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PFAS in air quality issue
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nalnmsinauadis PFAS (uo1nA

* Direct emission : Yanlaaslaanssamnuunasnits tugding was aynA
* ARHNNNTTU
* N9Le boaal
* N LUNARSUN

* Resuspension : N3FUNIU/NANINUNING PFAS Aneacauat]

* Ocean emissions : NMsUandaaaralagluuuaINEIUNgaIN A

* Chemical reactions <<-- Precursor emissions
* Intermedia partitioning
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nalnmsinauadis PFAS (uo1nA
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goyamisUanUdag PFAS [ua1mA

* OECD (2015) inventory of perfluoroalkyl carboxylic acids
(PFCAS)

* POPE: global gridded emission inventory for PFAS 1950-
2020 (Simon, et al., 2024)

11 PFCAs, 4 PFSAs, 5 FTOHs, FOSA, and 2 replacement compounds

* European PFAS El for fluoropolymer production industry

(Dalmijn, et al., 2024) H"I

Emissions from production
of fluoropolymers in Europe
wera in 2021 at least

3B0 tonnes/year
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PFAS included in the POPE emission inventory

Group  Carbon-Moieties  Short Name Long Name
PECAs 4 PFBA Perfluorobutanoic Acid ' ‘ ' ! ' ' PFBA
L 16000 |- PFPeA mmmmm |
5 PFPeA Perfluoropentanoic Acid P \—
6 PFHxA Perfluorohexanoic Acid PFHpA ===
14000 PFOA mmm -
7 PFHpA Perfluoroheptanoic Acid PFNA mmmm
8 PFOA Perfluorooctanoic Acid 12000 PEG%: = |
9 PFNA Perfluorononanoic Acid PFDoA =
. . 2 PFTrA s
10 PFDA Perfluorodecanoic Acid £ 10000 PFTeA |
11 PFUnA Perfluoroundecanoic Acid uE_,
12 PFDoA Perfluorododecanoic Acid § 8000 |
13 PFTrA Perfluorotridecanoic Acid E
14 PFTeA Perfluorotetradecanoic Acid = 6000 i
PFSAs 4 PFBA Perfluorobutanesulfonic Acid
6 PFHxS Perfluorohexanesulfonic Acid 4000 |- a
8 PFOS Perfluorooctanesulfonic Acid
10 PEDS Perfluorodecanesulfonic Acid 2000
FTOHs 4+2 4:2 FTOH 4:2 Fluorotelomer Alcohol !
6+2 6:2 FTOH 6:2 Fluorotelomer Alcohol 0
9 @ 9 B
8+2 8:2 FTOH 8:2 Fluorotelomer Alcohol w w
a & o &
10+2 10:2 FTOH 10:2 Fluorotelomer Alcohol s o e o
o ~ wn wn
PFECAs 6 HFPO-DA Hexafluoropropylene Oxide Dimer Acid § § § §
7 Adona Ammonium 4.8-Dioxa-3H-Perfluorononanoate § 5 g g
— - ~ o~
8 FOSA Perfluorooctanesulfonamide
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Measurements of
PFAS in the air
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MSASIIIN PFAS (upmA : auﬁ' fIVALUVNN...

PFAS in air quality issue

Considering a target’s gas-particle distribution is key to
selection of a sampling strategy and interpretation of results,
as not all methods sample both gas and particulates efficiently.
Thus, the most suitable method to estimate the total air
concentration will vary depending on the physical-chemical

properties of the targeted PFAS. A few technigues can be
applied to estimate the [ NTSNNEE .
discussed in section 4.2.1. Partitioning influences how
efficiently compounds are removed from the atmosphere

through wet and dry deposition and thus their long-range
atmospheric transport potential.

Wallace et al., 2024



PFAS sampling: Passive vs Active

Passive air sampling methods Active air sampling methods

* Polyurethane foam-passive air sampling * Low volume and high volume-active air sampling
* Sorbent-impregnated polyurethane foam-passive air sampling * Solid phase extraction

e  XAD-2-passive air sampling * Thermal desorption tubes

* Activated carbon fiber-passive air sampling * (Cascade impactors

. High volume-cascade impactors without sorbents
* Polyethylene sheets igh volum impactors without sorben

* High volume-cascade impactors combined with sorbents

(A) Passive Air Sampling (B) Active Air Sampling
25+ 50+
20 40
[}
% 15+ 'g 30
5 )
5 s
3 104 @ 20-
£ £
=z 3
z
5 10-
0= 0-
¥ % v ¥ «9‘) 0(9 Q‘Q (’6 ?fp vf) cP 2 V“)
A S PR &
\s W 3 ©
! s
& & \
M SIP-PAS  E PUF-PAS W HVAAS B LVAAS BB SPE
B XAD-2-PAS BE ACF-PAS Wi PE-PAS mc o S Sidel T Wallace et al., 2024
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MsSnsIIR PFAS (uo1niA : 35mMsItAs1:kK

* GC-MS

° LC-MS

* Suspect-screening and non-targeted analysis
* Chemical ionization mass spectrometry

