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Who needs to think about risk related to
AFFF?

Proposal is to: “prohibit the manufacture, use, sale and import of PFAS, not currently regulated ur
CEPA, in firefighting foams, such as C6 AFFF, through new regulations”
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e cosmetics

 natural health products and rprescription drugs ° food
packaging materials, food additives, findustrial food contact
products such as paper plates, cups and bowls

» paint and coating, adhesive and sealant and other building
materials available to consumers

e consumer mixtures such as cleaning products, waxes and
polishes

» textile uses (Including personal protective equipment such a
firefighting turnout gear)

e ski waxes



Facility Types with Class BFoam

Airports and Aviation Facilities Chemical Manufacturing

Airports have aircraft hangars and fueling areas Chemical plants handle reactive solvents and chemicals
requiring AFFF for jet fuel fire suppression. that require Class B AFFF fire protection.

Petroleum and Chemical Plants Paint and Coatings Facilities

Qil refineries and petrochemical plants use AFFF due tioarge volumes of flammable solvents in paint productio
high risks of flammable liquid fires. drive the need for effective foam fire systems.

Marine and Shipping Terminals Automotive and Aerospace Manufacturing

Ports and tanker loading areas use foam systems to Facilities using hydraulic fluids and solvbated agents
reduce fire hazards during cargo operations. require rapid fire suppression like AFFF systems.
Emergency Response Agencies Food Processing Fire Hazards

Fire departments maintain AFFF stockpiles to quickly Food plants with large oil storage need specialized foan
respond to flammable liquid fire incidents. systems to mitigate fire risks effectively.



Aqueous film-forming foam (AFFF)

Legacy PFOS AFFF Legacy fluorotelomer AFFF
Protein foam

Modern fluorotelomer AFFF
A
Alcahol-resistant Alcohol-resistant aqueous
protein foam (AR-P) @ - film-forming foam (AR-AFFF)
] Class B g
r—
Siwithelic fucine s Foam i, Fluoroprotein foam (FP)
foam (SF3)
Film-forming
w fluoroprotein foam
Synthetic alcohol-resistant
fluorine-free foam (AR-F3) Alcohol-resistant film-forming
fluoroprotein foam (AR-FFFP)

From: Jahura, F. T., Mazumder, N. U. S., Hossain, M. T., Kasebi, A., Girase, A., & Ormond, R. B. (2024). Exploring the Prospects and Challenges of Fluorine-Free Firefighting Foams (F3) as Alternatives to Aqueous Film-
Forming Foams (AFFF): A Review. In ACS Omega (Vol. 9, Issue 36, pp. 37430-37444). American Chemical Society. https://doi.org/10.1021/acsomega.4c03673



My facility / facility of interest
has a Class B foam fire
suppression system

PFOS Foams

v v

‘C8’Foams

Do we currently - Have we used AFFF

use AFFF? in the past?




Use/sector Transitional period(s)

(a) Portable fire extinguishers 18 months

(b) Municipal fire services 18 months

(c) Civilian aviation 3 years

(d) Other industries 3 years

(e) Civilian ships already in service at the coming into 6 years

force

(f) Defence (military aviation, ships and other applicati6 years ... Starting in
(9) Installations belonging to the offshore oil and gas 6 years 2029
Industry

(n) Facilities in highazard industries 6 years

Table 3 from Environment and Climate Change Canada. 2025. Consultation Document on Phase 1 of the Risk
Management of Peand Polyfluoroalkyl Substances (PFAS), Excluding Fluoropolymers: Prohibition of the Use ¢
PEAS not Currently Regulated in Firefighting Fo@ansada.ca



https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15

PFOSis salts and related compounds *0.025 mg/kg (0.0000025 % w/w) for the sum of PFOS or any of its salts; 1 mg/kg (0.0¢

for the sum of PF@8lated compounds

PFHXxSits salts and related compounds *0.025 mg/kg (0.0000025 % w/w) for the siaftHof®r any of its salts; 1 mg/kg (0.0001 %

for the sum oPFHxSelated compounds

PFHXxAIts salts and related substances *25 ppb for the sum BFHxAand its salts; 1,000 ppb for the sumdkdfixArelated substances
PFOAIts salts and related compounds *0.025 mg/kg (0.0000025 % w/w) for the sum of PFOA or any of its salts

