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Cannabis and Cannabis-Based Products: Pesticide
An alySiS No tolerances have been established for

marijuana, because of its illegal federal status
and because the pesticide companies have yet
to embark on the lengthy and expensive
process of testing their products on
cannabis...... Cannabis Now Issue 19
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Pesticide Analytes and their action levels in Oregon

Analyte c'“" "'“ ;ﬁ;";m‘:ﬁ Action Level ppm Analyte c'““ “'“ ;ﬁ;";m‘:ﬁ Action Level ppm
Abamectin T1751-41-2 05 MGK-264 113484 0.2
Acephate 30560-19-1 04 Myclobutanil 88671-89-0 0.2
Acequinocyl 57960-19-7 2 Maled 300-76-5 05
Acetamiprid 135410-20-7 0.2 Oxamyl 23135-22-0 1
Aldicarb 116-06-3 04 Paclobutrazol 76738620 04
Azoxystrobin 131860-33-8 0.2 Permethrins® 52645531 0.2
Bifenazate 149877-41-8 0.2 Phosmet 732-11-6 0.2
Bifenthrin 82657-04-3 0.2 Piperonyl_butoxide 51-03-6 2
Boscalid 188425-85-6 0.4 Prallethrin 23031-369 02
Carbaryl 63252 0.2 Propiconazole 60207-90-1 04
Carbofuran 1563-66-2 0.2 Proposur 114-26-1 0.2
Chlorantraniliprole 500008-45-7 0.2 Pyrethrins” 8003-34-7 1
Chlorfenapyr 122453730 1 Pyridaben 96489-71-3 0.2
Chlorpyrifos 29218582 0.2 Spinosad 168316958 0.2
Clofentezing 74115245 0.2 Spiromesifen 283594-90-1 0.2
Cyfluthrin 68359-37-5 1 Spirotetramat 203313251 02
Cypermethrin 52315078 1 Spiroxaming 118134-30-8 04
Daminozide 1596-84-5 1 Tebuconazole 80443-41-0 04
DOVP (Dichlorvos) 62-7T3-7 01 Thiacloprid 111988-49-9 0.2
Diazinon 333415 0.2 Thiamethoxam 153719234 0.2
Dimethoate 60-51-5 0.2 Trifloxystrobin 141517-21-7 0.2
Ethoprophos 13194-48-4 0.2
Etofenprax 280844-07-1 0.4
Etoxazole 153233911 02
Fenoxycarb 72490-01-8 02
Fenpyroximate 134098-61-6 04
Fipronil 120068-37-3 04
Flonicamid 158062-67-0 1
Fludioxonil 131341-86-1 0.4
Hexythiazox 78587-05-0 1
Imazalil 35554-44-0 0.2
Imidacloprid 138261-41-3 0.4
Kresoxim-methyl 143390-89-0 04
Malathion 121-755 02
Metalaxyl 57837-19-1 02
Methiocarb 2032-65-7 0.2
Methomyl 16752-7T7-5 04
Methyl parathion 298-00-0 0.2
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Constituents of Cannabis PIants Complex

Nitrogenous compounds (27 known)

. Amino acids (18), O N
. Proteins (3) m
. Glycoproteins (6) \/\O\ z OH
HO *
. Enzymes (2
ymes OH CeHyy
. Sugars and related compounds (34) OH

. Hydrocarbons (50) C(\V \3
. Simple alcohols (7) N WN

Structure of Terpenes

. Aldehydes (13) HiG=C—CH=CH YD
. Ketones (13) e <\/93 i j j]/\% % : CiH,,

. Slmple acids (21) c— C Cc—C myrcene B-selinene OH
an isoprene unit
. (may have double bonds)
Fatty acids (22) * Terpenes are composed of two or more isoprene HO o O

units. OH
. Simple esters (12) * The isoprene units will maintain its isopentyl, usually |

with modification of the isoprene double bonds. OH
. Lactones (1) oH O
. Steroids (11)
. Terpenes (120) — — CO0H
. Non-cannabinoid phenols (25)
. Cannabinoids (66) R,

R
. Flavonoids (21) OH O ?
. Vitamins (1) [Vitamin A] O R,
R, = COOH, Ry = CsHyy, Ry =H

. Pigments (2) H,CO ' ‘ sHi, Ry
. Elements (9). R, = 0OH, Ry = isoprenyl, R; = H
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Sample Preparation: Pesticide Analysis

« Complex matrix associated with cannabis plant material and
edibles needs to be addressed

« CBDs are in large amounts (10-20%), THCA can interfere with analysis
with broad interference (100,000-200,000 ppm)

« Terpenes and other non-cannabinoid compounds are also in large ppm
guantities (10-5000 ppm)

» Pesticides in 500 ppb amounts (0.00005%)

.....
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Sample Preparation Techniques: Pesticide Analysis

* Methanol extraction with C18 SPE

Acetonitrile extraction with C18 SPE
Acetonitrile extraction with both NH2 and C18 SPE B
QUEChERS extraction with SPE cleanup

QUEChERS extraction with dispersive SPE cleanup
» Plant material and edibles considered dry matrix; < 60% water
« Addition of water required for QUEChERS extraction/partitioning: step 1
» Use of Salts: Na Acetate, Citrates, NaCl with MgSO4

« Super-saturates the water with the salts allowing separation of water
from the ACN

* Analytes of interest extract/transfer into the ACN layer
» Clean-up of co-extractive matrix: step 2

Agilent Technologies




Basic Protocol: Pesticide Analysis

Add 15 mL Add AOAC
water and QUEChERS
15 mL ACN salts, shake Clean-up
(1% acetic 2 min, transfer
- acid), centrifuge aliquot to -
shake 30 5000 rpm, 5 dispersive
minutes min SPE
| o) ) —)
Grind flower or plant material v \

disposable centrifuge tubes (1% acetic acid), —— )

eliminates washing, carryover shake 30 minutes,
and cross contamination centrifuge 5000

2010 rpm, 5 min

(weigh1.5 g)
SPEX GenoGrinder, 2 d
, 2nd Clean-
Ceramic Homogenizers, 5 t?;i?;:p up transfer
min at 1500 rpm aliquot to - a!iquot Fo .
dispersive dispersive
. L SPE SPE???
Individual grinding in 50 mL Add 15 mL ACN

( UYL
( THUUL

Geno/Grinder

Dispersive SPE: Universal or All Food Types: (2 mL) 50 mg PSA, 50 mg C18, 7.5 mg GCB, 150 mg MgSO4 (5982-0028)
(15 mL) 400mg PSA, 400 mg C18, 45 mg GCB, 1200 MgSO4 (5982-0029)

Cannabis ASTS 2017
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Optimization and Custom Dispersive SPE: Why is it
Important

QUEChERS Extraction/Partitioning
or
ACN (1% acetic acid) extraction

Clean-up: Dispersive SPE

> Advantages or Disadvantages » Advantage over SPE, less steps, no

> Addition of water manifold, vacuum N
> Addition of 1% acetic acid » Enhanced (custom) clean-up or additional
clean-up

Cannabis ASTS 2017
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Cannabis mixture cleanup — QUEChERS with 1x
dSPE vs. 2 x dSPE custom dispersive steps

|

Ll

P

Red — 1x dSPE
Blue — 2x dSPE

)V

P
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T T T T T T T T T T T T T T
7.5 8 8.5 9 9.5 10 105 11 115 12 125 13 135 14
Counts vs. Acquisition Time (min)

GC MS 7010 Triple Quad TIC Scan, 0.5 uL injection, Gain 10
Custom dispersive: Mixture of PSA, C18-EC, GCB, additional sorbent, and MgS0O4
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Sample Preparation: Insights and Observations

Step 1. QUEChERS or ACN Extraction
=  Addition of Water, vortex 15-30 minutes

5 min 10 min
Water 50 mM Na
Acetate pH 3.5

20 min with indicator pH range 5 min with indicator pH range

Water/ACN (1:1 viv)

