢ 35 =z § f |5 3 %
S-S T N R B A T N T O P F f5 §3: 3 % § 234 fr|Z2 f =2 % § : z|%T 1 :
8 g = H = ] & = -1 H € s ] < = 8 g [ g3 F 3 g i e 5 8 = £ g H 4 v = g -
I I I R I 5 2 B iz ; 3 $%; If|s F & P &t ! o:|} b %
K] ] g 2 3 5 5 5 5 ] = 2 = 3 é k] 5 ] 2 [ - wa © [ = 4 weJ w g i < = @ [~ o (-] -
ol (B a0 E E @3 [ oral . @ BN c B 3 B VB B E
. . - o s @ B B 8B © G
. NO
.= o e @ N B 28

https://alternatives.chemforward.org/preview/ojotns3e75gd/portfolios/38 - Free Assessments.
https://www.chemforward.org/plastic-additives - Free access to summary scores after registration.

Other (Environmental
Health)

o]


https://alternatives.chemforward.org/preview/ojotns3e75gd/portfolios/38
https://www.chemforward.org/plastic-additives

Example of Using these Assessments

g [80-05-71, [EC: 201-245-8] Bisphenol A Chemical of Concern

GreenScreen List Translator™ Score - LT-1 (2)
Group Il and II* Human (7)

Group | Human (3)
C M R D E AT ST

Ecotox (7) Fate (?) Physical (7 Mult* (3)
N sns* SnR* IrS | IrE AA CA P B
single repeated® single repeated®

This is an example of a GreenScreen List Translator result of BPA, a chemical of concern. In the
Screening activity, one chemical was screened out due to the decision rules that were stated. The
remaining chemicals “passed” the screen but additional data is needed to for this current step.
Frequently there can be a minimum requirement for the amount of data required.

Remember that no data does not mean that the chemical is less hazardous.

BPA Assessment is from 3E Exchange



https://exchange.3eco.com/Substances/SubstanceDetail/887defae-6903-4d3e-94da-37ab8ce436cf/80-05-7
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GreenScreen” Hazard Summary Table for Benzenesulfonamide, 4-Methyl-N-[[[3-[|(4-
methylphenyl)sulfonyljoxy|phenyl] Amino|carbonyl|-)

Example of Using these Assessments

Note: Hazard levels (Very High (vH), High (H), Moderate (M), Low (L), Very Low (vL)) in italics reflect lower
confidence in the hazard classification while hazard levels in BOLD font reflect higher confidence in the hazard
classification. Group Il Human Health endpoints differ from Group II* Human Health endpoints in that they have four
hazard scores (i.e., vH, H, M, and L) instead of three (i.e., H, M, and L), and are based on single exposures instead of
repeated exposures. Group [1* Human Health endpoints are indicated by an * after the name of the hazard endpoint or

Group | Human Group Il and 11 Human Ecotox Fate Physical

C | M R D E | AT ST N SnS* [SnR*| IrS |IrE | AA | CA B Rx F
single repeat® single | repeat*

MLMH“LMLLHLL-LL

after “repeat” for repeated exposure sub-endpoints. Please see Appendix A for a glossary of hazard acronyms.

This is an example of a GreenScreen assessment of one of the alternatives to BPA. If you
completed the screening assignment, compare the results from 3E Exchange to this assessment.

= Benchmark 2

Based on the decision rules in the screening activity, this alternative would not be deselected in

the screening step and likely has adequate data to get it into the final comparisons with respect
to hazard.


https://www.newmoa.com/prevention/ic2/projects/assessments/232938-43-1%20Benzenesulfonamide,%204-methyl-N-3-(4-methylphenyl)sulfonyloxyphenyl%20aminocarbonyl-)%20(GS-1122)%20v1.4%20Certified%20June%202020.pdf

i

|

7 ey

Example of Focusing on
a Hazard Endpoint

A company was developing an BPA-free epoxy resin
so wanted to identify a safer alternative.

