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Molecules with varying (i) carbon chain length, (ii) functional groups and
(iif) number of fluor atoms

PFAA + Polymers + Precursors
Particle-bound, semi-volatile and volatile
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MUTUAL CONFIDENTIALITY AGREEMENT

Between the U.S. Environmental Protection Agency and Vlaamse Instelling voor
Technologisch Onderzoek

Contents lists available at ScienceDirect

Environment International

ELSEVIER journal homepage: www slsevier.com/locate/envint

Full length article

Quantifying per- and polyfluoroalkyl substances (PFAS) in air emissions:
Lab & field experiences from a hazardous waste incinerator
Jelle Hofman @, Griet Jacobs ", Bart Baeyens *, Aline Reis De Carvalho ", Wim Aerts ",
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LUC/VI/003

Principal sampling train (OTM-45)

2 additional variants (OTM-45 variant + cooled probe)
Procedure (~5-6 hours):

5 medium blanks

Leak test + Field blank collection (6)

Isokinetic sampling (min. 3 hours (~2 Nm?3))

Leak test + Collection Field samples (7)

Post-rinse blank collection (2)

Contents lists available at ScienceDirect

Environment International

Sample aggregation

ELSEVIER journal homepage: www elsevier.com/locate/envint

0TM'45 HEATED PROBE

- HEATED FILTER
- CONDENSER

’

~ SECONDARY XAD-2
- PUMP
PRIMARY XAD-2 7
, ) " SILICA TOWER
CONDENSATE FLASK 7 IMPINGERS

OTM'45 Variaﬂt/ARMDE SONDE

‘ CONDENSOR #~

COOLED PROBE

Sample extraction

Full length article

LC-MS/MS (WAC/IV/AIQ25) G856 Sneencestom s masrdons wase incinersor -

Jelle Hofman ™ @, Griet Jacobs ", Bart Baeyens®, Aline Reis De Carvalho ", Wim Aerts”,
Stefan Voorspoels ”, Gill Van den Bergh ", Masha Van Deun ", Patrick Berghmans*,
Andres Van Brecht *, Gert Otten”

* VITO, Air Quality Management Sysiems (AQMS), Flemish Instinute for Technological Research (VITO), Boereang 200, 2400 Mol Belgium
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ARTICLE INFO ABSTRACT

Per- and palyflucroalkyl substances (PFAS) are ubiquitous in our environment and food chains but standardized
ts

monitoring methods are still lacking for the air
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https://reflabos.vito.be/2024/WAC_IV_A_025.pdf
https://doi.org/10.1016/j.envint.2025.109541
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(ANECO)  SGS

AlIM: test equivalence sampling train variants + determine reliability method
Validation sampling + analytical procedure
Preconditioned air (temp/RH) + spiked media (filter, water , XAD2)

Evaluation:
Sampling Standard (SS) Recoveries (%): 50-130%
Internal Standard (I1S) Recoveries (%): >20% (13¢-8:2diPAP and 13C-PFHXDA >= 10% (WAC VI/A/003))

Contents lists available at ScienceDirect

Breakthrough (%): <30%
Native PFAS Recoveries (%): 70-120% e
Observed uncertainty (U, k=2): <50% L)

Quantification of per- and polyfluoroalkyl substances (PFAS) in air R
. HEATED FILTER emissions: An interlaboratory comparison

Chemosphere

Jelle Hofman ™ @, Bart Baeyens *, Wim Aerts ", Griet Jacobs ", Aline Reis de Carvalho"®,
Gill Van den Bergh ", Stefan Voorspoels ", Gert Otten *

* VITO Air Quality Management Systems (AQMS), Flemish Institute for Technological Research (VITO), Boeretang 200, 2400, Mol, Belgium
" VITO GOAL, Flemish Institute for Technological Research (VITO), Boeretang 200, 2400, Mo, Belgium
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STACK FINGERPRINT , ‘
= Various chimneys/processes in Flanders PrreDA -.-\::,(A
- 11 ng/Nm? — 43 mg/Nm? (Y PFAS) ."'" -
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= <ELV (Netherlands), EFSA4 ambient air framework Belgium (0.3 ng/m?) ' _— N

= Thermal transformation PFSA - PFCA

= Impact flue gas cleaning: AC, wet scrubbers PFD0A PFUAA
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|dentified via NTA (HR-MS, DART-MS):
Ultra-short chain (<C4), e.g. PFPrA, TFA, TFMS,...
Poly-/H-substituted
Long-chain PFCA's up to 20C

