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Summary 

Per- and polyfluoroalkyl substances (PFAS) are thermally persistent and may survive or transform 

during waste incineration. Standardised methods for sampling PFAS in flue gas have only recently 

become available, and full-scale experience remains limited. This report focuses on the polar PFAS 

fraction captured by US EPA method OTM-45, with particular emphasis on ultra-short-chain PFAS. To 

our knowledge, this is among the first attempts to determine ultra-short-chain PFAS in flue gas under 

full-scale sampling conditions, although such claims should be interpreted cautiously. 

Measurements were performed at the Linköping waste-to-energy plant during two sampling days in 

October 2025 using modified OTM-45 trains. In both configurations, the sampling flow was halved and 

the sampling time doubled to reduce bubbling in the impingers, and a condensation flask was placed 

upstream of the XAD-2 resin to provide drier gas. On the first day, a WAX sorbent was also included to 

test whether PFAS could be captured in the wet gas. 

The modifications clearly changed the behaviour of the sampling train. Mobile, water-soluble compounds 

were mainly captured in the condensation flask. The clearest findings were the replacement chemical 

C6O4 (11.4 ng; 3.5 ng/Nm³) and the ultra-short-chain PFAS perfluoropropanoic acid (PFPrA; 2.0 ng; 

0.67 ng/Nm³), both detected in the condensate and unaffected by blanks. TFA could not be evaluated 

due to high background, PFMeS coincided with field blanks, and PFEtS and PFPrS were not detected. 

Longer-chain PFAS were detected only at low levels, comparable to blank levels. Overall, the modified 

train improved capture of mobile polar species, but robust quantification still requires strict blank control 

and repeated sampling.  
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Summary 
Per- and polyfluoroalkyl substances (PFAS) are thermally persistent and may 
survive or be transformed during waste incineration. Standardised methods for 
sampling PFAS in flue gas have only recently become available, and experience 
from full-scale plants remains limited. This report addresses the polar PFAS 
fraction captured by the US EPA method OTM-45, particularly the ultra-short-
chain PFAS. To the best of our knowledge, this is a first attempt to determine ultra-
short-chain PFAS in flue gas at full-scale sampling, although such claims should be 
treated with caution. 

The measurement was carried out as a separate campaign at the Linköping waste-
to-energy plant over two sampling days in October 2025, using a modified OTM-45 
train. Two configurations were used, and neither follows the standard OTM-45 
design. In both cases, the sampling flow was halved and the sampling time 
doubled (about 6.1 hours and 3.0–3.3 m³ of dry gas per day) to reduce bubbling in 
the impingers, and a condensation flask was placed upstream of the resin to deliver 
drier gas to the XAD-2. On the first day, a WAX sorbent was additionally inserted 
in the train to test whether it could capture PFAS in the wet gas. 

The modification markedly changed the behaviour of the sampling train: the 
water-soluble, mobile species were captured in the new condensation flask rather 
than sorbed onto surfaces. The two most evident findings were the fluorinated 
replacement chemical C6O4 (11.4 ng, corresponding to 3.5 ng/Nm³), a substance in 
IVL's extended analytical compound list beyond the standard OTM-45 list, and the 
ultra-short-chain perfluoropropanoic acid (PFPrA, 2.0 ng, corresponding to 0.67 
ng/Nm³), both found in the condensate and free from blank influence. Among the 
ultra-short-chain substances, PFPrA was detected, whereas trifluoroacetic acid 
(TFA) could not be evaluated owing to high background in the sampling matrix. 
PFMeS was detected at low concentrations but coincided with field blanks. PFEtS 
and PFPrS were not detected. The other longer-chain PFCAs and PFSAs, for 
example PFOA, PFHxS and PFBS, occurred at low amounts comparable to the field 
blanks, which means they cannot be attributed with certainty to the flue gas. 

Overall, the modified sampling train improved the capture of mobile, polar species 
and reduced losses to the equipment. Robust quantification of ultra-short-chain 
PFAS in flue gas remains challenging and requires strict control of background and 
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blank levels, as well as replicate sampling on multiple occasions. Therefore, the 
results should be interpreted with caution. 
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Sammanfattning 
Per- och polyfluorerade alkylsubstanser (PFAS) är termiskt persistenta och kan 
överleva eller ombildas under avfallsförbränning. Standardiserade metoder för 
provtagning av PFAS i rökgas har blivit tillgängliga först på senare år och 
erfarenheten från fullskalig anläggning är fortfarande begränsad. Denna rapport 
behandlar den polära PFAS-fraktionen som fångas med US EPA:s metod OTM-45 
och i synnerhet de ultrakorta PFAS. Det är, såvitt vi känner till, ett första försök att 
bestämma ultrakorta PFAS i rökgas vid fullskaleprovtagning, även om sådana 
påståenden bör hanteras med försiktighet. 

Mätningen genomfördes som en separat kampanj vid 
avfallsförbränningsanläggningen i Linköping under två provtagningsdagar i 
oktober 2025, med ett modifierat OTM-45-tåg. Två konfigurationer användes och 
ingen av dem följer standardutförandet av OTM-45. I båda halverades 
provtagningsflödet och provtagningstiden fördubblades (cirka 6,1 timmar och 3,0–
3,3 m³ torr gas per dag) för att minska bubblingen i impingrarna, och en 
kondensatflaska placerades före resinet för att ge torrare gas över XAD-2. Under 
den första dagen sattes dessutom en WAX-sorbent in i tåget för att pröva om den 
kunde fånga PFAS i den våta gasen. 

