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O ve rvie w of “PFAS” 
What are  “PFAS” Prod ucts? 

 Perfluorooctoanoic  acid  PFOA 
 Perfluorooctyl sulfonate s  PFO S 
 And o the rs… 

Re g ulations 
 How d o  we  find  out  the se  are  toxic  chemicals?  
 How d o we reg ulate and slow d own the ir use? 
 How d o we  find safte r alte rnative s and e liminate toxic ones? 

Che mistry that has b e e n  se ve re ly re g ulate d  
 Nonylp henole thoxylate s (laund ry) 
 Alkylp henole thoxylate s (d e te rg ents, inte rmed iate s  in  chemicals)  
 Bisp henol A (p lastics, wate r b o ttle s) 
 Microp lastics in p rod ucts (cosme tics) 



O ve rvie w 

What is b e ing d one ? – a lo t now 
 Minne so ta 

• Ban of p rod ucts ente ring the state Jan 1, 2025, containing “PFAS” 
 Maine 

• Req uired corp orations to sub mit formulations containing “PFAS” Jan 1, 2023 
 EPA 
 O the r State s are  inq uiring with ind ustry and  unive rsitie s 
 Prod uct Valid ators – EPA Safe r Choice  /  Gre e n  Seal  
 NGO s 
 Canad a 



State s with Le g islation in Motion 
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Per- and polyfluoroalkyl substances (PFASs) are a 
class of many thousands of chemicals containing 
one of the strongest bonds in chemistry. 

δ+ δ-
C ___ F 
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PFASs are found pretty much everywhere we look… 

https://www.ewg.org/interactive-
maps/pfas_contamination/map/ 
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… and have been associated with multiple hazards 

 Carcinogenicity 

 Cardiovascular toxicity 

 Developmental toxicity 

 Endocrine toxicity 

 Hepatotoxicity 

 Reproductive toxicity 

 Environmental persistence 

 Mobility in the environment 

 Bioaccumulation 

 Lactational and transplacental 
 Immunotoxicity 

 Nephrotoxicity 

 Ocular toxicity 

transfer 
 Lactational and transplacental 

Immunotoxicity 

Nephrotoxicity 

Ocular toxicity 

transfer 

 Phytotoxicity and wildlife 
developmental, reproductive, 
and survival impairment 

 Can cross the blood-brain 
barrier 
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The root of the problem? 

PFASs are used in products and 
released to the environment during 
manufacturing, use, and at their 
end of life 
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PFAS releases from consumer products 
Schellenberger et al. 2019, Environ. Sci. Technol. Zheng and Salamova 2020, Environ. Sci. Technol. 

• Washing of jackets releases microfibers • Laundering resulted in 100% 
coated with polymeric PFASs removal of measured PFASs 

• Estimated 0.7 ton 6:2 FTOH/yr for Europe 

https://pubs.acs.org/doi/abs/10.1021/acs.est.9b04165 https://pubs.acs.org/doi/abs/10.1021/acs.est.0c03035 
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DTSC Safer Consumer Products Program 
• Science-based, 4-part 

process that identifies 
specific products containing 
hazardous chemicals and 
evaluates safer alternatives 

• Reducing hazardous 
chemicals in products that 
consumers buy and use 

• Prevent regrettable 
substitutes 

Chemicals listed as a concern by 
Authoritative Bodies 

Product-Chemical combinations 
that may cause harm 

Manufacturer evaluation of safer 
alternatives 

Wide range of possible actions to protect 
human health and the environment 

Cal. Code Regs., Title 22, Division 4.5, Chapter 55 – Safer Consumer Products 
SCP website: https://dtsc.ca.gov/scp/ 
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Our approach: Regulating PFASs as a Class 
• All PFASs* are Candidate Chemicals under the SCP regulations 
• Class-based regulation prevents regrettable substitution 

The P-sufficient approach 
“if a chemical is highly persistent, its 
continuous release will lead to 
continuously increasing contamination 
(…) [and] increasing probabilities of the 
occurrence of known and unknown 
effects.” (Cousins et al. 2019) 

*As defined by Buck et al. (2011) Integr. Environ. Assess. Manag. 7(4):513-541 
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The SCP regulatory framework allowed us to take a 
“P-sufficient approach” 

