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Introduction
Over half of states in the U.S. have legalized 
the use of recreational or medical cannabis 
and like other agricultural commodities, 
pesticides are used in cannabis cultivation to 
protect cannabis plants from pests and improve 
growth yield. After a pesticide is applied to a 

cannabis or hemp crop, trace amounts of pesticide residues may stay on the flower. Pesticides 
intended for use on cannabis must be tested for the safety of these residues. Since cannabis 
is regarded as a Schedule 1 Controlled Substance by the U.S.A federal government, there are 
no federal regulations for pesticide analysis in cannabis. Currently individual states in the US 
have developed their own regulations outlining the list of pesticides to monitor and acceptable 
maximum residue limits or action limits for each pesticide. Oregon (OR) was the first state* in 
the U.S. to come up with comprehensive guidelines for pesticide residues analysis in cannabis 
and set regulatory limits for 59 pesticides in cannabis1. Arizona has implemented regulations 
for 56 out of 59 pesticides on the Oregon list and added an extra herbicide (pendimethalin) to its 
list2. Similar to Arizona, a number of other states - Michigan, Oklahoma, Colorado, Washington 
and Nevada have enacted regulations with action limits for a list of pesticides that are 
a subset of Oregon's state list of pesticides with few additional pesticides3-4. In addition to 
pesticides, different states requires cannabis products to be tested for 5 mycotoxins. Mycotoxins, 
including 4 aflatoxins and ochratoxin A, are naturally occurring toxins produced by certain 
types of mold and fungi. Mycotoxin contamination can occur during cultivation or storage of 
cannabis and pose a serious health risk to consumers. As a result, testing for the levels of 
pesticide and mycotoxins in cannabis is important to ensure quality control and the health of 
consumers, particularly those who may already have compromised health. 
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Conventionally, multiresidue pesticide analysis is performed using 
tandem quadrupole mass spectrometry (MS/MS) combined with 
either liquid chromatography (LC) or gas chromatography (GC) 
or both. High performance liquid chromatography-tandem mass 
spectrometry (LC/MS/MS) has emerged as the method of choice 
for pesticide and mycotoxin analysis because it offers superior 
selectivity, sensitivity, ruggedness, and does not require extensive 
sample preparation before analysis for a wide panel of analytes. 
Although gas chromatography-mass spectrometry (GC/MS/MS) 
methods have been developed for pesticide analysis in cannabis 
samples, they are only applicable to a smaller subset number of 
analytes. Compounds such as abamectin, a high molecular weight 
compound, are not amenable to analysis by GC/MS/MS because 
they are heat labile and degrade in either the GC injection port or 
the column at high temperature. A robust and single instrument 
platform (LC/MS/MS) method is ideal for simultaneous analysis of 
pesticide and mycotoxins in cannabis labs. 

Numerous reports for pesticide analysis in cannabis have been 
published, most of which have certain workflow limitations 5-7. 
Most of these studies use time-consuming, and costly, sample 
preparation methods (eg. QuEChERS with dSPE or SPE) with 
poor sample preparation recoveries for some of the pesticides, 
and require the use of both LC/MS/MS and GC/MS/MS based 
instruments for analysis of all pesticides. This can increase cost, 
complexity, and turnaround time of analysis since they require 
the use of two instruments and time consuming and expensive 
sample preparation methods.  Moreover, GC/MS/MS methods 
are not as robust as LC/MS/MS methods for pesticide analysis 
in complex cannabis matrices since they require extensive 
sample preparation to prevent GC injection port contamination 
from complex matrices. The aim of this study is to demonstrate 
the performance of a novel LC/MS/MS method with a dual ESI 
and APCI source and simple solvent extraction to meet the 
regulations of the states for 64 pesticides and 5 mycotoxins in 
place as of June 2021 in a complex cannabis flower matrix. 

Experimental
Materials and Reagents

A PerkinElmer One Pesticide420TM ISO17034 CRM Reagent Kit 
was used for preparation of pesticide and mycotoxins standards 
at different concentrations for collecting validation data with an 
LC/MS/MS method. To compensate for matrix effects observed  
in complex cannabis samples, 30 internal standards were  
used from this kit to improve method recovery and accuracy  
of quantitation.

