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Overview of Current Activities
Michelangelo Anastassiades

Enabling a more judicious and efficent
analysis of alkylene-bis-DTC fungicides by
screening for marker substances
Eric Eichhorn

Facing analytical challenges DTC analysis ï
step by step
Hubert Zipper
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Technical Assistance to COM/EFSA

Pesticide(re-)evaluations

MRL-Re-evaluations (periodic): Art. 12 of Reg. 396/2005/EC 

MRL-Re-evaluations in caseof exposureconcerns: Art. 43 of Reg. 396/2005

RenewalAssessments: Art. 12 of Reg. 1107/2009/EC(Reg. 844/2012/EC) 

Other (e.g. Background levelsevaluation, Evaluation of substancesnot requiringaw[ǎ Χύ

EFSA 
Member State-Consultation

EFSA
DraftReasonedOpinion

COM
Consultation

EURL-Input

COM
DraftRegulation



Pesticide(re-)evaluations(Art. 12, Art. 43, New ActiveSubstances,..) 

Å Check proposedRDs & suggestimprovementsif needed

Å Analytical feasibility = monitorability (canRD be reasonablycoveredusingtypicalroutine instrumentation, are
necessaryanalyticalstandardscommerciallyavailableΧύΣ 

Å Specificity(check if analytescanoriginatefrom other sources)

Å Plausibility(viewresiduefindingsandcheck whetherproposedmarkersareall relevant andif other markersare
morerelevant; check lipophilicity for αόCύά symbol) 

Å ProposeanalyticallyfeasibleLOQs for maincommoditygroups(used for setting the MRL*s)

Å PrepareDraft Evaluation Report andsubmitto EFSA

Å PrepareComments on Draft ReasonedOpinion (drRO) andsubmitto EFSA

Å Addressopen pointsduringpreparationof draft Reg. by COM

Å Comment on draft Regulation (sometimes)

Technical Assistance to COM/EFSA



Technical Assistance to COM/EFSA

Pesticide (re-)evaluations

In 2022-23 alone όǳƴǘƛƭ ŜƴŘ ƻŦ !ǳƎǳǎǘ Ψноύ 

Ҧ 136 Requests by COM / EFSA,  concerning 111 Active Substances

Requests by EFSA 

coordinated by 

EURL-SRM 

Requests by COM 

coordination shared between 

EURL-SRM & EURL-CF 



Technical support to DG-SANTE and EFSA 
Evaluation / re-evaluation of pesticides (Context: Art.12 of Reg. 396/2005 and other)





Draft-RO 

Circulated for Consultation

EU-MSs and EURLs



Considering
Metabolites
RH-141452
RH-141452



Analysis of Fluoride



FLUORIDE

Uptakeby all livingorganisms. 

PesticideUse
Degradation productof sulfuryl fluoride
üApprovedA.S. within the EU 

ü Fumigantfor disinfestationof dry products, e.g. before
transportation, storage, packing, customclearance

üSeparate MRLs for sulfurylfluoride & fluoride anion
[recentlyrevisedby Reg. (EU) 2022/1321], 

SeveralMRLs were lowered! 

Anthropogenicsources
üCoalburning, steelproduction, brickmanufacuring, 

fertilizer production
üContainedin a varietyof products, e.g. tooth paste, 

tablesalt (to preventcaries)

Old MRL (mg/kg) NewMRL (mg/kg)

Coconuts 30 15

Cocoabeans 10 5

Animaltissues 1 0.3

Fruitsandvegetables 2 0.2

Background levelsin food
needto beconsideredwhensettingMRLs !!

Natural Presence
üMinerals (apatite, fluorite, fluorapatite, cryolithΧύ 
üWater(fluoride ion, hexafluorosilicatecomplexΧύΣ 

higherlevelsin calciumdeficientwaters



Determination of fluoride ions in food

ü Protocol for FreshFruitsandVegetables:
α5Lw9/¢ά measurementapproach

CENTRIFUGE(5 min at >3,000 g but preferably>10,000 g); 
preferablycryogeniccentrifugation(e.g. at -10 ÁC)

(if centrifugeisnot refrigerated, swiftly proceedwith centrifugationandthe followingstep
to avoidredissolvationof matrix)

dSPEto Remove Lipids for High Oil Content samples(e.g. avocado):
(thisstepmaybeskippedif sample was centrifugedfrozenŀǘ Җ -10 ÁC andҗ нл Ƴƛƴύ

TRANSFER4 mLraw extractinto a tubecontaining200 mg C18-sorbent,
SHAKE for 1 min andCENTRIFUGE(>3,000 g for 5 min)

Take an aliquot, e.g. 2 mL, and add 2 mL TISAB II

Weigh sample homogenate into a 50 mL centrifuge tube

Fruit and vegetables: 10 g Ñ0.1 g;

Dry commodities: 5 g Ñ0.05 g

ADJUST WATER CONTENT of sample to 10 mL(Mandatory asno IL-IS canbe used)  

e.g. +0.5 mLfor matriceswith 90% water content; +2 mLwater to 10 g potato; 
+ 3.5 mLwater to 10 g garlic; +10 mLto dry commodities

ADD EXTRACTION SOLVENT (10 mLmethanol containing1 % formic acid)

PreferablyFREEZE-OUT extractuntil completelyfrozen
e.g. >90 min at -18ÁC or ca. 30 min at -80 ÁC

SHAKE thoroughly for 1 min

WITHDRAW SUPERNATANT AND FILTER it into a plasticvesselsuitablefor measurement
(usesyringefilter of 0.2 µm poresize; e.g. H-PTFE) 

