
Greener Solutions Case Study: Alternatives to Per- and Poly-Fluoroalkyl Substances in 

Aftermarket Carpet Treatments 

What was the Challenge: 

 

Per-and polyfluoroalkyl substances (PFASs) are commonly used as water and stain repellent 

agents on fabrics, furniture, and carpets (1). These products are generally purchased by 

consumers and directly applied to home carpets in a spray or aerosol form, in contrast with 

agents that are applied during manufacturing and prior to installation (1). PFASs used in carpet 

manufacture are known to cause a variety of health hazards and were identified by the California 

Department of Toxic Substances Control (DTSC) as a priority product in 2021 (2). While certain 

PFASs had already been voluntarily phased out in carpet manufacture since 2008 (3), their use in 

aftermarket treatments remains a large segment of products featuring fluorinated active 

ingredients, with little data on the compounds present in the formulations. In order to facilitate 

proactive and cooperative change to industry, priority product designations are supported with a 

DTSC mandate to investigate safer alternatives. The research presented in this case study is the 

result of collaboration between DTSC and the student team from UC Berkeley’s Greener 

Solutions course. 

 

The team was tasked with performing a chemical hazard and technical performance assessment 

of both existing PFAS-containing products and potential alternatives. The team identified 

Scotchgard™ as the baseline of comparison due to its widespread use and name recognition as a 

surface treatment for stain repellency (1). The product was formulated with 

perfluorooctanesulfonic acid (PFOS) up until 2003, when it was reformulated in response to calls 

to phase out the material (1). However, PFOS was simply replaced with another proprietary 

PFAS mixture, likely containing perfluorobutanesulfonic acid (PFBS) and 6:2 fluorotelomer 

alcohol (6:2 FTOH)(4). These two compounds served as the chemical baseline for measuring 

both the environmental health and safety (EH&S) and technical performance of the alternatives. 

While numerous textile protectants that claim to be fluorine-free are already on the market, their 

compositions are not publicly available and therefore cannot be assessed for chemical hazard.  

 

The team focused their investigation on alternatives that: 

1. Can be applied in the form of a liquid spray or aerosol formulation 

2. Provide overall carpet protection rather than spot treatments 

3. Are hydrophobic to protect against a broader range of stains, such as beverage spills and 

pet accidents 

4. Demonstrate improved EH&S performance from the baseline, with special attention 

placed on skin irritation potential and respiratory irritation due to the alternatives’ 

intended aerosol application 

 



To assess overall technical suitability in comparison with Scotchgard™, the team selected the 

following metrics: contact angle for both hydro- and oleophobicity, wash cycle resistance for 

washability, and sustainability and sourcing. To assess EH&S performance, the team chose the 

following health endpoints: carcinogenicity/mutagenicity, developmental/reproductive toxicity, 

skin/eye irritation, aquatic toxicity, persistence/bioaccumulation, and endocrine activity. 

 

Several promising alternatives to PFASs in aftermarket treatments were then selected by the 

team and categorized into strategies based on similarities in material properties. The strategies 

included biopolymers and silicon-based materials. In both technical and EH&S categories, scores 

were assigned to each alternative on a “scorecard” which allowed for comparison with the 

baseline as well as across alternatives. 

 

At the conclusion of the project, the team recommended the combination of chitosan with silicon 

dioxide nanoparticles (SiNPs) as the most promising strategy to pursue. The compound strategy 

takes advantage of the complementary strengths of both materials, and is potentially capable of 

repelling both water- and oil-based stains, while introducing anti-microbial properties not seen in 

existing PFAS treatments.  

