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DISCLAIMER
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Government. While this document is believed to contain correct information, neither the
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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infringe privately owned rights. Reference herein to any specific commercial product,
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United States Government or any agency thereof, or the Regents of the University of
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Abstract

Semi—vdlaﬁle compouhds présentv special-analytical challenges not met by conventional methods
for analysis of amb_ient particulate matter (PM). Accu1:ate quantification of PM-associated
organic compounds requires validation of the laboratory procedures for recovery over a wide
volatility and polarity range. To meet these challéﬁges, solutions of n-alkanes (nCiy; to nCyo) and
polycyclic aromatic hydrocarbons -PAHS (naphthalen'é to benzo[ghi]perylenej were reduced in
~ volume from a solvent mixture (equal volumes ;of hexané, dichloromethane and methanol), to
examine recovery after reduction in volume. When the extract solution volume reached 0.5 mL
the solveﬁt was entirely methanol, and thé recdvery avéra_ged 60% for n-alkanes nC;, to nC,s and
PAHs from naphthalene to chrysene;_., Reco{(éfy of ﬁigher MW éompounds decreased with MW,
because of their insolubili.ty in methéﬁbl. Wﬁen the wall; of the flasks were wash‘e(i with 1 mL
of equal parts hexane and dichléromethane (to reconstruct the oﬁginal solvent composition), the
recovery of nCg and higher MW. compounds increased dramatically, up to 100% for nCy; —nCs,
and then .slowly decreasing with MW due to inéolubility. To examine recovery during extraction
of the components of the High C\‘apacity Integrated Gas and Particle Samplér, the same standards
were used to spike it§ denuders -;:lnd filters. For XAD-4 coated denuders and filters, normalized
recovery wés > 95% after tWo extractions. Recovery from spiked quarti ﬁlters matched the
recovery from the coated Surfaces for alkanes nCg and larger, and fér fluoranthene and larger
PAHs Lower MW compounds evapbrated from the quartz ﬁlfer with the spiking solvent. This
careful approach allowed quantification of organics by correcting for ;volatility- and solubility-
related- sample preparation losses. This method is illustrated for an ambient sample collected

with this sampler during the Texas Air Quality Study 2000. "



Introduction

Accurat_e determination of airbor_ne semi-volatile organic species presents sampling and
analytical challenges because their lability complicates both collection and quantification.

Improved collection is poésible with new air sampling technology such as the Integrated Orgqnic

Ges and Particle Sampler (IOGAPS) that incorporates extractable sorbent-coated diffusion

denudersn ahd filters (/-2). However, eccurate -quaniiﬁcatio'n of PM—associated. organic
compounds also requires vali.dation of the laboratory procedures for recoversl (e.g., solvent

extraction and reduction of volome) over wide volatility., molecular weight and polarity ranges:

It is necessary to-account for losses of both a) semi-volatile compounds that can evaporate

during the reduction of volume' procedure and b) high molecular vyeig‘ht species toat -may

precipitate during steps that were intended to lower limits of detection. Carefui" attention mti_st be

paid to sample preparation techniques to ensure maximum recovery of the ‘wide variety of
orga_mc compounds that are écsociated with ambient particulate matter.

PreVious work has ied to'the widespread use of organic solvent mixfures or a series of solvents to

optimize extraction of airborne particulate organics. Grosjean. (3) showed th_af mixtures of non-

oolar and polar solvents extracted more organic carbon from: PI;/I than could be removed. by

_ indi”viduel solvents. Various mixtures have been evaluated in the last two decades: Appel et al.

(4 recommended sequential use o_f benzene followed by a methanol-chloroform mixtore. Cadle

and Groblicki (5) determined that a benzeneéethaﬁol mixture minimized r‘es.idua,l go_ti-extractable

carbon in samples of particles,.compared to a variety of solvents.on‘d mixturec. Sequenfial

extractions with dichloromethane and acetone have been used for studies of the genotoxicity of



- ambient PM (6—7); Mazilre‘k et al. (8-9) developed a multi-step solvent extraction protocol
(using hexane, followed by a benzene-isopropanol mixture) that has been used extensively for

speciation of organics in ambient and source patticulate matter (/0-17).