(withdrawcoldsupernatantquicklyafter centrifugationto avoidthat matrixcomponentsredissolve)

Measurement by ISE

Measurement by
Ion-Selective

Electrode(ISE)

SevenCompactpH/ion meter & PerfectIONϰ comb F electrode;
Mettler Toledo

Standard QuPPeprotocol



Weigh sample homogenate into the outer sector of the microdiffusion cell

Dry commodities: 0.5 g Ñ0.005 g

Fill the inner sector of the microdiffusion cell with 1 mL 0.1 M NaOH

(Fluoride trapping solution)

Add 4 mL HMDS-saturated 5 M HClO4 solution to the sample homogenate in the 

outer sector of the microdiffusion cell (Diffusion solution)

Fluoride diffusion:

a) 48 h at room temperature 

OR b)   5 h at 50 ÁC

Transfer the solution into a vessel suitable for ISE measurement, 

e.g. tapered 10 mL or 50 mL-centrifugal tube

Close the cell gas tight by using Vaseline on the lid

Add 1 mL TISAB II solution to the trap solution in the inner sector

Measurement by ISE

innersector

outer sector

lid

dry sample in outer sector
sample + HMDS-sat. HClO4

in outer sector

trap solutionin 
innersector

ProcedureusingMicrodiffusion Cells:

ü Protocol for Dry Commodities
(also applicableto wet commod. driedwithin the cell)

Determination of fluoride ions in food

Measurement usingan 
Ion-SelectiveElectrode

(ISE) after microdiffusion

SevenCompactpH/ion meter & PerfectIONϰcomb F
electrode; Mettler Toledo



Determination of fluoride ions in food

Impact of Temperatureto Speed up Microdiffusion

innersector

outer sector

lid

dry sample in outer sector
sample + HMDS-sat. HClO4

in outer sector

trap solutionin 
innersector





Analysis of 
Captan/THPI & Folpet/PI



Determination of phthalimide and tetrahydrophthalimide using LC-MS/MS

CAPTAN

FOLPET

Tetrahydrophthalimide

e.g. during:

Å Homogenization

Å Storage of defrosted Homogenates

Å Extraction/Cleanup

Å Storage of Extracts

Å GC-injectiion

Degradation especially at 

Phthalimide

Å High pH

Å High temperature



Analysis of Captan (sum) and Folpet (sum)

New EU Residue Definitions since 2016:

Captan including tetrahydrophthalimid (THPI), calculated as captan

Folpet including phthalimid (PI), calculated as folpet



Analysis of Captan (sum) and Folpet (sum)

a) Transform Parents into THPI/PI prior to Measurement
VCircumvent Problems in GC (analysis by LC-MS/MS or by GC in absence of parents not problematic)

VOne analyte per RD quantified (Č LOQ clear)

U In case of preliminary screening LOQs/SDLs not clear (LOQs important for negative findings) 
Å Both parents and THPI/PI initially measured/screened (Č summed LOQ (by consensus) or summed SDL (?))

Å Only parents initially measured/screened (Č LOQ/SDL doesótcover full RD)

Å Only THPI/PI initially measured/screened (Č LOQ/SDL doesótcover full RD)

UNo info about presence of parents (unless screened separately) (presence provide usefull evidence about

use of parents, e.g. PI has multiple sources)

URisk asessment compromized (no info about residue levels of individual components)

b) Measure all Components Individually (Captan/Folpet and THPI/PI)
V Full information about residue situation and LOQs of all components (accurate risk asessement possible)

VDifficulties in GC-analysis (need to compensate ME of parents, avoid overestimation of THPI/PI)

DILEMMA 1: Convert Parents to THPI/PI or Not?



Analysis of Captan (sum) and Folpet (sum)

Transformation in wet homogenates:

ÅPassive transformation

ÅActive transformation (at higher pH) 

Transformation QuEChERS extracts:

ÅPassive: non-re-acidified extracts after PSA 

ÅActive: adding base to extract)

Typically good conversion yields, 

but é not suitable for a multiresidue setup

(other analytes get lost)

Conversion in non-acidified extracts too slow.

At more harsh conditions (pH ƶ, Temp. ƶ), 

conversion yields drop Ƹ (further degradation of 

THPI/PI ?)

DILEMMA 2: How to Transform Captan/Folpet into THPI/PI 



Determination of phthalimide and tetrahydrophthalimide using LC-MS/MS

Hydrolysis in Homogenates Prior/During Extraction

(at increased pH)

pH 
adjusted 

Delay between 
pH-adjustment  
and extraction 

Extraction 
method 

Shaking 
time 

THPI Captan SUM 
Captan 

 PI Folpet SUM 
Folpet 

pH 7 No delay 

QuEChERS 15 min 

4 106 110 2 113 115 

pH 10 No delay 47 9 56 42 1 43 

pH 7 4h at RT 78 5 83 73 13 86 

pH 10 4h at RT 55 0.0 55 2 0.0 2 

 ĄConversionYieldsnot quantitave

Matrix: Grapes



Stability of Captan during QuEChERS-Extraction: 

Similar results for 

Folpet, Captafol

Avoid prolonguedstanding of 
thawed homogenates !!

