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Aerosilization of PFAS — How much is disappearing into thin air?

) ) ) Varying Time for Aerosolization Cycles (no top-u
* SAFF using ‘aerosol fractionation’ process vine yeles { p-up)

100.0

* No liquid phase transition into fractionate 500 °
* 90%+ removal of PFOS and 50+%removal of PFOA 80.0 o
. . . .

using aerosolization alone _ ZZZ !

* This has significant Fate and Transport S . ?
. . & ° e @ PFOS

Implications x 400 o o bron
* May explain why PFAS mass balance rarely works jzg

in the ‘real world'. 100
* Important safety considerations for remediators 0.0

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
and operators. Length of Cycle (hrs)
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Aerosilization of PFAS — How much is disappearing into thin air?

Landfill Leachate Dams / SBR’s / MIBR’s

The aerobic
activated sludge
process for treating
leachate includes
sequencing batch
reactors (SBR) —
removes Ammonia &
BOD.
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PFAS all around us — The Solid Waste Maze?

Everyday goods

IR Y

Eye Pencil <5

Makeup <5 20 160
Plumber’s <5 25 400
Tape

Dishwasher <1 <1 1
Tablet

Fry Pan <1 <1 8

*Many thanks to Dave Springer from EnviroLab, Australia for sharing this data
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TOPA — what you see is not always what you get?

TOPA (Total Oxidizable Precursor Assay)

e Labs typically determine 28 PFAS chemicals (from an approx. 15,000
Chemicals)

 TOPA is a treatment to expose the hidden PFAS (oxidizes some of these
15,000 compounds to the 28 reportable compounds)

 Samples are oxidized with alkali at 85 deg for 6hrs

* So, the lab would then report:
* Pre TOPA PFAS: just the normal PFAS test

 Post TOPA PFAS: an after oxidation PFAS
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PFAS all around us — The Solid Waste Maze?

TOPA on cosmetics

PFAS PFAS TOPA PFAS PFAS TOPA
Makeup Makeup Eye Pencil Eye Pencil
(ppb) (ppb) (ppb)

<20 <5 <20

90 30 90

70 30 90

70 30 100

90 40 100

700 40 600

50 40 100

60 80 200

60 80 200
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PFAS all around us — How can we plug the dike?

Search entire store here...

Cups~ Containers & Lidsv Plates& Trays+ Cutlery & Straws+ Bags +

|“‘ r,
BIOCANE TRAYS P | N

compariments. You can make a positive change by switching to BioPak trays!

Our BioCane trays are a more eco-friendly alternative to conventional plastic food ( ‘
trays. These plant fibre trays are made from rapidly-renewable plant fibre, with no
added PFAS. They are available in various sizes with the option of single, five or six

BioCane BioBoar
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PFAS all around us — How can we plug the dike?

Sugarcane Clam Shell = 50,000ppb (50ppm) TOPA

;-.;\\\\‘ A

PFBA <2
PFPeA <2
PFHXA 7
PFHpA <1
PFOA 2
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PFAS all around us — How can we plug the dike?

Uni project (Cara Roberts Macquarie) After 7 weeks — whole v ripped up

This is the ripped up clam shell plate

Untreated = normal composting

Treated = weekly spray with 100ml potassium
persulfate

Trying to simulate various chemicals that could be
in compost piles (ie TOPA....)

Can’t get it above 35 deg though

Total PFAS 8 ppb 49 ppb Total PFAS 8 ppb 200 ppb
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PFAS all around us — How can we plug the dike?

Worms & Mushrooms feeding on clam shell plates

Total PFAS 1 ppb 1 ppb

Total PFAS 22 ppb 53 ppb

* Not surprisingly, green waste containing food packaging is 10X more likely to contain high levels of PFAS E
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Does 'PFAS or PFOA Free' Mean No Risk for Landfills? E

ENVIRO

* PFOA and PFOS free means these compounds aren’t intentionally added but
may still be present with other PFAS.

* PFAS free (products) means <100 ppm:

* Compared to PFAS in contaminated water (LOR ppt/ppq), ‘PFAS Free’
articles can be 100 Million to 100 Billion times higher and likely to result
in PFAS always being detectable in landfill leachate which is generally
disposed to sewer.

e Other sources of PFAS in solid landfill cells creating contaminated leachate
includes exhausted GAC, AIX from contaminated sites.

» Aspirations of 80% Landfill Diversion by 2030 (how if PFAS in everything)?

* Could America become a dumping ground for PFAS containing articles
resulting in more PFAS entering the pervasive landfill/STP loop?

* Corporate ESG positions on where hazardous chemicals in waste aggregate?