Modifieringen förändrade tågets beteende tydligt: utrustningens sköljfraktioner 
var i stort sett rena och de mest vattenlösliga och mobila ämnena fångades i den 
nya kondensatflaskan. De två tydligaste fynden var den fluorerade 
ersättningskemikalien C6O4 (11,4 ng, motsvarande 3,5 ng/Nm³), ett ämne i IVL:s 
utökade analyspanel utöver standardlistan för OTM-45, samt den ultrakorta 
perfluorpropansyran (PFPrA, 2,0 ng, motsvarande 0,67 ng/Nm³), båda återfanns i 
kondensatet och var fria från blankpåverkan. Bland de ultrakorta ämnena 
påvisades alltså PFPrA, medan trifluorättiksyra (TFA) inte kunde utvärderas på 
grund av hög bakgrund i provtagningsmatrisen. PFMeS detekterades i låga halter, 
men sammanföll med fältblankar. PFEtS och PFPrS påvisades inte. Övriga längre 
PFCA och PFSA, exempelvis PFOA, PFHxS och PFBS, förekom i låga mängder 
jämförbara med fältblankarna, vilket gör att de inte med säkerhet kan tillskrivas 
rökgasen. 

Sammantaget förbättrade det modifierade provtagningståget infångningen av 
mobila, polära ämnen och minskade förlusterna till utrustningen. Robust 
kvantifiering av ultrakorta PFAS i rökgas kräver dock bättre kontroll av bakgrund 
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och blankar samt upprepad provtagning vid flera punkter, och resultaten bör 
därför tolkas med försiktighet. 
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1 Introduction 

1.1 Background 
PFAS have previously been detected in fly ash, bottom ash and condensate water 
from Swedish incineration plants, generally at low concentrations but with 
occasional pronounced outliers (IVL, 2021). Quantification of PFAS emitted with 
the flue gas was, for a long time, limited by the lack of standardised sampling 
techniques. The US Environmental Protection Agency has since developed two 
complementary approaches, OTM-45 (2021) for polar semi-volatile and non-
volatile PFAS, and OTM-50 (2023) for non-polar volatile compounds, while 
researchers at Umeå University adapted the EN 1948:1 dioxin sampling method for 
PFAS and demonstrated its feasibility at a Swedish Waste-to-Energy (WtE)plant 
(Björklund, Weidemann and Jansson, 2023), enabling the first detection of PFAS in 
full-scale flue gas at 4.0–5.6 ng/Nm³, dominated by short-chain PFCAs. 

Despite these advances, practical experience at full-scale plants remains scarce, and 
there is little data on emission variability across incineration technologies and 
operating conditions. This report addresses the polar fraction specifically, the 
substances captured by OTM-45, and extends it to the ultra-short-chain PFAS, 
which have so far received little attention in flue-gas studies. 

1.2 PFAS and ultra-short-chain PFAS 
PFAS are a broad class of synthetic chemicals (>4,500 known compounds) in which 
hydrogen atoms on a carbon chain are fully or partially replaced by fluorine. 
Under the OECD definition, a PFAS contains at least one fully fluorinated methyl 
(CF3) or methylene (CF2) group. The strength of the carbon–fluorine bond gives 
PFAS exceptional chemical and thermal stability, making them persistent and, for 
many compounds, bioaccumulative. 

Ultra-short-chain PFAS are the smallest members of the family, perfluoroalkyl 
acids with one to three perfluorinated carbons. They include the carboxylic acids 
trifluoroacetic acid (TFA) and perfluoropropanoic acid (PFPrA), and the short 
perfluoroalkane sulfonic acids perfluoromethane sulfonate (PFMeS), 
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perfluoroethane sulfonate (PFEtS) and perfluoropropane sulfonate (PFPrS). 
Because of their high water solubility and mobility, they are difficult to capture and 
quantify, are poorly retained by conventional sorbents, and are prone to high 
analytical backgrounds; TFA, in particular, is ubiquitous in laboratory air, water, 
and reagents. These compounds are increasingly relevant as terminal degradation 
products of larger PFAS and fluorinated gases, making their behaviour during 
incineration a matter of growing interest. 

1.3 PFAS during combustion 
The many carbon–fluorine bonds in PFAS require very high energies to break, and 
fully fluorinated compounds such as PFCAs and PFSAs are particularly resistant to 
thermal treatment. Decomposition of PFOA and PFOS begins at roughly 350–450 
°C, but complete mineralisation to carbon dioxide, water and hydrogen fluoride 
requires temperatures of at least 1000 °C; below this, incomplete combustion can 
yield degradation products including shorter-chain and volatile fluorinated species 
(Longendyke, Katel and Wang, 2022). Full-scale measurements have confirmed 
that short-chain PFCAs (C4–C7) are the most abundant PFAS across residual 
streams and that some PFAS are not fully degraded even at typical incineration 
temperatures of 850–1100 °C (Björklund, Weidemann and Jansson, 2023). Ultra-
short-chain PFAS can be expected as plausible end products of this incomplete 
degradation, which is part of the rationale for including them in flue-gas 
monitoring. 

