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Outline

* Foam Fractionation (FF) PFAS
Short-Chain Removal
Enhancement

* Conventional surfactants
* WCG products
* New resin compounds

* FF Air Emissions
* PFAS
* Conventional Air Pollutants

All Sanborn Head Test Results
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Pilot Study

Foam Fractionation

* Remove Efficiency
* Air Emission
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PFAS Removal and
Concentration by FF

* Good removal for
long-chain PFAS

 Short-chain PFAS
with incomplete
removal

What can be done to
improve short-chain
removal efficiency?
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Foam Fractionation Treatment Efficiency from Sanborn Head Project Data

Upper % Lower % Median
Perfluoroalkyl carboxylic acid (PFCA)
Perfluorobutanoic Acid (PFBA) [3] 30% -67% 2%
Perfluoropentanoic Acid (PFPeA) [4] 46% -47% 15%
Perfluorohexanoic Acid (PFHxA) [5] 89% 16% 47%

Perfluoroheptanoic Acid (PFHpA) [6]

<100% (All below DL)

Perfluorooctanoic Acid (PFOA) [7]

<100% (All below DL)

Perfluorononanoic Acid (PFNA) [8]

<100% (All below DL)

Perfluorodecanoic Acid (PFDA) [9]

<100% (All below DL)

Perfluoroalkane sulfonic acid (PFSA)

Perfluorobutanesulfonic Acid (PFBS) [4S] 89% -2% 24%
Perfluoropentanesulfonic Acid (PFPeS) [5S] <100% (All below DL)
Perfluorohexanesulfonic Acid (PFHXS) [6S] <100% (All below DL)
Perfluoroheptanesulfonic Acid (PFHpS) [7S] <100% (All below DL)
Perfluorooctanesulfonic Acid (PFOS) [8S] <100% (All below DL)
Precursors

3-Perfluoropentylpropanoic acid (5:3 FTCA) 99% 85% 95%
3-Perfluoroheptylpropanoic acid (7:3 FTCA) 100% 90% 94%,
1H,1H,2H,2H-Perfluorooctanesulfonic Acid

(6:2FTS) 100% 77% 96%

N-Ethyl Perfluorooctanesulfonamidoacetic
Acid (NEtFOSAA)

88%

81%

83%

GenX

20%

-30%

0%




PFAS Removal and Concentration by Groups

Landfill B showed
significantly better
removal efficiency
and higher
degrees of
concentration

For TDS, BOS, LSI,
Landfill 1 > Landfill
2

PF1- Post First
Fractionator

PF2- Post Second
Fractionator

PF3- Post third
fractionator

TF — Treated
foamate

PF — Primary
Foamate

SF — Secondary
Foamate
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Conventional Surfactants

e Surfactant addition to enhance short-chain

removal

* Cetrimonium bromide (CTAB) -10 to 15 ppm
 Steralkonium chloride (Quat) — 5 to 10 ppm
* Cetylpridinium Chloride (CPC) — 5 to 10 ppm

* Antiscalant — 200 ppm
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Hydraulic Retention Time (HRT) Per Fractionator

Primary foamate 3% to 10% and secondary
foamate 0.18% to 0.5% of raw leachate

* More robust treatment and surfactant additions
generated more foamate
Marginal improvement

* If only targeting PFOA and PFOS, no need for
additional surfactant or enhancement



WCG-1

Landfill 2
100%
* Water and Cabon Group (WCG) patented compound ooy =~ PFHAA &
- WCG-1 8% LipFHA) R
* 150 to 200 ppm & .
. . 60% =
* 50% to 100% higher primary foamate 3 -
o 50% OPFBS (S)
- 40%
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90% g 10%
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® PFBS = HRT Per Fractionator
5 60% |
o | . . pe . .
S 50%  OPFBS(S) * Significantly improved short-chain PFAS
™ 40% removal
30% o ® * PFBS from 70% to 90%
>0% *  PFHXA from 70% to 90%
0 ()
10% * Air:Water ratio showed less impact than
0% Residence time
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Gemini Resin

* Short-duration — first GEMIN RESIN RESULTS
fraCtIOnatOr B G1l-15ppm FIG1-30ppm ® G2-15ppm ~ G2-30ppm B NS
100%
* Divalent resin compounds 00%
* Short-chain enhancement: 80%
* G1>G2 70%

60%

* High dosage showed better
removal efficiency for
short-chain compounds

* Long-chain impact
* Decrease removal )
efficiency: G2>G1 o

. . 0%
* Longer residence time to
meet the long-chain
standards NS — non-surfactant
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Lessons Learned — Short-Chain Removal

4 e Long-chain efficiency is high without
Don’t when not enhancement
required e Higher foamate generation with
< ~additional surfactant
~ Bal hort-
dlance shor e Flow-through treatment so surfactant
chain vs long- enhancement can be applied at the
chain - second fractionator

€
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MultiRae Monitoring at Post
Carbon

NS

1"

Drager Tube for Moisture
before Scrubber

PID Monitoring
before Scrubber

Exhibit A: Examples of Air

* The extensive air sampling program
aims to answer:

* What compounds are present in the
FF air emissions?

