
Multi-Residue Methods
Using LC/TOF-MS for the

Analysis of Pesticides in 
Food

Imma Ferrer and Mike Thurman

Center for Environmental Mass Spectrometry (CEMS)
Dpt. Environmental Engineering, University of Colorado

Boulder, CO (USA)

IntroductionIntroductionIntroduction

Why do we use Time-of-Flight? Advantages:

LC/TOF-MS provides elemental formula composition, 
specificity and selectivity (high resolving power).

Full-scan data available, even for degradation products! 

Retrospective analyses are possible.

Use of Databases (non-targets and lack of standards).

Useful information from isotope pattern (70% pesticides).

Mass defect for A+2 ions highly useful for elemental 
elucidation.



Instrumentation LC/TOF-MSInstrumentation LC/TOFInstrumentation LC/TOF--MSMS

LC/TOF-MS (TOFFY I)
Almeria, Spain: Food (2004)

LC/TOF-MS (TOFFY II)
Boulder, CO, USA: Water (2008)

• 1 GHz to 4 GHz Detector (increased resolving power)
• Analyst to Mass Hunter Software (Automated Databases, MFE)
• 1100 to 1200 HPLC (Rapid Resolution)
• Improvements in accurate mass (from 3 to sub-1 ppm)

Improvement: 4 GHz Time-of-FlightImprovement: 4 GHz TimeImprovement: 4 GHz Time--ofof--FlightFlight
Sulfadimethoxine

1 GHz 4 GHz

C12H15N4O4S+

Exact Mass: 311.0809

H3N N

N

OCH3

OCH3

S
N
H2

O O

N

N

OCH3

OCH3

H2N

Exact Mass: 156.0768

S

O O

H2N

Exact Mass: 156.0114



LC Conditions:
• Column

Zorbax Eclipse XDB C8, 4.6 x 150 mm, 5 µm particles 
Zorbax SB-C18, 4.6 x 50 mm, 1.8 µm particles 

• Mobile phase
Acetonitrile and water with 0.1 % formic acid
Gradient: 10 % organic isocratic to 100 % in 30 min.
Flow = 0.6 mL/min or 1 mL/min

Analytical MethodologyAnalytical MethodologyAnalytical Methodology

MS Conditions:
• Dual sprayer providing constant low flow of

reference solution for continuous auto-calibration.

• Positive ESI+, Capillary 4000V, Fragmentor 190V.

Extraction procedure:
• Food samples: Ethyl acetate method or QuEChERS method.
• Water Samples: Solid-phase extraction with C-18 cartridges.

Selection of the 101 PesticidesSelection of the 101 PesticidesSelection of the 101 Pesticides

Triazines (13)
Organophosphorous (11)
Carbamates (15)
Conazoles (7)
Phenylureas (5)
Chloroacetanilides (4)

Insecticides (42)
Herbicides (39)
Fungicides (17)

9 Degradation Products Included!

Nereistoxins (4)
Neonicotinoids (3)
Benzimidazoles (3)
Imidazolines (3)
Other classes (33)



I. Ferrer and E.M.Thurman, Journal of Chromatography A, 2007, 1175, 24-37

Analysis of 101 pesticides by LC/TOF-MSAnalysisAnalysis ofof 110011 pesticidespesticides by LCby LC//TOFTOF--MSMS
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Tomato matrix, spiked at 0.05 mg/Kg

Accurate Mass AnalysisAccurate Mass AnalysisAccurate Mass Analysis

76 pesticides showed an [M+H]+ peak as a base peak (the rest
presented a fragment ion as a base peak).

96 pesticides showed at least one fragment ion
49 pesticides showed at least 2 fragment ions
12 pesticides showed as much as 3 fragment ions
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Accurate Mass Information of IsotopesAccurate Mass Information of IsotopesAccurate Mass Information of Isotopes
For 70% of the pesticides, the accurate mass value of the A+2 ion
(Cl, Br or S) is highly useful for correct identification.

