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Materials
LC : Acquity UPLC (Waters)
TOF : LCT Premier XE (Waters)
Column UPLC : Acquity BEH C18 1.7 µm, 100 x 2.1 mm (Waters)
Flow : 400 µl/min
Temperature : 40�rC
Run Time : 9 minutes
Injection : 5 µl
Mobile phase : A : H2O + 0.1 % formic acid

B : MeCN + 0.1 % formic acid
Source : ESI+, W mode, DRE (Dynamic Range Extended)
Acquisition : Mass 50-1100 m/z , scan time 200 ms

Cone and aperture voltage fixed at 40 and 5 V
Data processing : 343 pesticides

Mass window 20 mDa , Time window 0.05 min

UPLCUPLC--TOFTOF
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LCLC--TOF MS versus LCTOF MS versus LC --MS/MS for multiresidue screeningMS/MS for multiresidue screening
and quantitation of pesticides in fruits and vegeta blesand quantitation of pesticides in fruits and vegeta bles

Département de l'économie et de la santé
Service de la consommation et des affaires vétérina ires

Official Food Control Authority of Geneva
www.geneve.ch/consommation

In food analysis, techniques involving mass spectrometry (MS) as a detection tool have evolved substantially these last years. 

Coupling chromatography with MS is now commonly used to detect, identify, quantify and confirm a great variety of substances 

in foodstuffs. Nowadays, one of the most distinctive trends in MS-based analysis is the use of time-of-flight mass spectrometry 

(TOF MS).

In our laboratory, liquid chromatography hyphenated to tandem mass spectrometry (LC-MS/MS) was used in routine since 

more five years to monitor the pesticides residues present in food. In recent times, LC-TOF MS was evaluated as an alternative 

to LC-MS/MS for the screening and quantitative analysis of multiple pesticides residues in fresh fruits and vegetables. 

Advantages, drawbacks and encountered difficulties with both techniques are discussed on the basis of real samples.

IntroductionIntroduction
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Fruits and vegetables samples were reduced to a mash in order to obtain a very homogeneous mixture. A 20 g portion was 

adjusted in pH between 6 - 7 and extracted by shaking for 15 min with 40 ml of ethyl acetate. After centrifugation, 5 ml of the 

organic supernatant were collected and evaporated to dryness. The extracts were then dissolved in 1 ml of MeOH-H2O (50:50) 

and filtered on 0.45 µm nylon membrane before injection into analytical systems.

V

Materials
LC : Acquity UPLC (Waters)
MSMS : QuattroMicro (Waters) with electrospray interface
Column LC : Atlantis dC18 3µm 2.1 x 100 mm (Waters)
Flow : 300 µl/min
Temperature : 30�rC
Run Time : 25 minutes
Injection : 10 µl
Mobile phase : A : H2O + 0.1 % formic acid

B : MeOH + 0.1 % formic acid

Acquisition : Two runs of 25 minutes 1st: 169 Acaricides, Fungicides and Insecticides
2nd: 126 Herbicides

One MRM transition per compound for screening . Two MRM for confirmation analysis.
Cone and collision voltage optimised for each compound
40 ms Dwell time, 13 acquisition groups

LCLC--MSMSMSMS
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LC-MS/MS presents different advantages like quantitation performances and unambiguous identification of known-targeted pesticides with 

high selectivity and specificity according to the use of MRM transitions. However, only targets previously tuned can be detected and 

setting-up MS/MS method for few hundred of compounds is fastidious. Furthermore, the fragmentation of detection in several acquisition 

groups induces a risk of false negative response in case of time-shift in chromatography (i.e. column ageing).

UPLC-TOF shows several advantages like time gain, selectivity and specificity due to accurate mass measurement allowing verification of 

elemental compositions and identification confirmation of detected compounds. Data reprocessing is possible at any time to search for 

non-targeted and unknown substances and detection of compounds without reference solution is also achievable. 

Therefore, the best approach for comprehensive pesticides residues analysis is probably a combination of this two techniques : 

UPLC-TOF must be used at first for an efficient, rapid and quantitative screening whereas LC-MS/MS must be applied in the end as 

accurate quantitative confirmation method. 

DiscussionDiscussion
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302.072 0.02Da

253.031 0.02Da

239.151 0.02Da

225.135 0.02Da
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Pirimicarb-desmethyl ~0.001 mg/kg

Pirimicarb 0.007 mg/kg

Thiacloprid 0.022 mg/kg

Fenhexamid >0.5 mg/kg

Pirimicarb 0.006 mg/kg

Thiacloprid 0.018 mg/kg
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Fenhexamid 0.53 mg/kg
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Extract mass chromatogramm
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317.165 0.02Da4.18

376.039 0.02Da4.34

289.122 0.02Da4.66

256.06 0.02Da2.68

292.027 0.02Da2.33

253.031 0.02Da3.12

Bupirimate 0.019 mg/kg

Prochloraz 0.38 mg/kg

Myclobutanil 0.009 mg/kg

Imidacloprid 0.026 mg/kg

Thiametoxam 0.070 mg/kg

Thiacloprid 0.071 mg/kg
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317 > 16611.99

376 > 30814.31

289 > 7013.46

256 > 2095.88

292 > 2115.25

253 > 1267.14

Bupirimate 0.012 mg/kg

Prochloraz 0.21 mg/kg

Myclobutanil 0.004 mg/kg

Imidacloprid 0.029 mg/kg

Thiametoxam 0.066 mg/kg

Thiacloprid 0.11 mg/kg

TOF has smaller linear range than MS/MS even with t he use of extended dynamic range 
mode. With the use of quadratic regression, there i s very good correlation of 
quantitative results with TOF and MS/MS.

