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Talk overview
Pesticide metabolites and transformation products
Pesticide metabolites as markers of illegal practices on 

organic crops?
Occurrence of pesticide metabolites in conventional

fruits
Current analytical approaches in pesticide metabolites

analysis
 Food smart phone – screening challenge
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What are pesticide metabolites and other
transformation products of concern?
 LEGALY RELEVANT, with a remaining pesticide activity

 yet LEGALLY NON-RELEVANT, without well characte-
rized pesticide activity and any toxicity
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Biotransformation of pesticides in plants
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Why and how are pesticide metabolites / 
transformation products studied ?
Metabolism experiments: identification and quantification by 

methods based on the use of labelled compounds, recently other
sophisticated methods
 Crop field trials: may also be useful for selecting residue 

definitions by providing information on the relative and absolute 
amounts of parent pesticide and metabolites. 
 A pesticide residue is the combination of the pesticide and its 

metabolites, degradates, and other transformation products.
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Toxicological relevance of metabolites and 
degradates of pesticide active substances 
in dietary risk assessment

 the threshold of toxicological concern (TTC) concept as an 
appropriate screening tool
critical steps identified in the application of a TTC scheme:
1) the estimate of the level of the metabolite, 
2) the evaluation of genotoxicity alerts 
3) the detection of neurotoxic metabolites.
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Residue definitions (Regulation EC 396/2005)
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Residue definitions (Regulation EC 396/2005)
Residue... defined as the sum of:
amitraz amitraz including the metabolites containing the 2,4 -dimethylaniline moiety expressed as amitraz

aldicarb aldicarb, its sulfoxide and its sulfone, expressed as aldicarb

carbendazim 
and benomyl

 benomyl and carbendazim expressed as carbendazim

carbofuran carbofuran (including any carbofuran generated from carbosulfan, benfuracarb or furathiocarb) and 3-OH 
carbofuran expressed as carbofuran

daminozide daminozide and 1,1-dimethyl-hydrazine (UDHM), expressed as daminozide

dazomet methylisothiocyanate resulting from the use of dazomet and metam

disulfoton disulfoton, disulfoton sulfoxide and disulfoton sulfone expressed as disulfoton

ethofumasate ethofumesate, 2-keto–ethofumesate, open-ring-2-keto-ethofumesate and its conjugate, expressed as 
ethofumesate

fenamiphos fenamiphos and its sulphoxide and sulphone expressed as fenamiphos

fluroxypyr fluroxypyr, its salts, its esters, and its conjugates, expressed as fluroxypyr

folpet folpet and phtalimide, expressed as folpet

fosethyl-Al fosetyl, phosphonic acid and their salts, expressed as fosetyl

haloxyfop haloxyfop, haloxyfop-ethoxyethyl and haloxyfop-methyl expressed as haloxyfop

oxydemeton-
methyl

oxydemeton-methyl and demeton-S-methylsulfone expressed as oxydemeton-methyl

quintozene quintozene and pentachloro-aniline expressed as quintozene 

tolylfluanid tolylfluanid and dimethylaminosulfotoluidide (DMST) expressed as tolylfluanid
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What about those ´legally non-relevant´

metabolites?
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How is ´organic food´ defined ?

REGULATION (EC) No 834/2007 on organic production and labelling of organic 
products:
„Organic production is a system of farm management and food production that 
combines best environmental practices,… and a production method in line with 
the preference of certain consumers for products produced using natural 
substances and processes.“

 ´food originated from organic production´

Note: that only production process and conditions are 
defined – not the product features (parameters)
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Legislation on organic production
REGULATION (EC) No 889/2008 laying down rules for the implementation of 
Regulation (EC) No 834/2007 on organic production and labelling of organic 
products with regard to organic production, labelling and control.

Restrictions on:
- fertilizers, soil conditioners and nutrients,
- PESTICIDES*,
- feed materials, feed additives used in animal 

nutrition 
- products for cleaning and disinfection,
- products and substances for use in production of 

processed organic food (food additives),
- processing aids

Rules on production, preservation, processing, packaging, transport and 
storage of organic products 
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„Where plants cannot be adequately protected 

from pests and diseases by measures 

provided for in Article 12 of Regulation 

834/2007/EC, only products referred to in 

Annex II may be used in organic production. 