.The recognition. of the ivrhpontant role that SVOC play in -PM._ a_,tm‘oséheric behav_ior:_andv_healith '
effects_ has led to development of 'improved'tve.chnology, such’ as_éxtractabie-,diffusioﬁ denudeps,, .
_to-v—rve_duce..s'a.mplin-g;-.artifacts while :allowing detenhiﬁation. of =botﬁ gas and. particulate. phase
SVOC.c'ohcentratio'ns.- Eﬁtraction bf _th¢ multi-,chan'n'e.l»XAD-coétgd difﬁsioh denuders of-thc;_
IOGAPS :;equifed, a solvent mixture. tﬁat would provide maximum solubility o_.f adsorbed scmi-_ '
volatile compounds without diééolutic’m of thé epoxy joints of. _the'.glass_ denﬁd‘e,r‘s. ' B_a’scd_on the
previous work of other investigators, experience with the IOGAPS (1), and the long:tenn g_‘c:>avl of
determining ?polarI: as well as.«non-péiar orgamc compounds, we qﬁose an extractién,mixtﬁre of
hexéne, dichloromethaﬁe e_{nd methanol. |
This étudy began as an effort to validate sample preparation proc_edqres for characterization of
-gas and particle samples-that had .been collected with thc,highvcap(qcity HiC) IOGAP_S. a_n_d
1 related samplér.s; H‘owe:_ver;'a more general purpose emerged with our .g._'rowin-g, rc_:fcngitio_n that -
insufficient attention to én,alyte -recovery-could undermine fhe efforts of any research_zte;am; with-
-any sampling technology; to characterize the wide range of or‘ga_njcsﬁ associated wi_tll,_l.,PM.‘ Thus,
the bréadef. objective is to describe the impliéati_ons of these Arecovery:rcsullts for past and 'futqré,
efforts to speéiate;: airborne sg‘mi-vb,latile_ and-paﬁicul_atg _organics.. The ..re$q1ts of our quality
' AcOnt;ol-.fand qﬁal'ity assurance . efforts broadened beyond. devisingf prdc}edurcAs: to u_opt_imize,:

recovery. of specific.compounds to a) exploring the implications of our results:for .'interpretatiqn.




of past efforts to characterize particulate organics and b) developing recommendations for future

work by any investigators.

First, we examined how to optimize recovery of a group of non-polar alkanes and PAHs from a

solvent mixture of hexane, dichloromethane and methanol after reduction of solvent volume.

Next, we measured the recovery of this group of compounds from spiked HiC IOGAPS-

“components (XAD-4 coated diffusion denuders, quartz filters and XAD-4 impregnated quértz

filters), and optimized-the ‘extraction procedures. We then determined this group of compounds

in a field sample ffom the HiC IOGAPS that operated at La Porte Airport, near Houston, Texas,

during the Texas Air Quality Study — 2000 (TEXAQS-2000). Finally the implications of our

results are discussed by comparison to other quantitative speciation studies, along with

recommendation for future work.
. Experimental Section

Overview of Sample Prépa_ration for HiC IOGAPS

For illugtratién of the sample préparation'méthod we-analyzed a. HiC IOGAPS'(ModeISOOODB,
URG Corp., Chapel Hill, NC)-air sample that was collecfe.d on August 31, 2000, betWeen 00:10
and 'lvl :30 (Locai Time) during the Texas Air Quality Study, August-September, 2000, at the
LaPorte Airport. Figure 1 shows a schéniatic diagram of the "§ampl¢r.» The HiC IOGAPS had a
2.5 pm cyclone for particle dis_crirhinatiqn, followed by two 8-channel XAD-4 deque;s in series
(each had 52 mn outer diameter and 285 mm length), one pre-bakeci qua& .ana. three XAD-4

impregnated quartz filters (90 mm-diameter). The sample was collected at 85 L min™ for 11.5



houirs and yielded three extracts of each denuder and one extract for-each filter, for a total of 10
extracts, not coﬁnting filter blanks. Figure 2 shows a flow diagram of sample preparation.
- Before extraction, a mixture of three deuterated PAH standards was added to each denuder. The

- denuders” were extracted ‘in solvent mixture of .equal. volumes of pesticide grade hexane,

dich_lorbmethane andméthanol (I;-Iex:MeC'lgzMeOH)_-in'a laboratory at the University. of Houston, .

" Clear Lake, whcre"the extracts were als'o;reducgd«ih volume and restored to the original solvent

" composition as described below. -The 1.5 mL_extracts werc-stpred at —30°C for subsequent

ana'lysis.v ‘The filters were stored at —30°C in Teflon-sealed 50 mL pre-baked glass centrifuge

a tubes: The filters.were thawed,. extracted and analyzéd at the US EPA’S National Exposure

Research Laboratory. in RTP, NC.

Extraction details

Befofe use, each denuder had been given a unique i(ientiﬁcation number, coated with fine
particles of XAD-4 (18-20), and spiked with 0.1 mL of a de:,uterated PAH mixture as ﬁeld
surrogates to >monito,r processing losses during saﬁple extraction and réductioﬁ of vblume. The
surrogate 'Eecqvery wavs.’ evaluateci for éccept;anée._-.by detennining, whether the m_easured
cdncgritfatiﬁon fell within the acceptance. lvi'rn.itsAof' 805120 p_é_,r'cepﬁ ‘The ;deuteréted PAH solﬁtion
coﬁtained?e-anthracene—,dl‘o (O.‘O4_-ipg»r--mL;l:),- pﬁenanthr,ené-'dlo.. 3.3 pg‘ mL'l)_ and fluoranthene-d;o
(1.0 pgmi.), all in hexane, at concentrations .es.timatedv-to be similar iq the native airborne PAH.
The denuders were allowed to'dry for a few: -‘m».i.vrvlutes until-the -solvent evaporated and then
 extracted to obtain a pre-sampling blank. Aftep.coliect;on of the --gmbient’sa;np_l_e;'aixd before

extraction;.each denuder.was spiked again with the same deuterated PAH mixture.




