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3 INTRODUCTION  

The methods describe a set of assays for the detection of significant differences between two 
samples using comprehensive two-dimensional gas chromatography coupled to a time-of-
flight mass spectrometer (GC×GC-TOFMS) and liquid chromatography with high resolution 
accurate mass spectrometry (LC-HRAM-MS). The assays are based on a comprehensive 
chemical characterization of complex mixtures with no predefined target compounds. 

To maximize the coverage of the chemical space in terms of polarity and volatility, the non-
targeted differential screening (NTDS) GC×GC-TOFMS assay consists of three analytical 
methods, for nonpolar, polar and volatile compounds, respectively. For LC-HRAM-MS a set 
of 4 methods have been established using reversed phase chromatography (RP) in positive and 
negative electrospray ionization (ESI(+/-)) and positive atmospheric pressure chemical 
ionization (APCI(+)) modes in addition to hydrophilic interaction chromatography (HILIC) 
positive electrospray ionization (ESI(+)) mode to cover a wide range of substances with 
different ionization and chromatographic properties. 

The analytical methods compare two test items by comprehensive chemical screening and 
subsequent data evaluation to get summary tables with ranked chemical differences.  

For GCxGC-TOFMS, the high resolution power using comprehensive 2-dimensional gas 
chromatography, combined with spectral deconvolution, results in high quality electron 
ionization (EI) mass spectra, improving the search against commercial mass-spectral libraries. 
Data acquisition is followed by advanced raw data processing using the ChromaTOF software 
for automatic peak finding, spectral deconvolution and peak alignment, resulting in an aligned 
peak table. The software tools CASI Pre-/Post-processor and CASI automate a sequence of 
important data evaluation steps, e.g. batch processing, data alignment, compound 
identification, semi-quantification, comparison and ranking. Ranking of the compounds is 
done by applying a student’s t-test to filter compounds with a significant difference followed 
by a ranking procedure that was developed empirically. The ranking procedure considers the 
relative differences in abundance of each compound as well as the absolute abundance. In 
addition flexible filtering (e.g. fold change, concentration cut-off) can be applied. 

For LC-HRAM-MS, the accurate mass measurements allow the determination of elemental 
composition for precursor ions derived from the full scan analyses. For the subsequent 
identification of relevant compounds, samples are measured using a data dependent 
fragmentation method complementary to the full scan analysis. Combining these information 
results in a high certainty for the proposed elemental composition of a compound and 
additionally identified structural features. Data acquisition is followed by advanced data 
processing using a data mining software that enables peak alignment, peak detection, 
experimental design setup, data set filtering, noise reduction, deconvolution, normalization to 
an internal standards and identification of compounds, creating an aligned peak table. The 
determination of chemical differences comprises raw data acquisition, semi-quantification 
based on peak area ratios, extraction of significantly different compounds and finally sorting 
compounds by relevance according to RANK parameters using Nonlinear Dynamics 
Progenesis® QI and MS Excel. 
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4.2 Procedure NTDS GCXGC-TOFMS Nonpolar 
4.2.1 Generation of Smoke/aerosol-related Samples 

Whole smoke is collected on a Cambridge filter pad with two micro-impingers connected in 
series. The extraction solution is DCM/acetone (80/20, v/v) containing internal standards and 
retention index markers (ISTDs/RIMsnonpolar). The preparation of stock solutions, working 
solution (ISTD_work) and extraction solution (ISTD_extract) is described and has to be 
documented in PMI-RRP-FOR-111487 - Chemicals, solvents, solutions and internal standard 
amount used for NTDS GCxGC-TOF (RDNEU). Stock solutions, ISTD_work and 
ISTD_extract have to be freshly prepared.  

After generation of the smoke/aerosol samples the filter pad is kept in a Pyrex tube. The micro-
impingers are sealed and kept in dry ice/isopropanol. 

The samples are analyzed as soon as possible after sample generation. In case samples need to 
be stored storage of the filters/impinger contents/crude extracts or e-liquids/e-liquid extracts 
has to be documented in PMI-RRP-FOR-111488 - Storage of samples and study related 
materials for NTDS (RDNEU). 
 