WWwWWw.epocenviro.com




Unfair Application of PFAS Criteria across Connected Market Sectors

HEPO-DA USEPA Haz. Index (PFAS mixtures
Regu'atory Guidance & V0|untary PFNA (Gen-X) Containing at |eaSt 2 Of PFHXS, PFNA,
EPR/ESG Certification Systems HPO-DA, PFBS)

ngl/l ng/l ng/l ng/l ng/l

Consumer Products claiming to be

‘PEAS Free’ or ‘PEOA Free <100ppm <100,000,000 <100,000,000 - - - -
0 :
USEPA (99% EQO Species 2023 ) ) ) ) ) )
Protection)
USEPA NPDWR (MCL’s) - 10 April
Promulgated . 4.0 4.0 10 10 10 1.0
1 Ib/day (0.45kg/day) requires
A reporting to USEPA. Proposed
USEPA CERCLA RQ (Super Fund) - 16" APrl La74rdous Substances (potential ] ) Under ]
Promulgated 2024 for Passive Receiver Consideration
exemptions).
(9x PFAS; PFOS, PFOA, PFHxS, PFNA, PFDA, PFHxA, Gen-X, PFBS,
USEPA RCRA - Proposed Jan 2024 PFBA) Hazardous Constituents to HH -

13 Nov Obligation to report added PFAS to articles imported into the USA.

TSCA - Promulgated 2023
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Regulatory Management & Movement of PFAS Through the US Economy

International Locations

(Imported Articles)
From circa 1950's

-

Air emissions:

PM, vapours

\i i
PFAS Factories
Land Contamination:
Workers
SW

Soils
GW

~

—_—

Waste &
AFFF

Regulatory Criteria Exist (ESI, Remediation, Risk Assessment) -

Local Settings

From circa 2010

éa )

Air emissions:

Dust, vapour,
aerosols

CONTAMINATED
LAND

——

Contaminated Land

Land Contamination:

SW
Soils
GW
Human/Eco

- J

Defence Bases & Airports

—

Waste:
Cont. soil,
exhausted

conc.
treatment
media

Local Settings

Scrutiny from circa 2020

éa )

Air emissions:

Dust, vapour,
aerosols

~ \.]
v

Solid Waste Landfill

Land Contamination:

SW
GW
Soils
Recyclables
Leachate

Fire-training Facilities

Light, Medium, Heavy Industry

Mining & Transport
Semi-conductor/LIB’s

Offsite Migration to Private Lands
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Plus: additional PFAS
from end-of-life
consumer articles &
engineered materials.

No PFAS Regulation (under review)

Local Settings

Local Settings

Scrutiny from circa 2021

(" )

Air emissions:

Dust

A

Farms

Land Contamination:

SW

GW

Soils
Food chain
Pollinators

Scrutiny from circa 2020
Air emissions:
Dust, vapour,
aerosols
—_— N e ——
M) o
PFAS Waste | Biosolids
Loop No.1 -"/‘A
—
Sewerage Treatment
Land Contamination:
SW
GW
Soils
Concrete
Treated Effluent
Water, Nov 2023) Effluent Disposal to
Proposals for Environment including
Drinking Water potential recycling for
Trials (Sydney potable/ drinking water

and/or industrial input
water usage.




No/Limited/Exempt PFAS
Regulation/Criteria

The PFAS Waste Maze Passive recievers

Compost / u: Air emissions (dust)
biosolid / biochar ) |
Focused PFAS Air emissions Food chain
Soils, SW, GW “PEAS Waste Loop No.2" Air emissions (aerobic digestion)

Regulation/Criteria

Y 4
( \ ( \ Green waste 4 .
PFAS factory Homes, collection Coggﬁyng <
businesses Carin [
= —_— post leachate
I» and factories ,;‘B _
Ramis B —— Assume 100% (2023) =
Wi R
PFAS-containing y\ Industrial, Commercial, Reiz)ererei:(;ﬁ'rlf
articles, waste Municipal wastewater (WRVRF)yor SIT::’y US $148B (MPCA), population of
water > 5.6M people
> Trade (industrial) wastewater Sewer
95% PFAS permits to dispose to sewer m —_— CONNECLION /  ———
Production : ooy fomeao Treated
after on-site treatment tanker truck offluent .I
"PFAS Waste Loop No.1" —
% Air emissions (LFG,SBR) PN
Solid waste Oceans, rivers, creeks, and
‘\" landfill Landfill leachate raw water for further
@ (lined or unlined) = treatment (RO), including
Solid waste potential recycling for
l A — > “\ Biosolids potable/drinking water
5% PFAS I I I:‘B g 9 and/or industrial input
production for P v - Incl contam, soil, 30% (2018) Leaching via water purposes.
AFFF applications m C&l, C&D concrete to
resulting in SAFF + Destruction Cell breaks soils, GW
contaminated the PFAS pervasive cycle W)
sites
\ ) \ ) Short US $105M (MPCA) Land application
cuircut to
soils, GW ——
Food chain
) Flow of water and waste materials m;(l;;e;e:)t;c;;\ rm, DU 50% (2018)

