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MISSION
------------------------------------------------------------------

To advance human and 
environmental health by 
improving hazardous 
chemical transparency 
and inspiring product 
innovation



About Pharos

Comprehensive independent database of 
chemicals, polymers, metals and materials

• Hazard data for >160,000 CAS Numbers from 45 hazard lists

• Functional use data show where and why chemicals are used

• Process chemistry data identifies possible contaminants

• >600 compound groups reduce the chances of regrettable 

substitutions

https://pharosproject.net/

https://pharosproject.net/


Sign Up for Free 
https://pharosproject.net/

https://pharosproject.net/


Overview of Pharos Content 

1. Chemical Hazard 

2. Chemical Function

3. Chemical Comparisons

4. Discussion Forums

5. Common Products (contents of building products)



Chemical Hazards



Chemical Functions



Skin and Eye Irritation 
are common
Ethanol has low skin 
irritation - promising

Compare Hazards of Multiple Chems



Discussion Forums



Learn More with Tutorials

(webinar slides and recordings will 
be posted here as well)



Quick Answers (sometimes)



Choosing Greener Materials 
In Product Design 

With Pharos 

Jeremy Faludi,  TU Delft



•Teaching 

•Research

Where I Use Pharos



Teaching



https://VentureWell.org/tools_for_design















Research



Precision Uncertainty GreenScreen

Faludi et al., 2016. “Aiding Alternatives Assessment With an Uncertainty-Tolerant Hazard Scoring Method,” J. Environmental Management.



Precision Uncertainty GreenScreen

Faludi et al., 2016. “Aiding Alternatives Assessment With an Uncertainty-Tolerant Hazard Scoring Method,” J. Environmental Management.
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Faludi et al., 2016. “Aiding Alternatives Assessment With an Uncertainty-Tolerant Hazard Scoring Method,” J. Environmental Management.
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Faludi et al., 2016. “Aiding Alternatives Assessment With an Uncertainty-Tolerant Hazard Scoring Method,” J. Environmental Management.
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Green 3D Printing

Alternative 
Materials

• LCA 
• Toxicity 
•Resource circularity 

•Mechanical strength 
•Cost 
•Print quality

Assessment 
Protocol



Green 3D Printing



Choosing Greener Materials 
In Product Design 

With Pharos 

Jeremy Faludi,  TU Delft



Not Just an Academic Exercise
The Greener Solutions Approach to Identifying Safer Alternatives 

Pharos Webinar
April 30, 2020
Meg Schwarzman, MD, MPH
Berkeley Center for Green Chemistry - University of California, Berkeley



II. ALTERNATIVES

DESIGN CRITERIA

IV. SOLUTIONS

I. THE PROBLEM
Chemical 
Function 
+ Hazard

Greener Solutions
Drop in Replacement

Material Change
System Change

Green Safe Water
Remediation
Prevent Release
Reimagine Function

BIO-INSPIRED DESIGN
III. EVALUATION

SYNTHESIS

IM
PA

CT

The Greener Solutions Process

Schwarzman M. and Buckley H. Not Just an Academic Exercise. J Chem Educ. 2020



Greener Solutions Projects

2012 Identifying emerging contaminants from e-waste Hewlett Packard

2013 Alternatives to formaldehyde in permanent press fabric Levi Strauss & Co.

2014 Safer preservatives for personal care products

Alternatives to spray polyurethane foam insulation

Seventh Generation, Method

General Coatings, DTSC

2015 Inherently safer 3D printing resins

Safer surfactants for cleaning products

Autodesk

Method, Amrys

2016 Safer colorants for polymer furniture

Inherently mosquito-repellant clothing

Biodegradable pigments for marine coatings

Steelcase

Patagonia

Mango Materials

2017 Durable water repellent coating for outerwear

Biobased treatments for mycelium “leather”

Gore

MycoWorks

2018 Safer UV blockers for sunscreen

Packaging to prevent ocean contamination

Safer UV blockers for roofing materials

Method

Method

Oakland Ecoblock

2019 Safer solvents in synthetic leather production

Replacing hazardous crosslinkers in SLA resins

Nike

NWGC, Millipore sigma



The Hazard Table
A means of organizing chemical hazard data
Useful for comparing multiple compounds