* How do these pollutants behave?

* Are the air emissions posing any
significant environmental impact?
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Air Emission
Results

e Landfill A:

* FTOH>>FTCA>FASA
>PFCA>PFSA
 8:2and 10:2 FTOH levels

were higher than typical
levels in landfill gas

* Landfill B:
* FTCA>>PFCA>PFSA>FTSA
>FASA

* FTOH was below the
detection limit

* Activated carbon
effectively removed PFAS

* Aerosol transport is likely
not the major path for
FTCA, FASA, FTOH
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Air Emission Results

 PFAS
concentrations in
alr emissions
showed less
variation between
the primary
treatment and the
second treatment
steps.

* PFCA and PFSA 0
were detected in
the blank.

B PFCA HEPFSA
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Mass Ratio

* FTCA and FASA mass
in air showed
correlation with
leachate mass

* The mass of PFCA
and PFSA was low in
air and did not show
correlations with
leachate mass
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FaCtorS for PFAS in Air @ PFCA @ PFSA @ FTCA @ FTSA @ FASA

'::‘g 2.5%
* Excluding FTOH, FASA and FTCA
showed the highest mass ratioinair 3§ *™
emission. T s
L] . [ <
* FASA mass ratio in air showed s
correlation with air sparging rates. g
0.5%
@ PFCA @ PFSA @ FTCA O FTSA @ FASA
0.0% 5
5 50 60 65 70 75 80 85
R Temperature (F)
2.00% oy e . .
2 * Surfactant addition likely increased
g 150 the mass ratio in air.
.g o0 * Temperature could affect FTCA
g emission in air.
g * PFCA and PFSA, removing
£ oom background interference, showed
g 0 5 10 15 20 low mass ratio in air under all
Air Sparging Rate (m3/h) variable conditions.
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VOCGs in Air

Emission

e Ketone and BTEX
compounds are the most
common VOCs in air
emissions

* GAC can remove VOCs.
100%

95%

90%

85%

80%

75%

70%

@ 2-MEK

65% @ Acetone

% Mass Remained in Leachate

60%
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Air:Water Ratio
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Concer\tratlon Concentration in |Post-Control
Molecular in Pre-Control . .
. . . Exhaust Gas Emission
Weight Exhaust Gas | Emission Rate
Compound (Post-Control) Rate
(Pre-Control)
g/mol ppbv Ibs/hr ppbv Ibs/hr
Acetone 58.08 3525 6.3E-04 60 1.1E-05
Benzene 78.11 34 8.1E-06 15 3.7E-06
Carbon disulfide 76.13 41 9.5E-06 15 3.6E-06
Dichloromethane 84.94 27 7.0E-06 5.7 1.5E-06
Methyl ethyl ketone 72.11 1975 4.4E-04 37.3 8.2E-06
Methyl isobutyl ketone 100.16 42 1.3E-05 3.3 1.0E-06
Toluene 92.13 52 1.5E-05 3.3 9.3E-07
Xylene (m,p-) 106.16 23 7.5E-06 3.3 1.1E-06

Y

* For a pilot study, the air emission rates

are below the NH regulatory De Minimis

levels

* VOC concentrations in air generally follow
Henry’s Law.

120
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VOCs in Air Emissions

* When the VOC levels are
near the background level,
it is important to obtain
the background samples

* Sampling tubing
* Ambient air

e Scrubber could also
partially remove VOCs.

e Secondary treatment does
not generate high levels of
VOCs

* Low sparging rate

* Low levels of VOC in
leachate

Total VOC (ppbv)
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Non-organic Pollutants

* Most
significantly
impacted by
temperature
and leachate
concentration

* Not typically
regulated for
leachate
treatment

* Odor issue

* Potential health
issue
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Air Monitoring Result Summary

* What compounds are present in the FF air emissions?
* Highly dependent on the leachate chemistry — PFAS, VOC, odorous
compounds
* How do these pollutants behave?
* PFAS — more complicated
* VOC - Henry’s law
* Odorous compounds — Sparging rate and temperature

* Are the air emissions posing any significant environmental impact?
* Highly dependent on the leachate chemistry
* Potential without a proper control system
* Odor impact
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Lessons Learned — Overall Summary

P
PFAS Treatment
Performance

&
P

Air Emission Control
&
P

Process Optimization
&
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Long-chain PFAS removal is highly effective without enhancement

High short-chain removal efficiency requires surfactant additions but
complicates overall treatment

Activated carbon effectively removes PFAS from air emissions; wet
scrubber can control inorganic air pollutants/odorous compounds

FTOH and FTCA dominate air PFAS emissions; VOCs, sulfide, and ammonia
also require attention

Full-scale systems can generate substantial emissions requiring dedicated
control

Balance short-chain vs long-chain — enhancement not needed if only
targeting PFOA/PFOS

Flow-through design allows targeted surfactant application at the second
fractionator

Leachate characteristics vary significantly between sites and affect
treatment performance
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Questions

* Lingke Zeng

Dr Steve Zemba
Brian Beaudoin
Eric Steinhauser
Matt Estabrooks
Laura Williams
Ron St Michel
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