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Sampling of PFAS in air  
Introduction 
Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are a group of more than 4000 human-
made substances that, due to their unique properties as being water-lipid repellent, and having 
high chemical and thermal stability, are widely used in consumer products and industrial 
applications. Examples of the wide range of uses for PFAS are in pesticides, food packaging 
material, nonstick cookware, furniture wax and fire-fighting foam in fabrics. PFASs are also used 
as production chemicals for fluorinated polymers in electroplating and they even occur in 
cosmetics. 

Scientific studies have shown that exposure to PFASs can lead to adverse health effects in 
humans. Exposure pathways for PFASs include drinking water contaminated with PFASs, food 
containing PFASs from packaging material, exposure through skin contact with products 
containing PFASs as well as through polluted air. 

Previous studies show that PFAS has been measured and reported in both indoor and outdoor air 
samples1,2. PFAS exist in air as volatile compounds or associated to particulate matter (PM). Most 
studies on PFASs in the atmosphere focus on volatile PFASs precursors such as perfluoroalkane 
sulfonamido ethanols (FOSEs), perfluoroalkane sulfonamides (FOSAs), and fluorotelomer 
alcohols (FTOHs)3. Figure 1, from Wu et al study, shows a clear example of the strong 
contribution of volatile PFAS among a total of 19 different PFASs that were detected in air 
samples from an urban area.  

 
1 Maya E. Morales-McDevitt, Jitka Becanova, Arlene Blum, Thomas A. Bruton, Simon Vojta, Melissa 
Woodward, and Rainer Lohmann. The Air That We Breathe: Neutral and Volatile PFAS in Indoor Air. 
Environmental Science & Technology Letters 2021 8 (10), 897-902. DOI: 10.1021/acs.estlett.1c00481 
 
2 Wang P., Zhang M., Li Q., Lu Y. Atmospheric diffusion of perfluoroalkyl acids emitted from 
fluorochemical industry and its associated health risks. Environ. Int., 146 (2021), p. 106247, 
10.1016/j.envint.2020.106247. 
 
3 Jahnke, A., Ahrens, L., Ebinghaus, R., Temme, C., 2007b. Urban versus remote air 
concentrations of fluorotelomer alcohols and other polyfluorinated alkyl substances 
in Germany. Environ. Sci. Technol. 41 (3), 745–752. https://doi.org/10.1021/ 
es0619861. 
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Figure 1:  Concentration (pg/m3) of 19 PFAS in the air of Tsukuba city in Japan 20204.  

Neutral precursor compounds are more volatile than ionic PFAS and have thus different 
gas/particle partitioning.  

Neutral PFAS reported to be found in air samples includes:  

- Perfluorooctane sulfonamide (PFOSA) 
- Methyl-perfluorooctane sulfonamide (MeFOSA) 
- Ethyl- perfluorooctane sulfonamide (EtFOSA) 
- Methyl-perfluorooctane sulfonamido ethanol (MeFOSE) 
- Ethyl-perfluorooctane sulfonamido ethanol (EtFOSE) 
- 4:2 fluorotelomer alcohol 4:2 FTOH 
- 5:2 fluorotelomer alcohol 5:2 FTOH 
- 6:2 fluorotelomer alcohol 6:2 FTOH 
- 7:2 fluorotelomer alcohol 7:2 FTOH 
- 8:2 fluorotelomer alcohol 8:2 FTOH 
- 10:2 fluorotelomer alcohol 10:2 FTOH  

 

 
4 Wu R., Lin H., Yamazaki E., Taniyasu S., Sörengård M., Ahrens L., Lam P. K.S., Eun H., Yamashita N., 
Simultaneous analysis of neutral and ionizable per- and polyfluoroalkyl substances in air, Chemosphere, 
Volume 280, 2021, https://doi.org/10.1016/j.chemosphere.2021.130607. 
 

https://doi.org/10.1016/j.chemosphere.2021.130607
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Air sampling is often performed by passing the gas phase through filters and/or sorbents to catch 
and trap the compounds of interest. Filters can trap particles from the air and sometimes even 
chemical compounds. The sorbents generally have a large surface area for efficient partitioning 
from the passing air.  

Simultaneous and accurate collection and measurement of both neutral and ionizable PFASs in 
air requires a suitable sampling technique.    