Addition of water to cannabis flower/plant turns basic almost immediately

Why is this a concern...... degradation of base sensitive pesticides (fungicides)
Captan, Folpet, Dichlofluanid, Chlorothalonil, Dicofol, Tolylfluanid

¢ 00
0 0 GHa CN HO CCl s. & _cH
Cl g Q\S,N\CH cl cl ; F’\CT NN
—Q_ SN 3 CHs;
N-S-CCls N-S, g a-C Ny O O
. X F cl CN C cl
0 oY ¢l cl S
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Recovery Comparison using Custom dSPE with and
~ without Water

B 1xdSPE EXP 1a
140 B 2xdSPE EXP 1b
B 1xdSPE EXP 2a
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100
>
—
o
3 w0
Q
o}
o
60
%
20 “| ‘ “
0 w |||
& ‘\&\Q S LRSS S S & & JON & NS O R Q? R Q, O RO S & &
OIS \o‘ \éf’ @ @\‘\ A& X 9‘?& Ké@ %@\ ‘0‘\ ‘Q*‘ \\g\‘ (;06‘ @8’ NG \Q&" &e," S 00‘4 Qo‘d § 63? \ov“ ‘\\o‘ 0@ R \(,o‘(\ S S &N
S8 O & O o K & » Q' Q & X ¢ Q 2
gL TS C ’ z’o RN & S ES I L o
o0 s [l S & & & S & ST & R
& & ROV F @ & @ ® AP & & <& & ©
& s & AR N NN ¢ &
o ° @ & S @ &
@ & C & 0 & & @ <
XS & & &
& R N & &
< & & . &o &
0\

Pesticide

EXP la: AOAC QUEChERS: ACN (1%AA) 13.75 mL, dSPE custom, 1xdSPE
EXP 1b: AOAC QUEChERS: ACN (1%AA) 13.75 mL, dSPE custom, 2xdSPE

EXP 2a: ACN (1%AA) 13.75 mL only no QUEChERS salts and no H20, dSPE custom, 1xdSPE
EXP 2b: ACN (1%AA) 13.75 mL only no QUEChERS salts and no H20, dSPE custom, 2xdSPE
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ACN (1% Acetic Acid) Extraction with Custom dSPE versus Universal dSPE

1

' GC/MSMS MS1 Scan: Hops 20% AA

1.7
1.6
1.5]

1.4
1.3]
1.2 ﬂ

1.1

Universal dSPE: 50 mg PSA, C18-EC, 7.5 mg
GCB, 150 mg MgSO,

= Custom B dSPE
N = Custom C dSPE

1
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Daminozide retained by presence of PSA in dSPE;

dSPE with C18 and GCB recovery 89%

Pesticide

Concentration of spiked pesticides: 100 ppb
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QUEChERS AOAC Extraction/Partitioning with Custom dSPE versus
Universal dSPE: Hops

GC/MSMS MS1 Scan

L
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0000000000 (%

== Jniversal dSPE




QUEChERS AOAC Extraction/Partitioning with Custom F dSPE versus
Universal dSPE: Hops

GC/MSMS MS1 Scan

Agilent Technologies



QUEChERS AOAC Extraction/Partitioning with Custom F dSPE versus

Universal dSPE: Hops

GC/MSMS MS1 Scan

Jw m e
WW'M
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Pesticide Recovery after QUEChERS AOAC with Custom F dSPE or
Universal dSPE: Hops

QUEChERSAOAC with Custom F dSPE versus Universal dSPE
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Cannabis-Based Products: Unique Dispersive SPE
EMR-Lipid Innovative Sorbent!:

dSPE-PSA, C18-EC
EMR - Lipid dSPE

(3

1.0 g EMR in 15 mL tube

When “activated” by water EMR-Lipid Sorbent
Selectively traps lipids.

Size Exclusion: Unbranched hydrocarbon chains
(lipids) enter the sorbent; bulky analytes do not.

Sorbent Chemistry: Lipid chains that enter the
sorbent are trapped by hydrophobic interactions.

2016 Awards EMR-Lipid Mechanism — Size exclusion and hydrophobic interaction
FINALIST |

Cannabis ASTS 2017
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... and what does it do?

EMR sorbent removes LIPIDS it interacts with the long
aliphatic chain NOT the functional groups

What are Lipids?
A class of naturally occurring hydrocarbon containing compounds

commonly known as fats and oils o
0
on - %

Free Fatty Acids N\M/w

Triglycerides

Sphingolipids Phospholipids

Cannabis ASTS 2017
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What Does EMR NOT Interact With?

EMR does NOT remove analytes of interest

R s O~
\_ogg““s

Huﬁqlzr 0
il D:l:;.j cl =CH, o >
o/
cl
@iﬁ
\=N

e
= et Organophosphate Pesticides
Avenmectin By, =
R=0CH, OH
. L Imidazole pesticides
Insecticides and anthelmintics o Ox-OH,
g’l O)I\/\/LI\OH OH L;JH
o] OH
cI” Y el m
H 0 0O
C| 0] OH R‘r
N
Organochlorine Pesticides Fumonisin B2 ]r/O

2016 Awards

Aflatoxins and Mycotoxins
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Cannabis-Based Product: THC-Butter

« 1.5 g of THC-butter was added to a 50 mL centrifuge tube

* Add 15 mL of ACN (1%acetic acid)

« Vortex 30 minutes, centrifuge 5000 rpm, 5 min

* Add 5 mL water to EMR-Lipid, vortex immediately 1 min

 Add 5 mL of ACN (1% acetic acid) extract, vortex immediately 2 min

» Centrifuge 5000 rpm, 5 min

* Analyze by LCMSMS Pesticide Screened:

S e

Abamectin B1-a
Abamectin B1-b
Azoxystrobin
Bifenazate
Etoxazole
Imazalil
Imidacloprid
Malathion
Myclobutanil
Permethrin-1
Permethrin-2
Spinosyn A
Spinosyn D
Spiromesifen
Spirotetramat
Tebuconazole

5 ACN (1%aa) extraction
with 1 x custom d-SPE
clean-up

i
22
£
A5
14
o
f
64
1
154
i3
4y
1
&
14
BE
o

ACN (1%aa) extraction w EMR-
Lipid d-SPE clean-up

Cannabis ASTS 2017
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QUECHhERS extraction of Butter: MS1 Scan

x10 8 |+EI TIC Scan Butter_Blank_EMR_Lipid.d
2.1+
1
2.05-
24

ol AOAC fatty dSPE (PSA, C18-EC), blue
1859 EMR-Lipid dSPE, green

1.84
1754
174
1654
164
1554
154
1454
144
1354
134
1251
124
1154
114
1.054
N
0.95-
0.9
0.85-
0.8
0.75- i
0.7 l
0.65- :

0.6 o
0.5 J
0.5 ‘
0451 ik

0.4+ f
0.35
0.3+
0.25+
0.2
0.154
0.14
0.05

04

35 4 45 5 55 6 65 7 75 & 85 9 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205 21 215 22 225 23 235 24 245 25 255 26 265 27 27.5 28 285 29 295 30 305 31 315 32 325
Counts vs. Acquisition Time (min)

Blue Chromatogram: 1.5 g melted butter, AOAC salts, AOAC fatty dSPE (PSA and C18EC)
Green Chromatogram: 1.5 g melted butter, AOAC salts, EMR-Lipid dispersive SPE

Cannabis ASTS 2017
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Insights and Observations :

If QUEChERS AOAC method is being used you should add the ACN (1%
acetic acid immediately after the addition of water, before vortexing for
20-30 minutes

Do not use QUEChERS EN method, water and ACN mix will be too basic
for basic labile compounds

