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Executive Summary 

California Assembly Bill 2398, which was established in 2010, designated Carpet America Recovery Effort 

(CARE) as the carpet stewardship organization, with oversight from the California Department of Resources 

Recycling and Recovery (CalRecycle). CARE currently administers the California Carpet Stewardship 

Program (CCSP). The goal of the CCSP is to provide funding to establish, increase, and improve the 

collection, recycling, and utilization of California-generated post-consumer carpet (PCC) in recycled-content 

product manufacturing. To-date, CARE has successfully created a program to support the collection and 

reuse of nylon carpet, which has traditionally made up a majority of the recycled carpet waste stream. 

However, waste polyethylene terephthalate (PET) carpet has significantly increased in recent years.  PET 

carpet fiber is manufactured from recycled soda and water bottles. While the backing of the PET carpet is 

separated and manufactured into new products (similar to nylon-based carpet backing), an efficient and 

cost-effective use for the face fiber of recycled PET carpet (RPC) has not been developed. 

For this project, GHD was tasked with developing pilot research studies of potential RPC in civil engineering 

applications. The pilot study materials and applications were developed through recommendations 

presented in a previous Feasibility Study (Phase I) which was initiated by CARE and performed by GHD to 

investigate potential markets for RPC materials in civil engineering applications. 

In the previous Feasibility Study (Phase I), four different RPC products were tested: shredded carpet, face 

fiber, non-woven RPC fabric, and powdered carpet backing. In order to understand how the material would 

perform in potential civil engineering applications, Humboldt State University (HSU) performed laboratory 

analyses to determine the material properties of the four products. Additionally, the concentrations of 

selected constituents were determined for water-saturated RPC under various durations.  

Based on the Phase I study laboratory results, background research of existing literature, and a review of 

industry-related products, GHD recommended conducting further research and pilot studies for five civil 

engineering applications of RPC:  

 Filtration applications 

 Lightweight fill applications 

 Road surface reinforcement applications 

 Erosion control  

 Lightweight composites/concrete 

For the study of RPC materials in Pilot Projects (Phase II) GHD partnered with the HSU ERE department to 

develop and perform pilot testing of two RPC material applications from the recommendations of the 

Feasibility Study above: Pilot Study 1, filtration applications, and Pilot Study 2, erosion control.  

Pilot Study 1 

Pilot study 1, Shredded RPC in a wastewater filtration setting, was designed to represent a typical residential 

household septic system horizontal leach line. 

The pilot study results for the Shredded RPC as a wastewater filter showed that RPC performs well at 

removing typical constituents of concern, and compared favorably to other filtration systems treating similar 

wastewater. The removal rate for metals and conventional wastewater constituents was double to triple that 

of the best removal rate for a typical rock aggregate filter, and the removal rates were either comparable or 
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exceeded those of a slow sand filter. The pilot study results also showed that the lower hydraulic conductivity 

of RPC material limits its loading capacity in a horizontal filter setting.   

The high surface area of carpet fibers and the lack of any harmful products leaching from the shredded PET 

material seem ideal for a vertical flow wastewater filter. The study determined that combining the high 

constituent removal rates of RPC with a vertical filtration design could result in a high loading and high 

constituent removal system and warrants further investigation.  

Pilot Study 2 

Pilot Study 2, RPC non-woven fabric in stormwater and erosion control applications, was conducted under 

a range of conditions that included laboratory experiments simulating worst case scenarios for leaching, 

laboratory filtration experiments using water samples collected from pilot field sites, and analysis of pre and 

post treatment of storm water collected directly from pilot sites. 

The RPC non-woven fabric applications were evaluated in the field by collecting samples of sediment-rich 

storm water before and after water traveled through the RPC non-woven fabric, either as a single layer 

fabric or a wattle (rolled up fabric).  The evaluation of results showed effective reductions in BOD, COD, and 

TSS. Storm water and erosion control measures using the RPC non-woven fabric also exhibited little sign 

of degradation. 

The RPC non-woven fabric is most effective for the control of BOD, COD, and TSS and constituents such 

as copper and zinc that are attached to particulates. Since RPC fabric tested did not show signs of 

degradation, where there is a need for long term use over multiple years, the use of the RPC non-woven 

fabric in storm water and erosion control applications is promising. The results of this evaluation warrant 

further investigation of water quality constituent control and potential leaching compounds over time. 

Emerging constituents of concern 

Despite the very promising results for using RPC materials in Filtration Stormwater and Erosion control 

applications, there are emerging constituents of concern regarding RPC materials and their applications.  

Constituents of concern regarding RPC are mainly antimony, micro plastics, as well as per- and 

polyfluoroalkyl substances (PFAS).   

 The presence of antimony was expected in water leachate analyses because it is a catalyst in the 

synthesis for PET used to make drinking water bottles, and is therefore recycled into both the PET 

face fiber and carpet underlayment. However, Phase I water leachate analysis determined that 

the concentrations of antimony as a result of soaking RPC materials were low and did not reach 

levels of concern.  

 Preliminary experiments conducted near the end of this project indicate that PFAS may be 

leached from RPC in detectable concentrations. This study found amounts of PFAS in water that 

had made contact with RPC in concentrations that exceed the United States Environmental 

Protection Agency (USEPA) drinking water health advisory values. It is recommended that further 

research on the rate and duration of PFAS leaching from RPC material applications be completed 

before the implementation of RPC materials in water environments. 

