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ABSTRACT

AN EXPERIMENTAL STUDY ON THE ADSORPTION OF PER- AND POLYFLUOROALKYL
SUBSTANCES (PFAS) BY SOIL-DERIVED COLLOIDAL PARTICLES

by

Justin Peschman

The University of Wisconsin-Milwaukee, 2024
Under the Supervision of Professor Dr. Shangping Xu

Per- and perfluoroalkyl substances (PFAS) represent a large group of synthesized
chemicals that were produced at large scales from the 1930’s. As a result of their mass
production, large scale commercial use and chemical stability, PFAS have been found
ubiquitous within the environment and have been detected in human tissue, bone, and
bodily fluids. There are growing concerns about the behavior and mobility of PFAS within
the natural environment. Soil represents a major source of PFAS. Although itis well
established that soil-derived colloids could facilitate the transport of a wide range of
contaminants, there is a significant knowledge gap with regard to the interactions between
PFAS and soil colloids. In this research, colloids were collected from intact soil cores that
were drilled from agricultural fields located at Pound, WI. A series of experiments were
performed to quantify the adsorption of 8 PFAS by the soil-derived colloids. Both
synthesized rainwater and local groundwater were used for the adsorption experiments.
The results showed that the linear adsorption model could be used to describe the PFAS

adsorption behavior and the partitioning coefficient, Ky, were estimated from the



experimental data. These measured PFAS adsorption parameters by soil-derived colloids
can be used to develop mathematical models that aim at quantitatively describing PFAS
transport within the vadose zone. It was also observed that PFAS adsorption on the soil
colloids were stronger in groundwater than in rainwater suggested that colloid-bound PFAS
from the vadose zone may continue to move with the colloidal phase rather than become

released into the groundwater.
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CHAPTER 1: INTRODUCTION

Per- and perfluoroalkyl substances (PFAS) represent a large group of synthesized
chemicals that were produced at large scales from the 1930’s (Kissa 2001; Paul et al.
2009). Thanks to their numerous desirable properties, PFAS has found use in a wide range
of commercial and industrial applications. Forinstance, theiramphiphilic nature and low
coefficient of friction makes them ideal for use in things like non-stick cookware, fastfood
packaging, and water-proof fabrics. The strong carbon-fluorine bonds help to make them
non-reactive and desirable for manyindustrial applications (Bucket al. 2011). These strong
chemical bonds also make them resistant to natural degradation allowing them to
accumulate in the environment (Eschauzier et al. 2012; Luo and Luo 2007; Merino et al.
2016; Prevedouros et al. 2006). It was estimated that shortly after World War l,
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid (PFOS) were putinto
mass production primarily to be used in the synthesis of polytetrafluoroethylene (PTFE)
(Krolland Nelson 1956; Puts et al. 2019) and many other commercial and industrial
products (Buck et al. 2011). The production of PFOS (including its precursors and
impurities) ramped up in the 1960°s through the 90’s peaking at nearly 4500 metric tons per
year (Paul et al. 2009). Even after the voluntary discontinuation of PFOA and PFOS
production in the United States in 2002 (National Toxicology Program 2016), itis estimated
that 6.25 million pounds of 180 different species are still being produced in the United

States annually (USEPA 2024).



As a result of their production and commercial use, PFAS have been detected in
human tissue, bone, and bodily fluids (Pérez et al. 2013) as well as ice cores in the Arctic
(Hartz et al. 2023), and these compounds have become ubiquitous in the environment
(Brennan etal. 2021). Over the decades of their production, researchers have discovered
the correlations between PFAS and undesirable health effects in animals and humans,
though many have only come to light in recent years (Gaber et al. 2023). Forinstance,
recent studies have shown that PFAS can cause high cholesterol, increased liver enzymes,
decreased vaccination response, thyroid disorders, pregnancy-induced hypertension and
preeclampsia, testicular and kidney cancer, immune suppression, and reduced fertility

(USEPA 2023).

The global presence and toxicity of PFAS have been driving the development and
enforcement of regulations with the aim to limit human exposures to PFAS. As of April
2024, thereis an enforceable limit for six PFAS compounds in drinking water (USEPA 2023).
However, ground and surface water standards do not exist nationwide, and some states
have enacted their own regulations. For the state of Wisconsin, itis stillin the process of
making and enforcing these regulations. On the national level, over 6,000 sites are known
to be contaminated with manythousands more suspected (EWG 2023). Therefore, as these
laws and regulations materialize, it will become essential to understand the full scope of

the transport mechanics of PFAS to protect both human and ecological health.

