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• The high-resolution accurate mass Thermo Scientific 

QExactive instrument in combination with the UltiMate 
3000 UHPLC and Thermo Accucore aQ separation column, 
has for us proven a very robust setup for the screening of 
850 pesticides and degradation products with unknown 
and known retention times in soil, water and food of plant 
origin. The screening method, with quantification, is used 
routinely for our research projects.

• Our screening method covers almost all the pesticides  
used in Norway. Exceptions are e.g. glyphosate, acidic  
herbicides and a few biopesticides and growth regulators 
which require adapted analysis methods, and some 
pesticides that can only be measured by GC-MS. 

Goal: to detect both 
known and unknown 
pesticides and their 
transformation 
products in the 
environment

• The Q-Exactive orbitrap instrument is operated in the full 
scan MS (FMS) mode (resolution 70,000) to measure the 
accurate mass of all compounds from m/z mass 100 to 
1100, after positive electrospray ionization. 

• To create MS2 fragment spectra, Data Independent 
Acquisition (DIA) is used for compounds with unknown 
retention time (RT) 

• Compounds with known RT are fragmented using targeted 
data-dependent MS2 (ddMS2)

• The Thermo Environmental and Food Safety (EFS) HRAM 
Compound Database was used as a starting point and 
extended to 850 pesticides and transformation products. 
Retention time (RT) info was added for the 400 pesticides 
we had reference standards of. 

• The Thermo EFS Spectral Library was supplemented to 
produce a library of MS2 fragment spectra of 850 pesticides 
and transformation products. 

• The instrument method is based on Dzuman et al. 20151.
• LOQ for most compounds is 10 !g/kg in soil and food.  

In water the LOQ is overall much lower, due to 
preconcentration of water samples using SPE.  

HOW
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Stable retention times and mass accuracy are important for identification
The retention times in our system remain very stable for years - the RT of the measured
compounds can actually be matched to the RTs in the database, usually with a +/- 0.1
minute match. A proper preconditioning of the column and a post-run ecquilibration is
important to maintain stable RTs.

Onion sample: Pesticides detected show very consistent retention times as compared to the RTs in 
the database (“RT (delta)”). Error in mass accuracy, expressed as “m/z delta” is usually < 2 ppm. 
The pesticides propazine and terbuthylazine have the same m/z mass, but different RTs. 
Propazine is the correct match in this sample. For fluacrypyrim, we had neither reference 
standard nor a library MS2 spectrum (“LS” column), but the compound was tentatively identified. 

We are continuously extending the scope of the database and validating the performance of
the method through participation in proficiency tests in food, water and soils.

Detect relevant pesticides and transformation products not already included
in the database
If the molecular formula of the pesticide or the transformation product (TP) is known, the
full scan files can be searched for peaks of any suspected compounds. This also includes
other types of compounds, e.g. mycotoxins, PPP co-formulants, veterinary medicines etc.

If the molecular formulas are not known and/or for a more confident identification of the
transformation product, we use the Thermo Compound DiscovererTM software to predict
and detect transformation products in degradation study samples3. For this, we use the
FMS-ddMS2 method with the suspected TP included in the inclusion list – or for a more
extensive TP search; no inclusion list, but an exclusion list of background/solvent ions and
a TopN setting to trigger ddMS2 scans of the most relevant and abundant compounds in the
samples.

In soils we have verified transformation products like e.g. cyprodinil metabolite CGA
249287, boscalid metabolite M510F49 and pyraclostrobin metabolite BF500-6. The
abundance of these TPs in the soil may indicate whether the parent pesticide has been
transformed in the soil or have dissipated by other processes such as aged sorption or
leaching. Reference compounds of the TPs were subsequently kindly donated by Syngenta
and BASF, via the ECPA Analytical Standards Programme.
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OUTPUTS

Measured ddMS2 of bifenazate

Library ddMS2 of bifenazate

The MS2 spectrum gives 
information about all fragments 
produced of the pesticide to aid in 
identification. The measured 
fragment spectrum is compared to 
the fragment spectrum of the 
suspected compound in the library.

