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Evaluating Membrane Filters for Accurate PFAS Air Emission
Analysis with OTM-45: Laboratory and Field Investigations
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g Table 2: Comparison of PFAS detected at a pyrolyzer site by FH extraction and LC-MS/MS analysis
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troductio Thus, the goal of this study was to evaluate stability of glass of samples collected using Millipore® AP-40 GFF (R1) and GFF from MFR2 (R2). Showing hits only*.
Perfluoroalkyl substances (PFAS) are a class of chemicals utilized in a fiber filters (GFFs) for OTM-45 through (1) laboratory Compound RL(ng/) MDL (ng/) R1/FH (Millipore®) R2/FH (MFR2)
variety of industries. Their broad use has unfortunately led to persistent cleaning assessments and (2) field pilot investigations. Perfluoroalkyl Carboxylic Acids (PFCAs)
accumulation in environmental matrices. Further, mounting evidence of Perfluoro-n-heptanoic acid (PFHpA)? 0.99 0.62 2.43 1.41
. . . . . . Perfluoro-n-butanoic acid (PFBA) 1.98 1.29 6.57 (I) 3.05 (1)
negative health impacts of PFAS combu_wed_ YVIth regulat_lons evolving at E . | Perfluoro-n-pentanoic acid (PFPeA) 0.99 0.18 1.95 1.45
an unprecedented pace have posed a significant analytical challenge. xperlmenta Perfluoro-n-hexanoic acid (PFHxA) 0.99 0.21 3.72 3.42
Rabid] lvi lati d tri Perfluoro-n-octanoic acid (PFOA) 0.99 0.65 9.12 7.61
apidiy evolving regulations and nhew matrices A schematic of the methods used to first, analyze cleanliness of Millipore® AP-40 Egg:ﬂgpg‘ﬂ‘ggg:&f :gi'g ((:I':g"'\\)) 8-83 8-2? i-gg 5 51§197(J)
Agenmes_across the globe have taken. ac_:tlon, leading to a recent uptick glass fiber filters (GFF<_5) con_wpared v_wth GFFs from anther man_ufacturer (M!:RZ), Perfluoro-n-undecanoic acid (PFUNDA) 0.99 017 0.651 (J) 0.222 (J)
in analytical methods for PFAS. As drinking water methods were and second, perform field pilot studies at a pyrolyzer site (both in collaboration Perfluoro-n-dodecanoic acid (PFDoDA) 0.99 0.10 0.689 (J) 0.252 (J)
established in testing labs, there was a shift in focus to particulate- with Eurofins, Knoxville, TN), is shown in Fig. 2A-B. Eer::uoro-n-grifeganoic acid '(cII:I(:I-I?-:;?AI))A) 8-83 8-1? 8-33; 8; 0-253 (J)
: : erriuoro-n-tetradecanolicC aci e . . .
Iadel_w el;_\llllrotn_mental V\iaters andtz:-ur. I‘\cflanly of thesel newfer mte.th(l)dts Membranes, 90 mm diameter, were cleaned with basic methanol and methylene Perfluorohexadecanoic acid (PFHxDA) 0.99 0.29 ND 0.656 (J)
re<|:|luu;e | Ea |c|)nt sanr?p © ';Lip;ras |?n todc eaghsadmp <5 IO _ pal;_llgu ates or chloride according to internal cleanliness protocols (Fig. 2A). For cleanliness Perfluoroalkyl Sulfonic Acids (PFSAs)