The procedure for denuder extraction follows: The denuder was sealed at one-end_ with a clean
rTeﬂ(-)n end cap, half-filled with 125 mL of Hex:MeClzzMeOH solvent, and cappedjwith another
- Teflon end cap that had a hand-tigﬁt Swagelok® fitting for pressure release. (This is an
. important éafety measure, as freshly prepared Hex:MeCl;:MeOH can release dissolved air unless
it is sonicated before use.) A rollir;g rinse techniciue was used; the capped denuder was rolled
back and forth along the labqratory bench top for 30 revolutions. To exclude -any‘«XAD-4 that
may have shed from the denudér coating, eéch extract was passed through a Teflon membrane
(unlaminated Fluoropore, 0.45 pm pore size, FHUP04700, Millipore Corp.) before'. volur‘ﬁe
reduction. The filtrate was transferred to clean 125 mL wide mouth Vbro‘wn bottles for temporary
storage. (Glasswaré had been riﬁscd with Hex:MeCl,:MeOH solv‘ent"and} heated to SOO°C fo'r‘2
hours.) Aftgr ambient sampling, each dénuder was ext'racted’th'ree btimes‘., and each extract was
processed separately, with the third extract serving as the de'riudef blank for the next use of that
‘denuder. Quartz filters and XAD-4 impreg.natedbquar‘tz wefe each extracted twice by sonication
for 1 houf at ambient temperature in 50 mL of Hex:MeCl,:MeOH solvent and filtered by ttllel
) same procedure as ﬁsed for denuder extracts. In some cases it was‘ neceésary td ‘re-filter the
extracts with a 0.2 um syringe filter (Acrodisc® CR PTFE) before GC-MS analy'sis; For ongoing
efforts we recommend that deuterated surrogates be added to each filter before éxtractidn; in the

same approach as the denuders.

Reduction of Volume C - - .
During the TexAQS field study, we used a Labconco RapidVap@ Vacuur’h»Evapgraition System
(Model # 79000-00), which accommodated 8 (170 mL) samples, vin's‘téad of a conventional rotary

evaporator, because of the large number of extracts (>500). The evaporation tubes had_l.S mL



endpoint sfénis_ with volume mark_iﬁgé. "The vacuum model Was_ chosen rather than the Nz model
because preliminary vlv'esults with the N, model yiglded extracts tﬁat_ contaihed_ siéniﬁcant-
amouﬁts_ 6f_ water. The water had condenséa from room air d;xr'ing the procedure. . With careful
,__extemal ,bafﬂing -to pf&eﬁ_t entry of ‘ambient air, -it, __has_._ been possible _:to eyapo_rét’c tbe'
” Hex:MeClzv:MeOH,‘ so.lvént with the N, model, withduf water condensation (Y. Pang, prjvate

communication.)

.'Before the field study, the sa‘n-lpvle preparation procedures were optimized in a__g'tepwis_‘e_.fashigh,
w1th assessment, of the recove'r'y: of alkanes and PAHs. at each step. What foll_ow_s’v is the
o'pti&iized_ pfotoc_:,ol_. To test the f¢609¢;y after the sélve,ﬁt :r'eduCtiqn‘pr'_oég:’_dure;;v' 1mL alidqgts of
an n-.alkane}PAH :rnifctl;re (Tabl;e I) were dilufcd to 1(5_0 mL_in 'lHex_:MeCl'z:MQQ‘H sé'lvent_f _Thc‘
_diluth s_tandafd_ mixtufe,(lategg»denude;r or filter extract) was also spiked wit‘h‘ .1:.5‘8 Qg, of fhe‘
rllé)ri-\l/.olatile nC24b50. (in _Hex:MéClz';MeOH_) as a léboratory ,su‘rr'égatje to monifof _»pro¢éssing .
losses ” during reduction of volume. The surrogate recovery waé,evaluated for accep}aﬁce_ by
determining whether the mcasured concentration féll wiihin tvhe__ acceptance ‘l.imits of _8’0_-v120,,‘ _
: péfcént. Thev.*sol.’u‘tion wé,s‘-tAhetrilrfi'l.lt‘e:red» thr;)ugh .aTeﬂor; rhefhgrz{ne; _'t:rans_’fer'vred i@_rifq;a:'Labconco .
evaporation tube and rédu_ce_d 'to',~0.‘5, mL using _:__t_h'e'_, pro_gm_m_mégi vsté_:p-__wi.se -éroc¢s_s shown in .

