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INTRODUCTION

❑ Study of exposome-related pollutants
in surface water
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INTRODUCTION

❑ Use of temporal patterns and geographical data 
➢ Understand pollution sources and risks
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INTRODUCTION

• 102 natural (nearly unmodified) surface water
bodies in Luxembourg

• 2022 report on water quality: NO river in good
condition*

concentration values 

exceeded for e.g.

*: L’Administration de la gestion de l’eau (AGE), Luxembourg (2022) Elaboration du 3e plan de gestion. 
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• Target monitoring of Luxembourgish 
waters by AGE

➢Priority chemicals

➢Catchment specific chemicals

INTRODUCTION

Image taken from Aurich D., et al. forthcoming, Non-Target Screening of Surface Water Samples to Identify Exposome-

Related Pollutants: A Case Study from Luxembourg. Preprint DOI: 10.21203/rs.3.rs-3136123/v1

Cross-border 

input

https://doi.org/10.21203/rs.3.rs-3136123/v1


RESEARCH OBJECTIVES

➢employ NTA as a complementary approach to 

routine target monitoring

➢propose open source and adaptable NT workflow 

➢Identify temporal and/or spatial patterns (potential sources)

➢classify chemicals using different tools
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DATA COLLECTION

• 271 surface water samples (2019-2022)

• Extraction 

• HRMS analysis

Image taken from Aurich D., et al. forthcoming, Non-Target Screening of Surface Water Samples to Identify Exposome-Related Pollutants: A Case Study 

from Luxembourg. Preprint DOI: 10.21203/rs.3.rs-3136123/v1

data analysis
10

doi:10.25345/C55X25P62

mzML

https://doi.org/10.21203/rs.3.rs-3136123/v1
https://doi.org/doi:10.25345/C55X25P62


DATA ANALYSIS

• Open source HRMS data processing workflow in 

• NTA via patRoon:

o ‘Sets’ workflow (positive and negative)

o xcms for feature finding (optimized) and grouping

o mzR to generate peak lists

o MetFrag (PubChemLite) for compound annotation

o adapted identification level scheme* :

*Talavera Andújar et al., DOI: 10.1007/s00216-022-04207-z 11

Level individualMoNAScore

2 > 0.9

3a 0.7-0.9

3b 0.4-0.7

good MSMS 

library match

code

poor MSMS 

library match

https://doi.org/10.1007/s00216-022-04207-z


Level 
3b

ANNOTATIONS

378 unique 
(exposome-related) 

chemicals

Level 
2

Level

3a

2479
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CLASSIFICATION

Image taken from Aurich D., et al. forthcoming, Non-Target Screening of Surface Water Samples to Identify Exposome-Related Pollutants: A Case Study from Luxembourg. Preprint DOI: 10.21203/rs.3.rs-3136123/v1

Example for 

2021

http://classyfire.wishartlab.com/

13

https://doi.org/10.21203/rs.3.rs-3136123/v1
http://classyfire.wishartlab.com/
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TEMPORAL VARIATIONS

Image taken from Aurich D., et al. forthcoming, Non-Target Screening of Surface Water Samples to Identify Exposome-Related Pollutants: A Case Study from Luxembourg. Preprint DOI: 10.21203/rs.3.rs-3136123/v1
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POLLUTANTS IN SURFACE WATERS

• Comparison to AGE monitoring lists (2019, 2020) and 2022 water report 

➢40 chemicals overlapping 

➢including 8 (of 16) catchment specific pollutants

➢338 chemicals not covered by lists

➢evaluation based on frequency of occurrence 

(number of months out of 34)

➢exclusion of chemicals without environmental/health effect (                 )
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POLLUTANTS IN SURFACE WATERS

• Chemicals with high occurrence (not monitored by AGE):

17

Synonym Use Parent Name PubChem CID No of occurences
Irbesartan pharmaceutical - 3749 32

Amisulpride pharmaceutical - 2159 31
Telmisartan pharmaceutical - 65999 26
Celiprolol pharmaceutical - 2663 25

Fluconazole pharmaceutical - 3365 25
Trimethoprim pharmaceutical - 5578 24

4-Acetamidoantipyrine pharmaceutical Metamizole 65743 23
4-NP industrial - 980 22

Desvenlafaxine pharmaceutical Venlafaxine 125017 22
TCEP flame retardant - 8295 19
TCPP flame retardant - 26176 19

triethyl phosphate industrial - 6535 18
Adipic acid industrial - 196 18

4-Formylaminoantipyrine pharmaceutical Aminopyrine 72666 17
Carbamazepine-10,11-epoxide pharmaceutical Carbamazepine 2555 15

