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APPLICATION BENEFITS
■■ Sensitive and reproducible workflow for 

screening the California list of pesticides 
and mycotoxins in cannabis

■■ Minimal sample preparation followed  
by rapid UPLC™ and GC separations

■■ Automated method generation using  
the Quanpedia™ Pesticide Database

■■ Ease of use with data analysis and 
reporting via MassLynx™ MS Software 

■■ Meets or exceeds action levels for 
pesticides and mycotoxins testing  
for the State of California
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INTRODUCTION
The increased use of both medical and recreational cannabis in combination 
with its expanding legal acceptance in several US states1 has led to 
demanding cannabis safety and quality control testing. Analytical testing 
typically includes cannabinoids profiling/potency, mycotoxins, terpenes, 
residual solvents, metals, and pesticide residues analysis. Pesticides are 
of particular interest as they are widely used in the cultivation of cannabis 
plants to safeguard against harmful insects and to promote crop yields.  
The application of pesticides is strictly regulated,2 and their residues in 
cannabis products are closely monitored by state regulatory agencies in 
order to protect consumers. The number of regulated pesticides that are 
required to be monitored varies by state as do the action limits which range 
from 0.01 µg/g (10 ppb) to above 1 µg/g (1 ppm).

In addition to pesticides, cannabis intended for inhalation, ingestion, or 
topical application must also be tested for mycotoxins. Mycotoxins, including 
aflatoxins and ochratoxins, are naturally occuring toxins produced by certain 
strains of mold. This mold, or mycotoxin contamination, can occur during 
either cultivation or storage and the toxins produced present a serious health 
risk to consumers. Routine testing for mycotoxins at low levels is critical to 
ensure the health of consumers, particularly those who may already have 
compromised health. As with pesticides, a robust and rapid test is critical 
and single simultaneous test for pesticides and mycotoxins is ideal.

Multi-residue compound detection is routinely performed using tandem 
quadrupole mass spectrometry (MS/MS) in combination with liquid 
chromatography (LC) and gas chromatography (GC). Both LC-MS/MS  
and GC-MS/MS are commonly used for multi-residue pesticide analysis as 
some residues are only amenable to either LC or GC. Tandem quadrupole 
MS is the detector of choice as it provides high sensitivity and selectivity  
for simultaneous analysis of hundreds of pesticides at low ng/g (ppb) levels 
in a single analysis. 

http://www.waters.com/waters/en_US/UPLC-UHPLC-system-with-quarternary-solvent-management-for-method-development/nav.htm?cid=10138533&locale=101
http://www.waters.com/waters/en_US/Xevo-TQ-S-micro-Triple-Quadrupole-Mass-Spectrometry/nav.htm?cid=134798856&locale=101
http://www.waters.com/waters/en_US/Xevo-TQ-S-micro-Triple-Quadrupole-Mass-Spectrometry/nav.htm?cid=134798856&locale=101
http://www.waters.com/waters/partDetail.htm?partNumber=186006709
http://www.waters.com/waters/partDetail.htm?partNumber=186006709
http://www.waters.com/waters/nav.htm?cid=513662
http://www.waters.com/waters/partDetail.htm?partNumber=186009229

http://www.waters.com/waters/nav.htm?cid=134977323
http://www.waters.com/waters/nav.htm?cid=134977323
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In this application note, we present the use of a simple sample extraction and dSPE cleanup where the resulting extract is  
analyzed by UPLC-MS/MS and/or GC-MS/MS for rapidly monitoring pesticides and mycotoxins in cannabis matrix to meet 
California regulations. With the variety of residues to be monitored as well as the continued possibility of new ones being  
added, method generation can be a tedious task. In this study, full analytical methods full analytical methods including LC,  
GC and MS methods were utilized from Quanpedia eliminating the need for method development for the California pesticide  
and mycotoxin lists.