Table I-I'.__‘The step-wise 'prob_ess was necessary to prevent bu‘mp'ing:'of. the solvent mixture.- . -

When the volume reached 0.5 mL, the concentrated standard solution or sample_ extract was
cooled and ‘weighed Wh_ilc; still in the éyapbr@tion tube: Density measurements shqyﬁ}egi,.that the

}solyent__m_‘ixturg was ,primarily fmethanol (> 99%) at this point, so that exact y_:olumes‘ ‘were

determined gravimetrically. F inally, to ensure dissolution of any compounds coating the walls,




before transfer, the walls of each tube wer;i rinsed with 1 mL of equal volumes of
hexane:dichloromethane (Hex:MeCl,) containing the internal standard p-terphenyl-di4 (1.84 pg
mL") that was used later to account for variation in GC-MS injection volume. The 1.5 mL
extracts were thus reconstituted into the original Hex:MeCl;:MeOH solvent mixture before

quantitative transfer to 1.8 mL clean glass auto-sampler vials with Teflon-lined caps.

Determination of Alkanes and PAHs

Detérmination of the alkanes and PAHs was performed using a Varian Saturn IV® gas
chromatograph- ion trap mass spectrometer (GC-MS) with a SPI injection system. The GC had
a 30-meter Rtx-5Sil MS column (0;28 mm ID, 0.25 um film thickness) and a 10-meter Integra
Guard column. The carrier gas was helium at a flow rate of | mL min™. The oven temperature
was held at 60 °C for 5 minntes, heated at 10 °C min™ to 140 °C, then at 5 °C min”' to 320 °C,
and held at 320 °C for 15 minutes.  The MS was operate‘d under the following conditions: trap
temperature 225°C, emission current 15pA, scan rate 50-350 Daltons in 0.5 seconds and A/M
amplitude was 3.0 Volts. The non-polar organic compounds were identified by comparison with
retention times and mass spectra of authentic standards. The standard deviqtion for repetitive ‘
GC-MS runs was < 4%. ‘The concentrations were normalized to the p-terphenyl-d;4 response for

each injection such that: -

l4
N

* v A, -RF @



Where A is the-area count?.from the GC-MS, -RF is the response factor (pg/area counts), ¥V is the
total ‘volume of the solution (mL), C° is 't-hg"initia‘l concentration (ng/ml), C is tﬁé final
concén.tratio'n (ug/ml). The subscript }c'refers ?o any given species..wit-hin the éolution, and étp
refers to the p-terphenyl-dys. The response for ‘each n-alkane and PAH. was found to be linear

over the concentration range used. -
Results

Optljri‘zizing recovery of.alkanes and PAHS'aft‘ef s‘ol?ent reduction and reconstitution -

_The' pdssibility of .cross Contamination_duripg'simultaneoué évapc)‘ration of muitiple extracts was
examined by,proceséing four vials o-f the- sfg-ndard mix,turebof alkanes and PAHs (Ta-b_lé Din-
» Hvex:McCl;.;_:MeOH”: along. with four solvent blanks.. Concentrations of the‘target compounds in
the blanks i,:were»‘indistinguishablc-,frém solvent bla_ﬁks, "énd therefore we ..c;oncludédgthat _no_i ,
o appréciai_ﬁle‘ qross,_contallninaﬁqn'(j)ccu-rred, | o

Figure 3 shows. thé results ,fpf ,r_ecpvcfy_ of alkanes and PAHs for séveral diffefent proicedures.b
Whén; th¢ stén_dardmix_tgre in Hex:MeClz_:McQ_H was reéuced to 0.5 mL with;mt_ reconstitution,
(open squares) recoveries varied forbeach‘s'péékie;s, dépending on volatility, and solub111ty in
methanol. The most labile species nCi, had 30% recovery. The recovefy increased with MW
and plateaued at 6_0% betwgen hC1§ and nCyq. 'The_ recqveries for the p-alkanes aB'dve.nC24 theq
decreased steadily untll there was ﬁo recovery of nC;é; and gréat_ér. The gdditioni)f 1 mL of
equai volﬁmes of ‘hevxane:dichlorome_thane (Hex:MeCl,) ai -the bottom _of the e§ap6ration .tube, .

without using this mixture to rinse its walls, showed increased recoveries for nCy4 and higher




(open diamonds). However, the recoveries were significantly higher when the walls were rinsed.
A methanol wall rinse (open triangles) improved recovery of nC2.7 and higher, but a more
dramatic improvement occurred when the walls were washed instead with equal volumes of
hexane: dichloromethane (closed circles). Using this improved procedure, the fecovery of the
internal standard nCyDso averaged 90%, which is consistent with the recovery of nCy4Hso fro‘fh
the standard mix. The critical step to optimum recovery of the non-polar hydrocarbons proved to
be the wall rinse with the less polar components of the solvent mixture, to reconstitute the

original extraction solution.