Pesticides Hardware/Software 

Chromatographic separation was conducted on a PerkinElmer® 
LC/MS/MS® LX50 UHPLC system, while detection was achieved 
using a PerkinElmer Q-Sight® 420 MS/MS detector with a dual 
ionization ESI and APCI source, which operate independently 
with two separate inlets. All instrument control, data acquisition 
and data processing was performed using the Simplicity 3Q™ 
software platform. 

Sample Preparation Method

Below is the step by step sample preparation procedure with 
10-fold dilution: 

• Take approximately 5 grams of cannabis flower as a 
representative of each sample batch and grind it finely using 
a grinder (e.g. OMNI Bead Ruptor 96).  

• Measure 1 gram of sample and place it into 50 mL centrifuge tube.

• Add 5 mL of LC/MS grade acetonitrile to the tube and cap it.

• Place the tube on multi-tube vortex mixer and allow it to  
vortex for 10 minutes.

• Centrifuge extract in tube for 10 minutes at 3000 rpm.

• Filter the solvent into a 5 mL glass amber vial using 0.22 
micron nylon syringe-filter and cap it.

• Label the bottle with the sample ID.

• Transfer 0.5 mL of extracted sample into a 2 mL HPLC vial and 
dilute it with 0.49 mL of LC/MS grade acetonitrile and mix it. 
Spike 10 µL of internal standard solution from a PerkinElmer 
One Pesticide420TM ISO17034 CRM Reagent Kit. 
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LC Conditions

LC Column PerkinElmer Quasar SPP Pesticides (4.6 × 100 mm, 2.7 µm)

Mobile Phase 
Gradient

An 18 min. (this time includes both analysis time and 
column equilibration time) LC/MS/MS method with  
optimized gradient using an ESI source was used for 
separation and analysis of 61 out of 64 pesticides and 
5 mycotoxins residues at low levels of a cannabis matrix. 
A fast 6 min. LC/MS/MS method with short gradient, 
optimum mobile phase composition and an APCI source 
was used for the measurement of remaining 3 pesticides.

Column Oven 
Temperature 30 ºC

Auto sampler 
Temperature 20 ºC

Injection 
Volume

3.0 µL for the LC/MS/MS method with an ESI source.  
10 µL for the LC/MS/MS method with an APCI source. 

MS Source Conditions for ESI Source and APCI Source

ESI Voltage 
(Positive) +5500 V

ESI Voltage 
(Negative) -4200 V

APCI Corona 
Discharge -5 µA

Drying Gas 150 arbitrary units

Nebulizer Gas 350 arbitrary units

Source 
Temperature 315 ºC

HSID 
Temperature 200 ºC

Detection mode Time-managed MRM™

LC Method and MS source conditions

The LC method and MS source parameters are shown in Table 1. 

were measured with an APCI source. Figures 1 and 2 show 
MRM chromatograms with excellent signal to noise ratio for a 
representative set of challenging pesticides (daminozide,  
MGK-264, abamectin and acequinocyl)  and mycotoxins 
(aflatoxin-B1 and ochratoxin-A) spiked at low levels in range of 
0.005-0.025 µg/g (5-25ppb) in the cannabis flower, respectively 
using the LC/MS/MS method with an ESI source. Figure 3 shows 
MRM chromatograms for two pesticides (methyl parathion and 
PCNB) analyzed at low levels of 0.010 µg/g (10 ppb) in the 
cannabis flower using the LC/MS/MS method with an APCI 
source. For determining the limits of quantitation, cannabis 
extracts were fortified with different low levels of pesticides and 
mycotoxins. The limits of quantification (LOQs) and response 
reproducibility at LOQ level for each of the pesticides and the 
mycotoxins in cannabis extract are summarized in Tables 
2 and 3. The LOQs were determined by measuring signal to 
noise ratio for the cannabis flower matrix spiked standards. 
LOQ is the lowest concentration for spiked cannabis matrix 
at which S/N = 10 or higher is measured for quantifier ion, 
response RSD (n=7) is less than 20% and ion ratio for qualifier 
to quantifier ion was within 30% of the reference ion ratio 
obtained for qualifier to quantifier ion using solvent standards. 
If the reference ion ratio for qualifier to quantifier ion was 
less than 20%, then we used the criteria that ion ratio at LOQ 
level in cannabis matrix was within 50% of reference ion ratio 
obtained using solvent standards.  As demonstrated in Tables 2 
and 3, the LOQs in this study are well below the  action limit for 
the states by a factor of roughly 2 to 400 for all of 64 pesticides 
and 5 mycotoxins listed. The response RSD for each pesticide and 
mycotoxin at its LOQ level in the cannabis matrix was less than 
20%. This demonstrates that the method is more than adequately 
sensitive and reproducible for pesticides and mycotoxins analysis 
in cannabis at the regulatory limit specified by the states.