 

Why this Project was Important:  

 

The Department of Toxic Substances Control’s October 2019 report, Proposed Priority Product: 

Treatments Containing Perfluoroalkyl or Polyfluoroalkyl Substances for Use on Converted 

Textiles or Leathers, identified PFASs used in treatments for carpets and other fabrics as a 

potential priority product and signaled an increase in regulatory attention toward the health 

impacts of PFASs (5). A priority product designation indicates that a consumer product 

identified by the DTSC contains one or more chemicals that have a hazard trait that can harm 

people or the environment (6). As part of the priority products program, the DTSC aims to 

facilitate voluntary phase-out of harmful materials by collaborating with affected industries to 

identify safer potential alternatives. BCGC’s Greener Solutions course helps bridge the gap 

between industry and regulatory stakeholders by conducting research into alternatives that 

consider industry needs such as technical performance and economic feasibility alongside 

regulatory needs such as human and environmental health hazards.  

  

The most common PFAS compounds used for aftermarket treatments for carpets are fluorinated 

polymers (5). Toxicity and bioaccumulation potential of these polymers are not well 

documented, but one strategy for assessing hazard levels of these compounds is to assess their 

monomers instead. While monomers often cannot be directly compared to the hazards and 

performance of their polymer forms, they still provide useful information where there otherwise 

may not be any available. For example, monomers are an important consideration in this context 

due to their potential to release into the environment during the production process, persistence 



as an impurity in the final product, and as a result of polymer degradation (7). This evaluation 

strategy was applied for the analysis of fluorinated polymers outlined in this report.  

 

From the industry needs perspective, consumer demand for safer alternatives to PFASs is also 

rapidly rising due to widespread negative reports on the health effects of fluorinated barrier 

materials, such as in food packaging. In response, a number of non-fluorinated textile protectant 

formulations such as Teflon EcoElite, Trinova and Vectra have been released, but these products 

cannot be assumed to be safe, since their exact compositions remain an industry secret. Finding 

alternatives to PFASs in the aftermarket treatment industry is a complex and multi-layered 

challenge due to competing market demands for highly functional chemicals that often over-

perform and benign products with low hazard-- transparent product formulations are especially 

critical to prevent regrettable substitutes.  

 

Who was Involved: 

This project was initiated by the Berkeley Center for Green Chemistry as part of Greener 

Solutions, a project-based graduate level class offered through the School of Public Health. 

Interdisciplinary teams from the course offer green chemistry solutions to problems posed by 

industry. The team dedicated to researching alternatives to PFASs for use in aftermarket carpet 

treatments was mentored by Simona Balan of the California Department of Toxic Substances 

Control (DTSC).  

 

The team consisted of five UC Berkeley Students: Amanda Bischoff, a PhD candidate in the 

Chemical Biology Program, Zhenya Chen, a second year Master of Public Health student, 

studying Environmental Health Science, Nancy Gutierrez, a Master of Public Health candidate in 

the School of Public Health, Samantha Vega, a graduate student pursuing a Master of Public 

Health in Environmental Health Science with an emphasis in Industrial Hygiene, and Emily 

McGauley, a third year undergraduate student majoring in Molecular and Environmental 

Biology. 

 

What were the Proposed Solutions:  

 

 

Strategy 1: Biopolymers 

Biopolymers are a class of materials that can offer the technical performance of polymers 

(flexibility, durability, etc.) but are able to be sustainably sourced and produced from waste 

material, fungi, or plants (9). Chitosan and cellulose nanocrystals (CNC) were chosen as 

representatives from the broader class of biopolymer materials, as they both present promising 

textile protection properties. The team was inspired to look at bio-sourced materials as an 

opportunity to identify new applications for waste products in the case of chitosan, and to take 

inspiration from the use of cellulose by plants to form sturdy cell walls.  



 

Chitosan 

Chitosan is an abundant biopolymer (most commonly sourced from crustacean shell waste and 

the cell walls of fungi) which exhibits hydrophobic properties as well as antimicrobial properties 

(10). As a cationic polymer, it is able to be solubilized in acidic environments, allowing it to be 

applied in aerosol or spray form (9). The necessary acidic environment can be achieved using 

safe solvents such as dilute acetic acid. Additionally, chitosan is already being used in a 

commercial textile protection product, Tidal-TextTM by Tidal-Vision, which makes an analogous 

carpet treatment product very promising (11). Furthermore, the structure of chitosan exhibits 

several opportunities for the material to hydrogen bond with nylon carpet fibers in order to form 

a barrier coating (12). Chitosan also shows a potential to hydrogen bond with water-based stains, 

thereby binding the compounds and acting as a barrier to prevent the stain compounds’ 

absorption into the nylon fibers.  

