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PFAS transport & retardation
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Difficulties regarding the Kd

Kd=

Cs
Cw

C, = Jordkoncentration

Cy = Vandkoncentration

Ki = foc* Koc

foc = fraction organic carbon
Koc = organic-carbon-

normalized sorption coefficient

Kit -—-+Rr1{

hgj K; = hgj tilbageholdelse

PEAS

Kd afhaenger af
PFAS charge pH
foc

ler indhold soil charge

st indhold  mineral presence

O

Divalent kation

Er de kendte Kd-vaerdier
brugbare for danske jord?

’
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Undersggelsessted= brandavelsesplads
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Fyld

Senglacialt sand

Moraeneler

Moraenesand

Glacialt smeltevandssand og -grus
Lokalmoreene, kalkpraeget
Kalksandskalk

Knust

Spraekker, horisontale

Vandspejl, terreenneert grundvand
Vandspejl, primeert magasin

brand- og
regdykkegvelser,
ruinby til
redningsopgaver siden
1969

Vekslende lag af sand,
moreeneler,
moraenesand

Undersggt siden 2013
for PFAS
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Metoder til at estimere Kd-veerdier

Felt data Laboratorieforsgg

Sorptionsforsag

<

_____ ¥ Grundvandsspejl

Moreneler Sand

Grundvands-
+ jordpraver

Figurer tilpasset fra Videnstaskforce 9

Desorptionsforsgg




Felt Data

_____ ¥ Grundvandsspejl

Morzneler Sand

Grundvands-
+ jordpraver

Figurer tilpasset fra Videnstaskforce 9

Koncept:

In situ jord - & vandpraver

antages ligevaegt

Prover fra lokaliteten

* 13 jord - og

grundvandsprgver

* 11 kalk praver (primaer

magasin) > hgj usikkerhed

9 Kd veerdier estimeret:;

- PFOS 0.084 — 5.8
» PFHpS 0.15
» PFHXxS 0.65

Fordel

+ nemt

+ hurtigt

+ “standard” prgver

Udelemper

- Hgj variation
- Ligeveegt ikke sikkert
> tidsvariation
> fysisk variation
- Afhaenger af hgj nok PFAS
koncentrationer i vand og jord

NIRAS



Laboratotorieforsag |

|Desorption Forsgg (Leaching Experiment)

Jord fra felten

CSO -
Start jord
koncentration

Ms
jord veegt

w Figurer tilpasset fra Videnstaskforce 9

Cw
Slut vand
koncentration

Vi
Volumen vand

Cs
Slut jord koncentration
(ikke malt)

Forsgg
- 25 jordpraver
- Liquid:soil ratio 2:1
- Ligeveaegtstid 24 hr

NIRAS




Resultater - Desorptionsforsgg

Kd [L/kg]
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Desorption Experiments- Kd vs molar volume (MEDIAN)
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Brusseau 2024, foc =0.001
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Resultater - Desorptionsforsgg

Kd [L/kg]
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Kd Moraeneler > Kd
Sand & Kd Stabilgrus

Begraensninger
« Kd (ikke Koc)
« fa malepunkter
for nogle PFAS
* >100% recovery
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Resultater - Desorptionsforsgg
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Vanskeligheder - Desorptionsforsgg

100 —
°
°
= 10 ® Kd< 0.1 (mere
end 100%
o) 6:2 FTS y o recovery)
.“ < PFOA
e oy o \ ° ® Kd < 0.1
' = L ° ® S riNA @
:| o o 0 ¢ 0 o°
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Mere end 100 % recovery
: 0,01
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<
( 1) Molar Volume [cm3/mol]
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Vanskeligheder - Desorptionsforsgg

Ok for:

- Start jord concentration > 1 pg/kg

- PFDA, PENA, PFQOS, PFHXS, 6:2
FTS, PFHpS, PFOSA

Mere problematisk for:

- PFHpA
- PFOA
- PFBA
- PFPeA

- PFHxA

—_—

S

Lav Kd forventes >
“>100%" recovery
pga. Analyse
usikkerhed muligt

[ug/kg]

Cs o0

100
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® Kd< 0.1 (mere
end 100%
recovery)

O Kd < 0.1

® Kd > 0.1
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Vanskeligheder - Desorptionsforsgg

Ok for: =
- Start jord concentration > 1 pg/kg
- PFDA, PFNA, PFOS, PFHXS, 6:2 -
FTS, PFHpS, PFOSA °
Mere problematisk for:
- PFHpA
R Lav Kd forventes > Kq =0.1L/kg
_ PFBA av orventes _ o
">100%" recovery Cso = 0.1 Hg/kg (£30%)
- PFPeA [
pga. Analyse : PEAS d
_ PFHxA usikkerhed muligt Ms = 0.1 kg PFAS (lesr;eprd rg?j;e van
- V,=02L
10 ng 9.5 ng
C,, = 47.6 ng/L (£30%) 7ng-13ng 6.7 - 12. 4 ng

NIRAS
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Desorptionsforsgg - Sammenfatning

Fordel:
+ relativt nemt
+ giver information om desorption

+ “standard” prgver

Udelempe:

« afhaengig af (hgj nok) PFAS
concentration i jord pragven

* ikke standardiseret metode

Desorptions / Udvaskningsforsag

L:S ratio
2:13:110:1 20:1

Ligevaegtstid
8 hr; 18 hr; 24hr; 7 dage

Batchforsag

a1 Typell

Sequential Dilution
Batch Experiment




Laboratorieforsag ||

|Sorptionsforsag
K Cs . (Cwo —Cw) -V 1
il — 17 cC, M, C
C_WO0 = =
Start vand o © —
koncentration ® ®
9 Forsag
C W )
Slut vand koncentration Forforszg med 10 PFAS &
moraeneler
- Fors@g fra andre lokaliteter
med moraeneler, kalk &
sand
Jord fra felten CS
(UDEN PFAS) Slut jord koncentration

(ikke malt)

’
e Figurer tilpasset fra Videnstaskforce 9 NIRWNS
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Resultater - Sorptionsftorsgg

Sorption Experiments- Kd vs molar volume (MEDIAN)

100 P
10 - A A
Le® A
6:2 FTS . *~
e’ X
...................... - ]
5 T
i O A ®
&) X PFoPsFAOS
& X PENA
0.1 LA Il o
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1. Reduceret Moraeneler >
Oxideret moraeneler
2. Kalk < sand & reduceret
moraeneler
. . 200 250 300 350
3. Kd baseret pa OC overestimer
Kd pa sand Molar Volume [cm3/mol]

Moraeneler

® Moraneler - oxidized
(different site)

A Moraneler - reduced
(different site)

B Sand- (different site)

x Kalk- (different site)

Brusseau 2024, foc =0.002
(circa moreaeneler)

Brusseau 2024, foc = 0.007
(circa moreaeneler)

- -~ -Brusseau 2024, foc = 0.04 (San(] )
(circa sand)



Resultater - Sorptionsforsag

Sorption Experiments- Kd vs molar volume (MEDIAN)
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1
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4
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<
0.1 ~ .
PF oPgs 8
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O PFEDA
0.01 PFHxA
PRPEA A
A
0.001
100 150 200 250

Molar Volume [cm3/mol]

350

o Moreeneler - Kd <0.1
O Moraneler < 0.1 ; oxidized ; not

(different site)

A Moraneler - reduced Kd<0.1 - no
(different site)
O Sand Kd <0.1- (different site)
X Kalk-<0.1- (different site)
Brusseau 2024, foc =0.002

Brusseau 2024, foc = 0.007

- - -Brusseau 2024, foc = 0.04 (Sand)
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Sammenligning mellem metoder

Kd [L/kg]
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® Desorption - Moreeneler

0O Desorption - Sand

+ Desorption - Kalk

A JAGG (foc =0.001)
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Sammenligning mellem metoder

1. Kd fra desorptionsorsgg > Kd fra sorptionsforsgg

2. Stor variation mellem metoder for eksempel for PFHxS, PFOS

: : . - : ion - reduceret - different site
3. JAGG data ligger ok; har ingen jord specific Koc vaerdier ® Sorption - Morzeneler )
PFHXS ® O Sorption - Moraeneler:
10 ¢
6:2 FTS O Sorption-Sand (different site)
a
— \+ PFOA + ? A + Sorption-Kalk (different site)
¥ ° 8
|

3 1 PENA .
= O ‘ ® Desorption - Moraeneler
] [

A g ®

+ ¢ + oEOS 0O Desorption - Sand
. Ay A O PFOSA
0.1 i O + Desorption - Kalk
L A Q a A FHXSA P
PFHXA PFHPA A JAGG (foc =0.001)
0.01
150 200 250 300 350

f
Molar Volume [cm3/mol] NIRW\S
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Take home message

1. Kortkaedet PFAS = meget lavt Kd veerdier

2. Desorptionsforsgg er meget nemmere at udfagre
end sorptionsforsgg

3. Kd fra desorptionsforsgg > Kd fra sorptionsforsag

4. JAGG data i sammen stgrrelsesorden MEN site
specifik TOC er vigtigt & JAGG har ingen jord
specifik Koc veerdier

5. Abne spgrgsmal (pavirkning af TOC, pavirkning af
“non-liable PFAS")

- God at det er 2 ar tilbage pa mit PhD ©

Bestemmelse af Kd vaerdier
for PFAS for forskellige jorde
i Danmark - Er de kendte Kd-
vaerdier brugbare ?

NIRAS
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Kd [L/kg]

100

10
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"Single" Desorption Experiments - Kd vs molar volume (max values)
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Kd [L/kg]

"Single" Desorption Experiments - Kd vs molar volume (max values)

100.00
® 4
10.00 T
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' A
100 L i ® Moraneler
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N
® N % Kalk
i A - A Stabilgrus
0.10 1
0.01
100 150 200 250 300 350
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Diste

Log 10 K, [L/kg]
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Forskel mellem jorde
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Moraeneler (reduceret)

log Kd = 0.0106 Mw - 4.8413
R?=0.8681

300 400 500
Molecular weight [g/mol]

Log 10 K, [L/ke]
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Generelt begraenset sorption til kalk (3 jorde)

Moraneler (oxideret)

i

log Kd = 0.0094 Mw - 5.2193
R*=0.9732

300 400 500
Molecular weight [g/mol]

Stagrre sorption i reduceret moraeneler (6 jorde) end i oxideret moraeneler (4 jorde)

Log 10 K, [L/ke]
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e CF (4-5)
» CF (6-8)
= Precursor

Kalk

pa bt

log Kd = 0.005 Mw - 3.0525
R’=0.6947

300 400 500 600
Molecular weight [g/mol]
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