Sample Preparation Recovery with Solvent Extraction

The Quick, Easy, Cheap, Effective, Rugged and Safe (QuEChERS) 
extraction is the most widely used sample preparation method 
for extraction of low levels of contaminants such as pesticides 
from fruit and vegetable matrices with higher water content8. 
The method includes extraction of a broad range of pesticides 
and also the removal of sugars, organic acids and other 
compounds commonly found in fruits and vegetables9-12. It 
is not a suitable method for very polar pesticides, such as 
daminozide, which is included in certain states’ cannabis 
regulations, including Arizona’s. Since daminozide is too polar 
to be extracted efficiently with QuEChERS, it remains in the 
aqueous phase and does not partition into the organic solvent 
during salting out step. The recovery of Daminozide from a 
cannabis matrix with QuEChERS extraction has been reported 
to be less than 10%5. Different groups have tried to develop 
an advanced QuEChERS method with a d-SPE step which 
utilizes PSA ( primary secondary amine ) or other adsorbents 

Table 1. LC Method and MS Source Conditions.

Results and Discussion
Detectability and Reproducibility

The LC/MS/MS method with dual ESI and APCI source 
analyzes each state’s list of regulated pesticides and 
mycotoxins in cannabis flower with two separate injections 
using the same instrument platform and total run time of 24 
min. A diverter valve enables automated fast switching of 
mobile phase eluent to APCI source from ESI source and vice 
versa to facilitate the fast analysis using this method without 
requiring time consuming step of switching APCI and ESI ion 
sources in LC/MS/MS systems with a single source. With this 
LC/MS/MS method, 61 out of 64 pesticides and 5 mycotoxins, 
listed in the states cannabis regulations, were analyzed using 
an ESI source and remaining three pesticides (chlorfenapyr, 
methyl parathion and pentachloronitrobenzene (PCNB) ) 
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to remove the matrix from cannabis extract. However, the 
addition of the d-SPE step to the QuEChERS method not 
only makes this method more laborious and expensive, but 
also leads to low recoveries of a few compounds such as 
spinosad, spirotetramat, spioroxamine, and ochratoxin A, 
among others. This is a result of these compounds binding 
to the PSA adsorbent in the d-SPE step, and resulting in poor 
recoveries. Recently Moulins et al. developed three different 
complex sample preparation methods using SPE ( solid phase 
extraction) with C18 columns and d-SPE with Enhanced Matrix 
Removal – Lipid (EMR-Lipid) sorbents13. A number of analytes 
such as imazalil, spirotetramat, and pyridaben, among others, 
showed very poor recoveries with their intricate, expensive 
and time consuming sample preparation methods. Due to low 
recoveries of some of pesticides using sample preparation 
methods such as QuEChERS, d-SPE and SPE to extract 
pesticides and mycotoxins from a cannabis matrix, we used 
a simple acetonitrile based solvent extraction method to get 
good recovery with high throughput. To confirm this method, 
fortified cannabis flower samples were used to determine 
pesticides and mycotoxin recovery. The cannabis flower 
samples were tested to confirm the absence of pesticides 
before they were spiked. Five cannabis flower samples were 
spiked at 2 levels (low and high) of 64 pesticides (0.1 and 1 µg/g) 
and 5 mycotoxins (0.01 and 0.1 µg/g) standard. The absolute 
sample preparation recoveries or extraction efficiency of all of 64 
pesticides and five mycotoxins at two different levels were within 
an acceptable range of 80-120% with RSD less than 20% for five 
cannabis flower samples. The sample preparation recovery was 
calculated by taking the ratio of signal of analyte in pre-spiked to 
post-spiked extract and multiplying this number by 100. 