I

| ——

| C———

= They first screened out bisphenols based on

d_— regulatory compliance, then narrowed the selection

——-—“' based on structural elements of the molecule.

——— :

— GreenScreen assessments were also used but since
estrogenic activity was the main concern and there is

J‘

usually limited data on this endpoint,

they emphasized this endpoint. They performed
testing and supported additional independent
researchers to try to demonstrate a lack of estrogenic
activity.

More information HERE.


https://www.tandfonline.com/doi/full/10.1080/17518253.2020.1856427#d1e434
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Exposure
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Exposure

The basic exposure assessment asks questions
about differences in exposure without the use
of control measures between the chemical of
concern and the alternatives and assesses if it
is roughly equivalent, less than or potentially
more. This can help deprioritize or eliminate an
alternative.

One also uses life cycle thinking to avoid the
potential of shifting the burden to another
population. Were there any process changes
that increase exposure to a certain population?
What is the route of exposure and do the
physical properties of the chemicals and
hazard traits increase the chemical risk?

One can also decide if one should perform
additional exposure considerations.

Table 8: Qualitative Questions to Identify Exposure Pathways.

Life Cycle Stage

Qualitative Inquiry

Manufacture

e Are workers prone to exposure (inhalation, ingestion,

dermal, physical/chemical risk, etc.) during manufacture?

e Does the manufacturing process lead to environmental

exposure through leaching into air, water, or soil? If yes,
what is the likely fate in the environment?

Transportation/Storage

Is there risk of exposure from combustion, corrosivity, etc.?

Use

¢ Do the intended or foreseeable uses suggest an exposure

pathway?

e Isalternative prone to leaching, disassociation,

degradation or other means of escape from product into
the user or indoor or outdoor environments?

End-of-Life

Does disposal /reclamation/recycling create potential
environmental exposures from leaching into air, water,
soil?

s Does disposal /reclamation/recycling create potential

exposures to workers from inhalation, ingestion, dermal?

All

e Do any physical or chemical properties, such as persistence

or solubility, suggest likely exposure pathways?

From IC2 Alternative Assessment Guide Draft 1.2
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If one notices differences in exposure, one can perform a comparative exposure to the
original chemical of concern.

Also, while several alternatives might be identified as safer and selected to move
forward when looking at the hazards, one can ask if any have hazard traits that are
categorized as high or very high and have exposure pathways connected to those traits?

For example, if one of the alternatives is high for respiratory sensitization. Is
inhalation an expected route of exposure given the expected conditions of use
of the alternative? Is the alternative a volatile organic compound? If the answer is
yes for either, it may be a reason to document the alternative as unfavorable or

less favorable.

Here about what a practitioner considers HERE.
Related articles here and here.



https://youtu.be/jW4y84pf0Zo?t=3983
https://academic.oup.com/ieam/article/13/6/1007/7732698
https://academic.oup.com/ieam/article/15/6/880/7732003

106

Performance



107

Performance

How does one assess this? There is a balance. One doesn’t want to overprescribe the
performance needs but it obviously one needs the alternative to work. What
performance attribute are critical? Which are desirable?

For this module, one needs to identify the functional requirements as well as the
tolerance.

The level of detail of this module will vary depending on user and breadth of assessment.
If a standard was written around the chemical of concern and not the function, it is likely
overly prescriptive and does not allow for innovation. It can also be that a standard would
remove certain alternatives at the chemical level but, if they were still included, the
performance of the product would have met the market need.

You might want to go back to the “Fit for Purpose” slides mentioned in the scoping section.
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Performance- Basic Level

Some basic level questions include:

Has the alternative already been identified as a favorable alternative with
respect to performance for the same or similar function as the chemical
of concern? Is it already used in similar products available on the market?
Do marketing materials for the alternative indicate that it will meet the
function for the application of interest?

If the alternative has been found to perform but not as well as the
chemical of concern can the process or product be modified to
accommodate the alternative? If no, is the difference in performance
critical to the product?

Has the alternative been identified by expert sources as unfavorable in
the specific application being assessed?
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Performance

In addition to the basic level questions, one might also ask questions at
the product level such as:

Is durability affected?

