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We invested €800m into R&D in 2020 and we have over 20,000 patents
protecting the ideas, discoveries and breakthroughs that our global team
of 5,000 world-leading experts produce.

“Innovating boldly for people and planet means challenging our thinking
and applying real science and technology to tackle big challenges
that matter”

Richard Slater, Chief R&D Officer
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Unilever - Safety & Environmental Assurance Centre (SEAC)
Ensuring Unilever’s Innovations & Products are Safe & Sustainable by Design
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Safe and sustainable by design

Leading safety and Keeping people and the Reducing our environmental

environmental sustainability How we build safety and sustainability into every product environment safe impact

sciences innovation. The science-based approaches we use to keep our How we harness the latest science to minimise our
consumers, workers and the environment t safe. environmental footprint.

The scientists behind our safe and sustainabie products

Unilever Product / Ingredient Safety Governance

= Provide scientific evidence to manage safety risks
& environmental impacts

Responsible Innovation

UHILEVER INTERHAL

Responsible Innovation Code Policy - Unilever Standard

Industry-leading Safety
& Environmental
Sustainability Science
Capability

= Deploy expertise on higher
risk business projects

= Collaborate with leading
external research teams
to develop & apply new
capability

= Leverage our science &
global networks for
consumer trust &
freedom to operate

Computational science is transforming our ability to do non-animalrisk assessments
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Informatics toolsfor faster data
integration & decision-making
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All underpinned by SEAC science, its scientists and our scientific
partners
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The European Partnership
on Cosmetics Regulation for Alternative Approaches to Animal Testing

Initernational Cooperation

Details of SEAC’s presentations and publications on www.tt21c.org
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Sharing our science

Webinar: Use of NAMs for Cosmetic Safety
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Computational Toxicology

Probabilistic prediction of human skin sensitiser potency for use in next
generation risk assessment
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(NGRA)

A Strategic Roadmap for Establishing
New Approaches to Evaluate the Safety
of Chemicals and Medical Products

in the United States
FDA'S PREDICTIVE

TOXICOLOGY ROADMAP
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REPORT

NGRA is defined as an exposure-led, NexOsen St Ao
hypothesis-drivenrisk assessment
approach that integrates New Approach
Methodologies (NAMs)to assure safety
without the use of animal testing

USING
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203 L SCIENCE Reduc 'v)Use‘ol anim
TOXICITY TESTING IN THE 21ST TO IMPROVE
CENTURY: A VISION AND STRATEGY RISK-RELATED

EVALUATIONS
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Computational Toxicology
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a n I m a I- te S t I n g Principles underpinning the use of new methodologies in the risk assessment )

of cosmetic ingredients S

. . . L . Matthew Dent™", Renata Teixeira Amaral”, Pedro Amores Da Silva®, Jay Ansell®, Fanny Boisleve’, . . .
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Safety science: what can we do better?

Ensuring that the use of ingredients in our products is safe
for the receiving environment

|/ e

Better, more Moving
sustainable away from
chemicals animal tests

eee THUS NAMS provide the opportunity for more

mechanistic, higher throughput and animal-free ERA
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Environmental Risk Assessment (ERA) Framework

ERA is driven by the exposure

Exposure assessment Effects assessment
*Country demographics Determine/predict toxicity to organisms
*Country infrastructure in key compartments

*Use & disposal using QSARs/toxicity tests
*Product tonnage
*Formulation
*Chemical fate

A 4 \4
Predicted environmental concentrations (PECS) Predicted no-effect concentrations (PNECS)

in key env compartments in key env compartments
A\ 4

Is risk acceptable? yes R -

(PEC/PNEC) P
no

A 4

Refine PEC and/or PNEC or risk manage

o

Unilever
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Safety science: what can we do better?

[ Characterise profile (phys-chem, biodeg, predictions, etc) ]
|
v y
[ Derive PEC ] [ Derive PNEC ]

Screening ERA:
identify ingredients of concern and
relevantscenarios

Define
scenario-based
thresholds / protection
goals

in-silico
(Read-across,
QSARs)

Define Studying the impact of
scenario-based mixtures of chemicals
exposure assessment in the environment

Cross-species
extrapolation

A
1
<+
>
%

Quantify risk

e oy

e BN

@g@ Outcome/
Unilover

refinement
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NAMs in environmental safety assessments (examples)
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| Exposure
Calculate

J internal exposure
(PBK)

Ex.posulre a8 ADME (TK/TD)
Estimation considerations

|
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|

| e
|
=
|
|
|
|
|
|
|
|
|

Chemical properties

Emissions estimation
(demographics, consumer
habits, infrastructure - STP

connection etc.)