Common/
Trade Name

CAS 
Number

Group I Human Endpoints Group II and Group II* Endpoints

Aquatic 
Toxicity

Persistence 
and Bio-

accumulation 

Physical 
Hazard or 
other P/C 

Traits
Carcinogenicity
Mutagenicity

Developmental 
and 

Reproductive 
Toxicity

Endocrine 
Activity

Systemic 
Toxicity

Neuro-
toxicity

Skin, Eye, 
Respiratory 

Irritation

Compound ### - ## - # ? ? ? ? ? ? ? ? ?

Compound ### - ## - # ? ? ? ? ? ? ? ? ?



4 step process
1. Identify compounds of interest
2. List screening: Search for hazard information based on 

‘authoritative’ lists found in Pharos
– Obtain detailed info from the source lists

3. Literature review: Search for information on chemicals not 
listed by authoritative bodies
– Go to the primary literature

4. Fill gaps: For chemicals with little or no hazard data, 
consider functional group analysis, chemical class 
information, and analogies to similar chemicals/materials 



Example assignment submission: Initial hazard assessment for solvent alternatives for DMF





Example 1: PFAS-free DWR coatings
Addressing a priority chemical hazard with non-chemical alternatives



Silver ragwort leaf inspiration for electro-spun fiber mat

Silica nano-sols create a hydrophobic nano-texture

Texturized fabric

Greener Solutions students identify non-chemical 
alternatives to PFAS coatings that can produce water 
repellent synthetic fabrics.



The alternative DWR solutions identified in 
Greener Solutions are safer than PFASs



Example 2: Safer Resins for 3D printing
Designing and testing alternative resins in collaboration with industry and NGOs

Image: Nervous systems



Greener Solutions students identify bio-inspired 
alternatives to hazardous components of 3D printing 
resins.



Greener Solutions assessment of health and environmental 
performance of SLA resin alternatives



Example 3: Safer Preservatives
Protecting water quality by designing safer antimicrobials for consumer products



Greener Solutions students identify alternative antimicrobials for use in 
personal care and household products to replace hazardous parabens and 
methylisothiazone (MIT)



Greener Solutions students’ multi-criteria 
assessment of alternative antimicrobials



Smaller values (closer to the center) indicate better performance for that metric
Octyl gallate was more effective than existing preservatives and safer for some, but not all, endpoints

Home and personal care 
products

Food packaging Building materials

Buckley H. et al., ACS Sustainable Chem. Eng. 2017, 5, 4320−4331

Inspired by candidates identified in the course, students identified 
gallates as a class of safer and more effective preservatives



Continued work brings a non toxic reversible antimicrobial to market

From William Hart-Cooper, BCGC and USDA

The team shifted focus to a structurally similar class of two-subunit compounds that 
decomposed rapidly when diluted. 

These “reversible” preservatives have antimicrobial effects when bound together but 
de-dimerize once diluted (as they would be in wastewater), reducing the potential 
environmental impact of the compounds. 



Reversible Preservative Wins 
2018 GC3 Challenge

• The project was one of four first place recipients from among 48 entries in 
the 2018 GC3 Preservatives Challenge sponsored by two dozen 
companies, including giants Johnson & Johnson, Unilever, Walmart, and 
Target. 

• The group is now investigating potential commercial partnerships to bring 
the reversible preservative to market. 

• A research paper on the design and function of the reversible 
preservatives will be published early next year.



Heather Buckley, PhD, 2014 Greener Solutions research team, BCGC Post-Doc, now 
Assistant Professor of Chemistry and Civil Engineering, University of Victoria



Greener Solutions

Trains environmental health scientists, chemists, and engineers to:
• Perform chemical hazard assessment
• Grapple with data gaps, complex hazard information, and tradeoffs
• Addresses complexities of mixtures (e.g., formulations) 
• Permits exploration despite uncertainties (cost, formulation compatibility)

“I learned a LOT about hazard assessment, which as an IH is an 
extremely(!!!) valuable tool.”