Dibutyl phthalate industrial - 3026 14
PFOA industrial - 9554 14

2-Hydroxycarbamazepine pharmaceutical Carbamazepine 129274 14

3-Hydroxypyridine industrial - 7971 13
Tributylamine industrial - 7622 13

D617 pharmaceutical Verapamil 93168 13
Sulisobenzone consumer products - 19988 13

Ensulizole consumer products - 33919 13



POLLUTANTS IN SURFACE WATERS

• Chemicals with high occurrence (not monitored by AGE):

18

➢ some TPs appear more often 

than their (monitored) parent

Synonym Use Parent Name PubChem CID No of occurences
Irbesartan pharmaceutical - 3749 32

Amisulpride pharmaceutical - 2159 31
Telmisartan pharmaceutical - 65999 26
Celiprolol pharmaceutical - 2663 25

Fluconazole pharmaceutical - 3365 25
Trimethoprim pharmaceutical - 5578 24

4-Acetamidoantipyrine pharmaceutical Metamizole 65743 23
4-NP industrial - 980 22

Desvenlafaxine pharmaceutical Venlafaxine 125017 22
TCEP flame retardant - 8295 19
TCPP flame retardant - 26176 19

triethyl phosphate industrial - 6535 18
Adipic acid industrial - 196 18

4-Formylaminoantipyrine pharmaceutical Aminopyrine 72666 17
Carbamazepine-10,11-epoxide pharmaceutical Carbamazepine 2555 15

Dibutyl phthalate industrial - 3026 14
PFOA industrial - 9554 14

2-Hydroxycarbamazepine pharmaceutical Carbamazepine 129274 14

3-Hydroxypyridine industrial - 7971 13
Tributylamine industrial - 7622 13

D617 pharmaceutical Verapamil 93168 13
Sulisobenzone consumer products - 19988 13

Ensulizole consumer products - 33919 13



POLLUTANTS IN SURFACE WATERS

• Chemicals with high occurrence (not monitored by AGE):

19

➢ OPFRs 

Synonym Use Parent Name PubChem CID No of occurences
Irbesartan pharmaceutical - 3749 32

Amisulpride pharmaceutical - 2159 31
Telmisartan pharmaceutical - 65999 26
Celiprolol pharmaceutical - 2663 25

Fluconazole pharmaceutical - 3365 25
Trimethoprim pharmaceutical - 5578 24

4-Acetamidoantipyrine pharmaceutical Metamizole 65743 23
4-NP industrial - 980 22

Desvenlafaxine pharmaceutical Venlafaxine 125017 22
TCEP flame retardant - 8295 19
TCPP flame retardant - 26176 19

triethyl phosphate industrial - 6535 18
Adipic acid industrial - 196 18

4-Formylaminoantipyrine pharmaceutical Aminopyrine 72666 17
Carbamazepine-10,11-epoxide pharmaceutical Carbamazepine 2555 15

Dibutyl phthalate industrial - 3026 14
PFOA industrial - 9554 14

2-Hydroxycarbamazepine pharmaceutical Carbamazepine 129274 14

3-Hydroxypyridine industrial - 7971 13
Tributylamine industrial - 7622 13

D617 pharmaceutical Verapamil 93168 13
Sulisobenzone consumer products - 19988 13

Ensulizole consumer products - 33919 13



POLLUTANTS IN SURFACE WATERS

• Chemicals with high occurrence (not monitored by AGE):

20

➢ industrial chemicals examples:

4-NP, DBP, PFOA…

➢ pharmaceuticals dominating

Synonym Use Parent Name PubChem CID No of occurences
Irbesartan pharmaceutical - 3749 32

Amisulpride pharmaceutical - 2159 31
Telmisartan pharmaceutical - 65999 26
Celiprolol pharmaceutical - 2663 25

Fluconazole pharmaceutical - 3365 25
Trimethoprim pharmaceutical - 5578 24

4-Acetamidoantipyrine pharmaceutical Metamizole 65743 23
4-NP industrial - 980 22

Desvenlafaxine pharmaceutical Venlafaxine 125017 22
TCEP flame retardant - 8295 19
TCPP flame retardant - 26176 19

triethyl phosphate industrial - 6535 18
Adipic acid industrial - 196 18

4-Formylaminoantipyrine pharmaceutical Aminopyrine 72666 17
Carbamazepine-10,11-epoxide pharmaceutical Carbamazepine 2555 15