Promising results with ACN (1% acetic acid) extraction, no QUEChERS
salts

Dispersive SPE or SPE is required to remove some of the matrix co-
extractives

The active ingredients can cause interference issue: cannabinoids

Is the existing clean-up techniques enough for long term analysis, issues
with analysis and instrument maintenance

Agilent Technologies




Future Investigations and Considerations

« Continue to investigate the extraction approach: QUEChERS
versus Acetonitrile extraction

« Method Development with custom d-SPE
- Focus on improving matrix removal
- One approach for both LC and GC MSMS
- Simplicity and ease of use

- Advance work with EMR-Lipid with cannabinoid products with high lipid
content: food, butter and oils

* Reducing sample size

- Miniaturization of extraction

Experience with approach, several application notes and presentations
Availability of material, cannabis and cannabis-based products
Substantial cost saving ~45% per sample

Agilent Technologies




Agilent GC-MS/MS

: Cannabis Testing
° o °
.....
N ) . . Qo .
g0
0 e % Pesticide Analysis in Cannabis by GC - QQQ

Ronald Honnold and Melissa Churley

GC-MS Application Scientists



Pesticide Analysis by GC/MS/MS

Summary:

“The Oregon limits in Table 1 (next slide) are not thresholds;
they are a best guess at the analytical LOQ for that analyte.

These limits are analytical in nature only and will probably be revised when
Oregon has enough data to be sure the labs can achieve lower limits”.

Pesticides included in the analysis are highlighted.

Guidance for State Medical Cannabis Testing Programs, Association of Public Health Laboratories (APHL), Silver Spring,
MS; www.aphl.org, May 2016

Cannabinoids ASTS 2017
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Pesticide Analysis by GC/MS/MS

Table 1: Pesticide analytes and their action levels in OR (excerpt)

Chemical Abstract Services

Action Leve! ppm

(CAS) Registry Number
Abamectin 71751-41-2 0.5
Acephate 30560-19-1 0.4
Acequinocyl 57960-19-7 2 | Highest
Acetamiprid 135410-20-7 0.2
Aldicarb 116-06-3 04
Azoxystrobin 131860-33-8 0.2
Bifenazate 149877-41-8 0.2
Bifenthrin 82657-04-3 0.2
Boscalid 188425-85-6 04
Carbaryl 63-25-2 0.2
Carbofuran 1563-66-2 0.2
Chlorantraniliprole 500008-45-7 0.2
Chlorfenapyr 122453-73-0 1
Chlorpyrifos 2921-88-2 0.2
Clofentezine 74115-24-5 0.2
Cyfluthrin 68359-37-5 1
Cypermethrin 52315-07-8 1
Daminozide 1596-84-5 1
DDVP (Dichlorvos) 62-73-7 01 | Lowest

Cannabinoids ASTS 2017
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Pesticide Analysis by GC/MS/MS

Calibrators and QCs for Acequinocyl (Action Level 2 ppm in OR)

BB Agilent MassHunter Quantitative Analysis (for QQQ) - 170112- Pest Calibration - 1-21-17 MC.batch.bin = ECR
File Edit View Analyze Method Update Library Report Tools Help

O H | B3y |E AnalyzeBatch ~| @ : Layout B EY BB B [A Restore Default Layout
Batch Table
: Sample: ﬂ SEQ-CCV1 - £| | Sample Type: <All> - | Compound: Acequinccyl - ISTD: | 18 | %
Sample Acequinccyl... Acequinocyl Results Qualifier (342.9-> 188.8).. | Qualifier (187.9-> 160.0).. | Qualifier (187.9-> 131.0)..
ki Data File Type Level Acg. Date-Time Exp. Conc. RT | Resp. | MI |Calc. Conc. [Final Conc. | Accuracy Ratio Mi Ratio MI Ratio Ml
Cal Blank 170112.D Blank 11272017 3:54 PM ] ] ] O
¥ | 1ppb Cal 170112.D Cal 1 11272017 410 PM 0.0010 ] ] [ O
¥ | 2ppb Cal 170112.D Cal 2 11272017 4:26 FM 0.0020 ] ] [ [
¥ | 4ppb Cal 170112.D Cal 3 112/2017 4:42 FM 0.0040 10.423 4241 [] 0.0037 0.0037 925 o [l O]
¥ | 7ppb Cal 170112.D Cal 4 1/12/2017 4:53 PM 0.0070 10.422 7317 ] 0.0075 0.0075 106.6 0 [l [
10ppb Cal 170112.0 Cal 5 112/2017 5:15 PM 0.0100 10.426 9275 | [ 0.0039 0.0099 936 o I O
20ppb Cal 170112.D Cal 6 112/2017 5:31 PM 0.0200 10.422 18344 | [O] 0.0209 0.0209 1047 o [l [
¥ | 40ppb Cal 170112.D Cal 7 112/2017 5:47 FM 0.0400 10.423 33139| [ 0.0330 0.0350 976 ] ] W
20ppb ICY 170112.D & 1/12/2017 6:03 PM 0.0200 10.422 13396 [¥] ] ] [
4 SEQ-CCV1D Qc 6 11272017 6:36 PM 0.0200 10.422 19457 W ] ] &
SEQ-CCV 2D 6 11272017 8:46 FM 0.0200 10.422 18972| [C] ] ] [
¥ | SEQ-CCV 3D Qc 6 112/2017 11:45 PM 0.0200 10.423 18853| [C] [ [ [
SEQ-CCV4D Qc 6 1132017 2:44 AM 0.0200 10.422 18031 | [C] [ [ [
SEQ-CCV5.D Qc 6 11372017 4:05 AM 0.0200 10.423 18386| [ [ i [ . [
SEQ-CCVED ac 6 11372017 7:05 AM 0.0200 10.422 20366 [T 0.0234 0.0234 1171 244 [0 473 [0 66.7 [
Compound Information w X |[Calibration Curve - X
= IE‘ o 1 & »f % g | | _ﬂlﬁ | ): S | 25 4 5 = Iz' L Type: Linear ~ Origin: Ignore > Weight 1/x =~ | ISTD
+ MRM (341.9 -> 187.8) SEQ-CCV 1... | + MRM (3429 -» 188.8) SEQ-CCV 1... + MRM (187.9 -> 1680.0) SEQ-CCV 1... | Acequinocyl - 5 Levels, 5 Levels Used, 5 Points, 5 Points Used, 6 QCs
2 x103 10.422 min. Z %102 10.422 min. Z %104 8 w104 | y=0817834.435663 " x + 1214281170
2 75 2 2 19 2 4 R"2=10.93663841
o T (] 24 (] 1.8_ % 32 Type:Linear, Origin:lgnore, Weight: 1/x .
654 181 171 < 3
5 164 1?' 22
5.5 114 2.6
1.4 1
54 1.34 244
454 1.24 1.2+ 2.21
44 1.1 24 \!’
35 i 14 . i
N 084 10.420 min. 1.8 =
0.8
25 0.8 1.6
by 0.5 0.7+ 14
24 ’ 0.5 : . .
20 ppb in vial
14 0.4 1
054 0.2+ 0.3 0.84 —_— 2 ] I
o § H = 2 ppm in sample
-0.5 .D— 0.4
T T T T T T T T T T T T
10.% 104 _1|_05 (mir) 10.% 104 _‘ll_[)5 (mir) 10.% 10.4 _}05 (min) 0.24 | | | | | | | |
Acquisition Time (min Acquisition Time (min Acquisition Time (min
= 0.005 ! ! 0.02 0.025 0.03 0.035 Conoentrgt'g‘ln (ngim) Cannabinoids ASTS 2017

Processed SEQ-CCV 1 Acequinocyl 15 Samples (15 total)



Pesticide Analysis by GC/MS/MS

Calibrators and QCs for Dichlorvos (Action Level 100 ppb in OR)

