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Objectives:
• Overview of research studying 

environmental impacts of PFAS
• Field, laboratory, modeling studies

• Highlights:
• Exposure to aquatic organisms
• Effects in aquatic organisms
• Bioaccumulation

• PFAS in Maryland?



Why we need to understand PFAS F&T

There are clear and growing 
concerns regarding PFAS

Human Health Concerns

Ecological impacts and impacts to
Ecosystem Services



PFAS in the Environment

AFFF Use/ 
Spill

Production/Point 
Source

Misc./Urban/
Effluent/Atmos., etc.

*Relatively High Concs.
*Dominated by few PFAS
*PFOS often dominant

*Sometimes High Concs.
*Dominated by few PFAS

*Gen. Lower Concs.
*Various PFAS
*Dominant PFAS varies or 
well-mixed

Generalizations…



Flag Lake

Cooper’s

Cooper’s & Flat River

Mack’s

Flat River

FTA 01

FTA 02

Barksdale Air Force Base

Upper Trib

My intro to the 
world of PFAS 
in the 
environment…



• PFAS vary
• Spatially
• Temporally

• Fish track 
environmental 
concentrations

PFAS vary in space and time
Lanza et al. 2017

PFAS Field Study:



Questions that Surfaced:

• What are representative PFAS at AFFF sites 
(do they even exist)?

• Do we have toxicity data that matches likely 
exposure scenarios (PFAS mixtures?)?

• Can we understand factors that improve  
estimates of bioaccumulation for relevant 
PFAS?

Air Force AFCED: PFAS at Barksdale AFB

SERDP:
ER-2627 Ecotox of PFAS to wildlife

ER19-1193: Bioaccumlation of PFAS in fish

ER18-1626: PFAS risk to threatened and 
endangered species (avian risk)
 



PFAS AFFF Site Generalities?

Surface Water Soil

East et al. 2021 East et al. in rev.

>200 installations



PFAS Ecotox: Insights?

• Analysis of monitoring data:
• PFOS a dominant PFAS 
• PFHxS equally frequent but lower 

than PFOS

• Toxicity of PFOS and PFOS + 
PFHxS would seem a priority

• PFOS and mixture toxicity to:
• Chironomids (McCarthy et al. )

• Fathead Minnows (Suski et al. )

• Lizards (brown anole) (Salice et al. )

• Bobwhite quail (Dennis et al. )

• Was PFOS + PFHxS more toxic 
than PFOS alone?



PFAS Ecotoxicity

Suski et al. 2021
Dennis et al. 2020

Preliminary

Preliminary



PFAS Ecotox Highlights 

• There are clear and somewhat 
predictable patterns of PFAS in AFFF-
impacted systems 
• PFOS dominant, PFOS + PFHxS always 

present

• PFOS most toxic single PFAS

• Mixtures yield some synergism but not 
universal; not easily predicted?



PFAS Bioaccumulation in Fish

Burkhard 2021



PFAS Bioaccumulation in Fish



PFAS in surface water from AFB Creek

PFAS Bioaccumulation in Fish
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PFAS Bioaccumulation in Fish

• BAFs in line with published 
values (Burkhard 2021)

• But, still considerable 
variability?

Burkhard 2021



• What factors contribute to PFAS variability in fish?

PFAS Bioaccumulation in Fish

BG SMR

Only fish at high salinity accumulated PFHxS!



• Does metabolic rate 
impact PFAS 
bioaccumulation?

PFAS Bioaccumulation in Fish

Indeed! It appears 
To have a positive

Effect!



• Implemented two published 
fish bioaccumulation models 
(Arnot and Gobas, 2004)

• Sun et al. (2022)*

• Liang et al. (2022)

PFAS Fish Bioaccumulation Model



• Sun et al. (2022) generally 
performed better
• AFB Creek
• Navy Rec pond

• Reasonable agreement 
between modeled and 
observed data

PFAS Fish Bioaccumulation Model



• PFAS vary in space and time

• Physiological and environmental factors 
can impact PFAS bioaccumulation in fish

• That said, existing bioaccumulation models 
appear to work reasonably well

PFAS Bioaccumulation in Fish
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• sumPFAS in fish from 
2021 from different 
water bodies in MD

• Note scale (30 ng/g 
highest)

PFAS in MD and Chesapeake?



• Apparent ”enrichment” of PFOS 
in fish tissues

• Despite relatively low 
concentrations in water?

PFAS Bioaccumulation in Fish



• PFAS are complicated
• PFAS can vary over relatively short 

timescales and spatial scales
• PFOS is an important PFAS
• PFAS Mixtures are likely relevant
• Existing BAMs appear to work reasonably 

well
• Environment and physiology can 

contribute to variation in PFAS bioaccum
• Patterns and sources of PFAS in MD water 

and fish

Take-Home Messages



Thanks!



• Lanza et al. 2017 (BAFB fish): ET&C pp. 2022-2029
• Salice et al. 2018 (BAFB risk assessment): ET&C pp. ET&C 2198-2209
• Dennis et al. 2020 (Avian tox): ET&C pp. 1101-1111
• Suski et al. 2021 (Fish Toxicity): ET&C pp. 811-819
• McCarthy et al. 2021 (invert tox): ET&C pp. 2319-2333
• East et al. 2021 (PFAS profile AFFF sites): ET&C pp. 871-882
• Brown et al. 2023 (PFAS in pond): SOTE pp. vol. 880
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