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Figure 4. Average low resolution mass spectrum as high molecular weight PAHs were volatilized from the probe. .. . .. .
1. INTRODUCTION 408.1703 - S. Determining Ionic Compositions for Components in a
The EPA, NERL, CRD in Las Vegas develops rapid characterization techniques for targeted Average of all LRMS scans Complex Mixture
analytes including Aroclors (commercial PCB mixtures) and PAHs. Also of interest are new 100 326 . . . .
techniques to help identify compounds. Mass peak profiling from selected ion recording data o A methylene Fhlorlde extract of a bla.ck, viscous sample fl‘(.)l.ll a Superfund site was cxamined
(MPPSIRD) acquired with a Fisons 70-250SE double focusing mass spectrometer using 10,000 o by GC/MS 1.1s1ng MPPSIRD to determine elel.nental compositions for the molecular ion or other
to 20,000 resolution provides the high selectivity and sensitivity required.! Probe introductions S 350 lar %e maslsl.lon folz 471:‘11111“’0“?“ that provided clcllr;)D Table 2. Elemental compositions and quantities
of standard solutions and sample extracts were made to determine the utility of MPPSIRD for g 163 302 ma ogr.ap 1€ pea S ree step process was used to useful for distinguishing among them.
three rapid characterization applications. 2 149 376 LEEITIRE comp0s1t10n§. Assurveysof
c 1741 - profiles at 9301116(;1001“1“31 mass was | m/z 408.1700 £ 2.5 ppm  Up to: C34 H405 025 N29 P13 S12  Resolution: 20000
made across a m mass range
404.9760 30.3% 10.9% 404.9760 = | | : . PP ° # RDB Composition M  M+1 M+2 %M+1Range %M+2 Range
) 408.13 40821  Lockmass 408.1700 4091723 4101657 Lockmass 0 bt i ol uagllgl LT using 3,000 resolution. Two or three
2. Review of MPPSIRD ' ' | points across each profile provided an | 26 3.5 C17H30 O8 N S .1692 .1724 .1683X 18.6-224X 4.8-7.2X
380 estimate of the exact mass for the most 27 3.5 C17H32 O6 N P2 .1705 .1738 .1762X 17.3-21.8X 0.0-2.0X
In Figure 1a, a full mass peak profile is shown. M/z ratios were monitored at each point and Figure 1. A full profile (a) and partial profiles (b). m/z Ratio abundant analyte ion observed in the | 28 8.5 C18H26 O4 N5S .1706 .1734 .1689X 20.0-25.1X 4.8-6.7X
the areas of the chromatographic peak under each ion chromatogram were plotted to provide low resolution mass spectrum. A better 29 2.5 C18H34 O3 N S3 .1701 .1731 .1664 20.5-25.6 X 12.2 -16.7X
the profile. In Figure 1b, M, M+1 and M+2 partial profiles were plotted. Six m/z ratios were . . . estimate of the exact mass was deter ]| 30 13.5 C20H23 O N7P .1702 .1731 .1760 X 21.8-27.0X 0.2-22X
monitored across the top portion of each profile using a single SIR descriptor to provide exact 4. Confirmation of High Molecular Weight PAHs mined from the weighted average of | 31 7.5 C20H31 N3 P S2 .1697 .1727 .1663 22.2-27.5X 8.4-11.2
masses for all three profiles and the abundances of the M+1 and M+2 partial profiles relative Fioure 2. Congener distributions for 7 Aroclors: (@) MonoCBs. DiCBs & TriCBs: (b) TetraCBs. PentaCBs & HexaCBs several points near the apex of a full 32 8.0 C21H29 O6 P 1702 1736 1762 X 21.2-26.3 X 0.0-2.6 X
to the M partia] proﬁle. These values are used to test 5 criteria that eliminate all but the cor! s ) 8 f ) () ’ ’ () ’ PAHs with masses up to 278 Da are analyzed by EPA method 8270 using GC/MS. Higher mass mass peak proﬁle using data acquired 33 18.0 C24 H20 O N6 1699 1729 1760 X 25.5-31.0 0.2-3.0X
