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About me

« -2022: Bachelor's degree in Natural Resources, UCPH
« -2024: Master's degree in Environmental Science (Chemistry, Toxicology and Health), UCPH
« Thesis: Sorption of PFAS in Zero Tillage Soil
« Supervisor: Bjarne W. Strobel
« 2024- : Research Assistant at PLEN
« Part of the Agrohydrology and Environmental Chemistry Group

« Main work: Get to know and work with Daisy, continuing working with PFAS
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Wang et al. (2021)

° Sub-classes of PFASs Examples of Number of peer-reviewed
I I rO u C I O I I O Individual compounds® articles since 2002**
XA (n=0)

928
698
1081

* PFAS: Per- and Polyfluoroalkyl Substances o s
« Large group of synthetic chemicals used since the 1950 in a
wide range of industrial and consumer products e _ o
perflucroalkyl acids ’ FBPA (n=4) 3

N . . WHAS PEPAS 3

* OECD Definition: any compound, with a few exceptions, (PO :
containing at least one perfluorinated methyl group (-CF3) or Cr e ;
perfluorinated methylene group (-CF,) (> 4700 PFAS) PrEchs & PESAs 2

EchjnH_O_C'TFH‘“"_R)

* Length of fluorinated carbon chain highly control the

. . . PFASs PASF-based 2;5
physiochemical property, but functional groups are also () o s
important - a

P T et L
« C-F bond is the strongest bond in organic chemistry e o s
 PFAS are very stable molecules and mobile ogmes
others perflu
 PFAS are found in water, air, biota, and soil worldwide i
. . . F F FR F F F F F
« Can bioaccumulate in humans and animals R FR F / N/ N/ \/ o
F AN N W N
OH .

Cc
« Some have been linked to increased risk of cancer, high WANRVAS [EEANVANVANN AN
cholesterol, reproductive disorders, hormonal disruption, FRF O PEOS
Weakening of the immune system 4:2 FTOH F Moderately water-soluble, increased

Volatile (K = 0.3), precursor S OH Hydrophobicity, PM-bound

PFBA
Very water-soluble, PM-bound
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PFAS in soil

Direct use or via transformation of PFAS

|
precursors o o
s . . AN ,& ,&ﬂ'
Point sources (high concentration) o ' e
« Aqueous fire-fighting foam = E: :
73 . (Long-term) : :
. . - Q Dry - EWet E
Diffuse sources (low concentration) . Deposition & W Deposition
< Y o %

« Atmospheric deposition (gas phase and/or
on particles)

« Sewage sludge

« Sea spray aerosol

Limit values in soil (DK) Wang et al (2023)

Sum of 4 PFAS 10 pg/kg
Sum of 22 PFAS 400 pg/kg
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Key properties governing PFAS sorption in unsaturated soill

Perfluoroalkyl acids (PFAA):
« Permanent negative charge
« Surface active

Sorption to solid phase:
* QOrganic matter
« Clay minerals

« pH dependent Al-, Fe-oxides, cation bridging

Adsorption air-water interface

« Surface active PFAS form films at fluid-fluid

Interfaces

« Highly dependent of C-F chain length

NS NSNS NS o

F\/\/\/\/\/

/\ /\ /\F N\ //\

Accumulation
at airwater

interface ~ s
Accumulation
at NAPL:water
> interface

Interfacial

U]

Hydrophobic
(H)

[ Organic matter
.| [ Mineral particle
[ Fe and Al oxide
/hydroxides
[ NAPL
PFAS

b 'Mz.
Surface Salting-out
complexation effect

Entrapment X

Physical
(P)

Electrostatic
(E)

Kookana et al. (2022)
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Batch experiment: Sorption to soil

« From thesis: Batch experiment testing sorption of seven different PFAS in
11 different soils

e Individual linear isotherm: o
* Predicting Kd from soil parameters: danng TP TTTTTT

Kd =Koc * foc + Kclay : fclay
Using ‘Excel Solver’ to fit parameters (minimize SSR)

dddddddddddddddddd

ddddddddd
nnnnnnnnn
nnnnnnnnn

Concentration in Soil (ugfkg)

ittt ittt g

aaaaaaaaaa

SSSSSS

Concentration in Water (ug/L)
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Retention in air-water interface: What other studies have found..

Breakthrough curve of PFOS in sand column: Effect on soil texture and grain size:
R _ « Relative contribution of air-water interface in PFAS
S e T retention likely depends on soil properties:
0 NRT- UNSAT

- 1 4 PFOS-SAT
S * PFOS-UNSAT * Lyu et al. (2018): Grain size of sand affected
1] — - Sim
§ 08 e PFOA movement:
o s PFOS- SAT Sim . .
§ . s SRR T » Infine sand (average 0.35 mm) - big
9 difference in retardation factor between
a_E 0.4 saturated and unsaturated
&  Coarser sand (1.2 mm) - the difference in

0.2 retardation factor was small due to the

5 smaller Aaw
0 5 10 15 20

SAT = saturated o vouimes * Brusseau et al. (2019): Despite soil having larger

UNSAT = unsaturated conditions (0.66 saturation) during o pe . . .

NRT = non-reactive tracer specific air-water interfacial area (A,,) than sand,

Reproduced from Brusseau et al. (2019) the relative contribution from A, was less in soil
PFOS was 4 times slower in compared to sand, due to a higher sorption to the

unsaturated than in saturated sand solid-phase in soil.
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Estimating adsorption to air-water-interface

Empirical model estimating air-water interfacial areas (Brusseau, 2023)

6 6

Osat

Aaw = (2855 +3.6) (1 - -39 d,,?)