 Since testing procedures for micro plastics are not well defined to date, no micro plastics testing 

was performed during this study.  Micro plastics testing is a growing field of study and relevant 

science should be monitored closely as regulations and testing procedures are developed in the 

future. 
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Next Steps 

Based on the resulting information from these pilot studies and background research, GHD recommends 

the following steps to further understand and promote the beneficial and environmentally safe uses of RPC 

materials: 

1. Quantify PFAS amounts in typical filtration, storm water and erosion control applications using RPC 

materials and explore pre-treatment systems; 

2. Develop laboratory and pilot project research to investigate road surface reinforcement applications 

using RPC fabric; 

3. Develop laboratory and pilot project research to investigate Asphalt reinforcement applications 

using RPC fiber; 

4. Develop laboratory research and pilot project research to investigate RPC material as reinforcement 

for concrete applications; and 

5. Develop laboratory research and pilot project research to investigate the breakdown of RPC through 

enzymatic and/or other degradation techniques that result in feedstock products which can then be 

beneficially used in civil engineering applications such as asphalt mixes and construction materials. 

Refer to the degradation proposal in Appendix E.  

Implementing RPC laboratory and pilot studies for civil engineering applications would allow scientists and 

engineers to better understand the in-situ performance of RPC in water contact environments, road surface 

strength applications and tensile behavior in concrete and asphalt mixes. 

Additionally, implementing pilot studies through collaborating with research institutions and public 

municipalities would allow CARE to further understand and use the beneficial properties of RPC to initiate 

market development efforts of RPC material in civil engineering applications.  

Through continued research and development, CARE and CalRecycle will be able to identify potential RPC 

uses, develop an outreach plan, and develop an incentive plan/grant program to promote the establishment 

and sustainability of new environmentally safe RPC markets. 
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List of Abbreviations 

µm  micrometer 

CA  California 

CalRecycle California Department of Resources Recycling and Recovery  

CARE   Carpet America Recovery Effort 

CCSP  California Carpet Stewardship Program 

EPA  Environmental Protection Agency 

HSU  Humboldt State University 

kg  kilogram 

MCL  Maximum contaminant level 

MDL  method detection limit 

mm  millimeter  

No.  Number 

PCC  Post-Consumer Carpet 

PE  polyethylene 

PET  Polyethylene Terephthalate 

PFAS  per/polyfluoroalkyl substances 

PFOA  Perfluorooctanoic acid 

PFOS  Perfluorooctanesulfonic acid 

PP  Polypropylene 

PS  polystyrene 

psi  pounds per square inch 

RPC  Recycled PET Carpet 

Sb  Antimony 

Sb2O3  Antimony trioxide 

SBR  styrene-butadiene rubber 

STLC  solubility threshold limit concentrations 

TCLP  Toxic Characteristic Leaching Procedure 

TDA  tire derived aggregate 

US  United States 

WET  Waste Extraction Test  
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Terminology 

1. Antimony –  an element present in relatively small amounts in the earth’s crust; its compounds are 

soluble in very strong acid and basic solutions 

2. Civil engineering applications – materials, means and methods related to the design, installation, and 

construction of built structures, which includes but are not limited to roads, buildings, systems for 

water supply and sewage treatment, and associated earthwork 

3. Compressibility – the ability of a material to reduce in volume under applied pressure 

4. Density – mass per unit volume 

5. Hydraulic conductivity – the ease with which a fluid (i.e. water) can move through pore 

spaces  

6. Leachate – water that has percolated through a material and leached out some of the 

constituents (i.e. chemicals, minerals) 

7. Microplastics – term used to describe plastic pollution that is very small in size, typically 

smaller than 5 millimeters (mm) but larger than 1 micrometer (µm) 

8. PET carpet – carpet manufactured from recycled polyethylene terephthalate 

9. PFAS – per- and polyfluoroalkyl substances (PFAS) are a group of man-made chemicals 

that includes PFOA, PFOS, GenX, and many other chemicals 

10. Porosity – fraction of void spaces over the total volume 

11. RPC – post-consumer/ recycled PET carpet; PET carpet that has served its useful life and 

recycled for use into other applications 

12. RPC fluff – RPC face fibers that are produced through a shearing process to separate carpet 

face fibers from the backing 

13. RPC underlayment – RPC padding installed under the carpet to provide carpet support and insulation. 

RPC underlayment is manufactured using RPC fluff through a process that can include washing, 

shredding, loosening, blending with additives to achieve uniform properties, needle stitching, and heat-

treated for added strength.  

14. Shredded RPC – mechanically shredded RPC, size ranging between 1 inch and 12 inches 

long, and includes carpet face fiber, adhesive layers and backing 

15. Water holding capacity – the amount of water that is absorbed into a material 

 

 

  



 

GHD | Recycled Polyethylene Terephthalate (PET) Carpet (RPC) pilot studies of Civil Engineering Applications, 11153629 | vii 

Table of Contents 

Executive Summary ...................................................................................................................................... ii 

List of Abbreviations ...................................................................................................................................... v 

Terminology .................................................................................................................................................. vi 

Table of Contents ........................................................................................................................................ vii 

1. Introduction.......................................................................................................................................... 8 

1.1 CARE’s California Carpet Stewardship Program ..................................................................... 8 

1.2 PET Carpet and Potential Use in Civil Engineering Applications ............................................. 8 

1.3 Purpose and Scope of this Report ............................................................................................ 9 

2. Background ....................................................................................................................................... 11 

2.1 Carpet Composition ................................................................................................................ 11 

2.2 Properties and Synthesis of PET ............................................................................................ 11 

2.3 Manufacturing and Recycling of PET Carpet ......................................................................... 11 

2.4 Phase I: Feasibility Study ....................................................................................................... 12 

3. Phase II: Pilot Studies ....................................................................................................................... 15 

3.1 Pilot Study 1: Wastewater Filtration using Shredded Recycled PET Carpet Media ............... 15 

3.2 Pilot Study 2: Stormwater Filtration using Recycled PET Carpet Media ................................ 16 

4. Emerging Constituents of Concern ................................................................................................... 17 

4.1 Antimony release from RPC materials .................................................................................... 17 

4.2 Microplastics  .......................................................................................................................... 18 

4.3 PFAS  ...................................................................................................................................... 19 

5. Summary and Recommendations ..................................................................................................... 21 

5.1 Recommendations and Next Steps ........................................................................................ 22 

6. References ........................................................................................................................................ 23 