rect composition from a list of compositions possible for a given exact mass and mass error limit PAHSs require long retention times and provide very broad peaks or do not elute as discrete chro! at ~10,000 resolution across a mass 34 12.0 C24 H28 N2 S2 1694 1725 .1665 26.1 -31.5 8.7 -11.7
2 iti ion i identi is li Aroclor 1016 Clieslr 2 Aroclor 1016 LoeEEl 22 matographic peaks from the GC column. Probe introduction permits screening for higher mass f 160 A le i
for M. Once the composition of a molecular ion is known, the identity of the compound is lim [ 100 - graphic p | the - : p g Y : range o ppm. n example is | Eyperimental Values: 1700 1723 .1657 30.3 10.9
ited to a finite number of isomers. For both types of data, the partial profile of a calibration 0:22:100 71:100:14 100:5:1 100:22:3 PAHs. Mass spectra for individual compounds are not observed, but an exact mass can be obtained shown in Figure 1a. Finally, at 20,000
ion is also monitored. 80 - for any ion observed in the composite mass spectrum. In Figure 4 is shown the average low resol( | resolution, M, M+1 and M+2 partial profiles like those in Figure 1b were plot[] TIC Nominal Composi- Criteria Met
60 - lution mass spectrum obtained as the PAHs in a 1 pLL. methylene chloride extract from a sample of ted to provide the exact masses and relative abundances used to apply criteria. | Peak Mass tion GC Probe
a spent carbon electrode disposal site at an aluminum plant were volatilized from the probe. In Table 2 are listed several possible compositions and corresponding exact #
Y p P Y
. . . . 40 - masses and relative abundance ranges that were calculated by a profile gener!(| 9 141 CgH.5NO 5 2
3. Identification and Quantification of Aroclors 20 . The masses of the most abundant PAHs were greater than 278 Da and Method 8270 would under ] ation model assuming the ion was composed of C, H, O, N, P, or S atoms. Each | 11 178 C1oH1g0 3 2
estimate the level of PAHs present. In Table 1 are listed the elemental compositions of 16 PAHs and "X" indicates rejection of a composition based on the adjacent exact mass or 14 169 CqoHqqN 5 5
Aroclors are often identified from patterns of chromatographic peaks due to PCB isomers in an 1 2 3 B 2 3 0. 4 4 the exact masses and mass errors determined for triplicate probe introductions. The last entry was relative abundance. 15 205 CqoH{sNS 5 4
ECD chromatogram. When congener specific analyses are performed using mass spectromet!’ not observed in any of the low resolution mass spectra; its probable existence was inferred from the . . . . . . . 16 192 CqoH16S 5 9
ric detection, Aroclors can be identified from the summed responses for each congener. Hence, Aroclor 1232 Aroclor 1242 Aroclor 1248 Aroclor 1254 Aroclor 1260 PAH distribution. Thus, MPPSIRD provided greater sensitivity at 20,000 resolution, than the full Probe 1ntr0duct10n. was used t.o.search for 9 lons 1d¢.ant1ﬁed with GC 1ntr0(.lucD 27 246 Co HaoNoS 5 4
chromatographic peak patterns and long analysis times should not be necessary to identify 36:63:100 0:24:100 100:35:4 28:100:52 0:34:100 scan mode at low resolution. tion and to determine compositions of 4 additional ions. In Table 3 these ions TR C14H18N2 E—
Aroclors. - | and the number of criteria passed by the data obtained with both sample intro!( | 28 286 C18H160il A