 

Chitosan also exhibits additional features which make it a promising carpet additive. The 

material has been shown to have antimicrobial properties by disturbing the cell walls of microbes 

and causing proteins to degrade, thereby acting as a cleaning agent for textiles (13). Chitosan-

based dyes have also been shown to self-repair and heal microscopic cracks and broken bonds 

(14). The combination of these properties show potential for an aftermarket carpet treatment 

product that not only protects fibers from spills, but also reduces microbial activity and self-heals 

damaged fibers, leading to a highly versatile product that offers protection against chemical, 

biological, and mechanical sources for wear.  

 

Overall, chitosan is an abundant and sustainably sourced biopolymer that is already being used in 

related textile treatment applications, which suggest a highly feasible shift to use on carpets. Its 

reported antimicrobial and self-healing properties even suggest added value as a carpet treatment 

over what is currently offered by PFAS-based products.  

 

Cellulose Nanocrystals (CNC) 

Like chitosan, cellulose is also a biopolymer that is abundant in nature, most commonly found in 

plant matter (15). In an industrial setting, cellulose is extracted from cotton fibers. While native 

cellulose is environmentally benign and is both hydrophilic and oleophilic, it does not meet the 

minimum functional properties required for use as an aftermarket carpet treatment (16). The 

team therefore turned to cellulose derivatives to find a suitable material that can impart 

hydrophobicity. Cellulose nanocrystals (CNC) were chosen as the most promising and viable 

alternative due to their widespread use in thin films and coatings in packaging applications (17).  

 

CNC’s are known to be elastic, strong, cheaply produced, and can be combined with other 

materials for added functionality (16). The material would be best applied to carpets as a powder 



rather than a liquid spray or aerosol to ensure even dispersion and prevent blockages in spray 

applicators.  

 

Technical Performance 

Chitosan shows promising performance as a water barrier, with contact angles of 102° when 

applied on polyester and 130° when applied on cotton (12). Contact angles over 90° indicate that 

a material is hydrophobic; the higher the contact angle number, the more hydrophobic the 

surface (18). In films, cellulose nanocrystals consistently enhance the hydrophobicity of a variety 

of base materials. A water contact angle of 130.6° was reported for a CNC composite film 

surface (19). These values indicate moderate performance in terms of hydrophobicity when 

compared to the performance baseline of Scotchgard™. Oleophobicity for both biopolymers is 

currently unknown. Chitosan has very high wash resistance, with antimicrobial activity for up to 

50 washes in clothing (13). This is even more promising in the context of carpets, which are not 

washed as often as clothing. Meanwhile, wash resistance data is not known for CNC’s.  

 

  

Hydrophobicity 
(Contact Angle) 

Oleophobicity Washability Source 

Bad Actor PFAS 170° 156° 120+ Washes Artificial 

Biopolymers 
Chitosan 102° DG 50 Washes 

Crustacean 
Exoskeletons 

CNC >90° w/PFAS DG 
Cellulose Isolation 

+ Prep 

      

 

Key Best Performance 
Medium 

Performance 
Worst 

Performance Data Gap (DG) 

Figure 1: Technical performance table for chitosan and CNC’s.1 

 

Environmental Health and Safety Performance 

Both chitosan and cellulose nanocrystals have significantly improved EH&S performance 

compared to the PFAS baseline. Chitosan has low carcinogenicity and mutagenicity, and has 

shown to even exhibit antimutagenic properties by decreasing the effectiveness of mutagens 