* Total organic fluorine

* Jotal oxidizable precursor assay
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Modeling of PFAS
In the air
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MSAUIUNISIAZDUGIIS:KIEINAWIIUINEDD

* Phase distribution : gas — particle — water

o E | . Chemical: £enzene
xample:  Level ll | ! |
4 Environment: Shield Lake Region
Version 3.00
" 197 ka/h
Air = (197 %)
19691 kg
197 ng/n? ?
803 kg/h
EMISSION [80.3 o/.]
:> e
1000 kg/h <p | Water | . 3e030m
6;’ 9.69€-04 ng/q 87.6 kg (4.38E-04 %)
0.0527 kg/h ' L %
< g (0.442%) 0357
03% . a/h
(5.27€-03 %) el
Legend ik ‘
REACTION
: 2.23E-05 kg/h
T | Fugacty=625uPa Sediment | ==, 25 05 %)
apvection | TotalInflow & Outflow Rates = 1000 kg/h 0.557 kg
Total Mass = 19821 kg 2.42E-03 ng/g =
= Chemical Residence Time [281E-03 %) > 20E.04 ke
Total=19.8h 27E- l<°g/
EQUILERIUM Reaction=24.7 h (2.27E-05 %)
- Advection =101 h
Help |

Simultaneous multimedia model: Level Il

Download at : https://www.trentu.ca/cemc/resources-and-models/level-ii-model
PFAS in air quality issue
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0-5 Jiog k = 0.38 C, -1.49
[ ] [ ] [ ] [ ] [ ] . | p_ - n- - -
* Partitioning coefficient: 5 05 o = " gy o
5 1 Q/O | Ky %= 0206, ~2.85 < Beijing, China
_ ' it ' £ ! (Reference)
O gas-particle partitioning (K)) E.15{ = Foterenes)
. . . X : ® A ‘ e o 9 0 (Reference)
o Air/water partitioning (K,) 8-25{% e & @ Tarono, Canac
-3-5 I T 1 1 I 1 1 I 1
4 6 8|4 5 6 7 8 9 10 M1
PFSA PFCA
Length of carbon chain (C,)
20 - % X O Taiwan Western Strait
b X X - (This study)
-3.0 - % - ¥ Western Arctic Ocean
<;t i . Q (This study)
=] /A Antarctic O
< 18 ¥ o 3 % Y o 3 ¥ o (This study) "
o %0 1% L - A " [ North Sea
O = = % - O (Reference)
-6.0 B m = 8 ,
1m 0O X Bohai and Yellow Seas
-7.0 . ; (Reference)
) 7) %) < < < < < < < < X COSMOth
E f E_) E & f % 8 E E % (Reference)erm
o L o o &k E K a a a >
o

Yamazaki et al., 2021
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LLUUINauMIsiA3audrguaziai (CTM)

* 3-dimensional chemistry-transport model
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llUUﬁ'léli)\]ﬂ']Slﬂ?ii)Uﬁ']ﬂllﬂ:lﬂﬁ (CTM) : How it works

1 On ‘6" o <@
m J a°° R
i D A+B-> C+D

Emission | || Transport Convection Chemistry
(+) (+or-) (+ or -) (+ or -)

mass(x,y,z,i,t) —» — ! Depo(s_i)tions > mass(X,y,z,i,t+1)

One timestep

Time stepping iterations
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llUUﬁ'léli)\]ﬂ']Slﬂ?ii)Uﬁ']ﬂllﬂ:lﬂﬁ (CTM) : GEOS-Chem

* Global 3-D tropospheric chemistry model

* Assimilated meteorology from NASA Global

Modeling and Assimilation Office

O “real world” (not purely predicted) meteorology

* Horizontal grid resolution:

O 4° latitude x 5° longitude

O 2° x2.5°
O Nested grid: down to 0.25°x 0.3125°

,: r,

%S=-Ch
GE & em
https.//geoschem.glthub.|o/|ndex.html

PFAS in air quality issue

https://youtu.be/Gs_dy75bZXY

GEOS-Chem Ehemicalttansportino erosobiisuals
20090907
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f81INSANUYY PFAS (uttuuaaov CTM

Global modeling underestimates Southern Ocean concentrations — likely due to missing atmospheric sources

2002-2008 2009-2015

uuuu

30°N

30%.

Wagner et al., in prep 9

https://[sunderlandlab.org/assets/sunderland noaa 090920.pdf
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f81INSANUYY PFAS (uttuuaaov CTM

GEOS-Chem 2015 annual average PFOA deposition using a
high emissions scenario. (Thackray et al, 2020)

e Global emissions of precursor compounds
based on Wang et al. (2014)
production/composition estimates

e Spatial distribution of emissions was
previously assumed to follow the same
pattern as NOx (originally used a 4x5
degree grid)

10.0 100.0 1000.0
PFOA deposition [ng m~2 yr1]

https://sunderlandlab.org/assets/sunderland noaa 090920.pdf
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* Improve emission data
* Make more measurement

* Advance understanding with the

aid of modeling uu:n']\lmla.[u

* Risk assessment study

e Support decision making
on PFAS control
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PFAS in air quality issue

Wrapping up

Today we've learnt ...

* That we need to do more work
ahead!

* Together we can :-)
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