Figure Index 
Figure 1: Layers of Carpet (Wang, Wu, and Li 2000) ................................................................................. 11 

Figure 2: RPC material used in a rolled wattle ............................................................................................ 16 

Appendices 

Appendix A – Feasibility Study with Appendices (Phase I) 

Appendix B – Pilot Study 1: Wastewater Filtration using Shredded Recycled PET Carpet Media 

(Phase II) 

Appendix C – Pilot Study 2: Stormwater Filtration using Recycled PET Carpet Media (Phase II) 

Appendix D – Microplastics Memo 

Appendix E – Degradation Proposal 



GHD | Recycled Polyethylene Terephthalate (PET) Carpet (RPC) pilot studies of Civil Engineering Applications, 11153629 | 8 

1. Introduction 

1.1 CARE’s California Carpet Stewardship Program 

In 2008, discarded carpet comprised 3.2 percent by volume of waste disposed in California. To 

increase diversion and recycling of used carpets, California signed Assembly Bill (AB) 2398 in 2010 

and established California’s Carpet Stewardship Law. AB 2398 designated Carpet America Recovery 

Effort (CARE) as the Carpet Stewardship Organization, with oversight by the California Department 

of Resources Recycling and Recovery (CalRecycle).  

CARE’s California Carpet Stewardship Program (CCSP) provides grant funding to establish, 

increase, improve and enhance California-generated post-consumer carpet (PCC) collection, 

recycling, and utilization in recycled-content product manufacturing.  In May 2016, the CCSP awarded 

approximately $2 million in grant funding for six capital improvements and three product testing 

projects that utilize California-generated PCC. The grant funding supports capital investment, 

infrastructure and/or equipment that will manufacture products utilizing California-generated PCC, as 

well as product testing and research activities, and/or feasibility studies on potential new uses of PCC.  

GHD was awarded funding to assess the feasibility of using recycled polyethylene terephthalate 

(PET) carpet in civil engineering applications.  

1.2 PET Carpet and Potential Use in Civil Engineering Applications 

Polyethylene Terephythalate (PET) carpet fiber is manufactured from recycled soda and water bottles 

that were originally formed from pellets of PET resin. PET carpet fiber has gained traction in recent 

years because of the recyclability of PET and the relative abundance of post-consumer PET in the 

form of plastic bottles. PET carpet advocates report that because plastic beverage containers are 

made with top quality resins as required by the U.S. Food & Drug Administration, recycled PET is 

superior to lower grades of virgin synthetic fibers used in making other brands of polyester carpet 

yarns. Additionally, PET fibers are naturally stain-resistant, do not require the chemical treatments 

used on most nylon carpets, and they retain color and resist fading from exposure to the sun or harsh 

cleaning. PET fibers also have better abrasion resistance than other fibers, and therefore PET carpet 

is often used in lobbies and other high-traffic areas due to minimal need for maintenance. However, 

once the PET carpet has served its useful life, it is transferred to landfills. There are currently minimal 

cost-effective alternatives to reuse or recycle PET carpet.  

According to the EPA, data from 1995-2000 indicated that the main polymers used for carpet face 

fiber are Nylon 6-6, Nylon 6, PET, and polypropylene (PP), with very small amounts of wool and bio-

based fibers (EPA, 2015). Industry-wide, 60% of carpet by mass uses a nylon face fiber. To-date, 

CARE has successfully created a program to support the collection and reuse of nylon carpet, which 

has traditionally made up a majority of the recycled carpet waste stream. However, waste PET carpet 

has significantly increased in recent years.  Although PET carpet constitutes only 10% of the market 

(Ucar and Wang 2008), it is not readily commercially recyclable like nylon. While the backing of the 

PET carpet is separated and manufactured into new products (similar to nylon-based carpet backing), 

an efficient and cost-effective use for the face fiber of recycled PET carpet (RPC) has not been 

developed. With PET’s growing presence in the carpet industry, there is increasing potential for this 

material to be used in civil engineering applications.   

GHD hypothesizes that the life cycle of PET resin can be extended through additional recycling 

efforts. Specifically, instead of sending PET carpet to the landfill, PET carpet can be recycled at the 
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end of its useful life as “recycled PET carpet” (RPC). This can then be converted into a civil 

engineering product used in projects that typically require large amounts of earthwork and 

construction activities (e.g. embankments, fill). While RPC has the potential to serve as a suitable 

substitute for conventional construction materials, the first step in developing a new market economy 

and creating a demand for post-consumer PET carpet in civil engineering applications is solidifying 

scientific understanding of the in-situ performance, the benefits and limitations of RPC compared to 

conventional products. 

1.3 Purpose and Scope of this Report 

GHD’s assessment of the feasibility of using RPC carpet in civil engineering applications is comprised 

of two phases: the Feasibility Study (Phase I) completed in 2017, as well as the Pilot Projects (Phase 

II), that also includes this report. 

1.3.1 Phase I: Feasibility Study 

In 2017, GHD produced a Feasibility Study (Phase I) in order to investigate civil engineering 

applications that may potentially utilize the beneficial properties of RPC. The background and 

research performed in the Feasibility Study consisted of three stages: 

 Pilot study of septic water filtration. Background research was performed, and a 

brainstorm session was held with multi-disciplinary team members to identify a preliminary 

list of civil engineering applications and corresponding material properties that may render 

RPC as a suitable construction material for civil engineering projects. 

 Laboratory testing of PET carpet through Humboldt State University (HSU). PET carpet 

samples were tested under various conditions to determine the material performance and 

properties. Water quality samples were also taken to identify leachate water quality and 

potential environmental and regulatory issues.   

 Pilot study of storm water filtration. Using laboratory results, RPC material characteristics 

were compared with properties of conventional construction materials in order to identify civil 

engineering applications in which RPC materials may be beneficial. 