[M+H]+ (37Cl)
Theoretical: 273.0927
Measured: 273.0932
Error: 1.9 ppm

[M+H]+ (35Cl)
Theoretical: 271.0956
Measured:271.0953
Error:-1.2 ppm
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Exact Mass: 271.0956 33%
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SelectivitySelectivity by LC/TOFby LC/TOF--MSMS

(a) mass window: 0.2 Da
m/z 233.0-233.2 
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Automated QuantitationAutomated QuantitationAutomated Quantitation

Imidacloprid

Analytical PerformanceAnalytical PerformanceAnalytical Performance

Calibration Curves >0.99
LOD’s ranged from 0.04 µg/Kg (Benalaxyl) to 120 µg/Kg (Spiromesifen).
Average LOD’s were around 3 µg/Kg.
Less sensitive compounds: bromoxynil, captan, chlorpyrifos-methyl,     

fluoroacetamide, fluoroxypyr, spiromesifen, teflubenzuron and trifluralin.



Importance of DatabasesImportance of DatabasesImportance of Databases
• First attempt of database creation (using Access Microsoft Office 

for 350 pesticides)
Thurman et al.  Food Additives and Contaminants, 2006, 23, 1169-1178.

• Second attempt of database creation (using a Molecular Feature 
Database, csv files and Agilent software)
Ferrer et al.  Rapid Commun. Mass Spectrom, 2006, 20, 3659-3668.

Use of Molecular Feature and DatabasesUse of Molecular Feature and DatabasesUse of Molecular Feature and Databases

Tomato Sample

m/z = 170.0963
-0.1 ppm error

Buprofezin (0.3 ppm)
Carbendazim (1.1 ppm)
Diphenylamine (-0.1 ppm)
Thiabendazole (0.7 ppm)
Thiophanate-methyl (0.8 ppm)



Accurate Mass of Diagnostic Frag. IonsAccurate Mass of Diagnostic Accurate Mass of Diagnostic FragFrag. Ions. Ions

126.0105
Acetamiprid
Thiacloprid

Neonicotinoids

158.9763
Bromuconazole
Propiconazole
Imazalil

Conazole Fungicides

158.0412
Diflubenzuron Lufenuron
Flufenoxuron Teflubenzuron
Hexaflumuron

Fluorobenzylureas

146.0228

146.0228 + 174.0541

Deethylatrazine
Deethylterbuthylazine
Deisopropylatrazine

Atrazine
Terbuthylazine

Triazines

124.9821
Chlorpyrifos methyl
Dimethoate
Malathion

Organophosphates

72.0444
Diuron
Fenuron
Isoproturon
Monuron

Phenylureas
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Using Accurate Mass Diagnostic IonsUsing Accurate Mass Diagnostic IonsUsing Accurate Mass Diagnostic Ions
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Isotope Signature and Accurate MassIsotope Signature and Accurate MassIsotope Signature and Accurate Mass
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Analysis of Surface Water SamplesAnalysis of Surface Water SamplesAnalysis of Surface Water Samples

+TOF MS: 21.266 to21.339 minfrom01119 AZE 1-30 dil.wiffAgilent, subtracted(18.770 to20.036 min) Max. 2.1e6 counts.
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ImazalilImazalil by Qby Q--TOFTOF--MSMS

Fragment ions

Imazalil confirmation by MS/MS
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NH2N

Exact Mass: 69.0447

NN

Exact Mass: 81.0447

NH2N

H2C

Exact Mass: 109.076

Rapid Resolution ChromatographyRapid Resolution ChromatographyRapid Resolution Chromatography

30 min

4 min !!

C8 150cm x 4.6 i.d. (5 um) column

~ 12 sec peaks

C8 50cm x 3.0 i.d. (1.8 um) column

~ 2-3 sec peaks

30 
compounds



LC/TOF-MS offers the following advantages for 
environmental analysis…

Full spectral sensitivity.

High resolution generates selectivity for complex 
matrix samples and simplifies sample handling. 

Routine accurate mass measurement capability 
verifies elemental compositions of pesticides and
confirm identities of degradation products.

The isotope pattern recognition and mass defect of
A+1 and A+2 peaks can be measured and it is very
useful for id of unknowns.

ConclusionsConclusionsConclusions
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