There are potential 
exposures to a 
Candidate Chemical in 
the product 

AND 

One or more exposures 
have the potential to 
contribute to or cause 
significant or 
widespread adverse 
impacts California Code of Regulations, Title 22, Division 4.5, Chapters 54 and 55 California Code of Regulations, Title 22, Division 4.5, Chapters 54 and 55 California Code of Regulations, Title 22, Division 4.5, Chapters 54 and 55 
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Priority Product: Carpets and rugs containing PFASs 

 Carpets in California contained up to 60 tons of PFASs as of 2017 
 Likely source of human exposure and PFASs in landfill leachate 

• PFAS emissions detected in indoor air and dust 
• Children may be exposed at levels 5x greater than adults 

https://pubs.acs.org/doi/abs/10.1021/acs.est.9b06956 
https://pubs.rsc.org/en/content/articlelanding/2005/em/b507731c 
https://pubs.acs.org/doi/abs/10.1021/acs.est.5b06237 
https://pubs.acs.org/doi/abs/10.1021/acs.est.9b06956 
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Priority Product: Carpets and rugs containing PFASs 

• Regulation effective 7/1/21 

• Manufacturers of carpets and rugs containing PFASs 
were required to notify DTSC by 8/30/21 

• No notifications were received 

• DTSC conducted compliance testing 

• Testing for total fluorine by 
combustion-ion 
chromatography (CIC) 

https://dtsc.ca.gov/scp/carpets-and-rugs-with-
perfluoroalkyl-and-polyfluoroalkyl-substances-pfass/ 
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Compliance Testing: Total F in Carpet & Rug Fibers 
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Historical 
samples (2018) 
Detection frequency 65% 

Compliance samples (2023) 
Detection frequency 9% 

Report Available: dtsc.ca.gov/scp/compliance-and-enforcement 16 
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Priority Product: Treatments containing PFASs for Use on 
Converted Textiles or Leathers 

• Products sold for use on carpets, furnishings, clothing, shoes, etc. 

Including: aerosols, wipes, liquids, gels 
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Priority Product: Treatments containing PFASs for Use on 
Converted Textiles or Leathers 

• Regulation effective 4/1/22 

• Aftermarket treatments only; not products sold for use during 
manufacturing 

• 30 manufacturers have confirmed replacement of PFASs or removal 
of products from California market 

• DTSC conducting compliance testing 

https://dtsc.ca.gov/scp/treatments-with-pfass/ 
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SCP’s regulations are not the same as a product ban 

Alternatives 
Analysis 

Product 
Performance 

Alternatives 

Performance 

Economic 
Impacts 

Exposure 

Lifecycle 

Hazard 

Alternatives 

Performance 

Chemical 
Function 

The focus is on alternatives analysis 
and having manufacturers answer 
key questions: 

• Is it necessary? 
• Is there a safer alternative? 
• What are the tradeoffs? 

Goal: 
Encourage innovation and green chemistry 

https://dtsc.ca.gov/scp/alternatives-analysis-guide-version-1-0-downloads/ 
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California PFAS Legislative Bans 
• Plant fiber-based food packaging – AB 1200* (ban effective 2023) 
• Juvenile products – AB 652* (ban effective 2023) 

• Highchairs, playpens, strollers, crib mattresses, etc. 
• Cosmetics and personal care products – AB 2771 (beginning in 2025) 

• DTSC is not responsible for implementation or enforcement. 
• Textiles – AB 1817* (beginning in 2025) 

• Apparel, handbags, backpacks, shower curtains, furnishings, upholstery, 
towels, etc. 

• Take All Menstrual Product-PFAS Out Now (T.A.M.P.O.N.) Act – AB 2515* 
• AB 347: Grants DTSC authority for enforcement of juvenile products, textile 

articles, and food packaging 

*DTSC granted compliance & enforcement authority 
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More work to do! 

