Processing Raw Mass Spectral Data for High Mass Accuracy
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mathematically defined symmetric peak shape located at "

accurate masses. Peak detection can then be applied to [\ [ eericizced |
reliably and accurately calculate the mass locations for " - L 1’\\ ’r\\
molecular ions and their fragment ions for the purpose of o 3 | | | |
compound identification, with or without isotope profile i : | ‘\ I\
matching (Refs 1 & 2). Other applications of the ) W
calibrated continuum MS spectrum includes elemental
composition search, multivariate statistical analysis etc. : o
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In qualitative MS analysis, there is a growing need to
measure masses at higher and higher accuracy (5ppm or even
100ppb) to allow for unambiguous molecular identification
in metabolism, biomarker discovery, and proteomics
research. In quantitative MS analysis, constant efforts are
being made to lower the MS detection limit and increase the
uantitative accuracy. Careful examination of MS systems . . . o

gnd the complete Mg analysis process, however, reveglls that MassWorks Calibration & Data Processing \ e
the mass accuracy in a given MS system is largely limited by
the mass calibration schemes currently available and the

detection limit is most likely imposed by the heuristic peak o
detection methods used.  This paper will introduce a searTe
systematic approach to achieve both comprehensive mass
spectral calibration and robust peak detection. =
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A comprehensive mass spectral calibration is performed " ) The calibration when applied to the calibration ions
through the use of an instrument calibration standard Results and Discussion within the same standard run results in mass errors oo
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’ To demonstrate the application of accurate mass
. measurement for the identification of compounds, a
o section towards the end of the GC/MS run shown in
previous graph is averaged before accurate mass

containing multiple known ions covering the mass spectral within 2.4mDa (Table 1), an unusually high mass ot ;

range of interest. Continuum mass spectral profile data can . et accuracy for a single quadrupole mass spectrometer. - measqrement t(_) help identify possible GC column
i . materials bleeding out of the system. Above graph

be acquired where the mass spectral response of each known Although the results in Table 1 show good mass i

ion encodes two pieces of critical calibration information, the g accuracy on the calibration ions themselves over a 5 = : (top) shows a section of the averaged mass spectrum

mass shift and the corresponding peak shape deviation. A set min time period, a more stringent test would be to =1l T e ::at |sdcorfre:itedeglth the U\Sreu:nnjlc 5|gnatl towards

of digital filters can then be numerically established to o is calibrati ini . L e end of the run. - With the accurate masses

J te for both th hift dyth K sh apply this calibration to other MS scans containing A small chromatographic peak at 12.52 min in above identified, an elemental composition search with
compensate Tor Dol € mass shift an € peak shape L N B LI S different set of ions from another run, preferably on hi iated with an ion signal d 235D " X . .

P ; . - S graph Is associated with an ion signal aroun 3, possible elements C, H, N, O, and Si combined with
deviation and applied to successive MS scans to convert raw X R a true chromatographic time scale. The GC/MS . . . k h 4 "

i data into their fully calibrated " Much o S S 050 ) A N the accurate monoisotopic mass is reported as isotope profile matching reveals a few possible
continuum data into tneir fully calibrated version. ucl o analysis of the pesticide mixture will serve as a true 235.0057Da based on the average of 7 scans. An y . . ¥ .
higher mass accuracy and significantly more reliable peak | O I - d | g Scans. candidates with their theoretical isotope patterns