Internal Standards to Compensate for Sample Matrix Effects 
and Improve Overall Recovery or Accuracy

A cannabis flower matrix contains a number of highly 
concentrated plant components such as cannabinoids and 
terpenes which are co-extracted in extract and can cause severe 
matrix effects such as ion suppression or enhancement for a 
number of pesticides. Moreover, quantification of pesticide and 
mycotoxins residues in different cannabis products is difficult 
due to the great disparity in high concentration levels of naturally 
occurring cannabinoids as well as terpene content and other 
compounds, which can would lead to different sample matrix 
effects in different cannabis products. The ion suppression/
enhancement effects were determined by checking signal for 
spiked pesticides and mycotoxins at a fixed concentration in a 

cannabis flower matrix and solvent standard. The calculation 
was performed by taking the difference between the signal 
of the analyte in the post spiked cannabis flower extract and 
clean solvent, and dividing it by the signal in clean solvent. 
Figure 4 shows these calculated matrix effects as a function of 
the analyte’s retention time on the column using the LC/MS/MS 
method with an ESI source. Among the 66 analytes (61 pesticides 
and 5 mycotoxins) measured with the ESI source, most analytes 
showed signal suppression effects. Since a cannabis flower matrix 
is very hydrophobic, significant matrix ion suppression effects of < 
-20% were observed mainly at higher elution time for analytes. For 
those analytes measured with the APCI source, ion suppression 
effects greater than 20% were only observed for 1 out of 3 
analytes. A solution containing 30 internal standards from the 
PerkinElmer One Pesticide420 TM ISO17034 CRM Reagent Kit 
was spiked in both solvent standards and cannabis samples 
to improve the accuracy of quantitative analysis as well as the 
overall recovery by compensating for the matrix ion suppression 
effects and inaccuracies in sample injection in LC. The overall 
recovery (accuracy) of the LC/MS/MS method takes into 
account both the recovery from sample preparation as well as 
ion suppression effects and is given by following equation:

The first ratio in the above equation represents sample 
preparation recovery and the second ratio accounts for 
ion suppression/enhancement effects. After canceling the 
common term (signal in post spiked extract) in numerator 
and denominator of above equation, the overall recovery  
calculation can be simplified by taking the percentage ratio of 
signal in pre-spiked extract to solvent standard. The following 
example would explain how the addition of internal standards 
would improve overall recovery by compensating for matrix 
effects. Figure 5a shows the overlay of acequinocyl’s signal 
in a clean standard solvent and an extract of cannabis flower 
spiked with acequinocyl before and after extraction. The 
recovery from the sample preparation for acequinocyl is 
calculated by taking the percentage ratio of the signal of analyte 
in pre-spiked and post spiked extract, and it was calculated 
to be 90%.The overall recovery is calculated by taking the 
percentage ratio of the signal in pre-spiked extract to the signal 
in solvent standard. Figure 5a clearly demonstrates that the 
overall recovery of acequinocyl without internal standard is about 
55% due to significant ion suppression effects caused by the 
matrix. Acequinocyl-d25, a deuterated analog of acequinocyl, 
was added in fixed amounts to both the solvent standard and 

Signal in pre-spiked extract 

Signal in post-spiked extract 
Over All Recovery (%) = * 

Signal in post-spiked extract 

Signal in solvent standard
100* 

Sample Preparation Recovery (%) = 
Signal in prespiked Extract * 100 

Signal in post spiked extract



5www.perkinelmer.com

Quantitation of Pesticide and Mycotoxin Residues in Cannabis as Defined by AZ, MI, OK, CO, OR, NV, and WA State Recreational Cannabis Regulations

the cannabis flower matrix to compensate for ion suppression 
effects. The internal standard has a similar chemical structure 
to the analyte and its elution and ionization efficiency (or ion 
suppression effect) is therefore very similar to the analyte in 
both the solvent standard and the sample matrix, meaning that 
response ratios of the analyte to the internal standard in the 
solvent standard and cannabis sample would  also be similar. 
According to experimental results shown in Figures 5b and 5c, use 
of an internal standard significantly improved the overall recovery 
of acequinocyl – calculated based on ratio of response ratio (RR) 
of acequinocyl to its internal standard in pre-spiked cannabis matrix 
(RR=1.91) and solvent standard (RR=1.89) from 55% to 102% due 
to the correction of matrix effects. Figure 6 shows a comparison 
of the overall recoveries of 61 pesticides and 5 mycotoxins 
analyzed using an ESI source with and without internal standard. 
Similarly, the overall recoveries for 3 pesticides analyzed using 
an APCI source were in the range of 80-120% with RSD less than 
20%. Finally, the overall recoveries in the range of 80-120%  with 
RSD less than 20% were achieved for all 64 pesticides (at level of 
0.1 and 1 ug/g) and 5 mycotoxins (at level of 0.01 and 0.1 ug/g) 
with the addition of 30 internal standards to the cannabis flower 
matrix the for LC/MS/MS method with an ESI and APCI source. For 
one of pesticides (cyfluthrin), the overall recovery values were not 
determined at low spiked value of 0.1 µg/g since it was below their 
LOQ value. 