Selectivity is very good with both approaches. The slightly less good selectivity of TOF 
is offset by the higher resolution of UPLC chromato graphy.

Better sensitivity with TOF LCT Premier compared to  QuattroMicro MS/MS.

With TOF, known-unknown compounds like metabolites or not commercially available
substances could be identified by extract mass chro matogram based on theoretical 
mass. 

Accurate mass measurement and isotopic profiling st udy enable to suggest possible 
formula of unknown with  the elemental composition tool.

No limitation in acquisition speed with TOF. two ru ns of 25 minutes with MS/MS were 
reduce to a single run of 9 minutes !

Full scan acquisition enables data processing at an y time. Data storage and processing 
require high-performance computer and software when  generating few Go of data each 
day (Raw file: 0.5 Mo for MS/MS, 90 Mo for TOF).

1 ppm 1 ppm
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Identification (and quantitation) of 
targeted, non-targeted and unknown

compounds by UPLC-TOF

Accurate mass spectra

m/z
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Extract Chromatograms

Compound name: Myclobutanil
Coefficient of Determination: R^2 = 0.996104 
Calibration curve: -8504.7 * x^2 + 4516.95 *  x
Response type: External Std, Area
Curve type: 2nd Order, Origin: Force, Weighting: 1/x, Axis trans: None
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Compound name: Imidacloprid

Coefficient of Determination: R^2 = 0.997997 
Calibration curve: -259.545 * x^2 + 738.64 *  x
Response type: External Std, Area
Curve type: 2nd Order, Origin: Force, Weighting: 1/x, Axis trans: None
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Compound name: Thiamethoxam
Coefficient of Determination: R^2 = 0.957447 
Calibration curve: -1014.57 * x^2 + 496.518 *  x
Response type: External Std, Area
Curve type: 2nd Order, Origin: Force, Weighting: 1/x, Axis trans: None
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Compound name: Thiacloprid
Coefficient of Determination: R^2 = 0.998583 
Calibration curve: -432.082 * x^2 + 986.973 *  x
Response type: External Std, Area
Curve type: 2nd Order, Origin: Force, Weighting: 1/x, Axis trans: None

Conc
0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200 0.225 0.250 0.275 0.300 0.325 0.350 0.375 0.400

R
es

po
ns

e

0

25

50

75

100

125

150

175

200

225

250

275

300

325

Compound name: Prochloraz
Coefficient of Determination: R^2 = 0.989184 
Calibration curve: -2942.2 * x^2 + 3014.33 *  x
Response type: External Std, Area
Curve type: 2nd Order, Origin: Force, Weighting: 1/x, Axis trans: None

Conc
0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200 0.225 0.250 0.275 0.300 0.325 0.350 0.375 0.400

R
es

po
ns

e

0

100

200

300

400

500

600

700

Compound name: Bupirimate
Coefficient of Determination: R^2 = 0.988728 
Calibration curve: -24324 *  x^2 + 18548.8 *  x
Response type: External Std, Area
Curve type: 2nd Order, Origin: Force, Weighting: 1/x, Axis trans: None
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Compound name: Bupirimate (BUPI)
Coefficient of Determination: R^2 = 0.981793 
Calibration curve: 675655 * x
Response type: External Std, Area
Curve type: Linear, Origin: Force, Weighting: Null, Axis trans: None
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Compound name: Prochloraz (PROC)
Coefficient of Determination: R^2 = 0.956468 
Calibration curve: 172068 * x
Response type: External Std, Area
Curve type: Linear, Origin: Force, Weighting: Null, Axis trans: None
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Compound name: Myclobutanil (MYC)
Coefficient of Determination: R^2 = 0.965670 
Calibration curve: 319754 * x
Response type: External Std, Area
Curve type: Linear, Origin: Force, Weighting: Null, Axis trans: None
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Compound name: Imidacloprid (IMI)
Coefficient of Determination: R^2 = 0.956907 
Calibration curve: 19258.7 *  x
Response type: External Std, Area
Curve type: Linear, Origin: Force, Weighting: Null, Axis trans: None
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Compound name: Thiamethoxam (TMTX)
Coefficient of Determination: R^2 = 0.967632 
Calibration curve: 14230 * x
Response type: External Std, Area
Curve type: Linear, Origin: Force, Weighting: Null, Axis trans: None
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Compound name: Thiacloprid(TCP)
Coefficient of Determination: R^2 = 0.964841 
Calibration curve: 127257 * x
Response type: External Std, Area
Curve type: Linear, Origin: Force, Weighting: Null, Axis trans: None
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