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PFOA Adsorption by Biofiltration Engineered Soil

Potential Modification of Biofiltration Engineered Soil

About PFAS Source Apportionment



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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Perfluorobutanoic acid (PFBA) Perfluorobutanesulfonic acid (PFBS)

Behnami et al. (2024)



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

Per- and Polyfluoroalkyl Substances (PFAS; C.F5.:1—R)

A
\ 4  J
Perfluoroalkyl Acids (PFAAS) PFAAs Precursors Polymers
A
\ Y \ Y
Perfluoroalkyl Perfluoroalkyl Perfluoroalkyl Perfluoroalkyl Perfluoroalkane Perfluoropolyethers
carboxylic acids sulfonic acids phosphonic acids phosphinic acids sulfonyl fluorides (PFPEs)
(PFCAs) (PFSASs) (PFPASs) (PFPiAs) (PASFs) Fluorotelomers
(Cn-1F20-—COOH)  (CF24.4—SO3H)  (CqF2044—PO3H,) (CnF20.4—PO,H) (CaF20:1—SO-R)  (CyF24.4—C2H,~R)  Fluoropolymers
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Drinking Water
Drinking water
contaminated by other

sources of PFAS.
Consumer Products
Stain- or water-repellent, or

non-stick products, paints,
sealants, and some

%

Waste Sites
Soil and water at or near

landfills, disposal sites,
and hazardous waste

Qersonal care productsj

\ sites.
)
-I
Food Packaging

Grease-resistant paper,
microwave popcorn bags,
pizza boxes, and candy

EPA

Fire Extinguishing Foam
Used in training and
emergency response

events at airports and
firefighting training

AN

Facilities
Chrome plating,
electronics, and certain

textile and paper
manufacturers that

facilities.

W)
Y

Biosolids
Fertilizer from wastewater
treatment plants used on
agricultural lands can affect

k wrappers. j

Qroduce or use PFAS.

>

<

g

Food
Fish caught from water
contaminated by PFAS and

Qound andsurface watey

dairy products from

@estock exposed to PFAy

10



PFAS Human Health Effect

Thyroid disease

Increased
cholesterol levels
Developmental Effects Affecting Unborn Baby
Delayedmammary gland development . ~ @& ..~ Breast cancer
Liver damage

Reduced responseto vaccines

Lower birth weight Kidney cancer
Obesity ----------mmmmeooo-
Early puberty onset -~~~ Inflammatory
. . . bowel disease
Increased miscarriage risk .-~

(pregnancy loss) Testicular cancer

Lower sperm count and mobility * Increase time to pregnancy

Pregnancy induced
hypertension
(increased blood pressure)

High certainty
seseeeeeeee  LoOw certainty

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

Final PFAS National Primary Drinking Water Regulation

On April 10, 2024

Compound Final MCLG Final MCL (enforceable levels)!
PFOA Zero 4.0 parts per trillion (ppt) (also expressed as ng/L)
PFOS Zero 4.0 ppt

On May 14, 2025

! Compliance with MCLs is determined by running annual averages at the sampling point.



Federal Register/Vol. 89, No. 194/Monday, October 7, 2024/ Notices

TABLE 1—FINAL RECOMMENDED FRESHWATER AQUATIC LIFE WATER QUALITY CRITERIA FOR PFOA AND PFOS

Criteria component

Acute water column
(CMC) 1

Chronic water column
(Gcec)2

Invertebrate
whole-body

Fish
whole-body

Fish muscle

PFOA Magnitude ..........
PFOS Magnitude ..........

Duration ......ccoocvvevveeennes

Frequency .....cocveeeeeens

A ML e
0.071 MQ/L o

1-hour average ........ccccccveevcvennns

Not to be exceeded more than
once in three years, on average.

0.10 MA/L oo
0.00025 MQ/L .cooeeiiiiieeee e

4-day average ..........cceceeeeenieenns

Not to be exceeded more than

once in three years, on average.

1.18 mg/kg ww4 ...
0.028 mg/kg ww 4 ...

6.49 mg/kg ww 4
0.201 mg/kg ww 4 ...

0.133 mgrkg ww.4
0.087 mg/kg ww.4

Instantaneous.?

Not to be exceeded.®

1 Criterion Maximum Concentration.
2 Criterion Continuous Concentration.
3Tissue data provide instantaneous point measurements that reflect integrative accumulation of PFOA or PFOS over time and space in aquatic life population(s) at

a given site.
4 Wet-Weight.

5PFOA and PFOS chronic freshwater tissue-based criteria should not be exceeded, based on measured tissue concentrations representing the central tendency of
samples collected at a given site and time.