Other compositions containing O, N, P, or S atoms were possible based on these exact masses and duction techniques are listed. In general, interferences from other IO PO 14 396 C18H26N ; 5 b
Two SIR descriptors were prepared to monitor 74% of the mass range for the profile of the most error limits of £2.5 ppm. Acquisition of M, M+1, and M+2 partial profiles did not provide data in the e.xtract reduc.efi the number of ‘.lsef“l cr{terla V.Vlth probe introduction. o C18H18N282 =
abundant molecular ion for three congeners: MonoCBs, DiCBs, and TriCBs, or TetraCBs, sufficient to exclude the other compositions, because other compounds (possibly PAHs having 2 Yet, unique compositions UL (.ietermlned for ions with masses less than 300 265 C19H13N23 4
PentaCBs, and HexaCBs. A mass increment of 10 ppm between the m/z ratios was used with more H atoms) produced ions that interfered with the M+2 profiles. Da based on fewer than 5 criteria. 2177217722
15,000 resolution to ensure the partial profiles were well-centered in the observation windows, 2 C24H22N2S; -
since a much wider mass range (70 Da) is needed to monitor three PCB congeners than for M, Exact = Table 3. Nominal masses, compositions and 408 C24H2gN2S; o
M+1 and M+2 profiles (7 Da, including the calibration ion). The congener distribution patterns PAH Ma::(;Da) ( r:':)r number of criteria pas:sed with .GC a An absence of P atoms was assumed
in Figures 2a and 2b were observed when each Aroclor (10 ng in 1 pL. of methylene chloride) was PP and probe introduction. S e e e (el el il
intr;)duce((l1 by the probe, whichl was lllleatel(li b(;llgstically to 3i0'C. The St?indal;i deviatlions for CpaHiy 300.0944 +1.9 compositions not containing P atoms
triplicate determinations were less than the differences in the congener distributions between e AR e e Bl C..H 302.1092 1.3
: : : : : : The factor k depends on the fraction of the total of congeners that are PeCBs or HxCBs and the 247714 ' -
Aroclors. With probe introduction data acquired using both SIR descriptors, Aroclors 1016, : g = : : Identification and quantification of Aroclors with probe introduction CogH14 326.1093 -0.8
1221, 1232, 1242, 1248, 1254 and 1260 can be identified. instrumental response to those congeners for both Aroclors. With this factor, the same equal] " MPPSIRD is feasibl d i | advant 6. CONCLUSION
tion was then used to determine the fractions of the two Aroclors in 75:25 and 25:75 mixtures. Es(lfl;lg-IRMS I 15 t;a:l ¢ 2.1n . provides ser.ra ) advantages over gzs:m ggg::?g: _; g:
An analytical method can provide significantly different responses for different Aroclors. For The Aroclor 1254 fractions were in error by <2.5%. Similarly, the lab sample was estimated to analyses that require 1Isomer separation: > e ' ' . . . e s . . .
) .. ) . o o 0 C3oH16 376.1254 +0.7 The high selectivity and sensitivity provided by MPPSIRD make rapid characterization
accurate quantification, it can be necessary to use the correct Aroclor or mixture of Aroclors to contain 51% of Aroclor 1254 and 49% of Aroclor 1260. Lo Om . el . el . . e
. . . . . 1. ~10-fold faster analysis time X O CiqHqg 390.1409 + 0.1 from the probe feasible for both qualitative and quantitative applications. Although
prepare calibration standards. A commercial analytical lab determined that a sample extract 5 5-fold bett sion due to a dat o g £ <1 mi = o CoH 400.1258 +16 h ¢ hi tion is still f Ivtes i . -t .