PFCAs (G814 )their salts and related
substances

All PFAS

*1 mg/kg (0.0001 % w/w) for the sum of RER#Ed compounds

*When they are present in firefighting foam for liquidvaebursuppression and liquid fuel

fire (Class B fires) already installed in systems: 1 mg/kg (0.0001 % w/w) of PFOA or ar
salts; 10 mg/kg (0,001 % w/w) of any individual-RH&é&d compound or combination of
PFOArelated compounds; until August 3, 2028

*When they are present in fluortfieee firefighting foam and originate from firefighting
equipment which has undergone cleaning in accordance with the best available techni
10 mg/kg (0.001 % w/w) for the sum of the concentration of PFOA, its salts amda®FdOA
compounds

*25 ppb for the sum of €44 PFCAs and their salts; 260 ppb for the surCadd3F GA
related substances

*1 mg/L for the sum of all PFAS; 50 mg/L for the sum of all PFAS irfifeeofiredighting
foams originating from equipment which has undergone cleaning in accordance with b
available techniques, excluding portable fire extinguishers. (This limit is accompanied
year review clause at the latest)



https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/risk-management-pfas-phase1-firefighting-foams-afff.html#toc15
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What is actually in AFFF?

AFFF SDS Composition Information
v (Ansulite C6)

Chemical name CAS No. weight-%
2-(2-Butoxyethoxy)ethanol 112-34-5 5-10
Lauryl Imino Propionate, Sodium Salt FL@&&Q&&, 1-5
Polyfluorinated alkyl betaine I Proprietary 1-5

* No two foams are alike _ BPFSAs ~ EPFCAs  MTarget-Poly
« (C6 foams are comprised of approximately BESI+ DESI- = Unknown

. . . B New PFAS
90%o0f PFAS in commercially available foams ~ 25 -
were found to be 4:2 and 6:2 fluorotelomers ;é %
(Gharehveramt al. 202Ruyle et al. 2021) £207 7
* In a Mll=spec foam, over 90% of analysed 2
. e
PFAS were unknow®kKojaeet al. 2022) > &,
10 A
Ruyle, B. J., Thackray, C. P., McCord, Strifhar M. J., Maugé.ewis, K. A., Fenton, S. E., & Sunderland, E. M. (2021). Reconstructing the Compediah of Per
Polyfluoroalkyl Substances in Contemporary Aqueous &itming Foam&nvironmental Science and Technology Letfers 5965. 5 4
https://doi.org/10.1021/acs.estlett.0c00798 . |
Shojaei, M., Joyce, A. S., Ferguson, P.Gue&q J. L. (2022). Novelqmrd polyfluoroalkyl substances in an actise Cébased aqueous film forming foam. Journal j
Hazardous Materials Lettersh@ps://doi.org/10.1016/j.hazl.2022.100061 0 -
GharehveranM. M., Walus, A. M., Anderson, T. A., Subbi&@yefg J., Frigon, M., ... & Suski, J. G. (20223n@golyfluoroalkyl substances (PF&&8 aqueous film Target+ SQ TOP Target+SQ+NeW

forming foam formulations: Chemical composition and biodegradation in an aerobic envifoamenhtf Environmental Chemical Enginegt), 108953.



https://doi.org/10.1021/acs.estlett.0c00798
https://doi.org/10.1016/j.hazl.2022.100061
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What is actually in AFFF?
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Liu, J. (2024). Hunting the missing fluorine in aqueacus film

Liu, M., Glover, C. M., Munoz, G., Duy, S. V., Sauvé, S., &
forming foams containing pend polyfluoroalkyl

substancesJournal of Hazardous Materigt&4 133006.