Soil, SW, GW

PFAS contamination

PFAS Waste Flow Diagram
(modified from MPCA report by Barr Eng, May 2023) & subsequent
presentation for Ecoforum (Oct 2023) + Tolaymat et. al. (Sep. 2023) Peter Murphy - Managing Director | www.epocenviro.com



The PFAS Waste Maze

Focused PFAS
Regulation/Criteria

PFAS factory H

omes,
businesses
and factories

y N
PFAS-containing A
articles, waste
water
95% PFAS
Production
N

@\
\

5% PFAS
production for
AFFF applications
resulting in
contaminated

S
s

B

\ sites /

——p-  Flow of water and waste materials

PFAS contamination

PFAS Waste Flow Diagram
(modified from MPCA report by Barr Eng, May 2023) & subsequent
presentation for Ecoforum (Oct 2023) + Tolaymat et. al. (Sep. 2023)

No/Limited/Exempt PFAS
Regulation/Criteria

Passive recievers

Compost / g': Air emissions (dust)
. . . v _—
biosolid / biochar |
Food chain

Air emissions

Air emissions (aerobic digestion)

Soils, SW, GW

“PFAS Waste Loop No.2”

Green waste
collection

ln— .

Composting <
facility

Compost leachate

3 %Jh — Assume 100% (2023) =] ‘

Water Resource
Recovery Facility
(WRRF) or STP

US $14B (MPCA), population of
5.6M people

Treated
effluent

. Hly
)
Oceans, rivers, creeks, and
raw water for further
treatment (RO), including
potential recycling for
potable/drinking water
and/or industrial input
water purposes.

Leaching via
concrete to
soils, GW

Peter Murphy - Managing Director | www.epocenviro.com



No/Limited/Exempt PFAS
Regulation/Criteria

The PFAS Waste Maze Passive recievers

Focused PFAS I U
Regulation/Criteria Air emissions (aerobic digestion)

PFAS factory Homes,
businesses
“ and factories
-|m m
Water R
PFAS-containing A Industrial, Commercial, Rezgerereizlcj'rlste
articles, waste Municipal wastewater (WRVRF)yor SIT:DY US $14B (MPCA), population of
water > 5.6M people
95% PFAS
Production T;:ated
effluent
Bby ||
E %
a Oceans, rivers, creeks, and
N raw water for further
(:\ treatment (RO), including
* potential recycling for
A potable/drinking water
59% PFAS I I and/or industrial input
production for - Leaching via water purposes.
AFFF applications m conFrete to
resulting in soils, GW
contaminated

\ sites /

——p-  Flow of water and waste materials

PFAS contamination

PFAS Waste Flow Diagram

(modified from MPCA report by Barr Eng, May 2023) & subsequent
presentation for Ecoforum (Oct 2023) + Tolaymat et. al. (Sep. 2023) Peter Murphy - Managing Director | www.epocenviro.com



No/Limited/Exempt PFAS
Regulation/Criteria

The PFAS Waste Maze Passive recievers

Focused PFAS I U
Regulation/Criteria Air emissions (aerobic digestion)

PFAS factory Homes,
businesses
M and factories
-m -m|m
Water R
. / ater Resource
PFAts-lcontalmtng /\ Recovery Fadility ;¢ <148 (MPCA), population of
articles, waste (WRRF) or STP , pop
water 5.6M people
> Trade (industrial) wastewater Sewer
95% PFAS permits to dispose to sewer M — CONNECION / e Treated
Production after on-site treatment tanker truck effluent
i ||
E %
a Oceans, rivers, creeks, and
&’é raw water for further
(:\ treatment (RO), including
* potential recycling for
A potable/drinking water
506 PFAS I I and/or industrial input
production for P - Leaching via water purposes.
AFFF applications m conFrete to
resulting in soils, GW
contaminated

\ sites /

——p-  Flow of water and waste materials

PFAS contamination

PFAS Waste Flow Diagram

(modified from MPCA report by Barr Eng, May 2023) & subsequent ) ) ) ) ) )
presentation for Ecoforum (Oct 2023) + Tolaymat et. al. (Sep. 2023) David Burns - Senior Scientist & Co-inventor SAFF® | www. epocenviro.com