1.4 Objectives and scope 
This report presents the first IVL measurements of ultra-short-chain PFAS in flue 
gas, together with the polar PFAS captured by OTM-45, from the Linköping 
campaign. The specific objectives were: 

 To describe the modified OTM-45 trains used at Linköping and to present and 
interpret the polar and ultra-short-chain PFAS results, normalised to flue-gas 
volume. 

 To examine how the distribution of substances across the sampling-train 
fractions reflects the train modifications and the partitioning of individual 
compounds. 

 To assess how analytical background and single-campaign variability govern 
interpretation and the improvements needed for robust quantification. 
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The scope of this study was the polar PFAS fraction (OTM-45 target list) and the 
ultra-short-chain PFAS as measured in the Linköping campaign. Volatile non-polar 
fluorinated compounds captured by OTM-50 were treated separately and are not 
covered here. Results from IVL's earlier four-plant method-evaluation study were 
used only for comparison and are reported elsewhere (IVL, 2025). To the best of 
our knowledge, this is also the first attempt to determine ultra-short-chain PFAS in 
flue gas under full-scale sampling conditions; we have not found earlier published 
work, although such a claim should be treated with caution. The emphasis of this 
study was on method performance and interpretability rather than on a 
comprehensive quantification of total PFAS emissions. 

2 Materials and methods 

2.1 OTM-45 method and analysis 
The OTM-45 train (US EPA, 2021) uses a heated quartz-lined probe to prevent 
condensation, a glass-fibre filter to capture particulate matter, a primary XAD-2 
adsorbent module for gas-phase PFAS, a series of impingers to enhance capture, 
and a secondary (backup) XAD-2 module to detect breakthrough. Filters and XAD-
2 are extracted overnight (≥18 h) with methanolic ammonium hydroxide (5% v/v), 
with the XAD-2 extraction repeated with fresh solvent; impinger waters are 
processed by solid-phase extraction on weak anion-exchange (WAX) cartridges. 
The dichloromethane clean-up step in the original method was omitted on health 
and environmental grounds, with IVL validation showing equivalent performance 
to that of thorough rinsing. Extracts were analysed by UHPLC–MS/MS (Shimadzu 
LCMS-8060NX) in MRM mode with isotope-dilution quantification, covering the 
54-compound OTM-45 target list together with additional substances from IVL's 
extended in-house panel (of which the replacement chemical C6O4 is included); 
method quantification limits were typically 0.015–0.1 ng per sample (~0.01–0.05 
ng/Nm³). The ultra-short-chain analytes TFA, PFMeS, and PFEtS were determined 
using a dedicated UPLC–MS/MS method (Shimadzu 8060NX, negative-ionisation 
MRM, 8-point calibration, 0.05–100 ng/mL, R² > 0.990), with PFPrA and PFPrS 
covered by the OTM-45 panel. Isotopically labelled internal standards were used 
throughout; leak checks, ambient field blanks and matrix blanks formed the 
routine quality control (QC). 
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Method recovery for the OTM-45 solvent-extraction procedure (Revision 0) was 
assessed on blank XAD-2 spiked with 1 ng of each unlabelled PFAS standard and 
10 ng of a 13C-labelled internal-standard mix. Internal-standard-corrected 
recoveries ranged from 87% to 118% for the six compounds tested, within the 
acceptable range; the slightly elevated PFPeA recovery reflects an additional 
background contribution, since PFPeA is quantified on a single mass transition, but 
it remains within the standard deviation (Appendix D). 

2.2 Modified OTM-45 trains at Linköping 
The campaign was carried out at the Linköping WtE plant (stack 64), the same 
furnace sampled in IVL's earlier study, over two sampling days on 15 and 16 
October 2025. Its purpose was to improve the capture of polar and ultra-short-
chain PFAS, motivated by an earlier observation (IVL, 2025) that the XAD-2 resin 
retained little of the analytes, which was interpreted as a consequence of the resin 
surfaces becoming too wet in the moist flue gas, leading to breakthrough to the 
secondary XAD-2. Hence, much of the PFAS was recovered from the sampling 
train equipment rather than from the sorbent. 

Two modifications were applied so that neither train used during the campaign 
follows the standard OTM-45 configuration. First, the sampling flow was halved, 
and the sampling time was correspondingly doubled (about 6.1 h per day, yielding 
roughly 3.0–3.3 m³ of dry gas at an average flow of 8 L/min) to reduce bubbling in 
the impingers. Second, a condensation flask was placed ahead of the resin so that 
drier gas reached the XAD-2. On the first day, a WAX sorbent was additionally 
inserted in the train to test whether it could capture PFAS in the wet gas; the two 
trains were otherwise identical. The two modified configurations were: 

 Day 1 (modified OTM-45, with WAX): Filter, condensate flask, WAX, XAD-2, 
impingers, secondary XAD-2 (XAD2-2). 

 Day 2 (modified OTM-45, without WAX): Filter, condensate flask, XAD-2, 
impingers, secondary XAD-2 (XAD2-2). 

Both runs lasted 6.15 h. The collected fractions (filter, condensate, primary and 
secondary resin, impinger water, WAX, and front/back equipment rinses) were 
extracted and analysed separately, alongside ambient field blanks and matrix 
blanks. 



