
Overview
Purpose: To develop a multi-pesticides residue LC-MS/MS 
screening method for sensitive detection of 250 analytes in 
ginseng matrix at both positive and negative ESI mode, using a 
single experiment on a triple quadrupole system with a novel 
timed-SRM (t-SRM) setup.

Methods: The 250 pesticides were spiked into the ginseng 
matrix. The multi-pesticides mixture was separated by a 35-min 
gradient on a conventional C18 column, detected on a triple 
stage quadrupole mass spectrometer with a heated electrospray
ionization source. Two SRM transitions were selected per 
residue. 

Results: A sensitive and efficient LC-MS/MS method has been 
developed to identify approximately 250 pesticides in a single 
run. The Limits of Quanititation (LOQ) for most pesticides were 1 
μg/kg (1 ppb) or lower.

Introduction
The research data suggests that the pesticide residues existing 
in commercially grown produce can cause serious health 
problems when consumed. It leads to a growing public concern 
over the amount of pesticide residues in foods. Therefore, there
is a need for an efficient analysis method to identify and confirm 
the pesticide residues in different food matrices. 

Most commonly, residues in the matrix were detected by GC-MS 
or HPLC-UV. Recently LC-MS/MS is emerging as the technique 
of choice to assay environmental and food matrices. Especially, 
SRM (selected reaction monitoring) scanning mode on a triple 
quadrupole mass spectrometer, provides a selective and 
effective way to identify and quantify pesticides. 

In this study, we have developed a sensitive and rapid method 
for the detection of approximately 250 pesticides at both positive 
and negative modes in a single LC-MS/MS run, by using a triple 
stage quadrupole mass spectrometer. The timed-SRM (T-SRM) 
experiment allows us to efficiently detect a large list of SRM 
transitions without compromising the dwell time for each SRM.
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Conclusions 
1. A sensitive and efficient LC-MS/MS method has been 

developed to identify approximately 250 pesticides in a single 
run. The Limits of Quanititation (LOQ) for the pesticides were 
1 μg/kg (1 ppb) or lower, which meets the requirements of the 
European Union (EU)3.

2. The capacity of the fast polarity switching for the TSQ 
Vantage triple quadrupole mass spectrometer enables the 
setup of simultaneous positive and negative scanning in one 
single LC-MS/MS run, resulting in the high throughput of the 
multi-residues screening.

3. For the large-scale multi-pesticide residue study, the timed 
SRM (T-SRM) experiment provides more accurate and more 
sensitive analysis, without compromising the dwell time (and 
duty cycle) for detecting each compound per experiment. 

TABLE 1. Retention times and compound-specific ESI-MS/MS parameters. 
(pesticides #1-#125 on left, #126-#250 on right)

Results
Table 1 summarized all 250 pesticides detected in this study. The 
MS/MS parameters for some pesticides were adopted from a 
previous study1,2. The rest of the pesticides have been optimized 
individually on the TSQ Vantage™. Those parameters can be 
expanded to any TSQ Series triple quadrupole mass 
spectrometer, for the pesticides screening application.

Identification criteria for the target compounds were based on the 
LC retention time (tR) and on the ratio of the two monitored 
transitions for each compound. As the example pesticides show 
in figure 3, hexaflumuron and fenbuconazole were detected at 1 
pg/ul level in ginseng extract at negative and positive ESI 
modes, respectively. The retention time and ion ratios for these
two pesticides were aligned well with the previous data. 
Hexaflumuron was eluted at 22 min, the ion ratio of [175]/[439] 
was 0.04. For fenbuxonazole, it was eluted at 18 min, and the 
ion ratio of [70]/[125] was 0.17.       
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FIGURE 2. Total ion chromatogram of 250 pesticides at 1 pg/uL in ginseng 
extract. (Left) detected at positive ESI mode, (right) detected at negative ESI 
mode.
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FIGURE 1. Timed SRM (T-SRM) setup in the TSQ Vantage instrument method 
editor.

Multi-residues screening study can generate a large SRM 
transition list in a single experiment. Timed SRM is a useful tool 
to enhance qualitative and quantitative analyses. As seen in  
Figure 1, with prior knowledge of pesticide retention times, a 
method can be set to look for specific transitions only during the 
expected retention-time window. It also allows detection at both 
positive and negative ESI modes simultaneously in the same LC-
MS/MS run. This increases the dwell time for monitoring 
individual pesticides per experiment. The results are more 
accurate and more sensitive. 