Measured DIA MS2 fragments, with
many fragments not related to diuron

Library ddMS2 fragments of diuron

Measured ddMS2 fragments of diuron

Library ddMS2 fragments of diuron

Identification requirements for accurate mass MS
A suspect in the sample may be identified if there is a match to a compound in the 
database with respect to the following criteria; the top four of these criteria are 
required by the Guidance SANTE 11312/20212 :
o m/z mass match of parent ion (mass error " 5 ppm) (MZ)
o m/z mass match of at least 1 fragment ion (mass error " 5 ppm) (FI)
o Retention time match (+/- 0.1 min), to reference standard (RT)
o The peak of the fragment ion overlaps with the peak of the parent ion 
o MS2 fragment spectra match (LS)
o Isotopic pattern match (IP)

Identification using MS2 spectra match is not fully realized in
the SANTE 11312/2021, but is very useful: The additional fragments
and the fragment pattern match ensures a more confident identification.

The DIA MS2 spectra can be used to find suspects even if RT is unknown, but due to
the wide isolation window, the DIA spectra may contain fragments from co-eluting
interferences. The ddMS2 scans however, are triggered if RT of the compound is
known and produces much cleaner MS2 spectra and are better suited for a final
verification of identity. Pesticides that produce few fragments are better identified
using ddMS2 fragmentation:
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known and unknown 
pesticides and their 
transformation 
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environment
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HRAM Compound 
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For ID confirmation 
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Identification requirements for accurate mass MS
A suspect in the sample may be identified if there is a match to a compound in the 
database with respect to the following criteria; the top four of these criteria are 
required by the Guidance SANTE 11312/20212 :
o m/z mass match of parent ion (mass error " 5 ppm) (MZ)
o m/z mass match of at least 1 fragment ion (mass error " 5 ppm) (FI)
o Retention time match (+/- 0.1 min), to reference standard (RT)
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o MS2 fragment spectra match (LS)
o Isotopic pattern match (IP)

Identification using MS2 spectra match is not fully realized in
the SANTE 11312/2021, but is very useful: The additional fragments
and the fragment pattern match ensures a more confident identification.

The DIA MS2 spectra can be used to find suspects even if RT is unknown, but due to
the wide isolation window, the DIA spectra may contain fragments from co-eluting
interferences. The ddMS2 scans however, are triggered if RT of the compound is
known and produces much cleaner MS2 spectra and are better suited for a final
verification of identity. Pesticides that produce few fragments are better identified
using ddMS2 fragmentation:
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Identification requirements for accurate mass MS
A suspect in the sample may be identified if there is a match to a compound in the 
database with respect to the following criteria; the top four of these criteria are 
required by the Guidance SANTE 11312/20212 :
o m/z mass match of parent ion (mass error " 5 ppm) (MZ)
o m/z mass match of at least 1 fragment ion (mass error " 5 ppm) (FI)
o Retention time match (+/- 0.1 min), to reference standard (RT)
o The peak of the fragment ion overlaps with the peak of the parent ion 
o MS2 fragment spectra match (LS)
o Isotopic pattern match (IP)

Identification using MS2 spectra match is not fully realized in
the SANTE 11312/2021, but is very useful: The additional fragments
and the fragment pattern match ensures a more confident identification.

The DIA MS2 spectra can be used to find suspects even if RT is unknown, but due to
the wide isolation window, the DIA spectra may contain fragments from co-eluting
interferences. The ddMS2 scans however, are triggered if RT of the compound is
known and produces much cleaner MS2 spectra and are better suited for a final
verification of identity. Pesticides that produce few fragments are better identified
using ddMS2 fragmentation:

Goal: to detect both 
known and unknown 
pesticides and their 
transformation 
products in the 
environment
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Using LC-Q-Orbitrap for the screening of 850 pesticides 
in soil, water and food of plant origin
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Stable retention times and mass accuracy are important for identification
The retention times in our system remain very stable for years - the RT of the measured
compounds can actually be matched to the RTs in the database, usually with a +/- 0.1
minute match. A proper preconditioning of the column and a post-run ecquilibration is
important to maintain stable RTs.