 

12(34) 
REPORT C11284 

TOWARDS MEASURING ULTRA-SHORT-CHAIN PFAS IN FLUE GASES 

A first, exploratory test of a modified OTM-45 sampling train 
June 2026 

2.3 Normalisation to flue-gas volume 
Analyte amounts are reported per sample (ng) and normalised to the sampled gas 
volume to give concentrations in ng/Nm³. Normalisation uses the dry gas meter 
volume, corrected to 20 °C (the reference temperature in the field datasheet): 2.97 
Nm³ for Day 1 and 3.24 Nm³ for Day 2. No pressure or oxygen correction was 
applied. 

3 Results 

3.1 Detections and concentrations 
The modified train at Linköping gave quantifiable detections across several 
fractions. The two clearest results, well above the field blanks, were both captured 
in the new condensation flask: the fluorinated replacement chemical C6O4, one of 
the additional substances in IVL's extended in-house panel beyond the standard 
54-compound OTM-45 list, at 11.4 ng (3.5 ng/Nm³) on Day 2, and the ultra-short-
chain perfluoropropanoic acid (PFPrA) at 2.0 ng (0.67 ng/Nm³) on Day 1. These two 
species dominated the total recovered mass on their respective days (Day 2 total ≈ 
12.9 ng, 4.0 ng/Nm³; Day 1 total ≈ 3.8 ng, 1.3 ng/Nm³). 

Table 1 PFAS detected per sampling-train fraction in the Linköping campaign (ng per fraction; samples only). 
Blank = no detection above LOD. C6O4 is an additional analyte from IVL's extended panel, not part of the 
standard 54-compound OTM-45 list. Amounts here are raw recoveries (ng); volume-normalised concentrations 
(ng/Nm³) are given in the text and Figure 1. Field blanks: PFOA 0.20–0.21, PFHxS 0.13–0.20, PFBS 0.05–0.07, 
PFNA 0.07 ng. 

Day/train Fraction Detected (ng) Σ ng 

1 (+WAX) Filter PFOA 0.07; PFOS 0.08 0.15 

1 (+WAX) Condensate PFPrA 2.0; PFBA 0.05; PFOA 0.02; PFBS 0.05; 6:2 
FTS 0.05 2.2 

1 (+WAX) WAX PFOS 0.23 0.23 

1 (+WAX) XAD2-2 
backup 1 PFOA 0.40; PFNA 0.08; PFHxS 0.10; PFOS 0.05 0.63 

1 (+WAX) XAD2-2 
backup 2 PFOA 0.08; PFBS 0.07; PFHxS 0.34; PFOS 0.15 0.64 

2 (no WAX) Filter PFOA 0.13 0.13 

2 (no WAX) Condensate C6O4 11.37; PFBS 0.13; PFHxA 0.09 12 

2 (no WAX) XAD-2 
primary PFOA 0.13; PFHxS 0.15 0.28 
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Day/train Fraction Detected (ng) Σ ng 

2 (no WAX) XAD2-2 
backup PFOA 0.14; PFHxS 0.23; PFPeA 0.10; PFBS 0.06 0.53 

2 (no WAX) Impinger 
water PFBS 0.22; PFPeS 0.11 0.33 

 

A set of longer-chain perfluoroalkyl acids, chiefly PFOA, PFHxS, PFBS, PFOS, 
PFNA, PFPeA and PFPeS, was detected at low levels (0.02–0.40 ng per fraction), 
distributed mainly among the primary and secondary resins and the impinger 
water. However, PFOA (0.20–0.21 ng) and PFHxS (0.13–0.20 ng) were also present 
in the ambient field blanks at comparable levels, so these low detections cannot be 
confidently attributed to stack emissions. PFOS (Day 1 only, 0.05–0.23 ng) and the 
trace species 6:2 FTS, PFBA and PFHxA were not seen in the blanks but remained 
near the quantification limit. Table 1 summarises the findings by fraction. 

3.2 Distribution across the sampling train 
The distribution of substances across the train is one of the more informative 
outcomes of the campaign (Figure 1). On both days the dominant mass was 
recovered in the condensation flask, PFPrA on Day 1 and C6O4 on Day 2, 
confirming that the added flask captured the most water-soluble and mobile 
species, which would otherwise have been prone to loss or breakthrough. The 
longer-chain PFCAs and PFSAs were spread thinly across the primary and 
secondary resin and the impinger water; the equipment rinses and (largely) the 
filter were clean, and there was no indication that the dominant emitted species 
broke through the train. In other words, with the drier-resin modification, the bulk 
of the genuinely emitted, mobile species were retained upstream in the condensate 
rather than found in the sampling-train equipment. 
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Figure 1. PFAS distribution across the modified-OTM-45 sampling train fractions at Linköping (stack 64), 

normalised to dry flue-gas volume (20 °C). Both days used a modified OTM-45 train; Day 1 additionally included 
a WAX sorbent. Bars are stacked by substance group; the condensate flask dominates on both days (PFPrA on Day 
1; C6O4 on Day 2, an additional analyte from IVL's extended panel). The shaded band indicates the ambient field-

blank level for the blank-confounded perfluoroalkyl acids. 

3.3 Ultra-short-chain PFAS 
PFPrA was the clearest detection of an ultra-short-chain PFAS, at 2.0 ng (0.67 
ng/Nm³) in the Day 1 condensate, with no detection in any field blank, and is the 
most defensible evidence of a genuine ultra-short-chain PFAS in the flue gas. 

TFA could not be evaluated in any fraction because of high background in the 
sampling matrix; its presence cannot be confirmed or excluded, consistent with the 
ubiquity of TFA and its high reporting limits (LOD 1.5 ng, LOQ 5 ng). 