4.2.2 Sample Preparation 

A step-by-step workflow for sample preparation is described and has to be documented in PMI-
RRP-FOR-111489 - Sample preparation NTDS GCxGC-TOF nonpolar (RDNEU). The 
workflow is briefly described here point by point: 

• the content of the micro-impingers (twice 10mL DCM/acetone (80/20, v/v)) containing 
a set of internal standard and retention index marker compounds is added to the Pyrex 
tube containing the Cambridge filter pad 

• the Pyrex tube is shaken by hand until the filter is starting to break 

• the extract is centrifuged with 1000 rpm (approximately 233 ×g) for 10 minutes 

• a 10 mL aliquot is transferred to a fresh Pyrex tube and 10 mL of water are added to 
the aliquot 

• the sample is vortexed for 20 seconds and centrifuged with 1000 rpm (approximately 
233 ×g) for 10 minutes 

• while the organic phase (lower) is transferred by means of a pasteur glass pipette into 
a fresh amber glass vial, the aqueous phase is kept for the Polar method 

• in order to dry the organic phase extract sodium sulfate is added in approx. 100 mg 
portions until the added salt does not agglomerate anymore 

• the sample is vortexed for 10 seconds and stored on the bench top for a minimum of 
5 min 
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Before the main sequence is started, the sensitivity and the chromatographic resolution of the 
system is tested. In the case of failure of at least one system suitability parameter, a 
troubleshooting will be initiated (e.g., new analytical column, increase of multiplier voltage, 
etc.). 

Prior to every analysis the instrument has to be checked and the changes documented in PMI-
RRP-FOR-111496 - Preparation of LECO PEGASUS 4D SYSTEM for NTDS GCxGC-
TOFMS (RDNEU). 
 

4.2.4 Additional Information  

For details on Sensitivity Test, System Suitability Test, Preparation of Solutions and Media, 
Solvents, Stock Solutions of Internal Standards and Retention Index Markers, Working and 
Extraction Solution of ISTDs and RIMs, Number of Determinations and other information 
please refer to the corresponding work instruction. 
 

4.3 Procedure NTDS GCXGC-TOFMS Polar 
4.3.1 Generation of Smoke/aerosol-related Samples 

Whole smoke is collected on a Cambridge filter pad with two micro-impingers connected in 
series. The extraction solution is dichloromethane (DCM)/acetone (80/20, v/v) containing 
internal standards and retention index markers (ISTDs/RIMsnonpolar). After extraction a 
liquid/liquid extraction with water is performed. A working solution (ISTD_work) of acetone 
containing internal standards and retention index markers (ISTDs/RIMspolar) is added to the 
aqueous phase. The preparation of stock solutions and working solution is described in PMI-
RRP-FOR-111487 - Chemicals, solvents, solutions and internal standard amount used for 
NTDS GCxGC-TOF (RDNEU) and has to be documented in this form according to PMI-RRP-
WKI-113456. Stock solutions and ISTD_work have to be freshly prepared.  

After generation of the smoke/aerosol samples the filter pad is kept in a Pyrex tube. The micro-
impingers are sealed and kept in dry ice/isopropanol. 

The samples are analyzed as soon as possible after sample generation. In case samples need to 
be stored storage of the filters/impinger contents/crude extracts or e-liquids/e-liquid extracts 
has to be documented in PMI-RRP-FOR-111488 - Storage of samples and study related 
materials for NTDS (RDNEU). 
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4.3.2 Sample Preparation 

A step-by-step workflow for sample preparation is described and has to be documented in PMI-
RRP-FOR-111513 - Sample preparation for NTDS GCxGC-TOFMS Polar (RDNEU). The 
workflow is briefly described here point by point: 

• the content of the micro-impingers (twice 10mL DCM/acetone (80/20, v/v)) containing 
a set of internal standard and retention index marker compounds is added to the Pyrex 
tube containing the Cambridge filter pad 

• the Pyrex tube is shaken by hand until the filter is starting to break 

• the extract is centrifuged with 1000 rpm (approximately 233 ×g) for 10 minutes 

• a 10 mL aliquot is transferred to a fresh Pyrex tube and 10 mL of water are added to 
the aliquot 

• the sample is vortexed for 20 seconds and centrifuged with 1000 rpm (approximately 
233 ×g) for 10 minutes 

• while the organic phase (lower) is transferred by means of a pasteur glass pipette into 
a fresh amber glass vial for the Nonpolar method, the aqueous phase is kept for the 
Polar method 

• 500 µL of ISTD_work are added to the aqueous phase 

• the sample is vortexed for 10 seconds 

• an aliquot is transferred into an autosampler vial and analyzed by GC×GC-TOFMS in 
full scan mode 

• pool sample(s) is/are created from equal volumes of aerosol/smoke replicates to 
represent the chemical space of all sample groups 

Storage of the aqueous phase, remaining extracts plus filter and processed extracts has to be 
documented in PMI-RRP-FOR-111488 - Storage of samples and study related materials for 
NTDS (RDNEU). Remaining extracts plus filter are kept until the study is closed. 
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4.3.4 Additional Information  

For details on Sensitivity Test, System Suitability Test, Preparation of Solutions and Media, 
Solvents, Stock Solutions of Internal Standards and Retention Index Markers, Working and 
Extraction Solution of ISTDs and RIMs, Number of Determinations and other information 
please refer to the corresponding work instruction. 

