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The concentrations of all compound groups measured at the Zeppelin observatory in 2022.



Where are we measuring right now (northern Europe)?

Neutrals (e.g. FTOHs) lonics (e.g. PFOA, PFOS etc)
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What do we know so far (in the Arctic)?

» Atmospheric deposition enables:

 Ubiquitous detection of PFAS in Arctic ocean surface water, including
emerging PFAS like GenX (HFPO-DA)

* Export of some PFAS from the Arctic (!?)
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What should we measure?

Current active air sampling measures:
lonic PFAS: i.e. C4 — C11 PFCAs
Neutral PFAS: i.e. FTOHs, FASAs, FASEs

PFAS are persistent, some also bioaccumulative and

toxic

Some PFAS also relevant to climate forcing (high GWP)

(Ozone depleting?)




What do we know so far (in the Arctic)?

Neutral PFAS
(e.g. FTOH)

lonic PFAS
(e.g. PFOA)

Alert
(Canada - ECCQ)

2006 — ongoing
(GFF + PUF/XAD-2)

2006 - ongoing
(GFF + PUF/XAD-2)

Villum 2014 — ongoing 2021-ongoing | ,=**
(Greenland - Aarhus) | (GFF + PUF/XAD-2) (GFF only) .
Zeppelin 2017 — ongoing 2006 — ongoing “u""
(Svalbard - NILU) (PUF/XAD-2) (GFF only)
Andgya 2017 - 2021 2010 - 2021 ""“‘

(dicscon. - NILU)

(PUF/XAD-2)

(GFF only)
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Abbreviation Name | Structure

- Perfluorosulfo .

FBSA Perfluorobutan. AA\D-2/PUF Sandwich CF>(CF2):SO:NI,
] ] y A e tantTal: AamNIE

Abbreviation Name Structure
PFCAs Perfluoroalkyl carboxylic a G F F
TFA Trifluoroacetic Acid CF;CO.H

Perfluorobutanoic Acid

CF3(CF2):CO:H

Perfluoropentanoic Acid

CF3(CF2):CO:H

Perfluorohexanoic Acid

CF4(CF,),CO.H

Perfluoroheptanoic Acid

CF3(CF2)sCO:H

Perfluorooctanoic Acid

CF3(CF2)sCO:H

Perfluorononanoic Acid

CF3(CF2):CO:H

MeFOSA

N-Methyl Perfluorooctane Sulfonamide

CF5(CF»);SO.NH,

Perfluorodecanoic Acid

CF5(CF,)sCO,H

Perfluoroundecanoic Acid

CF3(CF2)sCO:H

Perfluorododecanoic Acid

CF3(CF2)10CO-H

EtFOSA N-Ethyl Perfluorooctane Sulfonamide

LU 4 Y . U]

3

4

CF5(CF2);SO,NH,

MeFOSE

N-Methyl Perfluorooctane Sulfonamidoethanol

CF4(CF»),S0.N(CH, )(CH,CH.OH)

N-Ethyl] Perfluorooctane Sulfonamidoethanol

CF5(CF2);S0,N(CH;)(CH,CH,OH)

4:2 FTOH

4:2 Fluorotelomer Alcohol

CF3(CF2)3(CH2).OH

Perfluorotridecanoic Acid

CF3(CF2)nCO-H

Perfluorotetradecanoic Acid

CF3(CF),2CO;H

PFOcDA

Perfluorooctadecanoic Acid

CF5(CF2)1:CO-H

PFSAs Perfluoroalkyl sulfonic acids
TFMS Trifluoromethane Sulfonic Acid CF3;SO:H
PFEtS Perfluoroethane Sulfonic Acid CF;CF,S0:H

Perfluorobutane Sulfonic Acid

CF3(CF2):80sH

Perfluoropentane Sulfonic Acid

CF3(CF,),S0:H

6:2 FTOH

6:2 Fluorotelomer Alcohol

CF5(CF2)s(CH2).OH

8:2 FTOH

8:2 Fluorotelomer Alcohol

CF5(CF2)7(CH,),0H

Perfluorohexane Sulfonic Acid

CF;(CF,)sS0sH

Perfluoroheptane Sulfonic Acid

CF3(CF2)sSO:H

Perfluorooctane Sulfonic Acid

CF3(CF2);80sH

10:2 FTOH

10:2 Fluorotelomer Alcohol

CF5(CF»)o(CH,),OH

12:2 FTOH

12:2 Fluorotelomer Alcohol

CF3(CF3)11(CH;),OH

6:2 FTA 6:2 Fluorotelomer Acrylate CF3(CF2)s(CH»),OC(O)CHCH:
8:2 FTA 8:2 Fluorotelomer Acrylate CF3(CF2)7(CH2)>OC(O)CHCH:
Other

