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Target Compound Database Organization





Each G1034x Method contains a Target Compound Database containing between 0 and 250 Compound Entries.  Every piece of information stored in the database for a compound exists for at least one of the following purposes: identifying a Target Compound, quantitating a Target Compound, or reporting results to the user.  Information used to identify a Target Compound includes expected retention time, target and qualifier signal masses and expected ratios, Subtraction Method, Identification Method, and integration parameters.  Information used to quantitate a Target Compound includes calibration level concentrations and responses, Area/Height selection, Area Correction mass and factor, and calibration curve fit method.  Information used strictly in reporting the results includes reference spectrum name, CAS #, Compound Type, Surrogate concentration, Matrix spike concentration, Matrix concentration limits, and nine user-defined values.





The Target Compound Database for a G1034x Method is contained in a single file in the Method directory.  The filename is QDB.MTH.  When a Method is Loaded, a working copy of QDB.MTH is created as QUANT_DB.<n>, where <n> is a numeral unique to each active execution instance of MSDA.EXE.  This allows simultaneous views into the same Target Compound Database by several reader instances of MSDA.EXE.  Session changes via commands or panels in execution instance <n> of MSDA.EXE are propagated to the file QUANT_DB.<n>.   When a Method is Saved, the QUANT_DB.<n> file for the MSDA.EXE instance performing the Save is copied to QDB.MTH.





The file QDB.MTH consists of a header section followed by between 0 and 250 fixed length records, one for each Target Compound.  For a more detailed description of the database format, obtain a copy of the file QUANTDB.XLS, a Microsoft Excel spreadsheet giving a pictorial representation of the database file format.





To each Target Compound corresponds an ordinal number which is given by the relative position of that Target Compound Entry's database file record.  These ordinal numbers begin with 1. Let the expression "compound K" denote the Target Compound with ordinal number K.





INTERNAL STANDARD COMPOUNDS and their respective analytes are associated according to their relative ordinal position in the database.  Analyte Compound K is related to no Internal Standard if there is no value C < K such that Analyte Compound C is marked as an internal standard.  Otherwise Analyte Compound K is related to Internal Standard Compound C where C is the greatest value < K such that compound C is marked as an internal standard.





Identification Procedure Overview





Target Compound identification and quantitation in G1034C software uses an algorithm that passes once through the quant database, each Target Compound Entry in turn according to ordinal number.  For each Target Compound, a target chromatographic trace is extracted from the current GC/MS data file.  Qualifier traces or mass spectral responses are extracted from the data file (which choice depends on Subtraction Method).  Then all chromatographic traces are integrated, possibly using custom integration parameters unique for each trace.  Integrated peaks are accumulated.  Then an algorithm determines retention time groupings of accumulated peaks from different signals (i.e. target and qualifiers) based on closeness of retention time.  The idea is to gather together from different ion traces integrated peaks which correspond to the same chromatographic elution event (and thereby, hopefully, the same compound).  There is a "retention time closeness" parameter to this algorithm called the SIGNAL CORRELATION WINDOW which can be tuned by the user as desired.  The default setting of 0.02 minutes works however for the vast majority of cases.  Each group is now a candidate for being matched with the Target Compound.  Now the target compound identification algorithm examines each peak group saved.  If the peak group contains a peak for the target signal with a retention time matches that in the Target Compound Entry, that peak group is deemed as a match with the Target Compound and is saved in a list of matches.  Precise definition of "retention time match" will follow.  Then, according to the user's selection of "Ident By" for the compound, a Best Match will be selected from the list of matches.  All matches will be saved, and the Best Match will be specially designated. 





