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Exactly how many compounds are we talking about?

2020:
> 200 uses for > 1,400 PFAS

(Gluge et al., 2020. Environ. Sci.: Processes & Impacts 22 (12):2345-2373)

2023:

Consumer Product
Safety Commission
Final White Paper

June 20 2023 .
Fast growing PFAS tree!

https://www.cpsc.gov/cont
ent/CPSC-PFAS-WhitePaper

e US manufactures or
imports > 2.5 billion

pounds of PFAS/year _
We can’t cut it down fast enough!


https://www.cpsc.gov/​content/​CPSC-PFAS-WhitePaper

2016: 2020: Jan. 3 2020 Jan. 10 2020
* PFOA, PFOS for CCL4 for public drinking water systems

* EPA LHAL: 70 ppt, PFOA, PFOS or PFOA+PFOS
2021:

* 18 PFAS for CCL5

* 29 PFAS for UCMR 5

PFAS timeline

(https://pfas-1.itrcweb.org/about-itrc/)



https://pfas-1.itrcweb.org/about-itrc/

lune 15 2022: EPA’s Proposed Action for the PFAS NPDWR (Mar 29 2023)

EPA interim updated health advisory levels:

https://www.epa.gov/system/files/docum
ents/2022-06/drinking-water-ha-pfas-
factsheet-communities.pdf

Hazard Index =

April 10 2024

https://www.epa.gov/sdwa/and-

polyfluoroalkyl-substances-

pfas#Summary



https://www.epa.gov/system/files/documents/2022-06/drinking-water-ha-pfas-factsheet-communities.pdf
https://www.epa.gov/sdwa/and-polyfluoroalkyl-substances-pfas#Summary




Current EPA analytical
PFOA, PFOS methods detect 40 PFAS

https://www.epa.gov/newsreleases/bi
den-harris-administration-finalizes-
April 19 2024 critical-rule-clean-pfas-contamination-

protect

Testing PFAS requires
expensive, sensitive
analytical instrument
and skilled analyst!



https://www.epa.gov/newsreleases/biden-harris-administration-finalizes-critical-rule-clean-pfas-contamination-protect

Current PFAS-Related Projects at VT:

Characterizing prevalence and risk factors of PFAS in rural private water supplies. USGS

Understanding the Prevalence, Transport, and Biogeochemical Transformations of
Contaminants of Emerging Concern (CECs) Across Watersheds with Socioeconomic
Disadvantaged Urban Communities. National Sea Grant.

Review and assess the state of PFAS science in agriculture to improve knowledge and
understanding of agricultural PFAS issues and conduct a suite of PFAS research projects to
inform NRCS activities. NRCS

Enhanced Aquifer Recharge Performance and Potential Risk in Different Regional and
Hydrogeologic Settings. EPA



Characterizing prevalence of PFAS in rural private water supplies USGS
Leigh Anne Krometis, Erin Ling, Kathleen Hohweiler, BSE; Kang Xia, SPES

: : . Roanoke County (n = 10)
Hohweiler et al. 2024. Sci. Total Environ.

929: 172539 Floyd County (n=10)

Method reporting limits (30 PFAS tested):
0.015-0.426 ppt

0.096 0.426 0.06 0.06 0.198 0.06 0.06 0.03 0.036

| preA | prreA | HFPO-DA| FBSA || L-prBs | PFHxA | 4:2FTS | L-PFPes | PFHpA | DONA |
0.054 ‘

| FHxSA | prHxs || ProA || 6:2Fts | L-PFHps | PFNA || Fosa | Pros PFDA | 8:2FTS |
0.015 0.06 0.354 0.06 0.06 0.06 0.06 0.06 0.06 0.06

|9CI-PF30NS| L-PFNS | PFUdA | N-MeFOSAA | N-EtFOSAA | L-PFDS | PFDoA | 11CI-PF30UdS | PFTrDA | PFTeDA
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06

* POE
wPOU



PFAS in private well - Key findings:

Did we detect PFAS? Kind of PFAS detected? Source of PFAS in well water?
 Yes! 85% of POE and 76% of POU e Varies e Well construction materials?
Comparing to municipal water? * Pipes?