(20). It has also not been found to have developmental toxicity, and has a relatively fast and easy 

degradation into nontoxic products, a great improvement over the high persistence of PFASs 

(21). However, chitosan exhibits high skin and eye irritation, indicating that personal protective 

equipment (PPE) may be necessary for consumers when applying the product (22). The tradeoff 

for its antimicrobial properties is high aquatic toxicity, which can negatively impact fish at even 

extremely low concentrations (23). Although there are significant data gaps for EH&S 

performance of cellulose nanocrystals, there is still evidence that the material is less harmful than 

PFASs in a number of important categories. While some studies show potential for negative 

                                                 
1 References for EHS and Technical Performance tables can be found in original report, available at: 

https://bcgc.berkeley.edu/greener-solutions-2020/  

https://bcgc.berkeley.edu/greener-solutions-2020/


health effects such as cytotoxicity and immunosuppression, it is believed that the concentration 

of CNC’s tested was too high for realistic exposure, furthermore there was little evidence to 

suggest mutagenicity (24). CNC’s also earned a moderate hazard score for persistence, with 

some studies showing a greater potential for persistence after chronic exposure of the lungs, but 

very efficient bio-degradation compared to PFASs (25). As a tradeoff, CNC’s also show high 

lung irritation (26).  
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Bad Actor PFBS DG M H H H H 

Biopolymers 

Chitosan L L H H L DG 

CNC L DG H DG M DG 

        

 
Key Hazard: Low(L) 

Medium 
(M) High (H) 

Very High 
(V) 

Data Gap 
(DG) 

 
Confidence: Low Average High 

   

Figure 2: EH&S table for chitosan and CNC’s. 

 

Strategy 2: Silicon-Based Materials 

 

Silicon-Dioxide Nanoparticles  

Silicon-dioxide nanoparticles are small particles of tunable size between 1-500 nm, which 

consist of networks of silicon-oxygen bonds. The size of the particles is controlled via the sol-gel 

process, which combines tetraethylorthosilicate (TEOS) in ethanol with ammonium hydroxide 

(NH4OH) (27, 28). The ability to tune the particle size is especially important because this 

determines the level of hydrophobicity and oleophobicity of the coating. They are a class of 

materials already commonly used in fabric protection products, such as those by Vetro Power 

and protectME, which feature a simple application method of water-based spray. Silicon-dioxide 

nanoparticles show a high affinity for attachment to plant and animal fibers such as cotton and 

silk, due to the abundance of exposed hydroxyl groups. Nylon contains far fewer of these 

exposed groups, and requires additional treatment with an acid application to retain the silicon-

dioxide nanoparticles (29).  

 

 



 
Figure 3: Surface wetting modes affected by surface patterning. Source: Deng, Y. et al. (2018). 

 

 

The mechanism of silicon-dioxide nanoparticles’ water repellant properties is based on that of 

the lotus leaf (30). Rather than repelling liquids chemically as in PFASs, or forming a barrier 

coating as in the biopolymer strategy, this method involves hierarchical rough patterning to 

create physical liquid repellency. Hierarchical rough patterning involves the formation of micro- 

and nano-scale structural protrusions at the surface of a material, which trap air and induce 

Cassie-Baxter wetting, which refers to liquid repulsion via incomplete coating of the surface 

(Figure 3) (31). Particle size and spacing is especially important in this context because the 

parameter of “air pocket size” in hierarchical rough patterning determines the relative 

hydrophobicity and oleophobicity of the surface. Oil has a lower surface tension compared to 

water, and therefore requires smaller “air pockets” (lower surface energy of the coating) in order 

to be repelled. Tunability of the particle size has the potential to optimize the surface such that 

both water and oil can be repelled. Silicon-dioxide nanoparticles also have great potential for 

functional tunability with inclusion of small molecule additives. For example, hydrophobicity 

can be enhanced by incorporating molecules capable of chemical liquid repellency, such as 

sodium stearate (32). Silicon-dioxide nanoparticles can also be functionalized with 

methyltriethoxysilane (MTES) to achieve oleophobicity alongside hydrophobicity when applied 

to paper (33).  