Geographical factors
(rainfall, river flow etc.)

Ari
2001; Mackay et al, 2

Multi compartment
Neutral chemicals PBK: Brinkmann etal, 2016

Membrane-water

y

Unilever
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| Hazard

Understand
species
similarities/
differences

Generate
appropriate
data

Collate existing
information

in-silico; in-chemico; in-
vivo; in-vitro; molecular
(omics etc)

Target and pathway
homology
approaches/ tools

Derivation of BMD/

Testin-chemico, in- NOEC/NOTEL/

vitro (e.g. molecular/ NOMEL/ POD for the Con;ilete

Structural grouping

omics etc.), relevant taxonomic
(Mr%‘:{jhgﬁfg;’:y MIE/ KE/ pathway biotransformation qroup(s)
modelling
Biological grouping/
readacross

Predictive/QSAR/
Acute:chronic Ratio etc.

Application of NAMs
(e.g. molecular data)
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1.0 Narcosis 1.0.1 Non-polar, 1.0.2 Polar, 1.0.3 Ester, 1.0.4 Amine

MIE/ MechoA profiling

2. Reactive / 2.1 Electrophilic 2.1.1 Soft , 2.1.2 Hard, 2.1.3 Pre-reactive

TO reduce the proportion Of Compounds that EiomEiRy 2.2.1 Radical damage of tissues, 2.2.2 Production of oxidative
receive an “unclassified” by current schemes S sress, 223 Redox el
enabling more robust grouping/ read-across/
prioritisation

3.1.1 AChE inhibition, 3.1.2 Photosynthesis inhibition

3.1 Enzyme inhibition 3.2.1 Modulation of ion channels
3.3.1 Amino acid biosynthesis disruption, 3.3.2 Cell structure
disruption, 3.3.3 Fatty acid biosynthesis disruption, 3.3.4
Nucleic acid biosynthesis disruption, 3.3.5 Steroid biosynthesis
disruption, 3.3.6 Cerotenoid synthesis disruption, 3.3.7
Development disruption

3.2 lon channel modulators
3. Specific 3.3 Cellular function disruption

3.4 Mitochondrial

3.4.1 Mitochondrial ET chain inhibitors, 3.4.2 Non-specific
mitochondrial ET chain inhibitors

3.5 Hormonal function disruption

3.5.1 Nuclear receptors - ER, AR, TR etc.

Number of
o mslml —
compounds

Excel Roader (XL.5) REACH pre-registered substances
( -y 1.1 Narcosis: 22,052 1.1.2 Polar: 8,857 I REACH p g )
1. Non-specific effects: 22,052 HANEEZEE (ECHA, 2008)
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. Sovewmm—we sl DrugBank 10392
Usar_S4MEs_jnput Open Data (DrugBank, 2021)
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[T Firman etal, 2021 1,571
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Table Creator Specific profiling Data_manipulation Narcosis_Profiing Excel Writer (XLS) Pesticides EU Pesticides Database (European @
2.1 Electrophilic: 28,034 212 Hard: 4,058 Commission, 2021)
Compounds: 76,125 f .
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Reacve Node 233 2.3.1 Radical damage of issue: 145 MM (R CIE LTS Various publications 3458
Table Creato 2.3.2 Production of oxidative stress: 187 ||\ INCII FIE T Mintel Global New Products Database 228
' ST ca ooamo e 2.3.3 Redox cycling: 4,550 | [ NGTTGHTTACCIEH 3l Supplied by Unilever 2703
' 3.1.1 Aceyiholinestarase (AChE) inioton: 2200 R 76125
© Speciics B 3.1.2 Photosynthesis inhibition: 4,135 =
Spacific & eitd S0 B el 3.2.1 Modulation of ion channels: 140
3:21on channel modulators: 140 3.3.1 Amino acid biosynthesis disruption: 201 —

3.3 Cellular function disription: 2.333 8 3.3.2 Cell structure disruption: 65 .
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3.3:4 Nucleic acid biosynthesis disruption: 79
. . 3.3.5 Steroid biosynthesis disruption: 168 - qen -“ot\
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3.4.1 Mitochondrial ET chain inhibitors: 2,870
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S 3,5.1 Binding to nuclear receptors: 6,181 I
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Omics based grouping for read-across

