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Context
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Context

Classic protocols for fate assessment

Half-life (DT50) approach:

• Studies the persistence of known compounds

• It is the time taken for a molecule to have 50% of its initial quantity disappeared

• Tracks targeted compounds’ transformation through the time

• Applicable for the active substance of synthetic pesticides
https://ec.europa.eu/, October 12, 2020

Glyphosate Atrazine 2,4-D

https://pubchem.ncbi.nlm.nih.gov/compound/2256
https://pubchem.ncbi.nlm.nih.gov/compound/3496
https://pubchem.ncbi.nlm.nih.gov/compound/1486
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Context

Classic protocols for fate assessment: limitations for biopesticides studies

• Half-life:

 Not applicable for biopesticides with partially-unknown compositions

 Not applicable for microorganisms based-biopesticides

 Cannot reveal novel transformation by-products

 No information about the environmental impact

For such complex products.. 

How could it be done?

Bacillus thuringiensis morrisoni toxin crystals

https://commons.wikimedia.org/, November 20, 2020

https://commons.wikimedia.org/wiki/File:Bt-toxin-crystals.jpg
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Context

“Environmental Metabolic Footprinting” as an alternative proxy

Patil et al. Sci Total Environ (2016), 566-567:552–558

Salvia et al. Environ Sci Pollut Res Int (2017), 25(30):29841–29847
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Context

“Environmental Metabolic Footprinting” as an alternative proxy

Fate

Impact
Patil et al. Sci Total Environ (2016), 566-567:552–558

Salvia et al. Environ Sci Pollut Res Int (2017), 25(30):29841–29847
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Context

“Environmental Metabolic Footprinting” as an alternative proxy

Fate

Impact

Meta-metabolome
(< 1000-1500 Da)

Patil et al. Sci Total Environ (2016), 566-567:552–558

Salvia et al. Environ Sci Pollut Res Int (2017), 25(30):29841–29847
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Context

“Environmental Metabolic Footprinting” as an alternative proxy
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Context
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“Environmental Metabolic Footprinting”: development and challenges
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Extraction development
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Extraction development

Why the extraction?

Meta-metabolome is the information source for the EMF:

 Xenometabolome: information about the fate

 Endometabolome: information about the impact
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Meta-metabolome is the information source for the EMF:

 Xenometabolome: information about the fate

 Endometabolome: information about the impact

To collect this information:

“Optimal” meta-metabolome

extraction is the key-step

Extraction development

Why the extraction?
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Extraction development

To maximize the meta-metabolic information:

Extract a maximum number of both xeno and endometabolites

Cover a wide range of polarity  various families of metabolites

Reasonable balance between wide polarity coverage & extraction yield

Aims:

Enhancing the detection of pesticide components and their TPs (fate)

Increasing the probability to detect environmental biomarkers (impact)

What are the requirements?



14/46H. Ghosson et al., Biocontrol 2022, Perpignan, France

Extraction development

Experimental design

Total 
Sand
55%

Total 
Silt
29%

Total 
Clay
16%

Perpignan (SP)

Total 
Sand
20%

Total 
Silt
59%

Total 
Clay
21%

Torreilles (ST)

Silt Loam soil

Sandy Loam soil

© Google

© Hikmat Ghosson

CRIOBE USR 3278 – EPHE-CNRS-UPVD

© Hikmat Ghosson

CRIOBE USR 3278 – EPHE-CNRS-UPVD

https://www.google.com/maps
https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Laboratory soil microcosms for the 2 different soils (SP & ST):

 3 environmental modalities with 5 replicates for each:

 Unpolluted Control soil (Ctr)

 Soil polluted with Tartan Super 360™: Formulated Glyphosate/Diquat (Gly)

 Soil polluted with Beloukha®: Formulated Nonanoic acid (Bel)*

 To compare two different soil treatments with different natures & polarities

Glyphosate Diquat Nonanoic acid

Spiking:

1× the field 

dose

*: POCTEFA PALVIP project (finished)