Background and aim with study 
Within the national environmental monitoring program, POPs are measured in air and 
precipitation at background stations in Sweden. In 2009, the PFASs PFOA and PFOS were added 
to the program. These substances were analysed in background air and precipitation at the 
monitoring station Råö, located at the Swedish west coast. In 2017, the measurements of PFAS 
were expanded with sampling at two other sites, Pallas in northern Finland (in air and 
precipitation) and Norunda at the Swedish east coast (only in precipitation). Also in the same 
year, 12 other PFAS were added to the monitoring program. The following PFAS are today 
included in the program: 

Perfluorooctanesulfonic acid PFOS 
Perfluorooctanoic Acid PFOA 
Heptafluorobutyric acid  PFBA  
Perfluoropentanoic acid PFPeA  
Perfluorohexanoic acid PFHxA  
Perfluoroheptanoic acid PFHpA  
Perfluorononanoic acid PFNA  
Perfluorodecanoic acid PFDA  
Perfluoroundecanoic acid PFUnDA  
Perfluorobutane sulfonic acid PFBS  
Perfluorohexane sulfonic acid PFHxS  
Perfluorodecane sulfonic acid PFDS  
6:2 Fluorotelomer sulfonic acid  6:2-FTS  
Perfluorooctane sulfonamide PFOSA  

 

Since the beginning of PFAS measurements, air sampling has been performed using a separate 
High Volume Sampler (HVS) than used for air sampling of other POPs included in the 
monitoring program. The air sampler used for PFAS collection samples about 2 500 m3 of air per 
week through a glass fiber filter (GFF). The filters are collected weekly and in the laboratory, the 
weekly samples are pooled into monthly samples. The sampling technique used for PFAS is 
presented in Figure 2. The HVS sampler used for sampling other POPs in air collects about 4 500 
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m3 of air per week and first collects substances on a glass fiber filter (GFF) and then on a sorbent 
consisting of a series of three polyurethane foam (PUF) plugs, see Figure 3.  

 
Figure 2: Current air sampling system for PFAS where a glass fiber filter (GFF) is used for 
collecting PFAS.  
 

  
Figure 3: Current air sampling system for POPs using both glass fiber filter (GFF) and a series of 
three polyuretan filters (PUF).  
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Since the addition of more PFAS substances in the program in 2017, no changes to the sampling 
method have been made. It has, however, been suggested in literature that there is a risk for 
underestimating the concentration of PFAS in air, if only a filter is used for collection.  

The aim of this study is to investigate alternatives to the current used sampling method for PFAS 
by studying methods described in literature and to analyze PFAS in the sample extract received 
from the HVS sampling of other POPs in the program, a method that uses glass fiber filter 
together with three PUF sorbents.  

 

Literature study of air sampling methods for PFAS  
Studies have shown that two types of air sampling, Passive Air Sampling (PAS)5 and Active Air 
Sampling (AAS)6 have been used for the analysis of PFAS in outdoor air. PAS is capable of long-
term monitoring with no energy requirement, but for quantitative measurements, PAS require 
the use of specific uptake/partitioning coefficients. AAS allows separation of particulate matter 
and gas phase, where glass fiber filters often are used to separate particulate matter from the gas 
phase. Both passive and active sampling can be performed using the same type of sorbents, (for 
example polyurethane foam (PUF) or XAD-2 particles) or using sorbents that are specific for the 
type of sampling (such as PDMS sheets for passive sampling).  

For indoor sampling, low volume sampling is most often used. The use of solid phase extraction 
(SPE) cartridges containing sorbents such as Isolute Env+ have been demonstrated7. However, for 
outdoor sampling, that is mostly performed using high volume samplers, the SPE-cartridges 
can’t be use as it exhibits high back pressure which limits its use8. So, when using HVS, the 

 
5 Jahnke, A., Ahrens, L., Ebinghaus, R., Berger, U., Barber, J.L., Temme, C., 2007a. An 
improved method for the analysis of volatile polyfluorinated alkyl substances in 
environmental air samples. Anal. Bioanal. Chem. 387 (3), 965–975. https://doi.org/ 
10.1007/s00216-006-1008-y. 
 
