€D ST,
S g

O agenct’

n United States »
\U’EPA E\gzi;g;mental Protection . . . sz
Perfluorinated Compounds in Archived House Dust Samples 3

%I:'LPRUT“-O«\

Mark J. Strynar! and Andrew B. Lindstrom?.

1.United States Environmental Protection Agency, Office of Research and Development/National Exposure
Research Laboratory/Human Exposure and Atmospheric Sciences Division/Methods Development and Application Branch

Abstract Fluoro-telomer Alcohols Results
Perfluorinated compounds (PFCs) have come under recent Table 1. Fuoro-telomer alcohol and perfluorinated sufonate standards used @ Developed methods appear to indicate that PFCs can be
scrutiny for their persistence, global distribution (environmental wnayie | Acranym e o | oms o ® - analyzed for in a repeatable fashion with sufficient sensitivity.
media, wildlife, humans) and animal toxicity. The majority of the g m‘:m ; i — 62FTOH Recoveries for all PFCs ranged from 39.5% (PFNA high spike) to
scientific literature on PFCs suggests routes of exposure are " aanol |52 FTOH | * LLLNIASY 200 | w2,244.314 tozFron . 107.3% (PFUA low spike) (Table 3). Though recovery was low in
largely unknown. Data gaps include both indoor and outdoor 2tpertuooeth g2 pron | HHHHHHR_, | 464 |asaaaasos 82FTOH - 3 some instances, coefficients of variation (cv) indicate the method is
sources. A study was undertaken to develop methods to detect s [ o [sessaasos ; H s repeatable, even at a 10-fold spike difference, with the worst cv
PFCs in house dust, and reduce uncertainty in indoor exposure. 3(”;“:,";@, P AR R [ P i [ ! being 0.14 for PFOA (Table 3). GC/MS operating in negative El
Archived EPA house dust samples (n=112) were sieved to 150 pm “"m“l”j‘ 1S, I with SIM of unique high m/z showed adequate sensitivity (LOQ
and analyzed for select PFCs. Telomer alcohols (6:2-FTOH, 8:2- " on rros | HHE 209 | 29980 o o '” ~0.09 ng/g dust) (Figure 2). LC-MS/MS operating in ESI was
FTOH, 10:2-FTOH) were analyzed by GC/MS after sonic extraction pertusonenane | | HHHHH- 390 | 399580 i @ @ sufficient to separate and detect 12 unique PFCs in an 8 minute
and SPE cleanup. Perfluorinated carboxylic acids (C¢-C,,) and pertversocane |~ HH- o | o . . o S2Fon  82rmon 102 F1on run with comparable sensitivity (LOQ ~0.1mg/g dust) (Figure 3).
sulfonates (PFOS, PFHS, and PFBS) were analyzed by LC- = = . i Concentrations of PFCs in the dust samples were quite variable.
MS/MS. Recovery of spiked PFCs in house dust ranged from ocane sulonate |*0:PFO) TP - 50_];‘1 \l 1 o Perfuoro-Carboryic Acids Concentrations ranged from < LOQ for all compounds to 357 pg/g
39.5% (cv 0.10) for PFNA to 107.3% (cv 0.08) for PFUA. Mean R s sy 3 SN e 0 o Firm T . of dust for PFHS (Table 4.) Mean concentrations were calculated
concentrations were calculated for values above the lower limit of ®) for only samples above the LOQ (Mean*) and with those below the
quantitation (LOQ). Mean concentrations for PFCs ranged from © ® - LOQ taken as LOQ/sqrt(2) (Mean **) (Table 4). As expected, as
0.357 pg/g (PFDA) to 11.23 ng/g (PFHS). Maximum percent below LOQ increases, these two means differ. PFOA had
concentrations ranged from 2.42 ug/g (6:2 FTOH) to 357.0 ug/g Table 2. Perfluorinated carboxylic acid standards used. s the fewest samples below the LOQ (3.6%) while PFDoA had the
(PFHS). Data appear to be log-normally distributed with many 1 H most samples below the LOQ (81.3%) (Table 4). Coefficients of
samples at or below the limit of quantitation (LOQ) (~ 0.1 ug/g frebvie | Aerorm St L L “ “ L1 L variation from repeat measurements ranged from 0.309 (PFBS) to
dust). PFOS, PFOA and 8:2 FTOH were below the LOQ in 5.4% , pertuoie o | prrva 313269 g 0.023 (6:2 FTOH) (Table 4). Means (only >LOQ) ranged from 0.357
3.6% a_nd 46.4% of the samples regpecuve\y. Correla!ion ) perflorcheptanac | e ioa 3635319 g 2. () GV soec o morkring (S chomatogram showing anaes of_ " ng/g (PFDA) to 11.23 ng/g (PFHS) (Table 4).
