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Overview Results and Discussion

»A new method based on mass spectral peak shape calibration
was developed for the identification of unknown Semivolatile
Organic Compounds (SVOCs).

»On a unit mass resolution quadrupole GC/MS instrument, 122
SVOC compounds were identified and/or confirmed by NIST library
search and MassWorks formula determination.

»Complementary approaches to SVOC unknown ID by NIST Mass
Spectra Database and CLIPS search were discussed.

Introduction

Using GC/MS for the rapid identification of releases of
hazardous or toxic chemicals requires confirming the analytes
identity by a second method. High resolution MS such as TOF
may provide this confirmation, but it is not a option due to high
cost and limited space available in this mobile lab. Alternatively, a
novel method which provides a primary and secondary
confirmation with a single analysis using a well established EPA
procedure for SVOCs has been developed. The method is based
on formula determination by advanced data processing of integer-
mass-only results produced by the GC-MS in conjunction with a
conventional library search. This dual process dramatically
improves the accuracy of chemical identification.

Methods

»Data Acquisition: All data were acquired in an Agilent 6890-
5973N GC/MS system in a raw (profile) scanning mode and
followed by NIST MS Database Search and elemental composition
determination by MassWorks. A total of 122 SVOC compounds
were investigated. About 0.1 mg of each compound were injected
and separated by GC/MS according to EPA methods. At the end of
run, PFTBA spectra were acquired for 20 seconds to built
calibration by MassWorks. The system can hold the calibration for
days if not weeks before recalibration.

»NIST MS Database Search: By an Agilent ChemStation data
processing script, the profile spectra were automatically converted
into centriod spectra for NIST MS Database Search.

»MassWorks processing: MassWorks calibrates both the mass
position and the mass spectral peak shape function, a key for
achieving high mass accuracy. When applied to raw mass spectral
data, the raw mass spectrum can be transformed into its calibrated
version with mass spectral peaks located at accurate mass
positions. Furthermore, the mass spectral peak shape would also
be transformed in the same process to a mathematically definable
function, a key for achieving high spectral accuracy and CLIPS
formula ID.

»Performance Evaluation: Among the 122 SVOC, 13
compounds with a mass range from 93 to 276 were used as
routine performance check before running unknown substance
identification . High spectral accuracy of 98.5% and top 3 search
ranking are required performance criteria for those 13 compounds
before applying it to identify real unknown compounds.
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Table 1. CLIPS Search Parameters
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Table 2. Mass and Spectral Accuracy for
Performance Checking Standards

Target Compounds | Formula | Retention| miz | Rank| Spectral | Mass | Total
Time Accuracy| Accuracy |Formu|
Aniline CoN i . 7
K Conaciz S0
T80 Sis

T
] 2 186
3 2 5

(CutaNO;|

[SIIES) ) .

260.163.£ 0.0020

M

For each known ion fragments from the PFTBA
standard, both mass and peak shape are adjusted
as part of the calibration to enable highly accurate
mass determination at unit mass resolution in the
presence of isotope interferences, as shown from
the C;F5* fragment ion (accurate mass 130.9907
vs. exact mass 130.9920Da).

Fig 1. Mass and Peak Shape Calibration
with PFTBA

This calibration is then applied to the data file
of GC/MS of SVOC. First, the 13 selected
performance checking standards were analyzed.
As shown in Table 2, all the standards achieved
better than expected spectral accuracy of 98.5%
and expected ranking of top 3 on search list. As
an example shown in Fig 2., Acenaphthylene
ranked as top 1 has spectra accuracy of -0.3 mD
and spectral accuracy 99.7%. This great
performance is attributed to the novel calibration
technology that corrects unsymmetrical peak
shape (Fig. 2a) and provides effective isotope
pattern matching (Fig2 2b) between calibrated and
theoretically calculated spectra.

Secondly, accurate mass measurements and
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Fig 2. Raw, Calibrated, and Calculated
Spectra of m/z 152
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Table 3. Top 10 of Search for m/z 152

Row | Formula | Mono Isotope | Mass Error | Mass Error | Spectral | DBE

(mDa) (PPM) | Accuracy
[ | crams | 1520626 | 03184 |

[ 2 | codera | 1520438 | 185253 |

[ 3 | CoHoOF | 1520637 | 14612 |
|4 [ conisp | 1520755 | 13205 | -
[ 6 [ ceHorNz | 152075 | -126046 | -

[ 6 [CrHsoanz| 1520586 | 37044 |
[0 [ CoHsena | 1520408 | 124575 |
242609 | 083343

formula identification were conducted on all the
SVOC. Formula search conditions listed on the
Table 1 include a wide range of elements and
very open lower and upper limits. The electron
state of “odd” electron was selected to focus on
the analysis of the compounds having molecular
ions which accounts for 91% of the SVOC under
investigation. Fig 3. shows the ranking
distribution of both NIST MS Database and
CLIPS search. 94% of the SVOC appeared on
top 3 from CLIPS search lists including 76% 1st,
16% 2, 2% 3 hits for the compounds with
molecular ions. NIST library search generated
positive ID for 92% of SVOC regardless the

Fig 3. NIST Library and CLIPS Search
Rank Distribution
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existence of the molecular ions. Poor results from
NIST library search most likely were due to complex
mass spectra caused by co-eluting compounds. For
example, the major peaks of the spectra of N-
Nitrosopyrrolidine should be m/z 100 as molecular
ion and a dominant fragment at m/z 41 (Fig 4b).
However, this compound was co-eluted with other
molecules and its spectra appears to be much more
complicated (Fig 4a). This resulted in poor match
and reverse match values at 392 and 593
respectively by NIST MS Database Search. Instead
of matching multiple ions fragmentation pattern by a
NIST MS Database Search, MassWorks performs
formula determination by analyzing individual ions
and is able to deal with co-eluted problems as long
as the interesting ions are not overlapped by
another unknown ion.

Fig. 5 shows that the elemental composition of
N-Nitrosopyrrolidine was found to be the 2nd hit by
CLIPS search with mass accuracy of 4.5 mD and
spectral accuracy of 99.3%

Fig 4. Complex and pure spectra of N-
Nitrosopyrrolidine

Fig 5. Isotope Pattern Match for N-
Nitrosopyrrolidine
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Conclusions

»With PFTBA calibration performed to each
GC/MS run, mass accuracy better than 10mDa and
Spectral Accuracy better than 99% can be achieved
for reliable formula determination.

»Based on both NIST library and CLIPS search,
confident identification of unknown SVOCs can be
achieved.

»When NIST library search results in multiple
compounds with similar Match Value (MV) and
Reverse Match Value (RMV), MassWorks can
provide unique formula  determination for
unknowns.

»NIST MS Database Search can provide positive
identification regardless the existence of molecular
ions.
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