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PFAS in the Vadose Zone

 Adsorption of PFAS in the 
vadose zone is complex

 Can occur at the air-water 
interfacial areas

 Existing models may not 
be appropriate

Guo, B., Zeng, J., & Brusseau, M. L. (2020). A mathematical model for the release, transport, and retention of per- and 

polyfluoroalkyl substances (PFAS) in the vadose zone. Water Resources Research, 56.
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PFAS leaching standards using SESOIL
 SESOIL was modified to 

simulate the transport of 
PFAS in the vadose zone

 Suggested by Nihar 
Mohanty at the Mass DEP
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Parameter Description 

Caw 
Contaminant concentration adsorbed at the air-water 

interfacial areas (µg/g), 

Aaw Air-water interfacial areas (cm2/cm3), 

Kaw 
Contaminant air-water interfacial adsorption 

coefficient (cm3/cm2), 

C Contaminant concentration in soil water (µg/ml), 

faw Kaw Freundlich exponent. 

 

Guo, B., J. Zeng, M. L. Brusseau, A mathematical model for the release, transport, and retention of per- and polyfluoroalkyl substances 

(PFAS) in the vadose zone. Water Resour. Res. 57, 2020.

PFAS concentration adsorbed at the 

air-water interfacial areas



Contaminant Migration Depth

Parameter Description 

D Contaminant depth (cm) 

Jw Water velocity (cm/s) 

tc Advection time (s) 

𝜃 Soil water content (cm3/cm3) 


b

 Soil bulk density (g/cm3) 

Kd Chemical distribution coefficient (µg/g)/(µg/ml) 

Kaw Air-water interfacial adsorption coefficient (cm3/cm2) 

fa f − = the air-filled porosity (ml/ml) 

H Henry’s law constant (m3 atm/mol) 

R Gas constant [8.2 X 10-5 m3 atm/(mol ºK)] 

T Soil temperature (ºC) 

 

𝐷 =
𝐽𝑤𝑡𝑐

𝜃+ 𝜌𝑏𝐾𝑑 + 𝐴𝑎𝑤𝐾𝑎𝑤 +
𝑓𝑎𝐻

𝑅 𝑇+273 

 



Monthly Air-Water Interfacial Areas Values

Separate monthly Aaw, values for each of the 4 SESOIL layers



Parameter Description 

𝐴𝑎𝑤  Air-water interfacial areas (cm2/cm3) 

𝜃𝑤  
Monthly volumetric soil moisture content of the 

SESOIL soil column (cm3/cm3) 

𝑛𝑡  Total soil porosity (cm3/cm3) 

𝑑50 Median soil particle diameter (cm) 

 

Geometric Smooth-Surface Area

𝐴𝑎𝑤 = 1 − 𝜃𝑤

6 1 − 𝑛𝑡

𝑑50

where:

Brusseau, M.L., 2023, Determining air-water interfacial areas for the retention and transport of PFAS and other interfacially 

active solutes in unsaturated porous media. Sci Total Environ. 163730.

Separate total porosity and d50 values for each of the 4 SESOIL layers



Aqueous Interfacial Tracer Tests

𝐴𝑎𝑤 = 1 − 𝜃𝑤 ∗ 3.9 ∗ 𝑑50
−1.2

where:

Parameter Description 

𝐴𝑎𝑤  Air-water interfacial areas (cm2/cm3) 

𝜃𝑤  
Monthly volumetric soil moisture content of the 

SESOIL soil column (cm3/cm3) 

𝑑50 Median soil particle diameter (cm) 

 

Brusseau, M.L., 2023, Determining air-water interfacial areas for the retention and transport of PFAS and other interfacially 

active solutes in unsaturated porous media. Sci Total Environ. 163730.

Separate d50 values for each of the 4 SESOIL layers



𝐴𝑎𝑤 = −2.85 ∗ 𝜃𝑤 + 3.6 ∗ 1 − 𝜃𝑤 ∗ 3.9 ∗ 𝑑50
−1.2

where:

Parameter Description 

𝐴𝑎𝑤  Air-water interfacial areas (cm2/cm3) 

𝜃𝑤  
Monthly volumetric soil moisture content of the 

SESOIL soil column (cm3/cm3) 

𝑑50 Median soil particle diameter (cm) 

 

Brusseau, M.L., 2023, Determining air-water interfacial areas for the retention and transport of PFAS and other interfacially 

active solutes in unsaturated porous media. Sci Total Environ. 163730.

Corrected Aqueous Interfacial Tracer Tests

Separate d50 values for each of the 4 SESOIL layers





GSSA

AQITT

Corrected AQITT

SESOIL Mass Fate Plot

Years



Soil Heterogeneity



 Very high and very low loads produced 

a mass balance error

 Expanded SESOIL range

 Likely enough for most cases

 But not all

 Scaling factor slides range up/down

Testing and Validation
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?

Testing and Validation



SESOIL was enhanced to simulate PFAS migration

Robust and comprehensive PFAS modeling

Needs further testing and validation

Summary



The author has developed the SEVIEW contaminant 

transport and fate modeling software referred to in this 

research. The author receives compensation for the 

sale, support, and training of the software.
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