The Feasibility Study (Phase I) report summarized the preliminary investigations, laboratory analyses 

and research on conventional construction materials, and recommended civil engineering 

applications which may be suitable for future study. Some of the applications recommended to be 

further researched include filtration applications, lightweight fill applications, road surface 

reinforcement applications, erosion control, and lightweight composites/concrete.    

1.3.2 Phase II: Pilot Studies 

Based on the Phase I study laboratory results, background research of existing literature, and a 

review of industry-related products, GHD recommended conducting further research and pilot studies 

for a variety of civil engineering applications of RPC. Thus, at the direction of CARE, GHD partnered 

with the Humboldt State University (HSU) Environmental Resources Engineering (ERE) department 

to perform pilot testing (Phase II) of two RPC material applications from the list of recommendations 

from the Feasibility Study, specifically filtration applications and erosion control.  

As a result, in 2019 HSU produced a reports for each of the two pilot studies conducted in order to 

analyze the use of RPC products in civil engineering applications:  
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 Pilot Study 1: Wastewater Filtration using Shredded Recycled PET Carpet Media. This 

pilot study was designed to represent a typical residential household septic system horizontal 

leach line.  

 Pilot Study 2: Stormwater Filtration using Recylced PET Carpet Media. In this pilot study, 

RPC non-woven fabric applications were evaluated in the field by collecting samples of 

sediment-rich storm water before and after water traveled through the RPC non-woven fabric, 

either as a single layer fabric or a wattle.  

Ultimately, this report reinforces the potential benefits and need for further RPC pilot studies in civil 

engineering applications. Further study of RPC materials would allow scientists and engineers to 

better understand the performance of RPC, including water quality, rate of settlement, bacteriological 

interactions, filtration effectiveness, and tensile behavior in asphalt overlays, compared to 

conventional civil engineering products.   
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2. Background 

2.1 Carpet Composition 

The carpet used in this feasibility study is of the most common type, referred to as tufted carpet.  A 

generalized schematic of the carpet structure is shown in Figure 1.  The carpet structure typically 

includes two polypropylene (PP) backing layers fused together using a calcium carbonate (CaCO3) 

/styrene-butadiene rubber (SBR) thermoset adhesive (Wang et al. 2003; Wang, Wu, and Li 2000).  

The carpet face fiber, in this case PET, is tufted into the PP and adhesive layers. In addition to the 

materials used in the carpet itself, a padded underlayment is generally placed below the carpet.   

 

Figure 1: Layers of Carpet (Wang, Wu, and Li 2000) 

2.2 Properties and Synthesis of PET 

PET is a partially aromatic thermoplastic polymer of the polyester family.  Due to PET’s molecular 

composition, PET has a high melting temperature, good strength, light weight, good barrier properties 

and crease resistance.  PET also exhibits high chemical and thermal resistance, making it popular 

for a variety of applications, which include food and beverage containers, fibers, textiles and films 

(Park and Kim 2014).  Virgin PET typically has a density of 1.33 g/cm3. 

It is important to note that antimony trioxide (Sb2O3) is a common and important industrial catalyst 

added to synthesize PET.  Catalysts are employed during the industrial PET syntheses in order to 

increase the production rate, reduce side reactions, and lower the energy cost of generating PET.  

Antimony trioxide has good catalytic activity and does not add color to the finished polymer (Duh 

2002).  Catalysts based on other metals have been reported to a lesser extent,  but they include 

germanium, cobalt, titanium and aluminum (Park and Kim 2014; Thiele 2001). 

For more information on the chemistry and properties of PET, including a description of the PET 

molecular structure, other catalysts added, and causes of PET degradation, a detailed summary is 

provided in Appendix A.  

2.3 Manufacturing and Recycling of PET Carpet 

PET carpet face fiber is made from recycled PET bottles by a mechanical recycling method called 

primary recycling (Park and Kim 2014).  The process of recycling PET containers to carpet fiber is 

multi-stage.  First, recycling facilities collect and ship the containers to a processing plant.  Next, 

bottles are cleaned and separated from other plastics and their labels and lids.  The bottles are then 
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ground into small chips and cleaned again.  These chips are finally sent to the carpet manufacturer, 

which melt-extrudes the chips into carpet fibers. 

Impurities are introduced to PET bottle chips during the recycling process (Andrzej Pawlak et al. 

2000).   

Because RPC have undergone further processing, the properties of RPC will differ from virgin PET.  

Additionally, impurities and contaminants from environmental exposures can also be adsorbed to the 

surface of the face fiber during the carpet life span. Laboratory testing of PET carpet properties and 

quantification of leachate constituents is critical in order to determine potential civil engineering 

applications for recycled PET carpet.  

For more information on the methods and processes that introduce impurities to RPC, a more detailed 

explanation is provided in Appendix A.  

2.4 Phase I: Feasibility Study 

Under the direction of Dr. Brad Finney with the Environmental Resources Engineering department at 

Humboldt State University (HSU), RPC was tested in a laboratory setting to evaluate the physical 

properties of RPC including density, compressibility, hydraulic conductivity, and porosity. HSU 

performed tests to evaluate the potential water quality impacts of RPC leachate when used in civil 

engineering applications that require contact with water, with Alpha Analytical Laboratories, Inc. 

performing the chemical analysis of leachate samples.   

2.4.1 Physical Properties of RPC 

Physical properties, including density, porosity, water holding capacity, compressibility, and hydraulic 

conductivity, were evaluated and determined by HSU in a laboratory setting.   

Density and Water Holding Capacity 

The density of the PET carpet was determined using the water displacement technique. The shredded 

carpet and carpet underlayment density was determined for three carpet samples and four 

underlayment samples in this study. The density was expected to be higher for the carpet compared 

to the underlayment since the carpet has a relatively heavy calcium carbonate backing.  

The water holding capacity of the carpet and carpet underlayment was determined by soaking the 

oven-dried material in water for 24-hours, then allowing the material to gravity drain. The water 

holding capacity is reported, along with a more detailed explanation of these experiments and the 

results, in Appendix A. 