EXPERIMENTAL

Sample preparation 
Standard compounds for 66 pesticides and 5 mycotoxins monitored on the California list were combined to produce a stock 
solution which was sequentially diluted to prepare the spiking solutions. The cannabis buds were first ground using a hand grinder. 
Aliquots of 0.5 g of ground material were weighed into 50-mL centrifuge tubes and spiked with 0.10 µg/g (100 ppb) and 0.50 µg/g 
(500 ppb) of the acetonitrile spiking solutions. A 5 mL volume of acetonitrile was added and the samples were processed using a 
Geno Grinder for 3 minutes (1500 rpm). The mycotoxins were spiked at 0.02 µg/g (20 ppb) and 0.10 µg/g (100 ppb). The samples 
were then centrifuged at 5000 rpm for 5 minutes. 

A 1 mL aliquot of the supernatant was added to a dSPE tube (2 mL centrifuge tube containing 150 mg MgSO4, 50 mg PSA,  
50 mg C18, 7.5 mg graphitized carbon black) [p/n 186009229], shaken for 1 minute, centrifuged, and the supernatant transferred  
to a sample vial for analysis by UPLC-MS/MS and/or GC-MS/MS. Extracted matrix that did not contain pesticide residues  
was used to generate matrix matched calibration curves. Prior to GC-MS/MS analysis, all samples were spiked with an internal 
standard mix (QuEChERS Internal Standard Mix for GC-MS Analysis from Restek). 

Instrumentation and software
LC separations were performed on Waters™ ACQUITY UPLC H-Class System and the Xevo TQ-S micro Tandem Quadrupole Mass 
Spectrometer. MassLynx MS Software (v4.2) was used for data acquisition and processing. GC separations were performed on 
the Xevo TQ-GC Tandem Quadrupole Mass Spectrometer using MassLynx MS Software (v4.2) for data acquisition and processing 
The Quanpedia Database and method generation software was used to automatically generate MRM acquisition and TargetLynx™ 
processing methods for both LC-MS/MS and GC-MS/MS.

UPLC conditions 
UPLC system:	 ACQUITY UPLC H-Class 

Separation mode: 	 Gradient

Column: 	 XBridge C18 2.5 µm, 2.1 × 150 mm

Solvent A:	 5 mM ammonium formate  
with 0.020% formic acid in water

Solvent B: 	 Methanol

Flow rate: 	 0.400 mL/min 

Column temp.: 	 50 °C

Injection volume: 	 5 µL

Gradient conditions:

	 Time 
	 (min)	 %A	 %B	 Curve 
	 0.00	 98%	 2%	 – 
	 0.20	 98%	 2%	 6 
	 4.00	 30%	 70%	 6 
	 10.00	 30%	 70%	 6 
	 12.00	 1%	 99%	 6 
	 15.00	 1%	 99%	 6 
	 15.01	 98%	 2%	 1 
	 17.00	 98%	 2%	 1

http://www.waters.com/waters/partDetail.htm?partNumber=186006709
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RESULTS AND DISCUSSION

METHOD DEVELOPMENT AND OPTIMIZATION
Waters Quanpedia method database was used to automatically create the LC, GC, MS, and data processing methods (Figure 1)  
for the various target analytes to be monitored using the MRM transitions as listed in Appendix Tables 1 to 3. Users can quickly 
generate pre-defined LC-MS/MS, and GC-MS/MS methods in just three steps, which eliminates the level of potential error and 
the complexity involved in method development for large numbers of target analytes. Another advantage is that Quanpedia 
greatly decreases the amount of work, time, and resources required for laboratories to set up methods. Quanpedia also contains 
functionality to quickly adjust retention times associated with a method, eliminating the lengthy process of manually adjusting 
MRM time windows due to retention time shifts. This UPLC-MS/MS method contained 67 compounds (62 pesticides and  
5 mycotoxins) and the GC-MS/MS method contained 54 compounds, fully covering the California requirements for pesticide  
and mycotoxin residue analysis.