I(?Ot ec(I: _ pz_:lrr II:():IU a1e phase - Seliected methods INVOIVIng TILErs are tests, these “blank” GFFs were spiked with C-13 labeled standards and analyzed Eerl'::uom'”'bUtat”esu'fﬁc""C_ aC'C_'d(PI':glf)s 8-88 8-?? mg ;-: (P
Isted in Tabie L. with LC-MS/MS by internal standards after front-half (FH) extraction (Fig. 2B) PZFﬂEgﬁg_E_ﬁgﬂaanZiinO%?éCai?é (g,FN;) ) 0.99 012 ND 0_7'17(0) )
Table 1: Selected PFAS methods that involve filters without sampling_using the OTM-45 samp_ling train. Fo_r field_ pilot tests, c_Ieaned_ Perfluoro-n-decanesulfonic acid (PFDoS) 0.99 011 ND 2.62 (I)
P— Analytical GFFs were sent directly to the pyrolyzer site for sampling with the sampling train Perfluorooctane Sulfonam!des / Perfluorooctane Sulfonamidoacetic Acids /
Method(s) Matrix/Matrices Preparation Method (Fig. 2C) before FH extraction and LC-MS/MS analysis by internal standards. A Jei el S Eli e S el
- second pilot site at a scrubber was also tested N-ELFOSAA Q.92 Q.22 0.914 (J) 0.553 (J)
ASTM D7968-17a  Environmental solids ?icl)tl:‘/szitoixtractlon, LC-MS/MS m:zlt?:l:)oSSEE ggg gig 0 213'21(3) 0 4?3,66 ()
ASTM D7979-19 Water matrix (no Solvent extraction, LC-MS/MS A/CIeaning of filters prior to use\ B / Front-half Extraction \ Fluorotelomer Sulfonic Acids (FTSs)
drinking water) filtration © © 0 N _ o 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 4.96 3.97 5.05 4.67 (J)
FDA C-010.03 Foods QUEChERS, filtration LC-MS/MS )j\ S ‘ ﬁi:;ﬂ:{‘;;ﬁjﬁf;"ﬁfg:{f‘s Per- and Polyfluoroether Carboxylic Acids / Per- and Polyfluoroether Sulfonic Acids / Fluorotelomer
S ling train: © F(F20), o Carboxylic Acids (FTCA) / Fluorotelomer Unsaturated Carboxylic Acids (FTUCA) / Next-Generation PFAS
. ampang train: @ 6:2 Fluorotelomer unsaturated carboxylic acid
Stationary sources filtration 0.99 0.14 ND 0.297 (J 1)
OTM-45 (Air emissions) (particulates); LC-MS/MS (30 min) (6:2 FTUCA)
Ir|:1)1 ingers ( a’seous) | . ‘ @ « Extraction of filters in n-3-Perfluoroheptyl propanoic acid (7:3 FTCA) 0.99 0.35 0.517 (J*+) ND (*+)
pIng g * Soak :Ir:terslm 5% (v/v) NH4OH - ‘ ‘ 15y Mmethanol, 18 hours 2H,2H,3H,3H-Perfluorooctanoic acid (5:3 FTCA) 0.99 0.48 ND (*+) ND (*+)
i i imi In methano
OTM-50 Stationary sources foag%{,'ﬂggra'” similar Ge-ms/Ms *Compounds not shown that were ND <MDL: PFODA, PFHXS, PFHpS, PFOS, PFDoS, PFOSA, N-EtFOSA, N-MeFOSA,
_ C l N-MeFOSAA, 4:2 FTS, 8:2 FTS, 10:2 FTS, ADONA, GenX, 9CI-PF30NS, 11CI-PF30UdS, 10:2 FTCA, 8:2 FTCA, PFEESA,
ASTM D8535-23 Soil. Biosolids f_ft'Ve:_t extraction, LC-MS/MS 8:2 FTUCA, PFMPA, PFMBA, 6:2 FTCA, 3:3 FTCA, PFECHS, NFDHA. @aPFHpA identified in blank filters (<0.68 ng).
! iitration ; .
