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8.9 mio

Gori et al. Basic Res Cardiol. 2020

WHO. 2022

13−16 h
Schweizer et al. JESEE. 2007

>100,000 chemicals

REACH Registration Statistics. 2023

Gori et al. Basic Res Cardiol. 2020
Improving indoor air quality for a 

healthier home and Europe
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Aim
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• Development of experimental workflow: 

• Extraction, clean−up, (possible) fractionation

• Development of data processing workflow: 

• Inter-sample data alignment (incl. various software testing), 

data filtration & prioritization

• Identification of chemicals of potential concern: 

• Database search & match review, manual identification

• Classification

• (Semi−)quantification at different levels: 
• Reference standards, internal standards, etc.
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Samples
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# City, Country / Other ID Code Weight, mg

1 Umeå, Sweden UMPS 60.9

2 Munich, Germany MUPS 62.0

3 Lviv, Ukraine LVPS 62.1

4 NORMAN EU composite sample EUCS 50.6

5 NIST SRM 2585 (US) NIST 50.7

6 Laboratory blanks BLNK ---

# Code C1 C2 C3 C4

1 UMPS 0.05 pg 0.5 pg 5 pg 50 pg

2 EUCS 0.05 pg 0.5 pg 5 pg 50 pg

3 NIST 0.05 pg 0.5 pg 5 pg 50 pg

4 BLNK 0.05 pg 0.5 pg 5pg 50 pg

Standards (152):
• VOCs
• SVOCs 
• Terpenes
• Phthalates 
• Musks
• Surfactants

Picture source: mapcustomizer.com
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Workflow
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Dust
samples SPE clean−up &

fractionation

• BÜCHI SyncorePlus Analyst
• PSA, 500 mg
• Non-polar: 20 mL DCM
• Polar: 3 mL MeOH:DCM (1:1)

GC×GC−MS 
analysis

• LECO Pegasus BT 4D 
GC×GC−TOFMS

Library search

• LECO ChromaTOF (v. 5.51)
• NIST23 spectral library

Ultrasonic 
extraction

• Hexane:acetone (3:1)
• Acetone
(Moschet et al. Environ
Sci Technol. 2018)

Picture source: flaticon.com, freepik.com
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2D GC×GC chromatograms
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Rebryk and Haglund. Unpublished data. 2025

Umeå, Fr. 1 Umeå, Fr. 2
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3D GC×GC chromatograms
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Rebryk and Haglund. Unpublished data. 2025

Umeå, Fr. 1 Umeå, Fr. 2
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Workflow
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Dust
samples SPE clean−up &

fractionation

• BÜCHI SyncorePlus Analyst
• PSA, 500 mg
• Non-polar: 20 mL DCM
• Polar: 3 mL MeOH:DCM (1:1)

GC×GC−MS 
analysis

• LECO Pegasus BT 4D 
GC×GC−TOFMS

Library search

• LECO ChromaTOF (v. 5.51)
• NIST23 spectral library

Ultrasonic 
extraction

• Hexane:acetone (3:1)
• Acetone
(Moschet et al. Environ
Sci Technol. 2018)

Column bleed 
classification

• LECO ChromaTOF (v. 5.51)
• Spectral filters
• Chromatographic regions

Picture source: flaticon.com, freepik.com
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Column bleed classification
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Workflow
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Dust
samples SPE clean−up &

fractionation

• BÜCHI SyncorePlus Analyst
• PSA, 500 mg
• Non-polar: 20 mL DCM
• Polar: 3 mL MeOH:DCM (1:1)

GC×GC−MS 
analysis

• LECO Pegasus BT 4D 
GC×GC−TOFMS

Library search

• LECO ChromaTOF (v. 5.51)
• NIST23 spectral library

Ultrasonic 
extraction

• Hexane:acetone (3:1)
• Acetone
(Moschet et al. Environ
Sci Technol. 2018)