Compressibility, Porosity, and Hydraulic Conductivity 

A large diameter compression apparatus that was designed and fabricated specifically for testing 

recycled materials under loads equivalent to 100 feet of soil fill (115 psi) was used to determine the 

compressibility, porosity, and hydraulic conductivity of shredded carpet and carpet fluff. RPC 

underlayment was not tested due to physical constraints.  

A more technical explanation of load values and porosity of these four experiments and their results 

can be found in Appendix A.  

2.4.2 Leachate Water Quality Analysis of RPC 

Several tests were performed to analyze the leachate constituents of RPC. To start, GHD provided 

HSU a list of possible contaminants that could be introduced to water, air or soil as a result of 
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environmental exposure. The preliminary constituents list, included in Appendix A, was developed by 

reviewing existing research literature, and after comparison to regulatory standards.  

Hazardous Material Assessment  

A Toxic Characteristic Leaching Procedure (TCLP) and Waste Extraction Test (WET) analysis were 

performed on a shredded carpet sample, which contained carpet face fiber and underlayment. Both 

the TCLP and WET methods are used as part of a protocol to determine whether a material is a 

hazardous waste.  

Only a few constituents were determined to have concentrations above the method detection limit 

(MDL). The concentrations of detected constituents in the shredded carpet WET and TCLP analysis 

were at least two orders of magnitude lower than the solubility threshold limit concentrations (STLC). 

Therefore based on this criterion, the carpet would not be considered a hazardous waste. These 

results are summarized in the appendices section of Appendix A.  

Water Quality for RPC Face Fiber, Shredded Carpet, and Underlayment 

The carpet leachate water quality was studied as a function of carpet sample type, water exposure 

duration, and whether carpet was pre-rinsed. Except for the powdered carpet backing, all samples 

were soaked in water for one month except for a single shredded carpet sample type.  

Soaking was performed by placing samples in large glass jars, and leachate was sampled directly 

from the container following the specified soak duration. Each leachate sample was then analyzed 

for a wide range of water quality constituents, ranging from common organic and inorganic 

compounds to a wide assortment of volatile and semi-volatile compounds. A complete list of all water 

quality constituents analyzed and the associated detection limits is provided in HSU’s report in 

Appendix A. Only 22 of the 115 constituents examined were determined to have concentrations above 

the MDL. A more detailed explanation of these tests as well as the results are provided in Appendix 

A.  

2.4.3 Potential Civil Engineering Applications 

RPC has the potential to be used in a number of identified civil engineering applications, listed 

below. RPC is better suited for some of these applications than others when compared to 

conventional materials.  

Lightweight Fill Materials  

Several lightweight fill options are currently used in the construction industry, including pumice, 

expanded polystyrene, expanded shale clay, wood chips, and TDA. Research from 2005 also 

suggested the use of recycling plastic bottles as a lightweight geotechnical fill material.  

Water Control  

Based on HSU’s laboratory results, shredded RPC and RPC fluff have high surface area, with 

porosity comparable to sand and gravel. RPC’s drainage properties combined with its high surface 

area may provide advantageous results for septic system and infiltration applications. Using this 

information, GHD hypothesizes that RPC may be used in septic system and drainage applications, 

as well as for erosion control measures in storm water management. 

Road Surface Reinforcement  

PET underlayment may be suitable to be developed into a road surface reinforcement geotextile, 

and therefore could become a competitive substitute for existing asphalt overlay geotextiles. 
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However, tensile strength and elongation, both important criteria for geotextile performance, were 

not determined for the underlayment in this study; these parameters would be required in future 

studies, along with UV resistance, water flow rate, and permittivity, in order to determine the 

tolerances that the underlayment can withstand. 

Lightweight Composites and Carpet Fiber Reinforced Concrete  

Past studies using recycled nylon and PP carpet fibers indicate that lightweight composites are 

suitable for applications such as underlayment, wall panels for buildings, and outdoor structures. 

Carpet fiber reinforced concrete has high flexural strength and is also suitable for reinforced 

concrete columns, bridge decks, and highway barriers. Research to-date has not specifically 

evaluated RPC in lightweight composites, but it is anticipated that RPC would produce similar 

results to nylon and PP fibers.  

2.4.4 Conclusions 

Material property testing conducted by HSU concluded that RPC products are characterized as 

lightweight materials with high porosity but lower hydraulic conductivity when compared to 

conventional construction materials like soil and gravel. The RPC products examined generally also 

have high compressibility and high surface area (Finney et al., 2016).  

Based on a review of the existing literature and these laboratory results, further research was 

proposed that included pilot studies (Phase II) for applications of RPC in stormwater and 

wastewater treatment, as well as for erosion control. 
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3. Phase II: Pilot Studies 

In order to better understand the applications of RPC in stormwater and wastewater treatment, HSU 

developed pilot studies using RPC materials in wastewater treatment methods, and stormwater 

filtration and erosion control applications. The Pilot Studies along with this report comprise Phase II 

of the overall project.  

3.1 Pilot Study 1: Wastewater Filtration using Shredded Recycled 

PET Carpet Media 

An above ground filtration system was designed and constructed to evaluate the effectiveness of 

using recycled shredded RPC as filtration media in septic system leach line drainage for primary 

treated wastewater. The filter was designed and operated to match an earlier investigation where 

use of Tire Derived Aggregate (TDA) was compared to conventional rock aggregate as a media in a 

septic tank leach field setting. The experimental shredded RPC media filter was located at the City 

of Arcata wastewater treatment facility adjacent to oxidation pond 1  

The shredded RPC media filter compared favorably to other filtration systems treating similar 

wastewater. The removal rate for metals and conventional wastewater constituents was double to 

triple that of the best removal rate for a rock aggregate and TDA filter that was the design basis for 

this filter. The removal rates were either comparable or exceeded those of a slow sand filter treating 

similar wastewater.  