POSF Perfluorooct On“ne GC 3(CF2)7SO-F

-MS (Medusa)

Perfluorononane Sulfonic Acid

CF3(CF2)s80sH

Perfluorodecane Sulfonic Acid

CF3(CF,)SO:H

Perfluorododecane Sulfonic Acid

CF3(CF2)1:50:H

PFECAs

Perfluoroalkyl ether earboxylic acids

HFPO-DA (GenX)

Hexafluoropropylene Oxide Dimer Acid

CF;(CF4);0CH(CF;)CO-H

ADONA

3H-Perfluore-3-[(3-Methoxy-Propoxy)Propanoic Acid]

CF;0(CF,);OCHFCF,CO;H

PFESAs Perfluoroalkyl ether sulfonic acids
6:2 CI-PFESA 6:2 Chlorinated Polyfluorinated Ether Sulfonic Acid CICF:(CF2)s0(CF:):S0:H
CICF;(CF,),0(CF,),50;H

Hydrofluorocarbons

CoFar-1(CHF),CH,F,

(x=0-2,y=0-3.z=0-3)

HFC-134a (CF3CHaF)

Hydrochlorofluorocarbons

CoFan+1CHFCI
CnF2n+1 CHxC ly

HCFC-123 (CF3CCLH)

S ydarolluoroetners

x=1-2,y=1-2)

(x=1-2)

Hydrofluoroolefins

CnFZrﬁ»l CF=CHxFy
x=0-2,y=0-2)

HFO-1234yf (CF3CF=CH,)

8:2 CI-PFESA

8:2 Chlorinated Polyfluorinated Ether Sulfonic Acid

4:2 Fluorotelomer Sulfonic Acid

CF3(CF2)3(CH2)SOsH

6:2 Fluorotelomer Sulfonic Acid

CF3(CF2)s(CH2).SO;H

8:2 Fluorotelomer Sulfonic Acid

CF5(CF»)CH,),S0;H

6:2 FTUCA

6:2 Fluorotelomer Unsaturated Carboxylic Acid

CF3(CF2)4CFCHCO:H
8:2 FTUCA 8:2 Fluorotelomer Unsaturated Carboxylic Acid CF3(CF2)sCFCHCO;H
FTCAs Fluorotelomer Carboxylic Acid
6:2 FTCA 6:2 Fluorotelomer Carboxylic Acid CF;3(CF)sCH,CO,H
8:2 FTCA 8:2 Fluorotelomer Carboxylic Acid CF3(CFz):CH:CO:H