® © © ®
coefficients suggest strong correlations between certain PFCs in T - PR FTOM IS Distributions plotted on a log scale indicate that the data are log-
house dust (o = 0.01) and lack of correlation for others. Mw:"‘:mmc " normally distributed (Figure 4). Comparison of means of samples
- o PRNA i o ‘o7 5 o9 Clo o ciz from North Carolina and Ohio (>LOQ) indicate the populations do
etvoradecanac | 13400 not differ (o = 0.05) (Table 5).
- perfuoroundecancic 5635519 Perfluoro-Sulfonates. Spearman ranked correlation coefficients indicate a high degree
o PrUA X
|nt|’0dUCtI0n perusrododecandi] p— P of correlation among the PFCs analyzed for (Table 6). Though the
Perfluorinated compounds are widely used in a variety of S L . © correlation coefficients are quite variable, the majority of the
consumer and industrial products. The C-F bond, gives octanoic acid_|C;PFOA| " Moo o s analyzed for PFCs are significantly correlated (. = 0.0001) with
perfluorinated compounds their unique properties, which include P R R S e s - many p-values <0.0001 (Table 6).
resistance to degradation, thermal stability, and persistence. Many ol Cromscgram ® 8
recent studies have found global distribution of a handful of i . .
perfluorinated compounds in various environmental and biological 1=l Fron 5 D|SCUSS|O|’]
;Y::T:;?f\c"::grcr::na“rl\ﬁ' [:;e;itmz{ ::/;:g)f/ n}tz;?emraoildsfl&z PR The one published report on PFCs in Japanese house dust
ublished Iilerall:Jreyhas fuc{lsed on the toxicity and uersistence of ® ®) pron " (Moriwaki et al., 2003) found significantly less PFOS (mean 0.2
IpJFOS PFOA and a select few other PFCs. T>;1e onpicit of i . ug/g) and PFOA (mean 0.38 g/g) compared to this study. Though
recur‘sors and longer chain length PECS Has been Iaryel ﬁ' H PeNA om the sample size was smaller (n=16) Moriwaki et al. found maximum
|pgn0red i 9 9 gely - PFBS PRS- PROS concentrations (PFOS) 2.5 ug/g and (PFOA) 3.7 ug/g more
. | Figure 4. Disibuton o orotlomer icohos (), perfuornated cids (8), and perforinated comparable to mean concentrations in this study (8.0 ug/g and 3.1
Suonass (0 1 hovse st sampes
C0:1:";;:]a:[‘;:)fst:ﬁ:;ﬁig?:;?z?C‘Zpgf:rnedlﬂ izﬁ:sstemayA v, Pron " ng/g) PFOS and PFOA respectively. There was a strong
P N P pholstery. N correlation between PFOS and PFOA (r2= 0.99) in the Moriwaki et
recent study reported on concentrations of select PFCs in Dust > 150 um Dust < 150 um ! PrHpA e al. data, however the correlation drops when the one outlier is
Japanese house-dust samples collested from 16 homes ( Faue 1. . leaner dust samples retained (A) and 68150 L Perba - removed (r?=0.345). The correlation between PFOS and PFOA in
et al., 2003). House dust may be an important indicator of what igure 1. Vacuum cleaner dust samples retained (4) and passing (8) a 150 m sieve. i R this study (n=112) was found to be 0.865 (p <0.0001), a strong
eople are exposed to on a daily basis. Lewis et al., 1999, e Comeound oy cusy v/ dust) 0% < - . .
