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Pesticide in Surface Water

Schematic diagram illustrating routes of pesticides 

into streams and groundwater. 

(Modified from Gilliom and others, 2006.)

Reference: U.S. Geological Survey (2008)

Framework for Conducting Pesticide Drinking Water 
Assessments for Surface Water

The EPA Conceptual Model for Pesticide Fate and 

Transport to Surface Water

Reference: U.S. Environmental Protection Agency (2020)
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Pesticide under the Water Framework Directive
Among 45 controlled substances there are several pesticides 

(maximum allowable concentration):

• alachlor (0.7 µg L−1)

• aclonifen (0.012 µg L−1)

• atrazine (2 µg L−1)

• bifenox (0.004 µg L−1)

• chlorfenvinphos (0.3 µg L−1)

• chlorpyrifos (0.1 µg L−1)

• cybutrine (0.016 µg L−1)

• cypermethrin (6 × 10−5 µg L−1)

• dichlorvos (7 × 10−5 µg L−1)

• diuron (1.8 µg L−1)

• endosulfan (0.004 µg L−1)

• heptachlor (3 × 10−3 µg L−1)

• isoproturon (1 µg L−1)

• quinoxyfen (0.54 µg L−1)

• simazine (4 µg L−1)

• terbutryn (0.034 µg L−1)
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Publication in Pesticide Residue Screening
11th of Q1 Journal in Analytical Chemistry

on Scimago Journal & Country Ranking

Impact Factor (2020) = 6.558

Scopus CiteScore (2020) = 9.3
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Mass Analyzer : Orbitrap™ Technology
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Mass Analyzer : Orbitrap™ Technology
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• Ability of a mass spectrometer to distinguish between ions of nearly equal m/z ratios.

Mass Resolution
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Δm

= 0.786

m    - measured mass

Δm - peak width measured at 50% peak intensity (Full Width Half Maximum) 

Low Resolution

R = 786.6 = 1,000

High Resolution

R = 786.6 = 100,000

0.786

0.007
Δm

= 0.007

 It is possible to have combinations of atoms which have the same nominal mass but different accurate mass

 Nominal mass measurements cannot distinguish these compounds

 These elemental combinations have the same nominal mass but different accurate mass

 If such compounds can be mass measured with sufficient accuracy it is possible to determine elemental composition
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(           )
Mass error = Measured – Theoretical x 106 = ppm(            ) Theoretical

315.23148 (-1.20 ppm)
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315.23186

315.27095 (+124 ppm)

error =   315.23148 – 315.23186    x 106

315.23186

(           )error =   315.27095 – 315.23186    x 106

315.23186

Good

Not so good

Mass Accuracy

• Mass Accuracy is the precision of which the mass is measured by MS.
• Typical way of reporting mass error in ppm (relative measure).
• Increases confidence in identification.

Mass Error Number of Hits

± 200 ppm 265

± 100 ppm 133

± 30 ppm 39

± 10 ppm 14

± 5 ppm 5

± 3 ppm 4

± 1 ppm 1

[M+H]+ = 315.23148
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• Main advantage: the possibility to determine the elemental composition of individual 

molecular or fragment ions, a powerful tool for the structural elucidation or confirmation.

CH3OH

Mass Resolution & Accuracy
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Mass Resolution & Accuracy

• Isobaric compounds separation
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Mass Resolution & Accuracy

• Fine Isotopic Pattern
L-Methionine (C5H11NO2S) [M+H]+
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Orbitrap Applications Universe

Environmental

Testing



13

Orbitrap™ Technology on Publications

Year Orbitrap TOF

2010 61 165

2011 87 189

2012 112 219

2013 188 255

2014 219 361

2015 380 516

2016 625 734

2017 794 830

2018 755 813

2019 934 934

Total 4,155 5,016

• In 2019, the publications of Orbitrap technology and TOF on nature.com was equally at 934 publications

• However, when compared year 2019 to year 2010, the publication ratio of Orbitrap technology was exclusively 

at 15.3 whereas the ratio of TOF was just at 5.7

Orbitrap, 15.3

TOF, 5.7
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In the last decade, Orbitrap is 

proven to be the reliable technology 

for high impact research
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Orbitrap HRAMS in Pesticide Residue Screening
11th of Q1 Journal in Analytical Chemistry

on Scimago Journal & Country Ranking

Impact Factor (2020) = 6.558

Scopus CiteScore (2020) = 9.3

Pesticide Analysis: Why is Orbitrap HRAMS better than Triple Quadrupole (QqQ) MS?

• The major advantage is the possibility of acquiring full-scan spectra at high resolution, whereas QqQ

techniques only register SRM or MRM data defined by the user before the analysis. 

• LC-HRAMS is possible to identify every substance that ionizes in the source, to make the retrospective analysis 

of other substances, and even to qualitatively screen the compounds without reference standards. 

• Another important advantage of the HRAMS over QqQ instruments is the reduction of a false positive

identification, especially when dealing with complex matrices.
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Sample Preparation

Reference: GREENPEACE RESEARCH LABORATORIES (2019)
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Targeted Screening – Pesticide Explorer Workflow
HRAMS parameters

Ion source H-ESI

Polarity Positive or Negative

Acquisition mode Full MS and dd-MS2 (discovery)

- Full MS @ resolution 70,000

- dd-MS2 @ resolution 17,500

Mass tolerance 5 ppm

Compliant with regulatory methodology 

(FDA, USDA, SANCO) 

Quantitation method: 250 pesticides

Screening method: 550 pesticides
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Targeted Screening – HRAM MS/MS Database 
TraceFinder Software: Library search parameters are easily activated by checking the box. The capability to 

search multiple localized mzCloud curated spectral libraries gives you the confidence of the exact match.
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Targeted Screening – Pesticides Chromatogram 
Chromatogram of over 500 pesticides in 15 min in the matrix spiked at 10 ppb. The peak highlighted at 4.32 

min is hexazinone showing over 11 scans across the Full Scan quantitation ion used for the analysis.



19

Targeted Screening – Reproducibility 

Robust LC‐MS reproducibility of pesticides spiked in the matrix, selected pesticides (overlay of injections 1 to 
250) with extracted mass tolerance of 3 ppm
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Targeted Screening – Compound Library Matching
Overview of targeted compound detection for chlorpyrifos with library scoring of 89% and ∆ppm of 0.1837

Confirmation

m/z Identification
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Targeted Quantitation – Residue Level Detection  
Quantitation ions and confirming ion in the sample, along with calibration range from 0.5 to 100 (500) ppb 

for ametryn at 1 ppb and fenazquin at 0.5 ppb, which shows excellent R2. The technique allows for 

confident quantitation and screening with confirmation well below the MRL concentration.
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Key Summary
11th of Q1 Journal in Analytical Chemistry

on Scimago Journal & Country Ranking

Impact Factor (2020) = 6.558

Scopus CiteScore (2020) = 9.3

Highlights

• LC-Q-Orbitrap-MS method fully optimized and validated for a total of 252 pesticides in surface water.

• Target quantification of pesticides and broader qualitative screening in one single injection.

• Limits of quantification below 5 ng/L for most of the pesticides.

• Application of the method to the analysis of river water samples from England.
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