Operators shall keep documentary evidence of 

the need to use the product.“

ANNEX II: ´Pesticides´ permitted 
in organic farming
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ANNEX II: ´Pesticides´ permitted 
in organic farming
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Let´s introduce the background of the

authentication study in a more detail
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Challenge:  bio-wines authentication

Bacgreound of study:
Growing popularity of ´bio-wines´ has raise a demand for
comntrol of compliance of organic farming practices usewd in 
grapes production (Commission Regulation 889/2008).

PROBLEM: occurrence of unauthorized pesticide residues close
to 0.01 mg/kg in ´organic´ grapes found by Control Authority, 
however, how to interpret it?

 Accidental contamination e.g. through
atmospheric transport 

or
 Illegal use of pesticide preparations
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Example of difficult decision: is the wine
organic? 
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Field experiments (2016 – 2018) 
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Fenhexamid
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Persistence of fungicides used for
protection of Vinis vinifera plants (grapes)
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Sources employed for Database of 
pesticide metabolites construction

JMPR documents, EFSA opinions, 
Pesticide manual, scientific literature… 

HRMS/MS screening and 
confirmation

Accurate mass (± 5 ppm), isotope profile
Interpretation of MS/MS fragments

• Diagnostic fragments
• Fragments complying to parent molecule
• Fragments characterizing metabolic

transformation
• Neutral losses
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Search for fenhexamid and its metabolites
– an example of one of database items
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Search for fenhexamid and its metabolites
– an example of one of database items
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Search for fenhexamid and its metabolites
– an example of one of database items
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Number of metabolites detected across
wine production chain
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And what about the bio-wines

at the current market?
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Monitoring of bio-wines at EU market
Samples analyzed for the presence of pesticides and their metabolites:

- 28 white bio-wines
- 29 red bio-wines

No pesticide residues / their metabolites detected in 72 % bio wines

• 19% of samples contained detcetable pesticide residues together with
some of their metabolites

• 7% of samples contained more tha one pesticide (parent compound)
• 4% of samples contained only detectable pesticide metabolites
• 1% of samples contaned pesticide residues not registered in EU

The most frequently detected pesticides:  fluopyramu, myclobutanilu a tebufenozidu
and relevant metabolites:

fluopyram-hydroxy
myclobutanil-hydroxy
tebufenozide-hydrox

28
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Monitoring study on the occurrence of 
pesticide metabolites in various
(conventional) crops might be

interesting…
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Pesticide metabolites in fruit - a survey
(35 samples per each commodity)

Grapes and wine: 
• 37 pesticide residues detected, 98 metabolites

searched  32 metabolites detected and 
identified (relevant to 18 pesticides)

Apples:
• 45 pesticide residues detected, 114 metabolites

searched 29 metabolites detected and 
identified (relevant to 26 pesticides)

Citrus fruit:
• 13 pesticide residiues detected, 30 metabolites

searched  8 metabolites detected and 
identified (relevant to 5 pesticides)
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Challenges in pesticide metabolites analysis

Number of metabolites
originates from parent
pesticide  very low conc.

Most of them are fairly
more polar compared to 
parent compound

 The dynamics of 
individual metabolites
origination is not known

 Analytical standards are 
not available
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Current state-of-the-art in pesticide 
metabolites LC-MS analysis

Metabolites a nd parent
compounds analysed in a 
separated run 

METABOLITES:
Extraction extraction s by 
MeOH – water (50:50, v/v)
Clean-up by SPE and passing
the sample through the
syringe filter

Metabolites and parent
compounds analysed in a 
separate runs (LC-MSPMS and
LC-HRMS)

METABOLITES  
(648 compounds):

Extraction performed by 
MeOH – water (50:50, v/v)

Clean-up by SPE and passing
the sample through the syringe
filter

Time consuming and rather
labour intensive procedure
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Is it possible to involve multiple
pesticide metabolites into current

multiresidue method ?
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Multi-analyte approach, parent pesticides
and their metabolites in a single run

 Penconazole in grapes
(m/z 284.0721), 
penconazole-hydroxy
(m/z 300.0665), 
penconazole-hydroxy
glycoside (m/z
462.1176)

QuEChERS extraction
provided most 
intensive signals
(less matrix effects?)
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CONCLUSIONS
Detection of fraud (illegal treatment of crop by 

pesticides) is possible based on pesticide metabolites
screening, standards are needed for quantification

However, intensive research of pesticide metabolism
is needed to identify reliable markers for particular
crop

Most of metabolites (pesticide treatment markers) 
might be incorporated into current multi-residue
methods
 Possible interference of dietary pesticide metabolites

with biomonitoring studies should be assessed (risk of 
exposure overestimation)
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