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PFAS Chemistry and Properties

▪ > 1000 compounds

▪ Lipid and water repellent

▪ Persistent, Stable – C-F Bond

▪ Ionic state (anion, cation, 

zwitterion)

▪ Different composition, sizes, 

structure, and functions

▪ Widely used, ubiquitous

Per- or poly fluorinated Tail (Hydro- and Oleophobic)

Charged 

Functional 

Head Group

Wang et al. (2017)



PFAS Fate in the Environment

✓ Occurrence, 
nature and 
Extent 

✓ Leaching and 
Surface 
Transport

✓ Subsurface 
Transport

✓ Exposure and 
Risk 
Assessment

✓ Risk 
Management

❑ AFFF has been 

widely used for 

fire-fighting by 

the military and 

municipal fire 

departments

❑ Complex 

mixture: 

fluorocarbon 

and 

hydrocarbon 

surfactants, 

solvents

❑ “Limited 

knowledge on 

the complete 

constituent and 

chemistry of 

AFFF

Umeh et al. (in Peer Review)



PFAS Retention Mechanisms in Soil
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Umeh et al. (unpublished)
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Typical AFFF-contaminated Site

Bekele,….., Umeh et al. 2020



Soil Properties Influence PFAS Retention
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Soil Organic Carbon and Surface Chemical Properties 

Influence PFAS Retention in Soils

(Umeh, Naidu et al. 2021, Env. Sci. Tech)

• Soil from over 40 sites 

in Australia and Fiji

• Australia:

– Queensland

– New south Wales

– Victoria

– South Australia

• Fiji:

– Highly weathered, 

low activity clay 

minerals, variable 

charged

– Collected from 

uncultivated and 

cultivated lands

Adapted from Naidu et al. 2020



Soil Properties Influence PFAS Retention
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)Key Points

• PFOS sorption range from 36.5− 95.3% (median: 69.3 in soils)

• Nonlinear sorption isotherms

• Soil Organic Carbon (TOC) alone explained only 35% of the variations in Kd.

• Key influencing soil properties include:

– TOC, AEC, Oxalate-extractable Al & Fe oxides, pH and Silt content of soils

– A sole KoC approach is error-prone 

(Umeh, Naidu et al. 2021, Env. Sci. Tech)



Mixture Effects on PFAS Retention
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KEY POINTS:
▪ Sorption followed PFOS > PFOA > PFHxS
▪ Generally decreasing % sorption as initial aqueous phase PFAS concentration increases
▪ % PFAS sorbed decreased in the presence of mixtures, especially for PFOA and PFHxS
▪ The influence of mixture interactions (competitive effects) on leachable and sorbed PFAS will be significant in saturated soils 

around source zone areas where PFAS concentrations are elevated, especially for PFOA and PFHxS.

Legend
▪ 1 = A = PFOS
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Mixture Effects on PFAS Retention
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PFAS Retention/Release in 
Soil Dependent on PFAS 
Properties
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‘Forever Chemicals’ – PFAS – in Drinking Water

Smalling et al. (2023)



Management of PFAS-contaminated Soil and 
Water
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Groundwater pH Influences PFAS Retention

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

NMC+n ROAC CAC

 pH(+ve Control)  pH(Blank)

PFBS PFPeA PFHxA

PFHxS PFHpA PFOA

PFDAPFNAPFOS

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

NMC+n ROAC CAC

0

0.2

0.4

0.6

0.8

1

F
ra

c
ti

o
n

 S
o

rb
e

d

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

NMC+n ROAC CAC

1

2

3

4

5

6

7

8

p
H

 A
ft

e
r 

S
o

rp
ti

o
n

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

NMC+n ROAC CAC

0

0.2

0.4

0.6

0.8

1

F
ra

c
ti

o
n

 S
o

rb
e

d

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

NMC+n ROAC CAC

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

NMC+n ROAC CAC

1

2

3

4

5

6

7

8

p
H

 A
ft

e
r 

S
o

rp
ti

o
n

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

NMC+n ROAC CAC

0

0.2

0.4

0.6

0.8

1

F
ra

c
ti

o
n

 S
o

rb
e

d

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

NMC+n ROAC CAC

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

N
a

t
4 5 6 7 8

NMC+n ROAC CAC

1

2

3

4

5

6

7

8

p
H

 A
ft

e
r 

S
o

rp
ti

o
n



Ionic Composition of Groundwater Influences 
PFAS Retention



International Network on Soil Pollution 
(INSOP)



INSOP WA approach: Soil and Water
• Objective:

➢Strengthen knowledge on the environmental and 
associated ecotoxicological risks, environmental fate 
and behaviour of soil and water pollutants 



INSOP WA approach: Soil and Water

Activity Deliverable

SOPs for measuring leaching potential of soil pollutants
Globally harmonized SOP protocol for soil 
pollutants leaching potential  

Assessment of soil pollutants prone to leaching and risks they 
have to groundwater pollution 

Report publication and training on leached 
pollutants and their risks to aquatic health

Identification of indicators relevant to the groundwater 
assessment affected by soil pollutants 

Publication of posters to raise awareness on 
direct and indirect groundwater pollution 
indicators 

Address and strengthen environmental components of the One 
Health approach

Preparation of a publication and guidelines 
that reviews state-of-the-art knowledge of
antimicrobial resistance (AMR) to enhance 
One Health action plan



Key Conclusions And Looking Ahead
▪ Soil is an important reservoir for emerging chemicals, such as PFAS.

▪ Understanding the fate and behaviour of PFAS in soils is important for 
preventing extensive water contamination.

▪ The environmental behaviour of PFAS is dependent on physicochemical 
properties of soil, water, and PFAS.

▪ More research is required focusing on uncommon and short chain PFAS 

▪ Need for more investments into research and testing of innovative 
technologies to cleanup PFAS in soil and water.

▪ Exposure to emerging chemicals, such as PFAS, can adversely impact the 
actualisation of the UN SDGs, if not effectively and quickly managed.

▪ Need for national, regional, and global cooperation to effectively understand 
the extent of PFAS contamination in soils and water, and to manage PFAS-
contaminated sites, including capacity development in developing 
countries.
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