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INTRODUCTION

Although library searching of mass spectra has been
available for many years, its full potential has never
before been realised as a tool for screening of both
known and unexpected compounds. Recent
developments in Time of Flight MS and associated
software have enabled high mass accuracy full spectral
data to be acquired and processed easily and quickly.
The work outlined here demonstrates the use of new,
advanced data processing software which automatically
and effectively detects peaks from complex
chromatographic data; searches the deconvoluted
spectra against libraries created from either real or
theoretical data and scores the results based on mass
accuracy or proximity of the measured to theoretical
isotope ratios.

METHODS

For fast, high efficiency separations LC data was acquired using an
ultra-performance liquid chromatograph with 1.7mm column particle
size. This was coupled to an electrospray ionisation LC-ToF mass
spectrometer with enhanced ion optics to maximise spectral
resolution and mass accuracy. For other analytes, a traditional gas
chromatograph was coupled to a new GC-ToF mass spectrometer
equipped with an electron impact ionisation source, again acquiring
elevated resolution accurate mass data. Both mass spectrometers use
novel ion optics to enhance their dynamic range and ensure that
good quality data with accurate ion ratios were obtained. In order to
fully investigate the applicability of the new software module, a wide
range of compounds in matrices of varying complexity were
analysed.

Extraction Methods

Details in Waters Application Notes 720001437EN,
720001607EN & 720001675EN.

LC-MS Methods

A Waters Acquity UPLC system coupled to a Waters LCT Premier ToF
MS were employed. The column used was an Acquity UPLC BEH C;4
2.1x100 mm, 1.7 pm @ 40 °C. The gradient and mobile phases
were dependent on the analysis. The mass spectrometer was
operated in W-mode for elevated resolution (>10,000 FWHM) and
real-time exact mass data was acquired by reference to an

independently sampled reference (Leucine Enkephalin, [M+H]* =
556.2771Da, [MH] = 554.2615Da.

GC-MS Methods

An Agilent 6890N GC with 7683B autosampler was coupled to a
Waters GCT Premier ToF MS. 1pl sample was injected by Cyro-
cooled PTV in solvent vent mode onto a DB-5MS column (20 m x
0.18 mm i.d. x 0.18 mm). Exact mass data was acquired by
reference to 2,4,6ris(trifluoromethyl)-1,3,5-riazine, 284.9949Da at
a rate of 10 spectra s™.

Software

Masslynx v4.1 with the Chromalynx application manager.

RESULTS AND DISCUSSION

Several datasets were acquired encompassing various applications
using a range of techniques. Investigations were first carried out in
order to ascertain the ability of the software to detect analyte peaks
from complex chromatograms. Figure 1 above shows a section of the
LC chromatogram from a milk sample spiked with a selection of
veterinary drugs. It is apparent that peaks from indigenous
components of the matrix are considerably more intense than, and
indeed mask, the peaks from the analytes of interest. However, by
plotting extracted ion chromatograms, those components are easily
found manually.
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When processing the data using Chromalynx, the n most intense
spectral peaks (8 in this case) from each scan are extracted. By
applying automatic peak detection parameters, 166 distinct
chromatographic peaks were found. The mass spectrum from each
peak is then deconvoluted and compared to a library created from
spectra of standards, and any ‘hits” are displayed by match quality.
Other screening parameters (retention time, polarity, cone voltage)
can then be applied to create a list of candidates, ranked as positive,
tentative or negative depending on the library match (either forward
or reverse fit). Figure 2 shows the final, screened results for the milk
sample, and proves that the peak detection and library screen have
been successful.
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Figure 2. Chromalynx screening results for milk sample spiked with 41 veterinary
drugs

Table 1 below summarises the concentrations at which each of the 41
compounds are successfully identified from a typical screening
experiment. Notably, for all regulated compounds, this concentration
is at or below the Maximum Residue Limit (MRL) —the level above
which produce must be withdrawn from sale.

