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› What and why baseline line risk assessments
› Special issues and challenges for PFAS
› What to implement for successful baseline risk assessments

Outline



CERCLA Baseline Risk Assessments
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National Contingency Plan (NCP, 1990):

“the lead agency shall conduct a site-specific 
baseline risk assessment to characterize the 
current and potential threats to human health 
and the environment…”

CERCLA Baseline Risk Assessments are RISK BASED
to inform future remedial decisions
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The Purpose of Baseline Risk Assessments

What risk assessments DO: What risk assessments DON’T DO:

• Estimate site-specific exposures
• Characterize the probability of 

potential adverse effects
• Focus evaluation on key chemicals 

and receptor scenarios
• Guide risk management decisions

• Estimate risks to individuals
• Provide firm conclusions about disease, 

causation or health status
• Represent final remedial decisions
• Define cleanup levels



Plethora of Guidance for Risk Assessments
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General Steps of a Risk Assessment
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• Identify exposed 
populations and pathways

• Estimate exposure 
concentrations

• Collect toxicity 
information

• Determine toxicity 
values

Data Collection 
and Evaluation

Toxicity 
Assessment

Exposure 
Assessment

Risk 
Characterization

• Analyze site data
• Identify potential 

chemicals of concern
• Identify receptors

• Characterize potential for 
adverse effects to occur

• Evaluate uncertainty



› Dynamic science and regulatory 
guidance/policies

› Which PFAS and why?
› Which regulation/screening value 

and why?
› Low ppt detection levels – what is 

background?
› Complex conceptual site models
› Consideration of mixtures effects 

and if so, how?
› Precedent-setting decisions
› Risk communication and public 

perception
7

Challenges with PFAS Risk Assessments

Image courtesy of H. Anderson, AFCEC



Which PFAS and Why?
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PFAS List #

EPA’s Chemical Dashboard 
“PFAS Master List”

6,648

Found in industry/commercial 
products (per EPA)

~600

Commercial labs – environmental 
samples analyte list

~40-70

Academic labs’ analyte list ~500

Toxicity value ~6

Standardized method for 
environmental samples & DW

29 - 40



Which PFAS and Why?
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https://www.apacone.com/environmental-investigations.html

METHOD (examples) Date 
Published Matrix Strengths Limitations

In-house 
“modified 531/537” --

Potable & Non-Potable 
Water, Soil, Sediment, 

Biosolids, Other  
Performance based · Not an established 

method 

Method 8327 July 2021 Non-Potable Water, Soil, 
Sediment, Biosolids, Other  None

· Will not meet DoD 
requirements and is not 
recommended

Method 1633 Draft Sept 
2021

Non-Potable Water, Soil, 
Sediment, Wastewater, 

Biosolids, Tissue

· Isotope dilution
· Expanded suite of 
analytes (40)
· MDLs of 1 – 10 ppt for 
water
· MDLs of 10 – 500 ppt 
for soil

· 40 PFAS only
· Isotopically labelled 
internal standards are 
only available for 24 of 
the 40 PFAS



Which Screening Levels? – Human Health
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Toxicity Criteria 
Source

Residential Scenario RBSL

Tap Water (µg/L) Soil (mg/kg)

THQ = 0.1 LCR = 1E-06 THQ = 0.1 LCR = 1E-06

PFOA USEPA (2016) 0.040 1.100 0.130 7.800

PFOS USEPA (2016) 0.040 NA 0.130 NA

PFBS USEPA (2021) 0.600 NA 1.900 NA

USEPA Regional Screening Levels as of November 2021

States with Groundwater and/or Drinking Water PFAS Values

ATSDR: Groundwater
Child Environmental Media Evaluation Guides (EMEGs)

(µg/L)

PFOA 0.021

PFOS 0.014

PFHxS 0.140

PFNA 0.021
Full list of numbers can be found:  https://pfas-1.itrcweb.org/fact-sheets/



Which Screening Levels? – Human Health
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Toxicity Criteria 
Source

Residential Scenario RBSL

Tap Water (µg/L) Soil (mg/kg)

THQ = 0.1 LCR = 1E-06 THQ = 0.1 LCR = 1E-06

PFOA USEPA (2016) 0.040 1.100 0.130 7.800

PFOS USEPA (2016) 0.040 NA 0.130 NA

PFBS USEPA (2021) 0.600 NA 1.900 NA

USEPA Regional Screening Levels as of November 2021

States with Groundwater and/or Drinking Water PFAS Values

ATSDR: Groundwater
Child Environmental Media Evaluation Guides (EMEGs)

(µg/L)

PFOA 0.021

PFOS 0.014

PFHxS 0.140

PFNA 0.021

Coming soon:
GenX
PFBA

PFHxA …

Full list of numbers can be found:  https://pfas-1.itrcweb.org/fact-sheets/



Which Screening Levels? – Human Health
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Screening Levels are Not all Created Equal

Threshold 
Screening 

Value
Weight of 
Evidence

Key Study 
& Critical 

Effect

Dose-
Response

Human 
Equivalence

Uncertainty 
Factors

Exposure 
Assumptions

Hazard 
Identification

Dose Response

Exposure 
Assessment

 Policy Requirements
 Scientific Judgement

Policy examples:
 Relative Source 

Contribution
 Receptor



When Does the EPA Health Advisory Apply?

13

70 ppt

Drinking Water

https://19january2017snapshot.epa.gov/dwsixyearreview/drinking-water-distribution-systems_.html

Municipal Water Distribution System

USEPA.  2019.  Interim 
Recommendations.  