21 



What’s next? 
Priority Product Work Plan 
 Identifies product categories DTSC will 

evaluate during a given three-year period 

 For quarterly updates, see the SCP timeline 

 Early-stage projects: 

 Candidate Chemicals in Artificial Turf 

 Floor Polishes and Waxes Containing 
PFASs 

Priority Product Work Plan | Department of 
Toxic Substances Control 
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Collaborating on the quest for safer consumer products Collaborating on the quest for safer consumer products 
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Let’s stay in touch! 
My contact: kim.hazard@dtsc.ca.gov 

SCP home page: dtsc.ca.gov/scp 

Sign up for the SCP E-List to get the latest program updates! 
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Safer by Design: 
An Industry + Academic Collaboration 

to find PFAS Alternatives 

Megan Arnett, PhD 
marnett@Berkeley.edu 

National Pollution Prevention Training and Conference 
December 11, 2024 

mailto:marnett@Berkeley.edu
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Greener Solutions 
Not Just an Academic Exercise 
PBHLTH 271H 

Berkeley Center for Green Chemistry - University of California, Berkeley 

27 27 



Greener Solutions Course 
Evaluate alternatives: Greener Partnerships 

Understand design - Function Industry Internships: 
Partner’s challenge constraints - Hazard - R&D 

1 3 5 

642 

7 

Chemical function Identify alternatives Opportunity 
Map 

28 



BCGC has identified safer alternatives to PFASs in a 
range of products 

PFAS in  Fire fig h te r 
Turnouts  

Pa rtne r: In te rna t iona l  
Associa t ion  o f Fire fig hte rs 

PFASs in 
com p ostab le  food  

p a cka g ing 
Pa rtne r: Me thod  

PFAS re m ova l fo r 
ca rp e t  re cycling  
Pa rtne r: DTSC,  
GSPI, XT Gre e n 

PFASs in  hom e 
p rod uct  p a ckag ing  

Pa rtne r: Me thod  

PFAS in 
PFAS in  Floor  Afte rm arke t  Ca rp e t  

P o lishe s Tre  a  tm  e  n ts  
Pa rtne r: De fe nd  Our  Pa rtne r: DTSC  

He  a  lth  
29 



 

Safer Consumer Products Program 
Alternatives Assessment 

• Is it necessary? 

• Is there a safer alternative? 

• What are the tradeoffs? 



BCGC’s search for a safer alternative: BCGC’s search for a safer alternative: 

• What are the mechanisms of performance? 

• What are the mechanisms of toxicity? 

• How does biology (organisms) accomplish similar functions? 



    Case Study #1: Alternatives to PFAS in Floor 
Polish 



------------------------------------------ ---------------------

Alternatives 
to PFAS in 

Floor Polish 

Yu n in g  Xu  J e n n a  Ta n  Te s s a  W a rd le  

P h D in  Ch e m  is t ry  MS in  En viro n m  e n t a l  MP H  in  En viro n m  e n t a l  
He a lt h  Sc ie n c e s  He a lt h  Sc ie n c e s  Cla s s  o f 20 22 

Cla s s  o f 20 22 Cla s s  o f 20 22 
(slide credit 10-15: modified from floor polish student team final presentations) 



State of the Floor Polish Industry 

● Fluorochemicals commonly used in floor 
polish: Capstone FS-60 and FS-65 

● 2008 survey revealed that nearly every 
floor polish on the market contained a 
fluorochemical 
○ Existing drive from within industry to remove PFAS 

● Primary commercial users: schools, 
hospitals, retail and grocery stores 

34 

Potassium N-ethyl 
perfluoro alkane 

sulfonamidoacetate (N-
EtFOSAA) 

34 SBM Industrial Products 



PFAS in floor polish highly effective - posing challenge 
for comparable replacement 

Leveling 
Creates a smooth and 

even  surface 

Recoating 
Formulations without 

fluorosurfactant do not 
perform as well 

Low 
concentration 

Doesn’t affect the viscosity of 
the formulation 

W ett ing 
Spreads more evenly 

over floor surface 

Chemours Fluorochemicals, “CapstoneTM 

Fluorosurfactants: For High Value-in-Use 
Applications That Require Maximum 
Performance.” 35 



Strategy 1: Rhamnolipids - bacterially produced surfactants 

hydrophilic 

P. aeruginosa (CDC) 

● Use renewable feedstocks by 
fermentation 

● Stable in wide range of conditions (pH, 
temp) 

hydrophobic 

● Biodegradable and low toxicity Liepins, J. et al.. Glycolipid Biosurfactant Production from Waste Cooking Oils by Yeast: Review of Substrates, 
Producers and Products. Fermentation 2021, 7, 136. 
Image credits: PxHere, Pixabay, Flickr, The Science Explorer 