Conventional structure-based Omics-based chemical
grouping hypothesis grouping

o3
Hybrid LC— S

o
v
o
3-0
(9]
(%]

Custom BioSpyder
TempO seq

platform covering =
1991 D. magna Birmingham

genes

MS(/MS) assays by
Phenome Centre

Hierarchical clustering of ToxPrint

chemotypes

Processing and statistical
.~ . Acute (48 h) analysis of each omics data

grouping juvenile (5 d)
D. magna to 6

f“ test compounds

o
5]
o

i

Butyl phthalates Uncouplers of oxidative Fuse data streams

benzyl butyl phthalate (BBP) phosphorquﬁon and perform

dl.butyl Alielele (DBP? 2,3,4,5-tetrachlorophenol (TCP)

ellize il [FAine o (D17 carbonyl cyanide 3- chlorophenylhydrazone
(CCCP) cluster analysis
carbonyl cyanide 4-
(trifluoromethoxy)phenylhydrazone (FCCP)
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From /n vivoto in vitro

Application of fish cell lines to inform hazard

A

{ RTgill-W1 Cell CRACK-IT Benchmark Benchmark PODs Culture cell lines \\

Line Assay for Challenge: response of derived to a without using
Predicting Fish Develop bioassays Human and Fish common set of animal compounds

Acute Toxicity to report cell lines in chemicals covering (e.g. FBS)

in surfactants impairment of response to diverse MoAin

OECD 249 critical fish- impairment of Human and fish
specific pathways Cellular Stress Cell lines

o248 el e oy e \ J

rtgill-wi-cell-line-assay-c66d5190- 1

en.htm

Cross-species extrapolation

—

Short-term Long-term

o

Unilever
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- g Development of invertebrate, regulatory relevant, in vitro screening panel

WAGENINGEN FEE
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Unilever
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Key research objectives

>

Identification of relevant biological space and Adverse
outcomes

Quantitative understanding of key event relationships
(KERs) integrating in vitro and in vivo experimental
approaches

Developing in vitro assays with biological pathway
information specific for invertebrates

Linking macroscopic (organism) adverse outcome to
microscopic (cell) initiating event

r
Concept al outline
Existing ,’ H,,: Human adverse outcome
Vi V,,: Vertebrate (non-human) adverse outcome
' ... ,l IV,,: Invertebrate adverse outcome
Chem: Insult

Human RA

------ - - - Marker set
Environmental 9

/
,/ Innovation

Key results

Mascarinic acetyicholine receptor

AOP4 - ecdysone receptor related AOP

(oSS Tesdiackioop Well-defined sequence of Key Events with weak quantitative understanding of Key Event
[ Pimoia repense va Fi scivion o Relationships
T = Levelof AOP D i

Voo combinad Tgadling S Organization agram Ecdysone receptor (EcR) is an
Invert Specific = invertebrate receptor responsible

pothways "'m"ﬂ-' for transcriptional regulation of

GBB signating
Orp/actinsgpaing molting

Molting is a process when the

animal generates new exoskeleton
and sheds the old one in order to

grow and develop — key to

=@ % of pupae on day 7

Biotin biosynthess. :
P survival, development and
Usine blosynthesis reproduction
Vitamin 86 blosynthesis.
+ Arthropods: shedding the old
[ | Pathways conserved across all species S =
] Pathways conserved across vertebrates only 1 -+ ecdysis
Adult
100
Male Female
__ 80 N
ES > =3
— 60 / N, ~/
[ / / ) 4 \\ Embryo
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instar larva Sl 2 .nsstaeﬁ)ar:sa

Transcriptional analysis

=== % of eclosed flies on day 13

Females

Linking mortality to molting failure by identifying genomic
transcriptional responses to 20E during molting

Sampling time points j

Response-
— | Heat map/ response |

cluster analysis I relationship

Genes of interest € Time points - -

« EcR-A, EcR-B1 mm " "

- E75A - = e |
RT-gPCR §— . E758 — § \ “.‘ / it/
—— - BRzfi 3 B | = =
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Other relevant activities

Safety & Environmental Assurance Centre v
Unillower

for use in Environmental Risk Assessment

Alessia Glorgls' . Tymoteusz Piotrenio!, Engi Patrik!, Gacege Firton', Bruno Campos'
"Undever, Research and Development, Sharntrock, Bedford MK44 1LQ
E-mal contact: alesala.glorgisunitvver.com

