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What is Thirdhand Smoke (THS)?

Tobacco and its environmental impact: An overview. Geneva: World Health Organization; 2017. 

o Thirdhand smoke is the long-lasting residue resulting from second-

hand smoke that accumulates in dust, in objects and on surfaces in 

indoor environments where tobacco has been smoked (WHO, 2017).

o Poorly studied, underestimated exposure route

Thirdhand Tobacco 

Smoke (THS)

Tobacco smoke

(second hand smoke)

> 4,000 chemicals
250 harmful

50 known carcinogens
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What is Third Hand Smoke (THS)?

Sleiman et al. PNAS (2010) DOI: 10.1073/pnas.0912820107

TOBACCO-

SPECIFIC 

NITROSAMINES

(TSNAs)

OXIDATION

NNN 

NNK 

NNA 
(exclusive in THS)

Nicotine

https://doi.org/10.1073/pnas.0912820107
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Main Exposure Pathways to THS

Images c/o N. Ramirez

Inhalation

Non-dietary 

Ingestion

Dermal 

Absorption

Children < 5 years
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The challenge (for NTS)? Smoke is everywhere …

PM2.5 (ng/m3)
Nicotine 21 (max. 118)
TSNAs 1.2 (max. 6.2)

LONDON (2012)

Farren et al. Environ. Sci. Technol. (2015)

TPM (ng/m3) 
Nicotine 4 (max. 12.5)

TARRAGONA (2013)

Aragón et al. JCA (2013)

SAN FRANCISCO (2016)

TPM (ng/m3)
Nicotine 339 (13% RSD)
TSNAs 0.8 (20% RSD)

Peyton et al. Chem. Res. Toxicol. (2017)

ROME (2011)

TPM (ng/m3) 
Nicotine 1,700-4,800

Cecinato et al. Environ. Pollut. (2012)
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THS in Tarragona, Spain

Ramírez et al. Environment International (2014). DOI: 10.1016/j.envint.2014.06.012

Lifetime cancer 
risk by age group.

Threshold values

WHO: 10-5

USEPA: 10-6

SMOKER’S HOMES
(n=22)

NON-SMOKER’S 
HOMES (n=24)

Nicotine  26 μg/g

TSNAs  0.5 μg/g

Nicotine  3.3 μg/g

TSNAs  0.09 μg/gTARRAGONA

https://doi.org/10.1016/j.envint.2014.06.012
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Motivation for NTS on THS … 

Ramírez et al. Environment International (2014). DOI: 10.1016/j.envint.2014.06.012

SMOKER’S HOMES
(n=22)

NON-SMOKER’S 
HOMES (n=24)

Nicotine  26 μg/g

TSNAs  0.5 μg/g

Nicotine  3.3 μg/g

TSNAs  0.09 μg/gTARRAGONA

Motivation for NTS: What else is in there?
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https://doi.org/10.1016/j.envint.2014.06.012
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The Challenge in Identifying Chemicals

Data: Schymanski et al 2014, Environ. Sci. Technol. DOI: 10.1021/es4044374; Hollender et al 2017 DOI: 10.1021/acs.est.7b02184

High resolution 

mass spectrometry

+

Cheminformatics

approaches

=

ECI@LCSB

1 10 100 1000 10000  100000 10 million 1 billion chemicals …. …. ….

Sample

Chemicals

http://pubs.acs.org/doi/abs/10.1021/es4044374
http://pubs.acs.org/doi/abs/10.1021/acs.est.7b02184
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Target List Suspect List

(e.g. NORMAN,

LMC, Eawag-PPS,

ReSOLUTION)

Componentization

(nontarget)

TARGET 

ANALYSIS

SUSPECT 

SCREENING

NON-TARGET

SCREENING

(enviMass, 

vendor software)

Gather evidence

(nontarget, 

ReSOLUTION,

RMassBank)

Masses of interest
Molecular formula

determination

(enviPat, GenForm)

Non-target identification 

(MetFrag2.3, ReSOLUTION) 

Sampling                extraction (SPE)              HPLC separation          HR-MS/MS              

Detection of blank/blind/noise/internal standards; time trend analysis (enviMass)

Conversion (Proteowizard) and Peak Picking (enviPick, xcms, MZmine, …)

Prioritization

(enviMass)

MS/MS Extraction

(RMassBank)

Interpretation, confirmation, peak inventory, confidence and reporting

Altenburger et al, 2019, Env. Sci. Europe. DOI: 10.1186/s12302-019-0193-1

https://doi.org/10.1186/s12302-019-0193-1
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Terminology: Target, Suspect, Non-target/Unknown