© Hikmat Ghosson

CRIOBE USR 3278 – EPHE-CNRS-UPVD

Experimental design

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
https://pubchem.ncbi.nlm.nih.gov/compound/8158
https://pubchem.ncbi.nlm.nih.gov/compound/3496
https://pubchem.ncbi.nlm.nih.gov/compound/6794
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Extraction development

Experimental design

Romdhane et al. Front Microbiol (2016), 7:775

Anastassiades et al. EURL-SRM (2016), V9.1

Ghosson, Ph.D. Thesis (2020)

5 different protocols with different solvents and reagents were applied:

 E1: Simple extraction based on acidified (HCl) Ethyl Acetate (Romdhane et al.)

 E2: Simple extraction based on Methanol (Anastassiades et al.)

 E3: Simple extraction based on Methanol + 1% FA (v/v) (Anastassiades et al.)

 E4: Two-steps extraction based on miscible mixtures of solvents (Ghosson 2020)

 E5: Two-steps extraction based on miscible mixtures of acidified solvents (Ghosson 2020)

Total number of samples: 2 × 3 × 5 × 5 = 150

© Hikmat Ghosson

CRIOBE USR 3278 – EPHE-CNRS-UPVD

© Hikmat Ghosson

CRIOBE USR 3278 – EPHE-CNRS-UPVD

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Chemical analyses

LC: Vanquish UHPLC+ Focused System (Thermo Fisher Scientific)

 Modified C18 UHPLC Column (polar analytes retention enhanced)

 20 min/run

HRMS: maXis ESI-Q/ToF System (Bruker)

 Scan range: m/z 90-1000

 Resolution (at FWHM):

 23000-26500 at m/z 90.9766-974.8133

 Max Res. of 35500 at m/z 226.9516 (S/N: 10800.3)

© Hikmat Ghosson

CRIOBE USR 3278 – EPHE-CNRS-UPVD

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Raw data
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https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development
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Blank Extraction
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Extraction development
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Blank Extraction
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https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Optimal extraction..?

LC-HRMS data are more complex than they appear…

 Assessing Chromatograms: is it sufficient to define the “optimal” 

extraction?

 How to judge the “optimum” for a “without a priori” untargeted 

approach?

 Which criteria and parameters to assess?

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Optimal extraction..?

 Criteria to judge the optimal extraction:

1. The ability to cover the largest range of polarity (qualitative)

2. The best extraction yield (quantitative)

3. The best reproducibility

4. The performance in discrimination between polluted and unpolluted groups 

(EMF objective)

Untargeted metabolomics preprocessing & statistical tools:

To be exploited… 

Chong et al. Nucleic Acids Res (2018), 46:486–494

Giacomoni et al. Bioinformatics (2015), 31(9):1493–1495

Guitton et al. Int J Biochem Cell Biol (2017), 93:89–101

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
https://www.metaboanalyst.ca/
https://workflow4metabolomics.usegalaxy.fr/
https://rstudio.com/
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Extraction development

Data transformation

 Transformation of raw LC-HRMS data to processed data matrix (3D: Molecular traces; Samples; Intensities)

 Data matrix allows simplifying results visualization and revealing minor molecular information

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction efficiency

 Criteria to judge the optimal extraction:

1. The ability to cover the largest range of polarity (qualitative)

2. The best extraction yield (quantitative)

3. The best reproducibility

4. The performance in discrimination between polluted and unpolluted groups 

(EMF objective)

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction efficiency

Heatmap is a powerful tool

to visualize the whole data matrix
Wilkinson & Friendly. Am Stat (2009), 63(2):179-184

 The 3D (Molecular traces; Samples; Intensities) are 

projected in a colored figure

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction efficiency

Heatmap is a powerful tool

to visualize the whole data matrix
Wilkinson & Friendly. Am Stat (2009), 63(2):179-184

