LC-MS/MS Quantitation of Underivatized
Glyphosate and Other Polar Pesticides

André Schreiber and Wen Jin
SCIEX, Concord, Ontario (Canada)

RUO-MKT-11-3896-A For Research Use Only. Not for use in diagnostic procedures.



Glyphosate, broad spectrum herbicide used
Against weeds and grasses
As desiccants to dry off crops before harvest
On transgenic crops resistant to glyphosate / glufosinate
Glyphosate ~ 60% of the worldwide herbicide sales

Before LC-MS there was LC-FLD
Derivatization using FMOC and o-Phthalaldehyde
Early LC-MS/MS methods
Flow injection analysis (FIA)
lon chromatography (I1C)
More recent LC-MS/MS methods
HILIC
lon exchange chromatography
Porous graphitic carbon (Hypercarb)
Sample preparation
QuPPe (M. Anastassiades et al. EURL-SRM (2016) version 9)
Dilute and shoot to analyze liquid samples



* Michelangelo Anastassiades at FPRW 2010



Evaluation of published glyphosate methods

Routine quantitation of glyphosate, glufosinate and metabolites using LC-
MS/MS without derivatization

Target LOQ of 100 ppb for food testing (after QuPPe extraction)
Target LOQ of 100 ppt for water testing (dilute and shoot)
High confidence in identification due to expected matrix interferences

MRM ratios, Full scan MS/MS, Differential Mobility Separation using
SelexlON® Technology, HR-MS/MS (pending)

Detection using the SCIEX QTRAP® 6500* system

M. Anastassiades et al. Phenomenex TN-1173 N. Chamkasem et al.
QuPPe of EURL-SRM (2016) J. of Regulatory Science (2015)



MS/MS detection using QTRAP® 6500* system
lonDrive™ Turbo V source with ESI probe (negative polarity)
IS -4500V, CUR 30 psi, Gasl 50 psi, Gas2 70 psi, CAD high, TEM 700°C
Multiple Reaction Monitoring (Q3 low resolution)
Full scan MS/MS with CE -35V and CES 15

Compound Q1 (amu) Q3 (amu) DP (V) CE (V)
Glyphosate 168 63 -30 -26
168 150 -30 -14
168 124 -30 -16
168 81 -30 -20
AMPA 110 63 -15 -26
110 79 -15 -36
110 81 -15 -16
110 80 -15 -24
Glufosinate 180 63 -50 -66
180 95 -50 -24
180 136 -50 -22
180 85 -50 -24
MMPA 151 133 -10 -18
151 63 -10 -44
151 107 -10 -20

151 78 -10 -28




Method 1 (EURL-SRM)

Modified since the column was not available in the original dimension and
particle size

Hypercarb 50 x 2.1 mm 3pm

Gradient of water/methanol (95/5) + 1% acetic acid and methanol + 1%
acetic acid at flow rate 0.2 to 0.4 mL/min

Injection of 10 - 50 L
Method 2 (US-FDA)

Acclaim Trinity Q1 100 x 3 mm 3um

Gradient of water + 50 mM ammonium formate/formic acid (pH=2.9) and
acetonitrile at flow rate 0.5 mL/min

Injection of 10 - 50 L
Method 3 (PHX)

LUNA NH, 50 x 2 mm 3pm

Gradient of water + 10 mM ammonium bicarbonate (pH=10) at flow rate
0.4 mL/min

Injection of 10 - 50 L



100 ng/mL Standard

+ @ XIC from Gly and Co_Hypercarb.wiff (sample 5) - 100. -MRM (21 transitions): Glyphosate 1 (168.0 /62.9). Gaussian smoathed

+ @ XIC from Gly and Co_Hypercarb.wiff (sample 5) - 100.-MRM (21 transifions): AMPA 1 (110.0/ 62.9). Gaussian smoothed. Gaussian smoothed
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Column was primed with 30 injections of QuPPe extracts of spinach
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100 ng/mL Standard

