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Wastewater treatment facilities play a central role

in concentrating and fractionating PFAS
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PFAS signatures in WW effluent differ from sludge
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Fractionation occurs through facility
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Fractionation occurs through facility
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PFAS fingerprinting commonly applied to

surface waters, but not wastewater
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Near US Air Force Bases: Prioritizing Individual Chemicals and
Mixtures for Toxicity Testing and Risk Assessment
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Characterizing sources could help reduce PFAS from WWTF

'Forever chemicals' contaminate milk on Maine
dairy farm

Maine to investigate more than 500 sludge sites for
contamination by ‘forever chemicals’ i | esbtbohi

With $30 million in state funding, officials plan an unprecedented effort o test sites statewide for

chemicals known as PFAS and assist people affected by the pollution

STAFF WRITER

o PFAS chemicals found in some
by el garden fertilizers, according to
study

E13
VIEW ALL PHOTOS

ALBION (WGME) - A farm in Albion has discovered harmful forever
chemicals in some of their products.

According to an Ecology Center and Sierra Club study, all of the
fertilizers investigated contain biosolids, leftover sludge from
wastewater treatment plants

« Also read: Maine farmers could face financial ruin amid 'forever

chemical’ crisis

Late last week, the owners of Misty Brook Farm found out some of their
cow milk was contaminated with PFAS.

Now they're waiting for test results from the state.

Rulemaking ongoing for:
-Biosolids
-Surface Water
-NPDES Permitholders
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What tools target PFAS mass reduction in WW?
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What tools target PFAS mass reduction in WW?
Pollution Prevention (P2)

Source “Pollution prevention (P2) is any practice that
Reduction reduces, eliminates, or prevents pollution at its
source. P2, also known as "source reduction,"
is the ounce-of-prevention approach to waste
management. Reducing the amount of
pollution produced means less waste to
control, treat, or dispose of.” U.S. EPA

Eliminate

Defining sources of
PFAS is critical for
reduction in WWTFs

Pollution
Reduce Prevention

From: https://www.lanl.gov/environment/sustainability/pollution-prevention.php BACKGROUND



Our “Fingerprinting” Approach...

Overarching Objective:

Mine growing PFAS databases to evaluate sources
and removal patterns in different wastewater media
(with the ultimate goal of elimination)

Research Questions:

1. Are there differences in influent, effluent, and sludge
PFAS signatures?

2. Are known upstream sources associated with
predictable PFAS compositions?

3. Does sludge handling influence PFAS signatures?
OBJECTIVES 10



A word about methods...
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Source Attribution of Poly- and Perfluoroalkyl Substances (PFASSs) in
Surface Waters from Rhode Island and the New York Metropolitan
Area

Xianming Zhang*t¥, Rainer Lohmann$, Clifton Dassuncaot?, t* Andrea K. Weber®, Chad D. VecitisT, and

Elsie M. Sunderland™*
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Data and databases used... Weston(®)

50 South Main Sireed, Sulke 2
‘Walestury, VT DG
Bl BOZ. 24450451

January 30, 2020

“PFAS at Wastewater Treatment Poly- and Perflucroalky

Substances at Wastewater

Facilities and Landfill Leachate”, Treatment Faciltes and Landfi

(2019) Weston & Sampson, 2019 Summary Report
available from VTDEC

PFAS in WWTF influent, effluent,
sludges, biosolids, available
through NHDES "One-Stop”
database (accessed 2020)
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1. Are there differences in influent, effluent,

and sludge PFAS signatures?
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Applied NMDS with - .

analysis of similarity e ¢
(AOSIM) to W&S data o "o

0.51

NMDS2
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NMDS1
Adams et. al, in preparation. Non-multidimensional scaling of influent PFAS measurements
for 18 Vermont WWTFs (AOSIM, Figure S1, p<0.001, R=0.3234 ; Pairwise ADONIS, INF &
EFF p<0.001, INF & Sludge p<0.001, EFF & Sludge p<0.001).
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Adams et. al, in preparation. Non-multidimensional scaling of influent PFAS measurements
for 18 Vermont WWTFs (AOSIM, Figure S1, p<0.001, R=0.3234 ; Pairwise ADONIS, INF &
EFF p<0.001, INF & Sludge p<0.001, EFF & Sludge p<0.001).
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1.51

Indicator analysis

revealed which B cnoen o
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Adams et. al, in preparation. Non-multidimensional scaling of influent PFAS measurements
for 18 Vermont WWTFs (AOSIM, Figure S1, p<0.001, R=0.3234 ; Pairwise ADONIS, INF &

Venn ey S S g e ol EFF p<0.001, INF & Sludge p<0.001, EFF & Sludge p<0.001).
species analysis results
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1. Are there differences in influent, effluent,

and sludge PFAS signatures?