MS conditions
MS system:	 Xevo TQ-S micro 

Ionization mode:	 ESI+/ESI-

Capillary voltage:	 3.0 kV (+); 2.5 kV (-)

Cone voltage:	 Various V

Collision energy:	 Various eV

Desolvation temp.:	 550 °C

Source temp.:	 150 °C

Desolvation gas:	 800 (L/hr)

Cone gas:	 50 (L/hr)

GC conditions
GC system:	 Xevo TQ-GC

Column: 	 Rxi-5MS 20 m × 0.18 mm × 0.18 µm

Carrier gas:	 Helium

Injection type: 	 Pulsed splitless

Injector temp.: 	 280 °C

Pulse time:	 1.5 min

Pulse pressure:	 45 psi

Inlet liner:	 Single taper splitless with wool

Flow rate:	 2 mL/min

Injection volume: 	 1 µL

GC oven program
	 Rate	 Temp.	 Hold
	 (°C/min)	 (°C)	 (min) 
	 —	 60	 0.45 
	 18.70	 330	 2.25 
		 Total run time = 17.14 min

Ionization mode:	 EI+, 70 eV

GC interface temp.:	 300 °C

Source temp.:	 250 °C

MS resolution:	 IntelliStart™ Custom Resolution  
settings were used
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Figure 1. Rapid implementation of LC, GC, MS and data processing methods using Quanpedia method database.

PESTICIDES ANALYSIS BY LC-MS/MS
Currently, US states and Canada have defined different testing requirements for pesticide residue testing in cannabis. The list 
of pesticides varies with each state. Furthermore, the composition and complexity of the matrix varies widely across different 
cannabis strains (or cultivars). The combination of long lists of pesticides with variable and complex matrices presents a significant 
challenge in method development. 

The State of California monitors 66 target pesticides in cannabis.3 This list completely encompasses the Oregon pesticide4 list 
minus MGK-264, and it has additional pesticides including spinetoram, captan, chlordane, pentachloronitrobenzene, chlorpyrifos, 
coumaphos, dimethomorph, fenhexamid and mevinphos. Representative MRM chromatograms for selected pesticides are 
displayed in Figure 2. Chromatogram 1 shows the cis and trans-isomers of mevinphos.
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Figure 2. Representative MRM chromatograms for (1) mevinphos isomers, (2) dimethomorph, (3) fenhexamid, (4) coumaphos, 
(5) spinetoram, (6) chlorpyriphos spiked at a level of 0.10 µg/g in cannabis flower and extracted using the sample preparation 
protocol reported.
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LINEARITY AND SENSITIVITY
Matrix matched calibration curves were generated using blank extracted cannabis. An example of the quantitation curve for the 
pesticide fenhexamid is shown in Figure 3. Linear calibration curves (R2>0.990) for all pesticides were obtained over the range 
tested 0.025 to 0.50 µg/g (25 to 500 ppb in sample or 2.5 to 50 ppb in vial concentration). 

Residuals <2% 

R2 = 0.999 
25–500 ppb in sample 
2.5–50 ppb in vial  

 
 

25 ppb 
2.5 ppb
in vial 

Figure 3. Representative example of a quantitation curve for fenhexamid, demonstrating a linear range from 0.025 to 0.50 µg/g 
(25 to 500 ppb in sample or 2.5 to 50 ppb in vial concentration).

Figure 4. Representative MRM chromatograms for 
spinosad D and spinetoram J spiked at a level of 
0.1 µg/g in cannabis flower and extracted using the 
sample preparation protocol reported. 