Current commercial applications 

Pharmaceuticals Cosmetics 

Agriculture Bioremediation 
36 



Strategy 2: Amino acids - versatile building blocks to 
make a variety of surfactants 

Sodium lauroyl 
glutamate (SLG) 

hydrophobic 

hydrophilic 

Sigma Aldrich 

● Produce from renewable and raw 
feedstock (e.g. vegetable oils) 

● High surface activity 
● Low toxicity and quick 

biodegradation 

● Anionic - cleaning 
● Cationic - anti-microbial agent 

Current commercial 
applications 

Cosmetic 
s 

Cleaning 
Image credits:  BioNinja, Pixabay, Flickr 
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Rhamnolipids and amino acids form 
environmentally friendly surfactants. 

Advantages 

Permies Wikimedia Commons 

ThoughtCo 

The Science Explorer 

Biodegradation Anti- Bioremediation 

Disadvantages 

microbial 

Gary Stockbridge PDI Small Footprint Family CDC 

Production Solvent use in  Feedstock Potentially 
costs production could be food pathogenic

38 

Both, Rhamnolipids only 



   
   

     
  

Safer Consumer Products Program 
Alternatives Assessment 

PFASs offer critical advantages in floor polish formulation, but • Is it necessary? 
its worth evaluating the necessity and timing of floor 
polishing 

• Is there a safer alternative? Based on our research, safer alternatives for 
PFASs used in floor polishes exist 

• What are the tradeoffs? Cost, feedstocks 



     Case Study #2: Alternatives to PFAS in 
Firefighter Turnout Gear 



The Team 

Grace Campbell Sophia Glazer Brittany Stinger McKenna Thompson Sophie Thompson 
Environmental Environmental Chemistry PhD Environmental Health Environmental Health 

Health Sciences MS Health Sciences Candidate Sciences MPH Sciences MPH 
Candidate MPH Candidate Candidate Candidate 

(slide credit 18-20: firefighter student team final presentation) 
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Current Turnout Gear 

Typica lly 3 laye rs  in  fire figh te r tu rnou t  gear:  Th e rm a l 
La ye r , Mois t u re  Ba r r ie r , Ou t e r  Sh e ll  

(Peeling Back the Fire Suit “Onion”, Layer #2, n.d.) 

Th e Mois t  u  re  Ba  r r ie  r  conta ins a  
Po  lyt  e  t  ra flu o  ro  e  t  h yle  n e  (PTFE) la ye r. 

PTFE is … 

• a  syn the  tic fluoropolym e  r  (a  polym e  r  with  
m u ltip le  fluorine  carbon  bonds)  

• one  of the  m ost we ll-known and  applie  d  
p e  r  - a n d  p  o  lyflu o  ro  a lk  yl  su b  s t  a n ce  s  
(PFAS) - a lso  use  d  in  the  coa ting  of non-
stick cookware . 

PFAS were  de tected  in  a ll th ree  laye rs  of  the  fire figh te r  tu rnout  gear.  PFAS  ch e m ica ls  p re se n t  on  
fire figh t e r  t u rn ou t  ge a r  p ose  a  r isk  t o  h u m a n  a n d  e n viron m e n t  h e a lt h .  
(Graham  e t a l., 2020) 
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Conclusions and Recommendations 

Science Recommendations 

Fibers Coatings Laminates 

Graphene 

Short Chain PHAs 

Cellulose Fibers 

Polyethylene 

Silicon Based Flame 
Retardants 

Policy Recommendations 
● We advise the NFPA to drop the light degradation and viral penetration tests and keep those that remain. 

● Light degradation & viral penetration tests result in over-engineered moisture barrier 
● Standards are limiting viable PFAS-free options 

4343 



NFPA Standards Critique 
Light Degradation Resistance: The UV Test 

● Unnecessary for moisture barrier: the middle layer of turnout gear 
does not come into contact with UV light. 

● PTFE is the only material that meets this requirement → Removing 
the UV test allows for PFAS-free moisture barriers. 