Soil represents a major receiving compartment for PFAS released into the
environment. For instance, PFAS are the active ingredients for aqueous film forming foam

(AFFF), which has been widely used since the 1970s to fight liquid fuel fires. As a result, soil
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contamination has been frequently observed at or near many airports and manufacturing
facilities due to past firefighting, training and testing activities (Andrews et al. 2021; Jarvis
et al. 2021; Mead & Hunt and LimnoTech 2020; Milley et al. 2018; Persson and Andersson
2016). High concentrations of PFAS can also be introduced into domestic wastewater
(Armstrong2014; Armstrongetal. 2016; Cogganetal. 2019; Johnson2022; Linket al. 2023;
O’Connoretal. 2022; Phong Vo etal. 2020; Robey et al. 2020; Schaider etal. 2016;
Thompsonetal. 2023; Thompson etal. 2022; Vu and Wu 2022). Thompson et al. (2022)
reported the detection of up to 600 ng/L of PFOS, perfluorobutanesulfonic acid (PFBS),
perfluorononanoic acid (PFNA), perfluorohexane sulfonate (PFHxS), perfluorobutanoic
acid (PFBA), perfluorodecanoic acid (PFDA), perfluoroheptanoic acid (PFHpA),
perfluorohexanoic acid (PFHxA) and perfluoropentanoic acid (PFPeA) in the effluents of
domestic wastewater treatment plants without any known industrial PFAS sources. It was
previously found that the concentrations of PFOS and PFOA in biosolids produced in
Marinette County (WI) could be as high as 210,000 and 10,000 ng/g, respectively (WDNR
and WDHS 2019). The application of PFAS-contaminated biosolid in agriculturalfields
could introduce significant quantities of PFAS into the soil (Arcadis 2020; Kaeding 2019;

Meyer 2020; WDNR and WDHS 2019).

Within the soil, PFAS can travel through the unsaturated zone to reach the
underlying groundwater aquifer, which serves as the primary drinking water source to ~50%
of global population (Johnson et al. 2022). Depending on the mobility of PFAS within the
contaminated soil, the soil could serve as a long-term source of PFAS to the groundwater

system. Very few studies, however, have examined the transport process of PFAS within the



vadose zone (Borthakuretal. 2021; Hgisaeter et al. 2019; Holly et al. 2024; Lyu et al. 2018;
Lyu and Brusseau 2020). Haisaeter et al. (2019) reported that the leaching and transport of
PFAS within the unsaturated soil led to groundwater contamination of PFAS with an average
concentration of 22,000 ng/L (6500-44,000 ng/L). Investigations on PFAS transport within
the vadose zone showed that air-water interface could play critical roles in the distribution
and mobility of PFAS (Brusseau 2019; Brusseau et al. 2019; Brusseau 2021; Brusseau and
Van Glubt2021; Brusseau and Guo 2022; Costanza etal. 2019; Le et al. 2022; Schaefer et
al.2019; Schaefer etal. 2022; Silva et al. 2021; Wangand Niven 2021). Lyuetal. (2018) and
Lyu et al. (2020) investigated the transport of PFOA within unsaturated sediment under
steady-state flow conditions and observed that the air-water interface that is unique to
unsaturated soil represents major adsorption sites for PFOA, and about 50-75% of total

PFOA retention could be attributed to the presence of air-water interface.

The movement of water withinthe vadose zone is described by the Richards equation

which has the following form (Nimmo 2009):

a=KO)[-F]= k@ |-=72] o
where q is specific discharge, K(6) is the unsaturated hydraulic conductivity which is a
function of moisture content 6 and associated with soil water retention, his hydraulic
head, which consists of z (elevation head) and ¥ (matrix potential head). Factors such as
evapotranspiration, precipitation, irrigation and drainage can drive the predominantly
vertical movement of water within the unsaturated soil, a process that can subsequently

mobilize both dissovled chemicals and particulate matter.



Colloid-sized particles such as clays represent a significant fraction of natural soil.
The infiltration of water, and particularly the occurrence of transient conditions (e.g.,
chemical disturbance, wetting/drying front), within the soil can release large quantities of
colloid sized particles and mobilize them toward the underlying groundwater system
(Cheng and Saiers 2009; Jin et al. 2023; Levin et al. 2006; Saiers and Hornberger 1996a, b,
1999; Saiers and Lenhart 2003). The mobilized colloid sized particles can in turn facilitate
the transport of associated contaminants such as heavy metals, organic compounds and

radioactive materials (Saiers and Hornberger 1996a, b; Saiers 2002; Yang et al. 2012).