Data conversion &
clean−up

• Custom Python 3 script

Inter−sample
data alignment

Column bleed 
classification

• LECO ChromaTOF (v. 5.51)
• Spectral filters
• Chromatographic regions

Picture source: flaticon.com, freepik.com
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Data alignment
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for feature_X in sample and feature_Y in ref: 
if RT1_X_sample == RT1_Y_ref ± ΔRT and 
if RT2_X_sample == RT2_Y_ref ± ΔRT and 
if Spectrum_X_sample is 75% similar to Spectrum_Y_ref

then feature_X = feature_Y and
RT1_XY = average(RT1_X_sample, RT1_Y_ref)
RT2_XY = average(RT2_X_sample, RT2_Y_ref)
Spectrum_XY = average(Spectrum_X_sample, Spectrum_Y_ref)

Compound name RT1, 
min

RT2, 
min

RTI CAS# Spectrum Area, 
S1

Area, 
S2

Area, 
S3

Area, 
S4

… Area, 
SN

Triacetin 1378 0.5230 1346 102-76-1 103:1003… N/A N/A 0.64 N/A … N/A

Tributyl acetylcitrate 3236 2.0082 2260 77-90-7 185:1003… 0.77 9.35 199.31 1.80 … 8.02

Triethyl citrate 2100 2.4418 1660 77-93-0 157:1000… 0.30 0.53 2.48 0.33 … 0.52

Cyphenothrin 3863 2.0310 2668 39515-40-7 123:1000… N/A N/A N/A 0.86 … N/A

Deltamethrin 4393 2.1760 3068 52918-63-5 181:1000… N/A N/A N/A 9.37 … N/A

Fenvalerate 4255 2.1660 2959 N/A 125:1021… 1.11 N/A N/A N/A … N/A

Algorithms:
• DP / NDP (NIST)
• BiPACE 2D 
• DISCO 
• MSort
• PAM
• etc.
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Data alignment software testing 
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# Software / script, 
language

Issues Reference / vendor # Software / script, 
language

Issues Reference / vendor

1 DA_2DCHROM, 
Python 3 (version 
3.9.7)

- Alignment is done using template file (target list 
match). 
- Separate sample files are created as an outcome but 
no aligned master table.

Ladislavová et al. 2023. 
https://doi.org/10.1007/s00216-
023-04679-7

6 MetPP,
MATLAB (version 
2010b)

- Does not start properly if newer version of MATLAB is 
used. - Does not work for .txt files exported from LECO 
ChromaTOF Software for Pegasus BT (version 5.51.50.0): 
"Performing full alignment" step never concludes and 
errors appear in the MATLAB environment. 
- A derivatization method must be specified: Might be 
the reason why MetPP did not work as derivatization 
method was not specified.

Wei et al. 2013. 
https://doi.org/10.1093/bioinform
atics/btt275

2 GasPedal (version 
1.1.2), 
Java

- Imported .cdf or .mzML files (both exported from LECO 
ChromaTOF v5.51.50.0 for Pegasus BT) look odd and do 
not resemble initial chromatograms: Since 
chromatograms are treated as images, this is a problem. 
- Many functions are unavailable and cannot be 
evaluated with demo license.

DECODON Software UG, 
Greifswald, Germany. 
https://www.decodon.com/suppo
rt/gaspedal.html

7 MOREPEAKS, 
MATLAB (version 
2019a)

- Allows alignment for two samples only. 
- "Automated peak pairing" does not work for .cdf files 
exported from LECO ChromaTOF Software for Pegasus 
BT (version 5.51.50.0) or converted .mzXML files. 

Molenaar et al. 2021. 
https://doi.org/10.1016/j.chroma.
2021.461922

3 GC Automation, 
Python 3 (version 
3.8.4)

- GC Image deconvolution algorithm picks mostly 
background features which are high in abundance. 
- Alignment is done using template file (target list 
match).
- Blobs not peaks are detected and aligned.