MRLS | Screened| Lol¥ MRL/ | Screened| Lol¥
ol Level pal ol el pal
Albendazole 100 100 (25) 010 Malidixic Acid (25) 0.10
Albendazole Sulfoxids 100 25010} 0.20 Cralinic Acid S0 {107 010
Fenbendazole 10 0 020 FlumeaqLine a0 100010 010
Owfendazole 10 10 (5) 010 Morfloxacin 100 {50 100
o |Cfendazole Sulfone 100 (25) 010 Ciproflceacin i 1.00
% Mebendazols 100 (25) 0.20 Lomefaacin (15) S0 0.50
@ Levamiscle 10 (%) 0.25 Enrofoxacin 10 10
‘2| Thighendazole 100 10 020 Warbof oxacin 75 10 020
H[Flubendazole 10 005 2 [Oifaxacin 2505 020
@ |Cxibendaz ole 25 (5) 0.05 E Danoficxacin 30 50 (25) 0.20
Spiramycin 200 2% 030 § Cinchophen 100109 0.10
Tilmicosin a0 10 (5) 050 & |Sarafaxacin a0 {25) 0.20
Tylasin a0 s} 100 Diapsone 100 (28] 010
o | dosamycin 25 0.20 Sulfadiazine 100 (1007 0.25
% Tiamulin 50N 0.05 Sulfamethoxaz ole 10 i 015
Q Yalnemulin 10 0.10 @ |sutamethazine 100 i 0.20
= |Lincomycine 150 0 020 E Sulfadimethoxine 100 100010 015
Do yeyeling (-H20) 100 {25) 040 B |Sulfadimidine 100 25 {10) 025
, @ | Tetracycline 100 {100} 1.00 £[sufadoxine 100 25 (10) 0.05
g % Ouytetracycling 100 1507 0.50 @ Sulfaquinoxaline 100 {25) 0.20
ﬁ &' Chlorotetracycline 100 150) 4.00 " =not in library

Table 1. Summary of milk screening results. Bracketed concentrations are where a
tentative match has been made. No brackets for a positive match.

When GC-MS is the analytical method, extremely complex
chromatograms are often observed. Figure 3 shows the software has
successfully differentiated three co-eluting components from a mixture
of pesticides. This method was applied to various food samples,
including cucmber, grapefruit and sweet pepper.
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Figure 1. Raw chromatogram and extracted analytes from a spiked milk sample
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Figure 3. Automatic and manual peak detection of three co-eluting pesticides in a
complex GC chromatogram

El ionisation allows the searching of extensive libraries such as those
supplied by NIST and Wiley, enabling the identification of over
200,000 compounds. Figure 4 below shows the results of such a
search performed on a cucumber extract, containing over 500 peaks.
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Figure 4. Results of a Chromalynx search from cucumber using the NIST library

Where applicable libraries are not available, and standards are
scarce or prohibitively expensive, it is advantageous to use a ‘look-up
table’ to search for compounds of interest by their exact mass.
Chromalynx extends this idea by employing spectra created by an
isotope modelling algorithm, which automatically contains the exact
mass and the correct distribution of elemental isotopes. By using this
spectrum, it becomes possible to get identification of screened
compounds. Figure 5 shows the measured and theoretical spectra of
Albendazole (Cy,H5N;50,S, [M+H]* = 266.0963Da) as well as the
elemental composition performed on the acquired data. Here,
possible formulze are calculated within 5ppm of the measured mass
and usually displayed by AM. The new software, however, contains a
scoring algorithm called i-FIT, which compares the measured isotopic
ratios to those of the suggested elemental composition. The closer the
match, the lower the score, and in this example, the results are
ranked thus. The top score (closest match) is the correct formula.
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Figure 5. Acquired spectrum of Albendazole compared to theoretical isotope model
plus elemental composition results ranked by i-FIT

Chromalynx automatically uses the formula from the library as the
defining parameter in an elemental composition search. Candidates
are subject to this scoring system as shown in figure 6 —the green
shaded box indicates that the mass is correct to <5ppm, and the i-FIT
score of 13.9 indicates a good agreement. The analyst obtains the
nominal mass, retention time and can readily confirm these positive
results by their exact mass and isotopic distribution.
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Figure 6. A mixture of illegal dyes screened using a theoretical library.

CONCLUSION

. The automatic peak detection software effectively detects
chromatographic peaks in complex matrices, even when
components co-elute

« The resulting de-convoluted spectra are suitable for library
matching against reference spectra

« The methods presented are suitable for the screening of multiple
residues at relevant concentration levels in a variety of matrices.

. Spectra with high mass accuracy and correct isotope ratios are
valuable aids to the identification of contaminants, and may be
appropriate for confirmatory analysis

720001937EN ©2006 Waters Corporation


drelingc
Text Box
720001937EN



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /FuturaStd-Bold
    /FuturaStd-BoldOblique
    /FuturaStd-Book
    /FuturaStd-BookOblique
    /FuturaStd-Light
    /FuturaStd-LightOblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




