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C6 Firefighting Foam Loss EVARCADIS

KEM!
You are now entering

BOGGY CREEK

Chemical Analysis of Selected Fire-fighting

Tentatively identified PFAS as a maimn mmgredient 15 6:2 FTSAS
(fluorotelomermercaptoalkylamido sulfonate).
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Fluorotelomer Foam

EEF13_ CDE
*PFHpA
§ C.F,—bo
g 20 st 11—C05
o P
CgFy3 \_.-"\{!r)-N\ﬁ-’“'EGE ‘ EEFHEI 3 R —
6:2FTSAS i *-0 ETSA
] :
Precursor *PFPeA
5:3FTUCA - . C, F-CO;
' #
Stable Intermediate PFBA

Source: Weiner et.al. 2013

Breakdown products of the C6 FT Foam: short-chain PFCAs
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Perfluoroalkyl group —the forever functional group
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Fluorotelomer alcohol, 8:2 FTOH
Perfluoroalkyl Sulfonamido Amines

Fluorotelomer Sulfonamido Betaines




/ Poly- and Perfluoroalkyl Substances (PFASS) \

More Commonly Regulated

Perfluorinated Compounds (PFCs) aka
Perfluoroalkyl Acids (PFAAS)
~25 common individual compounds

Polyfluorinated

compounds (~5,000
but ~100’s compounds

compounds)

Microbial / Higher Organism Biotransformation
PFASs J J

© Arcadis 2016
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Aerobic Biotransformation Funnel: Conversion of AARCADIS
Polyfluorinated Precursors to PFAAS

PFASs

© Arcadis 2016

LAND APPLICATION

FIRE TRAINING FACILITIES
FIRE STATIONS,
REFINERIES; DEFENCE SITES;
LARGE RAIL YARDS;

MANUFACTURERS OF
DERIVATIVE PRODUCTS
CARPETS; CLOTHING; ETC

COMMERCIAL AND
PRIVATE AIRPORTS

THOUSANDS OF
POLYFLUORINATED PRECURSORS*

25 COMMON PERFLUORINATED
COMPOUNDS
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All Polyfluorinated/
PFAA Precursor
Compounds in
Commerce

Hundreds of Common
Intermediate
Transformation
Products

Approximately 25
PFSAs, PFCAs,
PFPAs - collectively
termed PFAAS

b
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Evolving Regulatory PFAS Values
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AUSTRALIA
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Tolerable Daily Intake (TDI)
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Digest AFFF precursors and measure the

hidden mass: TOP Assay
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AWARDS
Microbes slowly make simpler PFAA's (e.g. 2016
PFOS / PFOA) from PFAS (PFAA e
precursors) over 20+ years o \Z\
Need to determine precursor concentrations ; \”\N’\’\ o By fi
as they will form PFAAs ' ,»-»;w «> curotrins

Too many PFAS compounds and precursors
—S0 very expensive analysis

C4Fy; —S—NH Years later CaFis /ILO-

ﬁ Subsurface 20+ ©]

A SGS

(0]

Oxidative digest convert PFAA precursors to c,s,,—%—o c,s,s\/\ij_o DVANCED
PFAA’s o I ANALYTICAL
/ Persistence of Perfluoroalkyl Acid Precursors in AFFF-Impacted .
Indirectly measure precursors as a result of  Groundwater and Soi TestAmerica

Erika F. I—[outz,Jr Christopher P. Higgins,i Jennifer A Field,§ and David L. Sedlak"*

the increased PFAAs formed

THE LEADER IN ENVIRONMENTAL TESTING

Analytical tools fail to measure the hidden PFAS precursor mass, the TOP assay solves this

PFASs
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TOP Assay Applied to Surface Water from Recent C6

Fluorotelomer Foam LossS

PFCA (& increase after TOP Assay)

[ PFTeDA C14
2,500,000
W PFTrDA C13 2,018,226 (276x)

M PFDODA C12 1,912,294 (255x)
2,000,000 - [1PFUNDA C11

m PFDA C10
M PFNA C9
M PFOA C8
[ PFHpA C7
[ PFHXA C6

1,500,000 -~

1,000,000 -
[1PFPeA C5

[ PFBA C4

500,000 -

7,497 7,306

0 1 1 1
Sample 1 Sample 2 S1TOPA S2TOP A

PFASs

© Arcadis 2016 Data Courtesy of Nigel Holmes Queensland DEHP
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Foam Cleanout/Decontamination

Sewer Decontamination Trial
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Foam Tank Cleanout — TOP Assay