Which Screening Levels? - Eco
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Screening Levels Protective of:
 Aquatic organisms (fish, 

invertebrates, amphibians, plants)
 Wildlife (birds and mammals)
 Chronic exposure
 Potential bioaccumulation and 

biomagnification

• PFBA, PFHxA, PFOA, PFNA, PFDA
• PFBS, PFHxS, PFOS

1. Literature
• Conder et al., 2019 

(SERDP)
• Divine et al., 2020 (SERDP)

2. Argonne National Lab (2021)
3. SFRWQCB Environmental 

Screening Levels
4. U.S. EPA (2023?)



Exposure Assessment
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 Human health

2 L /day = 6.5 glasses of water …

…everyday for 30 years

USEPA 2011 (and updates)

 Avian insectivore

Diet:  20 g insects/day

Water:  0.004 L/day 

Oak Ridge National 
Laboratory 1997



Human Health Exposure Pathways for PFAS
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Residential use of 
groundwater
as “tapwater”

Recreation use of 
surface water

Consumption of fish

Consumption of wild game

In utero exposure

Backyard garden and 
chickens

Direct contact with soil



Human Health Conceptual Site Model 
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Exposure 
Routes

Environmental 
Media

Groundwater

Surface water/Sediment

Soil

Contaminant 
Source

PFAS release 
area

Human Health 
Receptors

• Commercial/industrial workers
• Construction workers
• Trespasser/visitor
• Resident (adult + child)
• Hunter
• Angler
• Recreator

Plants and Wildlife

Ingestion

Dermal Inhalation

?



Human Health Conceptual Site Model 
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Exposure 
Routes

Environmental 
Media

Groundwater

Surface water/Sediment

Soil

Contaminant 
Source

PFAS release 
area

Human Health 
Receptors

• Commercial/industrial workers
• Construction workers
• Trespasser/visitor
• Resident (adult + child)
• Hunter
• Angler
• Recreator

Plants and Wildlife

Ingestion

Dermal Inhalation

?

Hold this thought…



Ecological Conceptual Site Model
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Exposure 
Routes

Environmental 
Media

Surface water / Sediment

Soil

Contaminant 
Source

Project area: 
PFAS releases

Representative 
Ecological Receptors

• Plants and 
invertebrates

• Fish (small, medium, 
large)

• Aquatic birds
• Terrestrial birds
• Small mammals
• Large mammals

Food Web

Ingestion
(direct and food web)



PFAS Uptake into Plants/Animals
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More Carbons
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High Bioaccumulation

(BCF > 5000)

Moderate Bioaccumulation
(1000 > BCF > 5000)

Low Bioaccumulation
(BCF < 1000)

Source:
1. U.S Department of Defense (DoD) Strategic Environmental Research and Development Program (SERDP).  2019. Guidance for Assessing Ecological 

Risks of PFAS to Threatened and Endangered Species at Aqueous Film Forming Foam-Impacted Sites. SERDP Project ER18-1614. 

PFAS Bioconcentration Factors (BCF): FISH

It is incorrect to state that all 
PFAS bioaccumulate or 
biomagnify. Depends on the 
PFAS and the biotic media.



Variability for PFAS Uptake –
Site-specific Information Will Be Key

21Within-group comparisons using box-and-whisker plots.
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Spider plot of median logBAF for PFOA, PFOS, and PFBA.  BAF is highest for 
PFBA for most crops.  Lowest BAF for PFBA is for tree fruits (apples).

It is incorrect to state that all PFAS bioaccumulate or 
biomagnify. Depends on the PFAS and the biotic media.



Toxicity Assessment – Selection of Tox Criteria
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EPA’s REQUIREMENTS

State-of-science methods, 
consistent with EPA guidance

Comprehensive, not 
cherry-picked

Most current science

Peer-reviewed

Transparent derivation



Human Health Hierarchy of Tox Value Sources 
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EPA Integrated Risk 
Information System 

(IRIS)

Agency for Toxic 
Substances and 
Disease Registry

Other EPA offices 
(e.g., Office of Water)

States, International 
Agencies

EPA Peer-Reviewed 
Provisional Toxicity 

Values

Ti
er

 1
Ti

er
 2

Ti
er

 3

PFOA PFOS 
PFHxS PFHxA

PFBS

PFBA
PFHxA
PFHxS

GenX
PFNA
PFDA

*Rapidly changing – consult an expert!



Quantify Risks and Identify Uncertainties
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Taking into account:
• Chemical concentration
• Chemical characteristics (such as bioavailability: 
how much reaches the target organs) 
• Exposure:

o What pathways/routes?
o How frequent? – Exposure frequency
o How long? – Exposure duration 

Concentration
Ingestion 

Rate
Bioavailable 

Fraction
Exposure 

Frequency
Exposure 
Duration

Body Weight Averaging 
Time

Average Daily Dose = 
x x x x

x

Toxicity Factor (in amount per day)



Quantify Risks and Identify Uncertainties
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Qualitative Quantitative

Choice of tox value
Exposure assumptionsPFAS without tox values

Sampling design
Receptor evaluation

Uncertainties are inherent in RAs
and cannot be eliminated;

however, the magnitude and impact
of some uncertainties can be
estimated by using upper and lower
bound point estimates and/or by the
use of probabilistic methods.



Wrap Up
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Scope and Methods
• Risk assessors need to 

be involved in data 
DQOs (target analytes, 
MDLs, media sampled)

• Work Plan:  Need to 
develop transparent 
decision logic

Dynamic Science and 
Regulations
• Must stay on top of 

literature
• Regulatory information 

to watch: CA, EPA
• Consult with experts

Food Web Risk Drivers
• Understanding site-

specific exposures 
and trophic transfer 
will be key
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