 

4.4 Procedure NTDS GCXGC-TOFMS Volatile 
4.4.1 Generation of Smoke/aerosol-related Samples 

Whole smoke is collected in two micro-impingers connected in series. The extraction solution 
is N,N-Dimethylformamide (N,N-DMF) containing internal standards and retention index 
markers (ISTDs/RIMsvolatile). The preparation of stock solutions, working solution 
(ISTD_work) and extraction solution (ISTD_extract) is described and has to be documented 
in PMI-RRP-FOR-111487 - Chemicals, solvents, solutions and internal standard amount used 
for NTDS GCxGC-TOF (RDNEU). Stock solutions, ISTD_work and ISTD_extract have to be 
freshly prepared. 

After generation of the smoke/aerosol samples the micro-impingers are sealed and kept in dry 
ice/isopropanol. 

The samples are analyzed as soon as possible after sample generation. In case samples need to 
be stored, storage of the impinger contents/crude extracts or e-liquids/e-liquid extracts has to 
be documented in PMI-RRP-FOR-111488 - Storage of samples and study related materials for 
NTDS (RDNEU). 
 

4.4.2 Sample Preparation 

A step-by-step workflow for sample preparation is described and has to be documented in PMI-
RRP-FOR-111493 - Sample preparation NTDS GCxGC-TOF volatile (RDNEU). The 
workflow is briefly described here point by point: 

• the content of the micro-impingers (twice 10mL N,N-DMF) containing a set of internal 
standard and retention index marker compounds is added to a Pyrex tube 

• an aliquot is transferred into an autosampler vial and analyzed by GC×GC-TOFMS in 
full scan mode 

• pool sample(s) is/are created from equal volumes of aerosol/smoke replicates to 
represent the chemical space of all sample groups 

Storage of the remaining extracts has to be documented in PMI-RRP-FOR-111488 - Storage 
of samples and study related materials for NTDS (RDNEU). Remaining extracts are kept until 
the study is closed. 
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Before the main sequence is started, the sensitivity and the chromatographic resolution of the 
system is tested. In the case of failure of at least one system suitability parameter, a 
troubleshooting will be initiated (e.g., new analytical column, increase of multiplier voltage, 
etc.). 

Prior to every analysis the instrument has to be checked and the changes documented in PMI-
RRP-FOR-111496 - Preparation of LECO PEGASUS 4D SYSTEM for NTDS GCxGC-
TOFMS (RDNEU). 
 

4.4.4 Additional Information  

For details on Sensitivity Test, System Suitability Test, Preparation of Solutions and Media, 
Solvents, Stock Solutions of Internal Standards and Retention Index Markers, Working and 
Extraction Solution of ISTDs and RIMs, Number of Determinations and other information 
please refer to the corresponding work instruction. 
 

4.5 Data Processing 
The composition of different complex mixtures, like cigarette smoke or RRP aerosol, is 
compared in a hypothesis-free unbiased way (non-targeted). Compounds found to be different 
between samples are ranked according to relevance considering the relative difference in 
abundance of each compound as well as the absolute abundance. Focus of the approach is the 
comprehensive chemical characterization of a complex mixture using three GC×GC-TOFMS 
methods, which are allocated to different polarities and volatilities of the constituents. The 
methods are not intended to assess absolute quantitative amounts of the detected compounds, 
the concept is rather based on a semi-quantitative assessment. 

 

 

Figure 1.  Overview of the data processing steps NTDS GCXGC-TOFMS. 
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Data processing is divided into multiple steps, (1) ChromaTOF processing, (2) CASI Pre-
processor, (3) CASI, (4) CASI Post-processor, and (5) Pipeline Pilot processing (see Figure 1). 

First the raw data has to be processed by the LECO ChromaTOF software. After assembling 
all the relevant information each sample is processed with three different parameter settings to 
optimally assess the peak area of minor, medium and major peaks. Files are exported in .csv 
format. 