Determining Time Range for Signal Extraction





The first step in Target Compound Identification is determining the time range R over which signal extraction occurs for the Target Compound.  In the Target Compound Entry the user specifies an expected retention time E, a before-time offset  d0, and an after-time offset  d1 .  Let   t0   =  max {0, E - d0 } and t1   =  E + d1 .   Now consider the value r  which is the observed-to-expected time ratio of the closest ordinal predecessor compound which was designated both as an Internal Standard Compound and as a Time Reference Compound.  If there is no such compound relative to the current compound, then r  is 1.  The time range R is given as





rt0 : rt1 


                                                


 


Extracting the Signals


  


Each Target Compound Entry Specifies a target signal descriptor, either the TIC or an EIC mass.


All EICs are standard single mass EICs as defined by MS Data Analysis; that is to say sums of responses within the mass range determined by the MZRANGE variable and the single mass given.  If the TIC is the target signal, the TIC is extracted from the current GC/MS data file over time range R.  Otherwise an EIC is extracted over time range R for the target m/z over the data file.  For any qualifier signals specified as nonzero m/z values, an EIC is extracted over the specified m/z values over time range R.  Up to three (3) qualifier signals will be extracted.  Finally, if a nonzero Area Correction mass is specified, an EIC is extracted over that m/z.  The system does not detect or prevent multiple uses of the same m/z value for different signals for the same Target Compound Entry.





Preparing for Signal Integration


 


The target signal and each qualifier signal for each Target Compound Entry can have a set of associated integration parameters.  To specify such parameters, the user creates a macro file containing commands to set the parameters and subsequently supplies the MS-DOS basename and extension of the file in the Target Compound Entry.  The macro file is assumed to be located in the same Method directory as contains the Target Compound Database.  If such a file is specified, it is loaded and executed just prior to integration of the signal of interest.





If the Method's integrator is RTEINT, the signal is integrated with RTEINT after the integration parameter file is loaded and executed (or if no file was specified, the Method's RTEINT defaults were reinstated).





If the Method's integration is the ChemStation integrator, the signal is integrated with INTEGRATE if a parameter file was specified, or AUTOINT otherwise.





 








Accumulating Integrated Peaks





After all signals are integrated, the integrated peak records are added to a Peak List (via the ADDPEAKS command) and grouped by retention time (via the ENDSET command).   Groups formed contain at most one peak with any given signal description (TIC or EIC m/z) by definition,


but can contain many different peaks.  The user specified SIGNAL CORRELATION WINDOW, which is given in minutes, determines the grouping.  For a detailed description of the algorithm, please refer to the document entitled Signal Correlation  by Irene Lee, dated March 22, 1989.  The algorithm produces a list of peak groups ordered by a group retention time calculated by the signal correlation algorithm.  


 





Determining the Recognition Window





Recalling the designation of a Target Compound's nominal expected retention time as E and the above definition of the ratio  r, define the Adjusted Expected Retention Time as E' = rE.  Now observe that there are two database globals called the Reference Window and the Non-Reference Window.  These values, expressed in either minutes or percentage points, describe the time range around E' within which target signal peaks will be considered as matches to the target compound with adjusted expected retention time E'.  The Reference Window is used for Target Compound Entries which have been designated as Time Reference Compounds; the Non-Reference Window is used for all other Target Compound Entries.  If the Reference Window is expressed as an offset of m minutes, then define  Dr  as m/2.  If on the other hand the Reference Window is expressed as p percentage points, then define   Dr  as pE'/200.  Then define Dn in a similar fashion based on the Non-Reference Window.  Finally for compound C let  D = Dr if the  compound is a Time Reference Compound and let D = Dn otherwise.  Then the Recognition Window Q for compound C can be defined as


�EMBED Equation ���





Note that peak groups containing a target signal peak for compound C must have a retention time included in both ranges Q and R (more correctly inclusion in Q extended on both ends by the Signal Correlation Window).








Peak Group Selection and Identification





At this point peak group examination and selection can begin.  Consider only peak groups in the peak group list with a group retention time in Q.  Observe that all these peaks will have retention times within the range R because peaks were found only in the Target Compound's extracted signals, and signal extraction was taken over the time range R.   Each peak group within the time range Q which contains a target signal peak is considered a "match" or "hit".





