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Background

Per and Polyfluoroalkyl substances

e >4000 different PFAS compounds
e PFAS (the whole group of chemicals)
e Entirely man-made

Common element they are saturated with fluorine

e carboxylic acids (PFOA)
e sulfonic acids (PFOS)
e at least 5 other analytical groupings

Often referred to by length of fluorine saturated carbon
chain

e eg. Perfluorooctanoic acid is 8 carbons or “C8”
e We typically measure from C4 to C14
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Sampling follows study goals

* If your goal is broad reconnaissance or trends
* Hand-dip sampling
* Consider mixing, locations, and timing carefully

* |If you’re thinking about mass, loads, or sources
* Representative sampling of flowing water
* Depth/width integration
* Timing of samples with respect to relevant sources

* |If you’re thinking about exposure of aquatic organisms
* Dip/grab samples or collection of aquatic organisms
* Near surface vs below surface
* Serum vs tissue (exposure of organism vs exposure of consumers)
* Sediment
* Surface Foams

* Overarching
*  What materials are you using to collect your sample?
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Sampling Considerations
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Sampling Considerations
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Hydrophobic tails oriented
toward air (away from water)

Hydrophilic heads oriented
toward water
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USGS
Integrated
sampling

Mix
composite
sample

Fill
analytical
bottle

Goal is to represent the water flowing in the entire channel. Top to bottom. Bank to

% USGS bank.



USGS PFAS Science Workflow
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Geospatial Analysis

PFAS Production/ .
Using Industries Homes & Offices

Al

Landfill ES * Land use (upstream catchment)
*  Wetland
* Cropland

* Development

e Potential PFAS sources

Waste Wa(er -
Treatment Plant * (local catchment)

¢ Sinkholes

* Water pollution control facilities

* Military installations
Groundwater

* Airports

ennsylvania . ..
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* Combined sewer overflow outfalls

* Qil & gas wells

* Land recycling cleanup locations

* Superfund sites

* Major groups of EnviroFACTS industries

- . (manufacturing/service facilities w/ permitted discharges)



Detected PFAS
concentrations (ng/L)
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Urbanization
& PFAS

* n=161 streams
» 38 total input features

 Total PFAS yield (median)=
11.9-2 /km?

e dev_pct,
* % development

I Figure from: Breitmeyer et al. (2023). |
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Total PFAS Yield
(no development)
n= 161 streams
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Electronic & Other
Electrical Equipment &
Components (Except
Computer Equipment):

e Electrical industrial

apparatus

Household appliances

Electrical lighting

& wiring

* Radio & television

* Phones

e Electronic components &
accessories
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Highest outlier site removed
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Rural Oil & Gas
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Conclusions — Statewide Scale PFAS Source Attribution
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Conclusions — Statewide Scale PFAS Source Attribution

* Our study provides the first PA state-wide survey of PFAS concentrations, yields, & total pfas
association with potential sources in surface waters.

* This preliminary study is key for future study designs.

* Further temporal monitoring is necessary to determine whether PFAS relations to chloride are
impacted by season and/or hydrology.

* Future experimental designs should focus on PFAS trends in surface water, further evaluate
associated sources through the targeted sampling of individual PFAS & allow for PFAS attribution
from multiple sources.

 Additionally, future studies that incorporate beyond EPA Draft Method 1633 & utilize both targeted
& non-targeted analysis will provide better understanding of the breadth of PFAS present.

* For abatement efforts, focus should be on whether associations exist between PFAS contamination
& types of water pollution control or electronics manufacturing facilities, & respective wastewater
treatment techniques.

 Evaluation of proximal sources & multiple spatial scale effects will help further define the potential
effects of PFAS sources.
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ABSTRACT: Understanding per- and polyfluoroalkyl substances (PFAS) mass ‘%eofdowns
distribution in surface and groundwater systems can support source prioritization,

load reduction, and water management. Thirteen sites within an urban catchment were A
sampled utilizing a time-of-travel sampling approach to minimize the influence of s .‘.:
subdaily fluctuations in mass from PFAS point sources and to quantify PFAS and s
ancillary chemical loads from various PFAS sources. A larger increase in perfluoroalkyl [_;h‘c‘“\

sulfonate (PFSA) loads (8 to 11 ug/s, up to 6189%) than in perfluoroalkyl carboxylate |Sulfonates?
(PFCA) loads (no change to 3.4 ug/s, up to 122%) was observed at sites below |Carboxylate
tributaries influenced by military bases with known groundwater discharge. Point

discharges from two sewage treatment plants (STPs) resulted in increases in PFCA and PFSA loads
respectively) below the first STP and greater for PFCA compared to PFSA loads (23 and 13 ug/
STP. Overall, percent increases in total PFAS load ranged from 20 to 277% for military base inputs
focus catchment that represents only 14% (76.9 km?) of the drainage area at the most downstre:
about 70% of PFSA and 40% of PFCA loads observed at the most downstream site. Results shc
sampling approach in mixed, urban settings with several PFAS sources, it is possible to quantify st
sources, thereby improving source attribution and providing actionable data for water-resource m
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Background

* Sources of PFAS are often in close proximity
spatially

* Sub-daily fluctuations in mass discharge can
affect our understanding of PFAS sources

* Moving past concentrations and evaluating
mass contributions is essential to
understanding source

» Streamflow measurements necessary

* When tracking PFAS, other chemicals can
often help attribute source
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Setting

e Park Creek, Little Neshaminy Creek, and
Neshaminy Creek.

