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Why risk assessment approach

Overall PFAS remediation costs are escalating, making risk-based investment
decisions important.

The risk assessment approach presented

- Is less conservative than generic methods and identifies governing risks
- Provides a better basis for remediation investments

The presentation summarizes experience from multiple sites, R&D projects and
>5,000 samples.

Focus is on cost-effective solutions for PFAS sites — however this sometimes
demands advanced approaches
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Integrated PFAS risk assessment

- Complex transport and exposure situa’scion

Industrial sites/Airports _
not unique to PFAS

- Commonly several source areas

= In_dustnal site > 50 source areas - Experience shows that agriculture, wildlife,
= Alrports 5 — 20 source areas DW wells, and aquatic biota more
important drivers for risk than what is
common for many other contaminants

CONTAMINATED Stormwater/
SOIL drainage

- Approach supports risk-based remediation
by identifying which source areas can be
deprioritized despite elevated PFAS
concentrations and which source areas

SURFACE contribute to site risk

Ground- Aquatic Bl ierrestiia B Livestack e Risk Endpoints = separate

biota L wildlife and crops assessmentand reports

water

Integrated risk assessment report sweco 2%




Background concentrations important in risk
assessment

+>
+>

N2 2

PFAS is ubiquitous in biotic and abiotic matrices.

Surface water background levels often exceed EQS
values.

Fish background levels consistently exceed new EQS
biota.

Soil background levels may exceed guideline values.

Plant background levels remain uncertain due to high
LO@s.

In PFAS risk assessment:

v" Review local and national background data.
v Collect additional background samples if needed

v Always define and justify matrix-specific
background levels before assessment.

PFAS usage and fate — firefighting foam «
only a limited part of total load
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Project data related to background

concentrations

e
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Risk Assessment Wild Animals

A. ldentification and
Ranking of Sensitive
Species

» Species database

» Wildlife damage register
* Red-list status

» Birds Directive etc..

Ecological factors influencing

susceptibility to PFAS:

» Diet, foraging, habitat, breeding,
migration etc.

Comparison of measured PFAS
concentrations in wildlife in

background areas and
contaminated areas.

Comparison of measured PFAS
concentrations in wildlife, surface
water and fish with relevant benchmark
values

Birds and mammals:
Species-specific input data:
intake, body weight, TRVSs etc..

Exposure model
Wildlife Exposure Handbook (US EPA, 1993) and
(Conder, Arblaster, & Bridges, 2021)

(E(DFI - Croda y - Proa ) + (DWI - Cuatten) +(DSI - Cjora)
BWore x

Dosare x =

Measured or estimated PFAS concentrations:
e Fish,

* Insects,

e Plants

» Soil,

e Sediment,

e Water

Observed PFAS concentrations in wildlife

l

Toxicological reference values in blood serum

EQS - secondary
poisoning of higher —

animals Observed PFAS
— concentrations in

fish and water

Guideline value
Amphibians (Pandelides [—
etal, 2023)
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Selected project data wild animals

Average PFAS levels, three airports
Suspected = animals occupy areas around or within airports
EU limits = Regulation (EU) 2023/915 on contaminants in food

No exceedance for average muscle levels = individual samples do exceed

1000 Average PFOS concentrations in liver most commonly exceeds relevant limits/benchmarks

100

10

m TotalPFAS mPFOS mPFOA mPFNA mPFHXS mPFAS4

Sub-areas

Assessed risk class
Low

= Low*
Low-medium
Medium-high

O Airside

*Risker for utter kan inte uteslutas.

Risk map wild animals and birds

~ Based on lines of evidence approach using all methods

o
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Risk Assessment Method Agricultural

A. Assessment of water for

irrigation

Measured PFAS
concentrations in
groundwater and
surface water

Comparison with
irrigation
guideline values
for homegrown
crops(SGl, 2022).

Comparison with calculated
health-based guideline
values forirrigation of
commercial crops.

fos " TDI

RV, =
bev Iint ' fh TF - fbio_veg

B. Assessment of
human consumption

risks related to PFAS in
feed and drinking water

for livestock

Idjur = Cfoder ° Mfodgr' + Cuatten 'Mvattan + Cjard ) Mjord
Cdjm‘,x = BTFdjur..x ) J{dju:*'

B1. Calculation using different approaches
of resulting concentrations in food
produce.