To my knowledge, very few studies have examined the interactions between soil-
derived colloids and PFAS, as well as the roles that the colloids may play in the transport of
PFAS within the unsaturated soil. The primary goal of this research is to quantify the
adsorption behavior of a group of representative PFAS by colloids released from intact soil
cores that were collected from agriculturalfields where biosolids from wastewater
treatment plants have been applied. The soil-derived colloids were characterized using
scanning electron microscopy (SEM) and the adsorption behavior of PFAS by the soil-
derived colloids were fitted to relevant adsorption models. The implications of the research

findings were then discussed.



CHAPTER 2 MATERIALS AND METHODS

2.1 Soil Cores

The soil cores used for this research were collected from agriculturalfields that are
located in Pound, WI, with the help of a Geoprobe system using MC7/DT45 liners
(diameter: 3 inches). The liners were previously shown to be PFAS free (Rodowa et al.
2020).. Thefarms have small cattle operations, and grow crops such as corn, soybean and
alfalfa. The farms have used biosolids from the nearby wastewater treatment plantin
Marinette, WI. Testing of the biosolids have confirmed elevated levels of PFAS that were
connected to the nearby Tyco facility which tested AFFF until 2017 (Shute, 2017). However,

only very low levels of PFAS were detected at this site.

2.2 Colloid Collection

Colloids were collected forthe batch experiments from the soil cores. Briefly, the
soil cores were vertically attached to a lab stand and 200 mesh stainless steel membranes
were used to cover the bottom of the cores. The stainless-steel membranes were secured
to the soil cores with worm gear hose clamps. Polypropylene (PP) funnels were then placed

under the core to direct effluent water toward the underlying PP water container.

To mobilize colloids from the soil cores, 50ml of synthetic rainwater was evenly
spread onto the top of the cores. This imbibition process was repeated multiple times to

accumulate enough material for the subsequent adsorption experiments.

2.3. Colloid Characterization Using SEM

The colloids collected from the soil cores were characterized using Hitachi S-4800

cold cathode field emission SEM and energy-dispersive X-ray spectroscopy (EDS) imaging.



To image the colloids with SEM, the colloid samples were rinsed with HPLC grade water
(Fisher Scientific) multiple times and then dried. The rinsing steps were carried outin order
to reduce any minerals that could have precipitated during the drying process, which would
interfere with imaging and elemental detection. The dried colloids were placed onto a
silicon wafer mounted on a 13mm aluminum stub with conductive carbon glue. The
samples were then carbon coated in a vacuum coater (Edwards 306A Coating System). The
SEM was setto 15kV accelerating voltage in high probe current mode at a 15mm working
distance. Images were acquired at 2,000 x magnification. The EDS system was set to auto-

detect and allowed to scan for 5 minutes to accumulate elemental makeup information.

2.4 PFAS Adsorption Isotherms
Eight representative PFAS which belong to the perfluorocarboxylic acid (PFCA),

perfluorosulfonic acid (PFSA), perfluoroalkyl ether carboxylic acid (PFECA) and
fluorotelomer sulfonic acid (FTSA) were selected for this research (Table 1). The chemical

formula and chemical/physical properties are listed in Table 1.
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Precipitation usually represents the main driving force for water infiltration within
the unsaturated soil. Additionally, irrigation using groundwater is also a common
agricultural practice (Buchwald 2009; Ellefson et al. 2002). For these two scenarios, there
can be dramatic difference in water chemistry, which may in turn strong influence the
adsorption behavior of PFAS(Lei et al. 2023). In this research, both synthesized rainwater
and local groundwater were used for the PFAS adsorption experiments. The majorion
concentrations of the synthesized rainwater was based on the average rainwater chemistry
measured by National Atmospheric Deposition Program (NADP,

https://nadp.slh.wisc.edu/), and the groundwater was collected from a local well.

Preliminary testing results showed that all PFAS concentrations in the local groundwater

was below detection limit.

If water infiltration is driven by precipitation events, the colloids (and associated
PFAS) that leach out of unsaturated soil and enter the underlying groundwater system will
experience remarkable water chemistry change. The comparison of PFAS adsorption by
soil-derived colloids under two different water chemistry conditions will facilitate the
assessment of the fate of PFAS adsorbed on the colloids. Forinstance, if thereis less
adsorption of PFAS by the colloids under groundwater conditions, the colloid-bound PFAS

can be released as they pass through the water table.