The low recoveries of .labile' species nC(2-nCiy can be accounted for as irreversible evaporative
loss of these species during the reduction of volume step. The increased recovery of the higher -
MW hydrocarbqns when Hex:MeCl, was added to the reduced extract could be attributed to théir
higher solubility in the Hex:MeCl,:MeOH mixture than in methanol alone. However, the results
suggest that the wall rinse resolubilized compounds that had been deposited on the surfaces of
the tubes, and rinsing with the original solvent mixture was necessary to optimize recovery.
These results illustrate the need to return the extract solution to the original Hex:MeClz:MeOH
solvent and wash the walls of the glaséware, to re-dissolve the non-polar 6rganics that have

precipitated during the reduction of volume step.

For the higher MW n-alkanes with < 100% recoveries (> nCs;), lower concentrations ‘could lead
to higher recoveries because of less precipitétion from the solution. To test this, §¢c6veries were
determined using the n-alkane-PAH mixture with 10" times lower concentrations than the

original. The recoveries were still less than 100% for n-alkanes > nCs;. The results suggest that



1 the concentrations - of -the higﬂer’ ‘MW  n-alkanes were low, but not enough to redissolve .
completely in the solvent mixture. We are finding that most of the extracts from the LaPorte, TX

site have concentrations above those used in the low concentration standard mixture.

’fhe“ fecOx}eries of the PAHs-aléo shOWed similar trends, based on their=1abi»lity-vand solubility.
v.T.he':PAH concentrations used in the spiking mixture (and found in -vﬁeld sainples) where lower
than the n-alkanes. The lower. éoncentrations, as well the chromatographic. ’properties- of the
PAHs, led to larger error bars assdéfat_ed with these compouﬁds. Howe,-ver,-tl_xe_ kecdver-ies of
_ pﬁehanthré;le _(PAH # 6) and fluoranthene (PAH # 8) were 70 and 80%, respectively, consistent |
With'values df  70% for d'euteratedﬂphenarithrene aﬁd ﬂu’orahthené, previously obserﬂ_'ed' using

rotary evaporation after cleanup on silica (2).-

_B'ecause the two classes of hydroc.arbon; showed similar patterns of récovery; for convenience
they couid Be g.r01.1pe.d-for preparatibﬁtof future surrogate.mi){turés, t;lilorcd to ‘speciﬁc detection
requiréments or a?ailability;v_ For ;ach group the re‘covery,.,vvaried, similarly With- MW or ring size
and - chromatographic .rctentior; time. These groups ha,ve-'bee,n- identified in Table I: 1)
Hydroparbon’s .'nCiQ - nCy; showed recovery. similar to naphthalene-,.- ;ﬂudrene; 2) nCig to
phenanthreng' -- anthracene; ’3) nCi9 - nCy to. ﬂuoranthené - —prrene;_.4);vivncz4 - nCs;. to
benz[é]anthracene — benzo[k]fluoranthene; and 5) nCis - nCs, to indgno[cd]pyrene -
benzo[ghi]perylene. -

Recovery of hydrocarbons. from XAD-4 éoated denuders, quartz;ﬁltef.g. andXAD-4 impregnated

quartz filters..




To test recovery from. the denuders, we spiked an XAD-4 coated denuder with the n-all'(ane;PAH
mixture and extracted three times USing the ‘rolling rinse’ method, as descr.ibedv earlier. The :

Vextracts 'weremreduced in volume and each extrz;c;t analyze'd separately. - Each extraction step
removed >85% of the remaining spiked material from the denuder. Figure 4_‘ shows the
cbmparison of the recovery from the denuder (sum of all three extracts) with the optimized
"p?ocedure for the standard compounds (above). A f—test found no difference at the 95% .
cénﬁdence interval between the means of recoveries. Therefore, when compound-by compound
. normalizations ‘were made for losses during. the. reduction of volume procedure, the extract_io’n.

efficiency of the -hydrocafbons was determined to be > 95 + 10% , overall, for the alkanes and

PAH:Ss.

Recovery of hydrocarbons from filters (quartz and XAD-4 ’imprégnatéd quartz) was détermined
by spiking 1 mL of the. ﬁ-alkane-PAH ‘mixture to represen_tativé filters of each type. Eachv' filter
was extracted twice in Hex:MeCl,:MeOH, using sonication, as described _carlier. 'iThe extracts
 were reduced iﬁ ‘volume and analyzed separately. . Each extraction step removed >85% of the
-remaining spiked material from the filters. Figure 4 shows the_ comparison of the recovery from
the filters: (sum of the two exfracts) with - the recovéry of standards. S-igniﬁcantly lower
recoveries of | the iower molecular weight n-alkanes-PAHs (ﬁ nC;g and associgted PAHs) were
obs_erv_edfof the spiked quartz filters, but not for the XAD-4 impregnated filters. The results for
th¢ XAD-4- impregnated filter were similar to thé XAD-4. coate‘d_ annular denuder, as expected

for recovery from the same ‘sorbent_. _Wheﬁ compound-by-compound norrn@:ligfét'ions were

applied to account for losses during the reduction of volume, the extraction efficiency of the



hydrocarbons averaged > 95% *10 for all standard compounds for XAD-4 impregnated quartz

filters and > 95% £10 for > nC;s and associated PAHs for quartz filters.