ÅGood Rec. w. QuEChERS
ÅModerate losses during PSA-

cleanupand if extracts are not 
re-acidified

Both parents and 

degradants determined 

by LC-MS/MS in this 

experimentExtr. 0h after spiking
No dSPE

Extr. 2h after spiking
No dSPE

Extr. 0h after spiking
dSPE(PSA) 

re-acidified directly 

Extr. 0h after spiking
dSPE(PSA) 

re-acidified after 2h 



DILEMMA 3: Which Techniques to use for Measurement 

Sample Contains

only THPI/PI 
(absenceof parentsdifficult to judge, if extensivelydegradingduringprocedure)

Sample Contains

Parents& THPI/PI 
(often the case)

Passive or Active Transformation of parents
to THPI/PI in Homogenateor Extract

(Conversionnot alwaysquantitative, 
No data on parent)

Approach 1: 
Parents& THPI/PI 

via GC-MS/MS

THPI/PI 
via 

GC-MS(/MS)

THPI/PI 
via

LC-MS(/MS)

Tricky, riskto
overestimatedegradants

specialprocedure
+ Excel sheet(SRM-07)

Approach 2: 
Parentsvia GC-MS/MS
THPI/PI via LC-MS/MS

Approach 3: 
Parentsvia LC-MS/MS
THPI/PI via LC-MS/MS

CURRENTLY PREFERRED
but makesureto address
MEs duringmeasurement

(e.g. ILIS, APs)

Parent analysisvia 
LC-MS/MS lacks

sensitivity



GC-ANALYSIS: OVERESTIMATION OF PI ANDTHPI IN PRESENCE OF PARENTS

MEASUREMENT PI ANDTHPI

Tomatoblank extract (QuEChERS, d-SPE, AP)  
Spikedw. Folpet/ CaptanandPI/THPI  at different levels
Simultaneousmeasurementby GC-MS/MS 

Captan/
THPI

Folpet/
PI

Parent (mg/kg) 0,172 0,249

Degradant(mg/kg) 0,59 0,10

Ratio
Parent/ Degradant

Conc. 1 : 3.5 2.5: 1

Mols 1 : 7 1.3 : 1

FOLPET PI
PI measured 

(calibrated w. PI)

overestimation 

of PI

[ppm] error [%]

0,1 0,1 0,11 27%

0,2 0,1 0,11 22%

0,3 0,1 0,14 53%

0,6 0,1 0,19 116%

1 0,1 0,24 178%

CAPTAN THPI
THPI measured 

(calibrated w. THPI)

overestimation 

of THPI

[ppm] error [%]

0,1 0,1 0,13 31%

0,2 0,1 0,12 20%

0,3 0,1 0,15 50%

0,6 0,1 0,19 102%

1 0,1 0,25 159%

spiked in one vial [ppm]

spiked in one vial [ppm]

Situation in PT-material

Proportionally
More parent

PROBLEM IN GC-ANALYSIS
THE HIGHER THE PARENT: DEGRADANT RATIO 

THE MORE  PRONOUNCED THE OVERESTIMATION 
OF THE RESPECTIVE DEGRADANT !!!



Pos. mode (SRM-49)Neg. mode (SRM-42)

Direct Analysis of PI/THPI using GC or LC-MS/MS - OVERVIEW

Captan/ Folpet(quant)
Need to Compensate MEs 
(e.g. using AP+ ILIS) 

THPI/PI(quant)
Risk of overestimation & FPs! 
Formed in inlet from parents 
+ other potential sources, e.g. 
PhtalanhydrideƷPI, 
CaptafolƷ THPI, 

THPI/PI(qual)
Useful for routine screening !

Neg. mode (SRM-42)

THPI/PI and Parents
Possible but tricky!!
(insource effects),

extra requirements, 
cross-interferences.

e.g. FolpetD4 and PI-
D4 interfere with 

Captan(analyzed as 
THPI) and THPI 

respectively
Lack of sensitivity depending 
on gradient and instrument,
Only one useful MRM for PI

Eluent with 
0,01% acetic 
acid, 
No use of 
NH4formate!!

U

GC(see SRM-07) LC-MS/MS (see SRM-42andSRM-49)

ESI-Mode APCI-Mode

VV

V

U
Special GC-Quantif. involving 
corr. of PI/THPI levels via calc. 
(Excel file linked in SRM-07)V

THPI/PI: THPI/PI: 

Parents: 
[M+H]+ or [M+NH4] adducts 
sensitivity not bad but variable

UParents: 

U

U

https://www.eurl-pesticides.eu/userfiles/file/EurlSRM/EurlSrm_Observation_PT_THPI_230316.pdf
https://www.eurl-pesticides.eu/library/docs/srm/EurlSrm_Observation_Captan_Folpet_LC-V1.pdf
https://www.eurl-pesticides.eu/library/docs/srm/EurlSrm_Observation_Captan_Folpet_LC-V1.pdf
https://www.eurl-pesticides.eu/userfiles/file/EurlSRM/meth_CaptanFolpet_EurlSRM.pdf
https://www.eurl-pesticides.eu/library/docs/srm/EurlSrm_Observation_Captan_Folpet_LC-V1.pdf
https://www.eurl-pesticides.eu/userfiles/file/EurlSRM/EurlSrm_Observation_PT_THPI_230316.pdf
https://www.eurl-pesticides.eu/userfiles/file/EurlSRM/meth_CaptanFolpet_EurlSRM.pdf






Analysis of
Ethylene Oxide



Ethylene Oxide Crisis ïRASFF Notifications

It all beganin the autumn of нлнлΧ
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Ethylene Oxide Crisis ïRASFF Notifications
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2023 (Q1-Q3): 52 Notifications
ÅSpices+ Herbs: 30 (mainlyIN)
ÅFood Supplements: 16
ÅOther: 6 (2x beans, 1x sesame, 

1x guargum, 2x salsa)



Ethylene Oxide Crisis ïComprehensive Pilot Monitoring EURL-SRM / CVUAS
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Non-food