Figure 2 shows the LC-MS/MS chromatogram generated from 
250 pesticides mixture, which was eluted over a 
chromatographic time scale of 35 minutes. This method allows 
us to detect all the pesticides at 1 pg/ul in ginseng extract.

FIGURE 3. LC-MS/MS example chromatograms of 1 pg/uL of  hexaflumuron and 
fenbuconazole in ginseng extract. (Left) hexaflumuron detected at negative ESI 
mode, (right) fenbuconazole detected at positive ESI mode.
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30914736522.7Pyridaben
19910536418.7Benzoximate
19415236418.4Flufenacet
33412536416.8Topramezone
25122036015.2Isoxaflutole
17714136021.9Etoxazole
26816436012.7Clethodim
15613935920.2Triflumuron
17711935620.4Piperonyl_butoxide
22816835321.2Hexythiazax
29713335317.4Tebufenozide
2787334621.1Triflumizole
24521734618.9Isofenfos
16013234617.2Azinphos-ethyl
30727134315.3Boscalid
3111513439.4Thiophanate-methyl
1596934218.2Propiconazole
30610034216.1Prothioconazole
20518934119.0Pyridaphenthion
2281863402.6Mesotrione
2699933818.7Bitertanol
1257033718.1Fenbuconazole
18715933619.0Zoxamide
14511733420.2Tebufenpyrad
1257033419.5Ipconazole
19818233420.4Pirimiphos ethyl
2688133116.1Fenarimol
12312133017.0Epoxiconazole
15912332816.5Etaconazole
1597032816.3Diclobutrazol
20511632717.7Dimoxystrobin
20814832617.9Benalaxyl
1487032618.6Diniconazole
28121732612.8Famphur
26110832518.8Cyazofamid
26224232416.3Flutolanil
29615732420.3EPN
24721932321.2Sulfotep-ethyl
24721932321.2Sulprofos
1859632220.9Pyriproxyfen
20311932115.6Iprovalicarb
2477932118.0Phenthoate
1257032018.4Metconazole
21016631918.3Tebupirimfos
18213631814.3Desmedipham
1257031816.3Triticonazole
26112531814.7Azinphos-methyl
16610831718.2Bupirimate
24716531618.2Flusiazole
2528131514.6Nuarimol
25916931522.0DEF
1597031417.3Hexaconazole
26722231417.2Kresoxim-methyl
16211931416.3Triazophos
26423631213.4Fenamidone
28310931117.6Edifenphos
2511633098.7Fensulfothion
28915630917.8Diflubenzuron_neg
1257030818.2Tebuconazole
19716230822.0Quinoxyfen
1615730722.8Fenazaquin
20111630619.7Buprofezin
16410830618.6Pirimiphos-methyl
16915330518.0Diazinon
14713030423.3Fenpropimorph

Quantifier ion  
(m/z)

Quantifier ion 
(m/z)

Parent ion 
(m/z)

