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US drinking water
contamination with ‘forever
chemicals’ far worse than
scientists thought

Toxic PFAS chemicals used in packaging
can end up in food, study finds
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Study by U of T, international researchers finds potentially
harmful 'forever chemicals' in makeup: CBC

PFAS chemical found in chocolate cake

US FDA scientists present unpublished data on PFAS in food
by Britt E. Erickson
June 7, 2019 | A version of this story appeared in Volume 97, Issue 23
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Firefighting Foam & PFAS: What
You Need to Know

by Micah Dickinson | Feb 16, 2022 | Fire Protection Solutions, Oil and Gas Fire Safety | 0 comments




John Oliver on protecting against
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The Last Week Tonight host digs into contamination by non-
biodegradable ‘forever chemicals’ in household wares and
corporate cover-up of its health effects
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What are PFAS?

Perfluoroocanoic acid (PFOA) Thermal Stability Chemical Resistance

Functional group Strong C-F bonds ®.

(hydrophilic) (hydrophobic) \
( : | | 9

Hydrophobic & Water solubility
Lipophobic and mobility in
properties groundwater
Surfactant Recalcitrance in
Properties environment

Image: NIEHS.nih.gov



Long-chain What are PFAS?
>12000 forms,

FDA Studies: ‘Short-
chain' PFAS Chemicals
More Toxic Than
Previously Thought

By David Andrews Ph.D. (EWG)

MARCH 9, 2020




PFAS Applications

PRODUCTS
THAT CONTAIN

From: https://riversideca.gov/press/understanding-pfas



Groundwater
contamination
from surface
water infiltration

Note: This illustration
does not capture every
source of PFAS exposure
or the varying levels per
exposure source.

Groundwater

More AWWA resources available
at awwa.org/PFAS

AWWA Briefing
on PFAS (2019)




What PFAS Matter? “All PFAS™?

EPA’s Contaminant Candidate List 5 10,239 g

Actually in industry /commercial ~ 600

Commercial labs — environmental ~30-70 -
samples analyte list -
Standardized method for water 40 Fﬁoﬁ
Toxicity value (human health) ~ 8 F

F F
PFAS List # W P
s7
I
products today i
Academic Lab’s analyte list ~ 440 o




Effects of PFAS on Human

—— High certainty

-- Lower certainty
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Developmental effects

affecting the unborn child

Delayed mammary gland development

Reduced response to vaccines
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(increased blood pressure)

Health

Immune function
Thyroid
function/disease

Liver disease/cancer
Metabolic Dysfunction
Kidney
disease/cancer
Repro &
Developmental
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Fenton et al. (2021) Environ Toxicol Chem.
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PFAS in People

Blood Levels of the most common PFAS in Blood Levels of the PFOA and PFOS in
people in the US people in Canada
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chc.ca/quirks

PFAS Occurrence in Canada

The Federal Contaminated Sites
Inventory shows over 100 sites with
SR confirmed or suspected PFAS

Multiple hotspots

contamination
o Non-federal PFAS contaminated sites

also exist

Many PFAS-impacted federal
contaminated sites are located in areas

where there
is reliance on local resources

SCBCRADIOONE Source: State of PFAS report, ECCC & HC (2023)



PFAS Occurrence in the USA
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PFAS Removal

Current readily implementable removal methods

Granular Activated Carbon
(GAC)

Anion Exchange (AlX)

High Pressure Membranes
(nanofiltration & RO)




PFAS Removal from Water

Factors affecting adsorptive techniques (GAC or AlX)

PFAS Structure: Water Matrix:
* Chain length e NOM or DOC content
e Functional group * |Inorganic ions (sulphate, nitrate,
e Branch or linear structure etc.)

* Ether oxygen

* Perfluorinated vs polyfluorinated Operating conditions:

° pH
* Temperature
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PFOA Removal (with AlX)

m DOC: 20 mg/L
¢ DOC: 10 mg/L
A DOC: 5 mg/L

o DOC: 2.5 mg/L
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Breakthrough in DI water at > 150,000 BV
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Dixit, F. (2022)



Pressure (atm)

PFAS Destruction
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PFAS Output Options
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Complete PFAS Destruction

Polluted Water
With PFAS
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Electrooxidation of PFAS proceeds in direct and indirect oxidation

Power supply
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PFOA degradation (C/C,)
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Electrochemical destruction of PFAS
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Asadi Zeidabadi et al. Chemosphere (2022)



Concentration (ug L)

Electrochemical destruction of PFAS

Fluorine recovery (%)

100
90
80
70
60
50
40
30
20
10

B
» Flouride
u PFPrA (m/z=163)
» PFBA (nv/z=213)
« PFPeA (m/z=263)
» PFHxXA (m/z=313)
u PFHpA (m/z=363)
u PFOA (m/z=413)
5 15 30 60 90 120 180

Time (min)

Asadi Zeidabadi et al. Chemosphere (2022)



Thank you

Madjid Mohseni
Madjid.Mohseni@ubc.ca
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