fe opned that Eouse dustis a reyosnor for pesticides and PAH. A ! o o e o = =) correlation (Table 6). Unfortunately lack of other published reports
slSd was undertaken to deve\op metf{ods 51 assess PFCsin s oan o does not allow for further comparisons.
archived vacuum cleaner bag dusts colleoted as part of farger EPA ' e B Its apparent that PCs are present in house dust samples at
" ., 9 " P L g Table3.  Recovery of perfucrinated compounds spiked into house-dust 14 e PEHoA Loz 0 1550 - o537 appreciable concentrations. These data may help to reduce
study (Children’s Total Exposure to Persistent Pesticides and Other m"‘ i s o s bl uncertainty in risk assessment of PECs for indoor exposure.
Persistent Organic Pollutants — CTEPP). High Spike * Low Spike* 1= e prNA 0363 2 o438 2 omrs .
% recovery o % recovery -1 PEDA 0201 17 0423 17 0.489
S o T —p— pusemmoomemo o Conclusions
H 10:2 FTOH a6 008 %6 008 PFOS. 8353 56 7688 50 0846
Materla|S and MethOdS PFO0A 1038 o1 1085 007 pEHS 8028 M 14107 a o505 Perfluorinated compounds are present in house dust samples as
Archived house dust samples from the EPA's CTEPP study were o me om e o e w0 oo ¥ v high as 357 pg/g dust (PFHS) (Table 4). The data appear to be
acquired. Samples were collected between 7/2000 to 11/2001. PR ws o a9 oot R iyt log-normally distributed in nature (Figure 4). There does not appear
Samples represented 112 homes located in Ohio (n=58) and North ::p: - o b hod to be a regional bias for PFC concentrations based on sample
Carolina (n=54). Samples were sieved to 150 yum and stored in o - ol - o s locations represented in this study (Table 5). Future studies will be
dark glass bottles at room temperature. Dust sub-samples were oS s oo me oo needed on contemporary dust samples to assess PFC
taken for analysis (102.5+6.7 mg). Replication of 10% of the e “ o o hod Sheaman Corelallon Goaficents, N= 112 concentrations on a national scale.
samples was carried out for all analytes. Fluoro-telomer alcohols Prob > r] under HO: Rho=0
were extracted via shaking/sonication in hexane. Extracts were “Frorowome ool o pke vas 26010 o sphewas 251 Far E2FToH “fﬂzz" '“ﬂi:s‘j“ LD’;':;‘: Cq‘;:; L:;:j‘: iij;;’ i:;: 273::: ii:;: :;:i ::‘; :::Z A k | d
cleaned up by silica-SPE and elution with 5% diethyl-ether in ’ ’ ezFTon | 1 oo | <ooos | <oom | cooos | <ooe | <ooms | oooms | <oom | coom | ooos | oooee | asses cKnowle gements
hexane. Standard curves were made by spiking blank matrix with Gorron | 0% R 0se3r | oaosts | 053112 | os7es | ospoas | 030319 [ oasers | 0a7oz2 | oaesz | o3s0is | oo7ies Dr. Peter Egeghy for his help with statistical analysis of the data.
fluoro-telomer alcohols. Flouro-telomers were analyzed via =GE <Ooor | <00 | <00 | <O0OL | <Ol | <0001 | <O00L | <0001 | 00004 | 0004 | o454
. N N . w057 | osewrs Gao0z | 0sarii | osions | Gswss | Osw | 0soaed | 0siese | oarass | osewe | 010099
negative EI GC/MS operating in SIM mode. Perfluorinated acids W2FTO | opor | <ooor * oo | <ooor | <omn | <ooo | <ooon | <ooor | <ooor | <ooor | <ooon | ozes Dr. Marsha Morgan for providing the CTEPP samples for analysis.
