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1950s Incorporation of PFAS into 
wide variety of consumer and 
industrial products

2002 Voluntary phase out of 
PFOS in the USA

2001 Accumulation of PFOS in most humans, 
animals and environmental media
(Giesy, 2001; Kannan, 2001; Houde,2006)

2006 USEPA engaged 8 leading PFAS 
manufacturers 2010/2015 PFOA 
Stewardship Program



“…..fluorotechnology is essential technology 
for many aspects of modern life…..”

Bowman, 2015 

“…..we call on the international community 
to cooperate in limiting the production and 
use of PFASs and in developing safer 
nonfluorinated alternatives.”

Blum et al ., 2015 
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PFOS Properties
• Persistent (UNEP, 2009)

• Mobile (Munoz et al., 2015)

• Bioaccumulative (Conder et al., 2008)

• Toxic (IARC Class 2B Probable 
Carcinogen)

UNEP Stockholm Convention
• PFOS in 2009
• PFOA under consideration

Replaced with family with varying fluorinated chain length:
• Perfluoroalkylsulfonates (C2-12; PFSA)
• Perfluoroalkylcarboxylic Acids (C4-C22; PFCA)



Industry Airports

WWTPs LandfillDomestic Environment

Other
Sources

Point 
Source 

Defense

Sources of PFAS to the Environment



Potential Contaminated Sites in Australia

DoD Sites Under Investigation

Airports



PFAS Terminology

Wang, Z et al. (2017). Environ. Sci. Technol. 51, 2508-2518.



Drinking Water Investigation Levels

 

 

 

Drinking Water Health 
Advisory for 

Perfluorooctane Sulfonate 
(PFOS)   

United States 
Environmental Protection 
Agency  

Office of Water 
Mail Code 4304T 

EPA 822-R-16-004 
May 2016 

Drinking Water Health Advisory for Perfluorooctane Sulfonate (PFOS) – May 2016 1 

Drinking Water Health 
Advisory for 

Perfluorooctanoic Acid 
(PFOA)  

United States 
Environmental Protection 
Agency  

Office of Water 
Mail Code 4304T 

EPA 822-R-16-005 
May 2016 

 

Drinking Water Health Advisory for Perfluorooctanoic Acid (PFOA) – May 2016 1 

USAAustralia

• 49% of Australian 
drinking water samples 
(n=34) contained PFAS

• None over investigation 
level (Thompson, 2011)

Methodology

• PFOS+PFOA = 70 ng/L
• >6 million US citizens exposed 

to contaminated PFAS drinking 
water (Hu, 2016)

𝑃𝐹𝐴𝑆 ൌ 𝑇𝐷𝐼 ൈ  𝐵𝑊 ൈ  𝑅𝑆𝐶 10%  ൈ  𝑅𝑎𝑡𝑒 ሺ2𝐿ሻ



Municipal Wastewater

Environmental Discharge Water Recycling Programs



LCMS Analytical Methodology

Standard Methods
• US EPA Method 537.1
• ISO 25101
• ASTM D7968 
• ASTM D7979

Total PFAS
• Total Oxidisable Precursor Assay 
(TOPA) 
• Total Organic Fluorine (TOF)

QA/QC: Batch of 9 samples 
includes matrix spike, laboratory 
control sample (LCS) & blank

• Quantification: Agilent 6495 LC 
Triple Quadrupole LC‐MS

• 1 µL injection to meet sensitivity
• Technique: Isotope Dilution
• Reporting Limit: High 10‐50 ng/L; 

Low <1 ng/L



Solid Phase Extraction (SPE)

• Sample collection: 250 mL polypropylene bottle

• Filtration: 1 µm glass fibre filter

• Surrogate spike: 5 ng isotopically labelled PFAS

• SPE: 6 cc, 30 µm particle size, 150 mg weak anion 
exchange resin (WAX)

• Elution: 2 mL methanol, 4 mL methanol (0.1% NH4OH)

• Evaporation: Evaporated to dry under gentle stream of 
N2, reconstituted  to 500‐1000uL of MeOH

Extraction Techniques

Solids Extraction

• Sample collection: 250 mL polypropylene bottle or 50 mL 
polypropylene centrifuge tube

• Preparation: Sterilise with 2% w/w sodium azide solution, 
freeze‐dry, powderise

• Surrogate spike: 25 ng isotopically labelled PFAS

• Extraction: 0.5‐1 basic MeOH (10 mM NaOH) neutralised 
after exrtraction with glacial acetic acid.