. e Qther?
 Higher

Comparing to the EPA drinking water standard for PFAS?
* 3/20 houses > PFAS/PFOS limits, 1/20 house > HI limit




PFAS in:

* Rural surface water (NRCS)

e Coastal stormwater systems (SeaGrant)
* Mid-Atlantic biosolids (NRCS)

* Soils of pasture lands (NRCS)

Virginia Tech:
Ava Divita, R. Maguire, & Kang Xia, SPES; David Sample, BSE; Wendy Stout, VT Coastal
Collaborator Center; Stephen Schoenholtz, \Water Center; Savanna Blackburn & Michael Harrison,

HRAREC;

Outside Virginia Tech:
Citizen Scientists, Rockbridge Conservation (RACC), Virginia
Malcolm Taylor, Mid-Atlantic Biosolids Association




PFAS in rural surface water and urban stormwater systems — Key findings:

n= 27 14 14

Surface water
Rockbridge County, VA

n= 76 19 19

Stormwater systems
four VA coastal urban
communities

mmm \\/ater (ng/L)

= Sediment pore water (ng/L)
mmm Sediment (ng/kg, air dried basis)

e ~100x higher in urban storm water systems
than the surface water tested

)

—

 Sediments are reservoirs for PFAS

Sorbed pa==
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Porewater
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PFAS in Mid-Atlantic biosolids — Key findings:

mmm \\/ater-extractable (ng/L, solid/water ratio = 1:5)
=== Solid phase (ng/kg, air dried basis)

* PFAS in biosolids — varies among WWTPs

* PFAS composition in industrial sourced
biosolids is more complex

* Water-extractable PFAS @10’s - 1000’s ppt
* PFAS in solid phase @ 10’s ppb

0.4 —-47% of total PFAS in biosolids is water
soluble

e 0.2 —25% of (PFOA+PFOS) in biosolids is
water soluble

WWTP #1 — Urban, Thermal hydroysis/
Anaerobic digestion, addition of FeCl;
for P control

Water-extractable Solid phase

PFOS RFBA

’//PFOA
PFBA
PFOS

SPFAS = 50,172 ppt

PFOA

A

SPFAS = 1027 ppt

WWTP #2 - Enhanced nutrient removal - no digestion

Rural collection area
Water-extractable Solid phase

V//

PFOS

Industrialized collection area

Solid phase
N-EtFOSAA ’Gen'x A PFOS

———
‘ Gen-X

>PFAS = 156 ppt

Water-extractable

PFOS
PFA PFBA
N-M
Gen-X ﬁms

2PFAS =456 ppt 2PFAS =10,933 ppt

>PFAS = 14,875 ppt




PFAS in soils from Virginia pasture fields

https://www.nrdc.org/stories/americas-dairyland-may-have-pfas-problem

https://www.consumerreports.org/pfas/pfas-forever-chemicals-
found-in-some-milk-including-organic-a1101576034/

Biosolids land

application

https://www.npr.org/2024/03/28/1241473455/pfas-forever-chemicals-could-be-
contaminating-millions-of-acres-of-farmland

13



https://www.npr.org/2024/03/28/1241473455/pfas-forever-chemicals-could-be-contaminating-millions-of-acres-of-farmland
https://www.consumerreports.org/pfas/pfas-forever-chemicals-found-in-some-milk-including-organic-a1101576034/
https://www.nrdc.org/stories/americas-dairyland-may-have-pfas-problem

5-year cumulative biosolids application in Virginia Counties (dry Tons, 2018-2022)
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100 soil samples were
randomly selected from the
targeted counties where
pasture soil samples were
submitted to VT’s Soil
Testing Lab