MULTI-RESIDUE METHOD CHALLENGES
Multi-pesticide residue analysis requires careful attention to the MRM transitions of co-eluting compounds since there can be 
signal interferences which can lead to inaccurate quantitation. The compounds spinetoram J and spinosad D share common 
structural features and produce the same primary and secondary ion fragments during collision induced dissociation (CID). The 
precursor m/z for spinosad D is 746.5 and that of spinetoram J is m/z 748.5. The isotopic form of spinosad D that contains two 
carbon-13 atoms gives rise to a signal in the same MRM channel used for analysis of spinetoram J (Figure 4). When both pesticides 
co-occur in a mixture, accurate quantitation of each individual pesticide requires chromatographic separation as shown in Figure 4.
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MYCOTOXINS ANALYSIS BY LC-MS/MS
The LC-MS/MS analysis of mycotoxins can be combined with the analysis of pesticide residues in a single analytical injection, 
allowing trace level detection of aflatoxins G2, G1, B2, B1, and ochratoxin A. The calibration curves for all mycotoxins were linear 
(R2>0.990) over the range tested 0.005 to 0.10 µg/g (5 to 100 ppb in sample or 0.5 to 10 ppb in vial concentration) in matrix matched 
calibration curves. Figure 5 shows the chromatograms of cannabis matrix spiked at 0.02 µg/g which is the action level set by the 
State of California for mycotoxins testing.
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Figure 5. Representative MRM chromatograms for aflatoxins G2, G1, B2, B1, and ochratoxin A spiked at a level of 0.02 µg/g in 
cannabis matrix.

PESTICIDES ANALYSIS BY GC-MS/MS
Analysis for pesticide residues in the cannabis flower extracts also required GC-MS/MS to fully cover the California pesticide 
regulations. Compounds like chlordane, captan (analyzed as its degradant THPI), and pentachloronitrobenzene (PCNB) require 
GC-MS/MS due to poor ionization using electrospray ionization in LC-MS/MS. Conversely, compounds such as bifenthrin ionize 
well using both LC-MS/MS and GC-MS/MS, but experienced matrix interference to reach the required levels using LC-MS/MS. 
Additionally, there was a large subset of compounds that worked well using both techniques. Therefore, analysis on both systems 
allows for increased confidence in results and the GC-MS/MS data can be used as an added confirmatory technique.

LINEARITY AND SENSITIVITY
Matrix matched calibration curves were bracketed around injections of sample extracts. Continuing calibration checks were also 
run throughout the analysis sequence to ensure system performance was maintained through the runs. Linearity over the range of 
0.025 to 1 µg/g (25 to 1000 ppb) was excellent with R2 values >0.995 and residuals were within 20%. Figure 6 highlights an example 
of methyl parathion post spiked into the cannabis flower extract showing excellent linearity, residuals, and sensitivity. Figure 7 
demonstrates an example of the pesticides that required GC-MS/MS analysis at the action limit extracted in cannabis flower 
samples. It is important to note that bifenthrin elutes close to the region where THC and other cannabinoids elute and therefore  
its peak shape is broadened due to the matrix.
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Residuals <4% 

R2 = 0.999 
25 – 1000 ppb (in sample) 
2.5 – 100 ppb (in vial) 

25 ppb  
(2.5 ppb in vial) 

Figure 6. Representative example of a GC-MS/MS quantitation curve for methyl parathion demonstrating a linear range from 
0.025 to 1 µg/g (25 to 1000 ppb in sample or 2.5 to 100 ppb in vial concentration).

Figure 7. Representative MRM chromatograms for (1) THPI, captan degradation product; (2) bifenthrin; (3) trans and cis 
chlordane; (4) PCNB spiked at a level of 0.1 µg/g in cannabis flower 0.7 µg/g for THPI) and extracted using the sample 
preparation protocol reported.
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REPRODUCIBILITY OF GC-MS/MS 
PESTICIDE DATA
Cannabis is a very challenging matrix that can 
quickly create a loss of response from the inlet 
liner and source components becoming dirty. 
It is essential to have a system that is robust 
enough to hold up to challenging matrices such 
as cannabis. Reproducibility of the GC-MS/MS 
response was assessed by injecting 50 replicates 
of cannabis matrix post spiked with the California 
pesticide suite at 0.1 µg/g. Figure 8 highlights 
three of the GC pesticides analyzed over the 
series of injections. The %RSD of the peak 
response were below 15% for the majority of  
the pesticides across the 50 replicate injections.   