6 Lai, F.Y., Rauert, C., Gobelius, L., Ahrens, L., 2019. A critical review on passive sampling 
in air and water for per-and polyfluoroalkyl substances (PFASs). Trends. Anal. Chem. 
121 https://doi.org/10.1016/j.trac.2018.11.009, 115311. 
7 Jahnke A., Huber S., Temme C., Kylin H., Berger U., Development and application of a simplified sampling 
method for volatile polyfluorinated alkyl substances in indoor and environmental air. Journal of 
Chromatography A, 1164 (2007) 1–9. 
 
8 Ahrens L., Shoeib M., Vento S. D., Codling G. and Halsall C. Polyfluoroalkyl compounds in the Canadian 
Arctic atmosphere. Environ. Chem. 2011, 8, 399–406. doi:10.1071/EN1013. 
 

https://doi.org/


            
 
 
 
 

6 
 

combination of glass fiber filters and 2 PUF/XAD-2 sorbents in series has been demonstrated for 
PFAS sampling in outdoor air9 10 11 12.  

The main types of particulate filters used for PFAS air sampling includes: 

1- Glass fiber filter (GFF) which are designed for particle-phase  

2- Quarts fiber filters (QFF) which are designed for particle-phase 

2- Polyurethane foam (PUF) filter, hydrophobic filter 

3- XAD-2 resin, copolymer of styrene-divinylbenzene, hydrophobic resin 

4- XAD-4 resin, polyaromatic, hydrophobic resin 

5- SIP sorbent, impregnated polyurethane disks for gas phase and particle 

6-WAX filter 

7- Activated charcoal 

Previous studies showed that PFCA and PFSA with four or more carbons in a chain (C4) can 
adsorb on a glass fiber filter, but it has also been shown that those compounds can be volatilized 
by air flow during sampling, especially when the sampling exceeds two days13. The same 

 
9 Wong F., Shoeib M., Katsoyiannis A., Eckhardt S., Stohl A., Bohlin-Nizzetto P., Li H., Fellind P., Su Y., 
Hung H. Assessing temporal trends and source regions of per- and polyfluoroalkyl substances (PFASs) in 
air under the Arctic Monitoring and Assessment Programme (AMAP) Atmospheric Environment 172 (2018) 
65–73. 
 
10 Wong F., Shoeib M., Katsoyiannis A., Eckhardt S., Stohl A., Bohlin-Nizzetto P., Li H., Fellind P., Su Y., 
Hung H. Assessing temporal trends and source regions of per- and polyfluoroalkyl substances (PFASs) in 
air under the Arctic Monitoring and Assessment Programme (AMAP) Atmospheric Environment 172 (2018) 
65–73. 
 
11 Xie Z., Wang Z., Mi W., Möller A., Wolschke H. and Ebinghaus R.. Neutral Poly-/perfluoroalkyl 
Substances in Air and Snow from the Arctic. Scientific Reports (2015) 5, 8912; DOI:10.1038/srep08912. 
 
12 Jahnke A., Huber S., Temme C., Kylin H., Berger U., Development and application of a simplified 
sampling method for volatile polyfluorinated alkyl substances in indoor and environmental air. Journal of 
Chromatography A, 1164 (2007) 1–9. 
 
 
13 Bayerisches Landesamt für Umwelt (2010). Bestimmung persistenter bioakkumulierender 
Perfluoralkylverbindungen in verschiedenen Umweltmatrices. ￼Bestimmung persistenter, 
 

https://www.bestellen.bayern.de/application/eshop_app000007?SID=1944619153&DIR=eshop&ACTIONxSETVAL(artdtl.htm,APGxNODENR:200594,AARTxNR:lfu_all_00085,AARTxNODENR:200616,USERxBODYURL:artdtl.htm,KATALOG:StMUG,AKATxNAME:StMUG,ALLE:x)=X
https://www.bestellen.bayern.de/application/eshop_app000007?SID=1944619153&DIR=eshop&ACTIONxSETVAL(artdtl.htm,APGxNODENR:200594,AARTxNR:lfu_all_00085,AARTxNODENR:200616,USERxBODYURL:artdtl.htm,KATALOG:StMUG,AKATxNAME:StMUG,ALLE:x)=X
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behavior and loss were noticed for volatile PFAS. Therefore, it is recommended to use a 
combination of glass fiber filter and two subsequent PU foams. This combination of filters is 
considered as standardized for the determination of polychlorinated biphenyls, PCDD/PCDF and 
some polybrominated flame retardants14,15,16.  