TABLE 2—ACUTE SALTWATER AQUATIC LIFE BENCHMARKS FOR PFOA AND PFOS

Chemical PFOA PFOA
MAGNIIUTE ..o e et e e e ettt e e e e e e e e e e smsbeeae e seeeesesnaseesanneeaeaenns 7.0 mg/L 0.55 mg/L.
DIUFBTION e ettt ettt et e e bt e e ea et e e et b e ee e aneaaeensbeeeeaanseeaeeennneaeaannnbeeaan One hour average.
(1=To (U= oY T PSSP P UPP PP OPPPRP Not to be exceeded more than once in three years
on average.
TABLE 3—ACUTE FRESHWATER AQUATIC LIFE BENCHMARKS FOR EIGHT PFAS

Chemical PFBA | PFHXA | PFNA | PFDA | PFBS | PFHXS | &, | mroa
Magnitude 1 ... 53 4.8 0.65 0.50 5.0 0.21 0.037 0.012
DUration ......cccccviiiiiiie s One hour average.
FIEQUENCY ...ooviiiiiiiiiiiii et Not to be exceeded more than once in three years on average.

1Values expressed as mg/L, or ppm.
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Federal Register/Vol. 89, No. 247/ Thursday, December 26, 2024 / Notices

* 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.

TABLE 1—DRAFT HUMAN HEALTH CRI-
TERIA (HHC) FOR PFOA, PFOS,

AND PFBS

Water + | Organism

Organism Only

PFAS HHC HHC

(ng/L) (ng/L)
PFOA ..o 0.0009 0.00036
PFOS .. 0.06 0.07
PFBS .. 400 500

14



Three Biofiltration Basins of Interest in San Marcos, TX
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Texas State University San Marcos

Municipal Separate Storm Sewer Systems (MS4)

~ Boundary Map ~

Storm Controls
Q Cisterns
@ Oil-Water Seperators
® Underground WQD
@ Bioretention
© Gabion Basket
© Level Spreader
O Rip Rap Swale
O Underground Detention
O Velocity Dissipator
O Water Quality Structure
=i Permeable Pavers

Storm Water Features

« Bioretention Pond
@ Detention Pond

< Retention Pond

- TXST Storm Line

- Non-TXST Storm Line
* MS4 Outfall

® Non-MS4 Outfall

= Drain Inlet

° Manhole

Storm Water C Areas

1| To 60inch Guich

12 | To Rail Road Drainage Ditch

2 | To Pleasant St/Sessom Creek  #13 | To Rail Road Drainage Ditch

3 | Strahan to San Marcos River
4 | To Rail Road Drainage Ditch

5 | To North Street
w6 | To Lindsey St

7 | To James Street

8 | To Glade

9 | To Ranch Road 12

14 | To Rail Road Drainage Ditch

15 | To Rail Road Drainage Ditch

16 | Mathews to Sessom Creek

17 | To 60 inch pipe to San Marcos River

18 | To Rail Road Drainage Ditch

19 | Res Life to Lindsey St

20 | Tower/San Marcos Hall To Fredericksburg St

10 | To Rail Road Drainage Ditch # 21 | To Ranch Road 12

W11 | To Rail Road Drainage Ditch

Campus Map
2-Roads
<« TXST Buildings
Lakes and Ponds
Elevation Contours
TXST Property

Sources:

Storm Controls, Storm Water Features, Separate Storm Water Catchment Areas, Campus Map - TXST Faciliies GIS Data - 2024

Cartography by Ben Buehler

T
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Created by Texas State Facilities GIS

1/10/2025
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CM Allen BB

Completed in 2020
Drainage area: 2.02 Acres
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Library BB

* Completed in 2021
* Drainage area: 0.88 Acres
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Sample Preparation before Analysis

Water (250 mL) Soil / Sediment (5 g dry wt.)
I

Internal Standards ('3C-labelled PFAS)

SPE (WAX) Conditioning Extraction with MeOH
0.1% NH,OH in MeOH, MeOH, & H,0 S SICEITO, &3
Centrifugation
I I
Sample Loading to WAX Concentrating under N,
I I
25 mM Ammonium Acetate to SPE (ENVI-Carb) Conditioning
WAX MeOH
[ [
Complete Draining Concentrated Sample Loading to
Vacuum Drying ENVI-Carb
I I
Elution Elution
Fraction 1 with MeOH MeOH
Fraction 2 with 0.0% NH,OH in MeOH

Concentrating under N,

I
Filtration (Nylon)
I
LC-MS/MS (ESI negative mode)

23




35e7
3.067
2.5e?§
2.0e?é
1.5e?§
1.0e?é
5.0e5§

0.0e0]

1| counts

\RT =6.953; Area = 1992583

-5.0e6

5.90

2.0x10°

1.5x10° -

1.0x10°

ntensity (counts)

= 5.0x10°

0.0

| |[— Linear fit

@ Data points

LOQ -1 ppt (ng/L)

y = 20052x + 13126
R? = 0.9991

120

100

204

T J T v T Y T v T Y T
0 20 40 60 80 100

Conc. of PFOA (ug/L)