Onion sample: Pesticides detected show very consistent retention times as compared to the RTs in 
the database (“RT (delta)”). Error in mass accuracy, expressed as “m/z delta” is usually < 2 ppm. 
The pesticides propazine and terbuthylazine have the same m/z mass, but different RTs. 
Propazine is the correct match in this sample. For fluacrypyrim, we had neither reference 
standard nor a library MS2 spectrum (“LS” column), but the compound was tentatively identified. 

We are continuously extending the scope of the database and validating the performance of
the method through participation in proficiency tests in food, water and soils.

Detect relevant pesticides and transformation products not already included
in the database
If the molecular formula of the pesticide or the transformation product (TP) is known, the
full scan files can be searched for peaks of any suspected compounds. This also includes
other types of compounds, e.g. mycotoxins, PPP co-formulants, veterinary medicines etc.

If the molecular formulas are not known and/or for a more confident identification of the
transformation product, we use the Thermo Compound DiscovererTM software to predict
and detect transformation products in degradation study samples3. For this, we use the
FMS-ddMS2 method with the suspected TP included in the inclusion list – or for a more
extensive TP search; no inclusion list, but an exclusion list of background/solvent ions and
a TopN setting to trigger ddMS2 scans of the most relevant and abundant compounds in the
samples.

In soils we have verified transformation products like e.g. cyprodinil metabolite CGA
249287, boscalid metabolite M510F49 and pyraclostrobin metabolite BF500-6. The
abundance of these TPs in the soil may indicate whether the parent pesticide has been
transformed in the soil or have dissipated by other processes such as aged sorption or
leaching. Reference compounds of the TPs were subsequently kindly donated by Syngenta
and BASF, via the ECPA Analytical Standards Programme.

Marit Almvik1, Łukasz Rajski2, Sven Roar Odenmarck1, Agnethe Christiansen1, Marianne Stenrød1

• The high-resolution accurate mass Thermo Scientific
QExactive instrument in combination with the UltiMate
3000 UHPLC and Thermo Accucore aQ separation
column, has for us proven a very robust setup for the
screening of 850 pesticides and degradation products
with unknown and known retention times in soil, water
and food of plant origin. The screening method, with
quantification, is used routinely for our research projects.

• Our screening method covers almost all the pesticides
used in Norway. Exceptions are e.g. glyphosate, acidic
herbicides and a few biopesticides and growth regulators
which require adapted analysis methods, and some
pesticides that can only be measured by GC-MS.

• The Q-Exactive orbitrap instrument is operated in the full
scan MS (FMS) mode (resolution 70,000) to measure the
accurate mass of all compounds from m/z mass 100 to
1100, after positive electrospray ionization.

• To create MS2 fragment spectra, Data Independent
Acquisition (DIA) is used for compounds with unknown
retention time (RT)

• Compounds with known RT are fragmented using
targeted data-dependent MS2 (ddMS2)

• The Thermo Environmental and Food Safety (EFS)
HRAM Compound Database was used as a starting point
and extended to 850 pesticides and transformation
products. Retention time (RT) info was added for the 400
pesticides we had reference standards of.

• The Thermo EFS Spectral Library was supplemented to
produce a library of MS2 fragment spectra of 850
pesticides and transformation products.

• The instrument method is based on Dzuman et al. 20151.
• LOQ for most compounds is 10 !g/kg in soil and food. In

water the LOQ is overall much lower, due to
preconcentration of water samples using SPE.