B Agilent MassHunter Quantitative Analysis (for QQQ) - 170112- Pest Calibratien - 1-24-17 MC batch.bin [ = | =)
File Edit View Analyze Method Update Library Report Tools Help

O H| B ‘ LE Analyze Batch ~| @ Layeut: B B EH E [A Restore Default Layout
Batch Table - X
Sample: & LlppkCal 170112 ~ g ‘ Sample Type: <All> v| Compeund: [ Dichlorves = ISTD: |1m | % F A= =
Sample Dichlorves._.. Dichlorves Results Qualifier (109.0-> 47.0).. | Qualifier (144.9-> 109.0)..
i Data File Type Level Acq. Date-Time Exp. Conc. RT Resp. MI | Calc. Conc. |Final Conc.| Accuracy Ratio MI Ratio M
Cal Blank 1701120 Blank 112/2017 3:54 PM ] [ [
» ppb La 0 D g 0 0 0.0070 0 (0 0.00 0.00
Zppb Cal 170112.0 Cal 2 11272017 4:26 PM 0.0020 4.041 1566 |[] 0.0021 0.0021 104.2 26.3[ [ 634| [V
4ppb Cal 170112.0 Cal 3 11272017 4:42 PM 0.0040 4.037 2793|[0] 0.0036 0.0036 950.5 288( O 73.0| [
7ppb Cal 170112.0 Cal 4 11272017 4:58 PM 0.0070 4.041 4579([01 0.0064 0.0064 90.7 29.2( O 70.3| [0
10ppb Cal 170112.D Cal 5 112/2017 5:15 PM 0.0100 4.037 2044 ([T 0.0102 0.0102 101.8 27.0| [ 657| [
20ppb Cal 170112.D Cal & 11272017 5:31 PM 0.0200 4037 15195|[] 0.0191 0.0191 957 277| [0 66.9| [
40ppb Cal 170112.0 Cal 7 11272017 5:47 PM 0.0400 4.037 33085| [ 0.0415 0.0415 1037 275( [0 67.2| [
20ppb ICV 170112.0 Response... | 6 11272017 €:03 PM 4.037 17352|[] 0.0218 0.0218 274| O 634 [0
SEQ-CCV1.D Qc & 1122017 6:36 PM 0.0200 4.041 14713|[] 0.0185 0.0185 926 298( O 65.1] [
SEQ-CCV 2D Qc [ 1122017 8:46 PM 0.0200 4.041 15335/ [ 0.0193 0.0193 96.5 298( [0 66.1] [T
SEQ-CCV 3D Qc [ 11272017 11:45 PM 0.0200 4037 17026 | [C] 0.0214 0.0214 107.1 274| [0 749| [
SEQ-CCV4.D Qc [ 1132017 244 AM 0.0200 4037 15655/ ] 0.0157 0.0157 98.5 26.1[ [ 63.7| [
SEQ-CCVED Qc [ 1132017 4:05 AM 0.0200 4.037 15780/ ] 0.0199 0.0199 53.3 293( [ 722| [0
SEQ-CCVED Qc & 1132017 7.05 AM 0.0200 4.037 18805/ [ 0.0236 0.0236 118.2 274| O 709 [0
Compound Information ~ X |Calibration Curve - X
IE‘ <+ 1 :’ ﬂ £| [&=] ‘| :’ i A ‘ Fou ?% o ? %IE‘ <+ 1 >_> [&=] ‘ Type: Linear * Origin: L.+ Weight: 1/x v‘ ISTD m
+ MRM (1849 -> 53.0) 1ppb Cal_. |+ MRM (108.0 -= 47.0) 1ppb Cal.. + MRM (1449 -= 105.0) 1ppb Cal. |Dichlorvos - 7 Levels, 7 Levels Used, 7 Paints. 7 Points Used. 6 QCs
o x102 4037 min. 2 3101 4040 min. 2 %1027 4042 min. B w104 y =755734 534152 * x - 100.833861
F 1 ] g ] b 2 R"2 = 0.99644365
(&} (s8] [ 2 34 TypeLinear, Origin:Ignore, Weight: 1/
254 I 24 g
6] 124 254
24 164
5 24
1.4 i
159 44 121 154 :
14 34 14 ;
0.2 1 . . _
24 ju—
. ; 0 " 1 ppb in vial
1 0.4 ’ H
1 o] 02] o] 100 ppb in sample
I I I T T I I T I I T I T T T T T T T T I
35 4 41 42 35 4 41 42 5 4 41 42 0.005 0.01 0.015 0.0z 0.025 0.03 0.035 0.04 Cannabinoids ASTS 2017
Acquisition Time (min) Acquisition Time (min) Acquisition Time (min) Concentration (ng/mil)

Medified Tppb Cal 170112 Dichlorves 15 Samples (15 total)




Pesticide Analysis by GC/MS/MS

Calibrators and QCs for Chlorpyrifos (Action Level 200 ppb in OR)

Bf Agilent MassHunter Quantitative Analysis (for QQQ) - 170112- Pest Calibration - 1-24-17 MC.batch.bin = e
: File Edit View Analyze Method Update Library Report Tools Help

i H ‘ Exy ‘ L= Analyze Batch ~| @ Layout: B EH B E] [A] Restore Default Layout
Batch Table - X
- Semple: @] 2ppb Cal 170112 - [ ‘ Sample Type: <All> - ‘ Compound: Chlorpyrifos - ISTD: ‘ =3 = W ‘ L i = g
Sample Chlarpyrif . Chlorpyrifos Results Qualifier (196.9 -= 107 _ | Qualifier (196.9 -= 169__ | Qualifier (257 8-> 16.. .
' Data File Type |Level| Acg Date-Time |Exp. Conc. RT Resp. M CC:J.E Final Conc. | Accuracy Ratio Mi Ratio MI Ratio MI
Cal Blank 1701120 | Blank 112/2017 3:54 PM [ ] [ [
1ppb Cal 170112.0 Cal 1 112/2017 4:10 PM 0.0010 7248 3231 ([0 0.0011 0.0011 105.3 779| [0 1401| [0 375| [
2ppb Cal 170112.D 2 N2 26 PM ] 23 L [ 1 W 5 N
4ppb Cal 170112.0 Cal 3 112/2017 4:42 PM 0.0040 7.244 9225 ([ 0.0033 0.0033 832 265| ¥ 139.3| [0 414| [0 |=
¥ | 7ppb Cal 170112.D Cal 4 1/12/2017 4:55 PM 0.0070 7.245 19737([C] 0.0073 0.0073 104.5 g70| [0 1412| [0 450| [
10ppb Cal 170112.0 | Cal 5 112/2017 5:15 PM 0.0100 7.244 26174|[] 0.0098 0.0058 975 24| O 147.3| [0 404| [0
¥ | 20ppb Cal 1701120 | Cal & 112/2017 5:31 PM 0.0200 7.245 51968|[] 0.0195 0.0195 97.7 21| [0 153.0| [ 439] [
40ppb Cal 1701120 | Cal 7 112/2017 5:47 PM 0.0400 7.244 108080 ([T 0.0408 0.0408 102.0 04| [0 150.1| [ 423 [0
20ppb ICV 170112.0 | Respon... [ 6 112/2017 6:03 PM 7.245 62873 0.0237 0.0237 778| [0 143.3| [0 418| [0
¥ [SEQ-CCV1.D Qc [ 112/2017 6:36 PM 0.0200 7.245 58303|[C] 0.0219 0.0219 109.7 6| [0 152.8| [ 434| [@ —
SEQ-CCV2D Qc [ 112/2017 846 PM 0.0200 7.245 58814|[C] 0.021 0.021 1107 79.1| [0 148.1| [0 411] [0
SEQ-CCV 3D Qc [ 112/2017 11:45 PM 0.0200 7.244 579838|[C] 0.0218 0.0218 109.1 238 [0 147.2| [ 437| [0
SEQ-CCV 4D Qc 6 11372017 2:44 &M 0.0200 7.245 51975 ] 0.0195 0.0195 977 07| O] 1534 | [ 435| [0 -
4 1 | 3
Compound Information » X |Calibration Curve - X
< 1 & (g | | A }:% 95 ‘ o }: &5 7 %IE‘ - 1 ‘ Type: Linear - Origin: L. + Weight: 1/x - | ISTD E
+ MRM (3138 -> 257.8) 2Zppb Cal 170112.0 3138-=257.8 ,196.9->107.0 , 196.9-> 169.0 , 257 | Chlorpyrifes - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 6 QCs
Al 7.248 min. Z %1037 B %105 | v = 2636690532363 " x +453.110284
2 b 2 1 - R"Z = 0.99698092 ]
o O 55 2 14 Type:Linear, Origin:lgnare, \Weight: 1/x
3 5 2 08
o
45 0.8
254 4 074
3.5 -
24 2 0.6 i
25 0.5 'y
1.5 2] 044 . . _
N 15 03, 2 ppb in vial =
1 0.2 .
0.54 N
05- 0] 01 200 ppb in sample
R NS S S S — IR e ey we: ey e ey v " I I | I T I T
A 78 72725 73 735 T4 71715 72 725 73 735 74 0.005 0.01 0.015 0.02 0.025 0.02 0.035 0.04 -
uisition Time (min) Acquisition Time (min) Concentration {pg/mil) Cannabinoids ASTS 2017

