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PFAS: from source to remediation technologies

(Bolan et al., 2021)

Migration risks?: SOURCE-PATH-RECEPTOR ANALYSIS

(precursors)



Determination of migration speed – distribution coefficient solid-liquid 
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Kd = Cs / Cl Cs = conc. sorbed (kg/kg soil)

Cl = conc. in solution (kg/L solution)

Retardation due to sorption:

R = 1 + ρb Kd/n ρb = soil bulk density (kg/m³)

n = total porosity

Groundwater velocity (Darcy) vx = Kh ∙ i ∙ 1/ne

Migration velocity of the pollutant v = vx/ R

With Kh the hydraulic conductivity (m/d); i the groundwater gradient (m/m) and 

ne the effective porosity
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Frequently used for organic compounds:

Kd = Koc ∙ foc Koc = distribution coeff. org. matter / water

foc =  fraction organic carbon in soil

foc = 0,0058 . OM (%) OM = soil organic matter (in %)

“TOETSINGSWAARDEN VOOR PFOS EN PFOA IN BODEM EN VOOR PFAS IN 

GRONDWATER - AANVULLING BIJ BASISINFORMATIE VOOR RISICO-

EVALUATIES” (OVAM - 4 APRIL 2022): 

PFOS: logKoc = 2.57 L/kg  (Koc = 371)

PFOA: logKoc = 2.06 L/kg (Koc = 114,82)
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HOWEVER: PFAS not only “organic” but also (an)ionic and surfactant!

• Calculating Kd from Koc therefore is not correct

• PFAS also sorb to positively charged soil constituents – e.g. amorphous or (micro-)crystalline 

iron and aluminium (hydr)oxides and/or clay/humic complexes

• In the unsaturated zone, PFAS “sorb” to the water-air interphase

• Kd’s in the saturated zone can be experimentally determined in labtest (column or batch)

• Alternatively, measured groundwater concentrations in monitoring wells can be used with measured 

soil concentration at filter depth 

• Or Kd’s (ranges!) can be taken from literature

• NB!:   (1) every single PFAS compound has its own Kd; 

(2) spatial variability of Kd’s thus of R’s
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(Concawe 2021)
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In the unsaturated zone PFAS stick to the water-air interphase

• The retardation coefficient R thus becomes:

• R = 1 + ρb Kd/n + Kaw Aaw/n    with Aaw : air-water surface area per unit soil volume (m²/m³)

Amax = specific surface area of dry bulk soil (m²/m³)

And: S     = fraction of water filled pores

• Surface coverage (recharge)? Precipitation amount/frequency? Plants (evapotranspiration)?

• “Measure to know”: e.g. median lab-measured Kd’s for PFOS, PFOA, PFHxS and PFHxA were  

15.49 – 1.48 – 0.95 and 0.26 L/kg, respectively (Li et al., 2018).

• Also: compare plume length and age of the pollution source: further migration speed can then be 

extrapolated 
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Influence of pH

• Dissociation of PFAS - functional groups

• For example anions: or 

• Different physical & chemical properties for undissociated acid and anionic forms

• At environmental pH, most PFAS will be available in their anionic forms

Source: https://pfas-1.itrcweb.org
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• All sorption characteristics are determined by PFAS-type / chain length, ionic strength, pH, valence 

of cations present, temperature,…

• If NAPL is present (oils, CAHs), PFAS can also accumulate at the water/NAPL and air/NAPL 

interphases

• PFAS can migrate when attached to mobile soil particles/colloids

• PFAS can migrate through superficial runoff (unpaved surfaces)

• Diffusion of PFAS into low permeability materials: zwitterionic/cationic > anionic 

• NB: (unknown) PFAS-precursors may be present that are biotransformed to stable PFAS during 

transport in the groundwater plume, complicating concentration trend analysis!
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(Reinikainen et al., 2022)
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(Wallis et al., 2022)

Model result LEACHM 

(public domain unsaturated

zone simulator)
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(Adamson et al., 2022) 
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