350,000
300,000
250,000
200,000
150,000
100,000
50,000
0

Total PFAS (ng/L)

326,000

M Pre-TOP
B Post TOP

153,000

2,480I 3,840 78 3,880

Baseline Solvent Final
Water Water



The Challenge

+ 15 ML - Sewage, Tradewaste, Brackish
Creek Water, Chemical Flush Fluids, and
Stormwater

Emergency Response — full-scale onsite in
three weeks

FF Foam Concentrate — Precursors, 5,000
LUg/L PFAS

Multiple Contaminants (1,500 mg/L COD)
Small Footprint

Treatment Objective: 0.25 pg/L sum of PFASS
measured by TOP assay

PFASs
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Emergency Response

evocra
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Ozofractionation

Large volume high COD, high PFAS
iImpacted wastewater

« ~3.6 million gallons of water

« Total [PFAS] ~ 3,950 pg/L; targeted
discharge [PFAS] = <1 ug/L

« Laboratory analysis includes total oxidizable
precursor (TOP) assay per country-specific
regulations

Treatment train operation selected

« Ozofractionation with engineered polish
* Polish necessary for low discharge limit

« Foam concentrate currently to be destroyed
offsite

PFASs P
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A ARCADIS
OCRA - Concept

evocra

o8 e -
dae 8 g

Photos courtesy Evocra - July
2017

PFASs
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Ozofractionation - Concept

Eractionate
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< Ailr

Final

Treated
Water

A

 Raw Water ===
PFASs
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COPYRIGHT EVOCRA Pty Ltd, AUSTRALIAN PATENT No.
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Wastewater Treatment System .+ AARCADIS i
5,000 L/hr (20 gpm) evocra
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Treatment
Tr aln NF Reject Q
‘ | evocra
Nano- Treated
> OCRA > _ _ R
Filtration
l . Concentrate
' Destruction
Destroy
organics * Remove
Remove Ir)egaélnlng * Onsite Destruction —Sonolysis Trials
PFAS incl. <0.25ug/L  Offsite Thermal Destruction
short chains '
Remove and
manage
solids
Manage
odour

PFASs
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Polish with Nanofiltration

evocra
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Ozofractionation

Ozofractionation highly

Treated

effective at removing PFOS, e Influent Ozofraction Adsorbent Total
PFOA, and C6 PFAA ldentification — “ /1y o Removal % Removal Wa}ﬁr % Removal
precursors. (Hg/L)
Ozofractionation converted
some C6 precursors to PFHXA, PFOA 1.37 97.4% 94 4% 0.002 99 9%
PFPeA — net production of ~ f----------------omoo oo p e ooy
these compounds | SFFS)) 84 | 956% | 89.2% [ 0416 | 095%
PFPeA 2.08 -66.3% 83.4% 0.575 72.4%

Polishing adsorption stage was

effective at removing PFHxA  |______. P FHXA __________ 691 _______ -66.4% [ 9.7% ] . O 034 | 99.5%
and, to a lesser extent, PFPeA; Sum PFAS 103 78 8% 95 1% 1.07 99 0%
PFBA was not detectablein  }---—-------------- - s e
these samples Total PFAS, TOPA| 3,950 99.6% 89.6% 1.76 99.96%

PFASs Ozofractionation and engineered polish achieve 99.96% PFAS removal, post TOP




Trial Phase Percent Reduction

M Inlet (ug/L) ™ OzoFrac Stage C (ug/L) m Polish (pg/L)

PFASs

© Arcadis 2016
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A ARCADIS

99.57%

High

99.96%
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Wastewater Performance A ARCADIS

Wastewater, L/HX, 27 Oct 2017

410
PFAS (TOP) R
406 ug/L
360 | B PFAS M PFAS (TOP) MlongChain M Short Chain evocra
310 r
Co-contaminant Concentration (mg/L)
— 260 r Phosphorus 8,920
?5 Total metals 2,070
= Iron 1,260
c 210 r DS 998
.g coD 172
© Nitrogen 62.3
E 160 | TSS 21.0
a Grease and oils 5.0
=
8 110 r PFAS (TOP)
54.5 ug/L
60
10 - ] —
-40
Influent OZF1 OZF2 OZF3 Final Discharge

© Arcadis 2016 27 August 2018 24



Wastewater Performance

30

Wastewater, L/HX, 27 Oct 2017

25

N
o

Concentration (pg/L)
o &

© Arcadis 2016

PFAS (TOP)
406 ug/L

PFAS (TOP)