Sampling Location and Analysis Matters.

= 1000000
S 100000
S 10000
C

Q 1000
o

S 100
7))

: B
L

o 1

C6 Ansulite EPA Dramn Pipe, after Drain Pipe, after Turrett, EPA 1633
537 (Bulk Tank)  primed but  flush, EPA 1633
before flushed,
EPA 1633

M Pre-Oxidation  EMPost-Oxidation —Total PFAS Proposed Residual Limit



Sampling Location and Analysis Matters.

Bulk Foam
Storage

WATER TANK

FOAM ECDUCTOR

FIRE PUMP
REDUCTION GEARBOX

BUMPER TURRET

FOAM METERING VALVE



Sampling Location and Analysis Matters.

Perfluoroheptanoic ‘
. acid (p|:|_F|)pA) Perfluorooctanoic Perfluoropentanoic Perﬂuorghex_ane Perflyorohexanom
Perfll,!orodecanom 1% acid (PFOA) acid (PFPeA) sulfonic acid C8-PFOS acid (PFHxA)
acid (PFDA) 1% 39 (PFHxS) 29, 2%
0

0% 8:2 Fluorotelomer 3%

) sulfonic acid(8:2
Perfluorobutanoic FTS)
acid (PFBA) 5%
6%

C6 Ansulite EPA 537 (Bulk Tank) Drain Pipe, after primed but before flushed, EPA 1633

|16

6:2 Fluorotelomer

sulfonic acid(6:2
FTS)
64%

Perfluorohexanoic
acid (PFHxA)
89%




Samphng ['ocation and Analysis
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Transition Options

Dispose of contaminated assets Decontaminate

i . . lE8 T .
Sewer Decontamination Trial .
_Sequential < |
]
—. 40,000 ;
- B Control 5000 — 14 .
3 | :
= B I HEG % 1.2 :
= . 5
2 20,050 Caustic £ :
.E B 2%H0 g |
= I
= I
&8 B 37H0 o 06 |
4 1
1] ) I
3 10,000 2 o4 !
]
= 2 1,900 970 1,000 44 !
0.2 -
0 B [— S !
]
PFOS 0 N
Dahlbom, S. (2025). Decontamination of BBA@minated firefighting equipmeAtreview.Journal of
Hazardous Materia/d 38983.
*
Horst, J., Quinnan, J., McDonough, J., Lang, J., Storch, P., Burdick, J., & Theriault, C. (2021). Transitioning \5__‘»}'
Perand Polyfluoroalkyl Substance Containing Fire Fighting Foams to New Alternatives: Evolving q_t?

Methods and Best Practices to Protect the Environment. Ground Water Monitoring & Remediatiéf2).
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o ect, Process Example

Montrose Environmental Group

m gﬁ::nt Tanks m_’
l Storage Tanks AFFF Clean

Out System

] L—;

EQ1 {Receive tank with
heated proprietary solvents)

., Piping
Deluge Systems

Start
Here

P contaminated
I Clean Solvents

Drains

i

Mixed Media Filtration

Fire Fighting
Vehicles

-

EQ2 (to SuperLoading
and/or destruction

© 2024 Montrose Environmental Group, Inc. Proprietary and Confidential. | 29
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Analytical Methods to Confirm

Fluorotelomer Degradation Pathway Overview ECF Degradation Pathway Overview
Example for 8:2 fluorotelomer homologue Example for perfluorooctane sulfonyl homologue
Raw materials: 8:2 FTOH, 8:2 FTAC Raw materials: | POSF, N-MeFOSE, N-EtFOSE

FT-based FT-based Commercial PIE% s sEE ECF-based
Surfactants Polymers products: ELUEEERE Polymers

Degradation | - _ ] Degradation
; 8:2 FTOH, 82 PO/, 82 FTUGA, W Bl FOSA, N-MeFOSAA, N-EtFOSAA