1NIBIO Department of pesticides and natural products chemistry, 2EURL  Fruit and Vegetables &Thermo Fisher Scientific. Contact person: marit.almvik@nibio.no, Tel: +47 957 28 015 Photos: Marit Almvik
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Identification requirements for accurate mass MS
A suspect in the sample may be identified if there is a match to a compound in the 
database with respect to the following criteria; the top four of these criteria are 
required by the Guidance SANTE 11312/20212 :
o m/z mass match of parent ion (mass error " 5 ppm) (MZ)
o m/z mass match of at least 1 fragment ion (mass error " 5 ppm) (FI)
o Retention time match (+/- 0.1 min), to reference standard (RT)
o The peak of the fragment ion overlaps with the peak of the parent ion 
o MS2 fragment spectra match (LS)
o Isotopic pattern match (IP)

Identification using MS2 spectra match is not fully realized in
the SANTE 11312/2021, but is very useful: The additional fragments
and the fragment pattern match ensures a more confident identification.

The DIA MS2 spectra can be used to find suspects even if RT is unknown, but due to
the wide isolation window, the DIA spectra may contain fragments from co-eluting
interferences. The ddMS2 scans however, are triggered if RT of the compound is
known and produces much cleaner MS2 spectra and are better suited for a final
verification of identity. Pesticides that produce few fragments are better identified
using ddMS2 fragmentation:

Goal: to detect both 
known and unknown 
pesticides and their 
transformation 
products in the 
environment

Stable retention times and mass accuracy are important for identification
The retention times in our system remain very stable for years – the RT of the measured 
compounds can actually be matched to the RTs in the database, usually with a +/- 0.1 minute 
match. A proper preconditioning of the column and a post-run equilibration is important to 
maintain stable RTs. 

Onion sample: Pesticides detected show very consistent retention times as compared to the RTs in 
the database (“RT (delta)”). Error in mass accuracy, expressed as “m/z delta” is usually < 2 ppm. 
The pesticides propazine and terbuthylazine have the same m/z mass, but different RTs.  
Propazine is the correct match in this sample. For fluacrypyrim, we had neither reference  
standard nor a library MS2 spectrum (“LS” column), but the compound was tentatively identified. 

We are continuously extending the scope of the database and validating the performance of 
the method through participation in proficiency tests in food, water and soils.

Detect relevant pesticides and transformation products not already included 
in the database 
If the molecular formula of the pesticide or the transformation product (TP) is known, the 
full scan files can be searched for peaks of any suspected compounds. This also includes 
other types of compounds, e.g. mycotoxins, PPP co-formulants, veterinary medicines etc. 

If the molecular formulas are not known and/or for a more confident identification of the 
transformation product, we use the Thermo Compound DiscovererTM software to predict 
and detect transformation products in degradation study samples3. For this, we use the FMS-
ddMS2 method with the suspected TP included in the inclusion list – or for a more extensive 
TP search; no inclusion list, but an exclusion list of background/solvent ions and a TopN 
setting to trigger ddMS2 scans of the most relevant and abundant compounds in the samples. 

In soils we have verified transformation products like e.g. cyprodinil metabolite CGA 249287, 
boscalid metabolite M510F49 and pyraclostrobin metabolite BF500-6. The abundance of 
these TPs in the soil may indicate whether the parent pesticide has been transformed in the 
soil or have dissipated by other processes such as aged sorption or leaching. Reference 
compounds of the TPs were subsequently kindly donated by Syngenta and BASF, via the 
ECPA Analytical Standards Programme. 

The DIA MS2 spectra can be used to find suspects even if RT is unknown, but due 
to the wide isolation window, the DIA spectra may contain fragments from co-eluting 
interferences. The ddMS2 scans however, are triggered if RT of the compound is 
known and produces much cleaner MS2 spectra and are better suited for a final 
verification of identity. Pesticides that produce few fragments are better identified 
using ddMS2 fragmentation:
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