The PFAS Waste Maze

Focused PFAS
Regulation/Criteria

PFAS factory H

omes,
businesses
and factories

-m -m|m
y N
PFAS-containing A
articles, waste
water
95% PFAS
Production
N

@\
\

5% PFAS
production for
AFFF applications
resulting in
contaminated

S
s

Solid waste

Air emissions (LFG,SBR)

No/Limited/Exempt PFAS
Regulation/Criteria

Passive recievers

Air emissions (aerobic digestion)

Water Resource
Recovery Facility
(WRRF) or STP

US $14B (MPCA), population of
5.6M people

Treated
effluent

—

!!l

Oceans, rivers, creeks, and
raw water for further
treatment (RO), including
potential recycling for
potable/drinking water

“PFAS Waste Loop No.1”

Solid waste
Landfill leachate

y

L

— dn

Incl contam, sail,
C&l, C&D

B

\ sites /

——p-  Flow of water and waste materials

PFAS contamination

PFAS Waste Flow Diagram
(modified from MPCA report by Barr Eng, May 2023) & subsequent
presentation for Ecoforum (Oct 2023) + Tolaymat et. al. (Sep. 2023)

g‘:\ Biosolids

and/or industrial input
water purposes.

30% (2018) Leaching via
concrete to

SAFF + Destruction Cell breaks soils, GW

the PFAS pervasive cycle

Air emissions (dust)

a's
S

Land application

Short US $105M (MPCA)
cuircut to
soils, GW .
incineration r‘m Eg;dég?isr;
15% (2018 -— )
" ) ‘ Soil, SW, GW
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No/Limited/Exempt PFAS
Regulation/Criteria

The PFAS Waste Maze Passive recievers

Air emissions (aerobic digestion)

Focused PFAS
Regulation/Criteria

“PFAS Waste Loop No.2”

PFAS factory Homes, Comp.o.st ng
businesses Compost leachate
I» and factories .
Eappls %J& Assume 100% (2023) =]
- |/ Water Resource
PFAts-lcontalmtng /\ Recovery Fadility ;¢ <148 (MPCA), population of
articles, waste (WRRF) or STP , pop
water 5.6M people
95% PFAS
Production T;ﬁatedt
effluen .I
E ? “PFAS Waste Loop No.1” -
e
:& B Solid waste Oceans, rlver;, crfeek;,and
" Landfill leachate raw water for further
treatment (RO), including

@\
\

(lined or unlined)

potential recycling for
potable/drinking water
and/or industrial input

g‘:\ Biosolids

11
5% PFAS
production for 30%(2018) Leaching via water purposes.
AFFF applications concrete to
SAFF + Destruction Cell breaks soils, GW

resulting in
contaminated

\ sites /

the PFAS pervasive cycle

B

US $105M (MPCA)

——p-  Flow of water and waste materials

PFAS contamination

PFAS Waste Flow Diagram

(modified from MPCA report by Barr Eng, May 2023) & subsequent
presentation for Ecoforum (Oct 2023) + Tolaymat et. al. (Sep. 2023) Peter Murphy - Managing Director | www.epocenviro.com




The PFAS Waste Maze

Focused PFAS
Regulation/Criteria

P Homes,

FAS factory
businesses

M and factories

y N
PFAS-containing A
articles, waste
water
95% PFAS
Production
N

@\
\

5% PFAS
production for
AFFF applications
resulting in
contaminated

S
s

Air emissions (LFG,SBR)

B

\ sites /

——p-  Flow of water and waste materials

PFAS contamination

PFAS Waste Flow Diagram
(modified from MPCA report by Barr Eng, May 2023) & subsequent
presentation for Ecoforum (Oct 2023) + Tolaymat et. al. (Sep. 2023)

No/Limited/Exempt PFAS
Regulation/Criteria

Passive recievers

Compost / aVs Air emissions (dust)
biosolid / biochar A |
Air emission Food chain

Air emissions (aerobic digestion)

Soils, SW, GW

“PFAS Waste Loop No.2”

Compost leachate

T — S

Assume 100% (2023) - 1

Water Resource

Recovery Facility ;
(WRRF)orsTP U2 $14B (MPCA), population of

5.6M people

Treated

effluent .I
“PFAS Waste Loop No.1”
PN

Oceans, rivers, creeks, and
raw water for further
treatment (RO), including
potential recycling for
potable/drinking water
and/or industrial input

Solid waste
Landfill leachate
(lined or unlined)

g‘:\ Biosolids

30% (2018) Leaching via water purposes.
concrete to
SAFF + Destruction Cell breaks soils, GW

Air emissions (dust)

the PFAS pervasive cycle

US $105M (MPCA) Land application T -
3

[ —
il yp— e
’ ¢ Soil SW GW

David Burns - Senior Scientist & Co-inventor SAFF® | www.epocenviro.com
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