“I learned way more(and had a lot more fun learning it) than in a 
typical lecture-based course… It was really valuable to have 
instructors from different fields and perspectives.”

“I found this course far more interesting and motivating than 
others I've taken at Berkeley. It was refreshing to feel like my 
work had impact.”

Students say:



Teaching Resources

Meg Schwarzman’s Greener Solutions Course (UC Berkeley)

Course Materials: 
• Greener Solutions student accomplishments (PDF)
• Presentation slides from Greener Solutions team-building exercise (PDF)
• Greener Solutions assessment materials: final assignments, student feedback 

form for draft presentation, and peer evaluation template (PDF)
• Green Safe Water assessment materials: final assignments and grading rubrics 

(PDF)
(from the free Supporting Information of the peer reviewed paper below) 

Peer reviewed paper:
Not Just an Academic Exercise: Systems Thinking Applied to Designing Safer 
Alternatives https://pubs.acs.org/doi/full/10.1021/acs.jchemed.9b00345 (paywall)

Article:
https://chemistry.berkeley.edu/news/public-health-and-chemistry-join-forces-
reimagine-chemistry-education-sustainability

Slides available at https://pharosproject.net/tutorials

https://pubs.acs.org/doi/suppl/10.1021/acs.jchemed.9b00345/suppl_file/ed9b00345_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.jchemed.9b00345/suppl_file/ed9b00345_si_003.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.jchemed.9b00345/suppl_file/ed9b00345_si_004.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.jchemed.9b00345/suppl_file/ed9b00345_si_005.pdf
https://pubs.acs.org/doi/full/10.1021/acs.jchemed.9b00345
https://chemistry.berkeley.edu/news/public-health-and-chemistry-join-forces-reimagine-chemistry-education-sustainability
https://pharosproject.net/tutorials


Teaching Resources

Jeremy Faludi’s Teaching Resources (TU Delft)

VentureWell online course pages on green material choice
https://venturewell.org/tools_for_design/greener-materials/finding-greener-materials/

Peer reviewed paper:
Aiding alternatives assessment with an uncertainty-tolerant hazard scoring method
http://faludidesign.com/work/publications/Faludi_2016__Aiding_Alternatives_Assessment.pdf

Slides available at https://pharosproject.net/tutorials

https://venturewell.org/tools_for_design/greener-materials/finding-greener-materials/
http://faludidesign.com/work/publications/Faludi_2016__Aiding_Alternatives_Assessment.pdf
https://pharosproject.net/tutorials


Teaching Resources

Heather Buckley’s Green Safe Water Course (U.Victoria)

• Example Assignment: Chemical Hazard Query Log
• Example Assignment: Design Project & Final Report
• Example Final Report: Chromium in Leather Tanning
• Example Final Report: Tin Stabilizers in Drinking Water
• Curriculum: Backwards Design Course Description
• Curriculum: Backwards Design Tox Unit

Assignments, reports, and curricula at 
https://pharosproject.net/case-studies/university-of-victoria

Slides available at https://pharosproject.net/tutorials

https://pharosproject.net/files/case-studies/Example-Assignment-Chemical-Hazard-Query-Log.docx
https://pharosproject.net/files/case-studies/Example-Assignment-Design-Project-Final-Report.pdf
https://pharosproject.net/files/case-studies/Example-Final-Report-Chromium-in-Leather-Tanning.pdf
https://pharosproject.net/files/case-studies/Example-Final-Report-Tin-Stabilizers-in-Drinking-Water.pdf
https://pharosproject.net/files/case-studies/UC-Berkeley-Curriculum-Backwards-design-course-description.docx
https://pharosproject.net/files/case-studies/UC-Berkeley-Curriculum-Backwards-Design-Tox-Unit.docx
https://pharosproject.net/case-studies/university-of-victoria
https://pharosproject.net/tutorials


Thank You!

For more information contact: 
Michel Dedeo
mdedeo@healthybuilding.net

Sign up:
https://pharosproject.net/
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