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Many gas chromatographs and mass spectrometers are actively used for monitoring and quality
control applications. They frequently have automated samplers to allow unattended operations, for
high sample throughput with minimal operator interventions. Gas chromatographic results are very
dependent on operating conditions of the instrument, including reproducible injection processes,
consistent column flow rates and temperatures, stable detector performance, and proper
computations of the detector signals. Changes in any of these can directly impact the significance of
results. Typically, an operator must tediously review stacks of data reports to be assured that results
are reported accurately. The Bruker MS Workstation has built-in judgments that can be activated to
monitor operations for every run, often duplicating wearisome manual examinations by the data
reviewer. Many of these decisions have been in the long history of forerunners to the Bruker
Workstation, going back to the Varian CDS111 in 1974.

Numerous method protocols list extensive quality control measures to ensure that correct results
are reported. A common procedure is the proper use of internal standards to assist in applying
mathematical corrections for some of these variables. Other approaches include regular insertion of
control samples, and frequent recalibration of responses with fresh standards. All of these must be
monitored by the operator to avoid collection of faulty sample results. Often vital is an assurance
that the system is operating properly when processing time-critical samples or analysis of limited
sample quantities; if the system is not performing as expected, these sample runs are wasted and
sometimes cannot be reanalyzed. The Bruker Workstation for both GC detector and mass spectral
data has incorporated safeguards to automatically perform user-defined checks on the quality of
results, and can trigger a shutdown of operations with discovered harmful faults, without user
intervention. As a result, samples are not allowed to be processed through an instrument that falls
short of expected performance.

A. Validation of SampleLists, RecalcLists and Sequences for Proper Names and
Pathways Used for Locating Methods and Data Files

Bruker Workstation has convenient
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Critically important with setting up these lists is the accuracy of file names and their path ways to
locate them. If an error is made with entry of their name and location, operations could be interrupted
in the middle of an expected process without warning. To prevent this catastrophe, programmed
checks at the onset of execution of SampleLists, RecalcLists and Sequences are made to ensure that
every specified file is available.

! RecalcLists are usually automatic registers of sample data files created from execution of a SampleList. This allows

easy postrun recomputations of a series of runs after modifications to a method. File naming for a RecalcList is typically
the SampleList with an extension of .rcl, colocated in the same folder.



If all is well, activation of a SampleList, RecalcList or Sequence proceeds without a hitch. Hidden
from view is the automatic confirmation of all specified methods, SampleLists and RecalcLists and
their pathways. If a file cannot be located, several error messages can be generated before full
implementation commences, including “Method does not exist!”, “SampleList does not exist!” and
“RecalcList does not exist!” The operator can then relocate the suspect file and reinitiate the
execution. Often the issue with not finding the required files is an inaccurate path for locating the file,
especially entry by hand. Most screens asking for methods, SampleLists and RecalcLists have
Browse and Recent Files buttons to SIMPlY = meor oo wicig ries wizera (=
click on the desired file. cbrukerwshandy.rcl

Some of the files listed in the abowve Recale List are mizzing. This window gives you the opportunity to update the
Recalc List by specifying a new location for the files. Press "Finish' to terminate this Wizard and open the Recalc List.
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B. “Out of Tolerance” Error Actions Replicate Talerance |

Out-of-Talerance Action

The Bruker Workstation has two classes of operational errors. A “fatal”
error stops operations either before the run starts or upon completion of that

run, and all subsequent samples are not examined. “Non-fatal” errors " Inerement Error Count
usually apply to one run and should not trigger a stoppage; only after € Teminate Sample List
consecutive runs with the same error, operations can be halted if specified. ¢ Hal Automation
The operator sets in the number of consecutive runs with the same “non-

fatal” error to convert to a “fatal” error and stoppage of operations. save | Cancel |

Sometimes failure to achieve results within the specified tolerance window
needs to be listed only as a warning, and no further action is needed; here the user specifies “No
action” and the run sequence continues unabated.