The data is further processed using CASI Pre-processor, which processes the batches and aligns 
the data in one matrix. The maximum area of each peak is determined and an input file for 
CASI is created. The CASI input file contains the mean of retention indices (RI) and 2nd 
dimension relative retention times (2DrelRT) for all compounds. Together with the casi_input 
file the associated EI mass spectral library (converted with lib2nist) is submitted to CASI. 

The CASI platform increases the accuracy for analytical identification of compound structures 
and accelerates and standardizes the identification process. It assures reproducibility and 
enables scientists to have higher confidence in the correct assignment of mass spectra to the 
right compounds. CASI automatically identifies, on-the-fly and with highest confidence, 
possible relevant structures from mass spectra associated with chromatographic values, 
including models for retention index, 2-dimensional relative retention time and boiling point. 

CASI Post-Processor combines the high confidence identifications of CASI to the existing data 
matrix. Subsequently, semi-quantification is performed according to predefined rules. 

In the final step, a Pipeline Pilot script is used to determine the significant differences and to 
transform the data to a suitable reporting format. 

 

4.5.1 Data Processing using the LECO ChromaTOF Software 

4.5.1.1 Generation of the Reference Peak Matrix from the Pool Sample 

• Processing of the pool sample 
o computing of the baseline 

o finding peaks above the baseline 

o identifying peaks by library search (select only “ISTDs_RIMs” library) 

o integration of the peaks (area, height) 

• Repeated processing of the pool sample with classification and RI method 
o computing of the baseline 

o finding peaks above the baseline 

o identifying peaks by library search (select only “ISTDs_RIMs” library) 

o integration of the peaks (area, height) 

o calculation of retention index 
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o classification (exclusion of, e.g. bleed, high abundant compounds triacetine,     

          nicotine, tailing of high abundant fatty acids) 

• Evaluate the data and create a new calibration of the pool sample 
o evaluate correct finding of ISTD and RI compounds 

o sort according to Quant S/N, delete peaks with S/N <50 

o flag false/noise peaks 

o import processed and flagged data into new calibration  

o select quantitation parameters in the calibration 

 

4.5.1.2 Comparison of the Whole Sample Set against the Reference Peak List and Export 
Data 

• Prepare a report-file folder structure for the export of the .csv files 

• Prepare three quantitation methods with alternating peak widths in the 2nd 
dimension 
o computing of the baseline 

o finding peaks above the baseline 

o disable library search 

o calculation of retention index 

o apply calibration 

o enable export of the peak information in ASCII CSV format 

Nonpolar: 

o method 1: peak width 0.06 sec  

o method 2: peak width 0.11 sec 

o method 3: peak width 0.20 sec 

Polar: 

o method 1: peak width 0.07 sec 

o method 2: peak width 0.12 sec 

o method 3: peak width 0.23 sec 

Volatile: 

o method 1: peak width 0.08 sec 

o method 2: peak width 0.14 sec 
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o method 3: peak width 0.28 sec 

o keep remaining parameters consistent 

o choose header “@SampleName[]” 

o export all peaks , except “Contaminants / Unknowns” 

o ensure export of peak information in the right order 

• Process all samples using the final quantitation methods 1, 2 and 3 
 

4.5.1.3 Transfer of the Final Calibration into a Library 

o Create a new user library in ChromaTOF and name it according to the study 

o Select all entries of the final ChromaTOF calibration and add them to the newly 
created user library 

o Ensure to deactivate the box “Enter additional user information for each 
spectrum” 

 

4.5.2 Submitting Metadata to CASI Pre-processor, CASI and CASI Post-processor 

A step-by-step description is presented in PMI-RRP-FOR-111491 - Submitting metadata for 
CASI pre-processor, CASI, CASI post-processor (RDNEU). All the steps have to be 
documented. 

Two files are needed as input in order to run through all the CASI processes. Both files have 
to be saved in the study folder “…\Primary Raw data-[Study name]\Nonpolar\”. 

The file “Concentration_ISTDs.txt” is generated from the respective nonpolar sheet in PMI-
RRP-FOR-111487 - Chemicals, solvents, solutions and internal standard amount used for 
NTDS GCxGC-TOF (RDNEU). The file has to be saved with the exact name 
“Concentration_ISTDs.txt”. The group names (column  test item) in 
“Concentration_ISTDs.txt” have to be in accordance with the groups defined in the exported 
file names. 