Intermediates: 7:3 Acid, 8:2 FTSA

Terminal Terminal
degradation P PFPE';‘FFE}';H}(A’ ik degradation PFOS, PFOA

products:

Commercial
products:

products:

ISSUED FOR CLIENT REVIEW | 22




Truck A & B- Initial Conditions

Hg/L
25,000 100.0%
20,000
95.0%
= 15,000 .
= 90.0%
10,000
85.0%
5,000
] ] ﬁﬁ 80.0%
0
75.0%

M Truck A Initial Rinse

B Truck B Initial Rinse

Removal Efficiency

Total PFAS
I : I :
Truck A Truck B

W PreOXRE% ™ PostOXREY%

ISSUED FOR CLIENT REVIEW

23



Rebound

2 X Water Rinse
10,00,000 -

1,00,000 -
ECCC

10,000 Threshold

1,000 -

100 -

Concentration (pag/L)

10 4

Average Sum of PFAS -TOP Assay

Foam Hose Reel Pump Valve
Monitor Room Hoom

Horst, J., Quinnan, J., McDonough, J., Lang, J., Storch, P., Burdick, J., & Theriault, C. (2021). TransitibRirigflR@malkyl Substance Containing Fire
Fighting Foams to New Alternatives: Evolving Methods and Best Practices to Protect the Environment. Ground Water Monitoring & Remediatiof2).

ISSUED FOR CLIENT REVIEW | 24




Removal Efficiency (%)
Truck A (3x water rinse) vs Truck B (ECT2 method)

100%
80%
60%
40%

20%

0%

Final Rinse 12-day 33-day

M Truck A H Truck B

- ECT2 cleaning solution <2% after 33 days, Cold Water at 50.3% rebound

© 2024 Montrose Environmental Group, Inc. Proprietary and Confidential. | 28



2 2 8

150

PFAS Concentration (ug/L)
2

50

Rebound

9

27
240
| 57 24 40
n m B2

RED 1 (2013)RED 2 (2013)RED 5 (2017)

W Total 1633 PFAS - 9 months post
m Total 1633 PFAS - immediately following transition

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

74.0

22.4

7.0
2.4 2.14-8I
0508 092 ' ]

RED1(2013)  RED2(2013)  REDS5(2017)
EPFHxS ®PFHxA EPFOS ®PFOA

- Proprietary cleaning solution/method with no heat and minimal agitation showed 8 x rebound 9 months after cleaning
- Sample taken from the foam

26



Disposal and Destruction

10000

5000 o 2-4 deep well
= 8000 injection options
£ 7000 in Northern AB
S 6000 * Incineration is
£ 5000 either in the US
& 4000 or Ontario
§ 3000

2000

1000

0

Volume

B Truck A- 2x water rinse B Truck B - ECI2 method

ISSUED FOR CLIENT REVIEW | 27



Risks with F3 Foams

Holden, L. A., East, A.MKBrizzanpA. M.,
& Quinn, M. J. (2023). Toxicology
assessment for six peand polyfluoroalkyl
(PFASJ¥ree aqueous film forming foam
(AFFF) productéitegrated Environmental
Assessment and Managemef$6), 1609
1618. https://doi.org/10.1002/ieam.4750

ISSUED FOR CLIENT REVIEW | 28




 What is your strategy?

Round-up

Regulations are coming, but there is still time
18 months- 6 years depending on facility type.

Replace assets, decontaminate, consider timing and cost of alternatives.
If decontaminating, consider heat + solvents + time

Multiple technologies and processes exist, including concentrating technologies like foamn
fractionation.

Sampling locations and analysis

Need to characterize total PFAS using TOF or TOPA. Sampllng matrlx for regulatory
purposes should be foam. \

F3 foams are not risk free

Elevated acute exposure toxicity and uncertainty in terms of fate, transport and
bioaccumulation. |




Harris Switzman, M.A.Sc., P.Geo. ENV SP
Associate Consultant
hswitzman@montrose-env.ca
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