Modified 2ppb Cal 170112 Chlorpyrifos 15 Samples (15 total)
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Pesticide Analysis by GC/MS/MS

%RSD (n=6) for 14 GCMS-amenable pesticides

Pesticide %RSD Action Level (ppb)
(GCMS) (20 ppb in vial) Oregon
Dichlorvos - 8.0 - 100 -
Naled 12.5 500
Parathion-methyl 6.2 200
Chlorpyrifos 6.7 200
MGK-264 4.9 200
Fipronil 4.9 400
Fludioxonil 6.6 400
Kresoxim-methyl 4.5 400
Chlorfenapyr 6.2 1000
Propiconazole 3.9 400
Bifenthrin 2.9 200
Acequinocyl 4.6 2000
Cyfluthrin 5.2 1000
Cypermethrin 4.0 1000

Agilent Technologies

Lowest AL

Highest AL

Cannabinoids ASTS 2017
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Pesticides & Environmental Pollutants v4.0
Pesticides Monitoring in Food and Environmental

Complete Analytical System to run Application
« 7890B GC and 7000D/7010B MS
« Acquisition method, comprehensive user guide, and Instrument consumables

P&EP 4.0 Enhanced MRM database with 3-yr Subscription
« >1,100 compounds with over 7,500 matrix-optimized MRM Transitions

« Works seamlessly with dMRM method builder in MassHunter

Added Value Items
« Optional 4-Day On-site Method and Application Services (R3997A)

 Bond Elut QUEChERS: e.g., Enhanced Matrix Removal-Lipid Kit (for high lipid
content)

 20% discount for customized standard from ULTRA SCIENTIFIC

Cannabinoids ASTS 2017

Agilent Technologies
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Reference Guide for GC/MS/MS Pesticide Residue Analysis

GC/MS/MS PESTICIDE
RESIDUE ANALYSIS

The M.m of Confidence

~ v



Reference Guide
Table of Contents

Pusticido Anstysis Raterence Guide

.,H{.’ MS/MS PESTICIDE
| M RESIDUE ANALYS)S

BN introduction......oo 3 GC/MS/MS method development
and optimization example................................. 40
n Pesticide multi-residue analysis ... ) 7.1 Optimization of MS conditions 40
n Sample preparation using the QUEChERS approach ............ 7 1.1.1 MS source temperature.......................... 10
. - P 7.1.2 Gain factor.......... 40 Annex I: Major chemical classes of insecticides,
3.1 QuECHERS history and major modifications.............. 7 fungicides and herbicides and preferred determinative
3.2 Cleanup options in the QUEChERS method.......... 10 7.1.3 MS/MS optimization..........cc.coooovvvevrecveenn. 40 technique (GC/MS or LC/MS) for their analysis............... 82
7.1.4 Time segment program........................ 46
. . Annex II: Example of a QUEChERS sample preparation
Use of internal and quality/| trol standards ... 14 . . .
n se ol intemal and quality/process control standards 7.2 Multi-Mode Inlet — PTV solvent protocol for GC/MS/MS analysis of pesticides
vent optimization ... 49 in fruits and vegetables...................................... 84
H GC analysis of pesticides.......................... 21
1.3 Column backflushing optimization ... 52
5.1 Matrix effects oo 21 Annex lll: Examples of pesticides that require special
e - . consideration when using QUEChERS ... ... .. .. 90
5.2 GC injection techniques.............................. 23 n GC/MS/MS method modification for a different list
of analytes ... 58
5.3 Calibration approaches ..., 26 Annex IV: Example of a GC/MS/MS method
. . for pesticide multi-residue analysis ... 92
5.4 Analyte protectants 28 n GC/MS/MS routine analysis ... 64
5.5 Column backflushing .o 3 9.1 Routine GC/MS/MS system maintenance............... 64
9.2 Routine update of the GC/MS/MS method ... 64
n MS/MS detection considerations............................. 36

9.3 Quality control requirements ..., n

9.4 Calibration and sample injection
sequence considerations ... 72



7/010B Triple Quadrupole GC/MS System

» Also available: 7010B Triple Quadrupole GC/MS
System
» Features the Agilent High Efficiency EI Source
(HES) - the greatest advance in electron ionization
in decades
* Produces up to 20X more ions so you can...
* Reach lower detection limits, or
* Increase your lab’s efficiency by:
* Injecting less to extend the life of your
liners and columns
» Eliminating preconcentration steps
« Scaling down all of your sampling and
sample prep procedures to save money on
transportation, reagents, and waste

Cannabinoids ASTS 2017

£ Agilent Technologies
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Agilent LC-MS/MS

: Cannabis Testing
° o °
.....
N ) . . Qo .
o0,
0 e % Pesticide Analysis in Cannabis by HPLC - QQQ

Sue D’Antonio

LCMS Application Chemist



Agilent LC-QQQ for Every State, Every Detection Level

6495B LC - QQQ

6470 LC-QQQ




Triple Quadrupole Instruments r

B

Heated nitrogen drying gas

Solvent spray

l o
100,000 - | /

Electrospray lonization ) . .
Diglectric capillary antrancea

10,000 ~
Electrospray lonization

Molecular Weight
8

Sampling Orifice 7
/" lonGuide

100 4
Collision Cell

10 T
Nongpolar Very Polar

lon Sources Quadrupole Chisckipale

Schematic View of Triple Quadrupole

Cannabis ASTS 2017
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Agilent Innovations

High Pressure Stage 1 Agilent Jet Stream

Technology

*  Thermal gradient
focusing

Nebulizing gas

Low Pressure Stage 2

Enhanced efficiency nebulizer

Nozzle voltage

* Efficient desolvation

* Creates an ion rich
zone

SN S

The super-heated sheath gas collimates

the nebulizer spray and creates higher

ion density in front of the capillary Resistive sampling

capillary ¢ Up to 10x gains in
sensitivity

* An lon Detector with High Energy
Conversion Dynode and Low Noise

* Improved ion detection

Agilent iFunnel
Technology

* Hexabore Capillary

* A Curved and Tapered Hexapole
Collision Cell

* Effective ion collection

* Dual lon Funnel
* Increased ion generation

* Enhanced ion sampling

* Enhanced Q1 lon Optics
* Improved ion transmission

Cannabis ASTS 2017

Agilent Technologies
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Triggered MRM