LC/MS/MS with Optimum MRM Transitions and LC Gradient 
to Minimize Matrix Interference

As stated, cannabis is a challenging matrix to test, and this is 
compounded by the low concentration level of the pesticides. 
Cannabis is a complex plant comprised of at least 554 different 
compounds including over 113 phytocannabinoids and 120  
terpenes. Other components of the plant include hydrocarbons, 
nitrogenous compounds, carbohydrates, flavonoids, fatty acids, 
non-cannabinoid phenols, phytosterols, vitamin K, carotene 
and xanthophylls as pigments, and various simple alcohols, 
aldehydes, ketones, carboxylic acids, esters and lactones14. 
Some of these constituents like cannabinoids and terpenes 
are present in the plant at percentage level. These chemicals 
can get co-extracted with trace level of pesticides and can 
cause matrix interference if they have same retention time 
and MRM transition as pesticide. To improve the selectivity 
of pesticides analysis in cannabis flower, it is necessary 
to have multiple transitions for few compounds in order to 
find a transition that does not have matrix interference. For 
example, propiconazole can be ionized easily as a protonated 
molecular ion in a standard, and this MRM transition in figure 
7a, based on monoisotopic mass ion in the cannabis matrix, 
showed poor LOQ of 0.1 µg/g due to matrix interference from 
coextracted compounds isobaric to this pesticide in cannabis 
flower matrix. Therefore, as shown in figure 7b, MRM transition  
based on M+2 isotope mass was determined to reduce matrix 

interference and achieve LOQ of 0.01 µg/g for propiconazole 
in the cannabis matrix. Figure 7 shows the signal overlay 
of blank cannabis matrix and propiconazole spiked at level 
of 0.025 µg/g in cannabis using MRM transitions with and 
without matrix interference. This figure demonstrates that 
optimum propiconazole MRM transition helped in achieving 
lower detection limits due to minimal matrix interference 
from cannabis. For some of pesticides and mycotoxins, it is 
not possible to determine alternative MRM transitions with 
good signal and less matrix interference. In this case, the LC 
gradient can be optimized to separate the analyte and matrix 
interfering compound in time to reduce matrix interference. 
For example, Figure 8 a shows co-elution of pendimethalin 
at a level of 0.01 µg/g in a cannabis flower matrix and matrix 
interfering compound with generic LC gradient. After optimizing 
LC gradient, Figure 8b demonstrates base line separation for 
signal of pendimethalin at a level of 0.01 µg/g in cannabis 
flower matrix and matrix interfering compound with optimum 
LC gradient. Similarly, we used optimized MRM transitions 
and LC gradient for a number of pesticides and mycotoxins 
such as acequinocyl, prallethrin spiromesifen, pyrethrins and 
aflatoxin-B1 to reduce matrix interference.

Analysis of Pesticides Normally Analyzed by GC/MS/MS/ 
Using LC/MS/MS with an APCI Source