The primary limitation of the shredded RPC media filter was the drain design, which required all of 

the effluent to flow horizontally to a single drain at one end of the container. This feature was 

deliberately selected to match a typical household septic system leachline. However, the lower 

hydraulic conductivity of the shredded carpet and the long travel distance to the drain limits the 

surface loading rate of the wastewater to prevent flooding the system.  

The high surface area of carpet fibers and the lack of any harmful products leaching from the 

shredded PET material seem ideal for a vertical flow wastewater filter. Limiting the flow path to a 

few feet would allow an increase in the surface loading rate, which reduces the footprint of the filter 

for treating a specified daily flow volume.  

Ultimately, this experiment was designed to allow direct comparison to the results of a similar 

experiment that examined using TDA as a substitute for conventional rock aggregate media in 

leach fields. Finney et al. (2013) found that TDA performed as well or better than rock aggregate in 

treating septic tank effluent with the improved performance theorized to be related to the higher 

surface area of the TDA media compared to the rock aggregate. Shredded RPC has the advantage 

of a much higher specific surface area than either rock or TDA, so the treatment performance with 

this media may be even greater than either of the other two materials.  

A more detailed explanation of this pilot study and the results can be found in Appendix B, titled 

“Wastewater Filtration using Shredded Recycled PET Carpet Media.”  
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3.2 Pilot Study 2: Stormwater Filtration using Recycled PET Carpet 

Media 

With the data gathered from the shredded RPC filter study, HSU conducted additional pilot studies 

to study the use of RPC as a filtration media in stormwater treatment applications.  

A key difference in these pilot studies is the form of the RPC. Rather than shredded carpet, the filter 

media used in the stormwater applications was a flat pad made from the RPC. The RPC pad was 

used as a filtration media in three ways:  

1. The media was placed in drop inlets and the stormwater flowed through the material,  

2. The media was placed directly on the ground and stormwater sheet flow moved along the 

surface of the media, and  

3. The media was rolled and enclosed by netting, similar to straw wattles, and stormwater 

flowed through the material (Figure 2).  

 

Figure 2: RPC material used in a rolled wattle 

The RPC media was installed at sites that were using landscape fabric drop cloths and straw 

wattles to control and treat stormwater. An evaluation of the RPC media was conducted under a 

range of conditions and applications that included laboratory experiments simulating worst case 

scenarios for leaching, laboratory filtration experiments using water samples collected from pilot 

field sites, and analysis of pre and post treatment of stormwater collected directly from pilot sites. 

The stormwater control measures using the RPC materials held up well over a storm season, 

exhibiting little sign of degradation. The use of the RPC materials is particularly promising in the 

rolled wattle form where there is a need for long term use over multiple years rather than a single 

construction season.  

Overall, all of the experiments delivered promising results for the use of RPC materials as a filtration 

media in storm or wastewater treatment. A more detailed explanation of this pilot study and the 

results can be found in Appendix C, titled “Stormwater Filtration using Recycled PET Carpet Media.”  
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4. Emerging Constituents of Concern 

A substance defined as any pollutant or contaminant by an environmental law is considered a 

constituent of concern. RPC poses a number of potential concerns for its use in engineering 

applications because it has not been widely studied in the field. Potential pollutants subject to 

environmental regulations that could result from the use of RPC material in the environment are 

discussed below. 

4.1 Antimony release from RPC materials 

Antimony (Sb) is an element present in relatively small amounts in the earth’s crust. Antimony 

compounds are soluble in very strong acid and basic solutions. One notable antimony compound is 

diantimony trioxide (Sb2O3, also known as antimony trioxide), which is slightly soluble in water. 

Antimony has been used since antiquity as a medicine, to induce emesis and to treat other conditions. 

It has also been used in cosmetics. It is rarely found in pure form in nature. Although not used in large 

quantities, antimony is used extensively for many purposes, including being alloyed with a number of 

metals to improve their properties. Antimony alloyed with lead is used in batteries to increase 

hardness. A significant use of antimony is for the production of antimony trioxide as a fire retardant 

(ATSDR, 1992; Butterman and Carlin, 2004). Antimony is also used as a catalyst in the manufacture 

of plastics, including polyethylene terephthalate (PET), a polyester of terephthalic acid and ethylene 

glycol, which is used in bottled water containers. 

Releases of antimony and its compounds to the environment occur from natural discharges such as 

windblown dust, volcanic eruption, sea spray, forest fires and other natural processes. Anthropogenic 

sources include mining and processing of ores and the production of antimony metal, alloys, antimony 

oxide, and compounds containing antimony, and recycling and incineration of antimony containing 

products. According to the U.S. Environmental Protection Agency’s (US EPA) Toxics Release 

Inventory, an estimated 7,621,131 pounds of antimony and antimony compounds were released to 

the environment in 2012.  

4.1.1 Antimony and PET carpet 

Antimony trioxide (Sb2O3) is a common and important industrial catalyst added to synthesize PET. 

Catalysts are employed during the industrial PET syntheses in order to increase the production rate, 

reduce side reactions, and lower the energy cost of generating PET. Antimony trioxide has good 

catalytic activity and does not add color to the finished polymer (Duh 2002). Catalysts based on other 

metals have been reported to a lesser extent, but they include germanium, cobalt, titanium and 

aluminum (Park and Kim 2014; Thiele 2001). A more thorough summary on the chemistry and 

properties of PET, including a description of the PET molecular structure, other catalysts added, and 

the cause of PET degradation can be found in Appendix A of the Feasibility Study.  

In the Feasibility Study Phase I, HSU conducted a leachate water quality analysis, which soaked 

carpet samples of shredded PET carpet, carpet fluff, and carpet underlayment in distilled water for 

various amounts of time, and determined that the material is relatively benign. Among these 115 

constituents examined, only 7 approached (within 80%) the existing regulatory limits examined, and 

only antimony exceeded the CA MCL. The presence of antimony was expected because it is a 

catalyst in the synthesis for PET used to make drinking water bottles, and is recycled into both the 

PET face fiber and carpet underlayment. 