Apex PFOA Scan: #5968 RT:6.95 min NL: 2 43E+007

4| #

412.80 -~ 168 .88

miz

T T T T T T T T T T T T
100 200 300 400 450

17 PFAS

PFBA
PFPeA
PFBS
PFHxXA
PFHpA
PFHxS
PFOA
PFNA
PFOS
PFDA
PFD5
PFUdA
PFDoA
PFTrDA
PFTeDA
PFHXDA
PFODA
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1.5° GRAVEL
MULCH

CONCRETE APRON
WITH FLOW SPREADER

6" UNDERDRAIN PIPE

B!

MIN. 12" MEDIA

A M TN .J..,_“ = NVERT OF 6 PIPE AND

INVERT OF e—ll

UNDERDRAIN PPE
= 58717

ACCESS RAMP 2:1 SLOPE / / REMOVE AND REPLACE BIOFILTRATION
BROOM FINISH / MEDIA AND ALL UNDERDRAIN MATERIALS
FOR SLIP RESISTANCE TO CONSTRUCT SYSTEM SHOWN IN
L7 e DETAILS.
/ / 1. .F'OND TO REMAIN OFFLINE DURING CONSTRUCTION
/ / AND UNTIL PERMANENT EROSION CONTROL IS IN
/ PLACE AND PLANTS ARE WELL ESTABLISHED.
/ 2. DEWATERING MUST OCCUR BEFORE ANY
C / / CONSTRUCTION ACTIVITY AND NO SEDIMENT LADEN
/ WATER WILL BE DISCHARGED TO THE SAN MARCOS
P °d RIVER.
7
TOP OF FILTRATION BED » 589 0
= = — — - —-
~ y ) R S el | S v 3 e = L - —
A AL Comh) M S L e 88 3 5 ' B
+ » '--7,-;—.--7-t - L - ) - = OOr ) :'. - - ot -
N
) \ \ o
- - -
P / ‘ L6 UNDERDRAIN PIPE
-~
2' GRAVEL BOTTOM OF HIGM FLOW FILTER LEVEL. 1.E.. NO SLOPE
PER DETAIL FILTRATION FABRIC PER SP 6205
BED = 567.0

SECTION A-A'

SCALE H-1"=10, Vt"=2

1 316" ORWFICE = 567.97

UG EXISTING 6" DRLLED HOLE
AT 855,99 AND TWDO 1" ORIFICES
AT INVERT = 5690 (IF PRESENT)
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PFAS (ng/g)

16

14

H PFODA
PFHxDA

W PFTeDA

M PFTrDA

B PFDoA

H PFUdA

m PFDS

H PFDA

H PFOS

H PFNA

W PFOA

ot CM Allen BB

PFHXA

= PFBS

m PFPeA 5.0
H PFBA

12

10

4.5

=] £ ()] 4]

08.12.2025 09.26.2025 10.29.2025 12.11.2025 ®08.12.2025
Sampling Date 40 m09.26.2025
® 10.29.2025

3.5 12.11.2025

w
o

PFDoA (perfluorododecanoic acid)
* Stain- and grease-proof coatings on food packaging,

couches, and carpets, including Stainmaster.
F FR FE FFR FRFR F O

Concentration (ng/g)
N N
o wn

T

n

n

OH '
F FFFFF FF FFF ‘o
PFTeDA (perfluorotetradecanoic acid) 05 .
* Firefighting foams, coatings, and water/stain repellents. w0 I I-l Aokl 2 — ] s
PFE.A PFPeA PFBS PFHxA PFHpA PFHxS PFOA PFNA PFOS PFDA  PFDS PFUdA PFDoA PFTrDA PFTeDA PFHxDA PFODA

R FRFR FR FR FR F O J pras

|
F3C OH .
e F FF FF FF FF FF F Short-chain PFAS 26




PFAS (ng/g)

16

14

W PFODA
PFHxDA
m PFTeDA
w PFTrDA
 PFDoA
H PFUdA
m PFDS
m PFDA
W PFOS
m PFNA
W PFOA
W PFHxS
W PFHpA
PEHxA
M PFBS
B PFPeA
® PFBA

12

10

09.26.2025 10.29.2025 12.11.2025
Sampling Date

PFDoA (perfluorododecanoic acid)
* Stain- and grease-proof coatings on food packaging,

couches, and carpets, including Stainmaster.
F FFRFRFR FEF O

PSS
- OH

F FFFFFFFFFF

PFTeDA (perfluorotetradecanoic acid)
* Firefighting foams, coatings, and water/stain repellents.
E FE FE FE FR FEF &

FsC OH
FFF FF FF FF FF F

Concentration (ng/g)