Comparison with EU action levels and
maximum limits for food products (EU
2022/1413; EU 2023/915) (SLU, 2023).

e EU limits are not fully risk based
« Considers the animals total PFAS

exposure from the combined intake of
water and feed.

C. Assessment of risks for
livestock consuming
water and feed with PFAS

Measured PFAS levels
in grass, soil,
groundwater, and
surface water
consumed by
livestock

B2. Calculated quantities of foods of
animal origin that can be consumed
without causing unacceptable PFAS
exposure to consumers

In contrast to B1, this assessment is fully
risk-based, as it is based on EFSA’s
tolerable daily intake (TDI) value (EFSA,
2020).

Measured PFAS
levels in grass,
soil, groundwater,

Exposure
calculations based
on livestock intake
of grass, sail, and
drinking water (SLU,
2023, SLU, 2025)

Id}'ur
BW

Dosd}'ur =

and surface water
consumed by

livestock

Comparison with
effect-based
toxicological
reference values

SLU, 2023. Rapport till Naturvérdsverkets Regeringsuppdrag Kunskap om PFAS ilivsmedel och milj. Delrapport 1. Gverféring av perfluoroalkylsyror frén foder och dricksvatten till livsmedels producerande djur, och till livsmedel frén dessa djur.
SLU, 2025. Rapport till Naturvdrdsverkets Regeringsuppdrag Kunskap om PFAS ilivsmedel och miljé Risk fér férhdjda nivder av per- och polyfluoralkylsubstanser i animaliska livsmedel vid livsmedels produktion i fGrorenade omréden i Sverige
SGI, 2022. Riktvdrden fér PFASi mark och grundvatten. remissversion 2022-05-31. SGI Vigledning 6

EFSA, 2020.. Risk to human health related to the presence of perfluoroalky ! substances in food, EFSA Journal, 18(9), 6223
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Selected project data related to agricultural risks |

Plant soil BCF
1,20
1,00 5 yrs naturally established plant M Total PFAS APros PRAS levels plants
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Agriculture typical nsk assessment results

A. Assessment of water
for irrigation

B. Assessment of consumption risks due to
PFAS in feed and water of farm animals

Calculated guideline value for
irrigation of commercial crops
(ngl)
PFAS4 +
PFAS4 PFOA-ekvi Farmgate Food retail
Surface water (ng/l) (ng/l) sales sales
Damm J21 94 100
S lake 230 230
Damm 105 240 240
44

M lake 140 150
N lake 14 18

10

RV SGI
(2022)
ng/l

120

Meat from cattle
Grazing near surface
water

’ Below FSS

Above FSS feed
<> and drinking water

’ Above FSS feed

Above FSS drinking
water*
O Uncertain™
Meat from cattle
Grazing further from
surface water

. Below FSS

Above FSS feed
O and drinking water

. Above FSS feed

Above FSS drinking
water*®

O Uncertain™
O Not invest

*Concentrations in
grass <LOQ. LOQ
too high to allow
comparison with
food safety
standards (FSS)

**LOAQ too high to
allow comparison
with food safety
standards (FSS)

Comparison of calculated doses for animals with toxicological reference values (TRVs).

Al doses in ng/kg BW.d

Toxicological reference

value Dairy cow Cattle Horse Sheep Laying hen
PFAS4 1000 1000 1000 1000 5000
13 Near SW 2 16 26 38 28
Further from SW 26 15 79 15 18
A4 Near SW 37 21 28 46 36
Further from SW 37 21 12 27 26
B804 Near SW 130 81 190 240 92
Further from SW 27 22 14 29 27
Big Near SW 1700 1000 2600 3100 1200
Further from SW 400 250 380 580 300
Fo3 Near SW 13 07 11 1.7 13
Further from SW 1.0 8,7 3,0 1,2 7.0
503 Near SW 40 24 40 59 33
Further from SW 35 25 28 42 29
o4 Near SW 85 52 94 130 64
Further from SW 47 3 23 48 39
o
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Groundwater Risk assessment

Groundwater areas

- Defined within the whole assessment area based on catchment, and
hydrogeology

- Many project span tens of km

Sources

-  What are the sources of PFAS within the groundwater areas?
Transport

- Has the extent of PFAS occurrence and migration in bedrock and
overburden groundwater been delineated in all relevant flow

directions?