TARGET: Known chemical, reference standard 

available in house

SUSPECT: Chemical suspected to be present in the 

sample, std. not (necessarily) available

NON-TARGET/ Mass/feature of interest detected in the 

UNKNOWN: sample, identity unknown 



13

Identification Strategies and Confidence

Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 & Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7

Peak 
picking

Non-target HR-MS(/MS) Acquisition

Target
Screening

Suspect
Screening

Non-target
Screening

Start
Level 1 Confirmed Structure

by reference standard

Level 2 Probable Structure
by library/diagnostic evidence

Start
Level 3 Tentative Candidate(s)

suspect, substructure, class

Level 4 Unequivocal Molecular Formula
insufficient structural evidence 

Start
Level 5 Mass of Interest

multiple detection, trends, …

“downgrading” with 
contradictory evidence

Increasing identification
confidence

Target list Suspect list

Peak picking or XICs

https://doi.org/10.1021/es5002105
https://doi.org/10.1007/s00216-015-8681-7
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THS & Target, Suspect, Non-target/Unknown

TARGET: Known chemical, reference standard 

available in house

SUSPECT: Chemical suspected to be present in the 

sample, std. not (necessarily) available

NON-TARGET/ Mass/feature of interest detected in the 

UNKNOWN: sample, identity unknown 
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Extraction (QuEChERS) and Target Analysis

Torres, Schymanski, Ramirez (in prep.). Schematic c/o Sonia Torres

300 mg dust

Shake
1 min

Addition of 0.5g 
extraction salts

1. Vortex 1 min

2. Centrifugation
4000rpm 5min

Two phase
separation!

Transfer 
supernatant

Add 50 mg 
sorbent

Add 2 mL
water

Add 2 mL
solvent

Filter
supernatant  
into a vial

1. Vortex 1 min

2. Centrifugation
4000rpm 5min

UHPLC-QQQ Analysis
Nicotine, Cotinine, NNAL, 

NNN, NNA, NNK

+ 5 d-IS

Target results essential to verify the non-target methods!
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THS & Target, Suspect, Non-target/Unknown

TARGET: Known chemical, reference standard 

available in house

SUSPECT: Chemical suspected to be present in the 

sample, std. not (necessarily) available

NON-TARGET/ Mass/feature of interest detected in the 

UNKNOWN: sample, identity unknown 
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Compiled THS-specific Suspect List (n=95)

Torres, Schymanski, Ramirez (in prep.). Dataset DOI: 10.5281/zenodo.2669467

o Add these to “inclusion list” for DDA-MS/MS

o Now added to CompTox Dashboard & NORMAN-SLE & Zenodo

https://doi.org/10.5281/zenodo.2669467
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THSMOKE on Zenodo

https://zenodo.org/communities/norman-sle/

https://zenodo.org/communities/norman-sle/
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NORMAN Suspect List Exchange (SLE)

Schymanski et al. (in prep.) and https://www.norman-network.com/nds/SLE/ and https://zenodo.org/communities/norman-sle

o https://www.norman-network.com/nds/SLE/ …now 62 lists! 

o https://zenodo.org/communities/norman-sle ... with DOI
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https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/SLE/
https://zenodo.org/communities/norman-sle
https://www.norman-network.com/nds/SLE/
https://zenodo.org/communities/norman-sle


20

THS & Target, Suspect, Non-target/Unknown

TARGET: Known chemical, reference standard 

available in house

SUSPECT: Chemical suspected to be present in the 

sample, std. not (necessarily) available

NON-TARGET/ Mass/feature of interest detected in the 

UNKNOWN: sample, identity unknown 
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IISPV-URV XCMS-based Metabolomics Workflow

http://bioconductor.org/packages/xcms/ and DOI: 10.18129/B9.bioc.xcms

Non-smokers:
Red: NS Pool
Blue: NS Pool CE20
Green: NS 15

Smokers:
Purple: SD Pool
Orange: SD Pool CE20
Yellow: SD 29

http://bioconductor.org/packages/xcms/
https://doi.org/doi:10.18129/B9.bioc.xcms
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IISPV-URV XCMS-based Metabolomics Workflow

Images c/o Sonia Torres

Smoker Pool 

Non Smoker Pool 
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Torres, Schymanski, Ramirez, in prep.