The reduced recovery from quartz filters can be attributed to evaporation of .the‘more vplatile
hydrocarbons (< nCis and associated PAHs) along” with the solvent, from the filter surfaces
before extraction. The extraction efficiency for remaining amounts of these compounds from the
quartz filters was-also assumed to be > 95% +10. This assumption is supported by observation
that 1) the extraction efﬁciency of the less \volatile species on the quartz filter was > 95%, and 2)
the extraction éfﬁciency for < nCg and associated PAI.-Is‘from-'the XAD-4 impregnated quartz

filters was also > 95%.

Ambient Sample |
The optifnized procedure was used to analyze an entire HiC IOGAPS sample that was collected
during the Texas Air Quality Study — 2000 (TEXAQS-2000) at the LaPorte Airport, Houston,
TX (21). The mean ambient temperature was ~28 °C during this period. Since the éXtraction
efficiency was >  95% for alkanés and aromatic hydréc’arbons, the reported ambient
concentrations for the hydrocarbons have been corrected only for-the losses during the reduction
of volume préée"dure_. Furthermore, the normalized recovery was 104% 8 for ph’enan_threne-dm
‘and 97% 16 for ﬂuorant‘:h'ene-dm; anthracene-d;p was below the detection limit. (While the
spiked amount of ahthracené;dlo could not be dﬁanti’ﬁed by GC-MS, it can be Quéntiﬁ‘ed using
.HPL_C'With fluorescence detection. The amount used was chosen to avoid s_wamp‘i_h; the native
anthracene during HPLC analysis.) )




Figure 5 shows the ambient concentrations of the n-alkanes. Most of the mass of the lighter -
molecular weight n-alkanes < nC9 was on the denuders, consistent with their. higher volatility.

No evidence was seen for particle loss in the first or second denuders. For n-alkanes > nCiga -

_ significant fraction of the mass was on the quartz filters, but even more was found on the XAD-4

impregnated after-filters. This figure illustrates the need for backQup sorbent substrates, such as

the XAD-4 impregnated quartz ﬁlters,-to trap SVOC desorbed from the collected particles.

Figure 6 shows concentra_tions of the PAHs that could be detected by the GC-MS. Most of the
mass of the PAHs was én the first denﬁder, and the gﬁoncehtrations generally decreased.as—-the
MW and ring size increased and the lability decreased. Naphthalene was: thve‘:on.ly PAH found in
apprcciable éoncenfrat"ioh on the second (downstream) deﬁuder; and it also broke through to the
XAD-4 impregnated filters.. From this data, the volumetfic c'apécity of the two denuders for
naphthalene in am.bient air at 28-°C was less thén t.}vle‘58 m?® of air thét 'paSsed:through vth‘em.A The

~ apparent volumetric capacity for the other PAHs was greater than 58 m® but could not be

established more precisely because they did not break through to. the second demider, or-they

‘were below lirnits of dete'ctién for the GC-MS.
Discussion

In other studies 'invol"vi'ng- only one class of non-polaf compounds, or classes with  similar
polarity and solubility, singie-.. solvénts‘ led to higher and _niOr’e' uniform- nqn-riofmalil‘e‘d
(uncorrected for reduction of volume ldsses) recovery of deuterated PAH.F from: ﬁoiyurethéne
foam (PUF) ,"‘“d ﬁlté"rs-, than we' féund for the ,—s'olvent mixture o.f: Hex:MeCi;:MeOH.‘ For

example, Hawthorne et al. (22) reported non-normalized recoveries of over 95% for PAHs from



naphthalene-dg - benzo[ghi]pérylene-dlz and sevefal deuterated methoxyphenols. Fernandez et
al. (23) repo&ed better recoveries of naphthalene-dg - benzo[ghi]peryleﬁe-dlz ey;trac-tcd with
hexane from PUF (82-91%), than of anthracene-djo - benzo[ghi]perylene-di» frbm-ﬁlters that
were éxtracted in a mixture of MeCl, and methanol (53-126%). Liang et al. (24) and Mader and
Pankow- (25,726) also found n.on-normalized recqveries of several deuterated PAH r.ecoveries

close to 100 % from PUF and filters that were extracted only in MeCl,. .,

However, more comprehensive characterizgtion o_f | airbome semi-volatile and particulate
organics frequent]y requires sample preparation proced-uresAfOr compounds that span wide
-volatility, molecular weight and iiolarity ranges. In this paper we concentrated on the recovery
of non-polar hydrocarbons from a solventv mixture that was chosen to optimize dissolution of
both non-polar and polar organics, without thevr‘leed for multi-step extractions. Table III
. summarizes. 6ur fecommendations for optitﬁal recovery of both semi-volatile and non-volatile
organic compounds from air samples. The results showed how to .min'imize énd account for
losses of both semi-volatile hydrocarbons that cén evaporaté, and high molecular weight species
that can precipitate, during concentration steps that are intended to lower limits of detection.
Quantitation of polar Acompounds will require méeting these objeétives with s'uitable laboral.t_o_ry'
and field surrogates, internal standards and detéction methods, while accounting for additional
causes of decreased recovery such as lower extraction .efﬁc‘iency and analyte degradation during
Sample preparatioh and analysis.

