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Objectives:

e Overview of research studying
environmental impacts of PFAS
* Field, laboratory, modeling studies

* Highlights: |
» Exposure to aquatic organisms o ¥ s
* Effects in aquatic organisms Bl T 8 B :
* Bioaccumulation

. N . ..
* PFAS in Maryland? .\

Cooper’s & Flat River




Why we need to understand PFAS F&T

NEWS RELEASE CONSUMPTION

ADVISORY!
]
FOR IMMEDIATE RELEASE: Jan. 15, 2021
Contact: Sean Strom, DNR Environmental Toxicologist
: Sean.Strom@wisconsin.gov or 608-220-4769
T ere are ciear an g rowin g Elizabeth Goodsit or Jennifer Miller, DHS Communications Specialists

DHSMedia@dhs.wisconsin.gov or 608-266-1683

CO n Ce r n S re ga rd i n g P FAS New Smelt Consumption Advisory for Lake Superior

Elevated Levels of PFAS Found in Rainbow Smelt

Human Health Concerns

Fish from this river may be contaminated with
Perfluorooctane Sulfonate (PFOS)
—_—

Neshaminy Creek Basin

Pk 5 330 Corraza, “ ” " %

Ecological impacts and impacts to
Ecosystem Services

For More Details, Visit DEP’s Website
www.dep.pa.gov/neshaminy

Home » Fish and shellfish program - Press releases - Public Health - Secretary Grumbles - Uncategorized » Department of the
Environment issues first fish consumption advisory for PFAS

Department of the Environment issues first fish consumption advisory for PFAS

n japperson Fish and shelfish program, Press releases. Public Health, Secretary Grumbles, Uncategorized
No Comments




PFAS in the Environment

Production/Point
Source

|

*Sometimes High Concs. *Relat-ively High Concs.
*Dominated by few PFAS :Domlnz;ted I;y few PFAS
PFOS often dominant




My intro to the 8 .
vvg rld of PFAS B\ 0,
in the

environment...

\ ?\ . R
; Upper Trib :
\' : Cooper’s & Flat River

Barksdale Air Force Base




PFAS Field Study:

~d— PFHxS water —#— PFOS water -4 PFHxS fish ---®-- PFOS fish

2500 -

% | 2000%

* PFAS vary < 2
* Spatially § 15°°§

» Temporally 8 | 1000 5

. 8 2

* Fish track 5 500 &
environmental = g 1%

concentrations

Lanza et al. 2017

PFAS vary in space and time




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




PFAS AFFF Site Generalities?

>200 installations
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PFAS Ecotox: Insights?

* 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. )

* Analysis of monitoring data:
* PFOS a dominant PFAS

* PFHxXS equally frequent but lower
than PFOS

* Toxicity of PFOS and PFOS +

PFHxS would seem a priority * Was PFOS + PFHxS more toxic

than PFOS alone?




PFAS Ecotoxicity TEEe 9

i

I Control

[ 140 PFOS: 70 PFHXS
I 210PFOS

B3 210 PFOS: 105 PFHXS

Larval - Juvenile Juvenile - Adult

* Indicates significant difference from the control (p<0.05)

In birds: females, not males In Reptiles: strong effect
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PFAS Ecotox Highlights

* There are clear and somewhat
predictable patterns of PFAS in AFFF-
impacted systems

* PFOS dominant, PFOS + PFHxS always
present

In fish:

* PFOS most toxic single PFAS

* Mixtures yield some synergism but not
universal; nOt easily predicted? Inlgbirds:fjemales,énotmak.es ...... Ir\vReptiIes:s:ig\;_eLffect '




PFAS Bioaccumulation in Fish

0 200 400 600 800 1000 1200

Martin et al. 2009
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PFAS Bioaccumulation in Fish

Laboratory
PFAS Concentrations Bioaccumulation
Field Studies Studies
Environment + Fish (Environment, species)

- tional Pond
Air Force Base Creek

- -




PFAS Bioaccumulation in Fish

PFAS in surface water from AFB Creek

SumPFAS (ng/L) AFB Creek
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PFAS Bioaccumulation

* BAFs in line with published
values (Burkhard 2021)

* But, still considerable
variability?

log BAF (ng/g) ww

Species

Creek Chubsucker
Dace sp.