5.0

4.5

4.0

3.5

W
o

™
n

~
o

=
wn

1.0

0.5

o.ohH.-—Lkl-,‘.-_

PFBA

Hutchison BB

09.26.2025
m 10.29.2025
m12.11.2025

PFPeA PFBS PFHXA PFHpA PFHxS PFOA

|
Short-chain PFAS

PFNA

PFOS
PFAS

ko LL

PFDA

PFDS PFUdA PFDoA PFTrDA PFTeDA PFHxDA PFODA
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1.0

0.8
-~ 06
=2
an
£
g — Ly
N -
0.2 . . -
0.0 -
09.26.2025 10.29.2025 12.11.2025
Sampling Date

PFPeA (perfluoropentanoic acid)
* Food packaging, stain-repellent
carpets, apparel, cosmetics, and firefighting foams
F FEF O
F OH
PFBS (perfluorobutane sulfonic acid) FFEFF
* Food packaging, firefighting foam, and consumer
products (such as perfumes, cosmetics, and

detergents) N RS o
F %
S oH
FFF FO

m PFODA
PFHxDA
PFTeDA

m PFTrDA

u PFDoA

m PFUdA

m PFDS

m PFDA

W PFOS

H PFNA

H PFOA

W PFHxS

M PFHpA
PFHxA

m PFBS

W PFPeA

M PFBA

Library BB

0.20

0.18

m09.26.2025
10.29.2025
m12.11.2025

0.16

0.14

0.06

0.04

1 TR

0.00 u I- . J . e =

PFBA  PFPeA  PFBS PFHxA PFHpA PFHxS PFOA PFNA PFOS PFDA  PFDS PFUdA PFDoA PFTrDA PFTeDA PFHxDA PFODA

PFAS
|
Short-chain PFAS 28

Concentration (ng/g)
[=]
=
o




Differences between
BBs

10
m Short-chain PFAS  m Long-chain PFAS

PFAS (ng/g)
[l (FN] Y LN (=51 L | 0o

=

.
Library BB

CM Allen BB Hutchison BB

@lelngl0li=r @ Ble) gl gl @ Higher PFAS concentration
Contribution Area ¢ Greater long-chain PFAS %

Isolated Relatively
Clean Contribution
Area

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

B Short-chain PFAS  ® Long-chain PFAS
100
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Flow-through Column Study to evaluate the Performance of Biofiltration Engineered Soil for PFAS Adsorption
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Biochar Addition to Biofiltration Engineered Soil?

Pyrolysis

, SEM Image of WHBC
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WHBC?
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Commercial Activated Carbon?
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ZV1-Modified WHBC?
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Flow-through Column Study
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PFOA (C/Co)

Avrami Equation
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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
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Biochar Augmentation?

15" ORAVEL TOP OF FILTRATION BED = 569.0 |
MIN. 12" MEDIA e N Y GO | e SR S e e ! DSje i S e e
e e INVERT OF 6" PIPE AND

X 1 316" ORIFICE = 567.97
IVERT OF s'—ll Ay
UNOEQCRA.‘N%‘;DS \6* UNDERDRAIN PIPE 1
2' GRAVEL BOTTOM OF HIGH FLOW FILTER LEVEL. 1.E.. NO SLOPE
PER DETAIL PRTRATION FABRIC PER SP 6205 PLUG EXISTING 6" DRILLED HOLE
BED = 567.0 AT 85599 AND TWDO 1" ORIFICES
AT INVERT = 5680 (IF PRESENT)

39

Plan View

Cross-sectional View



0

. A

s O\
H
.

.

5y B Dam

.| [ City Park

E.....!....-

, Spring Lake

3 {// y
e
< ewell Park, - 1589

Texas State /
University - §
School Of _ (e
Theatre, ..

Dance & Film !
// A i y
s ¥ >‘A
7 ] 5 T
L AT wh

;!.')\ ETTE]]
v Sports Fields'

University Qs

PFBA
PFPeA
PFBS
PFHxA
PFHpA
PFHxS
PFOA
PFNA
PFOS
PFDA
PFDS
PFUdA
PFDoA
PFTrDA
PFTeDA
PFHxDA
PFODA

40



PFAS Source Apportionment

* Ongoing effort to identify and quantify the sources contributing to
PFAS levels in the biofiltration basins

Sewell Park
Qutdoor:Center

[
®
5
=
=
a
°
@
2
2
&

ison

mlal
\ \f‘Nonh_sﬁelg‘g‘ir&Sh
: @"' o _‘;E R
fL i icHfe oRiNe;Square - | A
_, " { 95 TPurgatory
@ Valenlio o o ! A A Creek

41



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
* |dentification of key contributors
* Providing PFAS management guidelines

* Research on enhanced biodegradation (or something) to destructthe adsorbed PFAS in BB
engineered soil
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