Wilde et al. 2020. 
https://dx.doi.org/10.1021/acs.an
alchem.0c02844

8 R2DGC,
R

- Does not work for .cdf files exported from LECO 
ChromaTOF Software for Pegasus BT (version 5.51.50.0).

Ramaker et al. 2018. 
https://doi.org/10.1093/bioinform
atics/btx825 

4 GC2MS, 
Ruby (version 
2.1.2p95), Rails 
(version 4.1.6)

- Does not work even with the test data set provided: 
The web application returns an error when the analysis 
is started.

Tian et al. 2016. 
https://doi.org/10.1021/acs.analc
hem.6b00755

9 RGCxGC,
R

- Does not work for .cdf files exported from LECO 
ChromaTOF Software for Pegasus BT (version 5.51.50.0): 
The software does not "see" the imported files. 
However, the software works for the test .cdf files.

Quiroz-Moreno et al. 2020. 
https://doi.org/10.1016/j.microc.2
020.104830

5 Guineu (version 
1.0.3),
Java

- Some functionalities got deprecated as things changed 
in the past 14 years, e.g., Golm database search. 
- Since search windows/thresholds are user-defined, a 
candidate peak may be discarded from the possible 
alignment if the spectral similarity is less than the 
threshold or the identification of the peak is conflicting 
with the path. 

Castillo et al. 2011. 
https://doi.org/10.1021/ac103308
x

10 RMet,
RStudio (version 
1.1.383), R core 
(version 3.4.3)

- Does not work for .cdf files exported from LECO 
ChromaTOF Software for Pegasus BT (version 5.51.50.0): 
"Reconstructing cdf" step never concludes. However, the 
software works for the test .cdf files.

Moayedpour and Parastar. 2019. 
https://doi.org/10.1016/j.chemola
b.2019.103866

Rebryk and Haglund. Unpublished data. 2025
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Dust
samples SPE clean−up &

fractionation

• BÜCHI SyncorePlus Analyst
• PSA, 500 mg
• Non-polar: 20 mL DCM
• Polar: 3 mL MeOH:DCM (1:1)

GC×GC−MS 
analysis

• LECO Pegasus BT 4D 
GC×GC−TOFMS

Library search

• LECO ChromaTOF (v. 5.51)
• NIST23 spectral library

Ultrasonic 
extraction

• Hexane:acetone (3:1)
• Acetone
(Moschet et al. Environ
Sci Technol. 2018)

Data conversion &
clean−up

• Custom Python 3 script

Inter−sample
data alignment

Column bleed 
classification

• LECO ChromaTOF (v. 5.51)
• Spectral filters
• Chromatographic regions

Picture source: flaticon.com, freepik.com
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University of Amsterdam

Julia_Aligns_2DGC



Data alignment software testing 
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Rebryk and Haglund. Unpublished data. 2025

Guineu

Julia_Aligns_2DGC

Guineu

Julia_Aligns_2DGC

Before review After review

0.05 pg 0.5 pg 5 pg 50 pg

Umeå
EUCS
NIST

Blank

0.05 pg 0.5 pg 5 pg 50 pg

Umeå
EUCS
NIST

Blank

0.05 pg 0.5 pg 5 pg 50 pg

Umeå
EUCS
NIST

Blank

0.05 pg 0.5 pg 5 pg 50 pg

Umeå
EUCS
NIST

Blank
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152 spiked compounds
146 detectable compounds



Julia_Aligns_2DGC.jl
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Function Action

TXT reader Reads TXT (tab delimited) file, e.g., LECO ChromaTOF result file

CSV conversion Converts TXT files to CSV files

ChromaTOF bleed classification filter Removes features (rows) for which "Classifications“ from ChromaTOF contains 'Bleed', 'Toluene', or 
'DCM'

Compound name filter Removes features (rows) for which "Name" contains unwanted values, e.g., siloxanes & other bleed 
features

Compound name & base mass filter Removes features (rows) for which "Name" contains compounds with spectra similar to, e.g., toluene 
(m/z 91 or 92) if their spectra do not contain other m/z values, like molecular ions that do not belong 
to toluene (m/z > 91 or 92)