RECOVERY AND MATRIX EFFECTS
Method recovery was assessed by spiking 
pesticides at the 0.1 µg/g and 0.5 µg/g levels in 
cannabis flower and comparing the response to 
that observed from spiked matrix blanks (matrix 
matched standards). The mycotoxins were spiked 
at 0.02 µg/g and 0.10 µg/g. As shown in Figure 
9, the recoveries observed for most pesticides 
were in the range of 80% to 120%. The dSPE 
cleanup provided significant reduction of matrix 
suppression for most compounds (data not 
shown). An example of the benefits of using dSPE 
to reduce suppression effects can be seen in a 
previous study using the Oregon list pesticides.4 
Compounds that eluted in the same range as the 
cannabis resin constituents such as THCA show 
greater ion suppression compared to compounds 
that eluted before the resin constituents.
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Figure 8. Peak area plotted over 50 replicate injections of cannabis matrix spiked with 0.1 µg/g 
pesticides highlighting the %RSD for the peak response.

Figure 9. % recovery of all pesticides and mycotoxins from the cannabis matrix (n = 6). Error 
bars indicate the standard deviation observed for each compound. Please note the reduced 
recoveries for ochratoxin A and daminozide are due to their interaction with the PSA sorbent 
during the dSPE cleanup step. ** Represents the recovery for GC pesticides. 
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CONCLUSIONS
This simple sample extraction and dSPE cleanup method followed by UPLC-
MS/MS and GC-MS/MS analysis provides a rapid, sensitive, and robust 
workflow for determination of the California pesticide list and mycotoxins in 
challenging cannabis matrix. Matrix suppression was significantly reduced 
using dSPE cleanup for many pesticides; thereby improving the data quality. 
This method is capable of meeting the action levels for the California 
pesticide list and mycotoxins in cannabis matrix.  
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Appendix

Analytes Action level
(0.1 µg/g) RT Quan trace

Cone (V), Collision (eV)
Qual trace

Cone (V), Collision (eV)
Abamectin 0.1 13.48 890.5>305.1(45,25) 890.5>145 (45,30)
Acephate 0.1 2.96 184>143 (15,6) 184>95 (15,19)

Acequinocyl 0.1 14.53 343.2>189.1 (35,20) 343.2>115 (35,40)
Acetamiprid 0.1 4.36 223>126 (30,20) 223>56.1 (30,15)

Aldicarb 0.1 4.91 208>116 (12,6) 208>89 (12,16)
Azoxystrobin 0.1 5.96 404.1>344.1 (25, 20) 404.1>372 (25,25)

Bifenazate 0.1 6.53 301.16>170.2 (28,22) 301.16>153 (28,28)
Boscalid 0.1 6.22 343>140 (25,20) 343>307 (25,12)
Carbaryl 0.5 5.41 202.1>145 (28,12) 202.1>127 (28,25)

Carbofuran 0.1 5.29 222.1>165 (5, 10) 222.1>123 (5,20)
Chlorantraniliprole 10 5.85 481.9>283.9 (15,23) 481.9>450.9 (15,25)

Chlorfenapyr 0.1 9.54 409.2>59 (58,16) 409.1>379.1 (58,10)
Chlorpyrifos 0.1 11.77 351.9>124.9 (40,19) 351.9>199.9 (40,19)

Cinerin I 0.5 12.8 317.2>149 (28,11) 317.2>107 (28,27)
Cinerin II 0.5 8.7 361.2>149 (28,7) 361.2>107 (28,20)

Clofentezine 0.1 8.05 303>138 (20,15) 303>102 (20,30)
Coumaphos 0.1 7.49 365>229 (40,23) 363>307 (40,15)
Cyfluthrin 2 13.07 451.1>191 (35,17) 453.1>193 (35,17)

