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The proposed research is an integrated experimental and modeling study

designed to:

1. Improve our understanding of sequestration mechanisms and abiotic/biotic
transformations that control the transport and persistence of selected
PFASs in natural aquifer materials.

2. Develop and validate mathematical models and decision tools that describe
the key processes governing transformation, transport, and retention of
these selected PFASs in complex AFFF source areas.
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Results to Date
sk 1A: Phase Partitioning Experiments

Dissolved Counterion Effect PFOA and PFOS Stock Preparation
« Background is a solution of MgSO,, NaHCO3, KCl,
and CaCl, to simulate principal aquifers in US
+ Low Dissolved Solids (LDS) ca. 40 mg/L
+ Mid Dissolved Solids (MDS) ca. 400 mg/L
« High Dissolved Solids (HDS) ca. 1,700 mg/L

80

Dissolved salts

C ” 1l H lower surface
_% W q)ﬁ ‘DZE +R g tension for
[ 1 gl g PFOA and
J el © KPFOS

°

0 100
PFOS (mglL)

1000 10000

Capiro?, Kurt D. Pennell®, Thomas J

ity, T)epanlm?nl (11 Civil and Env nunmenla] Engineering ; Medford, IV

Providence, RI; Air Force Academ

* Interfacial tensio
[Langmuir, 1917]

—yoli—am(E+1)|— r= o
V=Yt mainiy - acT

Szyszkowski Eq. Fit of

is a measure of surface excess (')

* Natural Log:

Surface Tension Gibb's Eq. swﬁﬁiﬁfk'.' Eq. =K CC—W
ref
Szyszkowski fit for Source Zone Concentration Range 1 oy
P . i 1 aceious Comcertaton(mgty 0~ RT2InC
z - - < PFAS mixture
e e % - S + Mix of PFBS, PFHxS, PFOS and FOSA
E " -l b 2 (0.3:0.3:0.2: 0.2 mole fractions)
¥ o m u + PFBS and PFHXxS not surface active
fu g 0 5 2o 08 « FOSA surface tension lowest at
] T a1 . o8 (]

equivalent concentration

PFOS mixture had “ideal” surface
tension from 0.2 to 20 umol/L, was
Non-ldeal for increasing concentrations

B
-4

81 1o o a1 10

PFOA (mgL} PROS (mgl)

PFOS Phase Distribution in Unsaturated Soils

+ Total PFOS Mass = Mass in Water + Mass on Solids +
Mass at Air-Water Interface (ignoring gas phase)
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Task 2: Coupled Abiotic and Biotic Transformation

Studies
Collectlon of Field Samples from AFFF-i |mpacted Sites at Robins AFB (Georgia)
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Area 15-Spray Test Area

material and groundwater
from 5 locations
representing a range of
AFFF spill scenarios at
Robins Air Force Base

Area 1-Fire Protection Training Area
-

Assessment of PFAS concentration and

microbial community structure
« Relationships as a function of soil
depth, OC content, and CEC
will be quantified

Surface soi
05-50ft

m Surface soil, June 2019
= Subsurface soil, June 2019
| Groundwater, June 2019
W Surface soil, April 2017

= Subsurface soil, April 2017
B Groundwater, April 2017

Task 2A: Microcosm Experiments
Microcosms are being established using s
materials from Robins AFB with the
native microbial community

Depth to water
2801t
Subsurface soil
5.0-35.0 ft (divided

into 16 ntervais based
on sl texture)

PFAS precursor transformation products
and rates resulting from natural
attenuation (abiotic and biotic) will be
measured and integrated in Task 3
modeling
Contaminants: Single-component PFAS precursors, 8:2 FTOH or EtFOSE
(~100ug/L); additional PFAS single-component or mixtures are under consideration

Area 15
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3. With dissolved phase (< 10 mg/L) PCE, dodecane, or JP-4 jet fuel to examine the
2017 samples collected and analyzed by Aerostar SES LLC impact of likely co-contaminants

Units: g/kg for soil, uglL for water sample.
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Objective: Implement nonlinear equilibrium adsorption to air-water interface in a mol
using the results from batch experiments in Task 1A.
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» Leverage the mathematical models developed in Subtasks 3B-C to evaluate field-scale scenarios and
design simplified screening-level tools to aid DoD decision-makers.

Create representative field Identify “effective” site |I Develop Simplified Screening
scenarios from available site data parameters Model Methodology
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Develop decision
tool to aid site
management and
site prioritization

laboratory- developed
transport model

« The influence of PFOA and PFOS on interfacial tension was accurately captured by the Szyszkowski equation, yielding
Langmuir interfacial partitioning parameters.

The presence of Total Dissolved Solids (TDS) substantially increases interfacial adsorption of PFOA and PFOS at air-
and NAPL-water interfaces.

An user friendly simulator (HYDRUS) was refined to incorporate PFAS interfacial partitioning processes based on
laboratory-measured data.

Simulations demonstrate the potential significance of interfacial adsorption on PFAS transport in unsaturated soils.

Use of linear partitioning relations to represent interface accumulation can lead to significant errors in predicted mass
retention.
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