In case, air sampling is aiming to detect neutral PFAS, like fluorotelomer alcohols, Me-FOSA, Et-
FOSA, an additional cartridge with activated charcoal or resin filter like XAD-2 should be used. 
Wu et al. (2021) showed that where sampling of PFAS in air was done through QFF, followed by 
PUF filter and then an activated carbon filter, the neutral PFAS will be found mainly in the 
activated carbon filter17. Another study showed that using SPE cartridge with a combination of 
two layers of absorbents, a C18 layer for trapping neutral PFASs and a WAX layer for trapping 
ionizable PFASs was optimal for low volume air sampling18.  

The difficulty in sampling the complete range of PFAS present in air, from small polar PFAS to 
particle associated PFAS, has led to the publication of modified US Environmental Protection 
Agency method for capturing 50 PFAS using glass fiber filters in combination with XAD-2 
sorbent and impingers (with additional XAD-2 sorbent for breakthrough determination)19. 

 

 
bioakkumulieren Perfluoralkylverbindungen in verschiedenen Umweltmatrices - Bioakkumulierende 
Perfluoralkylverbindungen - Publikationsshop der Bayerischen Staatsregierung (bayern.de) 
 
14 VDI Guideline 3498 Part2 (2002). Ambient air measurement – Indoor air measurement. Measurement of 
polychlorinated dibenzo-p-dioxins and dibenzofurans. Method using small filters. Beuth, Berlin. 
 
15 VDI Guideline 2464 Part 3 (2012) Ambient air measurement – Indoor air measurement. Measurement of 
polybrominated diphenyl ethers, hexabromocyclododecane and hexabromobenzene with GC/MS. Beuth, 
Berlin. 
 
16 Ulman M, Sengl M, Körner W, Horst K (2012). Medienübergreifende Umweltanalytik persistenter 
Perfluortenside und Bestimmung (semi)flüchtiger Vorläuferverbindungen – PFC in der Umwelt. 
Bayerisches Landesamt für Umwelt 
 
17 Rongben Wu, Huiju Lin, Eriko Yamazaki, Sachi Taniyasu, Mattias Sörengård, Lutz Ahrens, Paul K.S. Lam, 
Heesoo Eun, Nobuyoshi Yamashita, Simultaneous analysis of neutral and ionizable per- and polyfluoroalkyl 
substances in air, Chemosphere, Volume 280, 2021. 
 
18 Yiming Yao, Yangyang Zhao, Hongwen Sun, Shuai Chang, Lingyan Zhu, Alfredo C. Alder, and 
Kurunthachalam Kannan, Per- and Polyfluoroalkyl Substances (PFASs) in Indoor Air and Dust from Homes 
and Various Microenvironments in China: Implications for Human Exposure. Environmental Science & 
Technology 2018 52 (5), 3156-3166. DOI: 10.1021/acs.est.7b04971 
 
19 Other Test Method 45 (OTM-45) Measurement of Selected Per- and Polyfluorinated Alkyl Substances from 
Stationary Sources, USEPA 2021. 
 

https://www.bestellen.bayern.de/application/eshop_app000007?SID=1944619153&DIR=eshop&ACTIONxSETVAL(artdtl.htm,APGxNODENR:200594,AARTxNR:lfu_all_00085,AARTxNODENR:200616,USERxBODYURL:artdtl.htm,KATALOG:StMUG,AKATxNAME:StMUG,ALLE:x)=X
https://www.bestellen.bayern.de/application/eshop_app000007?SID=1944619153&DIR=eshop&ACTIONxSETVAL(artdtl.htm,APGxNODENR:200594,AARTxNR:lfu_all_00085,AARTxNODENR:200616,USERxBODYURL:artdtl.htm,KATALOG:StMUG,AKATxNAME:StMUG,ALLE:x)=X
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Comparison of PFAS from air sampling using the 
ordinary PFAS sampling or the POP sampling method 
To investigate if the ordinary PFAS sampling (HVS with only glass fiber filter) implies 
underestimation of the PFAS content in air, additional PFAS analysis was carried out on five 
acetone extracts from the ordinary POP air sampling (GFF + 3 PUF filters). The two HVS samplers 
are located next to each other at the Råö station, and the sampling is performed during the exact 
same time periods. 