If an unexpected perturbation occurs with a single run in a series, this temporal fault should not
necessarily stop operations with only this one malfunction. However, if three consecutive runs, for
example, fail to meet the same specified judgment, then a serious system flaw is likely to have
occurred, and the run series should be stopped so the problem can be rectified. Here “Increment
Error Counter” is selected, and the number of consecutive runs to trigger termination of operations -
“Max Errors” - is listed in “Instrument Parameters” either found in System Control — Configuration, or
if “Prompt on Automation Start?” is checked, then this screen appears
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C. Missing Calibration Run - At Least One Peak Has Wrong Calibration Calc Type
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D. Replicate Tolerance (GC Only) and Replicate Addition Rule (MS Only)

To prevent bad data from encroaching into a calibration data set, the operator can define
acceptable repeatability for peak response factors for the new run to be added into the running
average. If the new point for the current run meets the specified tolerance, based on the previous
running average, the new point is processed and accepted into the average. If the test fails, then the
point is not included, and the error “Calib. Out of Tolerance” is posted with the specified action
undertaken. The first calibration run with a new method is always presumed to become the target for
subsequent standard runs. After the first run completes, the operator must check that the first run
was success.
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E. New Calibration Block - SampleList or RecalcList

Once a calibration process is performed,
the computed response factors remain part
of the method and new data points are
added into the mix, unless the operator
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F. Over/Under Calibration Range Tolerance for Unknown Samples

The calibration range is usually valid only for the concentration interval used in calibration
operations. Results for unknowns that are outside this range should be considered suspect. A flag
can be set to trigger an error when a sample result exceeds either the upper or lower limits of the
calibrated range, as a percentage of those limits. An Out of Tolerance Action can be initiated if this

test fails.
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G. Verification Tolerance for Control Samples

Once a calibration operation is completed, the curve fit should be validated with a check sample to
confirm performance of the standards. The expected answers are entered into the Compound Table
or Peak Table, either as one of the standards or as a separate level amount. When a Sample Type is
labeled as “Verification”, the generated results are compared with the expected ones. If the reported
values exceed the tolerance specified, an error “Verification Failure” is generated. As another check,
a verification run can be performed at the end of a sample series, to validate that the system
performance has been maintained through the series. An Out of Tolerance Action can be initiated if

this test fails.
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H. Retention Time Adjustments with Reference Peaks

Measurements in chromatography cannot be considered exacting, as random and systematic

errors can introduce some variability in retention times (along with area measurements).

To help

correct for systematic deviations in retention times, certain compounds can be assigned as Reference
Peaks. Any movement in time of these peaks is detected and a correction based on this change is
applied proportionally to all non-reference or “Other” peaks, based on their relative position to
reference peaks. If multiple Reference Peaks are assigned, then the new expected retention times
are proportioned based on their proximity to these reference peaks.
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Reference Peaks always must be present in
every sample and standard in a series, and must
be the largest peak within the Window; typically

internal standards are perfect candidates.

Non-

reference peaks are picked out as the closest peak

to the non-reference target Retention Time,

after

time adjustment from a Reference Peak correction.

When a standard is run in a
“calibration”
retention times in the peak table
are updated based on the new
locations of peaks, first with the
reassignment

peaks,
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Multiple Reference Peaks (for example RP #1 and RP #2) can provide time
corrections over the whole chromatogram. New expected Retention Times for
unknown peaks are adjusted proportionally to their positions relative to adjacent
reference peaks. This synthetic example illustrates the corrections
involved with two reference peaks.



Compound Expected Measured Measured Correction New Expected
Retention Time | Retention Time Shift Retention Time
Peak A 9.374 - +0.045 9.419
RP #1 13.841 13.907 +0.066 - -
Peak B 21.844 - -0.015 21.829
RP #2 26.752 26.816 -0.064 - -
Peak C 35.395 - -0.064 35.331

I. Missing Reference Peaks

If all Reference Peaks are not identified in the chromatogram during a calibration sequence, the
guantitation process is terminated with a fatal error message “Reference Peak Not Identified”, and all
results are reported as Area%. The operator then is required to remedy the cause of the error by
fixing the chromatographic conditions or by readjusting expected retention times for reference peaks
in the Peak or Compound Tables, and then reprocessing the data runs.

With “analysis” run types, a missing reference peak generates an error “Reference peak not

identified correctly” and all results divert back to “Area%”, and the error counter is incremented for
each episode. An Out of Tolerance Action can be initiated if this test fails.

J. Update Compound Table Parameters (MSOnly)
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To ensure that a “normal” data set is used in this updating process and not an extreme one (either
low or high), a calibration sequence should be performed with a mid-level standard as the last one.
For example, the levels, in increasing concentrations, should be 1,2,4,5, then 3. Thus, the sequence
would end with information that should apply to nearly all peak concentrations.