Ratio target vs unknown cpds varies strongly
When relevant and analytical standards available
- inclusion in LUC/VI/003 target scope?
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>2025

Screening industries for relevant PFAS by combining target/non-target LC/GC methods

Belgian method developments
Comparative ILC with accredited labs on stack

Optimization LUC/VI/003 - extension scope USC polar compounds, aligning LOQ levels,
simplification sampling train/cost price

Method for non-polar USC/PICs compounds (canister + GC) ~OTM-50
EU level: g
CEN/TC 264 WG48 i, | e 20N
Convenor: Marc Coleman (NPL) =t | T N\ ‘
Secretary Ljuba Woppowa (VDI)
EURAMET MetZeroPol
Start EU standardisation
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EU Zero Pollution action plan

Partners

N

METROLOGY EURAMET'

PARTNERSHIP

“An ILC at an industrial installation involving emissions teams from across Europe is key to
showing the true pan-European variance associated with a measurement method
under real conditions”

MetZeroPol

Metrology to support zero pollution from industrial emissions (2025-2028)

Task 1.1
Guidance document
for method validation
Uniper

Article 14(a)

~lowest AELs

Task 2.2
Uncertainty in summation measurands
and in legal compliance assessment
vIT

Article 15(a)
~adopt uncertainty Act
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Task 3.1
‘ Review and survey of early work

Article 15
-emerging pollutants
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NPLH

Mutiansl Physical Labaratary
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T
DC
17638 (HCHO) revised and
validated to meet U,=40%
Consortium partners directly
Involved In the following
standards elaboration work:

At CEN/TQ64 W60
CEN/TS to EN 17638

17340 revised and validated
to meet U,,=30% [R—

(ENTC264/Validation Requirements
elevating (BN/TS o BN 17340

Prowdinga revised EN15259
with NWIP to (EN/TC264

I’ i1

Revised sokineticsampling
standard (EN15259)

Guidance document for o

combining
measured values (and U,) of summation
measurands (e.q. PAH, metals)

PFAS
New knowledge ofwhat PFAS are emitted

National Regulator Position
Paper disaussing future
requlatory approach to PFAS

Peer review paper and trade
journal article on developed PFAS
sampling & analysis capabilities

New method for PFAS

A broad range of dissemination
activitles Including:

emissions monitoring

TiBiTAK

RPB

VTT @ Environment
s s et LW Agency

Fit for purpose measurement and reporting framework

EN 17638 (HCHO) published
Pan-Europe adoption, U,=409%

RAMBOLL

&% eurofins

Afit for purpose measarement
andreporting
based on: validated methods;
guidance documents
harmonising ombining
values, uncertainties, use
of uncertainties In compliance
assessment; new PFAS
capabilities. All enabling:

Enforcement of IED2.0
National Regulators to regulate
Monitoring of PFAS emissions

(Comparable European uisi:n

Realisation of €360-2800M p.a.
monetised benefits

Policy makers to track
the success of IED2.0

Future legislation to be
appropriatelytailored
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MetZeroPol: Metrology to support zero
pollution from industrial emissions
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RESOURCES

LUC/VI/003 method C4-18 polar compounds:
https://reflabos.vito.be/2026/LUC VI 003.pdf

LUC/VI/003 development: hitps://doi.org/10.1016/].envint.2025.109541
2024 ILC: https://doi.org/10.1016/j.chemosphere.2025.144449

BAT study/inventory on reducing PFAS emissions to air:
https://emis.vito.be/nl/bbt/publicaties/bbtbref-en-andere-publicaties/pfas-emissies-lucht

Review of per- and poly-fluoroalkyl treatment in combustion-based thermal waste
systems in the United States (2024) htips://doi.org/10.1016/|.scitotenv.2024.172658

A systematic review for non-targeted analysis of per- and polyfluoroalkyl substances
(2025): https://doi.org/10.1016/j.scitotenv.2024.178240

“An increased NTA in the atmosphere and marine environment would help improve our
understanding of the global fate and transport of PFAS.”
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https://reflabos.vito.be/2026/LUC_VI_003.pdf
https://doi.org/10.1016/j.envint.2025.109541
https://doi.org/10.1016/j.chemosphere.2025.144449
https://emis.vito.be/nl/bbt/publicaties/bbtbref-en-andere-publicaties/pfas-emissies-lucht
https://doi.org/10.1016/j.scitotenv.2024.172658
https://doi.org/10.1016/j.scitotenv.2024.178240

“you can only find what you search for”

jelle.hofman@yvito.be
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