Quantitation with Confirmation: Fingerprinting

Full Scan Approach:
Scan the entire fingerprint

tMRM Approach:
Focus on known fingerprint features

Two possible scenarios:

- Confirmation of positive findings with additional information
(spectral matching)

- Elimination of potential false detects caused by matrix
interferences

Agilent Technologies




Triggered MRM (tMRM) Analysis

Triggered cycle (above threshold)

Secondary MRM

oy T ” Analyte 1 334.0 145.0
Transitions are “Triggered
Analyte 1 334.0 117.0
\ Analyte 1 334.0 132.1
x10 4 |Cpd 1: peptide 3: +ESI MRM Frag=120.0V CID@20.0 (575.3000 -X937.5000) HSADMRM-1pep-02.d  Analyte 1 334.0 105.1
1 z Analyte 1 334.0 91.1
16 Analyte 1 334.0 76.0
1‘2‘ Analyte 1 334.0 119.0
14
0.8
0.6
o4 T Threshold
02"
o] 7

19 2 21 22 23 24 25 26 27 28 29

3 34 35 36 37 38 39 4 41 42 43 44 45 46 47 48 49 5

Primary cycle (below threshold)

Analyte 1 334.0 145.0
Analyte 1 334.0 117.0

Cannabis ASTS 2017

-4+ Agilent Technologies
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tMRM Product lon Spectrum

«10¢ 4334 > 76 103 334>091 103 334 > 105 w00 4 334>117 «100 4 334>119
8 8 8 81 117.0 81
7 7 7 7] 7]
6 6 6 6. 6.4
5 6o 5 5 5. 5.
76. . .
g I ‘31 91.1 g 105.1 ‘3‘- g- 1120
2 . 2 2 2" 2"
(1) 80 é 80 100 é 80 100 120 (1) 80 100 120 (1) 80 100 120
x103 334 >132 x102 § 334 > 145 145.0 x10¢ 1 334 > 147 %103 334>171
8 81 8 8
7 7] 7 7
6 6 6 147.0 6
5 5. 5 5
4 132.1 49 4 4
3 39 3 3 171.1
2 2. 2 - 2 - L L L] L] I L
(1) 100 140 (1) 100 140 180 é 100 140 180 (1) 80 100 120 140 160 180
x108 4 145.0 tMRM Product lon
g 117.0
- Spectrum
6 -
5
4+
3= 76.0
2. 91.1 105.1 132.1
‘AR i
0 T 1 I T 1 L] | T | | | 1 1 1 ’ |
80 100 120 140 160 180 200 220 240 260 280 300 320 340

Agilent Technologies
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tMRM Library Searching
Tebufenpyrad Standard 50 ppb

Show/Hide Label i Polarity i Cpd ki Mame i Score W Stat W RT d End Width W iz i

Cpd 1: Tebufenpyrad Positive

Tebufenpyrad

0.046

Best il Marme il Farrnula il Cas il Scare

| Mazz [DB] W RT

W Score [Lib) W Precursor 7 Find by MBM W Score [Acg] W ID Source W

9 I3 | Tebuferpyrad|  C18H24CN3D| 119168-77-3 96.75| 333.855?[ S.BBI] 96.75| | | | LibSearch|
P Mame i 1] | MumPeaks = mfzlpec] W Scare [fib] il
| Tebufenw,ad| 1| g| 334.2| 96,75 %102 Cpd 1: Tebufenpyrad: +ES| MEBM:361 {3.611-3.752 min, 15 53cans) Frg=165.0V CID&E28 05342 _.
: Best i Mame i Formula i Cas il Score W Ma 11 147.1000
- |(" | Tebufenp_l,llad| | | 1DD| 0.5
0.6 117.20040
31.1000 105 1000 132.1000
0.4 ’
. 0.2
Library match score: 96.75 0
x¥10° |Cpd1: Tebufenpyrad: =<ES| MRM:361 (9.611-9.752min, 155cans) Frg=165.0% CID&@25 03342 _
1 1471004
051 911000 1057000 300 4321000
+10% Cpd 1: Tebufenpyrad: +ES| tMRM Frag=165.0V CIDE24 .0 (3342000 = 171.1000) iy l !
0.5
1.6
EE
1.4+ 2 . -
x10° |Tebufenpyrad C18H24CIN30 + MRM CAS_Libary. mshbrary xml
12 1] 117.0000 1450000
14 0.8
) 0.6
054 g; 91.1000 105.1000 132.1000
1] |
ﬂ.“'- 1 1 1 1 1 1 1 1 ] ! ! ! ! ] ] ! 1 ] ] 1
75 &80 85 890 485 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170
0.2 Counts ws. Mass-to-Charge [m'z)
0- i

9 91 92 93 94 95 96 97 98 99 10 101102103104 105 106107 1081098 11 111112113114 115
Counts vs. Acquistion Time {rmin)

- Agilent Technologies

Cannabis ASTS 2017




tMRM Prevents False Positive ID

+ MAM (9519993 rn 5 scans] [334.2 2 ™) TMAMZ_Girged_Blank000.4

N AT, Acquired tMRM Spectrum
1 Native Ginger Compound
j Match Score = 70

) 1 1 . |
@ su1E|:|Iiil:|1i'1:|15a:|1iu1$niéu1?01#115:3@ﬁuﬁuzh?hﬁé:ﬁnzhﬁzh!hﬁnz‘mlh.ﬂu

k107 i nzo 1450
kR

. Comparison Acquired vs.
o tMRM Library Spectrum

024 2

|
02 1740
a4 7 01BN 13210

0B
i1

145
17
780 50 100 110 120 130 140 150 160 170 160 150 20 N0 Z0 D0 M0 X0 &0 20 20 Za 300 A0 30 10 M0

Tebubengyrad
Wi .'Ird 17

0 "’ tMRM Library Spectrum
o Tebufenpyrad

Q&

05

0.4

034 EIRL]

02+

014 T2
0 *

70 80 S0 100 190 120 130 140 150 160 170 160 150 200 2o 20 20 240 250 20 2P0 X0 20 M0 M0 0 N0 MO

1an

Cannabis ASTS 2017
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Batch Table - Messages and Outliers