Cypermethrin 1 13.25 433.1>191 (15,17) 435.1>193 (15,17)
Daminozide 1 1.2 161>143 (24,12) 161>61 (24,12)

DDVP (Dichlorvos) 0.1 5.25 221>109 (23,22) 221>79 (23,34)
Diazinon 0.1 7.73 305.1>169 (20,22) 305.1>153.1 (20,20)

Dimethoate 0.1 4.36 230>125 (5,10) 230>198.9 (5,20)
Dimethomorph 2 6.37 388.1>301.1 (45,19) 388.1>165.1 (45,30)
Ethoprop(hos) 0.1 6.88 243>130.9 (18,20) 243>97 (18,31)

Etofenprox 0.1 13.67 394.3>177 (26,15) 394.3>106.9 (26,43)
Etoxazole 0.1 12.7 360.2>141 (55,30) 360.2>113 (55,55)

Fenhexamid 0.1 6.71 302.1>97.1 (55,23) 302.1>55.1 (55,33)
Fenoxycarb 0.1 7.11 302.1>88(10,20) 302.1>116.1 (10,11)

Fenpyroximate 0.1 12.89 422.2>366.1 (35,20) 422.2>138.1 (35,30)
Fipronil 0.1 7.07 434.9>330 (42,13) 434.9>250 (42,25)

Flonicamid 0.1 3.74 230.1>203.1 (35,15) 230.1>148.1 (35,35)
Fludioxonil 0.1 6.16 247.2>126 (30,30) 247.2>180.2 (30,28)

Hexythiazox 0.1 12.07 353>228.1 (10,15) 353>168.1 (10,25)
Imazalil 0.1 5.94 297>69 (25,20) 297>159 (25,20)

Imidacloprid 5 4.11 256.1>175.1 (25,20) 256.1>209 (25,15)
Jasmolin I 0.5 13.27 331>121 (25,21) 331>107 (20,20)
Jasmolin II 0.5 10.47 375.2>163 (30,9) 375.2>107 (30,25)

Kresoxim-methyl 0.1 7.36 314.1>116 (5,15) 314.1>235 (5,20)
Malathion 0.5 6.3 331.1>127 (12,20) 331.1>285 (12,12)
Metalaxyl 2 5.77 280.2>220.1 (10,10) 280.2>192 (10,10)

Methiocarb 0.1 6.18 226>169 (25,10) 226>121 (25,20)
Methomyl 1 3.67 163.1>88 (10,10) 163.1>106 (10,10)

Methyl parathion 0.1 6.04 264.15>125.1 (38,18) 264.15>232.1 (38,14)
Mevinphos 0.1 4.37 225.1>127.1 (15,15) 225.1>193.1 (15,10)

Myclobutanil 0.1 6.45 289.122>69.97 (30,20) 289.122>125 (30,38)
Naled 0.1 5.85 381>127 (30,17) 381>109 (30,27)

Oxamyl 0.5 3.51 237.1>72.1 (5,10) 237.1>90.1 (5,10)
Paclobutrazol 0.1 6.32 294.1>70.2 (10,20) 294.1>125.1 (10,35)

Permethrin 0.5 13.49 408.1>183 (20,22) 410.1>185 (20,22)
Phosmet 0.1 5.88 318>160 (28,22) 318>133 (28,20)

Piperonylbutoxide 3 11.01 356.2>177.1 (20,10) 356.2>119 (20,35)
Prallethrin 0.1 8.92 301.2>133 (5,12) 301.2>169 (5,9)

Propiconazole 0.1 7.75 342.1>158.9 (15,25) 342.1>69 (15,20)
Propoxur 0.1 5.27 210.1>111 (15,15) 210.1>168 (15,5)