+ @ XIC from Gly and Co_FDA_quant_wiff (sample 7) - 100. -MRM(17 transitions): Glyphosate 1 (168.0/62.9). Gaussian smoothed
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Good separation of compounds to use the Scheduled MRM™ algorithm
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TO- AP T{STandard] 15707 132.9-C Vinalyst Daoliaiecs AS 00 G+ @ 10-MPA Z(Standard) 12T 01620 C-Unaly st Datalrofoce s 8500 = ® 10- MHPA(Siondard] 151 07106 3-C VAnaly st Daia rofoc 5 6500+~ - 10~ MHPAA{Standard) 15107 8.0~ C-VAnaly st DatalProfects i G0
Area: 1 56265, Height 2470e4 RT-2 84 min Area: 1.734e5_ Height: 2 80564, RT- 2 84 mi Area: 122165, Height: 1 976e4, RT- 284 mi Area: 7 05164, Height 1.077e4, RT- 2 84 mi
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10-AMPA 1 (Standard) 110.0/62.9-C:Analyst DatalProjects\AS 6500 Glyph.. + @ 10- AMPA2(Standard) 110.0/78.9-C:! \Analy:lDala\Prqu:h\tSm + @ 10- AMPA3(Standard) 110.0/80.9-C. \Analy:lDala\Prqed:\Nim +® 10- AMPA4(Standard) 110.0/79.3-C; \Analy:lDala\Prqu:h\tSm -
\Area:.

8 249e4, Height- 1.76Ted, RT- 1.13min Area: 7.383e4, Height: 1.53%4, RT- 1.13 mi Area: 3.441e4. Height: 7.130e3, RT- 1.13 mi Area:2 8844, Height: 5.899%3, RT- 1.13 mi
17000 20000 17000 | 17000 |
16000 18000 16000
15000 12000 . 15000 15000
14000 14000 14000
16000 |
13000 n 13000 13000
12000 X 14000 12000 12000
11000 11000 11000
12000
L om0 A = 5 000D , 10000
5 90 g I 9 £ som
= eo00 £ oo E g0 . £ zo00
7000 1 O L 2000 7000 7000
5000 8000 5000
5000 5000 5000 5000
4000 4000 4000
3000 4000 3000 3000
2000 2000 2000 2000
1000 1000 . 1000 .
0 0 0 0 =
0s o8 10 ¥i2 14 16 18 05 08 m LRI IR I 05 08 m o T T A% B 06 08 m 5 T T a s
Time,
Z-AMPA 1 (Standard) 110.07629-C] Mnammarawqmusmafmm +@2-AMPA2(Standard) 110.0/78.9- T \A.mlysmm\nmw;mm +®2-AMPA3(Standard) 110.0780.9- @ \A.mlysmm\nm\tsmm +@2-AMPA4(Standard) 110.0/79.9- < \A.mlysmm\nmmmm_..
Area: 6 66204, Height- 6.930s3 RT: 1.18 min Area: 6.339e4. Height: 6.826¢3, RT: 1.18 mi Area: 2 832e4. Height: 2.999%3, RT: 117 mi Area:2 648e4. Height: 2.604e3, RT: 1.18 mi
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T0-Glyphosate 1(Standard) 168.0/62.9-C-Analyst DatalProjects AS 6500+ .
\Area: 6. 747e4. Height: 1. 15504, RT- 1.89 min

+@10- GlyphosaleZ(Slandard)wB 011498 C-VAnalyst Data\Projecis\AS 6... +.10 GlyphosaleJ(Slandard)wB 011239 C-VAnalyst Data\Projecis\VAS 6. + @ 10- GIyphosaled[SlandardNSS DISI 0- C\Andy:lDah\Prqu:h\tS&i..
480e3, RT: 88 min Area 385e3, RT:

Area:5 887e4. Height- 9.

a: 2 941e4. Height: 5 0223, RT:

:3.074e4, Height: 5.
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0.7- Glyphosate 1(Standard) )'680/623 C‘Mmjrsﬂh'aﬂmhsm
\Area: 3 519e3. Height: 669222, RT- 1.97 min
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+ @0.1-Glyphosate 3(Standard) 168.0/81. D C VAnalyst Data\Projects\AS 65... + @ 0.1- Glyphosate 4(Standard) 168. DI123 B C VAnalyst Data'Projecis\AS 6.
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Jever-Glyphosate 1(Unknown) 168.0/62.3-C:lAmlysi DaialProjectsIAS 650. + @ Jever - Glyphosate 2{Unknown) T68. 011495 CVAnalyst Data\Projects\A. + @ Jever - Glyphosate 3(Unknown) 168.| D.HH 0-C\AnalystDaia\Frojects\AS ... + @ Jever - Glyphosate 4 (Unknown) 168. I).HZ!.B C-VAnalyst Data\ProjectsiA. ..
Area Area 1.450e5. Height: 3 247e4. RT: 1.93 mi

\Area: 3 906e5. Height: 7.938e4. RT- 1.93 min

:2.326e5, Height: 5 543e4.RT- 193

1 1.627e5, Height: 3 569¢4. RT- 134
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100 ng/mL Standard

+ @ XIC from Gly and Co_FDA_PHX wiff (sample 18) - 100. -MRM(17 transitions): Glyphosate 1(168.0/62.5). Gaussian smoothed

+ @ XIC from Gly and Co_FDA_PHX wiff (sample 18) - 100. -MRM(17 transitions): AMPA 1 (110.0/ 62.3). Gaussian smoothed
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Good separation of compounds to use the Scheduled MRM™ algorithm




10- Glyphosate 1(Standard) ]‘680/625' C-lAnaly Foyects\AS 6500+ . + @ 10- Glyphosate 2(Standard) 168.| 011498 C-\Analyst Data'ProjectsAS 6. | ® 10- Glyphosate 4(Standard) 168.0781.0- C\Andy:lDah\Prqu:h\tS&i

\Area: 2 121e5, Height: 5.503e4, RT- 323, Area: 1.637e5, Height: 4.195e4. RT: 3.23 mi Area: 1.173e5, Height: 2.353e4, RT: 323 mi
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70-AMPA 1{5tandard) 110.0762.9-C:Analysi DalaiProjects s 6500- Glyph.. + @ 10- AMPAZ(Standard) 110.0/78.9-C: \.Analy:lDala\Prqu:h\tSm @ 10 AMPA3(Standard) 110.0780.9 C. \Analysmm\nmw;m +® 10- AMPAZ (Standard) 110.0/79.9- cunalysmm\nm\tsm
\Area: 2 440e5, Height: 463784, RT-2 78 min Area:2.179e5, Height: 4.110e4. RT: 2.78 mi Area: 1.068e5, Height: 1.868e4, RT: 2.78 mi Area: 8.829e4, Height: 1.712e4, RT: 2.78 mi
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10- Glufosinate 1(5tandard) 180.0762.9-C: 1A
\Area: 66335, Height: 1.267e5 RT-2 19 min
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7 Taecs VS 6500+ .+ @ 10- Glufosinate 2(Slandard) 180.0795.0- c UnalysiDaiaiProy & 10 Glufosi T80, 011351 C-\nalyst DaiaProjecis\ A5 6... + @ 10- Glufosinate 4 (Standard) 180,07 85.0- c Unalysi DaaProjocsvs 65
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10- MMFA 1(Standard) 151.0/ 132.9-C] Mmh:lﬂﬂaﬂmhsmsly

\Area: 3. 760e6. Height- 14186, RT- 299,
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Area:4.227e6. Height: 1.627e6.RT: 2.98 mil
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Method 1 Method 2 Method 3
(Hypercarb) (Trinity) (LUNA NH2)
LOD Glyphosate 2 0.2 0.2
LOD AMPA 0.2 0.2 1
LOD Glufosinate 0.5 0.5 0.5
LOD MMPA 0.5 0.5 5
%CV at 10 ng/mL Glyphosate 7.6% 2.5% 5.2%
%CV at 10 ng/mL AMPA 1.2% 3.0% 1.4%
%CV at 10 ng/mL Glufosinate 1.6% 2.8% 2.4%
%CV at 10 ng/mL MMPA 0.8% 1.2% 3.8%
#MRM at 10 ng/mL Glyphosate 2 4 3
#MRM at 10 ng/mL AMPA 4 4 4
#MRM at 10 ng/mL Glufosinate 4 4 4
#MRM at 10 ng/mL MMPA 4 4 4
LC peak shape poor for glyphosate very good very good
RT stability ok Very good long term (pH=10)?
Matrix interferences many few few + high background
Potential for LVI (100 ppt in water) not tested yes peak broadening
Ease to setup most challenging yes yes




