Evaluating the representativeness of suction lysimeter for sampling PFAS porewater concentration in solls
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Background

PFAS have accumulated significantly in soils at contaminated sites, posing long-term risks to groundwater.
Therefore, quantifying mass discharge from solls to groundwater is critical for managing and cleaning up
contaminated sites.

Estimating mass discharge (q.) requires PFAS porewater concentration (Cporewater) @nd water recharge
rate (qw). ¢ = qw * porewater-

Suction lysimeters that apply negative pressure to draw water from soll pores are widely used to sample
Dorewater.

Knowledge gap: Due to the interfacially active properties of PFAS, the efficacy of lysimeters to sample
PFAS remains poorly understood.

Research questions: How much error can be introduced to the PFAS concentrations sampled by suction
lysimeters? What are the optimal conditions to minimize the uncertainties of suction lysimeters?

Collection bottl e
ollection bottle P s _
= f :ggp Y0 | Air  Porewater
/e ot ] < / ’ & . \‘x
i PFAS ) A D - S S
. 3 // 4 o /’ " \ d K,\-/ 0/9 pre \ \
Vacuum pump contaminated site / w {O Y & /’o [ \
‘ i Q/‘,. i Q/“{. )
.{ ‘ . i, i > . 3 7 | / o . \ ‘3/ N / \
VA ' . ‘)~ e /@ " ot | O/& ™ \
Nt PFAS leaching { € = () - P o | -
2 : a', y 3 % 8 /{ H\. 3 $ 34
Collecting chamber \ . 8 e \ AL

1 . | A
\“ < "l y
\ o | \
" I \ o 3 / ""\
\ @’ 3 /
i \ < / \
| \ \
\ \

: L \ / \ ./,4‘
Porous chamber % \ A 4 s /
.. ] . . //,x . . :\\ ~ 'f/”’j
\f g Mass discharge: ! - g « S — -

—~— e - S,
— < — g 2 - B —

S ———

7o N
I
I

— C 7 7 o . / . .
- o=t “porewites Before suction ' \ During suction

% Suction reduces water saturation (S,,) and moves PFAS
from porewater to air-water interfaces (4,,,).

- As a result, PFAS concentration in porewater (Cporewater)

may be reduced, which will make the sampled porewater
unrepresentative (i.e., inaccurate).
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Mathematical Model

B Variably Saturated Flow (Richards Equation):
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B PFAS transport (Advection-Dispersion Equation):
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nonlinear and rate-limited adsorption term
at the solid—water and air—water interfaces
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advection term dispersion term
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Sampling error =
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The vacuum pressure in the lysimeter: I
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Results and Analysis
B Temporal variations in soil moisture strongly affect PFOS porewater concentration

Profiles of of §,,, A,,, and c in five days after a rainfall event in sandy clay soll
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Interfaces, thereby reducing porewater

PFOS concentration partitioning in three phases: concentration (c).
th:t — Cporcwater(gm + Pb Kd + Ka,wAaw)

1 ! !

aqueous phase + solid phase + air-water interface phase

B Temporal evolution of the sampled water concentration, and other variables in the surrounding soil (sandy clay soil as an example)

Temporal dynamics of concentration, sampling error and sampled volume in lysimeters Temporal evolutions of S, A,,, and c in a 2D radial cross-section in surrounding soil
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o Under a wetter condition, the sampling error first increases and then decreases due to water supplied from the surrounding region;

e Under a drier condition, the sampling error increases monotonically, but the error is smaller because the collected water volume is lower, resulting in a smaller
disturbance in A,,, compared to a wetter condition.

B Sampling error as a function of PFAS type and vacuum pressure
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Summary Future work
1) For PFOS, the sampling error can reach approximately 30% during a 24-hour e The next step Is to simulate sampling for different soil types and PFAS to cover
suction. The error increases under wetter conditions. (2) Longer-chain PFAS exhibit a wide range of field-relevant conditions.

greater sampling errors than shorter-chain PFAS (PFOS>PFOA>PFPeA). 3 A
higher vacuum pressure in lysimeters results in greater sampling errors.

o Additionally, we will test different sampling intervals, extraction volumes, and soll
hydrodynamic conditions, and examine multi-stage lysimeter sampling and

To minimize sampling errors during field sampling, it is recommended to use the assess their impact on data representativeness.

lowest possible vacuum pressure while ensuring sufficient sample volume. In wetter
solls, extending the sampling duration can help reduce errors, whereas in drier solls,
shortening the sampling duration is preferable to avoid excessive errors.

We aim to develop a suction lysimeter-based field sampling protocol to enhance
the sample representativeness and improve data reliability for environmental
assessments.
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