Batch Table
Sample: @] CAL L10 v B | SampleType: <All> v Compound: [@] Dichlorodiflucromethane v [®] ISTD: Flucrobenzene @lﬁ E i P ¢
Sample Dichlored... Dichlorodifluoromethane Results Qualifier... | Fluorcbenzene (L.| Qualifie..| Qualifie..
@ W Name Data File Type Lewvel Acq. Date-Time Sample Group | Exp. Conc.| RT Resp. | MI|Cale. Conc. | Final Cone. | Accuracy| Ratio |MI| RT Resp. | Ratio| MI| Ratio| MI
9 CALL0Z |CAL_L03D |Cal 2 [6/202008 11:53 AM 05000] 4237 29715|[00|  0.4278]  o04278]  856| 336|[1| 10.621] 1344418] 19| 85[0
J CALL04 |CALL04D | Cal 4 [6/202008 1220 FM 1.0000 4242 66597|[) 10238 10238]  1024| 302|[C1| 10621] 1183824] 1.8|[]] 10|
J CALLOS |CALL05D | Cal 5 | 6/20/2008 1:06 PM 2.0000] 4247] 127904 |0 19920(  19920]  99.6| 316|[]| 10620 1124890 2.0|[] 05|
CAL_LOE | CAL_LDED | Cal € |6/20/2008 1:44 PM 50000 4258 203724|[]|  5.1178]  51178] 1024| 311|[]| 10621 700587| 16|0]| 9.8
CALL07 | CAL_L07D | Cal 7 |6/20/2008 221 PM 10,0000 4248 671861|[ ]| 104356 104356 104.4| 324|[ ]| 10621] 1128268 2.0|[]] 11.0|[J
CAL_LO2 | CAL_L0ED | Cal 2 | 6/20/2008 3:04 PM 150000 4242] 1105068|[]|  16.1636] 16.1638|  107.8| 31.4|[]| 10621] 1196415 2.0|[]| 10.9|] .
CAL_L0S | CAL_L0SD | Cal S | 6/20/2008 3:41 PM 200000| 4242| 1474827|[]| 206623 206623] 103.3| 320|[ ]| 10.620] 1248377| 2.0|[]| 04[] Select Outliers
» CAL L0 | CAL (00| Cal 70 | E20/2008 419 P 30,0000 | 4748 | 7195968 593491 a3491| 97 8| 330(] || 10.621] 1310218] 17 ([ 1l 103 .
CALL1T [CAL_11D | Cal 11 |6i20/2008 4557 PM 40.0000| 4.247| 3126148|[ ]| 40.3840| 403840] 101.0| 33.0][ || 10.626] 1352547| 1.9][ 1| 10.6[[] for Dlsplay
¥ |CALLIZ |CALL12D |cCal 12 |6/20/2008 5:35 PM 50.0000| 4.247| 3975619|[]| 47.9439] 47.9439]  959| 328|[]| 10.621] 1448684 ] 103|0
CC_L07 _|CC_LO7D _ |CC 7 [6/202008 613 M 0.0000| 4247 802673|[C]| 103859 10.3858| 1039 33.8|[1| 10621] 1354419| 1.6][0] 07|
¥ |QCL0E  [@closD  |aC 6 | 6/20/2008 £:50 P 50000 4247 211200|[C]] 29087 25037 32.1|[E1| 10s20] 1288192 1.7|[0] 105|C)
¥ |BlankDl | BLANKDID | Blank G/20/2002 728 FM 4258  20853|[]]  0.3450] 03450 37.2|[C]| 10626] 1201381 | 18|
¥ | Blank02 BLANKD2D | Blank 5/20/2008 5:07 PM m 266 |[C] 0.0464 0.0464 C1 10621 1058821 1.8([E] 03]
Red Outlier — High (above upper limit) Blue Outlier — Low(below lower limit)
;ﬂ Quantitation Message{s)
Dibromomethane: Qualifier MiZ = 53.0: Qualifier peak not found or does not match quantitation criteria
Hexachlorobutadiens: Qualifier MZ = Z22.0: Qualifier k not found or does not match guantitation critena
essages : : : o o
1Hexachlorobutadiene: Qualifier MZ = 227 0: Qualifier peak not found or does not match quantitation critenia
1 Tetrahydrofuran: Qualifier M/Z = 72.0: Qualifier peak not found or does not match quantitation critenia
| Vinyl Acetate: Qualifier MIZ = B6.1: Qualifier peak not found or does not match quantitation eniteria

. ¥ Outl
¥ Outliers J =

Dichlorodiflucromethane: Retention time = 4630 is outside the allowed range [4.037, 4 462]

Hover cursor over the outlier or message to display details

Cannabis ASTS 2017
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tMRM Application Kits For LC/MS
Targeted Screening & Confirmation with QQQ

Pesticides

Test Mix: 254 compounds
DB: 700+ compounds
Library: 200+ compounds

Veterinary Drugs

Test Mix: 146 compounds
DB: 500+ compounds
Library: 100+ compounds

Forensic Toxicology
— Test Mix: 139 compounds
ééél i} DB: 2500+ compounds

L Library: 100+ compounds

tMRM
Database . Standards
& Library

LC/MS
Application
Kits

/On Site |
Training

Save Time Save Money

Method
Quality

Simplicity ‘

« Agilent unigue data dependent acquisition for fast and sensitive compound screening,

guantitation and confirmation.

% Agilent Technologies

Cannabis ASTS 2017




Multi-Residue Pesticide Analysis in Food
6470 QQQ

Injection volume = 2 pL

* Multi-residue pesticide analysis in food

products — most demanding food safety x104
applications 1’ ﬁ
0.9
* Improved sensitivity and precision of 0.8 |
the 6470 allows accurate quantitation of 0.7
pesticides <Maximum Residue Limits | H |
(MRLs) imposed by EU, with higher 061 | | u
degrees of sample dilution 0.5, | | | | ‘\ r\ \‘
04- \”\ B h |
+ Sample dilution reduces matrix effects, 03 | |
improves method robustness, allows 1 | il o 1 Ll x
more efficient ionization and enables the 021 l | a L ‘ | \ L L ’\ l il } |
use of solvent calibration with better 0.1 A ‘ } I i ’ ‘ \A | L ‘ ‘k‘ \ |
accuracy N Wy Wi B TN \0\ ol -

2 3 4 5 6 7 8 10 11 16 17 18
Counts vs Acquisition Time (mln)

Cannabis ASTS 2017
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Confident Quantitation Over ~5 Orders of Dynamic Range

Oxamyl - 13 Levels, 13 Levels Used, 65 Poins, 65 Points Used, 0 GCs Levels %RSD (n=5) %Accuracy
- 5., Oxymal, 2 pg/mL — 100 ng/mL 2 pg/mL 183 114.0
£ s 4.7 Orders of Linear Dynamic Range 5 pg/mL 54 86.8
4“51’ R2 = (.998 10 pg/mL 1.4 87.1
as) ' 20 pg/mL 5.5 83.1
3 50 pg/mL 1.9 86.6
25- Log-Log Plot 100 pg/mL 1.1 82.4
] 500 pg/mL 1.7 89.6
] 1 ng/mL 1.2 93.8
o; 5 ng/mL 1.0 104.4
04 ‘ 10 ng/mL 2.1 103.3
o 0 10000 20000 30000 40000 50000 60000 : ‘;0600 - ‘0;0600 Wgoboom “’”“‘;006032'(;‘:2;3.:2‘: iiiiiii 50 ng/mlL 2.3 106.2
Concentration (pg/mi) 100 ng/mL 1.8 96.5

F:rin;i;a;b-13 Levels, 13 Levels Used, 65 Points, 65 Points Used, 0 QCs Levels %RSD (n — 5) %Accuracy
¢ "\, Pirimicarb, 2 pg/mL— 100 ng/mL Tl 15.0 172
g "1 4.7 Orders of Linear Dynamic Range 5 pg/mL 10.7 97.1
0.94 Rz — 0998 10 pg/mL 44 82.2
0.8 20 pg/mL 1.7 80.6
71 50 pg/mL 28 85.5
oo Log-Log Plot 100 pg/mL 23 80.2
0.4 500 pg/mL 1.2 88.3
i 1 ng/mL 1.1 93.3
0.1 5 ng/mL 0.7 103.1
o1 o 10 ng/mL 2.0 101.6
e E T B s % % % d 45 S % 6 & o 5 8 8 S s w0 15 50 ng/mL 17 105.6
Concentration (ppb) 100 ng/mL 1.3 97.0

Cannabis ASTS 2017
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15 Pesticides Screened in Marijuana SoRORERS N

Colorado Department of Agriculture

Marijuana Testing Metadata Overlay MRM of 15 Pesticide Screen in Marijuana
FY 2016  (Sample Results Reported 7/1/15 Thru 06/30/16) o 1 1
Samples Tested: 599 46
Samples with Detects: 391 65% 441 1”7
Non-detect Samples: 208 35% 27
Azadirachtins Only: 97 16% N
3.6
Compounds Detected # of Detects 3.4
Myclobutanil 190 329
Azadirachtins 165 2;:
Imidacloprid 77 264 e
Spiromesifen 72 24|
Bifenazate 43 229
Avermectins 44 2]
Etoxazole 27 :Z:
Piperonyl Butoxide 15 14
Azoxystrobin 13 1.2+
Spinosyn A 15 Y
Spinosyn D 6 Z::
Pyrethrins 3 04|
Propiconazole 3 0.2 6.781
Spirotetramat 1 0 A — -
Chlorfenapyr 5 6 65 7 75 & 85 9 95 10 105 11 115 12 125 13 135 14

o Counts vs. Acquisition Time (min)
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Pesticides Screened in Marijuana s