54.5 ug/L
B PFAS M PFAS (TOP) M Long Chain m Short Chain

Co-contaminant Concentration (mg/L)
Phosphorus 8,920

Total metals 2,070

Iron 1,260

TDS 998

COoD 172

Nitrogen 62.3

TSS 21.0

Grease and oils 5.0

Influent OZF1 OZF2 OZF3 Final Discharge
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Overall Plant Performance
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£ ARCADIS

10000 E
2 Summary of PFAS (TOP) Analytical Results 21/08/2017 - 23/02/2018
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a m 25-50%
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N T T R SRS RYSPR T, SR SR SRS SRR SRPR.. SSPS SR ———
So1 t
(= E
0.01 E
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0.0001

evocra
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PFASs
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Reconcentrate ﬁARCADIS

- =o=\/olume evocCcra
Stage 1 4 40,000

‘_'.';L 0,000,000 - 97% Reduction
O ==
: 3
o 1 30,000
o '
Fe c
@ 1,000,000 | 0
= - S
= Stage 2 g
g 91% Reduction 1 20,000 §
8 c
= S
F 100,000

F 110,000

10,000 0
PF ASS Raw feed Concentrate Super Concentrate

August 27, 2018



Sonolysis

Applicability:

- Ultrasound applied to water results in successive
rarefaction/compression of microbubbles ultimately yielding
cavitation with extremely high temperatures on the surfaces
of the bubbles resulting in pyrolysis of PFAS.

Dg&C lty
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Benefits:
- Can reliably destroy concentrated PFAS waste streams @ &% SIS
with literature supported fluoride mass balance. ! e
* Opportunities to use green energy sources as ENERGY COST (USD)
technology develops (i.e., solar power). $100,000 | Assumes $0.12/kW-hr and
Limitations: $10,000

« PFOArate > PFOS rate. PFOS will require longer residence $1,000
times and/or more energy. Effective below 10,000 ppt?

$100
* Requires specialized equipment and skilled implementation. $10
« High energy consumption and low flow rates. $1

PFASs

10 hr/d operation time I

0.3 kW-hr/L I
)

005 05 5 50 500
FLOW RATE (GPM)

28
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Sonolysis — Proof of Concept Testing

PFASs

© Arcadis 2016

Sum PFOS (corrected for sorption) and Fluoride Concentrations (uM/L)

20

18

16

14

12

10

Initial Sum PFOS 17_5uM,L

\

Potential Fluoride in PFOS 297 5ub/L

e ) — o — =i
.—. — g1
- a——— -
- ..-"f
-
-
-
-
—_

52-99% Stoichiometric Fluoride Release
(B-DKHz)

91-97% Sum PFOS Concentration Reduction
(B-DKHz)

Treatment Time (minutes)
—&— AKhz PFOS Concentration —#&— BkHz PFO5 Concentration —&_ CKHz PFOS Concentration —& DKHz PFOS Concentration

—— AKhz Fluoride Concentration —&— BKHz Fluoride Concentration —#— CKHz Fluoride Concentration ——&=— DKHz Fluoride Concentration
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Summary .
evocCra
Designed, permitted, and installed PFASs wastewater treatment plant;

Took a new technology from the lab to full-scale in 4 weeks;

Treated 13.5 ML of domestic and industrial wastewaters from multiple
sources, and creek water;

Co-contaminants treated without pretreatment: high organic load,
surfactants, metals, nutrients;

Removed short-chained PFASs and precursors;
Meet stringent regulatory treatment objectives for PFASS;

Generated no spent media, little or no solid waste

PFASs
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Proving F3 Foams for Real-World Fires

A CORE CHANGE FOR
THE INDUSTRY.

OCTOBER 16-18, 2018
= DFW Foam Summit Conference Event and
Fire Extinguishment Demonstrations

OCTOBER 8-12, 2018

Large Scale Fire Extinguishment Testing (Research Burns)

FIREFIGHTING FOAM SUMMIT &
FIRE EXTINGUISHMENT TESTS

An independently-managed event reviewing the current

situation related to selection, use, and management of firefighting foam. PRESENTED BY
A holistic approach to lifetime foam management, balancing fire performance and

potential environmental liabilities. The Foam Summit aims to review the current status

and options for future foam policies concerning poly- and perfluoroalkyl substances (PFAS). lAST FI RE h

Large Atmospheric Storage Tank Fires

m&C ultant
fot mtuml and
built assets
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N atthe Fire Training Research Center