Darter sp.

Eastern Mudminnow
Fallfish

Largemouth Bass
Margined Madtom
Pumpkinsead

Swiallovaail Shiner

Tissue

A

Percentile

Whole Body
Muscle

Liver

Burkhard 2021
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PFAS Bioaccumulation in Fish

* What factors contribute to PFAS variability in fish?

Average “new” PFHXS in Water ) Average PFHxS in BG Liver
: Only fish at high salinity accumulated PFHxS!

—— |} BG SMR
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PFAS Bioaccumulation in Fish

* Does metabolic rate
impact PFAS

bioaccumulation? s prOS
X 1.00 3
BW |
e ® 0002 0.754 * x B;N 0,002
@ o003 ‘
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Effect! . v E T
* 600
o 1200 0.25- * 600
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PFAS Fish Bioaccumulation Model

* Implemented two published
fish bioaccumulation models

Criy = kICwater + kDCdiet
(Arnot and Gobas, 2004) fish = o+ kg + ke + kr
Gill Gill uptake
. ventilation (kq) € (k1)
* Sun et al' (2022) Growth dilution I
(k) / / |
Renal : Dietary uptake
E (kp)

* Liang et al. (2022) elimination (kg)  Fece passtion

[ Tissue phospho-  blood plasma  neutral other r]

partiioning = lipid T+  protein T lipid -+ organic 4 wate
matter




PFAS Fish Bioaccumulation Model

e Sun et al. (2022) generally
performed better

known PFAS in diet modeled PFAS in diet
* AFB Creek
561 561 PFAA
* Navy Rec pond E . 2 s o rruvs
g Al P ) g A A PENA
%-)4_ A .' 0614_ A () o® @® PFOA
§ { ‘ % /{ ‘ ® PFOS
* Reasonable agreement x ¢ e © _—
between modeled and = =2 % Smu
observed data . ; - - - -

Modeled log PFAS (ng/kg) Modeled log PFAS (ng/kg)



PFAS Bioaccumulation in Fish

SumPFAS (ng/L) AFB Creek

* PFAS vary in space and time « Down
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* That said, existing bioaccumulation models g°
appear to work reasonably well 2 A ?
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PFAS in MD and Chesapeake?

|Sum PFAS in fish - 2021 |

e 0 0 10 O 20 o HarborsandBay © Western Bay

e sumPFAS in fish from Meto
2021 from different won-
water bodies in MD oo
d;&éé ’
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79°W 78°W 77°W 76°W 75°W



PFAS Bioaccumulation in Fish

* Apparent “enrichment” of PFOS §o I
in fish tissues - . I —
gzo\ \— -Hl \‘ | - | --‘ ‘--
| | ERERER RN
* Despite relatively low SEREEREREEEEERER
. . Sampling species
concentrations in water? B | 221 —
=
5. =
Ew —='—__ __—_ . ——
1 a2Ftsa [ prea [ PrHps | PFOA [ PFPes = — —g
B 3 3 g g g s § s § g gz % E £
W s2rrsa [ pres | prrixa [ PFODA | PFTeDA i1 § 5 % F 3 L §§5 53 S SRE
I erosa [ proa [ PRHxS PFOS PFTDA % g § g g § § § g E % ; § E § g § g § §
I nmerosa [T PRHpa |1 PRNA PFPeA = PFUnA g % g g g : % z : : ; § 8 § é £ g § 2
Sampling species



Take-Home Messages

* PFAS are complicated

* PFAS can vary over relatively short
timescales and spatial scales

* PFOS is an important PFAS ? | 5
* PFAS Mixtures are likely relevant . T .
* Existing BAMs appear to work reasonably e
g e ML
well .
* Environment and physiology can
contribute to variation in PFAS bioaccum o

e Patterns and sources of PFAS in MD water
and fish

PFAS (nglg) intissue @




Thanks!
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