 The 3D (Molecular traces; Samples; Intensities) are 

projected in a colored figure

 Samples can be sorted following the examined 

factors

 E1: EtOAc + HCl

 E2: MeOH

 E3: MeOH + FA

 E4: DE-Mix

 E5: DE-Mix Acid

: Soil Perpignan – Bel

: Soil Perpignan – Ctr

: Soil Perpignan – Gly

: Soil Torreilles – Bel

: Soil Torreilles – Ctr

: Soil Torreilles – Gly

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction efficiency

Heatmap is a powerful tool

to visualize the whole data matrix
Wilkinson & Friendly. Am Stat (2009), 63(2):179-184

 The 3D (Molecular traces; Samples; Intensities) are 

projected in a colored figure

 Samples can be sorted following the examined 

factors

 Molecular traces are sorted following their behavior 

through samples

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction efficiency

Heatmap is a powerful tool

to visualize the whole data matrix
Wilkinson & Friendly. Am Stat (2009), 63(2):179-184

 The 3D (Molecular traces; Samples; Intensities) are 

projected in a colored figure

 Samples can be sorted following the examined 

factors

 Molecular traces are sorted following their behavior 

through samples

 Intensities are represented by color gradient

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction efficiency

E1: EtOAc + HCl

E2: MeOH

E3: MeOH + FA

E4: DE-Mix

E5: DE-Mix Acid

Condition indicators:

: Soil Perpignan – Bel

: Soil Perpignan – Ctr

: Soil Perpignan – Gly

: Soil Torreilles – Bel

: Soil Torreilles – Ctr

: Soil Torreilles – Gly

Log scale

Endometabolites more 

detected in E4 and E5

Endometabolites more 

detected in E2 and E3

Endometabolites more 

detected in E2, E3, E4 and E5

 Compromises to be done

 Other criteria to be decisive

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction efficiency

E1: EtOAc + HCl

E2: MeOH

E3: MeOH + FA

E4: DE-Mix

E5: DE-Mix Acid

Condition indicators:

: Soil Perpignan – Bel

: Soil Perpignan – Ctr

: Soil Perpignan – Gly

: Soil Torreilles – Bel

: Soil Torreilles – Ctr

: Soil Torreilles – Gly

Log scale

Xenometabolome originating 

from Tartan Super 360™

herbicide

 Intensity increasing

from E1 to E5

 Highest intensities in E4

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction efficiency

Xenometabolome

originating from Beloukha®

herbicide

E1: EtOAc + HCl

E2: MeOH

E3: MeOH + FA

E4: DE-Mix

E5: DE-Mix Acid

Condition indicators:

: Soil Perpignan – Bel

: Soil Perpignan – Ctr

: Soil Perpignan – Gly

: Soil Torreilles – Bel

: Soil Torreilles – Ctr

: Soil Torreilles – Gly

Log scale

 Intensity increasing from 

E1 to E5

 Xenometabolites only

detected in E4 and E5

 Highest intensities in E4

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction reproducibility

 Criteria to judge the optimal extraction:

1. The ability to cover the largest range of polarity (qualitative)

2. The best extraction yield (quantitative)

3. The best reproducibility

4. The performance in discrimination between polluted and unpolluted groups 

(EMF objective)

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction reproducibility

 Euclidean Distances calculation: to assess extraction’s “inter-replicates” reproducibility

E1: EtOAc + HCl

E2: MeOH

E3: MeOH + FA

E4: DE-Mix

E5: DE-Mix Acid

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction reproducibility

 Euclidean Distances calculation: to assess extraction’s “inter-replicates” reproducibility

Mean of Euclidean Distance:

Systematic variation

(Homogeneous variation 

between replicates)

E1: EtOAc + HCl

E2: MeOH

E3: MeOH + FA

E4: DE-Mix

E5: DE-Mix Acid

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction reproducibility

 Euclidean Distances calculation: to assess extraction’s “inter-replicates” reproducibility

SD of Euclidean Distance:

Random variation

(Heterogeneous variation 

between replicates)

E1: EtOAc + HCl

E2: MeOH

E3: MeOH + FA

E4: DE-Mix

E5: DE-Mix Acid

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Extraction reproducibility

 Euclidean Distances calculation: to assess extraction’s “inter-replicates” reproducibility