The adsorption experiments were started by mixing the soil-derived colloids and
prepared PFAS solutions that contained 100, 500, 1,000, 2,000, 5,000, and 10,000 ng/L of

PFAS (as a mixture of all 8 selected PFAS), respectively. The solid to liquid ratiowas 100 g


https://nadp.slh.wisc.edu/

colloids : 1 L liquid in PP tubes. The PP tubes were put on end-to-end shakers for 7 days.

Triplicate samples were prepared for each condition.

Once the colloid-liquid mixture was equilibrated for 7 days, the aqueous phase was
separated through centrifugation. The supernatant was carefully transferred and mixed with
equalvolume of methanol(Zhaoetal.2023). Analiquotofaceticacid (0.1%) wasthen added
to adjustthe pH to 3 — 4 to enhance PFAS measurement sensitivity in accordance with US
EPA method 3512 (U.S.EPA 2021). A mixture of the mass-labeled PFAS was added as the
internal standard (Table 2).

Table 2. Mass spectrometric conditions used for the measurement of PFAS concentrations

using UHPLC-UFMS.

Analyte Precursorion Production Collision Internal MRL

(m/z) (m/z) energy (V) standard (ng/L)
PFBS 299.1000 80.05 36.0 M3PFBS 10
GenX 285.1000 185.2500 17.0 M3GenX 50
PFHpA 363.0000 318.9500 10.0 M4PFHpA 10
6:2FtS 427.1000 407.1000 20.0 M2-6:2FtS 50
PFOA 413.0000 369.0000 11.0 M8PFOA 10
PFHxS 399.0000 79.95 42.0 M3PFHxS 10
PFNA 463.0000 418.9000 10.0 MOPFNA 10
PFOS 498.9000 80 55.0 M8PFOS 10

The concentration of the PFAS were determined using ultra-high-performance liquid
chromatography (UHPLC, Shimadzu Nexera X2) coupled with ultra-fast triple quadrupole

mass spectrometery (UFMS, Shimadzu LCMS-8060). Briefly, chromatography was
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performed using XB-C18 column (Kinetex® 1.7 um, 100A,100x2.1 mm, Phenomenex). The
mobile phase consisted of (A) LC/MS grade water with 20-mM ammonium acetate (Fisher
Scientific) and (B) acetonitrile (Optima LCMS grade, Fisher Scientific). The injection volume
of each sample was 50 pyL andthe pumpingrate of the mobile phase pumpwas 400 pyL/min.
The mobile phases gradient conditions are shownin Table 3. The column temperature was
maintained at40°C.

Table 3. The UHPLC-UFMS mobile phase gradient conditions for the measurement of PFAS

concentrations.

Time % Mobile phase % Mobile phase
(min) (A) (B)

0 90 10

2 70 30

9 45 55

11 20 80

13 20 80

14 90 10

15 90 10

The MS/MS analysiswas performed on the triple quadrupole UFMS with an electrospray
ionization (ESI) source operated at negative mode. The operating conditions are as the
following: nebulizing gas flow 3 L/min, heating gas flow 13 L/min, interface temperature 300
°C, desolvation temperature 526 °C, heat block temperature 200 °C, and drying gas flow 5
L/min. The software provided by the manufacturer (Shimadzu LabSolutions V6.82) was used
for instrument control, acquisition, and mass analysis. Along with the adsorption aqueous

samples, blank control, and PFAS standards were used for quality control purposes. The
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concentrations of the 8 PFAS were determined using the isotope dilution technique. The

quantity of adsorbed PFAS was then calculated using the mass balance equation (2):

— (CO_Ce)'V
M

Qe (2)

where Q. (ng/kg) isthe amountof PFAS adsorbed onto the soil-derived colloids, Co (ng/L) and
C. (ng/L) are the initialand equilibrium PFAS concentrations in the aqueous phase, V(L) is
the solution volume, and M (kg) is mass of soil-derived colloids.

Followingvisual examination of the relationship between Qe and Ce, the adsorption
isotherms were fitted with the linear and the Freundlich isotherm models (Wang and Guo
2020):

Q =K;-C, (3)
Q. =Kp-C" (4)
where Ky (L/kg) is the linear adsorption constant Kr ((ng/kg)-(L/ng)'") is the Freundlich

constant, nis a dimensionless indicator related to the adsorption heterogeneity (Wangand

Guo 2020; Zhao etal. 2023).