(] ]
Deriving baseline toxicity QSARs for ionisable organic chemicals by using YWDurham
experimental and computational membrane-water partition coefficients University

Andrea Gredelj’, Elin L. Barrett', Jayne Roberts', Thomas D. Potter?, Alexandre Teixeira', Nicola Bettles', Geoff Hodges', Mark A. Miller?
1 Safety and Environmental Assurance Centre, Unilever, Bedford, MK44 1LQ, UK 2 Department of Chemistry, Durham University, South Road, Durham DH1 3LE, UK

= Quantitative Structure Activity Relationships (QSARs) provide a viable alternative * As non-specific toxicity (narcosis) is driven by critical accumulation in the

|
O aty reduce ssimal tating. Tha has Mad 55 The ECwEINd Reed 15 BTG M SpPeSsch methods (NAMI]
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Review of PBK models for fish species of non-ionogenc compounds

dc,
2 = K Cue ~ (gt + K + Ko) Cine

dt

| |
1 1 .
| toin-vivo toxicity testing for risk assessment H holipid m anly with narcotic mede of acticn were used. by ,__[ Chosen models from the literature
| »  The majority of these QSARs are hydrophobicity-based relatior L. datafor the comparison of experimental and computational methods P2 |
| theoctanol-water partition coefficient, logKoy, of a chemical to its toxicity | andtwo case studies were taken from external literature [2-5] and internal studies. Mackay model
I = Despite this, determination of logKy for ionisable chemicals and surfactantsis | Tha mocet
I empirically difficult due to their tendency to accumulate at the octanol-water | Experimen Ky, data
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! = Octanol cannot adequately describe the interactions of polar, charged, or ! Membrane (SSLM] are taken from internal and literature data [6-8] .
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7 rologl | ™ Hendricks model
1o o9 provides a more biologicaly realistic approach for these compound types. | - cosmomic (developed by COSMOlogic [9]) was used to predict 10Ky, ~
| pe 0GR cal omp! d 9, | Calculations were carried out using conformers generated from COSMOconf and £\
therefore we have used coarse-grained simulation to predict logKy,,, and compare . . -
| derived QSARS for nonpetar nareotics. | micelle models from [10), using COSMOtherm 2021.
= Building on our previously presented work with perfluoroalkyl acids (PFCas), here | * Simulation data were pradicted using cearse grained simulations, with the - :
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e
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- Genes to Pathways

Input: Human gene(s) fieuERemmenet)
'« How: User Input

o o £ - p.thw.v, * Input: Human gene(s)
A workflow linking human genes | appingof the genes e R e~ R
to pathways across speciesto into human pathways

H d l A A f Get All Genes In Pathways
supportimproved exploitationo per each pathway o AR e s R
exlstlng da a for ERA. Mg::e Count Entities and * Input: All pathways
: Reactions « How: SIS
Retrieve all Finding all orthologues Fish ——
genes mapped in other species Worm + Input: All genes in pathways
FrUItFly St . How:-(Humaanne) —using Panther
Yeast
* Input: Orthologues R
Itis critical to discern the Assigning all genes into countortholosues  pusoa bt
& 0 A A functional families
conservation in physiological S —
processes across species to @ RN
Ered IOCt response poatterns and Output: overview of all identified pathways and SRt A poteiniDs
OXl.Clty outcomes in the genes/proteins/families I ey per spenies " scoessionsper

environment.

* Input: Uniprot protein accessions and sequences
Create FASTA files

*Input: FASTA files

Leveraging on the integrated use of molecular available data in a
WoE approach to serve as a scaffold for a mechanistically-driven
testing strategy and hazard characterization.

* How: InterProScan

* Input: Families

Count Families * How: counting unique number per pathway per
species

-.
-.'{o

e . : : : "= Mi Py en
# 32  Publication in progress (code will be deposited on GitHub). ne m

o 4 Y. InterPro

“Note: These data are the property of Unilever Plc and cannot be shared without permission. It has been created for training purposes only and so may not reflect true experimental values. Unilever does not conduct fish testing including early life stage testing.



Consortium to Advance Cross
Species Extrapolationin
Regulation
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Case study
A framework to demonstrate the
applicability of New Approach
Methodologies (NAMSs) in
Environmental Risk Assessment (ERA)




- Objectives

Evaluate the utility and the applicability of mechanistic-based information to complement and

strengthen current ERA practices without the need for generating new animal data

v' Assessing the availability, suitability and power of NAMs-based data
v Benchmark mechanistically-derived Points of Departure (PoD) to complement current ERA practices

v' Use all data as part of a weight of evidence approach to provide increased confidence in decisions

-~

.