Some of pesticides (chlorfenapyr, methyl parathion and 
PCNB) in cannabis, regulated by different states in USA, are 
traditionally analyzed traditionally using GC/MS/MS with an EI 
source since these pesticides have low proton affinity, which 
results in very low ionization efficiency with the ESI source in 
positive ion mode. An APCI ion source is much better suited 
for ionization of very hydrophobic and halogenated analytes, 
and therefore it was used to determine the detection limits 
of these non-polar analytes in cannabis matrices. Using a 
fast six-minute LC/MS/MS method, with  an APCI source 
in negative on mode, developed earlier by our group15-16, the 
LOQs of pentachloronitrobenzene, methyl parathion and  
chlorfenapyr in cannabis flower matrix were in the range of 
0.010-0.025 µg/g, well below the different state action limits 
in cannabis. Although, both methyl parathion and chlorfenapyr 
can be measured using an ESI source in positive ion mode, 
the use of APCI ion source in negative ion mode for both these 
analytes improved their sensitivity by a factor of 5-10. Earlier,  
publications have previously claimed that the analysis of these 
three pesticides (chlorfenapyr, methyl parathion and PCNB) can 
only be done with a GC/MS/MS to meet the regulatory limits in 
cannabis by different states. Our data demonstrates clearly that 
these three pesticides can be measured with good sensitivity 
and selectivity to meet state regulations for different states 
using LC/MS/MS with an ESI source. 
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Conclusions
This study describes a novel LC/MS/MS method with dual 
ESI and APCI source for analysis of different pesticides and 
mycotoxins residues regulated by seven different states in 
cannabis samples as of June 2021. A number of internal 
standards were added to the cannabis matrix to get overall 
recovery in the range of 80-120% and thereby improving the 
accuracy of quantitation by compensating for ion suppression 
effects. Both LC gradient and MS method parameters were 
optimized to minimize matrix interference from complex 
cannabis samples. This method allowed identification and 
quantification of all 64 pesticides and five mycotoxins at low 
levels (0.001 to 0.25 µg/g), which is well below the actions 
limits set by the states. The ability to screen and quantitate all 
64 pesticides, including the very hydrophobic and chlorinated 
compounds normally analyzed on a GC/MS/MS system, and 
the five mycotoxins, makes this method a novel way to screen 
and quantitate pesticides and mycotoxins in cannabis with a 
single instrument LC/MS/MS platform.

Highlights of this application
• Analysis of all seven states (regulated pesticides and 

mycotoxins) by a LC/MS/MS with ESI and APCI source

• A method, with LOQs below the states action limits, that is 
reliable and reproducible 

• Most straightforward sample preparation procedure to 
achieve short sample turn around times

• PerkinElmer One Pesticide420 ISO17034 CRM Reagent Kit can 
reduce time for procurement and preparation of pesticides, 
mycotoxins and internal standards.

• The internal standards (available from PerkinElmer One 
Pesticide420TM ISO17034 CRM Reagent Kit) are added to 
compensate for ion suppression effects to improve overall 
recovery and accuracy of quantitation. 

• Optimized MS and LC methods to minimize matrix 
interference from complex cannabis flower matrix

• Dual source, ESI/APCI, removes the need for a GC/MS/MS by 
using a LC/MS/MS with an APCI source for analysis of PCNB, 
Methyl parathion and Chlorfenapyr. 

• Complete application includes analysis of mycotoxins 
and pesticides with one instrument (sample preparation, 
chromatography, and mass spectrometry)
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Pesticide LC‐MS/MS 
(µg/g)

% CV  
(n=7)

OR 
(µg/g)

AZ 
(µg/g)

MI 
(µg/g)

WA 
(µg/g)

OK 
(µg/g)

CO 
(µg/g)

NV 
(µg/g)