Zero intensity filter Removes m/z:intensity pairs with intensity values containing '0.' from spectra

Low intensity filter Removes m/z:intensity pairs with intensity values <= 3% of the highest intensity value

Alignment Aligns samples based on specific RT1 & RT2 window and spectra similarity (DISCO algorithm; other 
algorithms, e.g., NDP, can also be used)

Postalignment merging Merges features with the same name and base m/z if ΔRI < 5

Library search Searches library using the same algorithm as for the alignment

Library match visualization Creates head-to-tail graphs of user vs. library match features
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Julia_Aligns_2DGC.jl
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Phenol, 2-chloro- → Phenol, 2-chloro- Unknown → Perylene

Toluene →
1-Bromo-2-benzyloxybenzene (m/z 107) 
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Identification of 
unknowns & 
classification

• Julia_Aligns_2DGC –
Additional library search

• Manual identification of 
prioritized features

Dust
samples SPE clean−up &

fractionation

• BÜCHI SyncorePlus Analyst
• PSA, 500 mg
• Non-polar: 20 mL DCM
• Polar: 3 mL MeOH:DCM (1:1)

GC×GC−MS 
analysis

• LECO Pegasus BT 4D 
GC×GC−TOFMS

Library search

• LECO ChromaTOF (v. 5.51)
• NIST23 spectral library

Ultrasonic 
extraction

• Hexane:acetone (3:1)
• Acetone
(Moschet et al. Environ
Sci Technol. 2018)

Data conversion &
clean−up

• Custom Python 3 script

Inter−sample
data alignment

• Julia_Aligns_2DGC: Custom Julia 
script developed with Saer 
Samanipour & Denice van 
Herwerden (Uni Amsterdam)

Compound
classification (hits)

• Custom Python 3 script
• FUse (US EPA) & NORMAN –

Functional use
• ClassyFire Batch (Fiehns Lab) –

Chemical class
• PubChem, CompTox

Blank & bleed 
filtration &

prioritization

• Julia_Aligns_2DGC

Column bleed 
classification

• LECO ChromaTOF (v. 5.51)
• Spectral filters
• Chromatographic regions

Picture source: flaticon.com, freepik.com

Quantification & 
health risk 

assessment

• Julia_Aligns_2DGC –
Quantification

• Project partners –
Toxicological analysis
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Picture source: mapcustomizer.com

# City, Country / Other ID Code Weight, mg

1 Umeå, Sweden UMPS 60.9

2 Munich, Germany MUPS 62.0

3 Lviv, Ukraine LVPS 62.1

4 NORMAN EU composite sample EUCS 50.6

5 NIST SRM 2585 (US) NIST 50.7

6 Laboratory blanks BLNK ---
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Detected compound classes
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Rebryk and Haglund. Unpublished data. 2025

GC / GC×GC–MS compounds
(648 unique features)

GC×GC–MS compounds
(3160 features, excl. unknowns)
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Haglund et al. Sci Tot Env. 2024



House dust, Fr. 1 & Fr. 2 – PCA
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Lviv

Umeå

Munich

EUCS

NIST
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House dust, Fr. 1 & Fr. 2 – PCA
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Lviv

Umeå

Munich

EUCS

NIST
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Conclusions & future work

22

• Identification of chemicals of potential

concern:

• Julia_Aligns_2DGC library search &

classification

• Prioritization – toxicology partners

• Comprehensive (semi−)quantification at

different levels:

• Reference standards for target

compounds

• Internal standards for suspects

• A fast highly-automated data processing

workflow for GC×GC-MS data was created

and will be upgraded & developed further

• GC×GC-MS analysis revealed presence of

incompatibly higher number of features

than previous GC-MS analysis

• European house dust contains enormous

number of various compounds:

• ca. 3,100 features among the NIST23-

matched features

• ca. 6,500 unknown features

AIM WORKFLOW RESULTS CONCLUSIONSINTRODUCTION
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