Spinosyn D MRM and Qualifier in Marijuana Calibration Curve of Spinosyn D in Marijuana

Spinosyn D - 6 Levels, 5 Levels Used, 6 Points, 5 Points Used, 4 QCs

® %106 | y=10560.119067 * x - 625.581352
+ MRM (746.5 -> 142.1) 2dSPE Cal 5.d - - 2 | R"2=0.99949468

® é, ) @ 146'5 ;—142'1, ’346'5 > 98.0 § 0.95 Type:Linear, Origin:lgnore, Weight:1/x @)
£ x10 £ x105 | Ratio = 10.9 (99.9 %) @ 0.9
3 151 3 131 T 0851
O 441 10.488 min. © 42 08"
1.3 114 0.75-]
1.2 14 0.71
1.1 05 0.651
14 : 0.6
0.9+ 0.8+ 0.55-
0.8-] 0.7 0.5
0.45-]

77 0.6
0 0.4
0.6 0.5 0.354
0.5+ 0.4- 0.3-
0.4+ 03 0.254
0.3 0.2
0.2
0.2 [ 0.15-
014 0.1+ L 0.1
0 0 0.05-]
0.1 0.1 0+
T T T T T T T T _0.05,
10.4 10.5 10.6 10.7 102 104 106 10.8 L
Acquisition Time (min) Acquisition Time (min) 5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105

Concentration (ug/mL)
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62 Common Pesticides in Marijuana
State of Oregon Pesticide List

Acephate Clofentezine Hexythiazox Piperonyl butoxide x1§:
Acequinocyl Cyfluthrin Imazalil Prallethrin 3: 2:
Acetamiprid Cypermethrin Imidacloprid Propiconazole 3]
Aldicarb Daminozid Jasmolin | Pyrethrin 2.8
Avermectin Bla Diazinon Kresoxim methyl Pyridaben 261
Avermectin B1b Dibrom Naled Malathion Spinosyn A 241
Azoxystrobin Dichlorvos Metalaxyl Spinosyn D .
Bifenazate Dimethoate Methiocarb Spiromesifen 1: ‘
Bifenthrin Ethoprophos Methomyl Spirotetramat 164 ‘
Boscalid Etofenprox MGK-264 Spiroxamine 1.4
Carbaryl Etoxazole Myclobutanil Tebuconazole 1.2
Carbofuran Fenoxycarb Oxamyl Thiacloprid 1
Chlorantraniliprole ~ Fenpyroximate Paclobutrazol Thiamethoxam ]
Chlorfenapyr Fipronil* Parathion-methyl Trifloxystrobin Zj
Chlorpyrifos Flonicamid Permethrin 024
Cinerin | Fludioxonil* Phosmet 0

* Negative mode

Overlaid MRM Transitions of 62 Pesticides in 10 min

o5 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85
Counts vs. Acquisition Time (min)
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Excellent Sensitivity and Linearity

Thiamethoxam, 100 fg on column

+MRM (292.0 -> 211.1) 02_Mix_50pgmL-r001.d

x102
1.4

Counts

1351 *1.621 min.

7.07

0.95+

0.9+

0.85-

0.8

0.75+

0.7+

0.65+

0.6+

0.55-

0.5+

0.45+

12 13 14 15 16 17 18 19 2 21
Acquisition Time (min)

292.0 ->211.1,292.0 -> 181.1
x10 2| Ratio = 35.1 (85.6 %)
1.35-
1.325-
1.3
1.275-
1.25-
1.225
1.2
1.175
1.154
1.125-
1.1
1.075-
1.05-
1.025-
14
0.975-
0.95-
0.925-
0.9
0.875-

Counts

+
7}
2
c
=1
Q
O

0.85+
0.825-
0.8+
0.775
0.75+
0.725

0.675-
0.65+
0.625-

0.575+
0.55-
0.525-
0.5+
0.475+
0.45+

12 13 14 15 16 17 18 19 2 21

Acquisition Time (min)

MRM (1.579-1.697 min, 14 scans) (292.0 -> **) 02_Mix_50pg...
x103 | 2111

] O -9
Y

orvN\/[}‘C'

0.95 |l|
0.9
0851 1811
0.8
0.75
0.7
0.65
0.6
0.5
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1

0.05+ 292.0

0,
180 200 220 240 260 280 300
Mass-to-Charge (m/z)

Agilent Technologies

Log-Log Plot from 0.05 ng/mL to 500 ng/mL

Thiamethoxam - 9 Levels, 9 Levels Used, 25 Points, 25 Points Used, 0 QCs

$ x106 | y=3275.261213 * x +20.462606
2 | R*2 =0.99422303
S Type:Linear, Origin:lgnore, Weight:1/x*2
7]
[0]
0751 0,05 97.8 s
0.5
0.1 104.3 3.67
0.25+ 0.5 100.1 20.9
1 99.5 2.69
019 5 98.3 2.47
0.075+
0.05 10 101.3 0.61
50 103.4 1.32
0.0254
100 103.5 0.25
500 90.5 1.01
0.014
0.0075
0.005+
0.0025
0.001+
0.00075+
0.0005+
0.00025+
0.0001

50 100 500 10C
Concentration (ng/ml)

0.05 0.1 05 1 5 10
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Excellent Sensitivity and Linearity

Cypermethrin: 1 pg on column Log-Log Plot from 0.5 ng/mL to 1000 ng/mL
+ MRM (433.3 - 191.0) 08_Mix_50ngmL-r002.d 4333 > 191.0, 416.0 , 433.3 -> 416.0 + MRM (5.764-6.195 min, 51 scans) (433.3 > **) 08_Mix_5.. Cypermethrin - 10 Levels, 8 Levels Used, 28 Points, 22 Points Used, 0 QCs
. o o @ %105 | y = 140.557493 * x - 1.925944
2 x10° | £ x10* | Ratio = 74.9 (59.6 %) 2 x104 | @ RA2 = 0.99961765
é 116_;7 é 1554 é o 191.0 § 2.5 Type:Linear, Origin:lgnore, Weight:1/x
ol 7 9]
; 5;57 *6.043 min. 1.454 1.8
' 101.71 1.44 j ; 11 05 99.4 15.0
159 1.35 7 X /@
1.45+ ' C,)\ “v-.ro o 0751 1 110.0 755
141 1.3+ 161 I 05,
1.354 1.25 IN 416.0 5 103.8 3.46
1.3 1.2+ 1.54
1.254 1.154 14l 0.251 10 98.9 1.57
1.2 11 .
1151 105 13 50 93.2 1.18
1.1 14
o] o 12 01l 100 96.3 2.69
1 0.9 11 0.0757 500 100.3 1.26
0.957 0.85- ' 0.05-
0.9 0 8 14 ' 1000 100.6 1.18
0.85-] 81
0.8 0.75+ 0.9 0.0254
0.75 0.7 .
0.74 0.65- 0.8
0.65-] 0.6
0.6+ 0.55- 077 0.01-
0.55+ 0.5 0.6 0.00754
0.5 0.45-
0.45-] 04l 0.5 0.005
00?;;7 0.354 0.4
o3l 0.3 0.00251
: i 0.3
095 0.25
0.24 0.2 0.24
0.15+ 0.154 0.0014
014 0.1 0.1 4333 0.00075
0.05- 0.05- o)
55 56 57 58 59 6 61 62 63 64 55 56 57 58 59 6 61 62 63 64 150 200 250 300 350 400 450 500 0.0005+
Acquisition Time (min) Acquisition Time (min) Mass-to-Charge (m/z)

50 100 500 1000
Concentration (ng/ml)
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