Animal food

Carbonate-containing food

Seafood and algae dried

Other

Baby and infant foods

Pulses

Noodles, plain

Fruits, fresh

Seasoning sauce/paste

Superfood

Cereals+Pseudocereals

Dried fruits, vegies, mushr, algae

Thickener or -containing products

Spices and herbs and teas

Nuts and oily seeds

Food supplements and empty capsules

Instant Noodle Product or Component

No. of samples

w/o residues positive samples w/o MRL exceedances >MRL

2-CE content (mostly) basedon EO-fumigations

Between 01/20 ð12/21:
a total of 1188 samplesanalyzed



Example: 2-CE asa Processing Contaminant:
üCapsules: consistingof modifiedcelluloses

Ą EO-fumigatedcelluloseraw material

üCarbonate-containingProducts:

-Addedasmicro-nutrient (Ca, Mg salts) andfor pH adjustment

ĄFumigationof carbonatesaltsunlikely(microbiologicalstable)!

.¦¢ΧΦΦ

-Carbonate saltsare industriallywashed, driedandpowdered

-Containers cleanedw. polyethoxylate-containingcleansingagents

ĄDegradation resultedin a 2-CE (processingcontamination)

Ethylene Oxide Crisis ïComprehensive Pilot Monitoring EURL-SRM / CVUAS



Ethylene Oxide Crisis ïResults of a comprehensive monitoring program
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Philippines

Austria

non-EU, unspecified

Ukraine

Vietnam

Greece

India

South Korea

Germany

USA

China

unspecified

Thailand

Turkey

Hungary

Indonesia

Korea

Taiwan

Sri Lanka

Brazil

EU, unspecified

Italy

Peru

Columbia

Guatemala

Syria

Europe, unspecified

France

Poland

Percentage of MRL exceedances

7 out of 9 samples: Noodleproductsand/or seasoningsauces

Percentagesof MRL-exceedancesfor European countries wereremarkablyƘƛƎƘΧΦ

- HPMC-capsules
- Calcium carbonate-containingproducts
- Plant powdersfrom non-EU countries

EO-fumigation is prohibited

within the EU since the 1980s□



Analysis of 

Esters and Conjugates 

of acidic pesticides



Intro
Many residue definitions (RDs) entail Esters and/or Conjugates. 

Examples: 

Åα{ǳƳ ƻŦ нΣп-D, its salts, its estersand its conjugates, expr. as 2,4-5έ

Åά{ǳƳ ƻŦ thiabendazole, 5-hydroxythiabendazole and its sulfate conjugate, expressed 
as thiabendazole

{ƻƳŜ w5ǎ Ŝƴǘŀƛƭ ŎƻƴƧǳƎŀǘŜǎ ǿκƻ ŜȄǇƭƛŎƛǘƭȅ ƳŜƴǘƛƻƴƛƴƎ άŎƻƴƧǳƎŀǘŜǎέΥ

Example: 
αSumof all compoundscontainingthe N fluorophenyl-N-isopropylmoiety expressedas
flufenacetequivalentέ 



WhatisunderstoodunderαEstersά within RDs?

Acidic herbicides are approved as active substances and may be used in different variants, 
within PPP-formulations.

Example: 

Active Subst.: 2,4-D  

Variants: 

ÅFree acids

ÅEsters: -ethylhexyl; -isopropyl; -octyl; butoxyethylΧΦ

ÅSalts:  -dimethylamine ~; -diethanolamine~; sodium ~

2,4-D butoxyethyl ester



Importantto know!

Acidsor SaltsČ free acid/anion in equilibrium Ʒ taken up via roots (high polarity)

Esterstaken up via leafs (low to intermediate polarity) 

Esters reported to be quickly enzymatically hydrolysed in plants

Ҧ Residues in food are rare (e.g. fluazifop-butyl sometimes found)

Still esters need to be analytically targeted (formally)
ÅThere can be late applications, where esters are not yet fully metabolized.

ÅThey are explicitly mentioned in the residue definitions



Any esters of acids that are secondarilyformed within  the plant/animal through 
reversible covalent bondingto matrix components are considered conjugates. E.g. glucosides  

αglycosidic-ester linkageά

Glucoside Conjugate of 2,4-D

Ҧ ²ƻǊŘ ά9ǎǘŜǊǎέ ƛƴ w5ǎ ƛǎ ƴƻǘ to be understood in the broad chemical sense!

WhatisunderstoodunderαEstersά within RDs?



How/WhyareconjugatesformedςConj. Phases

Organisms have developed metabolic mechanisms to reduce harmfulness and/or facilitate 
elimination of xenobiotics*

Specialized enzymesareoften involved in these processes.

Xenobiotics-Detoxificationoften divided into 3 Phases: 

ÅModification (bioactivation); e.ghydrolysis, introduction ςOH group

ÅConjugation

ÅTransport/Excretion(animals) or compartmentation/segragation(plants)

* Xenobiotics[Greek = foreign to living organism] = compounds foreign to living organisms (plants/animals)



DetoxificationPhases

Phase I: Introduction of a reactive chemical group 
(e.g. via hydrolysis, oxidation (e.g. hydroxylation), reduction) 
(may be skipped if xenobiotic already entails a reactive group) 

Example:

CH3

CH3

O

N
H

OH

O

CH3

CH3

CH3

O

N
H

O

O

CH3O

O

CH3

CH3CH2OH

CO2

Enzymes

+ H2O

Spirotetramate Spirotetramateenol

Conjugable
group



Phase II: Covalent bonding to natural compound 
(e.g. sugar, amino acid) (Č Conjugation)

Example:

CH3

CH3

O

N
H

OH

O

CH3

Spirotetramateenol

CH3

CH3

O

N
H

O

CH3

O

O

OH OH

OH

OH

Spirotetramateenol glucoside

Enzymes
+ Glucose



Examplesof conjugates

ÅAmino acid conjugates

Aspartate Glutathion-Conjugate
(R-SG)

Glutathion is a tripeptide composed of Glutamin(linked through ɹ -carboxygroup), Cyctein, Glycin



Examples of conjugates

Glucuronides and Sulfateconjugates (in animals)

R. Bérubéet al.: Analytical and Bioanalytical Chemistry volume 410, pages 7275ς7284 (2018)

Glucuronide Sulfate



SpirotetramatEnolglucoside

CH3

CH3

O

N
H

OH

O

CH3

CH3

CH3

O

N
H

O

O

CH3O

O

CH3

CH3

CH3

O

N
H

O

CH3

O

O

OH OH

OH

OH

Å Parent
logKow3.5
at anypH<10 
(computed)

Å Enol
logKow2.4
at pH 4.5 
(computed)

Å Enolglucoside
logKow0.3
(at anypH<10) 
(computed)

How doespolarity shift through glucosylation?

Phase I Phase II



logKow0.50
(at anypH<10) 

logKow0.82 (at pH 4.5) 
logKow-0.52 (at pH 6) 

2,4-D aspartate2,4-D glucoside2,4-D

logKow-0.8 (at pH 4.5) 
logKow-3.3 (at pH 6) 



Analysis of PhenoxyacidConjugatesassuch (via QuEChERS)

QuEChERS-Recoveriesof
glucoside-conjugatesof phenoxyacids

(extractedandmeasuredassuch)

2,4-DP-Glucoside 102

2,4-D-Glucoside 100

Haloxyfop-Glucoside 95

MCPA-Glucoside 87

2,4-DP-Aspartate 95



Problem: Toomanypossibleestersfor someacids
2,4-D, 2-butoxyisopropyl ester

2,4 -D, 2-ethylhexyl ester

2,4 -D, 2-octyl ester

2,4-D, butoxy ethoxy propanol ester

2,4-D, butoxypolyethoxypropyl ester

2,4 -D, butoxypropyl ester

2,4 -D, butyl ester

2,4 -D, chlorocrotyl ester

2,4-D, ethoxyethoxyethyl ester

2,4-D, ethyl ester

2,4 -D, isobutyl ester

2,4 -D, isopropyl ester

2,4 -D, methyl ester

2,4-D, nonyl ester

2,4-D, octyl ester

2,4 -D, polypropoxybutyl ester

2,4 -D, polypropylene glycol ester

2,4 -D, propyl ester

2,4-D, propylene glycol butyl ether ester

2,4-D, propylene glycol isobutyl ether ester

2,4 -D, tetrahydrofurfuryl ester

2,4 -C, tripropylene glycol isobutyl ether ester

Example 2,4-D-Esters



Analysis of all Esters individually

DMany analytes to validate / analyse (most unlikely to be found )

DMany LOQs 

DHuge summed -LOQ

Common moiety analysis (involving hydrolysis of Esters)

CSingle analyte to determine

COne LOQ

DApproach not MRM compatible

DMore work -intensive than normal MRM ( pre -screening for selective use)

DScreening LOQs/SDLs different than actual LOQs of hydrolysis approach .

NOTE: Non -selective HYDROLYSISwill typically cleave both esters and conjugates (at least partly ) 

Č Esters & Conjugates typically go as a package in RDs

Problem: Toomanypossibleestersfor someacids

U

V



Common MoietyApproach

Hydrolysis

Common 
Moiety



Community Reference Laboratory

for Pesticide Residues

using Single Residue Methods

Weigh 10 g of Frozen Sample

Shake

Shake and Centrifuge

Add ISTD-Solution

Analysis of acidic pesticides by LC-MS/MS

Add 10 mL Acetonitrile + 1 mL 5N NaOH

Add 4 g MgSO4 / 1 g NaCl / Citrate Buffer

ü Previous Method: Base added directly to sample homogenate

ü Current Method: Hydrolysis after ACN-addition (1st extraction step) 

Ÿ Efficient Hydrolysis in Dry Matrices and of Resistant Esters 

QuEChERS combined with Alkaline Hydrolysis

Shake for 30 min at 40ÁC

Neutralize with H2SO4 + shake

optionally: 

Cleanup aliquot 

via Freeze-out

Developpedin Collaborationwith
BfR+ German NRL-SRM

1 mL 5N NaOH / 30 min / 40°C 

Not strong enough for complex matrices !



DeconjugationStrategy
Current Approaches (CEN-QuEChERS-based):

ÅEN 15662: Fixed hydrolysis conditions (1 mL NaOH/40°C/30 min), roughlyrepresenting those of applicants.

ÅSRM-43: with 2 additional hydrolysis conditions introduces to cover resistant esters in difficult matrices 
(= 3 conditions in total, depending on matrix)

Envisaged New Approach (Performance-based and method independent): 
Successful hydrolysis judged by the hydrolysis yield of marker compounds
(i.e. judiciously selected hydrolysis-resistant esters and conjugates)

What needs to be done?
Ʒ Check hydrolysis conditions required for saponifyinga selected range of esters in a variety of matrices

Ʒ Check impact of hydrolysis conditions on matrix effects

Ʒ Decide if procedure can be simplified to one single (strong) hydrolysis condition for all types of matrices

Ʒ Select suitable marker compound(s) for checking hydrolysis success

https://www.eurl-pesticides.eu/userfiles/file/EurlSRM/EURL-SRM_Anal_Observ_Report_hydrol_of_Esters&Conj_of_Pesticides_V2.pdf