 

Silicones and Silanes 

Silicones and silanes were researched with a specific emphasis on oleophobicity. While 

hierarchical rough patterning is effective for achieving water repellency, the surface tension of 

oil is much lower, due to weaker dipole-dipole interactions as compared to hydrogen bonds in 

water. An alternate strategy to achieving oleophobicity is increasing the surface energy at the 

oil/coating interface, which can be achieved with flexibility and molecular dynamics (34, 35). 

This method of incorporating silicones with nylon fibers has been tested, and has led to 

impressive results (34). However, the ease of application and feasibility of a safe consumer 

spray-on formulation remains a challenge. Unlike other alternatives, silicones are not readily 

soluble in water, potentially resulting in the need for hazardous solvent.  

 



Technical Performance 

The primary strength of the silicon-based materials outlined in this section is their compatibility 

with a wide range of small molecule additives and their resulting functional tunability. Plain, 

unfunctionalized silicon-dioxide nanoparticles demonstrate only weak hydrophobicity (water 

contact angle of 100°) and no inherent oleophobicity (36). However, silicon-dioxide 

nanoparticles functionalized with sodium stearate resulted in a superhydrophobic coating (water 

contact angle of >150°) when applied to a nylon surface (32). In another example, silicon-

dioxide nanoparticles coated with methyltriethoxysilane (MTES) led to both hydro- and oleo-

phobic properties, with highly impressive performance: the measured contact angles of oil and 

water were 149° and 133°, respectively when applied to paper (33). These values correspond to 

high performance, comparable with PFASs in terms of liquid repellent properties, with moderate 

washability performance as well (hydrophobicity persisted for over 10 washing cycles) (32).  For 

silicones and silanes, polydimethylsiloxane (PDMS) is the most common silicone, so it is used as 

a representative compound for this analysis. Overall performance in terms of hydrophobicity and 

oleophobicity is good for a variety of oils and for water when PDMS is applied to nylon (34). 

Meanwhile, a functionalized siloxane polymer with alkyl groups of varying lengths also shows 

moderately favorable performance for both oil and water as well (water contact angle over 90°, 

improved oil contact angle) (37). Washing performance was not available for silicone and silane 

materials.  

 

  

Hydrophobicity (Contact 
Angle) 

Oleophobicity Washability Source 

Bad Actor PFAS 170° 156° 120+ Washes Artificial 

Silicon-based 
Solutions 

SiNP's 151° 133° 10 Washes Silicon 

Silicones 130° 100° DG Silicon 

      

 

Key Best Performance 
Medium 

Performance 
Worst 

Performance 
Data Gap 

(DG) 

Figure 4: Technical performance table for silicon-based solutions. 

 

 

Environmental Health and Safety Performance 

Overall, both silicon-dioxide nanoparticles and silicones and silanes are expected to have lower 

hazards compared to PFASs. However, the small size of silicon-dioxide nanoparticles, and their 

diverse size range, add complexity to the identification of health hazards, as many benign 

materials take on toxic effects at the nanoscale (38). However, it should be noted that silicon-

dioxide nanoparticles are already widely used in various consumer products, including 

cosmetics, pharmaceuticals, and food. By themselves, silicon-dioxide nanoparticles were scored 

as moderately hazardous for mutagenicity and carcinogenicity (38). Although skin and eye 

irritation were not observed, respiratory irritation and sensitization was observed (39). The class 



of materials is also known to biodegrade quite quickly, so they are a significant improvement 

over PFASs in this respect (40). There is, however, evidence of developmental and reproductive 

toxicity, although this data is limited (38, 41). Tetraethylorthosilicate (TEOS), a major 

component of silicon-dioxide nanoparticles, was also evaluated for EH&S performance, and was 

also found to be largely low hazard but with marked hazards for those exposed to its 

manufacture. The material was found to be moderately skin and eye irritating, but severely 

irritating to respiratory systems (42).  