Abamectin 0.025 8.7 0.5 0.5 0.5 0.5 0.5 0.07 0.2

Acephate 0.010 9.5 0.4 0.4 0.4 0.4 NA NA NA

Acequinocyl 0.005 5.1 2 2 2 2 NA NA 4

Acetamiprid 0.005 6.4 0.2 0.2 0.2 0.2 NA NA NA

Aldicarb 0.005 8.4 0.4 0.4 0.4 0.4 NA NA NA

Azoxystrobin 0.005 5.7 0.2 0.2 0.2 0.2 0.2 0.02 NA

Bifenazate 0.005 9.5 0.2 0.2 0.2 0.2 0.2 0.2 0.4

Bifenthrin 0.005 4.3 0.2 0.2 0.2 0.2 NA NA 0.1

Boscalid 0.005 9.1 0.4 0.4 0.4 0.4 NA NA NA

Carbaryl 0.005 8.9 0.2 0.2 0.2 0.2 NA NA NA

Carbofuran 0.010 8.2 0.2 0.2 0.2 0.2 NA NA NA

Chlorantraniliprole 0.005 8.1 0.2 0.2 0.2 0.2 NA NA NA

Chlorfenpyr † 0.025 14.4 1 1 1 1 NA NA NA

Chlorpyrifos 0.010 9.5 0.2 0.2 0.2 0.2 NA NA NA

Clofentezine 0.005 9.8 0.2 0.2 0.2 0.2 NA NA NA

Cyfluthrin* 0.25 6.7 1 1 1 1 NA NA 2

Cypermethrin* 0.050 6.3 1 1 1 1 NA NA 1

Daminozide 0.010 8.6 1 1 1 1 NA NA 0.8

Dimethomorph 0.005 8.6 NA NA NA NA NA NA 2

DDVP (Dichlorvos) 0.010 9.2 0.1 0.1 0.1 0.1 NA NA NA

Diazinon 0.010 7.6 0.2 0.2 0.2 0.2 NA NA NA

Dimethoate 0.010 7.8 0.2 0.2 0.2 0.2 NA NA NA

Ethoprophos 0.010 9.7 0.2 0.2 0.2 0.2 NA NA NA

Etofenprox 0.005 6.8 0.4 0.4 0.4 0.4 NA NA NA

Etoxazole 0.005 7.9 0.2 0.2 0.2 0.2 0.2 0.01 0.4

Fenoxycarb 0.005 9 0.2 0.2 0.2 0.2 NA NA NA

Fenpyroximate 0.005 5.8 0.4 0.4 0.4 0.4 NA NA NA

Fenhexamid 0.005 9.9 NA NA NA NA NA NA 1

Fipronil 0.010 7.8 0.4 0.4 0.4 0.4 NA NA NA

Flonicamid 0.005 8.1 1 1 1 1 NA NA 1

Fludioxonil 0.010 11.4 0.4 0.4 0.4 0.4 NA NA 0.5

Hexythiazox 0.005 5.6 1 1 1 1 NA NA NA

Imazalil 0.010 8.5 0.2 0.2 0.2 0.2 0.2 0.04 NA

Imidacloprid 0.005 8.1 0.4 0.4 0.4 0.4 0.4 0.02 0.5

Kresoxim‐methyl 0.010 9.4 0.4 0.4 0.4 0.4 NA NA NA

Malathion 0.005 9.7 0.2 0.2 0.2 0.2 0.2 0.05 NA

Note: The following table includes some non-polar compounds typically analyzed using a GC/MS/MS in the past, which are marked with an asterisk (*) and a dagger (†).  
The non-polar compounds analyzed using a LC/MS/MS with an ESI source are indicated using an asterisk (*). The non-polar compounds analyzed using LC/MS/MS with  
an APCI source are indicated by a dagger (†). The rest of compounds marked with no asterisk or dagger were determined using LC/MS/MS with an ESI source.



8www.perkinelmer.com

Quantitation of Pesticide and Mycotoxin Residues in Cannabis as Defined by AZ, MI, OK, CO, OR, NV, and WA State Recreational Cannabis Regulations

Pesticide LC‐MS/MS 
(µg/g)

% CV  
(n=7)

OR 
(µg/g)

AZ 
(µg/g)

MI 
(µg/g)

WA 
(µg/g)

OK 
(µg/g)

CO 
(µg/g)

NV 
(µg/g)