The JCAMP file “Library.HPJ” is generated by converting the library with lib2nist converter. 
Here, no naming convention is necessary. 

 

4.5.2.1 CASI Pre-processor 

CASI Pre-processor performs a fully automated batch processing, which includes replacement 
of saturated signals by the approximate value, alignment of the data, calculation of RI and 
2DrelRT means, and determination of the maximum peak area for each signal within the three 
quantitation methods. In case the max area of an ISTD is not between 50 and 200 % of the 
mean of max area values across all samples the value is replaced by the mean of the max area. 
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CASI Pre-processor outputs in total four files, two warning files and two files that are needed 
for further processes. The file “warning.txt” lists all signals, which (A) were saturated and 
therefore replaced or (B) could not be found in respective samples. The file “warning-area-
dcompounds.txt” lists the max areas of the ISTDs that were out of the defined range and thus 
replaced (original max area values are shown). The file “input-postprocess.txt” contains the 
accumulated information and is required as an input file for CASI Post-processor. The file 
“casi_input.txt” comprises average RI and 2DrelRT values, which are needed for CASI. 

 

4.5.2.2 CASI 

Computer Assisted Structure Identification is a powerful platform that enhances the accuracy 
of compound structure identification and accelerates and standardizes the identification 
process. CASI’s automatic identification process operates on-the-fly and facilitates a higher 
confidence in the correct assignment of mass spectra to the right compounds as relevant 
structures are associated with chromatographic values, including models for retention index, 
2-dimensional relative retention time and boiling point. A user manual for CASI is available 
in EDMS (PMI-RRP-WKI-111624 - User guide for CASI (RDNEU)). 
CASI requires two files, the “Library.HPJ”, which was converted from the original library with 
lib2nist converter, and the “casi_input.txt“ generated by the CASI Pre-processor. 

When  the CASI process is finished the “casi_report_ntds.txt” is exported. The exact name is 
kept. The file is further required to run CASI Post-processor. 

 

4.5.2.3 CASI Post-processor 

CASI Post-processor aligns the data comprised in “casi_report_ntds.txt” to the data of the file 
“input-postprocess.txt”. Semi-quantification is performed according to specific rules. The 
output file of CASI Post-processor is the file “concentration.txt”, which contains the final 
processed data. 

 

4.5.3 Pipeline Pilot Processing 

The Pipeline Pilot script “NTDS_Comparison and Report” is specifically dedicated to perform 
t-tests and ranking on the dataset. In addition the script transforms all of the information into a 
suitable reporting format. Therefore the “concentration.txt” has to be uploaded to the webport, 
the study name/comparisons entered and the process executed. The output file is a final report 
file in Excel format. 

The user guide “User Guide Pipeline Pilot Web Port Protocols”, version 1.0 describes all the 
available Pipeline Pilot webport protocols (available on DISCO). 
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4.5.5 Extraction of Significant Differences 

The extraction of significantly different compounds between the different test items is done by 
applying a two-tailed two-sample t-test with unequal variances (heteroscedastic) on the data 
set (2 groups, 3--5 replicates). The results provide the probability (p) of significant differences 
between two samples and/or test items. Comparisons with p ≤ 0.05 will be considered to be 
significantly different. On the contrary, compounds with p > 0.05 will be excluded from further 
calculations/processing. 

 
TTEST(Dataset Lx, Dataset Ly, tails, type) 
Lx: measured values of test item 1 to be compared with Ly 

Ly: measured values of test item 2 to be compared with Lx 

tails = 2; two-tailed distribution 

type = 3; heteroscedastic 

 

4.5.6 Ranking of Detected Compounds 

The sorting of significantly different compounds by their relevance is done by applying an 
empirically developed (“RANK”) formula on the t-test filtered data set. 

 

This “RANK” formula mathematically combines two criteria: 

o difference of the variable (“Effect” (%)) 

o abundance of the variable (“Average Concentration” (e.g., µg/cig. or µg/article, or 
µg/mg TPM)). 