tR
(min)Compound

49035293723.7Eprinomectin B1a
59433191624.2Doramectin
75218389523.7Avermectin B1a
56930789324.9Ivermectin B1a 
30215888728.2Emamectin
29114587623.3Avermectin B1b
30215887227.7Emamectin B1b
1429874727.8Spinosyn D
1429873327.3Spinosyn A
52949964023.9Moxidectin
52550756023.0Milbemycin A4
38538354024.1Chlorfluazuron
29320352821.8Indoxacarb
34419352724.3Noviflumuron
50748952523.0Milbemycin A4
49347551122.3Milbemycin A3
15814151123.8Lufenuron
32315149530.4Hydramethylnon
15814149322.8Novaluron
33118049218.1Butafenacil
47130549122.8Novaluron_neg
30415648724.4Flufenoxuron_neg
27115347421.6Dioxathion
41940546722.7Temephos
41639846322.1Fluazinam_neg
42718845917.4Fluoxastrobin
43917545922.2Hexaflumuron_neg
36833043720.5Fipronil
36621442223.7fenpyroximate
38436641218.4Carfentrazone-ethyl
35632841216.4Mandipropamid
25219541120.4Benfuracarb
31321341122.4Spirodiclofen
20618640920.8Trifloxystrobin
25111140620.2Difenoconazole
37232940416.0Azoxystrobin
38730740410.5Sulfentrazone
3175740118.9Pinoxaden
2389140018.6Alanycarb
1301153974.3Flucarbazone
35125539717.4Ethiprole
21319239517.6Rotenone
33123839219.4Famoxadone
19416338819.2Pyraclostrobin
30116538817.0Dimethomorph
1439738521.4Ethion
25219538320.4Furathiocarb
18011638215.9Benthiavalicarb
33919637922.1teflubenzuron_neg
1597037815.8Bromuconazole 46
30826637619.7Prochloraz
34930737616.6Fluquinconazole
22219437419.9Pyrazophos
33028237319.4Famoxadone
1597037217.5Tetraconazole
27325537122.1Spiromefesin
2151273706.6Ioxynil_neg
20514536818.4Picoxystrobin
23117536821.6Propargite
14910536716.5Methoxyfenozide_neg
30914736522.7Pyridaben
19910536418.7Benzoximate
19415236418.4Flufenacet
33412536416.8Topramezone
25122036015.2Isoxaflutole
17714136021.9Etoxazole
26816436012.7Clethodim
15613935920.2Triflumuron
17711935620.4Piperonyl_butoxide
22816835321.2Hexythiazax
29713335317.4Tebufenozide
2787334621.1Triflumizole
24521734618.9Isofenfos
16013234617.2Azinphos-ethyl
30727134315.3Boscalid
3111513439.4Thiophanate-methyl
1596934218.2Propiconazole
30610034216.1Prothioconazole
20518934119.0Pyridaphenthion
2281863402.6Mesotrione
2699933818.7Bitertanol
1257033718.1Fenbuconazole
18715933619.0Zoxamide
14511733420.2Tebufenpyrad
1257033419.5Ipconazole
19818233420.4Pirimiphos ethyl
2688133116.1Fenarimol
12312133017.0Epoxiconazole
15912332816.5Etaconazole
1597032816.3Diclobutrazol
20511632717.7Dimoxystrobin
20814832617.9Benalaxyl
1487032618.6Diniconazole
28121732612.8Famphur
26110832518.8Cyazofamid
26224232416.3Flutolanil
29615732420.3EPN
24721932321.2Sulfotep-ethyl
24721932321.2Sulprofos
1859632220.9Pyriproxyfen
20311932115.6Iprovalicarb
2477932118.0Phenthoate
1257032018.4Metconazole
21016631918.3Tebupirimfos
18213631814.3Desmedipham
1257031816.3Triticonazole
26112531814.7Azinphos-methyl
16610831718.2Bupirimate
24716531618.2Flusiazole
2528131514.6Nuarimol
25916931522.0DEF
1597031417.3Hexaconazole
26722231417.2Kresoxim-methyl
16211931416.3Triazophos
26423631213.4Fenamidone
28310931117.6Edifenphos
2511633098.7Fensulfothion
28915630917.8Diflubenzuron_neg
1257030818.2Tebuconazole
19716230822.0Quinoxyfen
1615730722.8Fenazaquin
20111630619.7Buprofezin
16410830618.6Pirimiphos-methyl
16915330518.0Diazinon
14713030423.3Fenpropimorph

Quantifier ion  
(m/z)

Quantifier ion 
(m/z)

Parent ion 
(m/z)

tR
(min)Compound

Methods 
Sample preparation:
The pesticides included in this study are listed in Table 1. A 
stock mix solution of all the pesticides was spiked into a ginseng 
extract, to prepare at 1 pg/µl (1 ppb) and 10 pg/µl (10 ppb) of 
concentrations, respectively. 

LC conditions:
LC: Thermo Scientific Accela Pump and Autosampler
Column: Thermo Scientific Hypersil GOLD PFP 100 mm x 2.1 
mm, 1.9 µm
Column temperature: 45 °C 
Mobile phase: A: 5mM ammonium formate in water

B: 2mM ammonium formate in methanol
Gradient: starting from 5%B to 25%B in 2 min, and increasing to 
100%B in 28 min, then holding at 100%B for 5 min
Flow rate: 300 uL/min
Injection: 5 uL (with loop)

MS conditions:
Mass spectrometer: Thermo Scientific TSQ Vantage EMR
Source: Heated ESI
Ion polarity: positive and negative
Spray voltage: 3000 V
Sheath gas pressure (N2): 65 units
Auxiliary gas pressure (N2): 15 units
Ion transfer capillary temperature: 250 °C
Scan type: SRM
CID conditions: Ar at 1.5 mTorr
Cycle time: 0.4 s

The SRM transitions that were monitored are summarized in 
Table 1. The setup of timed SRM can be seen in Figure 1. 