Application Data

— Glyphosate, AMPA, Glufosinate and MMPA in Foods —

SCIEX ExionLC™ AC system QTRAP® 6500* system



QuPPe extraction
10 g of sample
Adjust water content to 10 mL
(Add internal standard)
Add 10 mL methanol + 1% formic acid
Extraction + centrifugation

(Lipid removal for high oil content samples
using C18 dSPE)

Dilution with water (10x)

LC separation (ExionLC™ AC)
Acclaim Trinity Q1 100 x 3 mm 3um

Gradient of water + 50 mM ammonium
formate/formic acid (pH=2.9) and
acetonitrile at flow rate 0.5 mL/min

3 min 100% A and 3 min acetonitrile wash

Injection of 10 - 50 L




MS/MS detection using QTRAP® 6500* system
lonDrive™ Turbo V source with ESI probe (negative polarity)
IS -4500V, CUR 30 psi, Gasl 50 psi, Gas2 70 psi, CAD high, TEM 700°C
Scheduled MRM™ algorithm (Q3 low resolution)
Full scan MS/MS with CE -35V and CES 15

Compound Q1 (amu) Q3 (amu) DP (V) CE (V)
Glyphosate 168 63 -30 -26
168 150 -30 -14
168 124 -30 -16
168 81 -30 -20
AMPA 110 63 -15 -26
110 79 -15 -36
110 81 -15 -16
110 80 -15 -24
Glufosinate 180 63 -50 -66
180 95 -50 -24
180 136 -50 -22
180 85 -50 -24
MMPA 151 133 -10 -18
151 63 -10 -44
151 107 -10 -20

151 78 -10 -28




+ @ 70- Glyphosate T (Standard] 168.0/62.8- C:lAnal..

Glyphosate %CV = 2.99% (n = 5)

Area: 6.477e4 Height: 1.14%e4 RT: 1.85 min

-

+ @ 10 - Glyphosate 2(5tandard) 168.0/1498-C.. + & 10- Glyphosate 3(5tandard) 168.0/81.0-CVA

+ @ 10 - Glyphosate 4 (Standard) 168.0/1233-CA_.
Area:5.027e4. Height: 9.230e3. RT: 1.89 min Area: 3.026e4. Height: 5.369e3. RT: 1.89 min Area: 2 B42e4. Height: 4 333e3, RT: 1.88 min
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AMPA %CV = 2,85% (n =5)
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Areaz: £ 1334, Hejght: 1.76024, RT- 1.73 min Area: 7.264e4, Height: 1.535e4, AT: 1.13 min Area: 3.397e4, Height: 7.104e3, RT: 1.13 min Area: 2.858e4, Height: 5.834e3, AT: 1.13 min
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Glufosinate %CV = 3.26% (n = 5)

+ @ 70 - Glufosinate 7 (Sandard) 18007625 - C:ldnal..  + @ 10- Glufosinate 2 (Standard) 180.0/95.0- CAA.. + @ 10- Glufozinate 3(Standard) 180.0/136.1-CA.. + & 10- Glufosinate 4 {Standard) 180.0/785.0- C3A..

Area: 71284 Height 1.460ed RT- .52 min Area: 4 27%4. Height: 8.763e3. RT: 1.52 min Area: 3.913e4. Height: 8 402e3. RT: 1.52 min Area: 3.464e4. Height: 7.228e3, RT: 1.52 min
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MMPA %CV = 2.39% (n = 5)

+ @ 70- MMFA T (Standard) 1510/ 1325~ Crldnalyst..  + @ 10- MMPA 2 (Standard) 151.0/63.0-C:\nalys... + @ 10- MMPA 3(5tandard) 151.0/106.9-C:\fnaly... + @ 10- MMPA 4({Standard) 151.0/78.0-C:\Analys..