 

RANK   = 
Effect3 

x   Average Concentration 
1000 

 

Effect   = 
(Ly-Lx) 

 x   100 
(Ly+Lx) 

 

Average Concentration  = 
Lx+Ly 

 
2 

The data set is divided into positive (Lx > Ly) and negative (Lx < Ly) rank values and sorted 
by increasing absolute rank values for the positive as well as the negative effect. A lower rank 
value shows more significant differences than a higher rank value. 
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5.2 Procedure 
5.2.1 Sample Collection/Generation: TPM/NFDPM 

The crude condensate (TPM/NFDPM amount: approximately 100 to 150 mg) is collected on a 
Cambridge filter (GF) according to a procedure described in PMI-RRP-WKI-111801. After 
sample generation the GF is stored in a cleaned (3 times methanol rinsed and dried) Pyrex® 
tube. Prior to sample preparation the sample is stored at -20 ± 5 °C. Storage details are recorded 
using form PMI-RRP-FOR-111506. 

All aerosol samples are generated in triplicate (3 x RP, 3 x HILIC) unless otherwise specified 
in the study plan. 

 

5.2.2 Sample Collection/Generation: Cryogenically Trapped Mainstream Aerosol (Cold 
Trap) 

Mainstream aerosol is trapped using cryogenic trapping (Cold Trap) at -200 °C according to 
PMI-RRP-WKI-111626 using inverse mode. Each replicate consists of the accumulated 
trapped whole aerosol from 2 sticks/cigarettes, which will be subsequently extracted with 2 
times 5 mL methanol (for RP chromatography). When P4 aerosol is collected the cold trap is 
extracted with a single addition of 5 mL extraction solvent. For HILIC chromatography mode, 
the trapped whole aerosol is extracted with 2 times 5 mL acetonitrile. The extract solution will 
be provided to the aerosol generation lab on the day of aerosol generation. The two 5 mL 
extraction volumes, per replicate, may be combined in a single pre-rinsed glass vessel. 

All aerosol samples are generated in triplicate (3 x RP, 3 x HILIC). 

In addition to the ARMS request, a detailed aerosol generation description must be recorded 
using form PMI-RRP-FOR-111314. 

 

5.2.3 Sample Collection/Generation: Blank Samples 

In order to exclude background impurities which might be assimilated during sample 
generation, blank samples must be generated for each type of sample generation. For 
TPM/NFDPM samples, blanks are generated prior to sample generation by using the actual 
aerosol collection setup intended for TPM/NFDPM generation (incl. GF) but drawing air 
instead of using a stick/cigarette. The blank GF is handled like an aerosol sample. For cold trap 
samples, blanks are generated prior to sample generation by using the actual aerosol collection 
setup intended for cryogenic trapping but drawing air instead of using a stick/cigarette. The 
cold trap blanks are handled in the same way an aerosol sample.  

All blank samples are generated in single replicates (1 x RP, 1 x HILIC). 
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5.2.4 Sample Preparation: TPM/NFDPM, Collected on Glass Fiber Filter Pad (GF) 

TPM/NFDPM, collected on a filter pad, is extracted with 10 mL of extraction solvent 
(methanol for RP, acetonitrile for HILIC). The extraction solvent is added to the Pyrex® tube 
containing the GF and the filter is extracted by thoroughly shaking the Pyrex® tube 
(disintegrating the GF), vortexing for 5 min and finally centrifuging (4500 g, 5 min, 10 °C). 
The extract is then filtered using a glass fiber frit to avoid any transfer of glass fiber particles. 
An aliquot (200 µL) of the TPM/NFDPM extract is transferred into a silanized 
chromatographic vial and diluted with methanol (700 µL) for RP analysis or acetonitrile (700 
µL) for HILIC analysis. 100 µL of WS IS1 internal standard solution has to be added. The vial 
is sealed and then mixed using an Eppendorf ThermoMixer (5 min, 5 °C, 2000 rpm). An aliquot 
(1.5 µL) of the diluted extract is injected and analyzed by LC-HRAM-MS in full scan mode 
and in data-dependent fragmentation mode for compound identification. Each diluted extract 
will be analyzed 5 times (analytical replicates) in both full scan mode and data-dependent 
fragmentation mode. All steps for sample preparation are recorded using form PMI-RRP-FOR-
111504. Storage details are recorded using form PMI-RRP-FOR-111506. 