Our results point to the need for inclusion of a range of standards‘ for £ecovéry. Even for

- relatively inert compounds. like hydrocarbons,.non-norﬁl_alized recovery depended on volatility,




MW, ring size and solubility. We recommend that a series of deuterated surrogates be used to
account adequately for the preparation-related losses of organic species that are associated with
ambient pérticulate matter. These surrogates should span the ranges of both volatility and
polarity that are expected in an environmental matrix that could also contain muiti-functional
and polymeric species. Investigators should adequately describe the normalization algorithm(s)
for each compound or group of compounds. A gbod exatﬁple I'is provided by McDonald et al.
: (27) who used a suite of deuterated PAH from:naphthalene-'dg — coronene-djs. They reported that
the recovery of each analyte was normalized to the recovery of the deuterated PAH with the

closest chromatographic retention time and stability.

Alth_Ough we.found no other reports in the literature that. included non-normalized recovery data
for such a wide range of alkanes and PAHs, our results for individual native compounds were
'similar to published recoveries ot: the same individual deutefated compounds added to filters and
extracted with the" solvents used by Mazurek'.et al. (8-9): hexane, followed by a benzene-2-
propanol mixture. Additionally, the recbvery data of Schauer Iet‘ al. (28-29) for nC,sD3, and
nCy4Dsg fit nicely with the data for our optimized procedure (Figures 3 and 4). Although the
Mazurek gt al. (8-9) procedure has_ been widely cited, there are few reports -in the literature of |
non-normalized recoveries of deuterated Standards. : The literature contains even fewer
descriptions of whether hnd' how analyte concentrations were corrected for variation of !osses.
with MW or ring size. |

Our results have several implications for ‘ongoing efforts to charécte;iée éirgome_ PM and

associated semi-volatile compounds. First, caution must be applied to generalizing the



- recoveries of SVOC from clean filters in the laboratnry._ The evaporétion of labile species from
filters may not represent the true behavior of the SVOC in PM because of their stronger
adsorption to PM than to the filter substrates. Overestimates of their ambient PM-associated
concentrations wonld result. Second, caution muét also be applied when interpreting resu_lts
based on one surrogate for recovery of many compounds. Basing ambient concentrations on
recovery of a mid-range (volaﬁlity and MW) surrogate would lead to worsening underestimation
of ambiént concentrations of compounds the more different in volatility and MW they were from
tne surrogate. Problems could arise concerning inass‘c.lovsure estimates from such studies and
'they shouid be interpreted with caution. This may. have been the case for the extensive
characterization of PM sources by Rogge et al. (10-17) who used only nCy4Dsp for recovery of
all non-derivatized compounds. Our results suggest that using only nC24Dso could underestimate
PM concentrations for both lighter and neavier hydrocarbons outside the nCj9 - nCs4 range.
Similarly, Fraser et al. (30 31) used nCpDs as the recovery Surfogate for PM, But also added to
a PUF, without clearly detailing the normalization algorithm for the semi-volatile compounds.
~-There is gqodagréement with our data for these compounds. However, significant bias .could
exist even when a few surrogatés for recovery are used, unless recovery has been measured and
normalized through a series of related compounds. In spite of improved pnocedures that use
solvent mixtures (or sequential solvent extracﬁon) and-two deuterated speciés (nC,,;D32 and
nC24D5o) for.recovery of non-polar compounds, concerns rnay remain about inter;;r,e_tation of
these rvc,cent‘.studies (28, 29, 31 -34). We found two and a half times lower recovery for: nCi 5H32
than fpr n CysHso. Quantitative compnrisons among the results of many investignfons Will be‘

affected by unclear explanation of normalized algorithm and inconsistent use of surrogates.
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T

n-Alkane-PAH spiking mixture.
Group jAlkanes |Carbon#| pg/mL [PAHs Structure | PAH# | pg/mL
B I’IC12 12 - 51
™ HC13 13 7.6
i NCi4 14 | 59 Naphthalene 1 ‘ l.Q
[ nCis 15 11.8  b_methyl naphthalene 2 - 10
I nCis 16 , 6.0 Acenéphtﬁy lené ©i© ' 10
I nCir 17 5'5 Acenéphthene @'@) ' 4 1.0
! Fluorene @'@ 5 _ 1.0
1T -nCyg 18 104 Ippenanthrene @©@ 6 1.0
Anthracene T 1.0
[11 " InC 19 8.4 o 8 1.0
© Fluoranthene ©.©© -
M hc 20 74 a1 9 1.0
® ~ |Pyrene ©©©©
il hCay 21 73
111 . nsz 22 7.1
111 nCo; 23 6.6
11 NnC,4 24 8.0
v nCs 25 6.9 @ 10 1.0
Benzo[a]anthracene @@@
vV C 26 6.8 : 11 1.0
126 Chrysene ©©©©
[V nC 27 6.9 _ 12 1.0
7 : ' Benzo[a]pyrene ©©©©©
v - InCys 28 7.7 Benzo[b]fluoranthene @@@.@ 13 1.0
TV nCyo 29 6.7 Benzo[k]fluoranthene 14 1.0
©
[V nCso 30 8.8 '
vV nC32 32. 7.4
\ NCiy 34 6.3 [ndeno[1,2,3-cd]pyrene @.@%@ 15 1.0 -
\' NCsg 36 - 7.3 Dibenzo[a,h]anthracene @@@@ 16 1.0
\" Benzo[ghi]perylene 17 1.0
©S®
On®,
B nC3g ) 38 10.0
- nC4o 40 7.6