Will worker require retraining? (this one might not change the
assessment decisions but likely has a cost consideration and could
help with the implementation.)

There are additional performance assessment levels that one can
perform and that you can read more about in the recommended
readings. o —

An example of performance testing is HERE.



https://www.turi.org/publications/microbrewery-shines-with-safer-cleaning-and-sanitizing-technology/
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Economic Feasibility

Basic questions include:

* Is the alternative used in the application of interest? Is the alternative
currently offered for sale for the application of interest?

Additional levels consider supply of alternative and comparative costs:

« Is the alternative currently being used for the application of interest? Is
the price comparable to that of the chemical of concern? If not, is the
price difference prohibitive?

« Is the alternative being produced in sufficient supply from several
manufacturers?

« Can one demonstrate cost savings to your customers that would justify
an increase in the unit cost?

Benefits might also be considered.

An example could be lower utility bills. Read about some examples
of cost savings HERE.



https://www.epa.gov/sites/default/files/2017-01/documents/safer_alternatives_for_solvent_degreasing_applications_.pdf
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Other Modules to Consider

This Training addresses some of the core modules to consider but there
are others that one can consider.

For example, one can consider materials management, social impact
and/or results of a life cycle assessment.

Information on these can be found in the IC2 Alternative Assessment
guide.



https://www.theic2.org/alternatives-assessment-guide/
https://www.theic2.org/alternatives-assessment-guide/
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Step 6: Identify Acceptable Alternatives or Innovate

Objectives

. To either identify acceptable
alternatives based on the information
compiled in Step 5 or communicate
the need for innovation and

. To document conclusions.
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ldentifying Alternatives and the Process

Use information from the scoping section, decision rules,
criteria and information compiled in Step 5 to conclude if there
are favorable alternatives that could replace the chemical of
concern of material or products that contain it.

If no favorable alternatives remain, one might need to go back

and reassess certain evaluation modules or communicate the
need for innovation.
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Documenting the Results

This section should include:
* Preferred alternatives along with the rationale.

 Key findings that can be shared to spur innovation and support
the adoption of safer alternatives

* Challenges or limitations that influenced decision making.

» Research needs or recommendations for a follow-up
assessment if needed to find preferrable alternatives.




The Results of an Alternatives Assessment
Informed Substitution!

Safer Functional
Alternative(s)

Company
Phase out toxic chemical
or chemical class
[ Limits J




The Results of an Alternatives Assessment

If safer viable alternatives are not identified, one can
communicate criteria for a Green Chemistry Innovation.

An example site is https://marketplace.chemsec.org/ .

L,"chemsec

MARKETPLACE

Future-proof your business
Find safer alternatives to hazardous chemicals

Marketplace gathers all green chemistry innovations in one
place, making it easier for companies to choose safer
solutions. Search advertisements of safer alternatives and
connect with suppliers.

'

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


https://marketplace.chemsec.org/

Green Chemistry Innovation

The innovations can use design rules for safer chemicals as
well as predictive tools and then once developed can be
assessed against the existing alternatives using an
alternatives assessment framework.

oo SGLD -

ustainable

Disi_J =

A Chemist's Guide to Molecular
Design for Reduced Hazard

Prodeag V. toowdd | Pond L Anastn

A Framework
to Guide Selection of

https://www.jennystanford.com/9789814968591/first-do-no-harm/
https://www.parc-ssbd.eu/#

https://nap.nationalacademies.org/catalog/18872/a-framework-to-guide-selection-of-chemical-alternatives



https://www.jennystanford.com/9789814968591/first-do-no-harm/
https://www.parc-ssbd.eu/
https://nap.nationalacademies.org/catalog/18872/a-framework-to-guide-selection-of-chemical-alternatives
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Implementing Change

Watch a clip of this video on workers
opinions of the Implementation of a safer
alternative.



https://www.youtube.com/watch?v=8lG6dAZE52k&list=PL43A44D61109073BC&t=320s
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