and sulfonates were extracted by shaking/sonication in acetonitrile. iz | 042 | oata | oasz N Oces2s | 072555 | Oseswr | oa2aer | oawozz | oass | 0275 | Ozeea | o10a9a
Sub-samples of extracts were taken with no further cleanup for ESI Tebet Pefornaied compounds n owsedustsanples T e e e B
LC-MS/MS analysis. Perfluorinated acids and sulfonates standard D v S v S SR | oo | <om | <o | <o ! <ooor | <o | <o | <oom | <oom | <oom | <oomm | oous Refe rences
curves were made by spiking tubes devoid of matrix with analytes . dus)  dust)  dust Cc10acg | 070 | os7es | osron | oesss [ osress a a7s4za | assass | oasz0a | "oanzs | [ERREM IR SRR Moriwaki et al., 2003. Concentrations of perfluorooctane sulfonates (PFOS) and perfluorooctanoic
Analytes were quantitated by taking the area ratio (AR) (analyte/ G2FTON 0433 0225 2416 <LoQ(00w)  S63 0023 <ooor | <ooor | <ooor | <ooor | <ooor <ooor | <ooo | <ooou | <ooo | <ooor | oooos | o023 acid (PFOA) in vacuum cleaner dust collected in Japanese homes. J. Environ. Monit, (5) 753-757.
. a2 F1on 0885 0503 4976 <L0Q(0.085) 464 0055 047593 052044, 054484 058537 082538 079429 061067 068324 | 066994 053214 | 042119 | 025109
internal standard) for unknowns compared to AR for standards. In 102FTOH 0507 0288 2650 <LOQ(0092) 491 0064 coned | poon <0001 <0001 <o001 | <o | <ooor ! <ooor | <ooo1 | <oom | <ooor | <oom | o076 Lewis et al., 1999. Distribution of pesticides and PAHs in house dust as a function of particle size.
all instances IS was added to all samples before extractions. See PROA 12 L 1245 40Q@00) 71 o w2 | omus | omam | oaar | s | omess | osoer Ossuis | oswor | Ossdss | oseras | ozses EHP 107 (9) 721-726.
N PFHpA 1436 1087 1150 <L0Q(0125) 259 0171 CaAcid 1
Tables 1 and 2 for analytes and internal standards used. Method 00001 | <O0ODL | <0oi | 0000 | <0o0h | <0oon L <000L o001 | oo | <000l | <0omi | 00063
blanks, matrix blanks and QC samples were analyzed with each PROA 3060 2062 1955 <OQEiD) 36 0 rea | o | omeri | ososte | osee | oszsms | odsae | ossws | owus | | oseos | s | osnes | oson
" PFNA 0417 0221 263 <lOQ(0113) 571 0083 ! <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 0.0004
set of samples to ensure quality control. LOQs were around 0.1 PFOA 037 0155 267  40Q(0M) 696 0085 onoa | 0% | oamzz | osists | o | osum | osses | osewss | osswr | o | | oswss | oseois | osuass Futu re P|anS
PFUA 0599 0304 588 <L0Q(0107) 634 0119 el < < < < < < < < < < N N N .
nglg for all analytes (see Tables 1,2). roon 0w owo  sm  dooous  ms oo e e e e e e EPA in cooperation with HUD is conducting the American
PFOS GO0 7612 12124 <0Q08Y) 54 002 T o || e | oemm || e || e || cem || cmm || e | mm || e g e || o Healthy Homes Survey. As part of this endeavor, vacuum-cleaner
PR n2m M3 305 <oQO) 23 012 Owam | omois | Osmmms | 0aee | osewz | 0mws | Osz1s | oswes | 0s7iss | oseoss | omaerz =) house-dust samples are being collected. Assessment of the dust
- - " - - pros 1078 0417 1146 <0Q(0129) 670 0309 PRHXS 1 " . e .
Disclaimer “Although this work was reviewed by EPA and approved for 00002 | 0000i | <ooi | ooz | <oon o SO00L | <00 | <ool | <oom | <ooor 00082 samples for PFCs will provide additional data on PFC levels in
A ; A e Doz | coras | otosss | oiowms | ozios | oit2z | ozsios | oswmes | ossr | osizss | omoer | ozems
), it may notr reflect official Agency policy. el o e L SO 7 | owos | ouss | oas | ozss | oms | omo | oo | ooors | oows | o | owos | ooee | house dust.