VariousEsters showdifferent resistanceto hydrolysis

Candidatefor controling
effectivenessof hydrolysis



Mecoprop(sum) in EUPT-SRM15 material (Rice Flour)
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0,3 ml
NaOH

to matrix
RT

5 min

0,3 ml
NaOH

to matrix
RT

30 min

0,3 ml
NaOH

to matrix
RT

60 min

1 ml
NaOH
40°C

30 min

1 ml
NaOH
40°C

120 min

2 ml
NaOH
40°C

30 min

2 ml
NaOH
40°C

120 min

MCPP free acid 
at different conditions of alkaline Hydrolysis 

Set at 100% 
+ very close 

to expected value

SPIKED with
mecoprop-trimethylpentyl



Checking suitability of MCPP-TMP Ester for performance check
Extraction of samples with INCURRED residues

EN15662

HF=9.8

HF= 2.8

HF=1.3

HF=1.5

No hydrolysis

QuEChERS

,

,

SRM-43 SRM-43

HYDROLYSIS
FACTOR

Note: EN15662 conditionsare typically
sufficient for breakingup conjugates!



INCURREDresidues of Fluazifophydrolyzedat variousconditions

Hydrolysis of Conjugates

HF=6 HF=2.2HYDROLYSIS FACTORS



Incurredresidues of 2,4-D in lentils

Hydrolysis of Conjugates

HYDROLYSIS FACTOR 
VERY SMALL
HF closeto 1



Incurredresidues of Fluazifophydrolyzedat variousconditions

strong alkaline hydrolysis conditions

strong acidic hydrolysis conditions

CEN-QuEChERS

mild alkaline hydrolysis conditions

medium alkaline hydrolysis conditions

acidic Combined

HYDROLYSIS FACTOR
(HF) = 2.7



Q1: Whichcommoditiesare relevant in terms of residues of acidicherbicides? 

Q2: What is the share of conjugated acids in samples with incurred residues?

Q3: Is it always worthwhile hydrolyzing samples w. residues of acidic pesticides ?

Q4: Down to which level should free acids be analyzed in the pre-screening, to 
ensure that re-analysis involving hydrolysis is triggered (if levels for the sum 
exceed LOQ)?

s Several questions come up:

How can a method(s) involving hydrolysis be used efficiently in routine ?



Q1: Whichcommoditiesare relevant in terms of residues of acidicherbicides? 
CommodityTypesin which acidicherbicideshavebeenencountered(2010 ς2022) 

Data from CVUAS Routine lab

Commoditieswhereacidsareoften usedasdessicants

Somecommoditieswithin this groupmaybe dessicatedprior to harvest



How can the method(s) involving hydrolysis be used efficiently in routine ?

What needs to be done?

1. Analyzesamples by two approaches and collect the data: 

a. by a method NOTentailing de-conjugation/hydrolysis

b. by a method entailing de-conjugation/hydrolysis

2. Calculate Hydrolysis Factors

Conc. of total aciddeterminedafter Hydrolysis

Conc. of free aciddeterminedw/o Hydrolysis
Hydrolysis Factor(HF)  =  



Q2: What is the share of conjugated acids in samples with incurred residues?

Example: Citrus fruits
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How can the method(s) involving hydrolysis be used efficiently in routine ?

What needs to be done?

3. Evaluate the HF-ŎƻƭƭŜŎǘƛƻƴ ŀƴŘ ǎŜǘ ŀ ǊŜŀǎƻƴŀōƭŜκŘŜǎƛǊŜŘ άquasi-worst-
ŎŀǎŜέ IC όQWC-HF)

4. Considering various factors (achievable LOQ/SDL of pre-analysis, 
ŀŎƘƛŜǾŀōƭŜ [hv ŦƻǊ ǘƘŜ ǎǳƳΣ ƭƻǿŜǎǘ ŘŜǎƛǊŜŘ w[ ŦƻǊ ǘƘŜ ǎǳƳΣ aw[ǎ Χύ 
labs can set reasonable Trigger Levels (TrL) for the pre-analysis 
and if needed adjust RLs for the (sum)

Trigger Level (TrL) * QWC-HF shouldbeҖ  w[ όfor sum)  



Importance of Collecting Hydrolysis Factors (HFs)

HFs facilitate establishment of reasonable trigger levels for re-analysis 
entailing de-conjugation.

If HF is high, the trigger level should be low,  e.g. :
MRL=0.02 mg/kg 
Quasi worst case HF = 5

MRL=0.02 mg/kg 
Quasi worst case HF = 1.3

NOTE: There is some uncertainty in the collected data
Å Hydrolysis conditions might have been to weak for the case
Å Matrix-effects may have not been properly corrected for MEs

Trigger level = 0.004 mg/kg 

Trigger level = 0.01 mg/kg 



H
Y

D
R

O
LY

S
IS

 F
A

C
T

O
R

S
 (

H
F

) 

Q2: What is the share of conjugated acids in samples with incurred residues?

Example: Citrus fruits

F=15 
98% of cases

F=10 
93% of cases

F=5
72% of cases

QWC-HF = 10 
couldbe a reasonablevaluefor 2,4-D, 2,4-DP andMCPA

(sensitivityallowing)

2 extreme casesof 2,4-DP in 
Grapefruit w. HF= 35 and45 

not shownhere!!