Air Emissions
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Modified from Michigan Department of Environment, Great Lakes, and Energy
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2. Are known upstream sources associated with

certain PFAS compositions?
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Same data, but classified by sources

known to be discharging to WWTFs

Industrial Discharge Landfill Leachate Residential/Commercial/
(with IPP) (>1%) Food Prep Only
Barre Montpelier Burlington- North
Brattleboro Newport Shelburne

Burlington- Main

Essex

South Burlington- Bartlett Bay
St. Johnsbury

Milton
Randolph

Williamstown

Northfield

Rutland
Saint Albans

Springfield

Swanton

RESULTS
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Sidenote: concentration differences observed by source
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Mean total PFAS concentration categorized by influent characteristic (A) for influent and
(B) for effluent (Kruskal-Wallis ANOVA and Tukey-Kramer Test; alpha=0.05)
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Applied NMDS with
analysis of similarity
(AOSIM) to W&S data

Landfill leachate-
accepting influent

samples distinct in
sighature
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Adams et. al, in preparation. Non-multidimensional scaling of influent PFAS measurements
for 18 Vermont WWTFs (AOSIM, Figure S1, p<0.001, R=0.1952, Pairwise ADONIS: ID & LL
p<0.001, ID & RES p=0.035, LL & RES p<0.001).

RESULTS
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Applied NMDS with
analysis of similarity
(AOSIM) to W&S data

Landfill leachate-

accepting influent

samples distinct in
sighature

Industrial discharge (IPP)
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Adams et. al, in preparation. Non-multidimensional scaling of influent PFAS measurements
for 18 Vermont WWTFs (AOSIM, Figure S1, p<0.001, R=0.1952, Pairwise ADONIS: ID & LL
p<0.001, ID & RES p=0.035, LL & RES p<0.001).

RESULTS
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Indicator analysis
revealed FT and short
chain PFAS drive
differences in samples
containing landfill
leachate
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Venn diagram illustrating indicator
species analysis results
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Adams et. al, in preparation. Non-multidimensional scaling of influent PFAS measurements
for 18 Vermont WWTFs (AOSIM, Figure S1, p<0.001, R=0.1952, Pairwise ADONIS: ID & LL
p<0.001, ID & RES p=0.035, LL & RES p<0.001).
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RESULTS
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Differences in source
composition are less
pronounced after
treatment

Industrial
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Adams et. al, in preparation. Non-multidimensional scaling of effluent PFAS measurements
for 18 Vermont WWTFs (AOSIM, Figure S1, p<0.001, R=0.1396, Pairwise ADONIS: ID & LL
p<0.001, ID & RES p=0.012, LL & RES p<0.001).

RESULTS

24



2. Are known upstream sources associated with

certain PFAS compositions?
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Modified from Michigan Department of Environment, Great Lakes, and Energy
https://www.michigan.gov/pfasresponse/0,9038,7-365-86510_88079-476131--,00.html RESULTS 25



3. Does sludge handling influence PFAS signature?

Air Emissions
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analysis of similarity
(AOSIM) to NH and VT PFTIDA
biosolids data

Anaerobic Digestion

0.5
N
A
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Z
PFD
0.5
. Anaerobic Digestion
v Compost
1.0 m @ Lime Stabilization
Lime Stabilization § A NoPSRP or VAR

6:2FTS

0 1
NMDS1

Adams et al, in preparation. Non-multidimensional scaling of sludges and biosolids PFAS
measurements for 18 Vermont and 26 New Hampshire WW or biosolid facilities (AOSIM, Figure S1,
p=0.002, R=0.3463; Pairwise ADONIS, AD & CP p=0.006, AD & LS p=0.430, AD & NPSRP
p=0.363, CP & LS p=0.009, CP & NPSRP p=0.002, LS & NPSRP p=0.066).

RESULTS 27



analysis of similarity
(AOSIM) to NH and VT PFTIDA
biosolids data

Anaerobic Digestion

PFD

Stabilization treatment
significantly alters
PFAS signature

. Anaerobic Digestion
 Compost
m . Lime Stabilization
Lime Stabilization § A NoPSRP or VAR

6:2FTS

1.0

0 1
NMDS1

Adams et al, in preparation. Non-multidimensional scaling of sludges and biosolids PFAS
measurements for 18 Vermont and 26 New Hampshire WW or biosolid facilities (AOSIM, Figure S1,
p=0.002, R=0.3463; Pairwise ADONIS, AD & CP p=0.006, AD & LS p=0.430, AD & NPSRP p=0.363,
CP & LS p=0.009, CP & NPSRP p=0.002, LS & NPSRP p=0.066).

RESULTS 28



Compost handling had
distinct signature of
short chain and PFCA o compost

-
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Adams et al, in preparation. Non-multidimensional scaling of sludges and biosolids PFAS
measurements for 18 Vermont and 26 New Hampshire WW or biosolid facilities (AOSIM, Figure S1,
p=0.002, R=0.3463; Pairwise ADONIS, AD & CP p=0.006, AD & LS p=0.430, AD & NPSRP

Venn diagram illustrating indicator p=0.363, CP & LS p=0.009, CP & NPSRP p=0.002, LS & NPSRP p=0.066).

species analysis results
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3. Does sludge handling influence PFAS signature?

Air Emissions

Summary/key points

L (SIVU)

» Stabilization processes alters
PFAS signatures uptakein

* Composted sample signatures
are distinct, dominated by elosalds
shorter chain PFAS, possibly
due to incorporated media or
handling differences. ' . W
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Modified from Michigan Department of Environment, Great Lakes, and Energy
https://www.michigan.gov/pfasresponse/0,9038,7-365-86510_88079-476131--,00.html RES U I—TS 30



Looking upstream, applying P2 approach...

|

Middlebury, VT Sewer Shed

(Isotope Dilution)

6:2FTS

Characterizing municipal
and industrial sources in
upstream VT sewer sheds

Improved knowledge of
signatures will help
municipalities predict,
reduce, eliminate
upstream sources

31
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