- Doesinfrastructure influence PFAS transport in groundwater, and if so,
how?

Receptors

- Does groundwater discharge to surface waters, groundwater bodies,
drinking water resources, or drinking water wells within the
groundwater areas?

—>  Does PFAS migrate to deeper groundwater bodies

11

D Grundvattendelomraden ® Kalla till PFAS N
Interpolerade A
grundvattenniver i jord PFAS-plym i grundvatten
baserat pa observationer av
medelnivder (RH2000) A Spridning av PFAS i grundvatten

A Spridning av PFAS via
I 0 075 15 225 3 375
grundvatten till ytvatten - — J— km

© Lantmateriet, Geodatasamverkan
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Typical assessment
basis for one

groundwater area
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jord norr om tvarsektion & Fylining /9 o
ﬁ Grundvattenstromriktning Sandig morin Granodiorit /\ PFAS11>90-1000
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Surface Water Risk assessment

Mass transport (g/yr) to surface water recipients is
calculated based on

- Measured and modelled water flow

- Spot sampling, passive sampling (DGT) and flow
proportional sampling

Risks are assessed through a lines of evidence
approach based on

Annual mass load

Exceedance of background concentrations
Exceedance of regulatory levels (EQS)
Exceedance of levels protective of aquatic biota

Exceedance of levels protective of secondary consumers of aquatic biota

N2 2 ZB N N 2

Fish concentrations
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Selected results

Evaluation of a river stretch

Fiallfotasjon

Borringe

A
”.Segs K

Klosterviken

Hackebergasjon

Bjdrkesakradn

Bjorkesakrasjon

Mass transport of PFAS within an airport, from the
airport and between lakes

Borringesjon

Borringesjon:
507

J ]

0,65 9.1 23 ng/l 0,47 ngll 33 ug/'kg | 4 ngll 13 ug/kg
ng/l mg/k
g
Matrix Water |Fish | Water Fish Fish Water Fish
Protective | EQS EQS | Aquatic Secondary | Secondar | Background Background
of water |fish Ecosyste | poisoning ¥ concentration | concentration
ms poisoning | (urban) fish (urban)

Number of | 30/30 | 31/31 | 30/30 30/30 32/33 30/30 31/33
samples
exceeding

Bjdrkesékrasjin:
4

Scenario 3 . > ‘
Flygplatsomrade ‘ L Hicksberga-
| 4 sjin
A: 8.4 ‘ L
332-374:V1)] R 153
[ ¥ - C: 5.]|—-|_’
Fiillfotasjén: Eb: 0,2 wa
248 Oz 0.1 1’ D:04 | Bjrkesakrabiicken/Haje A
! Ha: 1,1 Iy
Kloster- 1:73
Sege A viken: 578 J: 139 - 181]
V4
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Human Health Risk assessment

15

Exposure dose calculations:

Othercalculations:

Measured or
calculated
concentrations
(ng/kg, ng/l)

Exposure pathway

Consumption of

Exposure
dose
(ng/kg
BW,d)

Risk evaluation

Measured or
calculated
concentrations
(ng/kg, ng/l)

Plants

-

Total
dose

Plants slenis
Direct exposure
Soil (ingestion, skin
contact, inhalation)
Sediment Bath (oral intake,
skin caontact)
Surface
water
Consumption of
Ground drinking water
water
Fish Consumption of fish
Game meat Consumption of

game meat

Comparison with
risk-based
reference values
(TDI) (ng/kg
BW,d)

Surface
water

Sediment

Ground
water

Fish

Amount of consumed:

Fish,

Drinking water,
Game meat,
Plants

Amount of bathing
events that does not
result in unacceptable
PFAS exposure

Game meat

Soil

Duration of stay within
different contaminated
areas that does not
result in unacceptable
PFAS exposure
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Human Health typical risk assessment results .