K. Relative Retention Time Tolerance (MS Only)

Peaks can move around a bit due to subtle
changes in chromatography, but their shifts can be
correlated by monitoring their positions relative to an
identified Relative Retention Peak, often an internal
standard, corrected with Unretained Peak Time value.
By selecting a compound to be the RRT Reference
peak, relative retention times for all of the other peaks
detected are computed and compared with the
corresponding relative times in the Compound Table.
Then any shift that affects all of the peaks, like a small
change in carrier flow rate, peaks are properly located
and quantitation is performed appropriately.
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If computed relative times do not match within the

specified RRT % Tolerance window, the peak is not reported in the final report, as it has shifted
outside the indicated window and is not to be considered as that analyte. Retention times set in the
Compound Table are not altered by this process.
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L. Confirm S/N Threshold (MS Only)

Minor peaks can often be detected at levels well below assigned reporting limits. To keep these
insignificant peaks out of final reports, a judgment can be made on their exclusion based on the
detected signal-to-noise - S/N - value found. Each compound can be assigned a S/N Threshold

value that is activated by selecting Confirm S/N Threshold in the method Calculations Setup.

If the

detected signal-to-noise is less than the specified tolerance, the peak is reported as Failed or
Missing, depending on the selection of “Report Outliers As”,
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M. Nearest Pure Internal Standard (MS Only)

A danger with using Internal Standard calculation mode occurs when the internal standard

coelutes with another compound that possesses common ions.
As a result, the detected ions from the intruder can skew the
peak identification and assigned area. One mechanism to
prevent this error is to select a judgment on the purity of the
Internal Standard peak and assigning a tolerance threshold. By
checking that the internal standard peak must match the
reference spectrum within a minimum value, using “Nearest
Pure Internal Std”, the detected peak within the assigned
Internal Standard time window is compared from an intensity-
weighted averaged spectrum generated from scans across the
target peak from peak start to peak end. Then this spectrum is

[ Method Buikler - [Randy] Com pared tO the

[ Eve ot e o i reference spectrum of
Cormpoursd Meddndne Cumilors | Calca .

o G0 o we the corresponding

internal standard in the
Compound Table. The
peak is accepted as
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O. Error Listings

Errors are documented in locations related to the type of fault. For example, all errors related to
operations in System Control can be found in the related Message Log. Others related to the quality
of the results, such as Verification failures, are reported in the report of results. Others are not
indicated with a message. For instance, problems with Reference Peak adjustments can result in
analyte peaks not being identified and reported, with no error code, except maybe for “Missing Peak”,
if its reporting parameter had been selected.

P. Message Log

Every operation through System Control is fully documented, with a date/time stamp, in an
automatically created Message Log archived in C:/BrukerWS/MSGLOG. A fresh file is created
whenever a new sample sequence is executed. This report can be employed as a convenient
sample log of all details associated with the execution of sequence or recalculation actions.

Many errors triggered during operations are listed here. Examples included missing peaks,
calibration errors and other actions triggered from an Out of Tolerance action.

|_ o | B i
@@vl v Computer » 05 (C) » BrukerWS » MSGLOG « [ 43 | [ Search M56L0G I
Organize Include in library = Share with + Bumn New folder =+ [ -Z@Z-

< Dacuments *  Name Date modified Type Size i
o' Music I MSGLOGL_2011-11-28.09_56. 12 21111291129 M5 Workstation Message Log 7KB
k=) Pictures MSGLOGL_2011-11-28_09.53 19 201111 MS Workstation Message Log 6KB
B videos 5] MSGLOGL_2011-11-28_09 52 29 2011-11 MS Workstation Message Log 6 KB
MSGLOG1_2011-11-28_09 51 25 2011-11 MS sage Log 6KB
& Homegroup 3 MSGLOGL_2011-11-28 095001 201111 MS Workstation Message Log 6KB
8 Computer MSGLOGL_2011-11-26 11 41 28 2011-11-28 09:50 MS Workstation Message Log TKB
' & osc) MSGLOGI_2011-11-26_11_30_58 2011-11-2611: MS Workstation Message Log 5 KB
rp———— MSGLOGI_2011-11-26_11 21 46 M-11-26113 Ms sage Log 6KB

- 52 '&"_E] MS5GLOGL_2011-11-26 11 18 32 2011-11-2611:1 M5 Workstation Message Log 6 KB Y

