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INTRODUCTION

There is growing concern about the environmental emissions and  This is the first PFASs method issued by the US EPA for non-drinking water « The Total Oxidizable Precursor (TOP) assay is an in-lab method which

potential human exposure to per-and polyfluoroalkyl substances matrices oxidatively converts polyfluoroalkyl substances into measurable PFAAs 4)
(PFASS). « It measures 40 PFASs in aqueous (wastewater, surface water, ground  In this study, the original Houtz and Sedlak method which consists of adding 60
* Information about the presence of PFASs in waste-related samples water and landfill leachate), solid (soil, biosolids, sediment) and tissue mM K.S.0g and 150 mM NaOH to 125 mL of an aqueous sample and digesting
such as landfill leachate, firefighting foam, water repellents and samples using LC-MS/MS it at 85°C for 6 h; was optimized by adding 20 mL of 400 mM NaOH and 150 mM
solid waste is crucial for controlling PFASs emissions and reducing « Compared to drinking water methods USEPA Method 1633 offers longer K:S:0g mixed solution to 20 mL of aqueous sample before digesting it at 85°C
environmental and human health risks posed by PFASSs. sample holding times of up to 90 days for all sample matrices stored at for 12 h on a DigiPrep digestion block (SCP Science, Canada)
 However, owing to the limited information regarding the presence of < -20°C and protected from light
perfluoroalkyl acids (PFAAs) precursors and their potential « Though it is a single laboratory validated method, the USEPA 3 Draft
oxidative conversion products in landfill leachate?, firefighting Method 1633 includes the wastewater results of the multi-laboratory _ _
foam® and durable water repellents (DWR)?: the risk of validation study. « Three Iandf!ll Igachate samples (LE-1, LE-2, and LE-3) were collected from solid
underestimating the total PFASs discharged to the environmentis | « All sample matrices must undergo carbon clean-up for the adsorption of waste |andiills in Japan. | | |
high. interferent organics « Three firefighting f(_)am samples (aqueous film forming foam (AFFF), protein
 Furthermore, consideration of suitable PFASs emission control e Loose carbon or carbon cartridges can be used for the removal of foam (PF), synthetic surfactant foa_m (SSF)) an.d_two DWR samples (DWR-
measures is a challenge. interferent organics in wastewater samples as long as all method QC 2011-2 and DWR-2011-5) were obtained for examining the use of TOP assay.

criteria applicable to wastewater analyses are met. « All samples first underwent a rapid screen, after which the sample volumes for

. Compared to USEPA drinking water methods, USEPA draft method 1633 pre-and post-TOP assay analysis were determined based on the screening

. . . tests for many precursors such as; 3:3 FTCA, 5:3 FTCA, 7:3 FTCA, results | |
« To determine the presence of PFASs including PFAAs precursors 4-9FTS. 6:2FTS. 8:2FTS. PEFOSA. NMeFOSA. NEtFOSA. NMeFOSAA « For each sample, two aliquots were used. One aliquot followed the USEPA 3rd
and their oxidation products in landfill leachate, firefighting foam N.EtFOéAA NMéFdSE ar;d NEtFOéE ’ ’ ’ Draft Method 1633, however, slightly modified by concentrating the final extract

and DWR samples to 1 mL (pre-TOP assay sample).

o  This, therefore, makes it a suitable option for pre-TOP assay analysis of ) _ _
« To optimize the USEPA 3™ Draft Method 1633 samples P P y Y  The second aliquot (post-TOP assay sample) was subjected to our in-house
« To optimize the original TOP assay method by Houtz and Sedlak, . Isotope dilution is used to quantify analytes present in each sample TOP assay method, after which the same SPE, concentrating and analysis

20124 method as pre-TOP assay samples was followed.

METHODOLOGY

Table 1: Shimadzu LC-MS 8050 analytical conditions
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Figure 1: TOP assay and USEPA Method 1633 sample preparation