contained 34% Aroclor 1254 and 66% Aroclor 1260 based on the peak areas of several PCB iso! A third SIR descriptor was used to quantify Aroclor 1254. Partial profiles were monitored for 3‘ '5010 t‘e erlprec1s:i()1: 11.9 Ol’a : ta a.acquif{ lon time o mtm J oo C32H16 402:1409 . 0:1 c roma. ographic sepa.rz.l lonfls sti neceslsar}.' or §oline am} ytes in COITlp ex mlx. ures. l(i
mers in the ECD chromatogram. The PeCB:HxCB congener distribution observed with probe the most abundant molecular ion of the two most abundant congeners, PeCBs and HxCBs, and > # 7 lltmes ov;'er ctection frmit, Since atl 1ISomers are monitore Q - CziH:: 426.1409 + 0.1 determine tFle composition o tl}e molecular lfm with certainty, probe introduction wit
introduction was intermediate between Aroclors 1254 and 1260. Equation 1, a mass balance for a carbon labeled PeCB added as an internal standard. Triplicate data acquisitions were stmuitancously a3 CacHis 450.1408 0.1 MPPSIRD is adequate to provide confirmation for the presence of target compounds
equation, was used to determine a relative response factor (1.07) between Aroclors 1254 and made for 1 pL of standard solutions containing 0.01 to 1000 ng of Aroclor 1254 and 1 ng of 4. SRtLeIne s1mp11c1t.y . : S CacHap 452.1571 +1.5 without resort to more complex analyses.
1260 from a 50:50 mixture. 13C12-PeCB. Illustrated by Figure 3 is a useful calibration range of S orders of magnitude and a) no window defining mv.(tures are used to set start and end times - CagHa0 476.1562 -0.6 , .
linearity over 4 orders of magnitude. The lab estimated that the Aroclor mixture contained f?r several SIR des.crlptors . =371 ! ! ' ! C4oH2 502.1727 +1.1 zgmnge’ j'g". gonneZy, fﬁ". gmmley} g pc;/.’- g'”etsi S.’ngvﬁoo? ghW An]‘;lbf h;;l .5’5139?2066’ et
_ ) : c c b) a single congener ratio and two exact masses replace retention 2 1 0 1 2 3 g AL DI LT B b A L) WG bt Tt IR, ) 2Bl
PeCB;/HxCB¢,; = (PeCB54 + PeCBg()/(HxCBs4 + HxCBg) 2800 ppb of Aroclors; 1600 ppb was found by probe introduction. Because, the lab quantifical] ) ! T e ) C4oHy, 526.1727 + 1.1 3Grange, A.H.; Brumley, W.C. Submitted to JASMS, 1996.
= (Fpesgkfag + Fpoco (1-kfsg))/ (Fryosakfsg + Frieo(1-kfz4)) Equation 1 tion method had a positive bias for Aroclor mixtures, the value from probe introduction was in time and ion ratio criteria for each isomer Log [Aroclor 1254] (ng/uL) CyH 552.1878 +0.1
Pe54%454 Pe60 54 Hx54"*'54 hx60 54 q ) . . 2 ) . . . ¢) a single internal standard is used 44" 724 ) ’ *4. Grange currently holds a National Research Council /NERL(CRD-LV) Senior Research Associateship.
reasonable agreement. Quantification against pure Aroclors and a 50:50 mixture yielded sim[] ) ) . ) )
Where: Fp,s4 is the fraction of response due to PeCBs for Aroclor 1254; fs, is the fraction of ilar results (1600 - 2000 ppb), since the responses of the Aroclors were similar. A relative ) maintenance of good chromatographic conditions is not required Figure 3. Log-Log plot of the signals corre” Table 1. PAHs, average exact Notice: The U.S. Environmental Protection Agency (EPA), through its Office of Research and Development (ORD), fund
' g : C - i i . . 1 . ed this research and approved this abstract as the basis for a poster. The actual poster has not been peer reviewed by the
AliO:.l or t1224 lnl thelglg())(ture, and k is the response due to PeCBs and HxCBs in Aroclor 1254 response factor near 1 might not be observed for other Aroclor mixtures sponding to 2(PeCBs+HxCBs)/ 3C12-PeCB' masses, and mass errors EPA. Mention of trade names or commercial products does not constitute endorsement or recommendation for use.
relative to Aroclor | T e -