GHD | Recycled Polyethylene Terephthalate (PET) Carpet (RPC) pilot studies of Civil Engineering Applications, 11153629 | 18 

While the Phase I laboratory investigation evaluated PET carpet submerged in water for a period of 

one to two months, it is not anticipated that the material will experience such a high density in standing 

water for such a long duration in field installations.  

Additionally, the surfaces of soil particles often are chemically reactive and provide multiple means 

by which contaminants in water, including heavy metals, can be adsorbed by soil particles and 

effectively removed from the water. Therefore, the water quality results from Phase I, especially in 

the case of antimony, may be the worst-case scenario.  

Ultimately, Phase I results indicated that RPC material, after being analyzed by the Toxic 

Characteristic Leaching Procedure (TCLP) and Waste Extraction Test (WET) protocols, is not 

considered a hazardous material. However, these tests were conducted in a controlled laboratory 

setting, therefore studying field installations is highly recommended to determine whether the 

potential levels of antimony would exceed regulatory limits when used in civil engineering 

applications.  

4.2 Microplastics  

Microplastics and nanoplastics are terms used to describe plastic pollution that is very small in size. 

Exact definitions vary by author, although microplastics is commonly used for particles smaller than 

5 millimeters (mm) but larger than 1 micrometer (µm). Micro plastics have been observed in a 

variety of chemical forms, including polyethylene (PE), polypropylene (PP), polystyrene (PS), and 

polyethylene terephthalate (PET). They are further categorized as being “primary” or “secondary”. 

Primary microplastics were designed to be microscopic, and include engineered plastic microbeads 

used in personal care products, industrial abrasives, drug delivery agents, and pellets or powders. 

Secondary microplastics result from the breakdown of plastic products that were manufactured as 

larger items. Secondary microplastics also include microfibers, which can be separated from 

synthetic fabrics during machine washing. Secondary microplastics are degraded mechanically, 

chemically and biologically, in myriad processes that are poorly understood.  

Microplastics have received increased attention in the past decade due to numerous reports of their 

large-scale occurrence in a variety of environmental media and scientific uncertainty as to their 

toxicological relevance. Microplastics have been identified in every environmental compartment, 

including ocean water, fresh water, soils, groundwater, fresh water, sewage sludge, wastewater 

effluent, drinking water, and even air. As a result, there is a growing body of evidence indicating their 

occurrence all up and down the aquatic food chain. Although plastics are generally considered 

chemically inert, there is some evidence that toxicity can occur at high enough concentrations. 

4.2.1 Microplastics and PET carpet 

Past studies concerning PET reveal that PET itself can degrade, and that secondary microplastics 

can result from degraded PET. By inference, the introduction of secondary microplastics is possible.  

The Feasibility Study Phase I revealed that PET can hydrolyze (be broken down by water) at high 

or low pH, with rates that increase as the pH moves away from 7. Hydrolysis rates also increase 

with temperature. Photodegradation can cause embrittlement of PET, although extreme sunlight 

exposure is unlikely given the feasible applications.  

As of 2015, one literature example existed for microbiological degradation of PET, and this bacteria 

was found only in a landfill. In addition to chemical and biological degradation, mechanical work can 

also cause erosion of PET fibers. This could be induced by friction or even continuous flow of water. 

It is further expected that PET carpet fiber (made predominantly from recycled plastic bottles) would 
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be more sensitive to degradation, since it has a higher surface area than bottle plastic and has 

already been partially degraded during recycling. 

Of note are two recent reports indicating the presence of PET microplastics in a large percentage of 

tested bottled water samples. This is relevant because it was asserted that the bottle manufacturing 

process was the likely source of the contamination. Aside from PET, other plastics used in bottle 

manufacturing were also found in the water. The particles observed in both studies were 

predominantly small (< 100 µm). This suggests the possibility for secondary microplastics to be 

introduced during the bottle recycling process whereby PET fibers are made, although no data was 

found to confirm this. 

It is therefore considered a possibility that secondary PET microplastics could be introduced to soil 

and groundwater, resulting from either degradation of PET fibers, or by microplastics that were 

generated during earlier manufacturing processes. However, in order to better understand the 

relationship between PET and microplastics as well as microplastics in the environment, more 

research needs to be done.  

4.3 PFAS  

Per- and polyfluoroalkyl substances (PFAS) are a group of man-made chemicals that includes 

PFOA, PFOS, GenX, and many other chemicals. PFAS and PFOS are the most extensively 

produced and studied of these chemicals, as they have been manufactured and used around the 

world since the mid-20th Century. These chemicals are very persistent in the environment and in the 

human body – meaning they do not break down and they can accumulate over time. There is 

evidence that exposure to PFAS can lead to adverse human health effects. PFAS are found in a 

wide variety of consumer products and therefore most people have been exposed to them. People 

can also be exposed to PFAS through food, which can result from the contamination of soil and 

water used to grow the food, as well as materials and equipment that contain PFAS used to 

process or package food. Contamination of water supplies can also result in PFAS exposure to 

people.  

Scientific evidence indicates that exposure to PFAS can lead to adverse health outcomes in 

humans. The most-studied PFAS chemicals are PFOA and PFOS. Studies indicate that PFOA and 

PFOS can cause reproductive and developmental, liver and kidney, and immunological effects in 

laboratory animals. Both chemicals have caused tumors in animals. The most consistent findings 

are increased cholesterol levels among exposed populations.  

4.3.1 PFAS and RPC carpet 

In Pilot Study 2 performed by HSU, Stormwater Filtration Using Recycled PET Carpet Media 

(Appendix C), two experiments were conducted to investigate the presence of two per- and 

polyfluoroalkyl substances (PFAS), Perfluorooctanoic (PFOA) and Perfluorooctanesulfonic acid 

(PFOS), in the leachate from RPC shreds and pad. In the first experiment, separate samples of 

RPC shred and pad were soaked for eight days in distilled water and the leachate was sampled for 

PFOA and PFOS. The second experiment was designed to simulate the situation of a new RPC 

media filter experiencing its first runoff event.  