● May 2021, a Tentative Interim Amendment was filed by IAFF to 
remove UV test from the standards but NFPA denied it and 
subsequent appeals 

“The UV light test is stopping fire departments from moving “The UV light degradation test for moisture barriers is towards procurement of PPE that doesn’t contain forever illogical, not supported by science, stands as a hurdle chemicals. Firefighters should be fighting fires, not NFPA to advancing the state of the art in firefighter PPE” and the gear companies.” 
- IAFF TIA Appeal 

- Retired battalion chief of New Haven CT Fire Department 

(Latest, n.d.) 

(Graham et. al., 2020) 
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Safer Consumer Products Program 
Alternatives Assessment 

Based on our research, PFASs in firefighter 
• Is it necessary? turnout gear are not necessary for optimal 

performance and firefighter protection 

• Is there a safer alternative? By removing the NFPA requirements for UV 
protection in the middle layer of turnout gear, 
the industry would open the door to safer 
materials innovation • What are the tradeoffs? 



“[Chemicals] are the 
connection between cancer 
and climate change, so if you 
really want to make an impact, 
focus on chemistry.” (Marty 
Mulvihill, 2019) 
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Conclusions and Recommendations 
Technical Assessment 

Fibers Coatings Laminates 

Cellulose Fibers 
Meets Tears Resistance 
Low Water Contact angle 

Short Chain PHAs 
High Water Contact Angle 
Data Gaps 

Graphene 
Low Water Contact Angle 
Low Thermal Resistance 

Silicon Based Flame 
Retardants 

Increase Water Contact Angle 
Data Gaps 

Phosphorus Based 
Flame Retardants 

Increase Thermal Decomposition 
Temperature 
Data Gaps 

Polyethylene 

High Water Contact Angle 
Data Gaps on Thermal Resistance 

Polyurethane 

Low Water Contact Angle 
Meets other standards 

4848 
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Conclusions and Recommendations 
Hazard Assessment 

Fibers Coatings Laminates 

Cellulose Fibers 
Manufacturing Risk 
Data Gaps 

Short Chain PHAs 

Biodegradable 
Data Gaps 

Graphene 
Concerns of Persistence 
Data Gaps 

Silicon Based Flame 
Retardants 

Few Group 1 Endpoints 
Potential Manufacturer Risk 

Phosphorus Based 
Flame Retardants 

Many Group 1 Endpoints 
Data Gaps for Novel PFRs 

Polyethylene 

Monomer Potential Carcinogen 
Polymer Persistence 

Polyurethane 
Monomer Potential Carcinogen 
Potential Manufacturer Risk 

4949 



Technical performance is highly dependent on concentration and 
surface choice 

Baseline Surfactants Alternative Surfactants 

Technical properties FS-60 FS-65 
Sodium dodecyl 

sulfate (SDS) 
Rhamnolipid 

Sodium lauroyl 
glutamate (SLG) 

Water contact angle (°) 
M 

~51-56°* 

H 
~20° at 3.48 mM on 

PVC 

M 
~20° at 1.5 mM on 

PVC 

L 
138.69° on sericite 

(mineral) 
Surface tension 

(mN/m) 
H 

19 at 0.05% 
H 

18 at 0.05% 
H 

23.8 - 34.6 
H 

26-29 
H 

<30 

Critical micelle concentration (mM) 
H 

0.23* 
M 

8-8.5 
H 

0.41 
H 

0.48 

LogKow (octanol water partition 
coefficient) 

M 
2.51 (0.276 - 5.99)* 

H 
1.69 

L 
5.77 (4.22 - 7.38) 

H 
0.597* 

High efficacy (H) Moderate efficacy (M) Low efficacy (L) * = data for similar compound 

The surfactant has assistance in floor polish formulas! 
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Hazard Table 
N-EtFOSAA PFBS PFOS Rhamnolipid 

Sodium 
lauroyl 

glutamate 

67584-51-4 375-73-5 1763-23-1 4348-76-9 29923-31-7 Key 

Group I endpoints 

Carcinogen 3 3 2 5 DG LC = Low concern 

Mutagen LC LC 3 4 LC PC= Potential concern 

Repro/Dev DG 2 1 DG PC *prediction based on similar 
compounds 

Endocrine disruptor DG 1 1 DG DG Color scale: 