PFMeS was detected at low levels (0.20–0.98 ng) in the resin, WAX and condensate 
fractions by the dedicated method, but also appeared in two ambient field blanks 
(0.13 and 0.44 ng) at the same order of magnitude, so it cannot be confidently 
attributed to stack emissions. 

PFEtS and PFPrS were not detected above the limit of detection in any fraction 
(LOD 0.05 ng; LOQ 0.15 ng). 

3.4 WAX sorbent trial and field blanks 
The Day 1 trial in which a WAX sorbent was inserted into the train did not yield 
satisfactory results; PFAS were distributed across the WAX, condensate, and 
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backup resin rather than being clearly retained, and WAX substitution was 
therefore not further pursued. Ambient field blanks remained the principal 
limitation for the low-level perfluoroalkyl acids: PFOA, PFHxS, and PFBS appeared 
in the blanks at levels comparable to or above several of the samples, thereby 
setting the effective quantification limit for those compounds. The two dominant 
species, C6O4 and PFPrA, were absent from the blanks and are therefore robust. 

4 Discussion 

4.1 What the data show 
The campaign demonstrates that the train modifications achieved their intended 
effect. Adding a condensation flask ahead of the resin and reducing the flow 
produced drier gas over the XAD-2. This was evident in the mass distribution: the 
most mobile, water-soluble species (PFPrA and the replacement chemical C6O4) 
were captured in the condensate; the equipment rinses were essentially clean; and 
there was no evidence that the dominant emitted species broke through the train. 
This represents a qualitative improvement over the behaviour observed in IVL's 
earlier four-plant study (IVL, 2025), where the resin captured less than 1 % of the 
polar PFAS mass and the analytes were largely recovered from equipment surfaces 
and aqueous fractions (95–97 % in impinger and surface-rinse fractions; total polar 
PFAS in the range 0.33–36 ng/Nm³). The distribution of substances across the 
fractions is thus a useful diagnostic of train performance and of the partitioning 
behaviour of individual compounds. 

The detection of C6O4, a perfluoroether carboxylic acid used as a PFAS 
replacement, captured here as one of the additional substances in IVL's extended 
analytical panel beyond the standard OTM-45 list, at 3.5 ng/Nm³ is notable, as is 
the genuine detection of the ultra-short-chain PFPrA at 0.67 ng/Nm³. Both are 
consistent with the expectation that the most polar, mobile species are the ones 
most readily transmitted to, and captured in, the aqueous condensate. Both are 
plausible products or survivors of the combustion of fluorinated materials. The 
remaining longer-chain PFCAs and PFSAs are at or below ambient field-blank 
levels and should be treated as indicative only. These results, however, are 
consistent with previous research (IVL, 2025).  
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4.2 Interpreting the ultra-short-chain results 
For the ultra-short-chain panel, the picture is mixed but more positive than a 
single-compound focus would suggest. PFPrA is genuinely present; TFA remains 
analytically intractable in this matrix due to background; PFMeS is detected but 
blank-confounded; and PFEtS and PFPrS are below detection. The contrast 
between PFPrA (clearly captured in the condensate, blank-free) and TFA (masked 
by background) illustrates that the feasibility of ultra-short-chain measurement in 
flue gas is compound-specific and depends heavily on background control for the 
smallest, most ubiquitous species. 

4.3 Method performance and limitations 
Three limitations continue to govern interpretation. Background and field-blank 
contamination set the effective detection limit: for PFOA, PFHxS, and PFBS, the 
blanks were comparable to the samples, whereas for TFA the matrix background 
was prohibitive. Spatial and temporal variability is large at full-scale plants, and 
the result is based on two single-day grab samples from one furnace, so the 
concentrations should not be extrapolated to annual or plant-wide emissions. 
Finally, although the modified train improved capture of mobile species, the trace 
longer-chain compounds were still distributed between the primary and secondary 
resin in a way that is difficult to interpret at these low, partly blank-confounded 
levels. The WAX-substitution trial did not improve performance and is therefore 
not recommended for use for this application.  
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5 Recommendations 
Based on the results from this first attempt at catching ultra-short PFAS using a 
modified sampling train, the following recommendations can be made:  

 Retain the condensation-flask modification and reduced flow in future OTM-45 
sampling for polar and ultra-short-chain PFAS; both demonstrated improved 
capture of mobile species and reduced equipment losses. 

 Prioritise background and blank control, especially for TFA and PFMeS, and 
report low-level perfluoroalkyl acids against site-specific field-blank 
distributions rather than single blanks. 

 Collect replicate and, where feasible, composite or longer-duration samples at 
multiple probe positions to address spatial and temporal variability before 
drawing quantitative conclusions. 

 Follow up the C6O4 detection, captured at the highest concentration in this 
campaign, to establish whether it is a consistent feature of the flue gas, and 
consider its routine inclusion alongside the standard compound list.  
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Appendix A: Full analytical results 
All target analytes are listed, including those below the detection limit. “–” = below the limit of detection; “n/e” = not evaluated owing to high matrix 
background (TFA). C6O4 is an additional analyte from IVL’s extended in-house panel. Values are raw amounts recovered per fraction (ng); volume-
normalised concentrations (ng/Nm³) are given in the main text and Figure 1. 