Pyrethrin I 0.5 12.91 329.1>161 (18,8) 329.1>133 (18,16)
Pyrethrin II 0.5 8.99 373.2>161 (37,8) 373.2>133 (37,19)
Pyridaben 0.1 13.25 365.2>147.1 (5,24) 365.2>309 (5,12)

Spinetoram 0.1 10.02 748.5>142.1 (75,30) 748.5>98.1 (75,60)
Spinosad A 0.1 8.38 732.6>142 (35,30) 732.6>98.1 (35,35)
Spinosad D 0.1 9.78 746.5>142 (40,31) 746.5>98.1 (40,35)

Spiromesifen 0.1 12.63 388.2>273.1 (28,14) 371.2>273.1 (43,10)
Spirotetramat 0.1 6.62 374>330 (20,15) 374>302 (20,30)
Spiroxamine 0.1 6.23 298>144 (40,20) 298>100 (40,32)

Tebuconazole 0.1 7.51 308.2>70.1 (10,20) 308.2>125 (10,35)
Thiacloprid 0.1 4.57 253>126 (40,20) 253>90.1 (40,35)

Thiamethoxam 5 3.74 292>211.2 (25,10) 292>132 (25,20)
Trifloxystrobin 0.1 9.18 409.1>186 (10,16) 409.1>145 (10,40)

Appendix Table 1. LC-MS/MS retention times and MRM transitions for the LC amenable pesticides on the California list.
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Analytes Action level
(0.1 µg/g) RT Quan trace

Cone (V), Collision (eV)
Qual trace

Cone (V), Collision (eV)
AflatoxinB1 0.02 5.07 313.1>285.1 (35,21) 313.1>241.1 (35,35)
Aflatoxin B2 0.02 4.94 315.1>259.1 (35,28) 315.1>287.1(35,25)
Aflatoxin G1 0.02 4.79 329.1>243.1 (35,25) 329.1>311.1 (35,21)
Aflatoxin G2 0.02 4.64 331.1>245.1 (35,28) 331.1>189 (35,40)
Ochratoxin A 0.02 6.04 404.1>239 (45,23) 404.1>358.1 (45,13)

Appendix Table 2. LC-MS/MS retention times and MRM transitions for mycotoxins on the California list. 

Pesticide Action level
(µg/g) RT Quan trace

(CE)
Qual trace 1

(CE)
Acephate 0.1 5.7 136>94 (14) 136>42(10)

Acequinocyl 0.1 12.53 342>188(16) 189>115(26)
Azoxystrobin 0.1 13.39 344>172(44) 344>156(32)

Bifenazate 0.1 11.03 199>184(12) 300>258 (10)
Bifenthrin 3 11.03 181.1>165.1 (30) 181.1>166.1 (17)
Boscalid 0.1 12.44 140>112 (14) 140>76 (23)
Captan 0.7 9.2 114>79 (12) 79>77 (12)

Carbaryl 0.5 8.34 144>115 (26) 144>116 (16)
Carbofuran 0.1 7.44 164>103 (29) 164>149 (14)

Chlorantraniliprole 10 11.1 278>249 (25) 278>215 (24)
Chlordane, trans 0.1 9.35 375>266 (24) 373>266 (28)

Chlordane, cis 0.1 9.5 375>266 (24) 373>266 (28)
Chlorfenapyr 0.1 9.99 59>31 (6) 59>29 (8)
Chlorpyrifos 0.1 8.78 197>168.9 (14) 197>107 (38)
Coumaphos 0.1 12.03 362>109 (17) 210>182 (12)
Cyfluthrin 1 2 12.25 163>127(8) 226>206 (20)
Cyfluthrin 2 2 12.29 163>127 (8) 226>206 (20)

Cyfluthrin 3/4 2 12.34 163>127 (8) 226>206 (20)
Cypermethrin 1 1 12.39 163>127 (9) 163>91 (14)
Cypermethrin 2 1 12.39 163>127 (9) 163>91 (14)