Group II 
endpoints 

Mammalian Toxicity 4* 2 4 4 5 1= Very High Hazard 

Systemic Toxicity DG 2 1 LC LC 2= High Hazard 

Neurotoxicity DG 3 1 DG DG 3 = Moderate Hazard 

Respiratory Toxicant DG PC PC 4 LC 4 = Low Hazard 

Skin irritation PC 1 LC 4 2 5 = Very Low Hazard 

Eye irritation DG 2 2 1 2 LC = Low Concern 

Eco toxicity Aquatic Toxicity 2* 3 2 2 LC PC = Potential Concern 

Fate 
Persistence 1* 1 1 5 5 Bold = confidence in score 

Bioaccumulation PC* PC 1 PC PC Italicized = potential score 
51 



Technical performance is highly dependent on concentration and 
surface choice 

Baseline Surfactants Alternative Surfactants 

Technical properties FS-60 FS-65 
Sodium dodecyl 

sulfate (SDS) 
Rhamnolipid 

Sodium lauroyl 
glutamate (SLG) 

Water contact angle (°) 
M 

~51-56°* 

H 
~20° at 3.48 mM on 

PVC 

M 
~20° at 1.5 mM on 

PVC 

L 
138.69° on sericite 

(mineral) 
Surface tension 

(mN/m) 
H 

19 at 0.05% 
H 

18 at 0.05% 
H 

23.8 - 34.6 
H 

26-29 
H 

<30 

Critical micelle concentration (mM) 
H 

0.23* 
M 

8-8.5 
H 

0.41 
H 

0.48 

LogKow (octanol water partition 
coefficient) 

M 
2.51 (0.276 - 5.99)* 

H 
1.69 

L 
5.77 (4.22 - 7.38) 

H 
0.597* 

High efficacy (H) Moderate efficacy (M) Low efficacy (L) * = data for similar compound 

The surfactant has assistance in floor polish formulas! 
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Hazard Table 
N-EtFOSAA PFBS PFOS Rhamnolipid 

Sodium 
lauroyl 

glutamate 

67584-51-4 375-73-5 1763-23-1 4348-76-9 29923-31-7 Key 

Group I endpoints 

Carcinogen 3 3 2 5 DG LC = Low concern 

Mutagen LC LC 3 4 LC PC= Potential concern 

Repro/Dev DG 2 1 DG PC *prediction based on similar 
compounds 

Endocrine disruptor DG 1 1 DG DG Color scale: 

Group II 
endpoints 

Mammalian Toxicity 4* 2 4 4 5 1= Very High Hazard 

Systemic Toxicity DG 2 1 LC LC 2= High Hazard 

Neurotoxicity DG 3 1 DG DG 3 = Moderate Hazard 

Respiratory Toxicant DG PC PC 4 LC 4 = Low Hazard 

Skin irritation PC 1 LC 4 2 5 = Very Low Hazard 

Eye irritation DG 2 2 1 2 LC = Low Concern 

Eco toxicity Aquatic Toxicity 2* 3 2 2 LC PC = Potential Concern 

Fate 
Persistence 1* 1 1 5 5 Bold = confidence in score 

Bioaccumulation PC* PC 1 PC PC Italicized = potential score 
53 



  Case Study #3: Removing PFAS from recycled 
carpets 



Recycled carpets are 
contaminated with PFAS 

• Nearly 4 billions pounds of post consumer 
carpets are disposed of annually 

• CA recycles >20% of carpets but these are 
contaminated with PFAS 

• U.S states without carpet stewardship 
programs send 96% of carpets to 
landfills/burning 

• PFAS released through air emissions and landfill 
leachate 

Image credit ACS GC consortium 2021 



Additional alternatives considered 

Czajka, A., et al. "Surfactants at the design limit." 
Langmuir (2015): 8205-8217. 

Sułek, M.W., et al. "Alkyl polyglucosides as
components of water based lubricants." Journal of 
surfactants and detergents (2013): 369-375. 