TSNA+ Target List THS Suspect List

Peak Picking (xcms)
SUSPECT SCREENING

NON-TARGET SCREENING

Statistics (in house)

Conversion (Proteowizard)

Prioritization (xcms)

MS/MS Extraction

(RMassBank)

Masses of interestMasses of interest

Sampling                extraction (SPE)                 UHPLC separation     HR-MS/MS              
Extraction (AcN+

QuEChERS+ Z-Sep)
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Creating High-Quality Mass Spectra

Stravs, Schymanski, Singer and Hollender, 2013, Journal of Mass Spectrometry, 48, 89–99. DOI: 10.1002/jms.3131

Automatic MS and MS/MS

Recalibration and Clean-up 

Remove interfering peaks

Spectral Annotation with

- Experimental Details

- Compound Information

https://github.com/MassBank/RMassBank/

http://bioconductor.org/packages/RMassBank/

https://onlinelibrary.wiley.com/doi/abs/10.1002/jms.3131
https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/
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Extracting Mass Spectra for NTS

Stravs, Schymanski, Singer and Hollender, 2013, Journal of Mass Spectrometry, 48, 89–99. DOI: 10.1002/jms.3131

Automatic MS and MS/MS

Recalibration and Clean-up 

Remove interfering peaks

Spectral Annotation with

- Experimental Details

- Compound Information

https://github.com/MassBank/RMassBank/

http://bioconductor.org/packages/RMassBank/

https://onlinelibrary.wiley.com/doi/abs/10.1002/jms.3131
https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/
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MS/MS Extraction with RMassBank

In development: Shinyscreen: Kondic et al – huge thanks to the ECI Interns!

X

Careful

with RT!

Always check

with knowns!
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Coming soon … pre-screening with Shinyscreen!

Todor Kondic, Mira Narayanan, 

Jessy Krier, Anjana Elapavalore, 

Hiba Mohammed Taha.

Figure source: Todor Kondic
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Torres, Schymanski, Ramirez, in prep.

TSNA+ Target List THS Suspect List

Peak Picking (xcms)
SUSPECT SCREENING

NON-TARGET SCREENING

Statistics (in house)

Non-target identification 

(MetFrag, ReSOLUTION) 

Conversion (Proteowizard)

Prioritization (xcms)

MS/MS Extraction

(RMassBank)

Masses of interestMasses of interest

Sampling                extraction (SPE)                 UHPLC separation     HR-MS/MS              
Extraction (AcN+

QuEChERS+ Z-Sep)
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Tentative Identification with MetFrag

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., 2016, DOI: 10.1186/s13321-016-0115-9

Web Interface: http://msbi.ipb-halle.de/MetFrag/

https://link.springer.com/article/10.1186/s13321-016-0115-9
http://msbi.ipb-halle.de/MetFrag/
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Tentative Identification with MetFrag

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., 2016, DOI: 10.1186/s13321-016-0115-9

Web Interface: http://msbi.ipb-halle.de/MetFrag/

https://link.springer.com/article/10.1186/s13321-016-0115-9
http://msbi.ipb-halle.de/MetFrag/
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MetFrag – Example: CompTox + Nicotine I

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., 2016, DOI: 10.1186/s13321-016-0115-9

https://comptox.epa.gov/dashboard/

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://comptox.epa.gov/dashboard/
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MetFrag – Example: CompTox + Nicotine II
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MetFrag – Example: CompTox + Nicotine III
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MetFrag – Example: CompTox with Nicotine IV

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., 2016, DOI: 10.1186/s13321-016-0115-9

o Fragmentation Settings and Processing

https://link.springer.com/article/10.1186/s13321-016-0115-9
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MetFrag – Example: CompTox + Nicotine V
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Connecting Resources in MetFrag

https://msbi.ipb-halle.de/MetFrag/ ; https://comptox.epa.gov/dashboard/ ; https://massbank.eu ; https://www.norman-network.com/nds/susdat/

https://msbi.ipb-halle.de/MetFrag/
https://comptox.epa.gov/dashboard/
https://massbank.eu/
https://www.norman-network.com/nds/susdat/


37

NTS with MetFrag and ReSOLUTION

o Create config files (MetFragConfig) 

o Run MetFrag (runMetFrag)

o Run MetFrag (runMetFrag)

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/ and https://github.com/schymane/ReSOLUTION/

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/
https://github.com/schymane/ReSOLUTION/
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NTS with MetFrag and ReSOLUTION

o Extract results and summarize

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/ and https://github.com/schymane/ReSOLUTION/

http://c-ruttkies.github.io/MetFrag/projects/metfragcl/
https://github.com/schymane/ReSOLUTION/


39

CSV Summary Output for Results Interrogation

TIBP well documented in dust, e.g. Rostkowski et al 2019 DOI: 10.1007/s00216-019-01615-6 and DOI: 10.5281/zenodo.2653206

Approaching automatic assignment of confidence levels

Quick, high throughput prioritization for data reacquisition

Level 1

Target

Level 2

MSMS Match

Level 3

Tentative ID

Level 5

No MS/MS

https://link.springer.com/article/10.1007/s00216-019-01615-6
https://doi.org/10.5281/zenodo.2653206


40

Torres, Schymanski, Ramirez, in prep.

