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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
PFAS SOURCE AREAS
Industrial sites/Airports
→ Commonly several source areas
→ Industrial site > 30 source areas
→ Airports 5 – 20 source areas

CONTAMINATED
SOIL

SURFACE
WATERVEGETATION

Terrestria
l wildlife

Livestock 
and crops

humans
Risk Endpoints = separate 
assessment and reports

Aquatic 
biota

Ground-
water

Stormwater/ 
drainage

- Complex transport and exposure situation 
not unique to PFAS

- Experience shows that agriculture, wildlife, 
DW wells, and aquatic biota more 
important drivers for risk than what is 
common for many other contaminants 

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

Integrated risk assessment report



4Background concentrations important in risk 
assessment

→ 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 
LOQs.

→ In PFAS risk assessment:

✓ Review local and national background data.

✓ Collect additional background samples if needed

✓ 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
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A. Identification and 
Ranking of Sensitive 
Species

B. Calculation of Theoretical PFAS 
Exposure in Wildlife within 
contaminated areas. Compared with 
measured concentrations. 

C. Comparison of measured PFAS 

concentrations in wildlife in 
background areas and 
contaminated areas .

D. Comparison of measured PFAS 

concentrations in wildlife, surface 
water and fish with relevant benchmark 
values

Risk Assessment Wild Animals

• Species database
• Wildlife damage register
• Red-list status
• Birds Directive etc..

Ecological factors influencing 
susceptibility to PFAS:
• Diet, foraging, habitat, breeding, 

migration etc.

Measured or estimated PFAS concentrations:
• Fish, 
• Insects, 
• Plants 
• Soil, 
• Sediment, 
• Water

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

Exposure model
Wildlife Exposure Handbook  (US EPA, 1993) and 

(Conder, Arblaster, & Bridges, 2021)

𝐷𝑜𝑠𝑎𝑟𝑡_𝑥 =
σ 𝐷𝐹𝐼 ∙ 𝐶𝑓ö𝑑𝑎_𝑦 ∙ 𝑃𝑓ö𝑑𝑎_𝑦 + 𝐷𝑊𝐼 ∙ 𝐶𝑣𝑎𝑡𝑡𝑒𝑛 + 𝐷𝑆𝐼 ∙ 𝐶𝑗𝑜𝑟𝑑

𝐵𝑊𝑎𝑟𝑡_𝑥

Toxicological reference values in blood serum

EQS - secondary 
poisoning of higher 
animals Observed PFAS 

concentrations in 
fish and water

Guideline value 
Amphibians (Pandelides
et al, 2023)

Observed PFAS concentrations in wildlife
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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

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

Risk map wild animals and birds

Based on lines of evidence approach using all methods



SLU, 2023. Rapport till Naturvårdsverkets Regeringsuppdrag Kunskap om PFAS i livsmedel och miljö . Delrapport 1. Överföring av perfluoroalkylsyror från foder och dricksvatten till livsmedelsproducerande djur, och till livsmedel från dessa djur.

SLU, 2025. Rapport till Naturvårdsverkets Regeringsuppdrag Kunskap om PFAS i livsmedel och miljö Risk för förhöjda nivåer av per- och polyfluoralkylsubstanser i animaliska livsmedel vid livsmedelsproduktion i förorenade områden i Sverige
SGI, 2022. Riktvärden för PFAS i mark och grundvatten . remissversion 2022 -05-31. SGI Vägledning 6
EFSA, 2020.. Risk to human health related to the presence of perfluoroalkyl substances in food, EFSA Journal, 18(9), 6223

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

Measured PFAS 
concentrations in 
groundwater and 
surface water

A. Assessment of water for 
irrigation

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

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).

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

exposure from the combined intake of 
water and feed.

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).

B. Assessment of 
human consumption  
risks related to PFAS in  
feed and drinking water 
for livestock

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

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

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

Comparison with 
effect-based 
toxicological 
reference values

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

Risk Assessment Method Agricultural



9Selected project data related to agricultural risks

5 yrs naturally established plants

Homogenously mixed soil within 1,5 m diameter rings

No / very low variability of PFAS concentration in soil



Agriculture typical risk assessment results
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A. Assessment of water 
for irrigation

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

C. Assessment of risks to farm 
animals consuming feed and water



11Groundwater 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?

→ Does infrastructure 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 
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Typical assessment 
basis for one 
groundwater area
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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

→ Fish concentrations

13



Evaluation of a river stretch

Selected results Mass transport of PFAS within an airport, from the 
airport and between lakes
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Exposure dose calculations:

Measured or 
calculated 

concentrations 
(ng/kg, ng/l)

Sediment

Soil

Plants

Exposure pathway

Consumption of 
game meat

Consumption of fish

Exposure 
dose 

(ng/kg 
BW,d)

Total 
dose

Comparison with 
risk -based 

reference values 
(TDI) (ng/kg 

BW,d)

Fish

Game meat

Ground 
water

Consumption of 
drinking water

Surface 
water

Direct exposure 
(ingestion, skin 

contact, inhalation)

Consumption of 
plants

Bath (oral intake, 
skin contact)

Other calculations:

Measured or 
calculated 

concentrations 
(ng/kg, ng/l)

Sediment

Soil

Plants

Fish

Game meat

Ground 
water

Surface 
water

Amount of consumed:

Fish,
Drinking water ,
Game meat, 
Plants

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

Duration of stay within 

different contaminated 

areas that does not 

result in unacceptable 

PFAS exposure

Risk evaluation

Human Health Risk assessment



16Human Health typical risk assessment results

Assessment of human health risks in different 
PFAS contaminated areas



17Overall risk assessment, lessons learned

Conclusions from one subarea

Selected conclusions from all projects

→ In our projects, unacceptable risks have most commonly been 
associated with adjacent surface waters.

PFAS transport via stormwater to surface waters is often 
a key driver of risk and remediation needs

But GW transport to surface water also important, 
although harder to quantify

→ Elevated soil concentrations commonly not a cause of 
unacceptable human health risks

→ Health risks more related to off site exposure trough drinking -
water wells, fish and sometimes  game consumption. 

→ Agricultural risks are clearly indicated by models and 
measurements of water and grazed plants, but measurements 
are needed of produce (milk, meat etc.) clearly connected to 
affected farms

→ Background levels in all matrices, especially animals, are 
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
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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:

✓ Sampling of animal produce hindered by administrative and legal issues

✓ Alternative strategy may be to sample faeces
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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

→ Etc.