 

• TPM/NFDPM collected on pad is extracted with 10 mL extraction solvent (methanol 
for RP, acetonitrile for HILIC) 

• Thoroughly shaking (disintegrating the GF) 

• Vortex for 5 min  

• Centrifugation (4500 g, 5 min, 10 °C) 

• Transfer of extract in new vial using glass fiber frit 

• Pipette 200 µL extract in silanized HPLC vial 

• Dilute with 700 µL methanol for RP analysis or 700 µL acetonitrile for HILIC analysis 

• Add 100 µL WS IS1 internal standard solution 

• Mixing the closed vial using ThermoMixer (5 min, 5 °C, 2000 rpm) 
 

5.2.5 Sample Preparation: Cryogenically Trapped Mainstream Aerosol (Cold Trap) 

An aliquot (200 µL) of the combined (2 x 5 mL) cold trap extract will be transferred into a 
silanized chromatographic vial and diluted with methanol (700 µL) for RP analysis or 
acetonitrile (700 µL) for HILIC analysis. 100 µL of WS IS1 internal standard solution has to be 
added. After vial closure the sample are mixed for 5 minutes using an Eppendorf ThermoMixer 
(5 °C; 2000 rpm). An aliquot (1.5 µL) of the diluted extract will be injected and analyzed by 
LC-HRAM-MS in full scan mode and in data-dependent fragmentation mode for compound 
identification. Each diluted extract will be analyzed 5 times (analytical replicates) in both full 
scan mode and data-dependent fragmentation mode.  
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• Alignment  

• Experimental design setup (defining one or more groups for aligned runs) 

• Peak picking 

• Normalization using internal standards 

• Deconvolution 

• Compound identification (accurate mass and adduct search against database) 

• Compound review (managing compound identities and exploring identities and 
expression between conditions) 

• Processing of aligned and normalized (csv-)dataset with EXCEL  

• Semi-quantification of compounds  

• extraction of obviously different compounds (compounds of interest)  

• sorting of information according to RANK parameters  

• manual verification of results  

The required steps for data evaluation are recorded using form PMI-RRP-FOR-111505. 

 

5.3.3.1 Data Transfer and Storage 

The acquired data (sequence file, raw data and acquisition method) on the respective data 
acquisition workstation are transferred to the backed up and secured server environment. Once 
the raw data are successfully copied and the transfer verified by checking the original amount 
of files and size vs. the actual copied amount of files and size, the raw data on the data 
acquisition unit are deleted. On the data evaluation workstation the same folder structure is 
created and the raw data are copied to the local hard disk drive.  

On the data evaluation workstation, all data evaluations are performed and stored using a 
separate secondary raw data (processed data) folder. 

After completion of data evaluation, processed data are transferred to the backed up and 
secured server environment. 

All data transfer steps are recorded using form PMI-RRP-FOR-111511. 
 

5.3.3.2 Data Import (Progenesis® QI) 

Prior to importing raw data, a new project is created in Progenesis® QI by selecting file/new 
Create New Experiment. A new Experiment/Project name is then created, defined by the 
naming convention considering ARMS request ID, PDIMS ID or the LIMS ID, the method 
and the storage location. Next, the type of machine (high resolution mass spectrometer), the 
data format (profile data) and the respective ionization mode (positive or negative) are selected. 
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Any possible adducts are selected in the Create New Experiment window and confirmed by 
clicking Create experiment. 
For a more detailed description refer to corresponding work instruction. 
 

5.3.3.3 Raw Data Processing by Metabolomics Software Progenesis ® QI 

5.3.3.3.1 Alignment 
The alignment is performed separately for each ionization mode data set. In order to increase 
the alignment accuracy, an alignment reference vector (i.e. internal standard) is selected by 
clicking Vector editing. The m/z value and retention time of the respective internal standard 
per ionization mode is selected. By selecting Align runs automatically the alignment procedure 
starts. After successful alignment the section is complete. By pressing Section Complete the 
experimental design setup is initiated. 
 

5.3.3.3.2 Experimental Design Setup 
The acquired / processed raw data must be divided into sample groups (e.g. P1, 3R4F, Pool 
Samples, Blank). The raw data are grouped according to sample origin. By pressing Section 
Complete the peak picking procedure is initiated. 
 

5.3.3.3.3 Peak Picking 
Default values are used for all peak picking parameters. By pressing Start peak picking the 
automatic peak picking starts. The raw files are analyzed and the peaks are picked for all 
samples in parallel. If the software picks a peak in one sample the software is looking for the 
same peak in all other samples. Normalization is initiated by clicking Review normalization. 
 

5.3.3.3.4 Normalization 
The Normalize to set of housekeeping compounds method is selected for normalization. The 
table can be sorted according to the m/z values and the internal standard (m/z and retention 
time) should be selected according to the respective ionization mode. This step is a prerequisite 
for further semi-quantification. 
 