TSNA+ Target List THS Suspect List

Peak Picking (xcms)
SUSPECT SCREENING

NON-TARGET SCREENING

Statistics (in house)

Non-target identification 

(MetFrag, ReSOLUTION) 

Conversion (Proteowizard)

Prioritization (xcms)

MS/MS Extraction

(RMassBank)

Interpretation, confirmation, peak inventory, confidence and reporting

Masses of interestMasses of interest

Sampling                extraction (SPE)                 UHPLC separation     HR-MS/MS              
Extraction (AcN+

QuEChERS+ Z-Sep)
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Perspectives: Identifying Small Molecules in NTS

o Many comprehensive workflows

• I have presented just one of them!

o Annotation of “known unknowns”

is now relatively “quick”:

• Especially with well-chosen suspect 

screening and metadata

o The bottleneck is still in expt. design and interpretation

• But in the meantime we can do some pretty neat things!
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NORMAN Digital Sample Freezing Platform

“Live” retrospective screening of known and unknown 

chemicals in European samples (various matrices)

http://norman-data.eu/ and Alygizakis et al, 2019, TrAC, DOI: 10.1016/j.trac.2019.04.008

http://norman-data.eu/
https://doi.org/10.1016/j.trac.2019.04.008
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Real-time Monitoring of the Rhine River

Hollender, Schymanski, Singer & Ferguson, 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184

Previously unknown chemicals detected due to “stand-out” patterns

http://dx.doi.org/10.1021/acs.est.7b02184
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New MetaData: Disease-Specific Reference Counts

Schymanski et al. (Perspective) Environ. Sci.: Processes Impacts, 2019, DOI: 10.1039/C9EM00068B [cover image]

https://comptox.epa.gov/dashboard/chemical_lists/litminedneuro

https://doi.org/10.1039/2050-7895/2013
https://doi.org/10.1039/C9EM00068B
https://comptox.epa.gov/dashboard/chemical_lists/litminedneuro


45

The 102 million Challenge … 

• 102 million … 

OR

• Most relevant/annotated

=> PubChemLite

tier0: 316 K 

tier1: 360 K

Bolton & Schymanski (2020). PubChemLite tier0 and tier1 (Version PubChemLite.0.2.0) DOI: 10.5281/zenodo.3611238

https://doi.org/10.5281/zenodo.3611238
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Supporting Info
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Confidence Levels for Tentative Structures

Schymanski et al. (2014) ES&T, 48 (4), 2097-2098. DOI: 10.1021/es5002105

MS,  MS2,  RT,  Reference Std.
Level 1: Confirmed  structure

by reference standard

Level 2: Probable structure
a) by library spectrum match
b) by diagnostic evidence

Identification confidence

N

N

N

NHNH

CH3

CH3

S
CH3

OH

MS,  MS2,  Library MS2

MS,  MS2,  Exp. data

Example Minimum data requirements

Level 4: Unequivocal molecular formula

Level 5: Exact mass of interest

C6H5N3O4

192.0757

MS isotope/adduct

MS

Level 3: Tentative candidate(s)
structure, substituent, class MS,  MS2,  Exp. data

https://pubs.acs.org/doi/abs/10.1021/es5002105
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McEachran et al. 2018, DOI: 10.1186/s13321-018-0299-2; Schymanski & Williams, 2017 ES&T DOI: 10.1021/acs.est.7b01908

“MS-ready” Form for MetaData in MetFrag

https://doi.org/10.1186/s13321-018-0299-2
https://pubs.acs.org/doi/abs/10.1021/acs.est.7b01908
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MetFrag – Example with Nicotine VI
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Why THS is different to SHS

Jacob et al. Chem. Res. Toxicol. (2016). DOI 10.1021/acs.chemrestox.6b00343

California THS Consortium

Ratio
NNK : Nicotine
in house dust

Ratio of 
NNAL : Cotinine
in urine

NNK : Nicotine NNAL : Cotinine

https://pubs.acs.org/doi/abs/10.1021/acs.chemrestox.6b00343
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THS in Tarragona, Spain

Ramírez et al. Environment International (2014). DOI: 10.1016/j.envint.2014.06.012

Age (years old)      Mean Max. Mean Max.
< 1 129 1637 11 25
1-5 136 1729 12 27
6-21 83 1048 7 16
22-70 80 1030 7 16

Nicotine exposure (ng/kg-day)

Lifetime cancer 
risk by age group.

Threshold values

WHO: 10-5

USEPA: 10-6

https://doi.org/10.1016/j.envint.2014.06.012
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THSMOKE on NORMAN SLE

https://www.norman-network.com/nds/SLE/

https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/SLE/
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THSMOKE on CompTox Chemicals Dashboard

https://comptox.epa.gov/dashboard/chemical_lists/THSMOKE

https://comptox.epa.gov/dashboard/chemical_lists/THSMOKE