QuEChERS(mg/kg) QuEChERS(incl. AH) (mg/kg)

>MRL

Examples of samples where pre-ŀƴŀƭȅǎƛǎ ǾŀƭǳŜǎ ǿŜǊŜ Җ лΦллр ƳƎκƪƎ 
and summed result was >0.01 mg/kg

HFs



Source: CVUA Stuttgart

PossibleQWC-HF = 4
(consideringsmallpopulationof data)

PossibleQWC-HF = 10
Differentiation betweenindividual 
matriceswould be reasonable

PossibleQWC-HF = 4
(consideringthe small
populationof data)

Q2: What is the share of conjugated acids in samples with incurred residues?

Example: Spices



Source: CVUA Stuttgart

PossibleQWC-HF = 3
(the highestvaluemaybe an outlier)

PossibleQWC-HF = 3

Q2: What is the share of conjugated acids in samples with incurred residues?

Example: Solanaceae



PossibleQWC-HF 
15 or 20 for linseeds
3 or 5 for others

PossibleQWC-HF 5

Q2: What is the share of conjugated acids in samples with incurred residues?

Example: Oilseeds

PossibleQWC-HF = 5 or 10
(the highestvaluesmaybe outliers)



PossibleQWC-HF 5

Q2: What is the share of conjugated acids in samples with incurred residues?

Example: Cocoa



Enzyme Group Enzyme Note
working pH 

optimum

xxxNONExxx Acid-H (60°C/60 min) 2 mL 5N H2SO4 ~0

Amidase (protease) Pepsin Porcine Gastric Mucosa ~2

Protease + Lipase Rabbit Gastric Extract first optimum ~2

Glucosidase alpha glucosidase Rice ~4,5

Glucosidase beta Glucosidase almonds ~4,5

Glucuronidase beta Glucuronidase Patella Vulgata ~6

Amidase (protease) Papain Papaya ~6

Amidase (protease) Protease B. licheniformis ~7,5

Esterase Esterase Porcine liver ~7,5

Protease + Lipase Rabbit Gastric Extract second optimum ~8

xxxNONExxx Alk-H (60°C/60 min) 2 mL 5N NaOH ~14

Hydrolysis of Conjugates



Hydrolysis of Conjugates

Amino acid  

Conj.

Ester Amide

Aliphatic Phenolic

Enzyme/Hydrolysis pH

MCPP-

TMP

MCPA-

Glucoside

Haloxyfop-

Glucoside

Pinoxaden 

Metabolit M5

2.4-D-O-

Glucoside

Dichlorprop-

Aspartat

Acid-H (60°C/60 min) ~0 PPP PPP PP P P P

Pepsin ~2 P P P O O O

Rabbit Gastric Extract ~2 P P P O O O

alpha glucosidase ~4,5 PP PPP P O P O

beta Glucosidase ~4,5 PP PPP P PPP PPP O

beta Glucuronidase ~6 PP PPP PP O O O

Papain ~6 PP PPP PP O O O

Protease ~7,5 PP PPP PPP O O O

Esterase ~7,5 PPP PPP PPP O O O

Rabbit Gastric Extract ~8 PP PPP PP O O O

Alk-H (60°C/60 min) ~14 P PPP PPP O PP O

Glycoside-Conjugates

Glycosyl-Esters Acetals 

Amino acid  

Conj.

Ester Amide

Aliphatic Phenolic

Enzyme/Hydrolysis pH

MCPP-

TMP

MCPA-

Glucoside

Haloxyfop-

Glucoside

Pinoxaden 

Metabolit M5

2.4-D-O-

Glucoside

Dichlorprop-

Aspartat

Acid-H (60°C/60 min) ~0 PPP PPP PP P P P

Pepsin ~2 P P P O O O

Rabbit Gastric Extract ~2 P P P O O O

alpha glucosidase ~4,5 PP PPP P O P O

beta Glucosidase ~4,5 PP PPP P PPP PPP O

beta Glucuronidase ~6 PP PPP PP O O O

Papain ~6 PP PPP PP O O O

Protease ~7,5 PP PPP PPP O O O

Esterase ~7,5 PPP PPP PPP O O O

Rabbit Gastric Extract ~8 PP PPP PP O O O

Alk-H (60°C/60 min) ~14 P PPP PPP O PP O

Glycoside-Conjugates

Glycosyl-Esters Acetals 



Analysis of 
Paraquat and Diquat



Slide 74

Á Botharenon-selektive herbicides

Á Botharebannedin the EU Χ ōǳǘ arestill widelyusedelswhere
(e.g. ascrop-desiccants(e.g. on potatoes, oilseeds, cereals)

Analysis of Diquat (DQ) andParaquat(PQ)

Diquat (DQ)

Paraquat(PQ)



Slide 75

Á EU-MRLs mostlyat LOQ with someexeptions

e.g.:

Á PARAQUAT

Á Rice: 0.05 ppm

Á DIQUAT

Á Oats: 2 ppm
Á Potatoes: 0.1 ppm
Á Oil seeds: Linseed5 ppm, Rapeseed: 1.5 ppm, Sunflowerseed0.9 ppm, Soy0.3 ppm, Oat2 ppm
Á Pulses: 0.2 ppm (Peas0.3 ppm), 
Á Treenuts: 0.2 ppm
Á Treefruits: Citrus, Pomefruit, Stone fruit ΧΥ 0.02 ppm
Á Other fruits: Strawberries: 0.05 ppm; Bananas0.02 ppm

Analysis of Diquat (DQ) andParaquat(PQ) ςCritical Points

Vázquez C (2015)



Slide 76

ÁPQ / DQ getoxidizedby O2 formingPQ / DQ radicalsandOxigenRadicals

ÁPQ/DQ radicalsreactw. NADPH andPQ/DQ are re-generated

ÁOrganismloosesall ist reductionpower anddies

Background of herbicidalandtoxicologicalactivity

HOǒ(Hydroxy radicals)

H2O2

NADPH (reduction cofactor in cells) 

Check ladungsbalance
solltePQ3+ heißen? 
Oder geht2xH+ weg?