ZEPPELIN — Air 2022

lonic and volatile PFAS (pg/m3)
Class of uncertainty:2

: No. of MDL* DF Concentration Annual | Annual
Compound Matrix i
samples (%) range mean | median
FT5 4:2 Particle phase 12 0.044 0 <0.044-<0.044 <0.044 | <0.044
FTS 6:2 Particle phase 12 0.940 8 <(.940-1.26 <0.940 | <0.940
FTS 8:2 Particle phase 12 0.022 0 <0.022-<0.022 <0.022 | <0.022
PFBA Particle phase 12 0.250 0 <0.250-<0.250 <0.250 | <0.250
PFPeA Particle phase 12 0.044 50 <0.044-0.104 0.043 <0.044
PFHxA Particle phase 12 0.088 42 <(.088-0.204 <0.088 | <0.088
PFHpA Particle phase 12 0.033 75 <(.033-0.298 0.116 0.099
PFOA Particle phase 12 0.022 58 <(.011-0.297 0.124 0.130
PFNA Particle phase 12 0.022 50 <0.022-0.165 0.0401 0.021
PFDA Particle phase 12 0.022 33 <0.022-0.119 0.031 <0.022
PFUNRA Particle phase 12 0.033 0 <0.033-<0.033 <0.033 | <0.033
PFDoA Particle phase 12 0.044 0 <0.044-<0.044 <0.044 | <0.044
PFTrA Particle phase 12 0.083 0 <0.088-<0.088 <0.088 | <0.088
PFTeA Particle phase 12 0.022 0 <0.022-<0.022 <0.022 | <0.022
PFBS Particle phase 12 0.022 0 <0.022-<0.022 <0.022 | <0.022
PEPS Particle phase 12 0.044 0 <0.044-<0.044 <0.044 | <0.044
PFHxS Particle phase 12 0.022 0 <0.022-<0.022 <0.022 | <0.022
PFHpS Particle phase 12 0.044 0 <0.044-<0.044 <0.044 | <0.044
PFOS Particle phase 12 0.044 0 <0.044-<0.044 <0.044 | <0.044
PENS Particle phase 12 0.066 0 <0.066-<0.066 <0.066 | <0.066
PFDS Particle phase 12 0.066 0 <0.066-<0.066 <0.066 | <0.066
PFURS Particle phase 12 0.088 0 <0.088-<0.088 <0.088 | <0.088
PFDoS Particle phase 12 0.083 0 <0.088-<0.088 <0.088 | <0.088
PFTrS Particle phase 12 0.083 0 <0.088-<0.088 <0.088 | <0.088
PFTS Particle phase 12 0.100 0 <0.100-<0.100 <0.100 | <0.100
PFOSA Particle phase 12 0.044 0 <0.044-<0.044 <0.044 | <0.044
sum ionic PFAS 12 1.145-2.036 1.54 1.46
4:2 FTOH Gas phase 12 0.680 0 <0.68-<0.68 <0.68 <0.68
6:2 FTOH Gas phase 12 1.96 100 5.30-42.1 14.0 9.53
8:2 FTOH Gas phase 12 1.04 100 5.79-49.2 19.4 17.0
10:2 FTOH Gas phase 12 0.780 100 1.12-17.6 6.20 5.38
12:2 FTOH Gas phase 12 0.390 100 0.56-7.46 2.64 2.58
N-Me-FOSA Gas phase 12 0.780 20 <0.78-0.86 <0.78 <0.78
N-Et-FOSA Gas phase 12 0.440 30 <0.44-0.67 <0.44 <0.44
N-Me-FOSE Gas phase 12 0.280 30 <0.28-0.85 0.29 <0.28
N-Et-FOSE Gas phase 12 0.340 10 <0.34-0.52 <0.34 <0.34
Sum Vol PFAS 12 14.6-85.8 43.9 40.4

Halvorsen, H. L., Pfaffhuber, K. A., Nipen, M., Bohlin-Nizzetto, P., Berglen, T. F.,
Nikiforov, V., & Hartz, W. F. (2023). Monitoring of environmental contaminants in air and
precipitation. Annual report 2022. NILU rapport.
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Hartz, William F., et al. "Levels and distribution profiles of Per-and Polyfluoroalkyl Substances (PFAS) in a high Arctic Svalbard ice core." Science of the Total Environment 871

(2023): 161830.



- UNIS Reference Svalbard Ice
ZEPPELIN — Air )
U |traSh0rt- Longyearbyen Foxtonan sites Core (Lomo)

lonic and volatile PFAS (pg/m3) h : —_— TFA 100% 100% 100% 100%

Class of uncertainty:2 chain I { PFPrA 100% 100% 100% 100%

No. of MDL* DF Concentration | Annual | Annual PFBA 100% 90% 100% 100%

Compound — samples (%6) range mean | median PFPeA 100%

FTS 4:2 Particle phase | 12 0.044 0 <0.044-<0.044 | <0.044 | <0.044 PFHxA 100%

FTS 6:2 Particle phase| 12 0.940 8 <0.940-1.26 <0.940 | <0.940 PFHpA 100%

- - - - - - PFOA 100%

FTS 8:2 Particle phase| 12 0.022 0 <0.022-<0.022 | <0.022 | <0.022 - PFNA 108%

. [1]