Osat

Air-water interfacial adsorption coefficient:

K. =20 Guo et al., 2020
aw = Rrcra) ‘cUuoetal )

Concentration in air-water interface: 80 '
a and b fitting parameters in Szyszkowski equation ot () EFQA
— . . Ionic strength dependent £
CClW - AClW KaW C ) i Eso-
AWI sorption parameters (Gao et al., 2020) § | vescroment
G50 o Lyuetal mM Na \
PFAS a (umol/cm?) b (-) 3 | o LootagommNac)
PFOS 3 4e-3 0.107 L0} ; Loaral amiha
' ' ? | :aanoomiee
PFOA 116e_2 0033 —Kralchevsky isotherm \

102 10" 10° 10" 102 10® 10*
Aqueous PFOA concentration (mg/L)

(Zhang & Guo, 2024)
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Python script (PFOS as example)

Daisy.py

k_PFOS (f_OC, f_clay):
=4451
=95.6
f_OC*k_OC + f_clay*k_clay

a_aw (Theta, Theta_sat, d50):
(-2.85*(Theta/Theta_sat)+3.6)*((1-(Theta/Theta_sat))*3.9*d50**-1.2)

K_aw_PFOS (C, T):
= 3.4e-03 # fitting parameter (mol/m3)
= 0.107 # fitting parameter (-)
=T + 273 # converting to Kelvin
= 550 # molar mass of PFOS (g/mol)
(sigma*b)/(R*T*((C/m_PFQOS)+a))

C_to_M_PFOS (C, Theta_sat, Theta, rho_b, f OC, f_clay, d50, T):
= d50/10000 # convert to cm
= k_PFOS(f_OC, f_clay)
rho_b*k*C + Theta*C + a_aw(Theta, Theta_sat, d50)*K_aw_PFOS(C, T)*C

M_to_C_PFOS (C, Theta_sat, Theta, rho_b, f_OC, f_clay, d50, T):
Numerical solution (bisection method)
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Soils used in simulation

Retention curves

6.0 -
From the Daisy lib:
« Jyndevad

- free drainage

* Askov
« Biopores

Tension (pF units)

 Added a plow pan (layer below Ap with
increased bulk density and low Ks)

« Groundwater aquitard
« Added drains (-120 cm) 0 10 20 30 40 50

Water content (vol.%)

(defhorizon “"Askov Ap" ISSS4 (defhorizon "Jyndevad Ap" ISSS4

"Askov 18 & 3@ cm soil. Data from O.H. Jacobsen (1989): Umattet "Jyndevad 15 cm soil. Data from O.H. Jacobsen (1989): Umattet
hydraulisk ledningsevne i nogle danske jorde. Beretning nr. S hydraulisk ledningsevne i nogle danske jorde. Beretning nr. S
2030. Statens Planteavlsforseg." 2030. Statens Planteavlsforseg.”

(clay ©.113) (silt .277) (clay ©.838) (silt ©.872) (fine_sand ©.183) (coarse_sand ©.684)

(fine_sand ©.348) (coarse_sand ©.236) (humus @.023) (C_per_N 13) (dry_bulk_density 1.472 [g/cm"3])
(humus ©.826) (C_per_N 11) (dry_bulk_density 1.55 [g/cm*3]) (hydraulic "B_BaC"
(hydraulic M_vG (Theta_res 0.0)(Theta_sat ©.392) (Theta_res @8.€36 []) (Theta_sat ©.435 [])

(alpha ©.8385)(n 1.211)(K_sat 7.52 [cm/h]))) (lambda ©@.446 []) (h_b -8.4 [cm]) (K_sat 6.76e-5 [m/s])))
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——— Askov 0-27 cm (M_vG)

— = =Askov 34-80 cm (M_vG)
Jyndevad 0-30 cm (B_BaC)

- = =Jyndevad 30-250 cm (B_BaC)
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Simulations

« Soil: Jyndevad and Askov

« Management: 5-year rotation (winter wheat, spring barley, winter wheat, spring barley, winter
rape) (Vuaille et al., 2024)

* Plant uptake: No plant uptake

Weather: Taastrup (hourly)

« Simulation time: 5 years (1997 to 2002)

 PFAS: PFOS and PFBA (strong vs weak sorption to soil)

« PFAS input: Based on PFAS content in precipitation (small study, only part of 1 year) (Bossi, 2024)

PEAS Yearly input Solid phase sorption AWI sorption parameter
- “spray” (g/ha) Koc (ml/g) Kclay (ml/g) a (mol/cm?3) b (-)

PFOS 0.01 445 96 3.4E-09 0.107
PFBA 0.01 61 26 1.6E-08* 0.033*

*Using PFOA AWI sorption parameters
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Simulation results

Simulating 5 years with 0.01 g/ha yearly input

1401
1601
1801

-2001

0.0000 0.0025 0.0050 0.0075 0.0100
Concentration (ng/kg)

5 years

= JB1|Kaw=0
JB1|Kaw #0

— JB6|Kaw=0
JB6 | Kaw # 0

Depth (cm)

-201
-401

-601

1401
1601
1801

-2001

0.0000 0.0025 0.0050 0.0075 0.0100
Concentration (ng/kg)
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PFOS: Not a big difference in soill
profile with or without retention in
air-water interface (AWI)

PFBA: Higher retention when

including AWI retention, especially in

the sandy soil

* However, using AWI parameters
for PFOA likely overestimates
PFBA presence in AWI
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Conclusion

« Higher retention of PFAS in topsoil was simulated when including air-water interface, especially in
sandy soil.

« With a yearly input of 0.01 g/ha (estimated atmospheric deposition), the simulated soll
concentration did not reach the limit value within the 5-year period.
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