A 1 biosolid @ gog‘f:n;:gﬂzn * Hot-block concentration and Abbreviations: GFF = glass fiber filter; FH = front half; RL = reporting limit; MDL = minimum detection limit; ND = not detected
EPA 1633 qcll,l_eous, SOll, DIOSOIIdS, SPE, filtration LC-MS/MS P blow-down step above MDL & RL; J = less than RL but greater than MDL/concentration provided is approximate; I = value is the estimated maximum
sediment, tissue (30 min) l possible concentration; *+ = laboratory control sample or laboratory control sample duplicate is outside acceptance limits
OTM-45 is the first method to analyze air matrices \' Soak filters in methylene chloride/ \ LC-MS/MS * Analyze by internal standardy w0 i ;
m Filter only (Millipore®) DISCUSSIO“
I I I I I - . . . - % 290 ¢ wFilter only (MFR2
OTM-451, for PFAS in emissions from stationary sources, is based on Fig. 2: Schematic of testing method. For cleanliness, the cleaning process of GFFs SR S 2 PEHXA PEOS and PEHDA in GEEs from both
existing EPA test methods and involves a complex sampling train to (A) was followed by FH extraction of OTM-45 (B). For field pilot tests, cleaned £ R (vFROPyrolyzen) ’ B _ ss'bl? from brocessin
collect seven stack gas fractions. The first fraction is a heated filter, GFFs were sent to the sampling train (C) before FH extraction. g0 | zilleitRiiairsy [pOilI Bl A pIreless =i ne
critical to collecting particulate phase PFAS (Fig. 1). As with any fwf T soo.  Uncertainty in quantifying certain volatile
consumable, key considerations of membrane filters are that they (1) Results & 100 | ” I ” compounds (FTS, FTCA, FTUCA) such as M,-
do not introduce PFAS contaminants into the analysis, and (2) do 0 ”‘l‘IIJIH'HI'H"I' H‘tﬂ" 'Hﬂ ‘!; | 4:2 FTS and 13C, 10:2 FTS
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not bind PFAS compounds |leading to unanticipated losses-. No PFAS contam||_1at|on _de3tected above reporting limit (RL) in any GFF Z%%EE%%%%%%%Z%%E%%%%%%TMZZEZEE % More long-chain PFCAs detected in R1 vs. R2
tested on a per-disc basis EEEEEERELEREE R P At (2-3 fold), indicating differences in GFF
l - - = | -
OTM 45 Visual T : retention3
Container UG 2B BN RAY In pooled samples (n=3 discs), however, PFHxA and PFOS were detected in GFFs Fig. 3: Percent recovery of internal standards, | |
Guide (WIS RNANY, NV from both manufacturers between RL and method detection limit (MDL). PFHpA comparing cleanliness (Millipore®, purple & MFR2, blue) < Adsorption of organic vapors due to GFF
o Wy s IR was detected above RL (1.82-2.04 ng/sample). Data not shown, see QR code. and pyrolyzer sampling study (Millipore® R1, green & structure may make it difficult to interpret data
jj P i :/",f - - MZRZ Ril g/e”O;v) redSLll_'tS- QC range of 25-150% is through positive artefacts4-5
ront ANBIRIED After sampling at a pyrolyzer, PFAS hits for both manufacturers were on Indicated by a dotted line. . | .
HalfRinse  (NOANB/E ~ i i ) 3 “ Membrane pressure drop during sampling® can
il T Glass fiber or quartz the same order of magnitude with the exception of PFDA . q latile |
i %Tﬁ ) () ; = scus #3 XAD-2 fiber without binder I = Intro uce vo atl € 10Sses
AP dY A Ay ¢ W s Of the two runs studied at the pilot site, R1 with Millipore® AP-40 GFFs and R2 Summa ry & Conclusion
d S st ) g Soncen § [ oo, == Rinse A I I — I I I . . . . .
j@[ﬁﬁ%ﬂﬁ%“ : gy 5 oncersa \IIQVI'_th GRFlF frodml(I;/II_:RZR,Zmost of Ehethlts rfle_tecdted Of'? ; pelikdllsc babS|s (|9 hltfsdabove Cleanliness tests demonstrated similar levels of PFAS in GFFs from different manufacturers.
i ey e M o moneer 7 S PFQA ?I'n - 'zn - ) V;ﬁBeAS 10;8er ¢ amdeo ES; uoroa ydcir ’(c)xdy IC ?R(::LI > . Further, field sampling showed consistent results across manufacturers in detection levels and
st #6 Impinger N ( S)_ (Table 2). orr y +:26 NG and u. ng were detected in Ri-an 4 types of PFAS. These data demonstrate that Millipore® AP-40 glass fiber filters are suitable for use
Rinse ' respectively. More variation was observed between GFF runs in quantification of in the OTM-45 sampling train for analysis of PFAS compounds in stationary sources
e | DiSC membranes in PFAS categories other than PFCAs. Similar trends for the scrubber were observed.
XAD-2 diameters 13-142mm
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