PFBA F'art!cle phase| 12 0.250 0 <0.250-<0.250 | <0.250 | <0.250 PFDA 100%

PFPeA Particle phase | 12 0.044 50 <0.044-0.104 0.048 | <0.044 PFUNDA 100%
PFHxA Particle phase | 12 0.088 42 <0.088-0.204 | <0.088 | <0.088 PFDoDA 829,
PFHpA Particle phase | 12 0.033 75 <0.033-0.298 0.116 | 0.099 L PFTiDA 88%
PFOA Particle phase | 12 0.022 58 <0.011-0.297 0.124 | 0.130 PFTDA 18%
PENA Particle phase | 12 0.022 50 <0.022-0.165 | 0.0401 | 0.021 PFHxDA 12%
PFDA Particle phase| 12 0.022 33 <0.022-0.119 0.031 | <0.022 PFOcDA 0%
PFUNA Particle phase | 12 0.033 0 <0.033-<0.033 | <0.033 | <0.033 TFMS 100% 100% 100% n/a

o, 0 0, 0,

PFDOA Particle phase | 12 0.044 0 <0.044-<0.044 | <0.044 | <0.044 PPIEEE wﬂ';f‘—' guf gﬂf gﬂf
. T (1] (] (1] (1]

PFTrA Particle phase | 12 0.088 0 <0.088-<0.088 | <0.088 | <0.088 PFRS 63% 10% 0% 4%
PFTeA Particle phase | 12 0.022 0 <0.022-<0.022 | <0.022 | <0.022 PFPeS 6%
PFBS Particle phase | 12 0.022 0 <0.022-<0.022 | <0.022 | <0.022 PFHXS 65%
PFPS Particle phase | 12 0.044 0 <0.044-<0.044 | <0.044 | <0.044 PFHpS 0%
PFHxS Particle phase | 12 0.022 0 <0.022-<0.022 | <0.022 | <0.022 PFOS 82%
PFHpS Particle phase| 12 0.044 0 <0.044-<0.044 | <0.044 | <0.044 PFNS 0%
PFOS Particle phase 12 0.044 0 <0.044-<0.044 <0.044 | <0.044 PFDS 0%
PFNS Particle phase | 12 0.066 0 <0.066-<0.066 | <0.066 | <0.066 PFDoDS 0%
PFDS Particle phase [ 12 0.066 0 <0.066-<0.066 | <0.066 | <0.066 FTUCAs 42 FTSA 0"?
PFUNS Particlephase| 12 | 0088 | 0 <0.088-<0.088_| <0.083 | <0.088 \ o e o
. . (1]

o T N e e
r article phase . <0 =<0, 3 <L 82 FTUCA 6%
PFTS Particle phase| 12 0.100 0 <0.100-<0.100 | <0.100 | <0.100 PEECHS 0%
PFOSA Particle phase| 12 0.044 0 <0.044-<0.044 | <0.044 | <0.044 FECH SI GenX, 6:2 C1-PFESA 0%
sum ionic PFAS 12 1.145-2.036 1.54 1.46 8:2 CI-PFESA 0%
12:2 FTOH Gas phase 12 0.680 0 <0.68-<0.68 <0.68 <0.68 HFPO-DA (GenX) 0%
6:2 FTOH Gas phase 12 1.96 5.30-42.1 14.0 9.53 ADONA 0%
8:2 FTOH Gas phase 12 1.04 5.79-49.2 19.4 17.0 FBSA 82%
10:2 FTOH Gas phase 12 112-176 620 | 538 “ggBSiA 26'1:;@
X (]

412:2 FTOH Gas phase 12 0.56-7.46 2.64 2.58 o

N-Me-FOSA Gas phase 12 [ <0.78 | <0.78 C4 PFAS M;%I;’f‘a‘ ;}9{;’,
1]
N-Et-FOSA Gas phase 12 0.440 30 <0.44-0.67 <0.44 | <0.44 MeFOSA 0%
N-Me-FOSE Gas phase 12 0.280 30 <0.28-0.85 029 | <0.28 EtFOSA 6%
N-Et-FOSE Gas phase 12 0.340 10 <0.34-0.52 <0.34 | <0.34 MeFOSE 24%
Sum Vol PFAS 12 14.6-85.8 43.9 40.4 EtFOSE 35%




What should we measure?

Current active air sampling measures:

lonic PFAS: i.e. C4 — C11 PFCAs
Neutral PFAS: FTOHs, FASAs, FASEs

Future?

Ultrashort chain PFAAs (e.g. TFA, TEMS)
Emerging PFAS (e.g. GenX, PFECHS)

FTUCAs (FTOH degradation product)

C4 replacement compounds (e.g. FBSA, MeFBSA,
MeFBSE, MeFBSAA)

Other compounds?