Table A1. Day 1, modified OTM-45 with WAX (sample fractions). XAD-s1/s2 = secondary XAD2-2 sections. 

Analyte Filter Cond. WAX XAD-s1 XAD-s2 Imp. RinseF RinseB 

PFPrA – 2 – – – – – – 

PFBA – 0.05 – – – – – – 

PFPeA – – – – – – – – 

PFHxA – – – – – – – – 

PFHpA – – – – – – – – 

PFOA 0.07 0.02 – 0.4 0.08 – – – 

PFNA – – – 0.08 – – – – 

PFDA – – – – – – – – 

PFUnDA – – – – – – – – 

PFDoDA – – – – – – – – 

PFTrDA – – – – – – – – 

PFTeDA – – – – – – – – 

PFHxDA – – – – – – – – 

PFODA – – – – – – – – 



 

PFPrS – – – – – – – – 

PFBS – 0.05 – – 0.07 – – – 

PFPeS – – – – – – – – 

PFHxS – – – 0.1 0.34 – – – 

PFHpS – – – – – – – – 

PFOS 0.08 – 0.23 0.05 0.15 – – – 

PFNS – – – – – – – – 

PFDS – – – – – – – – 

PFUnDS – – – – – – – – 

PFDoDS – – – – – – – – 

PFTrDS – – – – – – – – 

PFOSA – – – – – – – – 

Me-FOSA – – – – – – – – 

Et-FOSA – – – – – – – – 

Me-FOSAA – – – – – – – – 

Et-FOSAA – – – – – – – – 

4:2 FTS – – – – – – – – 

6:2 FTS – 0.05 – – – – – – 

8:2 FTS – – – – – – – – 

10:2 FTS – – – – – – – – 

ADONA – – – – – – – – 

Gen-X 285 – – – – – – – – 



 

PFEESA – – – – – – – – 

3.6-OPFHpA/NFDHA – – – – – – – – 

PF5OHxA/PFMOBA/PFMBA – – – – – – – – 

PF4OPeA/PFMPA – – – – – – – – 

6:2 FTUA/FHUEA – – – – – – – – 

8:2 FTUA/FTUCA/FOUEA – – – – – – – – 

10:2 FTUA/FDUEA – – – – – – – – 

FPrPA/3:3 FTA/FTCA – – – – – – – – 

FPePA/5:3 FTA/FTCA – – – – – – – – 

FHpPA/7:3 FTA/FTCA – – – – – – – – 

6:2 FTA/FHEA – – – – – – – – 

8:2 FTA/FOEA – – – – – – – – 

10:2 FTA/FDEA – – – – – – – – 

PFecHS – – – – – – – – 

TFA n/e n/e n/e n/e n/e – – – 

PFMeS – 0.52 0.98 0.2 0.29 – – – 

PFEtS – – – – – – – – 

C6O4 – – – – – – – – 

 

  



 

Table A2. Day 2, modified OTM-45 without WAX (sample fractions). XAD-prim = primary XAD-2; XAD-bk = secondary XAD2-2. 

Analyte Filter Cond. XAD-prim XAD-bk Imp. RinseF RinseB 

PFPrA – – – – – – – 

PFBA – – – – – – – 

PFPeA – – – 0.1 – – – 

PFHxA – 0.09 – – – – – 

PFHpA – – – – – – – 

PFOA 0.13 – 0.13 0.14 – – – 

PFNA – – – – – – – 

PFDA – – – – – – – 

PFUnDA – – – – – – – 

PFDoDA – – – – – – – 

PFTrDA – – – – – – – 

PFTeDA – – – – – – – 

PFHxDA – – – – – – – 

PFODA – – – – – – – 

PFPrS – – – – – – – 

PFBS – 0.13 – 0.06 0.22 – – 

PFPeS – – – – 0.11 – – 

PFHxS – – 0.15 0.23 – – – 

PFHpS – – – – – – – 

PFOS – – – – – – – 



 

PFNS – – – – – – – 

PFDS – – – – – – – 

PFUnDS – – – – – – – 

PFDoDS – – – – – – – 

PFTrDS – – – – – – – 

PFOSA – – – – – – – 

Me-FOSA – – – – – – – 

Et-FOSA – – – – – – – 

Me-FOSAA – – – – – – – 

Et-FOSAA – – – – – – – 

4:2 FTS – – – – – – – 

6:2 FTS – – – – – – – 

8:2 FTS – – – – – – – 

10:2 FTS – – – – – – – 

ADONA – – – – – – – 

Gen-X 285 – – – – – – – 

PFEESA – – – – – – – 

3.6-OPFHpA/NFDHA – – – – – – – 

PF5OHxA/PFMOBA/PFMBA – – – – – – – 

PF4OPeA/PFMPA – – – – – – – 

6:2 FTUA/FHUEA – – – – – – – 

8:2 FTUA/FTUCA/FOUEA – – – – – – – 



 

10:2 FTUA/FDUEA – – – – – – – 

FPrPA/3:3 FTA/FTCA – – – – – – – 

FPePA/5:3 FTA/FTCA – – – – – – – 

FHpPA/7:3 FTA/FTCA – – – – – – – 

6:2 FTA/FHEA – – – – – – – 

8:2 FTA/FOEA – – – – – – – 

10:2 FTA/FDEA – – – – – – – 

PFecHS – – – – – – – 

TFA n/e n/e n/e n/e n/e n/e n/e 

PFMeS – – 0.39 0.34 – – – 

PFEtS – – – – – – – 

C6O4 – 11.37 – – – – – 

 

  



 

Table A3. Ambient field and matrix blanks (Day 1 set). 