● Low mammalian toxicity 
● Current application in 

detergents/ cleaning products 
● Concern with skin and eye 

irritation/ corrosivity 
● Mixture of chemical constituents 

Pine oil 
Active component: turpentine oil 

Turpentine oil 

Siloxanes/ silicones 
● Higher surface activity than 

hydrocarbons (lowers 
surface tension to values 
similar to fluorosurfactants) 

● But persistent, 
bioaccumulative, and toxic 

Alkyl Polyglucosides 
● Can be low-cost and low-

ecological impact 
● Current commercial 

applications 
● Has been tested by floor 

polish industry and is not 
successful when mixed into 
formulation 56 



Slide credit Ned Antell, ACS GC consortium 2021 
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Background 

• Worked on EPA project on ozone depleting 
substance alternatives for U.S. ban at the Rand 
Corporation as part of the Montreal Protocol 

• Focused on air conditioning and refrigeration, 
foam blowing, solvent and fire extinguishant 
applications 

• Established nonprofit organization in Los Angeles 
with heavy focus on solvents and solvent 
alternatives 

• Worked with flexible foam manufacturers on 
alternatives in California 

• Continued following developments in other 
applications 



   
 

 
  

    
   

Historical Perspective 

• CFCs,1,1,1-trichloroethane (TCA) banned worldwide under Montreal Protocol 
in 1996 because they contributed to ozone depletion 

• Used in refrigeration and air conditioning, foam blowing, solvent, aerosol 
and fire extinguishant applications 

• HCFCs marketed as replacements 
• Phased out later since they also contributed to ozone depletion 
• Note that nPB came on the market at the same time and chlorinated 

solvents took an increasing market share 



 

  
 

    
 

 
  

 

Historical Perspective (Continued) 

• HFCs and HFEs marketed as replacements 
• Don’t cause ozone depletion 
• Do cause global warming 

• HFCs are being phased out but will take many years 
• 3M is voluntarily phasing out HFEs 
• HFOs are now being marketed as replacements 

• Don’t cause ozone depletion or global warming 
• Replacement is well underway 



     

    

           

      

Chain of Substitution 

CFCs 

HCFCs 

HFCs and HFEs 

HFOs 



What is the Problem? 
• European countries define nearly all HFCs, HFEs, HFOs as PFAS

chemicals
• Definition covers chemicals containing certain structural components

• U.S. has a less comprehensive definition that includes some
HFCs and some HFOs based on structural components

• Current U.S. position is that it designates PFAS chemicals on a
case-by-case basis which has not included HFCs, HFEs or HFOs

• Issue has become controversial Hydrofluorocarbons – H-F-C 
Hydrofluoroethers – H-F-E 
Hydrofluoroolefins – H-F-O 

”F” - Fluorinated gases (F-gases) contain 
fluorine. 



 
     

       

     
 

       
 

Emerging PFAS Issue 
• Replacement of HFCs and HFEs with HFOs is underway and could end up being regrettable 

substitution 
• Have focused attention on PFAS water problem and detection methods for air are still being 

worked out 

• Regulating PFAS are used in consumer and institutional products but generally not in 
industrial products 

• To avoid a regrettable substitution, need to find not in kind (NIK) alternatives as 
replacements in industrial products 



 

    

    
  

 

New PFAS Project 

• Focus is primarily on industrial product
PFAS

• Evaluate safer NIK alternatives to HFCs,
HFEs and HFOs in several applications

• Refrigerants
• Foam blowing agents
• Solvents
• Propellants



Initial List of Specific Uses 
• Refrigerants used in chillers for large commercial buildings
• Refrigerants used in motor vehicle air conditioners
• Foam blowing agents used in spray polyurethane foam for walls and roofs in

homes and buildings
• Foam blowing agents for flexible foam used in furniture
• Solvents used in precision, electronics, metal cleaning
• Propellants and solvents used in aerosol products
• May add a few fluoropolymer applications



Project Tasks 

• Work with manufacturers/users of NIK alternatives
• Evaluate costs
• Evaluate feasibility
• Evaluate health & environmental effects

• Develop at least four case studies
• Arrange and hold webinars
• Prepare final project report



Summary and Conclusions 
• HFCs, HFEs and HFOs may eventually be

designated as PFAS chemicals in the U.S.
• Under an abundance of caution, we need to find

safe, viable and cost-effective NIK alternatives
for companies to adopt in industrial applications

• The project described here is designed to do
this
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O ve rvie w 

Whe re  are  “PFAS”?