For all hits, the target peak retention time is saved in a Quant Hit Record along with integration baseline and response data.  If in this Target Compound Entry the Quant By Height option is enabled, the response saved is the peak height, otherwise the peak area.  Also for all hits vs. Target Compounds with qualifier signals, the qualifier ratios are computed according to the user's selection of "Subtraction Method".  For details on the computation of qualifier ratios, see the related document Ratio Methods for Target Compound Identification dated 5-8-92 by Walter Bankovitch.








The QVALUE as a measurement of Qualifier Ratio Satisfaction Quality





For all hits a QVALUE is computed as described here.  For Target Compound Entries with no qualifier signals, the QVALUE is defined as 100.  For Target Compound Entries with k qualifier signals qi , 1 <= i <= k, define ri   as the expected ratio of qualifier peak for qi  to the target peak.  Then define ri ' as the observed qualifier ratio as determined by the above Qualifier Ratio Computation.  Now define the total ratio deviation D:


 


�EMBED Equation ���




















Then the QVALUE is the closest integer to max { 100 - D, 1 }.








The Qualifier Ratio Pass-Fail Test





All hits are subject to a test of the qualifier ratios  ri '  (as determined by the user's choice of Ratio Method) vs.  ri .  For each qualifier qi   the user has specified a percent uncertainty. Let ui  denote the percent uncertainty expressed as a ratio rather than a percent; e.g. if the percent uncertainty for qualifier qi is 30% then ui  is 0.3.  Each Target Compound Entry can be set so all the ui  for the Target Compound are ABSOLUTE or all the ui   for the Target Compound are RELATIVE.  If the ABSOLUTE option was chosen, the acceptable qualifier ratio ranges Zi are given by





�EMBED Equation ���





If the RELATIVE option was chosen instead for the Target Compound Entry, the acceptable qualifier ratio ranges Zi are given by





�EMBED Equation ���





Note the system limitation on qualifier ratios ri  of 60 or 6000%.  The pass-fail test is simply this: if  ri ' is contained in Zi for all i such that qi  exists, then the test is passed; otherwise the test is failed.





Comparison of Target Compound Entry Hits and Selection of Best Hit





At this point all peak groups which have been deemed as hits vs. the Target Compound Entry have been saved into a list with retention time, qualifier information, and integration information.  It is now time to select from this list the one peak which will be an input to the Quantitation procedure.  The user has preselected the criteria for Best Match from among the following list: by Retention Time only, by best QVALUE, by greatest peak response, and by a hybrid of Retention Time based and Qualifier Ratio based criteria.  In this last option the results of the above pass/fail test of qualifier ratios are considered for each hit.  Among all hits which pass the test, the hit with Retention Time closest to E' is deemed the Best Match -- except when no hits pass the test, in which case merely the hit with Retention Time closest to E' is chosen as the Best Match.  The All Hits option considers all hits equal in standing and is to be used when the user will later manually determine the Best Match.














Adjustments to Peak Responses





Before quantitation can occur, there are two opportunities for adjustments to the observed peak response.





The first of these options is the Area Sum option.  Area Sum can be enabled or disabled separately for each qualifier signal.  For all qualifier signals such that there is a peak in the peak group for a hit and that the Area Sum option is enabled, the observed peak response is increased by the response of that qualifier's peak.  Note that the unadjusted (target) peak response is used in computing qualifier signal ratios.  Furthermore Area Sum is only active if the Ratio Method chosen is Extended Area Quant.  Finally it is recommended that Area Sum not be used for Target Compound Entries for which the Quant By Height option is chosen.





The second option is Area Correction.  Like Area Sum, this option is only active (and meaningful) if the Ratio Method chosen is Extended Area Quant.  Recall during the discussion of Extracting Signals that if an Area Correct m/z was specified for the compound, an EIC was extracted over range R.  Here is where this EIC is used.  If a peak was found in this EIC, its response is multiplied by the Area Correction Factor, a nonnegative value also stored in the Target Compound Entry.  The multiplied response is subtracted from the target peak response.  If this difference is nonnegative, it becomes the new target peak response.  Otherwise the target peak response becomes zero!  As in Area Sum, the unadjusted target peak response is used for qualifier ratio computation.