Acetone extracts from six POP air samples from Råö, sampled during 2020, were analysed for 
PFAS. The samples were chosen to represent a good spread over the year (January, Mars, May, 
June, September, and December). The analysis of PFAS was done for the same PFAS components 
as in the ordinary monitoring program, using same analysis methods and instruments.  In 
addition, for PFAS quantification in the five extracts, an aliquot of around 250 mL from every 
extract was taken and fortified with PFAS labelled internal standards before concentrating to 1 
mL using a gentil nitrogen flow.  

The results of the comparison between the two sampling methods are presented in Table 1. 
 
The total concentration of PFAS measured in the sample extracts from the POP air sampler (GFF 
+ 3 PUF) were up to three times higher than from the PFAS sampler (GFF) during the winter 
months, see Table 1. This indicates that there might be a possible underestimation of PFAS in air 
when using the existing PFAS sampler. In June and September, however, the PFAS 
concentrations were somewhat higher in the samples from the PFAS sampler (GFF), compared to 
from the POP sampler.  

However, it is important to keep in mind that the concentration of individual PFAS in 
background air is low, and the uncertainty of the analytical work may mean that the results are 
not directly comparable. Also, the flow rates of the two samplers differs with almost a factor of 2. 
Results from this comparison should therefore be considered as indicative. 
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Table 1: A comparison of PFAS concentrations (pg/m3) measured in air samples, from the Råö 
station during 2020, sampled during the same time periods using two separate high-volume 
samplers HVS; one sampling on a glass fiber filter +3 PUF filter (GFF + 3 PUF), the other sampling 
only on a glass fiber filter (GFF). 

  PFBS PFHxS PFOS PFDS 6:2 FTS PFOSA PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnDA 
∑PFA

S 

GFF + 3 
PUF 

2020-01 < 0.05 0.13 0.73 < 0.05 0.44 < 0.05 5.6 0.24 0.23 0.11 3.0 0.32 0.078 < 0.05 11 

GFF 2020-01 < 0.06 < 0.05 0.68 < 0.05 < 0.05 < 0.05 2.6 < 0.05 0.44 0.21 0.7 0.26 0.11 < 0.05 5.0 

GFF + 3 
PUF 

2020-03 < 0.08 < 0.05 0.47 < 0.05 0.12 < 0.05 3.0 0.099 0.1 0.096 0.68 0.16 < 0.05 < 0.05 4.7 

GFF 2020-03 < 0.09 < 0.05 0.41 < 0.05 < 0.05 < 0.05 1.8 < 0.05 0.25 0.16 0.49 0.18 0.13 < 0.05 3.4 

GFF + 3 
PUF 

2020-05 < 0.11 < 0.05 0.55 < 0.05 0.18 < 0.05 3.9 < 0.06 < 0.06 0.1 1.0 0.22 0.059 0.078 6.1 

GFF 2020-05 < 0.12 < 0.05 0.38 < 0.05 < 0.05 < 0.05 4.2 < 0.05 0.36 0.18 0.53 0.22 0.14 < 0.05 6.0 

GFF + 3 
PUF 

2020-06 < 0.14 < 0.05 0.18 < 0.05 0.28 < 0.05 2.5 < 0.06 0.11 0.091 0.12 0.081 < 0.05 < 0.05 3.4 

GFF 2020-06 < 0.15 < 0.05 0.18 < 0.05 < 0.05 < 0.05 3.3 < 0.05 0.62 0.18 0.39 0.27 0.27 0.38 5.6 

GFF + 3 
PUF 

2020-09 < 0.17 < 0.05 0.4 < 0.05 0.13 < 0.05 3.3 < 0.06 0.19 < 0.05 0.74 0.1 < 0.05 < 0.05 4.9 

GFF 2020-09 < 0.18 < 0.05 0.54 < 0.05 < 0.05 < 0.05 5.0 < 0.05 0.24 0.24 0.55 0.35 0.27 0.53 7.7 

GFF + 3 
PUF 

2020-12 < 0.20 0.13 0.15 < 0.05 0.28 < 0.05 2.8 1.1 0.69 0.13 1.8 0.055 < 0.05 < 0.05 7.1 

GFF 2020-12 < 0.21 < 0.05 0.22 < 0.05 < 0.05 < 0.05 1.3 < 0.05 0.45 < 0.05 0.23 0.11 < 0.05 < 0.05 2.3 

 

Figure 4 shows the PFAS concentration divided between the concentration analysed in the glass 
fiber filter and concentration analysed in PUF (pg/m3) in the same air samples from Råö in 2020. 
The concentrations of PFAS collected on PUF was calculated as: 

PFAS conc PUF = PFAS conc (POP samples, filter + 3 PUF) – PFAS conc (PFAS samples, filter). 
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Figure 4:  Concentrations (pg/m3) of measured PFAS in Filter vs PUF in air samples from Råö in 
2020. 