Analyte XAD-prim FB XAD-bk FB Filter FB MQ-water FB MeOH FB 

PFPrA – – – – – 

PFBA – – – – – 

PFPeA – – – – – 

PFHxA – – – – – 

PFHpA – – – – – 

PFOA 0.2 0.21 – – – 

PFNA – 0.07 – – – 

PFDA – – – – – 

PFUnDA – – – – – 

PFDoDA – – – – – 

PFTrDA – – – – – 

PFTeDA – – – – – 

PFHxDA – – – – – 

PFODA – – – – – 

PFPrS – – – – – 

PFBS 0.05 0.07 – – – 

PFPeS – – – – – 

PFHxS 0.2 0.13 – – – 

PFHpS – – – – – 

PFOS – – – – – 



 

PFNS – – – – – 

PFDS – – – – – 

PFUnDS – – – – – 

PFDoDS – – – – – 

PFTrDS – – – – – 

PFOSA – – – – – 

Me-FOSA – – – – – 

Et-FOSA – – – – – 

Me-FOSAA – – – – – 

Et-FOSAA – – – – – 

4:2 FTS – – – – – 

6:2 FTS – – – – – 

8:2 FTS – – – – – 

10:2 FTS – – – – – 

ADONA – – – – – 

Gen-X 285 – – – – – 

PFEESA – – – – – 

3.6-OPFHpA/NFDHA – – – – – 

PF5OHxA/PFMOBA/PFMBA – – – – – 

PF4OPeA/PFMPA – – – – – 

6:2 FTUA/FHUEA – – – – – 

8:2 FTUA/FTUCA/FOUEA – – – – – 



 

10:2 FTUA/FDUEA – – – – – 

FPrPA/3:3 FTA/FTCA – – – – – 

FPePA/5:3 FTA/FTCA – – – – – 

FHpPA/7:3 FTA/FTCA – – – – – 

6:2 FTA/FHEA – – – – – 

8:2 FTA/FOEA – – – – – 

10:2 FTA/FDEA – – – – – 

PFecHS – – – – – 

TFA n/e n/e n/e – – 

PFMeS 0.44 0.13 – – – 

PFEtS – – – – – 

C6O4 – – – – – 

  



 

Appendix B: Sampling and field data 
Table B1. Sampling parameters for the two modified-OTM-45 runs at Linköping (stack 64). 

Parameter Day 1 (with WAX) Day 2 (no WAX) 

Sampling date 2025-10-15 2025-10-16 

Sampling time 13:12–19:21 08:52–15:01 

Sampling duration (h) 6.15 6.15 

Dry gas volume (m³) 3.036 3.303 

Mean gas-meter temp (°C) 14.9 9.1 

Normalised dry vol. (Nm³, 20 °C) 2.97 3.24 

Vacuum start/end (kPa) −0.5 / −0.7 −0.15 / −0.14 

Stack temp start/end (°C) 63.5 / 73 71.7 / 71.3 

Nozzle diameter (mm) 4 4 

Diff. pressure start/end (Pa) 189 / 268 215 / 200 

Leak test (L/min) 0 0 

Train modified OTM-45 + WAX modified OTM-45 (no WAX) 

  



 

Appendix C: Target substance list, CAS and detection limits 
Target analytes with substance group and CAS number. LOD/LOQ are reported in ng/L in the analytical extract (OTM-45 panel). For the ultra-short-
chain analytes determined by the dedicated method (TFA, PFMeS, PFEtS), LOD/LOQ are in ng per sample (marked †). Analytes flagged with one 
product ion only in MS/MS, and other reporting caveats, follow the laboratory’s convention. 

Table C1. Target substances, CAS numbers and detection/quantification limits. 

Substance Abbr. Group CAS LOD LOQ 

Perfluoropropionic acid PFPrA PFCA 422-64-0 0.085 0.28 

Perfluorobutanoic acid PFBA PFCA 375-22-4 0.085 0.28 

Perfluoropentanoic acid PFPeA PFCA 2706-90-3 0.075 0.25 

Perfluorohexanoic acid PFHxA PFCA 307-24-4 0.085 0.28 

Perfluoroheptanoic acid PFHpA PFCA 375-85-9 0.05 0.15 

Perfluorooctanoic acid PFOA PFCA 335-67-1 0.098 0.33 

Perfluorononanoic acid PFNA PFCA 375-95-1 0.094 0.32 

Perfluorodecanoic acid PFDA PFCA 335-76-2 0.15 0.49 

Perfluoroundecanoic acid PFUnDA PFCA 2058-94-8 0.05 0.15 

Perfluorododecanoic acid PFDoDA PFCA 307-55-1 0.05 0.15 

Perfluorotridecanoic acid PFTrDA PFCA 72629-94-8 0.07 0.25 

Perfluorotetradecanoic acid PFTeDA PFCA 376-06-7 0.085 0.28 

Perfluoro-n-hexadecanoic acid PFHxDA PFCA 67905-19-5 0.085 0.28 

Perfluoro-n-octadecanoic acid PFODA PFCA 16517-11-6 0.085 0.28 

Perfluoro-1-propane sulfonic acid PFPrS PFSA 423-41-6 0.05 0.15 



 