CHALLENGES IN THE ANALYSIS OF PQ and DQ:

MRM-Ion-Ratios Variable Depending on Matrix

DQ andPQ form variousprecursorions:

- Dications[M] 2+ 

- Radicalcations[M]+*

- Deprotonated cations [M-H+]+

Relative generation rate of precursor ions depends on: 

- Composition of mobile phase during elution 
(incl. co-eluting matrix) 

- Design and condition of the LC-MS/MS interface 
Diquat (DQ)

Paraquat(PQ)



DICATION

DEPROTONATED CATION

RADICAL CATION

CHALLENGES IN THE ANALYSIS OF PQ and DQ:

MRM-Ion-Ratios Variable Depending on Matrix Signals in Barley normalized 
to 100%!!

TAKE HOME MESSAGE:
ForAQC-basedidentificationsuseMRMs of same precursor!
If from diff. precursors, usesignal-ratiosagainstILIS for calc.
Χ ōǳǘ usematchingMRMs of native compoundandILIS  !!

Signal Ratio against
matchingMRM of ILIS 

Rel. signalstrengths
of MRMs (dication
signalsetat 100%) 



0

20

40

60

80

100

120

140

160

180

200

Dication Deprot. Cation Radical Cation Dication Deprot. Cation Radical Cation

Impact of Matrix-Type on MRM-Signals (Diquat)

Solvent Red Lentils Potatoes Barley

Rice Black Pepper Sunflower Seed Soybean Flour

Areas (Barley set to 100%)

RSD =4% RSD =49%

RSD =125%

RSD =7% RSD =17% RSD =13%

Area ratios against ILIS (Barley set to 100%)

%

Dicationprecursorpreferable!!!
(limited rel. matrix effects)

Signal RatiosvsILIS 
alsomorestablefor
dication-precursors

Signals of DICATION-basedMRMs 
showleast matrix dependency
(same appliesto ILIS)

άŘDeprotonatedCation& RadicalCation
seemto beαcompetingά



- DQ / PQ tend to interact with matrix duringextraction
- Poor recoveriesespeciallyfor oily seeds(e.g. flax, chia) andpulses

Strongeracidification(0.1N I/ƭ Ҧ м b I/ƭύ 
improvesextractionyieldsfor difficult matrices(also helpsto avoidFNs)

CHALLENGES IN THE ANALYSIS OF PQ and DQ:

Extractability Issues
ILIS-basedcorrection
workswell, evenat 
poor abs. recoveries



QuPPe: Diquat and Paraquat ïExtractability

- Yieldsof incurredresiduescorrelatewell with the recoveriesof spikedDQ/PQ
Ą incurredresiduesandspikedresiduesaresubjectto the same equilibria



Analysis of Diquat and Paraquat in Market Samples

- Variousmarketsamplesanalyzedfor DQ andPQ

Residuesalso found in ORGANICChia(1x >MRL) andLinseed(1x <MRL)

> LOQ -

< MRL
> MRL

> LOQ -

< MRL
> MRL

 Linseeds (flax)  2 / 9  1 / 1 - - -

 Chia seeds  5 / 18 - -  2 / 0  3 / 1

 Lentils  9 / 6 - - -  1 / 0

 Beans (dried)  4 / 0 - - -  1 / 0

 Pepper (black)  4 / 0 - -  1 / 0  1 / 0

Results of analyzed 

market samples 

04/2022 - 04/2023

(QuPPe 1M HCl)

sum

DQ PQ

# samples conventional / organic 

Analyzed

Number of Samples CONVENTIONAL / ORGANIC



0.53 ppm
Paraquatin Chia Seeds 

(Jan. 22-Sept. 23)

Sampled 
in CR

Sampled in Germany





Analysis of Dithiocarbamates
as CS2



Dithiocarbamates ïStatus within the EU

Activesubstance Aproval
Requestedby EFSA Requestedby COM

Evaluation Report Draft ReasonedOpinion LOQs

Propineb Expired 03/18 - 20 Apr 2020 10 Nov 2020& 06 Nov2023

Thiram Expired 10/18 20 Feb 2020 27 Nov 2020 17 May 2021 & 06 Nov2023

Ziram till 03/25 16Mar 2021 09 Nov2022 06 Nov2023

Maneb Expired 01/17 06 Apr 2021 09 Nov2022 PendingΧ

Metiram till 01/24 06 Apr 2021 09 Nov2022 06 Nov2023

Mancozeb Expired 04/21 06 Apr 2021 09 Nov2022 06 Nov2023

Article 12-review initiated forΧΦ



Dithiocarbamates ïModification of the traditional reductive cleavage method

Reductive cleavagewith SnCl2/ HCl

SnCl2/HCl

Heating
2 +  2

Ziram

Former conditions:
50 g of sample homogenate
+150 mLhydrolysisagent
(Agent:Sample-Ratio: 3:1)
+ 25 mL isooctane(2g sample/mL)
Ą2 h @ 80 °C in a water bath

New conditions:
10 g of sample homogenate
+75 mLhydrolysisagent
(Agent:Sample-Ratio: 7.5:1)
+ 10 mL isooctane(1g sample/mL)
Ą3 h @ 85 °C in a water bath

Spikedat 0.02 
mg/kg CS2 (LOQ) Hydrolysis agent (0.1 M SnCl2+4 M HCl)



QuPPe-Compounds
Residue Situation









The QuPPewebsitelaunchedthis year

www.quppe.eu