Volatile Fluorinated & Chlorinated Substances

Vol.fluorinated & chlorinated substances

(pg/m?)
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Figure 4: Annual median concentrations of the detected volatile fluorinated and chlorinated
substances in air (pg/m?) at Sofienbergparken and Zeppelin in 2022. The annual median
concentration at Zeppelin is based on weekly samples, while Sofienbergparken is based on monthly
samples.

Halvorsen, H. L., Pfaffhuber, K. A., Nipen, M., Bohlin-Nizzetto, P., Berglen, T. F., Nikiforov, V., & Hartz, W. F. (2023). Monitoring of environmental contaminants in air and
precipitation. Annual report 2022. NILU rapport.



Volatile Fluorinated & Chlorinated Substances

Volatile fluorinated and chlorinated substances (pg/m3)
Class of uncertainty:2
PFTBA Gas phase 24 50 77 59-2529 2085 2264
TCPFB Gas phase 24 1 100 36-299 221 260.5
PFTPeA Gas phase 24 10 70 44-183 118 116
HCBD Gas phase 24 5 100 851-2100 1745 1789
PFPHP Gas phase 24 5 70 13-53 39 40
DCTFP Gas phase 24 0.2 98 0.6-7.3 5.0 4.6
PCTol Gas phase 24 0.2 84 0.4-3.3 1.0 1.2
DCPFcH Gas phase 24 1 0 n.d.-n.d. n.d. n.d.
PFBB Gas phase 24 5 0 n.d.-n.d. n.d. n.d.
bTFMBB Gas phase 24 1 0 n.d.-n.d. n.d. n.d.
DCBTC Gas phase 24 0.5 0 n.d.-n.d. n.d. n.d.
HCcBen Gas phase 24 1 100 80-247 196 208
HCBcB Gas phase 10 1 100 1.5-6.8 4.0 4.1

Halvorsen, H. L., Pfaffhuber, K. A., Nipen, M., Bohlin-Nizzetto, P., Berglen, T. F., Nikiforov, V., & Hartz, W. F. (2023). Monitoring of environmental contaminants in air and
precipitation. Annual report 2022. NILU rapport.



Volatile Fluorinated & Chlorinated Substances

Volatile fluorinated and chlorinated substances

Perfluorotributylamine PFTBA 311-89-7
Tetrachlorohexafluorobutane TCPFB 375-45-1
Perfluorotripentylamine PFTPeA 338-84-1
Hexachlorobutadiene HCBD 87-68-3
Perfluoroperhydrophenanthrene PFPHP 306-91-2
Dichlerotrifluoropyridene DCTFP 1737-93-5
Pichierebensetriehiosiderirs DCETC LWL P\
Sietrtoroperfimorocyctoirereme B =ity
Plemtodloacabeomoabornmons Lot R
=Sri-bis={irifluoremetipb-bromebensene——bisTEMER i}
Pentachlorotoluene PCTol 877-11-2
Hexachlorocyclobutene HCcBen 6130-82-1
HexaChlorobicyclobutane HCBcB

F
= FF Cl ClI
Cl
Cl N
HCBD CI  ClI

o C
cl
HCcBen |l N
cl PFPHP

Cl
Halvorsen, H. L., Pfaffhuber, K. A., Nipen, M., Bohlin-Nizzetto, P., Berglen, T. F., Nikiforov, V., & Hartz, W. F. (2023). Monitoring of environmental contaminants in air and

precipitation. Annual report 2022. NILU rapport.



Other measurement approaches?
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Points for discussion

- Different measurement strategies at different locations vs Harmonisation of measurements
« Current sampling often distinguishes particles vs gas phase
 Is this important knowledge, or even accurate? Requirement for harmonisation across sites?