12



CHAPTER 3 RESULTS AND DISCUSSION

3.1 Colloid Characterization

The SEM image of the soil-derived colloids is shown in Figure 1. The size of most of
colloids was ~ 1 um range, and there were a few larger aggregates (~5-6 um). In general, the
colloidal particles had clear edges and exhibited shapes of cubes. The EDS results showed
that in addition to Si, there were significantamounts of Al, Fe, Kand Mg, suggesting that the

colloids could contain iron (hydr)oxides and clays.
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Figure 1. The SEM and EDS (Al Fe, K, Mg, and Si) images for the soil-derived colloids.
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3.2 Adsorption Isotherms

The adsorptionisotherms obtained using synthesized rainwater were fitted to both
the linear and Freundlich models (Figures 2 and 3). The isotherm plots are organized into

PFCA, PFSA, FTSA and PFECA groups based on their chemical structures.
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Figure 2. PFAS adsorption isotherms by soil-derived colloids in synthesized rainwater. The lines

represent the fitted linear model. The PFAS were organized into PFCA, PFSA, FTSA and PFECA

groups.
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Figure 3. PFAS adsorption isotherms by soil-derived colloids in synthesized rainwater. The

lines represent the fitted Freundlich model. The PFAS were organized into PFCA, PFSA,

FTSA and PFECA groups.

Similarly, the adsorption isotherms obtained using local groundwater as well as the

fitted linear and Freundlich models are shown in Figures 4 and 5.
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Figure 5. PFAS adsorption isotherms by soil-derived colloids in local groundwater. The

lines represent the fitted Freundlich model. The PFAS were organized into PFCA, PFSA,

FTSA and PFECA groups.
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As can be seen from the comparison of the experimental isotherm data and the fitting
models, as well as the R?values, both the linear model and Freundlich model can
successfully be used to describe the adsorption of the 8 selected PFAS by the soil-derived
colloids under the rainwater and groundwater conditions. It seems that although the
Freundlich model has one extra degree of freedom in model fitting, it generally did not
perform as well as the linear model. For the linear model, the summation of R? (ZR?) for the
rainwater and groundwater cases were 7.768 and 7.662, respectively. In contrast, forthe
Freundlich model, the summation of R? (XR?) for the rainwater and groundwater cases were
7.556 and 7.118. Considering that the values of Ks, which describes the portioning of PFAS
between the aqueous phase and the colloidal phase, have been widely used to describe
the adsorption behavior of a large number of chemicals by various materials and have been
commonly used to quantitatively describe the transport behavior of chemicals within the

natural environment, the following discussion will be primarily focused on the values of Ky

The estimated Kqvalues ranged between 0.257 (L/kg, GenX, rainwater) and 3.402

(L/kg, PFOS, groundwater). Although cautions need to be applied when comparing Kq
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values obtained from different studies, the Ky values quantified in this research are
consistent to previous reported values (Knight et al. 2019; Kookana etal. 2023; Li et al.
2018; Nguyen et al. 2020; Oliveretal. 2019, 2020). Forinstance, Zhao etal. (2023)
observed that the adsorption of PFAS by 6 different types of sediments ranged from 0.6
(L/kg, PFBS) to 11.284 (L/kg, PFOS). Nguyen et a. (2020) reported that the adsorption of
GenX by 10 soils under field pH conditions ranged from 0.007 to 0.40 (L/kg), and the value
of 0.257 (L/kg) fell within this range. Noticeably, the Ky values for GenX are generally lower
than the other tested PFAS chemicals. This could be related to the fact that GenX has one
of the lowest charge density (13.8 meq/g C) (Dixit et al. 2020). Additionally, the ether bond
in the GenX molecule could lead to the instability of the negatively charged head, and as a
result, the affinity of GenX to adsorbents was often lower than that of PFOA (Kancharla et
al. 2022; Wang et al. 2019). On the other end of the spectrum, the measured Ky values of
PFOS were between 3.22 and 34.2 (L/kg) (Nguyen et al. 2020), and the estimated Ky value of

PFOS from this research compared favorably to the lower range of the reported values.