The experiments for PFOS and PFOA indicate that detectable concentrations of these constituents 

are leaching from RPC products under both soaking and flow-through conditions (Table 10 of 

Appendix C). Nearly all of the concentrations observed exceeded the USEPA drinking water health 

advisory value of 0.07 μg/l for both compounds (USEPA 2016a, USEPA 2016b). These results 

indicate further analysis of the rate and duration of PFOA and PFOS leaching from RPC under 
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actual field conditions must be conducted before the suitability of this material for use in a setting 

where it will be exposed to water. 
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5. Summary and Recommendations 

The 2010 California Assembly Bill 2398 established the California Carpet Stewardship Program 

(CCSP), whose goal is to provide funding to establish, increase, and improve the collection, 

recycling, and utilization of California-generated post-consumer carpet (PCC) in recycled-content 

product manufacturing. The bill designated Carpet America Recovery Effort (CARE), with oversight 

from the California Department of Resources Recycling and Recovery (CalRecycle) to administer 

the CCSP.  

CARE has successfully created programs to support the collection and reuse of nylon and 

polyethylene terephthalate (PET) carpet waste. However, recycled PET carpet (RPC) material 

outlets and diversion streams are not yet at the scale necessary to reuse all the current RPC 

streams. CARE is promoting research to identify potential uses of RPC materials in civil engineering 

applications. 

In order to identify potential reuse streams for RPC material, GHD partnered with Humboldt State 

University (HSU) to conduct a Feasibility Study. This portion of the overall project comprises Phase 

I, in which HSU performed laboratory analyses to determine the density, compressibility, hydraulic 

conductivity, and porosity values for three forms of RPC products: shredded carpet, face fiber (of 

“fluff”), and carpet underlayment. Additionally, a leachate water quality analysis was performed.  

Phase I concluded that RPC products can be characterized as lightweight materials with high 

porosity but lower hydraulic conductivity when compared to conventional construction and civil 

engineering materials. The RPC products examined generally also have high compressibility and 

high surface area (Finney et al., 2016). When used as a water filter, the high surface area of the 

materials provides for physical filtering and removal of some water quality constituents. The 

leachate analysis determined that RPC material is relatively benign, and that shredded RPC is not 

considered a hazardous material.  

Although the Feasibility Study provides a number of suggestions for use of RPC material in civil 

engineering applications, such as lightweight fill, water control, road surface reinforcement, of 

lightweight composites and carpet fiber reinforced concrete, the results of the material property 

testing is insufficient to support the use of RPC in real-world civil engineering applications. Further 

research was proposed in order to study the use of RPC in stormwater and wastewater treatment in 

the form of pilot studies (Phase II). 

The experiments conducted during this project yield insights into the potential effectiveness of RPC 

media in stormwater treatment applications. Together, the two pilot studies evaluated RPC media 

under a range of conditions and applications that included: 

 Laboratory experiments simulating worst case scenarios for leaching; 

 Laboratory filtration experiments using water samples collected from pilot field sites;  

 Analysis of pre and post treatment of stormwater collected directly from pilot sites; and 

 Testing shredded RPC as a filtration media in septic system leach line drainage for primary 

treated wastewater in an above ground filtration system.  

While all of these experiments from Phase I (Feasibility Study) and Phase II (Pilot Studies) 

delivered promising results for the use of RCP in civil engineering applications, further analysis of 
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the rate and duration of PFOA and PFOS leaching from RPC under real-world field conditions must 

be conducted before the suitability of this material for use in storm or wastewater treatment can be 

determined. Additionally, a deeper understanding of the relationship between microplastics and 

RPC material should be developed before RPC is used in real-world water filtration applications. 

While Phase I laboratory results indicate that antimony leaches from RPC material when soaked in 

water, the levels of antimony detected did not reach levels of concern.  

5.1 Recommendations and Next Steps 

Based on the resulting information from these pilot studies and background research, GHD 

recommends the following steps to further understand and promote the beneficial and 

environmentally safe uses of RPC materials: 

1. Quantify PFAS amounts in typical filtration, storm water and erosion control applications 

using RPC materials; 

2. Develop laboratory and pilot project research to investigate road surface reinforcement 

applications using RPC fabric; 

3. Develop laboratory and pilot project research to investigate Asphalt reinforcement 

applications using RPC fiber; 

4. Develop laboratory research and pilot project research to investigate RPC material as 

reinforcement for concrete applications; and 

5. Develop laboratory research and pilot project research to investigate the breakdown of RPC 

through enzymatic and/or other degradation techniques that result in feedstock products 

which can then be beneficially used in civil engineering applications such as asphalt mixes 

and construction materials. Refer to the degradation proposal in Appendix E. 

Implementing RPC laboratory and pilot studies for civil engineering applications would allow 

scientists and engineers to better understand the in-situ performance of RPC in water contact 

environments, road surface strength applications and tensile behavior in concrete and asphalt 

mixes. 

Additionally, implementing pilot studies through collaborating with research institutions and public 

municipalities would allow CARE to further understand and use the beneficial properties of RPC to 

initiate market development efforts of RPC material in civil engineering applications.  

Through continued research and development, CARE and CalRecycle will be able to identify 

potential RPC uses, develop an outreach plan, and develop an incentive plan/grant program to 

promote the establishment and sustainability of new environmentally safe RPC markets. 
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Appendices 
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Appendix A – Feasibility Study with Appendices 
(Phase I)  
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Appendix B – Pilot Study 1: Wastewater Filtration 
using Shredded Recycled PET Carpet Media (Phase II) 
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Appendix C – Pilot Study 2: Stormwater Filtration using 
Recycled PET Carpet Media (Phase II) 
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Appendix D – Microplastics Memo  
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Appendix E – Degradation Proposal   
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