9! y 9 y p test of mass spectral calibration, its applicability I tal i h based th ted . - .
detecti be achieved on data th librated 5 ; eélemental composition search based on this reportes shown in the above bottom graph. This list of possible
etection can be achieved on data thus calibrated, even on a across different runs and on ions other than the isotopi ith C. H. N, O. and CI ibl " "
unit mass resolution GC/MS system with single quadrupole. calibration ions on a real chromatographic time monisotopic mass Wth %, H, M, ©, and L 2s possib’e - candidates can be further refined based on the
. ) ] . " Ab h sh A g f elements lists C13H9CI2+ (exact mass at 235.0081Da, knowledge of column chemistry so that a good
Experiments and Data Processing = e scale. 0ve grapn shows the accurate masses or -2.3mDa mass error) as the 2Ist hit. The  ynderstanding of column bleeding may be gained, a
. . . o o o reported for the average of 8 mass spectral scans subsequent isotope profile matching reveals that this  subject of on-going research.
>Sample information: Calibration standard PFTBA and 17 For each ion in the calibration sample, both mass and corresponding to the chromatographic ~elution indeed is the only correct ion formula for a well
compound organochlorine pesticide sample (Ing/ul) also peak shape are adjusted as part of the calibration to profile of PCB 209. As can be seen, the reported known EI fragment of the pesticide p,p’-DDD.
containing  approximately 50 ng/ul  PCB 209 achieve mass calibration, peak shape standardization, and accurate masses all come within 4mDa of the
(decachlorobiphenyl, C,,Cl,). noise filtering, all in one operation. The mass spectrum theoretical masses calculated from its elemental
»MS conditions: the PFTBA and standard were acquired on after such calibration can be readily peak-analyzed with composition.
an Agilent 5973N-inert MSD in “raw” mode (non-peak high mass accuracy. Table I below shows the calculated C lusi Acknowl
detected) at a scan speed 22 (A/D samples = 4) over a mass mass positions for all the ions included in the calibration While this molecular ion is known and can be easily
range of 50-550 m/z. from the calibration segment itself as well as a test verified with certainty, the identification of some of This application example demonstrates that the The authors would like to thank Dr. Harry Prest from
»>The profile mode mass spectra of the PFTBA calibration segment towards the end of the 5min infusion run shown its El fragments will be more challenging and comprehensive mass spectral calibration involving Agilent Technologies, Inc., for providing the GC/MS
standard were acquired continuously for 5 min during its in above graph. interesting. For the ion fragment around 424Da, the both mass and peak shape is capable of achieving high data used in this study.
infusion. Similarly, during the GC/MS sample analysis, the accurate mass for the monoisotopic mass is reported mass accuracy on a single quadrupole GC/MS system
profile mode mass spectral scans were repeatedly collected Table 1. Calibration lons from PFTBA Standard and Calibration Mass Errors as 423.7428Da, an elemental composition search at unit mass resolution. The calibration can be
during the GC separation process for a total runtime of 19 P P G e S R with C, H, N, O, and Cl as possible elements lists conveniently built with the on-board calibration €rences
min. A comprehensive mass spectral calibration can be | wesson | s | 0m | s | o C12C8+ (exact mass at 423.7503Da) as the 17th standard through infusion measurement and is 1. Haiying Zhang, J. Mass Spectrom, 2003; 38:1110
Frag 1 oBsosz|  saowsz| 00000 689943 00009 X N . ,J. . ; 38: -
created from the average of the PFTBA mass spectral scans g2 sooons| svoumt| oo smsszz] ooy candidate with -7.5mDa mass error. When the  applicable to a real GC/MS run on a true
within a given time window using MassWorks™ software. Frag #3 tmagsr|  1rasees| -oooo2|  113ess| 0002l whole isotope cluster is taken into consideration, chromatographic time scale. The mass shift due to : ;

L L B > F F . . : . 2. Ming Gu et al, Rapid. Commun. Mass Spectrom.
>This unique calibration process calibrates both the mass st e e B e e however, it becomes obvious that C12C8+ is the  such external calibration is within only a few mDa. 200(?:20:764-770. P P
position and the mass spectral peak shape function, a key for Frag 5 tenoses|  tesoser| 00001 tomssss| 0001 only correct ion formula for this fragment (shown in The comprehensive calibration including the peak
achieving high mass accuracy. This calibration was then E::; e Iioos IR ieuad Igoon next graph), in spite of the somewhat larger shape can greatly enhance the elemental composition
applied to each scans in the GC/MS data file to transform Frag #0 asa9e07| 3639811 ooo0s|  asasero 00012 measurement error on its monoisotopic mass. search for the purpose of compound identification in
each raw mass spectrum into its calibrated version with a :Z e :;i ;12 j‘;:xi ggggg :; ZZ; :Z m GC/MS experiments.
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