Dibutyl phthalate industrial - 3026 14
PFOA industrial - 9554 14

2-Hydroxycarbamazepine pharmaceutical Carbamazepine 129274 14

3-Hydroxypyridine industrial - 7971 13
Tributylamine industrial - 7622 13

D617 pharmaceutical Verapamil 93168 13
Sulisobenzone consumer products - 19988 13

Ensulizole consumer products - 33919 13



GEOGRAPHICAL VARIATIONS

• Example: 
o river Chiers (border to France)

ocomparison of results (    ) to WWTP inlet sampling    (different 2022 study)

21
Image modified from Aurich D., et al. forthcoming, Non-Target Screening of Surface Water Samples to Identify Exposome-Related Pollutants: A Case Study from Luxembourg. 

Preprint DOI: 10.21203/rs.3.rs-3136123/v1

409 chemicals

343 chemicals 

https://doi.org/10.21203/rs.3.rs-3136123/v1


POTENTIAL SOURCES OF POLLUTANTS

• Example: 
o river Chiers (border to France)

ocomparison to prior WWTP inlet sampling (different study)

22
Image taken from Aurich D., et al. forthcoming, Non-Target Screening of Surface Water Samples to Identify Exposome-Related Pollutants: A Case Study from Luxembourg. 

Preprint DOI: 10.21203/rs.3.rs-3136123/v1

178 overlapping chemicals
(36 agrochemicals, 130 pharmaceuticals)

165 chemicals found only at border
(e.g. pregabalin, tramadol, benzotriazoles, PFNA, PFHpA…) 

https://doi.org/10.21203/rs.3.rs-3136123/v1


POTENTIAL SOURCES OF POLLUTANTS

23
Image taken from Aurich D., et al. forthcoming, Non-Target Screening of Surface Water Samples to Identify Exposome-Related Pollutants: A Case Study from Luxembourg. 

Preprint DOI: 10.21203/rs.3.rs-3136123/v1

https://doi.org/10.21203/rs.3.rs-3136123/v1


❑Study of exposome-related pollutants in surface water

➢annotation of 378 exposome-related chemicals

❑Use of classification schemes, temporal patterns & geographical data 

➢ understand pollution sources and risks

❑Use of NTA method as an addition to routine monitoring

❑Future work: 

❑Confirm and quantify annotated chemicals

❑Expand the monitoring list

CONCLUSION AND PERSPECTIVES

24
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❑Study of exposome-related pollutants in surface water

➢annotation of 378 exposome-related chemicals

❑Use of classification schemes, temporal patterns & geographical data 

➢ understand pollution sources and risks

❑Use of NTA method as an addition to routine monitoring

❑Future work: 

❑Confirm and quantify annotated chemicals

❑Expand the target monitoring list

CONCLUSION AND PERSPECTIVES
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ADDITIONAL MATERIAL
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• Target monitoring of Luxembourgish waters
by AGE

• Priority chemicals:
o2019 list: ~ 100 chemicals

o2020 list: ~ 200 chemicals

• 2022 water quality report:
o~ 80 chemicals/ chemical classes

o16 catchment specific chemicals

ADDITIONAL MATERIAL

Image taken from Aurich D., et al. forthcoming, Non-Target Screening of 

Surface Water Samples to Identify Exposome-Related Pollutants: A Case 

Study from Luxembourg. Preprint DOI: 10.21203/rs.3.rs-3136123/v1

https://doi.org/10.21203/rs.3.rs-3136123/v1


ADDITIONAL MATERIAL

Example for 

April 2020

Image taken from Aurich D., et al. forthcoming, Non-Target Screening of Surface Water Samples to Identify Exposome-Related Pollutants: A Case Study from Luxembourg. 

Preprint DOI: 10.21203/rs.3.rs-3136123/v1
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* Talavera Andújar et al. 

DOI: 10.1007/s00216-022-04207-z
*

https://doi.org/10.21203/rs.3.rs-3136123/v1
https://doi.org/10.1007/s00216-022-04207-z


ADDITIONAL MATERIAL
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Singh et al. 2021

DOI:10.1021/acsenvironau.1c00008



ADDITIONAL MATERIAL

Sum of level 2, 3a and 3b annotations

Image taken from Aurich D., et al. forthcoming, Non-Target Screening of Surface Water Samples to Identify Exposome-Related Pollutants: A Case Study from Luxembourg. 

Preprint DOI: 10.21203/rs.3.rs-3136123/v1

33
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• Focus only on agrochemicals (Krier et al.) or pharmaceuticals (Singh et al.)

ADDITIONAL MATERIAL
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