Determining Concentrations of Target Compounds (Quantitation)





All peak groups which have been deemed as hits vs. their respective non-Internal Standard Target Compound Entries are now quantitated.  The Determined Concentration ultimately reported to the user for a Target Compound Entry will be the Determined Concentration for the Best Match for that Target Compound Entry, but Determined Concentrations for all hits will be saved.  If any Target Compound Entry has no hits, no concentration is computed and the user is informed that the Target Compound was "not found".  Discussions below pertain only to Target Compound Entries for which there is at least one hit.





If a compound is marked as an Internal Standard, no quantitation is performed.  The Determined Concentration is deemed to be the nominal concentration for this internal standard (known as Sample ISTD Concentration).





If a Target Compound is not related to an Internal Standard (see Target Compound Database Organization above) then consult only the calibration table for the Target Compound.  The calibration table consists of zero or more mappings from a calibration standard concentration to a corresponding nominal peak response.  These mappings are called Calibration Levels.  Consider Cartesian data points all Levels which are defined (i.e. have a standard concentration of zero or more) for the Target Compound.  Apply the curve fit algorithm specified for this Target Compound from a choice of five algorithms.  If a valid equation is not obtained, the Determined Concentration is zero.  Otherwise if there is a point on the curve for which the peak response component is equal to the observed peak response of the Target Compound (there is always such a point for linear calibration curves with nonzero slope, but there is not always such a point for nonlinear calibration curves!) then the corresponding concentration component(s) are examined.  Note that for nonlinear curves there may be several such points on the curve!  If there are no positive concentration components, the Determined Concentration is zero.  Otherwise the Determined Concentration is the least positive concentration component among the points found.





If a Target Compound is related to an Internal Standard, then consult the calibration table for both the Target Compound and its related Internal Standard Compound.  Form the set of Cartesian data points with first component equal to the ratio of the standard concentration of the Target Compound to that of the Internal Standard, and with second component equal to the ratio of the corresponding nominal peak response of the Target Compound to that of the Internal Standard.  Note that this set will include only Levels which are defined for both the Target Compound and the Internal Standard and furthermore for which the level concentrations and responses for the Internal Standard are nonzero.  Apply curve fit as above but to this set of data points to find a "determined concentration ratio" instead of the Determined Concentration.  All of the special conditions in the non-Internal Standard Related Target Compound case which force the Determined Concentration to zero apply here too.  For the normal conditions, multiply the "determined concentration ratio" by the Sample ISTD Concentration value for the related Internal Standard.  This will yield the Determined Concentration for the ISTD-related Target Compound. 








Storage of Target Compound Identification and Quantitation Results





A Results File is written containing records for all Target Compound Entries and peak groups which were deemed hits vs. their respective Target Compound Entries.  The filename used is that specified in the STARTANALYSIS command which preceded the execution of the Target Compound Identification and Quantitation (TCIQ) procedure.  With each Target Compound Entry is associated a Result Record which contains the state of the Target Compound Entry at the time of the execution of TCIQ along with result information for the Best Match (if any!).  In the Result Record there is also a pointer to an Overflow Area of the Results File which contains ALL additional peak groups that were considered hits vs. the Target Compound Entry.  Observe that when there are two or more hits for a compound, the Best Match is stored twice:  once in the main Result Record and once in the Overflow Area.  For detailed Results File format information, please consult the document G1034C Quantitative Results File Format.


Hewlett-Packard Company


California Analytical Division -- CAD�
G1034C


Target Compound Identification and Quantitation�
�






�filename  \* MERGEFORMAT �TCIQ.DOC��
G1034C TCIQ algorithms�
Printed: �date  \l �5/3/96��
Page �page  \* MERGEFORMAT �4� of �numpages 