3.3 Effects of Water Chemistry on PFAS Adsorption

In this research, the adsorption of the 8 selected by the soil-derived colloids were
studied using both synthesized rainwater and local groundwater, which had remarkably
different water chemistry. For the rainwater, the total dissolved solid (TDS) was ~ 6 mg/L
and the pH was ~ 5.2 For the local groundwater, the TDS was ~ 633 mg/L and the pH was ~
8.1. Theresults would allow us to assess the roles of soil-derived colloids in PFAS behavior
and transport within the vadose zone under two different scenarios: infiltration driven by

precipitation, orinfiltration caused by irrigation using groundwater.
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The comparison of the Ky values under the two different water chemistry conditions
showed that there was generally stronger adsorption of the PFAS (except for PFNA and
PFHxS) by the soil-derived colloids when they were suspended in groundwater (Figure 6).
This finding also implied that once the soil-derived colloids were mobilized into the
underlying groundwater system, it would be unlikely that the adsorbed PFAS would be
released into the aqueous phase. The fate of the colloid-bound PFAS within the

groundwater aquifer would thus be determined by the mobility of the colloids.
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Figure 6. Comparison of the Kd values obtained under rainwater and groundwater
conditions for the selected 8 PFAS. For chemicals that are above the 1:1 line, their

adsorption by the colloids was stronger in groundwater than in rainwater.

The adsorption of PFAS by soil components, including soil-derived colloids, could

be influenced by a larger number of factors, and the underlying mechanisms could include
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processes such as electrostatic interactions, hydrophobic interactions, hydrogen bonding,
aswellas ligandandion exchange (Feng et al. 2024; Kabiri et al. 2024; Kookanaetal. 2023;
Lietal.2019;Liuet al. 2020; Luftet al. 2022; Nguyen et al. 2020; Wanzek et al. 2023; Wei et
al.2017;Zhou et al. 2021). Most of the PFCAs and PFSAs have low pKa values (Table 1) and
they are present in the anionic form under ambient pH conditions (4-9) (Kookana et al.
2023). For GenX, itis also negatively charged but has one of the lowest charge density
(13.8 meq/g C) (Dixitetal. 2020) and the negatively charged head could be unstable due to
the presence of the ether bond (Kancharla etal. 2022; Wang etal. 2019). For the soil-
derived colloids examined in this research, the electrostatic interactions and theion
exchange could be primarily responsible for PFAS adsorption. These two processes could
be strongly influenced by the distribution and density of the charges on the surface of iron
(hydr)oxides and clay minerals, which in turn could be determined by water chemistry
conditions. In general, higher electrolyte solutions could lower charge density within the
electrostatic double layer (EDL) and thus could enhance the adsorption of the negatively
charged PFAS (Israelachvili 1991). Forinstance, for similarly negatively charged arsenate,
when the pH was above the pKa, higherionic strength enhanced its adsorption by iron

(hydr)oxides (Mamindy-Pajany et al. 2009).

3.4 Effects of PFAS Chemical Structure on PFAS Adsorption
The adsorption behavior of PFAS was found to be closely related to the structure
and chemical properties of the PFAS (Kookana et al. 2023; Nguyen et al. 2020; Zhao et al.

2023). Forinstance, Nguyen et al. (2020) reported that the adsorption of a large number of
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PFAS by soilwas chain length-dependent, and were significantly linearly related to

molecular weight.
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Figure 7. The Kd values for the 8 PFASs as a function of perfluorinated C-chain length for
PFCAs, PFSAs, GenX and 6:2 FtS obtained under rainwater and groundwater. The Kd values

forthe PFSAs linearly increased with C-chain length as indicated by the regression line.

The Ky values measured in this research showed that the Kyvalues for the PFSAs
linearly increased with C-chain length (Figure 7). The K, values for PFCAs, however, were

similar and varied less, and there was no discernable trend between the Ky values and the

C-chain length.
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CHAPTER 4 ENVIRONMENTAL IMPLICATIONS

Our understanding of the behavior and mobility of PFAS within the soil environment
is critical to the evaluation of PFAS pollution in both surface water and groundwater
systems, to the assessment of associated public health risks, and the design and
implementation of remediation strategies. Although itis well established that soil-derived
colloids could facilitate the transport of a wide range of contaminants, there is a significant
knowledge gap with regard to the interactions between PFAS and soil colloids. The
measured PFAS adsorption parameters by soil-derived colloids can be used to develop
mathematical models that aim at quantitatively describing PFAS transport within the
vadose zone. The observation that PFAS adsorption on the soil colloids were strongerin
groundwater than in rainwater suggested that colloid-bound PFAS from the vadose zone
may continue to move with the colloidal phase rather than become released into the

groundwater.
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