RESULTS & DISCUSSIONS

So far, USEPA 3 Draft Method 1633 is the only - -

EPA method that offers the highest number of - Pre-TOP assay — Post TOP assay e . Prg-TOP assay, most perfluoroalkyl carboxylic
PFASs analytes measured (40 analytes) in non- | i acids (PFCAs) and perfluoroalkane sulfonic acids
. . . . 400 ‘ ) !
drinking water matrices (Figure 2) : a I (PFSAs) were below our laboratory’s lower
. ) X OHFPO-DA ONEFOSE I Taall I
+ Thus, USEPA 3 Draft method 1633 coupled with | [ * o detection limits for all analytes tested in the sample
TOP assay will be effective in the assessment of g SO e (Figure 4). |
envn‘onmental Samples g 250 | % 3000 4 nijzz ni:;za ° FOF preCUFSOI'S, Only 62 FTS was deteCted IN the
P » However, it would be more beneficial to include | |5 ] AFFF sample at nearly 470 mg/kg.
m ultra-short PFASs (C2-C3) since these are ||f | £ ) e we * Post-TOP assay, C4-C10 PFCAs were the most
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Drecursors 1001 oo | o aeron which was detected in the DWR-2011-5 sample
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added fo the suite of analytes measured by Figure 4: Pre-and post-TOP assay results of PFASs in firefighting foam .process,. may have coniributed to the c_)bserved
Figure 2: Calibration verification standard Total lon Chromatogram USEPA 3 draft method 1633 9 : P y gnting increase in the C4-C10 PFCAs concentrations.
and DWR samples
70000 70000 | N I « Pre-TOP assay, short chain Perfluoroalkyl | Table 2: Pre-and post-TOP assay EIS recoveries for leachate, firefighting foam and DWR samples
Pre-TOP assay PostTOP assay ::.';NF'FT’EA ::.';EFETS(’:‘: CarboxyIiC acids (PFCAS) (C4-C7 PFCAS) Recovery Range (%) Recovery Range (%)
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2 9 [ ONMeFOSE ~ ONEtFOSAA e This reflects industry’s transition to the use 13c4p|:p . e vy g Cs-PFOS 82-115 76-95 45-140 |« The EIS recoveries for all analytes
c t [ ONMeFOSAA  BNEtFOSA . -PFPe - - - 13¢,-4: - - - s i
o] § aoo | aNieFOSA  BPROSA of short-chain PFCAs as replacements of Sepra— 5sii | soms | <=1z Ty it IS 71-89 2768 | 60-200- measured in all samples were
£ 5 ; B82FTS m62FTS | -chai h | d/ th 5 C;-6:2FTS 70-98 >4-69 | 60-200 within the QC acceptable limits for
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g - 5 sy GRS mPRNs possible biotic/abiotic conversion of PFAAs - . EIS recoveries in \Wastewater
g " - OPFOS OPFHpS " landfill Cg-PFOA 96-121 85-98 60-140 13C.-PFOSA 98-113 89-100 | 30-130 sample (Table 2)
T o0 %‘20000_: BPFHXS BPFPeS precursors in lanamnlis 13C,-PFNA 89-120 78-101 55-140 D,-NMeFOSA 70-111 47-90 15-130 _ ' »
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i I BPFNA BPFOA sambples 1 optlmlzed
= — = OPFHOA OPFHXA ples.. | | C,-PFDoA 77-111 | 72-98 10-150 | D.-NEtFOSAA 83-89 69-81 | 10-200
0+ O WPfPeA  OPfBA  Overall oxidation rate is =2 90%, with most 13C,-PFTeDA | 81-115 | 49-83 10-130* | D,NMeFOSE | 93-165 | 91-119 | 10-150*
Sample ID Sample ID precursors achieving 100% oxidation rate. 13C,-PFBS 95-110 | 80-89 55-150 D,-NEtFOSE 86-165 93-118 | 10-150%*
13C,-PFHXS 89-106 | 76-97 55-150 | 13C,-HFPO-DA 93-105 74-94 | 25-160

Figure 3: Pre-and post-TOP assay results of PFASs in leachate samples

CONCLUSIONS

(D Pre-TOP assay results showed that short chain PFCAs (C4-C7 PFCASs) are the most dominant PFASs in leachate samples.
@ 5:3 FTCA and 6:2 FTS were the most dominant PFAAs precursors in all leachate samples.

3 TOP assay was efficient at converting PFAAs precursors into PFCAs, with a total oxidation rate of = 90%.

(4) C4-C7 PFCAs were the most abundant compounds in the post-TOP assay results.

@ Pre-TOP assay results for firefighting foam and DWR samples revealed that most PFCAs and PFSAs were below our laboratory’s lower detection limits for all analytes tested.
@ Most precursors were not detected in all samples except for 6:2 FTS which was detected in the AFFF sample only
3 Post-oxidation, 6:2 FTS concentration was below our laboratory’s lower detection limit; thus, it was assumed that 100% oxidation was achieved
@ Post-TOP assay, C4—C10 PFCAs were the most dominant PFAAs in all samples except for PFDA which was detected in the DWR-2011-5 sample only
® It is without doubt that some unknown precursors could have contributed to the observed post-TOP assay PFAAs concentrations
* Results obtained in this study suggest that our in-house TOP assay method might be useful to elucidate the presence of PFAAs precursors in the waste-related samples and to consider PFASs including PFAAs precursors emissions
comprehensively.
Post-TOP assay oxidation products of each PFAAs precursor and molar yields of PFCAs will be determined in future studies.
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