 

The two small molecule additives, sodium stearate and MTES were also assessed for hazards of 

their own. Sodium stearate scored low hazard in carcinogenicity and mutagenicity, and 

persistence. However, the additive scored high hazard for aquatic toxicity and skin and eye 

irritation, indicating that care must be taken in the manufacture and disposal of this material. 

Meanwhile, MTES was found to be exceedingly safe, scoring low hazard in all known 

categories.2 This provides an overall picture of silicon-dioxide nanoparticles as a much safer 

stain repellent material compared to PFASs.  

 

A common challenge of assessing polymers such as PDMS is the lack of EH&S data available 

for complete polymers, and the changing hazard landscape dependent on the length of the 

polymer chains in the material. Due to its widespread use, however, more data is available for 

PDMS. The main concern of using PDMS is its very high aquatic toxicity, high skin/eye 

irritation potential, and its high persistence, though the material scored low in both 

carcinogenicity/mutagenicity and developmental/reproductive toxicity. Similarly, a primary 

component of PDMS, dimethyldichlorosilane, was also evaluated and found to be largely low 

hazard, with only moderate concern regarding skin/eye irritation. Tetramethoxysilane, a 

component of the functionalized siloxane polymer, was found to have a very similar hazard 

profile as dimethyldichlorosilane, with the only difference being high rather than moderate 

skin/eye irritation. Hazard data for this analysis was sourced from the ECHA substance infocard, 

The New Zealand EPA’s Chemical Classification and Information Database (CCID), and the 

Danish Advisory List for Self-Classification of Hazardous Substances. 

  

                                                 
2 Editor’s Note: Since the completion of the final report, it was found that MTES had moderate hazard for skin 

irritation, skin sensitization, and eye irritation.  
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Bad Actors PFBS DG M H H H H 

Silicon-Based 
Solutions 

SiNPs M H M* L L L 

TEOS L DG M L L L 

Sodium Stearate L DG H H L DG 

MTES L L L L L DG 

PDMS L L H V H DG 

Dimethyldichlorosilane L L M L L DG 

Tetramethoxysilane L L H L L DG 

        

 
Key Hazard: Low(L) 

Medium 
(M) 

High 
(H) 

Very High 
(V) 

Data Gap 
(DG) 

  
Confidence: Low Average High 

  Figure 5: EH&S performance table for silicon-based solutions. 

 

 

What was Innovative about the Solution: 

 

The solutions presented by the team were shaped by how the group framed the problem, defined 

solution criteria, considered sourcing, and identified their final solution recommendation. They 

first thought beyond the scope of what “carpet protection” typically means. Fluorinated 

compounds do offer effective textile protection via stain resistance, but in doing so, largely 

neglect other modes by which carpets can be damaged. PFASs actually overperform for what is 

needed from a carpet protectant, providing a water contact angle of up to 150° when contact 

angles of only 90° offer sufficient protection against stains for an average user. While PFASs are 

ubiquitous as an easy-to-implement water and oil barrier material, they can only perform this 

single function, and they do so in exchange for serious health hazards. Instead of aiming to 

outperform PFASs at their strongest function, the team identified alternatives that offer 

performance levels appropriate for home use while also adding value in categories of protection 

that PFAS does not perform. For example, rather than overperform at a single function like 

PFASs do, chitosan is a broadly performing material with lower hydrophobicity than PFASs, but 

that also confers protection in other relevant ways (antimicrobial, self-healing) (13,14). Matching 



these additional properties to the needs of a potential consumer, uncovered an opportunity to 

decrease hazard, and add new value to the product.  

 

The team also considered sustainable sourcing in all of their solutions by proposing to use highly 

abundant natural sources, including an existing waste stream (chitosan from crustacean shell 

waste) (10). Using abundant base materials ensures that the products are economically feasible to 

produce and that potential harm that arises from increased extraction of a new resource is 

minimized. This is another example of where a product decision can simultaneously improve 

sustainability as well as lower its cost.  