Table I1. Program for reduction of volume with Labconco RapidVap® Vacuum
Evaporating System.

Temp | Pressure | Vortex Time Comment
(°C) | (mbar) | Speed (min) :

35 - - - Preheat system
35 750 28% 5 Prevent bumping and evaporate dichloromethane
35 650 28% 5 Prevent bumping and evaporate dichloromethane
40 550 28% 15 Evaporate hexane
45 400 30% 20 Evaporate hexane and methanol
50 250 34% as needed | Reduce to final volume of 0.5 mL (methanol)




Table III. Recommendations for optimal recovery of airborne semivolatile and partlculate
organic compounds from sorbent and filter media

Issue Action Concerns
Collection media e Choose high-capacity extractable e Few options
sorbent for gas phase;
¢ Inert extractable filter or surface for
_ particles.
Solvents e Choose efﬂc1ent solvent mixture e Polarity
® reactivity,
e solubility,
. e MW
Concentration e Optimize with complete range of target | e Irreversible
analytes; volatility losses;
¢ Choose several surrogates for range of e Precipitation as
functional groups, volatility, solublllty solvent
and molecular weight; composition
e Re-solubilize analytes by reconstntutmg changes
extract in original (or improved) solvent
mixture, including wall rinse;
¢ Choose appropriate internal standards
for detection technique;
e Validate with standard mixture, blanks
and SRM before sample preparation;
o Track and report recovery data.
Extraction lidate before routine sample preparation
Gaseous SVOC e Validate by adding standards and e Standards on
surrogates to clean sorbent media, sorbent may not be
analyze; ) representative of
e Add recovery surrogates to collection behavior during
media . sampling
Particles ¢ Add standards and surrogates to clean ¢ Dry, particle-free
filter and sorbent impregnated filters, quartz filter has
analyze; limited capacity
e Extract, concentrate, analyze; for SVOC
Validate with particulate SRMs when
available;
e Add recovery surrogates to sample }
filters immediately before extraction,
without drying
Detection e Choose best analytical method(s);
e Determine response factors with
authentic standards




Quantitation

Choose appropriate surrogate for extract
volume change

Add internal standard(s) for instrument
response

Data reduction

Track and report surrogate recovery data
Report target analyte concentrations per
unit air volume at ambient T, P

Report measurement uncertainties
Document procedures '

Confusion about
standard
conditions;

" Inadequate

QAQC

Storage

Monitor sample extracts periodically for

~ losses




Figﬁre Captions

Figure 1. Schematic of the ngh Capacity Integrated Orgamc Gas and Particle Sampler (H1C
IOGAPS).

Figure 2. Fl‘o.v(/»diagram'of sample prépération for the HiC IOGAPS.

Figure 3. Percent recovery of n-alkanes (a) and PAHs (b) from various reduction of volume
procedures. . A reduced extract only (0.5 mL) is shown as open squares; the same 0.5 mL
reduced extract. with addition of 1 mL of Hex:MeCl, is shown as open diamonds; a reduced
extract with the Labconco glassware rinsed with 1 mL MeOH is shown as open triangles; a.
reduced extract with the Labaconco glassware rinsed with 1 mL of Hex:MeCl, are shown as
closed circles. The open circle markers (at carbon # 24.5) show the recovery of the laboratory
surrogate nCysDso. The error bars represent the uncertainty at the 1o level.

Figure 4. Comparison of the percent recovery of n-alkanes(a) and PAHs(b) from the reduction of
volume procedure, the extraction of an 8-channel XAD-4 denuder,-the extraction of a quartz
- filter and the extraction of a XAD-4 impregnated quartz filter. The open markers are the
recovery of the 1ntemal standard nC,4Dso. The error bars represent the uncertainty at the lo
level. : :

Figure 5. Average concentration of n-alkanes for LaPorte, TX on 8/3 1/2000 from 00:00-11:30
(Local Time), including the contribution from each HiC IOGAPS component. The error bars
represent the uncertainty at the 1o level.

Figure 6. Average concentration of PAHs for LaPorte, TX on 8/31/2000 from 00:10-11:30
(Local Time) including the contribution from each HiC TOGAPS component. The error bars
represent the uncertainty at the 1o level.
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