 Health Effe cts

 Challe ng e s o f Re moval

 Prod ucts Se e ing Succe ssful Re moval

 How d oe s  ind ustry know what to  d o?

 Next Ste p s



Prod ucts Conta ining Fluorinate d Mate ria ls 

Shoe s (wate r  re p e lle ncy)
Clothing (o il re sistance )
Food wrap p e rs (o il re sistance )
Fire  Fig hting  foam (fire  sup p re ssion)
Carp e ts (non-staining )
Paints and  coating s (flow/le ve ling /UV re sistance /che mical re sistance )
Ind ustrial inte rme d iate s (e mulsifying , o the rs)



Human Health Effe cts

Hig h chole ste ro l
Ulce rative co litis
Pre g nancy ind uce d  hyp e rte nsion
Thyroid  d isease
Te sticular, re ctal and kid ne y cance r
De crease d  re sp onse  to  vaccine s



Be ne fits o f Fluorine  Che mistry in 
Paints, Coating s and  Cleane rs 
Extre me che mical re sistance in coating s
Extre me UV re sistance in b uild ing s and exte rior surface s
O utstand ing surface  we tting and  e mulsification

Fluorinate d acrylic seale rs Fluorinate d  vinyl Coating  with p oor
coating s fo r  surface  we tting 

b uild ing s 



Why PFAS are  Hard  to  Re p lace

Surface  te nsion  is affe cte d
b y many factors
Unb alance d  surface

te nsion cause s we tting
p rob le ms  and  ad he sion
failure
Typ ically, fluorinate d

surfactants must b e
re p lace d  b y two  or thre e
d iffe re nt surfactants



Te sting Gloss and Haze Polishe s 
Silicone /alcohol e thoxylate  hyb rid 

Prod uct without PFAS Prod uct with 
silicone  re p lace me nt 

Prod uct with silicone  che mistry 



Contact Ang le  measure d  b y Goniome te r: 
Acrylic Polymer Floor Finish (PFAS) 

Formula B: Acrylic Polymer Floor Finish (PFAS) 

Starting Contact Angle (mN/m) [°] 56 

Ending Contact Angle (mN/m) [°] 35 



Contact Ang le  measure d  b y Goniome te r: 
Acrylic Polish with Silicone /Alcohol e thoxylate  hyb rid 

Formula A: Acyrlic polish with hybrid surfactants [°] 

Starting Contact Angle (mN/m) [°] 40 

Ending Contact Angle (mN/m) [°] 21 



How Doe s  
Ind ustry 
Ke e p  Up ?  
 EPA and  State reg ulations 

 Trad e  O rg anizations 
 HCPA – Household  Commercial 

and Prod ucts Association 
 ACI – American Cleaning 

Institute 
 ISSA – Ind ustrial Sanitation 
 ACA – American Coating s 

Association 

 Prod uct Valid ation O rg anizations 
 EPA Safe r Choice 
 Green Seal  



Chang e s to Prod ucts 

Paints and Coating s 
 Silicone  re p lace me nts 

Cle ane rs 
 Silicone  or b iob ase d  surfactant re p lace me nts 

Carp e ts 
Fire  Fig hting Foam 
 Bio alte rnative s 



Conclusions 

“PFAS” che mistry has b e e n around for ove r 60 years 
 Ve ry hard  to  d isp lace  

State s are  moving to b an inte ntionally ad d e d PFAS from 
p rod ucts  
Ind ustry is acting , re p lace me nts are d ifficult 



2024 National Pollution Prevention Training 
and Conference 

Reducing PFAS in Consumer and Other Products 
December 11, 2024 
2:50– 4:15PM ET 
Moderated by John Schierlmann, IndSpyre Solutions, Inc. 

Speakers: 
• Kim Hazard, California Department of Toxic Substances Control 
• Megan Arnett, University of California at Berkley, Center for Green 

Chemistry 
• Donna Walden, greenUP! 
• Katy Wolf, Consultant and Former Director of the Institute for Research 

and Technical Assistance 
• John Schierlmann, IndSpyre Solutions, Inc epa.gov/p2 

https://epa.gov/p2
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