E1: EtOAc + HCl

E2: MeOH

E3: MeOH + FA

E4: DE-Mix

E5: DE-Mix Acid



 

×

 Good reproducibility

 Low efficiency

 Best compromise

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Discrimination ability

 Criteria to judge the optimal extraction:

1. The ability to cover the largest range of polarity (qualitative)

2. The best extraction yield (quantitative)

3. The best reproducibility

4. The performance in discrimination between polluted and unpolluted groups 

(EMF objective)

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Discrimination ability

 OPLS-DA is an explicative, supervised multivariate statistical analysis

 It allows to assess the ability and the predictivity of an extraction to discriminate between a 

control group of soil samples and a herbicide-spiked group of soil samples

Trygg & Wold. J Chemometrics (2002), 16:119–128

Boccard & Rutledge. Anal Chim Acta (2013), 769:30–39

Q2: Predictivity

R2Y: Groups correlation to the discrimination 

(model performance)

R2X: % of variations explained by  

the discriminant component (p) 

(“between-groups” variations)

Cross-Validation test

Intra-group variation

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Discrimination ability

SP ST

p1 o1 p1 o1

R2X R2Y Q2 R2X R2Y Q2 R2X R2Y Q2 R2X R2Y Q2

Gly

E1 17.90 97.40 61.20 14.00 02.51 03.33 16.70 98.50 60.00 10.90 01.51 04.51

E2 19.30 96.40 67.10 12.40 03.21 04.34 17.70 98.10 63.00 10.50 01.74 04.21

E3 16.60 95.80 66.10 15.30 03.56 05.07 18.50 95.60 59.90 13.20 04.19 02.68

E4 24.90 97.70 80.80 10.60 02.14 02.63 20.10 97.80 72.10 13.50 02.06 05.51

E5 20.30 96.40 70.20 10.20 03.37 10.40 18.60 97.00 63.30 13.60 02.83 05.54

Bel

E1 22.10 99.40 77.50 12.00 00.58 03.46 19.90 96.40 68.60 13.20 03.51 03.53

E2 29.80 98.60 88.40 11.90 01.31 02.56 29.40 96.50 85.60 09.71 03.40 01.34

E3 26.80 97.40 81.60 09.72 02.43 03.46 25.60 96.50 81.00 13.40 03.35 03.30

E4 37.20 98.90 93.40 10.70 01.07 01.39 33.00 98.00 90.80 15.00 01.87 02.53

E5 34.20 96.90 88.40 09.83 02.84 01.17 31.80 98.40 90.00 10.00 01.43 02.42

https://www.poctefa.eu/fr/listes-de-projets/detail-du-projet/?IdProyecto=63932bfe-f1de-461b-adc5-664211b79add
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Extraction development

Summary

 The novel mix-based extractions are promising for the EMF approach

 Compared to classic simple extractions, those protocols can assure:

 A highly efficient xenometabolome extraction

 A wide coverage of endometabolome in term of polarity

 An acceptable reproducibility

 A good ability to discriminate between polluted and unpolluted soils
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Extraction development

Summary

 A novel approach for methodological development based on 

untargeted metabolomics tools was set-up:

 Heatmap  exhaustive qualitative and quantitative assessment

 Euclidean Distances  to assess reproducibility

 OPLS-DA  to assess the ability to respond to the environmental objective

(discrimination between the two conditions)
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Perspectives

What is next?

• Chemometric and statistical workflows are being in-depth investigated for 

kinetics studies (IMpACT Project)

• Further laboratory and field applications: towards assessing the 

environmental fate and impact of complex (bio)pesticides
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Perspectives

Stay tuned with the NEXT PRESENTATION:

O27 – Application of an innovative method to study the future and the environmental 

impact of biopesticides: results and prospects

A. Mejait et al.

• Chemometric and statistical workflows are being in-depth investigated for 

kinetics studies (IMpACT Project)

• Further laboratory and field applications: towards assessing the 

environmental fate and impact of complex (bio)pesticides

What is next?
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