* What is relevant to measure? How important are PFAS that don't fulfil all PBT or long-range

transport requirements (but are climate forcing / ozone depleting)?
* New role for ABN/online sampling for neutral/ionic PFAS?
« Deposition vs direct air measurement?
« Any QA/QC issues to discuss? Requirement for analytical/sampling method inter-institution

comparison?
« For those not measuring PFAS currently — should we expand geographical coverage e.g. with PAS?
* Role of PAS in a field dominated by active sampling - Deploy XAD-2 PAS with EMEP/MONET? EMEP

intensive measurement campaign?
* Role of archived filters/XAD-2 sandwich for retrospective investigations?
* Role for Fluorine Mass Balance approach (with CIC) or Total Oxidisable Precursor Assay (TOPA)? Q
* Anything | have missed? NILU
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Summary of mo

nitoring stations

Neutral PFAS lonic PFAS
Station Latitude | Time period Sampling method Time period Sampling method
Alert 0 : _
(Canada - ECCC) 82.5 °N | 2006 - ongoing | GFF + PUF/XAD-2 | 2006 — ongoing | GFF + PUF/XAD-2
Villum, Station Nord 0 B : ] ~ .
(Greenland - Aarhus) 81.6 °N | 2014 - ongoing | GFF + PUF/XAD-2 | 2021 - ongoing GFF
Zeppelin 0 B : ) - _
(Svalbard - NILU) 78.9 °N | 2017 — ongoing PUF/XAD-2 2006 — ongoing GFF
Andgya 0 B ) }
(Norway - NILU) 69.3 °N 2017 - 2021 PUF/XAD-2 2010 — 2021 GFF
Pallas 0 _
(Finland - IVL) 68.0 °N ) ) 2017 - ongoing GFF
Sofienbergparken 59.9 °N | 2022 — ongoing PUF/XAD-2 2022 - ongoing GFF
(Oslo - NILU)
Birkenes o : .
(Norway — NILU) 58.4 °N | 2017 — ongoing PUF/XAD-2 2006 — ongoing GFF
Ré(.j o] .
(Sweden — IVL) >7.3°N ) B 2009 - ongoing GFF
Kosetice 49.6 °N ongoing QFF + PUF/XAD-2 ongoing QFF + PUF/XAD-2

(Czechia — Masaryk)




Discussion for conclusions, recommendations and outlook - PFAS

- Different measurement strategies at different locations vs Harmonisation of measurements

* Unable to use GFF and PUF/XAD-2 to distinguish particles-bound and gas phase
neutral/ionic PFAS

* Need for harmonisation, by measuring both GFF and XAD-2/PUF matrices for both
individually for ionic and neutral PFAS

» Also inconsistent sampling time periods, use of pooling, QFF vs GFF
* High background from PUF for ionic PFAS with LC — use of mesh instead to hold XAD-2
* How do we achieve this together?
*  What new PFAS should we measure (next slide)?
* New role for ABN/online sampling for neutral/ionic PFAS
 First results coming soon
«  Requirement for PAS to expand geographical coverage in Europe (+ N. America and Africa?)
* Are PAS methods ready for this? EMEP intensive measurement campaign?

» Deposition vs direct air measurement?
* Role for Fluorine Mass Balance approach (with CIC) or Total Oxidisable Precursor Assay (TOPA)?

- Potentially has a future role m
walls

* Policy makers — need to reduce and remove atmospheric emissions of FTOHs?
NILU



Current active air sampling measures:
* lonic PFAS: i.e. C4 — C11 PFCAs
* Neutral PFAS: FTOHs, FASAs, FASEs

Future?

« Ultrashort chain PFAAs (e.g. TFA, TFMS)

«  Emerging PFAS (e.g. GenX, PFECHS, F-53B, PFECAS)

« FTUCAs (FTOH degradation product)

*  C4 replacement compounds (e.g. FBSA, MeFBSA, MeFBSE,
MeFBSAA)

- PFTBA, PFPeTA, PFPHA, TCPFB, (HCBD)

*  Other compounds? o F R F

Cl
Cl

TCPFB FF F c



Conclusion of Discission (written after the workshop)

Arctic/established stations should aim to measure both neutral and ionic PFAS on filters and
PUF/XAD-2 individually

» Results should be summed and reported as a combined gas + particle phase
concentration

To increase special coverage, stations already measuring PAHSs, can also measure PFAS just on
a GFF filter

« This is to get an indication of regional/local atmospheric levels, owing to lack of
established method for passive air sampling for PFAS

A Europe wide passive air sampling campaign to measure neutral PFAS (with XAD-2) is
recommended (e.g. EMEP intensive measurement campaign and/or MONET network)

All stations should continue to measure existing (neutral and/or ionic) analytes and try to
measure as many additional analytes as possible

¢ As a minimum, this should include GenX (HFPO-DA)

b

NILU
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