* Focus reach —

* Park Creek & Little Neshaminy in area of
Willow Grove Naval Air Base and Biddle Air
National Guard Station

* Park Creek STP
* Log College STP

* Reach is 14% of drainage area the drains to
site 13 (Neshaminy at Langhorne on PA213

* Underlain by Stockton Formation (fractured
sandstone aquifer)

* Active pumping of water supplies (public,
domestic, industrial)

* Mixture of residential, urban, suburban,
industrial, and commercial land cover
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Sampling

Samples collected by USGS staff over 3
days.

Integrated stream sampling

Streamflow measurements concurrent
with sample

Followed a time-of-travel approach based

on same day hydrologic conditions
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Analysis Performed on
Water Samples

* PFAS (1633)

* Total Oxidizable Percursors Analysis (TOPA)

* Dissolved Organic Carbon (DOC)

* Optical Properties (absorbance and fluorescence)

* Pharmaceutical compounds

* Volatile Organic Compounds (VOCs)
* Majorions
* Trace elements

* Physiochemical water properties (pH, specific
conductance, dissolved oxygen, temperature,
streamflow)

ZUSGS



Cumulative PFAS Load from Upstream to
Downstream

* PFAS demonstrate
conservative mass
behavior

* Greater than 50% of the
PFAS load at Langhorne
can be attributed to 14%
of the drainage area

PCSTP

o
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81 82
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200+

Downstream Confluence
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B Froa
PFBS
B rrPes
B FrHxs
I PFHpS
B eros
B carrs

* Bases sources account for
~33% of Z,,PFAS load,
while STPs account for
approximately 53% of
2,0PFAS load at Langhorne
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Cumulative
Pharmaceutical Loads
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—— PCSTP increase load by ~800 ug/sec

B mem * LCSTP increases load by ~10,000 ug/sec

B Tramacol (almost 10x)
B Venlataxine * 10 grams/second, 1 kg per 100 seconds!

Downstream Confluence

g

7200

-
B

3600+

Cumulative Pharmaceutical Load (ug/s)

1200

12 13




PC2-25%

p Wastewater Indicators
® Backgr 8 : 13
& Tl Bine N : LCSTP
4 - ® Other ]
* PCSTP 13 .
s US Confl :
* DS Confl :
e LCSTP !
1
- Oth Catch . 1
2 Sites less |
N ]
! impacted by :
focus reach |
i
]
Q1 ‘e Q4
Y & L L oo e e e - - e e e e e e e e e e e o W
0 E- |
I b
S
1
]
I 5 I
" .
4 Sites strongly :
impacted by 1% base |
drain from Willow :
Grove 1 6
4 ® : [ ]
L Military Base, Wastewater, and
Q2 . ; Industrial Iml‘lulnn Q3
-4 0 4
PC1-50%

2 USGS

PC2-25%

1.0+

0.54

0.0+

-1.0+

HIX
Fir A'C

DOC.TDN

Q2

Eir D:C™

S175.205

SUV.q,

S:‘)U- 350

- o e e s e o

n_pentanal

- e e e

Metform

G
dD_bc:Flrscn

Z Obe FDOM
FI

Fexofcn’qdme
21
Fir T:C

PFPeA
PFBS |
PFOA
PFHxA
PFBA

N\ PFHXA TO

APFPeS

PFOS PFHxS

PENA

PFHpA

Q3

-1.0

0.0
PC1-50%

0.5

1.0

PA



Conclusions — Small-scale PFAS
Source Attribution

* Sewage Treatment Plants are an important source of PFAS in Neshaminy
Creek

* Similar load to military bases

* A small part of a drainage area (14%):

* Contributes over 50% of the total load for the entire drainage (~600
km2)

¢ Contributes over 70% of the PFSA load
¢ Contributes over 40% of the PFCA load

* Time-of-travel sampling minimizes the influence of diurnal variation of
source inputs

* Attributing PFAS load to individual sources and source areas is a useful tool
for water resource managers




Sampling Scale and PFAS Attribution
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Thank You

Contact information
Joe Duris
717-730-6930

jwduris@usgs.gov

Funding provided by:

* Pennsylvania Department of Environmental Protection
(PADEP)

* U.S. Geological Survey (USGS) Cooperative Matching Funds
* USGS Water Mission Area
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