Metalaxyl 0.005 8.2 0.2 0.2 0.2 0.2 NA NA NA

Methiocarb 0.005 9.4 0.2 0.2 0.2 0.2 NA NA NA

Methomyl 0.010 12.3 0.4 0.4 0.4 0.4 NA NA NA

Methyl parathion† 0.010 6.2 0.2 NA 0.2 0.2 NA NA NA

MGK-264* 0.005 7.2 0.2 NA 0.2 0.2 NA NA NA

Myclobutanil 0.005 8.2 0.2 0.2 0.2 0.2 0.2 0.04 0.4

Naled* 0.005 18 0.5 0.5 0.5 0.5 NA NA NA

Oxamyl 0.005 8.5 1 1 1 1 NA NA NA

Paclobutrazol 0.005 8.1 0.4 0.4 0.4 0.4 NA NA 0.4

PCNB† 0.010 10 NA NA NA NA NA NA 0.8

Permethrins* 0.025 6.4 0.2 0.2 0.2 0.2 0.2 0.04 NA

Pendimethalin* 0.010 7.3 NA 0.1 NA NA NA NA NA

Phosmet 0.005 7.6 0.2 0.2 0.2 0.2 NA NA NA

Piperonyl Butoxide 0.005 8.9 2 NA NA 2 NA NA 3

Prallethrin* 0.010 9.5 0.2 0.2 0.2 0.2 NA NA NA

Propiconazole 0.010 9.9 0.4 0.4 0.4 0.4 NA NA NA

Propoxur 0.005 8.2 0.2 0.2 0.2 0.2 NA NA NA

Pyrethrins* 0.010 8.3 1 1 1 1 NA NA 2

Pyridaben 0.005 5.7 0.2 0.2 0.2 0.2 NA NA NA

Spinetoram 0.010 9.1 NA NA NA NA NA NA 1

Spinosad 0.010 9.6 0.2 0.2 0.2 0.2 0.2 0.06 1

Spiromesifen 0.010 7.8 0.2 0.2 0.2 0.2 0.2 0.03 NA

Spirotetramat 0.005 8.5 0.2 0.2 0.2 0.2 0.2 0.02 1

Spiroxamine 0.005 8.2 0.4 0.4 0.4 0.4 NA NA NA

Tebuconazole 0.005 7.5 0.4 0.4 0.4 0.4 0.2 0.01 NA

Table 3. LOQs and response reproducibility for five mycotoxins at LOQ level with a LC/MS/MS in cannabis flower. The table also displays action limits for mycotoxins in 
cannabis for the seven states.

Sample Number Mycotoxin LC‐MS/MS (ppb) %CV (n=7) Action Limit for  
7 States in USA (ppb)

1 Ochratoxin A 5 8.7 20

2 Aflatoxin B1 1 9.9 NA

3 Aflatoxin B2 2.5 9.1 NA

4 Aflatoxin G1 1 12 NA

5 Aflatoxin G2 2.5 11.4 NA

6 Aflatoxin sum (B1+B2+G1+G2) 7 NA 20

Table 2. The limits of quantitation and response reproducibility for pesticides in cannabis flower at LOQ level using LC/MS/MS method.  
This table also displays list of pesticides and their action limits for cannabis flower in the seven states. 
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Figure 1: MRM chromatogram of a representative set of pesticides:(a) daminozide, (b) abamectin, (c) acequinocyl, and (d) MGK-264 spiked at level of 0.01, 0.025, 0.005 and 
0.005 µg/g, respectively in a cannabis matrix using a LC/MS/MS method with an ESI Source.

Figure 2: MRM chromatogram of a representative set of mycotoxins:(a) ochratoxin-A, and (b) mycotoxin-B1 spiked at level of 0.005 µg/g (5 ppb) in cannabis matrix using a 
LC/MS/MS method with an ESI Source.
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Figure 3: MRM chromatogram of representative set of pesticides:(a) methyl 
parathion, and (b) PCNB spiked at level of 0.010 µg/g in cannabis matrix using LC/
MS/MS method with an APCI Source.

Figure 4: Sample matrix effects in cannabis flower matrix for 66 analytes (61 pesticides 
and 5 mycotoxins) analyzed using a LC/MS/MS method with an ESI source.

Figure 5: (a) Overlay of the response of acequinocyl in solvent (Red) and cannabis 
flower matrix spiked with acequinocyl before (Green) and after (Blue) extraction 
without any internal standard. (b) Overlay of the response of acequinocyl (Green) 
and acequinocyl-d25 internal standard (Red) in pre-spiked cannabis flower matrix 
with a response ratio (RR) of 1.91 for analyte to internal standard. (c) Overlay of 
response of acequinocyl (Green) and acequinocyl-d25 internal standard (Red) in 
solvent with a response ratio (RR) of 1.88 for analyte to internal standard.
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Figure 6: The overall recovery (accuracy) % for analysis of 66 analytes (61 pesticides and 5 mycotoxins) calculated using with and without using an internal standard for a 
LC/MS/MS method with an ESI source.

Figure 7: (a) Overlay of the response of blank cannabis matrix (Red) and propiconazole (Green) spiked at level of 0.025 µg/g in cannabis matrix with MRM transition showing 
matrix interference and (b) overlay of the response of blank cannabis matrix (Red) and propiconazole (Green) spiked at level of 0.025 µg/g in cannabis matrix with MRM 
transition showing minimized matrix interference.
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Figure 8: (a) MRM chromatogram for pendimethalin at a level of 0.010 µg/g in cannabis matrix with generic LC gradient and (b) MRM chromatogram for 
pendimethalin at a level of 0.010 µg/g in cannabis matrix with optimum LC gradient.
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