• Clean‐Up: dSPE with 100 mg C18 and 50 mg PSA

• Filter: 0.45 µm PES syringe filter 

QA/QC: Batch of 9 samples includes matrix spike, 
laboratory control sample (LCS) & blank



August 11, 2019 Agilent                 PFAS Solutions      ASMS12

IDLs for a consolidated PFAS method on 6495

14 different classes of PFAS including PFCAs (drak blue); PFSAs 
(red); n:2 FTSs (pink); n:2 FTCA , n:3 FTCA, n:2 FTUCA (light blue); 
PFECA & Cl‐PFESA (black); FASA, FASAA, FOSE (maroon); PFPA, 
diPAP & PFPiA (green); diSAmPAP (orange)

Coggan et al. (2019) Anal Bioanal Chem, 3507‐3520



Agilent                 PFAS Solutions      ASMS13

Analysis of >50 PFAS in Water
Method Performance (1 uL injection of extract)
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* Seven replicates at 5 ng/L spiked into 250 mL water samples; followed by SPE and injection of 1 uL onto 6495 LC‐MS/MS; ^ based on USEPA 40 CFR Part 136 Appendix B Revision 2 

>92% of PFAS tested have RSDs 
<20% & MDLs <5 ng/L 

August 11, 2019
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Accuracy: 
49 of 52 between 70 – 130 % 
*n:2 FTCAs and FOSEs spike 20 ng/L

MDL (US EPA 40 CFR part 136, rev 2):
Between 0.28 – 17 ng/L

SPE Method accuracy – 5 ng/L spike* (n=7)



PFCAs

PFSAs

FTSs

Cl-PFESAs

FTCAs/FTUCAs

HPFO-TA

FASAAs

FASEs

FASAs

PFPAs

PFPis

diPAPs & 
diSAmPAP

Target compounds 

Coggan et al. (2019) Anal Bioanal Chem, 3507‐3520



Method Validation - PFOS
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RSD <10% and no statistically significant 
difference of mean of PFOS/PFAS between 
laboratory results in both validation tests



Project Overview

(1) Analytical Method 
Development

• SPE Extraction for liquids
• Alkaline digestion for 

solids
• Validated with two 

external comparisons 
• Quantifying 55‐60 PFAS

(2) PFAS Mass Flux at 
Australian WWTPs

• Mass balance studies at 19 
WWTPs (22 PFAS)

• Mass balance studies at 5 
WWTPs (55 PFAS)

• Untargeted analysis using 
Q‐TOF

• Australian biosolids survey 
for PFAS

(3) Environmental and 
Ecological Impact

• Literature review of 
ecotoxicology report

• PFOS/PFOA/GenX fish 
update/depuration study 
with Australian fish 

• Environmental fate in the 
marine environment from 
treatment 



19 WWTP Frequency of Detection
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∑18PFAS Concentration in WWTPs
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Overall
Mean: 80 ng/L
Median: 110 ng/L
Range: 9.3 – 520 ng/L

Influent
Mean: 90 ng/L
Median: 76 ng/L
Range: 9.3 – 412 ng/L

Final Effluent
Mean: 140 ng/L
Median: 140 ng/L
Range: 34 – 520 ng/L

Coggan et al. Under Review



Coggan et al. Under Review

96 ‐ 100% detection frequency Statistically 
significant 
difference 
between 

influent and 
effluent

PFCAs: 19 WWTPs Aqueous Samples



Coggan et al. in prep

98% 99%95% 99% 4%

PFSAs: 19 WWTPs Aqueous Samples

Coggan et al. Under Review



84% 94%84% 90%82%

PFCAs: 19 WWTPs Solids Samples

Coggan et al. Under Review



94% 16% 8%

PFSAs: 19 WWTPs Solids Samples

Coggan et al. Under Review



Principal Components Analysis 
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Biotransformation – 6:2 FTS in a WWTP
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WWTP Effluent Environmental Discharges

m
g/

da
y

WWTP Mean: 12 g/day
Daily Range: 0.05 to 114 g/day
Yearly Range: 0.02 to 41 kg/year
Estimated Australian WWTP Emissions: 340 kg/year



Suspect Screening and Untargeted Analysis

• Agilent 6545 LC/Q‐TOF
• Custom PFAS database
• MS/MS spectra and retention time data available for a 
subset of compounds

Moving Beyond Monitoring Legacy Per and Polyfluoroalkyl 
Substances (PFAS): Screening Strategies for the Growing List.

James Pyke, Tuesday 11:00 AM



Known knowns
Expanded targeted 
list (~50 compounds)

Known unknowns
Expanded PFAS database

6:2 FTS
Mass: 427.97458
Mass diff: ‐1.41 ppm
Score: 98.11

Continuing work 

Continually refining 
targeted method

Unknown unknowns
Adding identified 
compounds to database list



PFAS in Biosolids

0

100

200

300

400

500

600

700

800

900

1000

C
on

ce
nt

ra
tio

n 
ng

/g

∑Transformation

∑PFSA

∑PFPi

∑PFCA

∑PAP

∑FTS

∑FOSE

∑FOSAA

∑FOSA

∑Cl-PFAES

Moodie et al. in prep

Mean: ∑42PFAS 250 ng/g (± 210)
Range: ∑42PFAS 35 to 840 ng/g        



PFAS in Biosolids
Mean 
Concentration 
ng/g

Frequency of 
Detection

Moodie et al. in prep



PFAS in a WWTP Solid Sample
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PFASs in WWTP Impacted Groundwater

79% 82% 86% 96%



Application: 5994‐0919ENCoggan et al. (2019) Anal Bioanal Chem, 3507‐3520



Thank you

For more information please contact Dr Bradley Clarke 
on brad.clarke@unimelb.edu.au