~

Insights will help gain
better mechanistic
understanding of
potential expected
toxicity effects

The integration of
historical in vivo data
and NAMs can build
confidence in safety
decision making

/

Development of case studies to exemplify the applicability of the approach

“Note: These data are the property of Unilever Plc and cannot be shared without permission. It has been created for training purposes only and so may not reflect true experimental values. Unilever does not conduct fish testing including early life stage testing.



- Case studies

o

Tebufenozide* @

Use Contraception Pesticide Insecticide

Mode of Action Oestrogen receptor agonist Acetylcholinesterase receptor agonist Ecdysone receptor agonist
Expected sensitive Vertebrates Animalia Invertebrates

species

% 2

sl 2NN
o

Unilever

* Case-study under development

“Note: These data are the property of Unilever Plc and cannot be shared without permission. It has been created for training purposes only and so may not reflect true experimental values. Unilever do not conduct fish testing including early life stage testing.



Information gathering process

Mode of Action identification
Using available scientific and regulatory
information and in silico profilers

C ChEMBL

Including historical in vivo as well as in

& vitro data and in silico predictions to
PubGohem 25 generate relevant Point of Departure (PoD)

Species at risk identification

Use of publicly available tools and
databases to identify susceptible species
(based on targets and processes)

Quantitative In Vitro to In Vivo Extrapolation
In vitro and in vivo exposures must be

“transformed” into comparable exposure
metrics requiring robust qlVIVE models

Weight Of Evidence approach
Collate all the information in an intelligible

way to guide and support decisions

o

Unilever
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Characterising hazard

Canonical Pathway analysis Microarray analysis
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Taxonomic relevance

Other literature information
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Previous case study: ethinylestradiol
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Key highlights

These case studies demonstrate that the integration of existing traditional /n vivo data and in
vitro functional assays from literature coupled with computational tools in a weight of
evidence approach can build confidence in safety decision-making.

In summary:

v'Provides confidence that most sensitive species can be identified (in line with historical knowledge of

chemicals);
v'Species sensitivity is in line with MoA and target conservation throughout the tree of life;

v in vitroendpoints seem to be at least as protective as traditional /n vivo.

“Note: These data are the property of Unilever Plc and cannot be shared without permission. It has been created for training purposes only and so may not reflect true experimental values. Unilever does not conduct fish testing including early life stage testing.



Take-home messages
Challenges that needed to be addressed...

> Lack of standardised study designs may hinder data usage
> Challenges for data-poor chemicals

> No one-size-fit-all approach

If solved can lead to...

Added information o ties f Fully embracing

Increased use of from mechanistic vs pportunities for the ‘one health’
existing data a "black-box" whole ethical and effl.aent approach to

animal study data genSriEtiEn chemical safety

Clas§|cal Predictive
Ecotoxicology Ecotoxicology

“Note: These data are the property of Unilever Plc and cannot be shared without permission. It has been created for training purposes only and so may not reflect true experimental values. Unilever does not conduct fish testing including early life stage testing.
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Real world applications of state of the art science

A new Sunlight dishwash liquid containing the renewable and
biodegradable foaming ingredient called Rhamnolipid is a
great example of our safety and sustainability scientists in SEAC
working with R&D teams to create safe and sustainable
products fit for a cleaner future.

Case study: renewable
ingredients in Sunlight
dishwash liquid

Our safety scientists, computational chemists and
mathematicians used detailed knowledge of how people use
hand dishwash liquid in different parts of the world alongside
leading-edge non-animal approaches to generate new
scientific evidence, which allowed us to show that the new
Rhamnolipid based product is safe to use.

Our SEAC sustainability scientists assessed the environmental
impacts of Rhamnolipids against existing surfactant ingredients
in hand dishwash liquids derived from petrochemicals (such as
fossil fuel or coal). This work showed that the innovation of
swapping to use Rhamnolipid in hand dishwash liquid not only
leads to a safe product with better cleaning performance but
also one that is sustainable with less environmental impact.

2 . . 4 . .
%@ https://www.unilever.com/planet-and-society/safety-and-environment/safe-and-sustainable-by-design/
)

Unilever
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Safety sciences in the 21* century
SCIENTIFIC RESEARCH TO UNDERPIN NEXT GENERATION RISK ASSESSMENTS

www.tt21c.org/
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