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Understanding PFAS (the basics) and the 

ecological risk associated with replacement 

compounds 



What is PFAS?

Synthetic compounds formed from carbon 

chains with fluorine atoms

The C-F bond 

is one of the 

shortest and 

strongest in 

nature



What makes it special?

Functional Group “Head” = Hydrophilic

Florocarbon Chain “Tail” = Hydrophobic
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Nomenclature?
Per-and polyfluoroalkyl Substances

(PFAS)

(Per)fluorinated : Fully

(Poly)fluorinated : Partly

Alkyl : Functional Group

PFOS

PFOA

*PFC’s – perfluorinated compounds/chemicals



What’s it used for?

Manufacturing 

• Raw Material

• Industrial Chemical

• Consumer Products



Where is it?





2002 – PFAS issue 

identified in Minnesota 

from 3M plant

2003 – PFAS analytical 

methods developed and 

MDH releases health based 

criterion

2010 – Health Canada 

releases drinking water 

values for PFOS & PFOA

2010 – PFAS identified in 

drinking water wells at 

CFB Greenwood, Nova 

Scotia

2011 – Environment Canada 

discovers very high levels of 

PFCs in turtle plasma and 

traces source to Hamilton 

Airport FFTA

2006 – PFAS discovered 

in groundwater in BC at 

Transport Canada 

managed FFTA (SLR)

2017 – Draft Federal 

Environmental Quality 

Guidelines released 

for PFOS

2018 – Total 

Oxidisable Precursor 

Assay (TOP) 

published by Arcadis

2018 -GenX added to 

PFAS analysis list – 32 

compounds

2013 – PFAS becomes a 

routine COPC and multiple 

sites are assessed

2018 – Netflix PFAS 

documentary released

2016 – CCME 

Analytical Protocols 

include PFAS

2020 – Phase IV of 

FCSAP Funding 

$1.16B 

PFAS History in Canada



Replacement Compounds

Phase out of longer chain compounds and replacement with shorter chain

Original PFOA PFOS

Replacement “GenX” ADONA

F-53B

- Lower toxicity

- Lower bioaccumulation

BUT

- Greater mobility 

- Equivalent persistence

- Toxicity much less understood

- Bioaccumulation under question  

- Properties much less useful = more variants required



Replacement Compounds

Brandsma et al., 2019. The PFOA substitute GenX detected in the environment near a fluoropolymer manufacturing 

plant in the Netherlands.

surface water, groundwater, finished 

drinking water, rainwater, and air 

emissions in some areas.



Replacement Compounds

Some replacement PFAS are 

capable of degrading to PFOA or 

other long-chain PFAS. Recent 

research suggests that additional 

factors aside from chain length 

may affect the bioaccumulation 

potential and toxicity of individual 

PFAS (ITRC 2018a, Ng et al. 

2014). 



Replacement Compounds

https://www.goodhousekeeping.com/food-recipes/cooking/g532/types-of-lettuce/

https://www.heritageseeds.com.au/forage-pasture-3/forage-crops/dictator-2.htm

https://www.goodhousekeeping.com/food-recipes/cooking/g532/types-of-lettuce/
https://www.heritageseeds.com.au/forage-pasture-3/forage-crops/dictator-2.htm
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Phytotoxicity

PFOS PFOA

GenX

Development, Reproduction & Uptake

Seed Germination



Analytics

Artificially prepared soil at t=0

0 mg/kg

0 mg/kg

PFOS

PFOA/GenX

8.5 mg/kg 15 mg/kg 25 mg/kg 50 mg/kg 85 mg/kg

250 mg/kg 500 mg/kg 850 mg/kg 1500 mg/kg 2000 mg/kg



Phytotoxicity

PFOS

PFOA

GenX

https://www.alamy.com/illustration-of-a-barley-beer-mascot-holding-barley-image238327856.html



Phytotoxicity

PFOS

PFOA

GenX



Phytotoxicity

0

10

20

30

0 8.5 15 25 50 85lo
n

g
e

u
rs

(c
m

)

concentration(mg/Kg)

pousses

Racines

PFOS

0

5

10

15

20

0 125 250 500 850 1500lo
n

g
e

u
rs

(c
m

)

concentration(mg/Kg)

Pousses

Racines

PFOA

0
5

10
15
20
25

0 250 500 850 1500 2000L
o

n
g
e

u
rs

(c
m

)

concentration(mg/Kg)

Pousses

Rcines

GenX



Extraction Analytics



Phytotoxicity
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Conclusions…. For now

- Phytotoxicity of PFOS is higher compared to PFOA and GenX.

- Phytotoxicity of GenX is very similar to PFOA

- GenX is found in lower concentrations in plant. 

- Although found in lower concnetrations GenX inhibits growth 

more than PFOA – specifically shoot.

- Concentration of GenX are much higher in shoots compared to 

roots.

https://www.cropscience.bayer.ca/Products/Fungicides/Prosaro-XTR

Germination

PFOS = 50 mg/kg

PFOA = 125 mg/kg

GenX = 250 mg/kg



QUESTIONS AND 
DISCUSSION

Thank you

Olivier Lachance

Hajer Satouri

Virginie Bérubé

Philippe Morneau

Dr. Pierre Yves Robidoux



Add 5 mL of 

MeOH/0.1% 

NH4OH

2g-5g of tissue 

sample

Place in sonicator for 

30 minutes

Centrifuge for 

5 min at 600 

rpm

Recover the fractions 

into plastic tubes

Condition CarboPrep

cartridge

Pass the 

extracts 

through the 

cartridge 

Add 2 mL of 

MeOH/1%N4OH

Second extraction?

Evaporate at 35°C 

to 2 mL Pass through 

SPE Wax

Condition 

CarboPrep, 10 

mL DCM and 10 

mL MeOH

Add 50 µL 

Formic Acid

Dilute in 40 mL 

MilliQ water

No

Yes

Yes
No

Extraction Analytics



Fluorite (CaF2)

- Used in smelting to decrease the viscosity and melting 

point of slag. 

- Strong bond & heat resistant 

- Name of mineral comes from fluo, the Latin verb for flow.

- Fluorine = most electronegative element

What makes it special?

Periodic Trends-Electronegativity