Cypermethrin 3/4 1 12.39 163>127 (9) 163>91 (14)
Diazinon 0.1 7.77 137>84 (18) 199>93 (17)

Dichlorvos 0.1 4.25 185>93 (14) 109>79 (9)
Dimethoate 0.1 7.36 125>47 (12) 125>79 (10)

Dimethomorph 2 13.41 301>165 (14) 301>152 (48)
Ethoprophos 0.1 6.8 158>97 (15) 158>114 (7)
Etofenprox 0.1 12.55 163.1>107.1 (20) 163.1>135 (12)
Etoxazole 0.1 11.1 141>113 (17) 141>63.1 (28)

Fenhexamid 0.1 10.5 177>113 (16) 177>78 (24)
Fenoxycarb 0.1 11.01 116>88 (12) 255>186 (14)

Fenpyroximate 0.1 7.43 213>77 (25) 213>212 (15)
Fipronil 0.1 9.22 367>213 (38) 369>215 (38)

Flonicamid 0.1 6.66 174>69 (32) 146>126 (10)
Fludioxonil 0.1 9.72 248>154.1 (26) 248>182 (22)

Hexythiazox 0.1 9.4 155>111 (20) 155>120 (25)
Imazalil 0.1 9.53 215>173 (9) 217>175 (9)

Kresoxim-methyl 0.1 9.87 116>89 (15) 116>63 (24)
Malathion 0.5 8.67 173>99 (19) 173>127 (12)
Metalaxyl 2 8.41 160>130 (18) 160>145 (12)

Methiocarb 0.1 8.57 168>153 (14) 153>109 (10)
Methyl parathion 0.1 8.26 263>109 (16) 263>79 (30)

Mevinphos 0.1 5.52 127>109 (12) 192>127 (14)
Myclobutanil 0.1 9.81 179>125.1 (20) 179>152 (12)
Paclobutrazol 0.1 9.43 236>125 (18) 238>127 (16)

PCNB 0.1 7.61 214>179 (14) 295>237 (25)
Permethrin 1 0.5 11.97 163>127 (5) 165>129 (5)
Permethrin 2 0.5 12.03 163>127 (5) 165>129 (5)

Phosmet 0.1 10.97 160.1>77.1 (24) 160>133 (15)
Piperonyl butoxide 3 10.81 176>103 (26) 176>131 (12)

Prallethrin 0.1 9.35 123>81 (10) 123>79 (15)
Propiconazole 1 0.1 10.46 173>109 (26) 173>144.9 (19)
Propiconazole 2 0.1 10.52 173>109 (26) 173>144.9 (19)

Propoxur (Baygon) 0.1 6.67 110>64 (17) 110>63 (21)
Pyrethrin I 0.5 9.84 123>81 (10) 123>79 (15)
Pyrethrin II 0.5 10.35 133>105 (12) 133>91 (15)
Pyridaben 0.1 12.04 148>117 (24) 148>132 (16)

Spiromesifen 0.1 10.9 272>209 (17) 272>254 (8)
Spiroxamine 1 0.1 8.26 100>58 (15) 100>72 (13)
Spiroxamine 2 0.1 8.54 100>58 (15) 100>72 (13)
Tebuconazole 0.1 10.63 250.1>125 (30) 252.1>127 (28)
Thiamethoxam 5 9.05 212>139 (30) 212>125 (14)
THPI (captan) 0.7 5.83 151>80 (5) 151>77 (30)
Trifloxystrobin 0.1 10.51 116>89 (15) 116>63 (26)

Triphenylphosphate* - 10.69 325>169 (24) 326>215 (20)
PCB 18* - 7.67 256>186 (15) 258>186 (15)
PCB 28* - 8.18 256>186 (15) 258>186 (15)
PCB 52* - 8.54 290>220 (23) 292>220 (23)

 
* Indicates compound used as internal standard.

Appendix Table 3. GC-MS/MS retention times and MRM transitions for the GC amenable pesticides on the California list.


