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Synopsis

About PFAS (Per- and polyfluoroalkyl substances) 

Biofiltration Basins of Interest

Occurrence of PFAS in Biofiltration Basins

PFOA Adsorption by Biofiltration Engineered Soil

Potential Modification of Biofiltration Engineered Soil

About PFAS Source Apportionment
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PFAS (Per- and polyfluoroalkyl substances)

• Human-made organic chemical compounds
• Manufactured and used since the 1940s
• Not naturally occurring and have no biologically important functions or beneficial 

properties to aquatic life
• Resistant to hydrolysis, photolysis, metabolism, and microbial degradation 
• Toxic
• Found everywhere, forever chemicals
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In General,
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Behnami et al. (2024) https://doi.org/10.1016/j.chemosphere.2024.142088

https://doi.org/10.1016/j.chemosphere.2024.142088


9Lyu et al. (2022) https://doi.org/10.1029/2021RG000765

https://doi.org/10.1029/2021RG000765
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11Lyu et al. (2022) https://doi.org/10.1029/2021RG000765

https://doi.org/10.1029/2021RG000765


Final PFAS National Primary Drinking Water Regulation

On May 14, 2025

On April 10, 2024
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• Human Health Criteria (HHC) are designed to minimize the risk of 
adverse effects occurring to humans from chronic (lifetime) 
exposure to substances through drinking water and eating fish and 
shellfish from inland and nearshore waters. 
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Three Biofiltration Basins of Interest in San Marcos, TX
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CM Allen BB

• Completed in 2020
• Drainage area: 2.02 Acres

19



Hutchison BB

• Originally completed in 2015 and 
rehabilitated in 2020

• Drainage area: 28.13 Acres
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Library BB

• Completed in 2021
• Drainage area: 0.88 Acres
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Water (250 mL)

Internal Standards (13C-labelled PFAS)

SPE (WAX) Conditioning
0.1% NH4OH in MeOH, MeOH, & H2O

Sample Loading to WAX

Concentrating under N2

Soil / Sediment (5 g dry wt.)

Extraction with MeOH
Shaking, Sonication, &

Centrifugation

Concentrating under N2

SPE (ENVI-Carb) Conditioning
MeOH

Concentrated Sample Loading to 
ENVI-Carb

Elution
MeOH

25 mM Ammonium Acetate to 
WAX

Complete Draining
Vacuum Drying

Elution
Fraction 1 with MeOH

Fraction 2 with 0.0% NH4OH in MeOH

Filtration (Nylon)

LC-MS/MS (ESI negative mode)

Sample Preparation before Analysis
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LOQ – 1 ppt (ng/L)
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17 PFAS



25



CM Allen BB
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PFDoA (perfluorododecanoic acid)
• Stain- and grease-proof coatings on food packaging, 

couches, and carpets, including Stainmaster.

PFTeDA (perfluorotetradecanoic acid)
• Firefighting foams, coatings, and water/stain repellents.

Short-chain PFAS



Hutchison BB
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PFDoA (perfluorododecanoic acid)
• Stain- and grease-proof coatings on food packaging, 

couches, and carpets, including Stainmaster.

PFTeDA (perfluorotetradecanoic acid)
• Firefighting foams, coatings, and water/stain repellents.

Short-chain PFAS



Library BB
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PFPeA (perfluoropentanoic acid)
• Food packaging, stain-repellent 

carpets, apparel, cosmetics, and firefighting foams

PFBS (perfluorobutane sulfonic acid)
• Food packaging, firefighting foam, and consumer 

products (such as perfumes, cosmetics, and 
detergents)

Short-chain PFAS



Differences between 
BBs
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• Higher PFAS concentration
• Greater long-chain PFAS %

Complex Downtown 
Contribution Area

• Significantly lower PFAS concentration
• Similar PFAS % b/w short-chain & long-chain

Isolated Relatively 
Clean Contribution 

Area
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LC-MS/MS

PFOA
Solution
(60 ppb)

Flow-through Column Study to evaluate the Performance of Biofiltration Engineered Soil for PFAS Adsorption 

Sand+Biofiltration Engineered Soil
Sand+WHBC
Sand+ZVI WHBC
Sand+Commercial Acitivated Carbon

Sand only
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Poor Adsorption of PFOA 
by Biofiltration 
Engineered Soil!
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• Their outfall to the San Marcos 
River

• Need to augment/replace with 
media good at PFAS control 
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Pyrolysis

Water Hyacinth Biochar (WHBC)
Water Hyacinth

SEM Image of WHBC

Biochar Addition to Biofiltration Engineered Soil?



34

LC-MS/MS

PFOA
Solution
(60 ppb)

WHBC?
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LC-MS/MS

PFOA
Solution
(60 ppb)

Commercial Activated Carbon?
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LC-MS/MS

PFOA
Solution
(60 ppb)

ZVI-Modified WHBC?
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LC-MS/MS

PFOA
Solution
(60 ppb)

Flow-through Column Study



Avrami Equation
𝐶

𝐶𝑜
= 1 − 𝑒𝑥𝑝 −𝑘 ∙ 𝑃𝑉𝑛

• k = Avrami rate constant (breakthrough rate)

• Low k → delayed breakthrough (better adsorbent)
• High k → early breakthrough

• n = Avrami exponent

• n < 1 → gradual, broad breakthrough
• n = 1 → exponential-type breakthrough

• n > 1 → sharp, steep breakthrough

38

𝑪

𝑪𝒐
𝒌 𝒏 𝑹𝟐

Sand 0.962 0.296 2.40 0.994

2 g Engineered 
Soil 0.966 0.091 4.21 0.999

1 g WHBC 0.693 0.046 2.33 0.999

0.5 g ZVI-WHBC 0.195 0.179 1.84 0.974

0.5 g Calgon 
Activated Carbon 0.398 0.093 4.51 0.996



Biochar Augmentation?

39Cross-sectional View Plan View
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PFAS Source Apportionment

• Ongoing effort to identify and quantify the sources contributing to 
PFAS levels in the biofiltration basins
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Conclusions
• Occurrence of PFAS in the engineered soil of the biofiltration basins (BBs)

• Much higher PFAS concentration in BBs receiving runoff from complex downtown area

• Poor adsorption of PFOA by BB engineered soil
• Need to augment/replace with media good at PFAS adsorption

• Promising adsorption of PFOA by biochar derived from water hyacinth
• Especially, ZVI-modified water hyacinth biochar
• Possible incorporation into BB engineered soil

• Continuing PFAS source apportionment
• Identification of key contributors
• Providing PFAS management guidelines

• Research on enhanced biodegradation (or something) to destruct the adsorbed PFAS in BB 
engineered soil
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