5.3.3.3.5 Compound Identification 
Compounds are identified based on the accurate mass, isotopic similarity and detected adducts, 
retention time compared to reference database, MS2 fragments compared to theoretical 
fragmentation and MS2 compared to reference database. The compound identification 
comprises the following 4 steps.  
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• Compound Identification using UCSD Database Fragmentation (Step I) 
The first identification step comprises the accurate mass comparison of the acquired data 
against the in-house UCSD database via MetaScope algorithm (Precursor tolerance: 5ppm). In 
addition the compound retention times are compared with the in-house retention time database 
(Retention within 0.5 minutes).  All acquired MS2 spectra are compared against in-house MS2 
library (Fragment tolerance: 10 ppm). 

 

• Compound Identification using UCSD Theoretical Fragmentation (Step II) 
The second identification step comprises the theoretical fragmentation of the in-house UCSD 
database via MetaScope algorithm and MetFrag algorithm. The actual acquired MS2 spectra 
are matched against in-silico (theoretical) fragmented spectra of the UCSD candidate 
compounds (Fragment tolerance: 10 ppm).  

 

• Compound Identification using HMDB Theoretical Fragmentation (Step III) 
The third identification step comprises the theoretical fragmentation of the HMDB database 
via MetaScope algorithm and MetFrag algorithm. The actual acquired MS2 spectra are matched 
against in-silico (theoretical) fragmented spectra of the HMDB candidate compounds 
(Fragment tolerance: 10 ppm). 

 

• Compound Identification using ChemSpider Theoretical Fragmentation (Step IV) 
The sixth identification step comprises the theoretical fragmentation of ChemSpider with 
ChemIDplus, FDA and NIST as connected data sources via MetFrag algorithm. The actual 
acquired MS2 spectra are matched against in-silico (theoretical) fragmented spectra of the 
ChemIDplus, FDA [17] and NIST candidate compounds. The elemental composition 
comprises H: 0-200, C: 0-100, N: 0-10, O: 0-30, P: 0-2 and S: 0-2 is considered as filter. 
 

5.3.3.3.6 Compound Review 
The results retrieved from compound identification must be reviewed. Each line is checked 
regarding compound abundance, detected adducts, fragmentation score, retention time score, 
isotope similarity, mass error and overall score. The proposed identification is a useful guide. 
However, if definitive compound confirmation is required it has to be performed using 
reference standards matched with fragmentation and retention time. 

After completion of compound review all measurements incl. e.g. compound, m/z, retention 
times, and normalized abundance are exported as a .csv file using File/Export compound 
measurements. The file storage location has to be specified (secondary raw data folder within 
a project folder). 
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5.3.4 Semi-quantification of Compounds 

Although normalization of the peak abundances against an internal standard is performed 
within Progenesis® QI, semi-quantification of compounds is calculated using EXCEL. Semi-
quantification is performed on the basis of peak area ratios between the analytes and an 
appropriate internal standard (of known concentration), which is chosen depending upon the 
ionization mode used. 

The results are semi-quantitative, since no calibration is performed. The ability for compounds 
to ionize varies strongly in APCI positive since it is a soft ionization technique, and thus values 
derived should only be used as a rough estimation of abundance. 

If quantitative data are requested by the customer, the respective analytes will be calibrated 
using a reference substance. 
 

5.3.5 Extraction of Obviously Different Compounds (Compounds of Interest) 

The processing of aligned and normalized (csv-)data sets for extraction of obviously different 
compounds (compounds of interest) and filtering of information according to relevance-criteria 
is performed using EXCEL.  

The extraction of obviously different compounds (variables) is carried out by applying a t-test 
to the data set (2 groups, 5 replicates = 10 observations/variable). 

 

TTEST(data set Lx, data set Ly, tails, type) 

tails = 2; two-tailed distribution 

type = 3; heteroscedastic 

Results that yield p values > 0.05 are not considered statistically different and are therefore 
excluded from further analysis.  

 

5.3.6 Sorting of Information According to RANK Parameter 

To consider the relevance of each compound, the compounds are ranked according to the 
relative difference in abundance and the semi-quantitatively estimated absolute abundance 
using MS Excel. 

The sorting of obviously different compounds (variables) by their relevance is done by 
applying an empirically developed formula (RANK) on the t-test filtered data sets. The 
relevance of a constituent considers the relative difference of the abundance of the compound 
as well as the semi-quantitatively estimated absolute abundance (i.e., the greater the difference 
and absolute abundance, the greater the relevance). For more details on the RANK equation, 
refer to section NTDS GCXGC-TOFMS. 