 

 
Figure 6: Comparison of PFAS to key alternatives. 4 represents the greatest performance along a 

technical or safety criterion, 1 is worst, and 0 is a data gap. 

 

The final recommendation by the team is a combination of strategies: chitosan with silicon-

dioxide nanoparticles. In Figure 6 above, the relative performance of each solution is compared 

across six categories: water resistance, oil resistance, washability, carcinogenicity/mutagenicity, 

skin/eye/respiratory irritation, and environmental toxicity. Pairing chitosan with silicon dioxide 

nanoparticles covers the largest range of performance categories. Chitosan provides an 

acceptable baseline of liquid barrier as well as a complete range of carpet protection features. 

This foundation can then be enhanced with silicon-dioxide nanoparticles, which can provide 

super hydrophobicity when functionalized with sodium stearate, and oleophobicity when 

functionalized with MTES (32,33). Both alternatives are soluble in slightly acidic conditions, 

which suggests compatibility in a combined liquid spray or aerosol formulation. The 



combination of both materials’ strengths results in a solution that has the potential to offer 

performance similar to PFASs with additional antimicrobial and self-healing properties.  

What was the Impact: 

 

Carpets manufacturers began phasing out certain types of PFASs in 2008. Under pressure from 

the US EPA, the carpet industry committed to replacing long-chained PFASs with short-chain 

PFASs, then believed to have lower health risks associated with their use. Research has since 

shown, however, that short-chain PFASs carry similar health hazards to their long-chained 

counterparts, and may even permeate the environment more rapidly due to the molecules’ 

increased mobility through soil and water, and persistent degradation products. Sales of 

aftermarket treatments for carpets are logically affected by regulations on carpet manufacturing; 

consumers may be more motivated to purchase aftermarket treatments if pre-treated carpets are 

not as available, further increasing their exposure to fluorinated compounds.  

 

Additionally, the average lifespan of a carpet ranges from 10 to 20 years, which indicates that 

PFASs will continue to persist in homes and environments for decades after initial regulation 

against PFAS products. This makes the need for regulatory action and suitable replacements all 

the more urgent. The California DTSC named PFASs in the manufacture of carpets and rugs as a 

priority product effective July 2021, thereby requiring manufacturers to notify consumers of the 

presence of PFASs in their products. The manufacturers then have the option to submit notice of 

removing or replacing the chemical of concern/product from production, or report alternative 

products (2). In parallel, aftermarket treatments containing PFASs for use on converted textiles 

(including carpets) are listed as a proposed priority product, signaling upcoming regulation 

controlling their non-essential use (5).  

 

The global fabric protection market, which includes carpet treatments, was valued at USD 1.11 

billion in 2018, and is projected to grow at a CAGR of 4.6% from 2019 to 2025 according to a 

report by Grand View Research. Upholstery protection, which includes fabric protectants applied 

to carpets, rugs, and sofas, comprised at least 50% of the total market in 2018 (43), which 

translates into approximately USD 555 million. While PFASs are present in these products at 

low concentrations, replacing PFASs within such a large industry could result in the avoided use 

of hundreds of thousands pounds (approximately 750,000 pounds) each year. 

 

Aftermarket treatments are a particularly important target for reformulation when considering 

improved EH&S performance of the product. As a consumer-applied product, consumers are 

even more exposed to PFAS materials than in carpet coatings added at the manufacturing phase. 

Consumers are at risk of inhaling aerosols during the application process, and untrained users of 

the product might not wear PPE even if it is recommended. After application, carpets are a 

surface that is touched often with bare skin and regular wear and tear of the carpet by walking 

may also release coated fibers into the air. Hand-to-mouth behavior of small children also 

introduces an oral exposure route (44). These many routes of repeated exposure to the carpet 

protectant materials necessitate alternatives that significantly reduce the health hazards posed by 

PFAS products. 
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