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PFAS – fate in agricultural soils

Soil organic carbon: high OC  higher sorption

Soil texture: higher retention in loam & clay soils

PFAS chain length: long-chain bind stronger

Soil water content: air-water-interphase area change 
over seasons



Sorption isoterms – PFOA (long-chain)
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• PFOA sorption (Kd) decrease with soil depth [1]
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Retention mechanism in soil
PFAS contain a hydrophobic tail and a hydrophilic head
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Solid phase adsorption (Kd)
• Hydrophobic interactions with organic carbon (OC)
• Electrostatic interactions with mineral fraction

Air-water-interface adsorption (KAWI)
• Due to the amphiphilic structure, PFAS accumulates at 

interfaces between air and water in the soil pores
• Important in the unsaturated zone

[1]



Calculating PFAS in the soil with Daisy
PFAS concentration in the matrix:
An equilibrium between water, solid phase, and air-water-interface area

𝑀𝑀 = 𝐶𝐶 � 𝜃𝜃 + 𝐾𝐾𝐾𝐾 � 𝐶𝐶 + 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 � 𝐾𝐾𝐴𝐴𝐴𝐴𝐴𝐴 � 𝐶𝐶

Air-water interfacial area [2]
a function of water saturation and particle size distribution

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = −2.85 �
𝜃𝜃
𝜃𝜃𝑠𝑠𝑠𝑠𝑠𝑠

+ 3.6 1 −
𝜃𝜃
𝜃𝜃𝑠𝑠𝑠𝑠𝑠𝑠

� 3.9 � 𝑑𝑑50−1.2

Air-water interface distribution coefficient [3]

𝐾𝐾𝐴𝐴𝐴𝐴𝐴𝐴 = 𝜎𝜎0𝑏𝑏
𝑅𝑅𝑅𝑅(𝑐𝑐+𝑎𝑎)
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M: PFAS conc in soil+water+air (g/cm3)
C: PFAS conc in water (g/cm3)
ᦲ: water content (-)
d50: median grain size (cm)
AAWI: Air-water interfacial area (cm2/cm3)

water soil air-water interface

At low PFAS concentration, KAWI is constant



Simulating PFAS fate in agricultural soils
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PFBA

PFHxA

PFOA

PFOS

• Two soils types: Loamy and Sand

• Conventional Agricultural practices

• 2 PFAS

• PFAS entry as wet deposition
1 ng/L in precipitation

Sandy loam                                        Sand 



Results – PFOS in soil
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• All scenarios include OC 
adsorption

• Including clay, results in 
enhanced PFOS retention 
in the top 25 cm

• AWI adsorption has no 
impact in this soil

Sandy loam

Sand
• All scenarios include OC 

adsorption
• Including clay, results in a 

slightly more PFOS retention 
in the top 25 cm

• AWI adsorption result in 
increased retention, more so 
than clay over long term



Results – PFBA
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Sandy 
loam

Sand
• All scenarios include OC 

adsorption
• Including clay, results in a 

slight bigger PFBA 
retention in the top 25 cm

• AWI adsorption has no 
effect for this compound

• All scenarios include OC 
adsorption

• Including clay, results in 
enhanced PFBA retention

• Without clay adsorption, PFBA 
is as mobile as a non-reactive 
tracer (low OC content)

• PFBA is more mobile than 
PFOS

• AWI adsorption has no effect 
for this compound



Precipitation 
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Take home messages
• The fate of PFAS in agricultural soils can be estimated using mechanistic soil models (Daisy) 
• AWI is important for long-chain PFAS in sandy soils, but no effect for short-chain PFAS. 
• AWI was negligible in sandy loam soils for all PFAS.
• Inclusion of clay adsorption resulted in enhanced PFAS retention in both sandy loam and sand 

soil. 
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