422 items
B Log Viewer - [MSGLOG1_2011-11-28_09_56_12.MLG] = | B ) |

File Edit View Help

& &

Nov 28 09:56:12 Automation Began

Nov 28 09:56:12 MessagelLog Mame 'CABrukerWS\MSGLOG\MSGLOG1_2011-11-28_09_56_12.MLG"

Nov 28 09:56:12 MS Workstation [Demo] Version 7.0

Nov 28 09:56:12 WWorkstation: 0S8

Nov 28 09:56:12 Instrument 1: Bruker GC{MS #1

MNov 28 09:56:12  Operator:

Nov 28 09:56:12 RecalcList RANDY.RCL Activated

Nov 28 09:56:12 Method Randy.mth Activated

Nov 28 09:56:12 Began Calibration Block(s] for Handy.mth

Mov 28 09:56:17 Recalculated '300ppb MN20" Injection 1: 2011-11-25 23-30-02 300ppb n2o inj 1 - master method ecd 370c
Nowv 28 09:56:24 Recalculated '300ppb N20', Injection 1: 2011-11-25 21-00-08 300ppb n20 inj 1 - master method ecd 370c =
Nov 28 09:56:24 450-GC.44 Ch Front Calib. out of tolerance; No Recovery Action Specified

8 09:56:24 450-GC.44 Ch Front Calib. out of tolerance; No Hecovery Action Spt:t:iﬁf:dl

WOV 20 Ud.5b:30 Recalcaiated 3”” E Nz, II'I]BE‘IIJI'I Te 20T 1-11-25 22-00-05 3UU|J|JE nZo mj T-masier meinod ecd 370C

INov 2

Mov 28 09:56:45
Nov 28 09:56:45
Mov 28 09:56:52
Nov 28 09:56:59
Nowv 28 09:56:59
Nov 28 09:56:59
Nov 28 09:56:59
Nov 28 09:56:59
Nov 28 09:56:59
Nowv 28 11:48:53

Recalculated 3I]l]p|:|h N20', Injection 1: 2011-11-25 22-30-04 300ppb n2o inj 1 - master method ecd 370c
450-GC.44 Ch Front Calib. out of tolerance; No Recovery Action Specified

Recalculated '300ppb N20', Injection 1: 2011-11-25 23-00-03 300ppb n20 inj 1 - master method ecd 370c
Completed 6 Recalc Actions for RANDY.RCL with 0 Errors

Completed 0 Autolink Actions for RANDY_RCL

Completed 1 New Calibration Block Actions for RANDY.RCL

Completed D Calibration Block Report Actions for RANDY.RCL

Completed 0 Summary Report Actions for RANDY.RCL

End of Automation reached.

=== System Control Closed




Q. List of Possible Notifications and Errors (listed alphabetically)

1. At Least One Peak Has Wrong Calibration Calc Type - See Section C.
2. Calib. out of range - Section F.
3. Calib. out of tolerance; Halting Automation - See Section B.
4. Calib. out of tolerance; Incrementing Error Counter - See Section B.
5. Calib. out of tolerance; No Recovery Action Specified - See Section B.
6. Calib. out of tolerance; Terminating SampleList - See Section B.
7. Data Handling: All Coefficients for All Peaks are Zero - See Section E.
8. Data Handling: At Least One Curve has Improper Solution! - See Section E.
9. Data Handling: Default to A% - See Section C.
10. Data Handling: Cannot Calibrate Over 10 Replicates/Level - See Section E.
11. Data Handling: Non-reference peak not identified - See Section H.
12. Data Handling: Reference peak not identified correctly - See Section H and I.
13. Data Handling: Standard peak not found - See Section H.
14. End of Automation reached - See Section B.
15. Error Counter at 2 Errors; Ended SampleList - See Section B.
16. Method does not exist! - Section A
17. RecalcList does not exist! - Section A.
18. Report Codes: b = RRT out of tolerance - See Section K.
19. Report Codes: C = Out of calibration range - See Section F.
20. Report Codes: h = No Reference Peaks. Reporting Peak Size - See Section H and I.
21. Report Codes: M = Missing peak - See Section H.
22. Report Codes: N = No internal stds found to quantitate Unknowns - See Section H.
23. Report Codes: V = Out of verification tolerance - See Section G.
24, Same Fatal Error has Occurred Twice in Automation - Section B.
25. SampleList does not Exist! - Section A
26. Verification Failure - See Section G.
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