Perfluoro-1-butanesulfonic acid PFBS PFSA 375-73-5 0.05 0.15 

Perfluoro-1-pentanesulfonic acid PFPeS PFSA 2706-91-4 0.05 0.15 

Perfluoro-1-hexanesulfonic acid PFHxS PFSA 355-46-4 0.11 0.38 

Perfluoro-1-heptanesulfonic acid PFHpS PFSA 375-92-8 0.05 0.15 

Perfluoro-1-octanesulfonic acid PFOS PFSA 1763-23-1 0.05 0.15 

Perfluoro-1-nonanesulfonic acid PFNS PFSA 68259-12-1 0.05 0.15 

Perfluoro-1-decanesulfonic acid PFDS PFSA 335-77-3 0.05 0.15 

Perfluoro-1-undecanesulfonic acid PFUnDS PFSA 749786-16-1 0.05 0.15 

Perfluorododecane sulfonic acid PFDoDS PFSA 79780-39-5 0.07 0.25 

Perfluoro-1-tridecanesulfonic acid PFTrDS PFSA 791563-89-8 0.085 0.28 

Perfluoro-1-octanesulfonamide PFOSA PFSA 754-91-6 0.05 0.15 

N-Methylperfluorooctanesulfonamide Me-FOSA PFSA 31506-32-8 0.05 0.15 

N-ethylperfluorooctanesulfonamide Et-FOSA PFSA 4151-50-2 0.05 0.15 

N-methyl perfluorooctanesulfonamidoacetic acid Me-FOSAA FOSAA 2355-31-9 0.05 0.15 

N-ethyl perfluorooctanesulfonamidoacetic acid Et-FOSAA FOSAA 2991-50-6 0.05 0.15 

1H,1H,2H,2H-Perfluorohexane sulfonic acid 4:2 FTS FTS 757124-72-4 0.05 0.15 

1H,1H,2H,2H-Perfluorooctane sulfonic acid 6:2 FTS FTS 27619-97-2 0.05 0.15 

1H,1H,2H,2H-Perfluorodecane sulfonic acid 8:2 FTS FTS 39108-34-4 0.05 0.15 

1H,1H,2H,2H-perfluorododecane sulfonate (10:2) 10:2 FTS FTS 120226-60-0 0.05 0.15 

4,8-Dioxa-3H-perfluorononanoic acid ADONA FRC 919005-14-4 0.05 0.15 

Hexafluoropropylene Oxide Dimer Acid Gen-X 285 FRC 13252-13-6 – – 

Perfluoro(2-ethoxyethane)sulfonic acid PFEESA AT 113507-82-7 0.05 0.15 



 

Nonafluoro-3,6-dioxaheptanoic acid 3.6-OPFHpA/NFDHA AT 151772-58-6 0.05 0.15 

Perfluoro-4-methoxybutanoic acid PF5OHxA/PFMOBA/PFMBA AT 863090-89-5 0.05 0.15 

Perfluoro-3-methoxypropanoic acid PF4OPeA/PFMPA AT 377-73-1 0.05 0.15 

2-H-Perfluoro-2-octenoic acid 6:2 FTUA/FHUEA FTUCA 70887-88-6 0.085 0.28 

2-H-Perfluoro-2-decenoic acid 8:2 FTUA/FTUCA/FOUEA FTUCA 70887-84-2 0.085 0.28 

2-H-Perfluoro-2-dodecenoic acid 10:2 FTUA/FDUEA FTUCA - 0.085 0.28 

3-Fluoropropyl propanoic acid FPrPA/3:3 FTA/FTCA FTCA 356-02-5 0.05 0.15 

5:3 Fluorotelomer carboxylic acid FPePA/5:3 FTA/FTCA FTCA 914637-49-3 0.05 0.15 

3-Perfluoroheptyl propanoic acid FHpPA/7:3 FTA/FTCA FTCA 812-70-4 0.05 0.15 

2-Perfluorohexyl ethanoic acid 6:2 FTA/FHEA FTCA 53826-12-3 0.085 0.28 

2-Perfluorooctyl ethanoic acid 8:2 FTA/FOEA FTCA 27854-31-5 0.085 0.28 

2-Perfluorodecyl ethanoic acid 10:2 FTA/FDEA FTCA 53826-13-4 0.085 0.28 

Decafluoro-4-(pentafluoroethyl)cyclohexanesulfonate PFecHS AT 67584-42-3 – – 

Trifluoroacetic acid TFA ultra-short PFCA 76-05-1 1.5† 5 

Perfluoromethanesulfonic acid PFMeS ultra-short PFSA 1493-13-6 0.05† 0.15 

Perfluoroethanesulfonic acid PFEtS ultra-short PFSA 354-88-1 0.05† 0.15 

Ammonium perfluoro-2-methyl-3-oxahexanoate (C6O4) C6O4 FRC (extended panel) 1190931-27-1 – – 



Appendix D: Method recovery 
Table D1. Internal-standard-corrected recoveries for the OTM-45 solvent-extraction method (Revision 0), determined on blank XAD-2 spiked with 1 ng unlabelled PFAS and 10 ng 13C-
labelled internal standards. 

Compound Recovery (%) 

PFOA 101 

PFPeA 118 

PFHxA 89 

PFBS 96 

PFHxS 112 

PFOS 87 
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