Exposure PFAS fish, game, drinking- and surfacewater

Assessment of human health risks in different (ng/kgBW.d)
PFAS contaminated areas

N = =

Child highfreq  Childlowfreq  Adulthighfreq  Adultlowfreq Lifetime hightreq Litetime low freq

® Game mFish ®Drinkingw ®Bath

Exposure PFAS in soil and plants (ng/kgBW,dag)
0,30
0,25
0,20
0,15
Legend 0.10
[777] OAM uppfylida
[ 1 OAM 1 uppfylls ej 0.05
I GAM 1 och 3 uppfylls ej ' ‘
0,00 p— —
Bam Vixna Livstidsint
B Soil_average W Soll_UCLMSS Plants_awverage M Plants_UCLMA5
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Overall risk assessment, lessons learned

Selected conclusions from all projects w7

- Inour projects, unacceptable risks have most commonly been

Conclusions from one subarea

associated with adjacent surface waters.

ziiz o unlkev o ““‘*Z?“f’“e remediaton PFAS transport via stormwater to surface waters is often
may require remediation . . . .
PFAS is Tkely 1o require remediation a key driver of risk and remediation needs
Description Human . Risks to Fhe Risks to Risks to Ris}(s to Ri;ks to Higher .
e e e ot | Waroeas | B | Tre | Animals But GW transport to surface water also important,
Water vl Ecologn) although harder to quantify
T_ransport Significant Fish PFAS No iden.tiﬂed (;‘.Ir EQS No significant Agriculturgl Ri:f.ks to highgr
Stormuater |ransportvia | pose heatlh | emvronmental [possible " protecied | butlower than | magntde remains Elevated soil concentrations commonly not a cause of
stormwater. risks; risks. impacts on roundwater east and uncertain. :
t : cons,umption aqﬁaahc g)tpec::ted.t norttheast b UnaCCG ptable hU man health I']SkS
rates remain ecosystems. watercourses.
uncertain.
Transport | Extensive Fish PFAS No identified | Clear EQS: PFAS transport | Agricultural Risks to higher H ea lth r] S kS more re lat ed tO Off S] te eXp osure tI’O u g h d r] n k] n g"
via ground-water | levels may local soil risks and from the FTA risks possible, | animals possible; . . .
Groundwat tr;nsport ons: health gn:iﬁronmental possit:lilse yia groundwater | but Iowzr than magmtu_de remains W ate r W e “ S, f] S h a n d SO m e t] m eS g am e CO n SU m pt]O n .
er affectin risks; risks. im on is not east an uncertain.
5||.|rfa|a:eg consumpliqn aq?laaﬁc considered to northeast . . . ]
il .y | "o Agricultural risks are clearly indicated by models and
el measurements of water and grazed plants, but measurements
Local Widespread | Surface soil | Clear No identified | No identified Mo identified | Airside animals 1
Occurrence | soil P PFAS may ecological PFAS stt)il- PFAS stt)il- PFAS stt)il- likely show elevated are needed Of prOduce (m]lk’ meat etC) Clearlv con neCted to
in Soil contamination se human | rnisks from related risks related risks related risks PFAS; remediation
; velt'tical t xalﬂl risks. | PFAS- withtin the withtin the FTA. withtin the need remains ! affe Ct ed fa rms
extent contaminated | FTA FTA. uncertain.
uncertain surface soils. . . . .
pending Background levels in all matrices, especially animals, are
investigations. important when assessing risks

The fact that risks are commonly associated with off-site
transport rather than on site contamination has large impacts

on the remediation design work .
SWECOﬁ



Upcoming work
—> Focus on sediments as a missing link in mass transport budgets, - upcoming work

includes measurement and models

- Measurements of PFAS in soil biota (insects) in soil field chambers with known PFAS
concentrations

- Measurements of PFAS in background areas and affected areas in game animals — to
improve statistics

- |In-depth agricultural projects:
v' Sampling of animal produce hindered by administrative and legal issues

v'Alternative strategy may be to sample faeces

SWECO ﬁ
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Not presented

- Risk assessment of soil-living animals
- Trials with irrigation of garden produce with PFAS contaminated groundwater
- Diffusion and leaching experiments of intact soil cores at different depths

- LEtc.

Swedavia
Airports
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