Target counties were
selected based on their

cumulative biosolids
application in 2018-2022

Biosolids application history
was unknown for any
specific pasture field where
the soil samples were
collected

PFAS were tested



PFAS in soils from Virginia pasture fields — Key findings:
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5-year cumulative biosolids application (Ton, 2018 — 2022)



PFAS in pasture soils without 2PFAS = 11,611 ppt == PFOA + PFOS (69 — 9,053 ppt)
biosolids application: = Total PFAS (260 — 11,611 ppt)

>PFAS = 260 ppt

>PFAS = 2,276 ppt

V/wo:x

2PFAS = 1,094 ppt 3PFAS = 2,763 ppt




PFAS in pasture soils from counties
with 5-year cumulative biosolids
application at 20,000-50,000 dry Ton SPFAS = 4,078 ppt

B PFOA + PFOS (158 — 2,604 ppt)
B Total PFAS (365 — 4,078 ppt)

>PFAS = 305 ppt
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Biosolids land

application

https://www.npr.org/2024/03/28/1241473455/pfas-forever-chemicals-could-be-
contaminating-millions-of-acres-of-farmland



https://www.npr.org/2024/03/28/1241473455/pfas-forever-chemicals-could-be-contaminating-millions-of-acres-of-farmland

Is land-applied biosolids the only source?

Virginia Law (9VAC25-32-560):
Liquid biosolids shall not be applied at rates exceeding
14,000 gallon (52,996 L)/acre/application

 Highest total PFAS concentration in 18 different
liguid mid-Atlantic biosolids: 8,160 ng/L == PFOA + PFOS (158 — 2604 ppt)
+ 52,996 L/acre x 8,160 ng/L = 432 mg total PFAS/acre " ot PFAS (3654078 ppt)
* Dry weight of top 15 cm soil/acre = 1,000 Ton
e 14,000 gallon biosolids/acre/application
- 432 mg total PFAS/1,000 T dry soil
=4.32x10% ng/10° kg
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Lee €
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What other possible sources for PFAS in Virginia pasture lands?

== PFOA + PFOS (69 — 9053 ppt)
. . B Total PFAS (260 - 11611 ppt)
* PFOA + PFOS = 1.2 — 32 ppt in the rainwater

e Annual rainfall in Virginia: 35 — 55 inches (Avg = 45 inches)
 oneinch rain/acre =102,789 L

 Maximum annual (PFOA + PFOS) input/acre
=32 ng/Lx45x 102,789 L = 148x10° ng

* Dry weight of top 15 cm soil/acre=1,000 T .
148x106 ng /10° kg = 148 ng/kg (ppt)



?
Next: 2024 - 2026:

- PFAS in more private well water

— PFAS distribution in Virginia farm soils

— PFAS distribution in Virginia rainwater

—> fate of PFAS in biosolids-applied pasture land

— PFAS control strategies in agroecosystem

— PFAS in stormwater systems of EJ communities

— Constructed wetland to mitigate PFAS in stormwater

5-year cumulative biosolids application in Virginia Counties (dry Tons, 2018-2022)
no application Bl 11472 -18375

55-638 21803 -33158 ?
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l 1 PFAS The Environmental Occurrence of PFAS -
Where should This Never Ending (Forever)
PHAS Battle Begin/End?

PFAS

1 s PFAS 1 /

PFAS PFAS

PFAS

PFAS

PFAS

PFAS
PFAS

Possible routes for PFAS release into the environment

(https://www.gao.gov/assets/gao-22-105088.pdf) (https://www.whitehouse.gov/wp-
content/uploads/2023/03/0STP-March-2023-PFAS-Report.pdf)



https://www.gao.gov/assets/gao-22-105088.pdf
https://www.whitehouse.gov/wp-content/uploads/2023/03/OSTP-March-2023-PFAS-Report.pdf

THANK YOU!!!

All faculty and graduate student collaborators
Undergraduate Research Assistant: Jett Katyama
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Thank you!

Questions/Comments?