 

Figure 4 shows that there are considerable amounts of PFAS that pass the GFF and is captured by 
PUF filters. The highest contribution of PFAS from PUF was during wintertime sampling with a 
contribution of 69% in December and 56% in January while the lowest contribution was during 
April, around 20% from PUF. Other results that confirming the inadequacy of using only GFF in 
air sampling for PFAS analysis, that 6:2 FTS, PFHxS and PFPeA were detected just in PUF filter as 
well as around 80% of total detected PFOA and around 50% of total detected PFBA during 
January and December were from PUF filter.  As we see there were always contributions from 
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PFAS in PUF which refer to PFASs amounts that volatilized from the glass fiber filter with the 
flow during sampling time.  

 

Figure 4 shows that considerable amounts of PFAS pass the glass fiber filter and are captured by 
the PUF filter.  In January and December, around 50% of detected PFBA and around 80% of 
detected PFOA was measured in the PUF. The highest contribution of PFAS from PUF was 
observed during wintertime when the contribution was 56% in January and 69% in December. 
The lowest contribution in PUF was observed during April when around 20% of PFAS was 
detected in PUF. Other results that confirm the inadequacy of using only GFF in air sampling for 
PFAS, are that 6:2 FTS, PFHxS and PFPeA were only detected in PUF filter. Also, around 80% of 
detected PFOA and around 50% of detected PFBA during January and December were found in 
the PUF filters. Results show that there were always contributions from PFAS found in PUF, 
which indicates that PFAS volatilize from the glass fiber filter during the sampling. 

Conclusions and Recommendations 
The comparison between captured amounts of PFAS with the ordinary PFAS sampler (GFF) and 
POP sampler (GFF + 3 PUF) used in the national monitoring program indicates that there are 
some differences in capture efficiency. If the observed differences are due to differences in 
sampling flow rate and/or the use or nonuse of PUF filters needs further study.  

It has been suggested in literature that when using only a GF filter for air sampling for PFAS, 
there is a risk of underestimation of both the type of PFAS present in the sample and the amount 
of those PFASs. Sampling set-ups used for PFAS sampling found in literature includes:  

1.GFF + PUF filter (Figure 3): the current used system for sampling POPs could perhaps better 
capture PFAS included in the current list of measured PFAS than the current separate system 
used for PFAS sampling. However, this system might not be enough to capture or adsorb neutral 
or volatile PFAS.  

2.GFF + PUF filter + XAD-2 filter (Figure 5): this system has been reported in literature to  enable 
good capture and adsorption for a wide spectrum of PFAS, including neutral and volatile PFAS.  

3.GFF + 2 PUF filters + XAD-2 filter (Figure 6): this system has been reported to provide a good 
sampling of a wide range of PFAS including neutral and volatile PFAS. The addition of the 
second PUF filter will improve the recovery and raise the performance of the air sampling.  
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Figure 5: Air sampling system with GFF + PUF filter + XAD-2 filter.  

  
Figure 6: Air sampling system with GFF + 2 PUF filters + XAD-2 filter.  
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The current list of analysed PFAS in air could be expanded to also include many of the neutral 
and volatile PFASs listed on page 2 of this report. Of the neutral PFAS it could be plausible to add 
Me-FOSA and Et-FOSA if sampling is performed using both GFF and PUFs. The other neutral 
PFAS presented in the list probably require another sampling method, including XAD-2 filter and 
possibly another flow rate (Figure 5 or 6).  

We suggest that a further study should be considered, where current analyzed PFAS and neutral 
PFAS are sampled using the set-up presented in Figure 5 or 6, with GFF, one or two PUF and a 
XAD-2 filter. To estimate the breakthrough of volatile compounds, PFAS could be analyzed in 
separate extracts extracted from each individual filter. This study could be conducted using the 
existing POP sampler, with modifications.  
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