Arez: 15075, Hejght: 245524, RT: 284 min Area: 1.661e5, Height: 2.785e4, RT: 2.4 min Area: 1.177e5. Height: 1.959e4, RT: 2.84 min Area: 6.688e4, Height: 1.069e4, AT: 2.84 min
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Glyphosate r = 0.9993

AMPA r = 0.9995

Glufosinate r = 0.9998

MMPA r = 0.9999

Accuracies between 80 and 120%




10- Glyphosate 1(Standard) 168.0/62.3-C. 1A
\Area: 6. 747e4. Height: 1. 15504, RT- 1.89 min
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T ARPA T(STandord) T10.0762.9-C Vinaly s DolaiPiaects S 6500 Gk @ 10~ AMPA 2(Standard) 10.0178:8-C Uhialys1 DalaPiofociS 6500+ -+ @ 10-AMPA3(Standard) 110.0780.8-C Uinalys1 DalalPiofock S 6500+
Area: 8 249e4, Height' 1 761ed RT- 113 min Area: 7 38304, Height: 1 5394, RT- 113 mi Area3 44164, Height 713063, RT- 113 mi
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Application Data

— Increasing Selectivity using SelexlON® Technology —
(Differential Mobility Separation)

SCIEX ExionLC™ AC system QTRAP® 6500* system
with SelexlON®* DMS technology



~7x Less Signal but Slightly Reduced Interferences and Background

10 ng/mL
no DMS

with DMS

Corn
no DMS

with DMS

Soy

no DMS

with DMS

+® 70 Glyphasate 1 [Qualily Contral] 16,0/ 629~ C:VArmlyst Data Projacts AS.
Area: 642704, Height: 1. 14964, RT: 1.8 min
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2:3.026e4. Height: 5.3633, RT:
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~11x Less Signal but Greatly Reduced Interferences and Background

10 ng/mL
no DMS

with DMS

Corn
no DMS

with DMS

Soy

no DMS

with DMS

+® 70 ANPA T (Qualily Comra]) 110.07 629~ C-Analyst DatalProjects S 6500,
: 813304, Height: 1.760e4, RT: 1.13 min

+ 0 AWPA2(Qualty Conlrol) T10.0778.9 - CAralysl Dalalrojects WS .
Area: 7.264e4. Height: 1.535¢4, RT: 1.13 mi

+® 10-APAZ(Qualty Control) T10.0780.9- CAnalyst DatalrojectsAS
Area: 3.397¢4. Height: 7.1043. RT: 1.13 mi

+ 10 ARPAF(Qually Conlrol) T10.0775.5 - C-iAralysl Dalalrojects S 6
Arca: 2.858¢4. Height: 5.8343. RT: 1.13 mi
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Arca: 7.461e4. Height: 1.71604. RT: 1.12 mi

15000 15000 15000 15000

£ 10000 £ 10000 £ 10000 £ 10000

5 5 5 ]

- s T s T s T s
0 . 0 0

06 08 10
Time, min
+ @ Corn 100 DR=Open - AMPA2 (Blank) 110. I)I?l! 9- C-\Analyst Dats\Projec_.

Area:6.276e4. Height: 1.432e4. RT- 1.12 mis

14 16 18

~
+ @ Corn 100 DR=Open - AuPAa(Blﬂ)nn m:m 9- C:\Analyst Datz\Projec ..
Area:2 955e4. Height: 6 560e3. RT- 1.12 mir

18 18

N T min
+@ Corn 100 DR=Open -AMPA4 (BIZnE) 110.1 0/75.9-C:\seslyst Dot Projec..
Arca: 2.776e4. Height: 6.242¢3. RT: 1.12 mi

04 06 08 10 2 14 16 18

o = v
04 06 08 TD 12 14 16 18

04 06 08 14 16 18

04 06 08 14 16 18

Time.
+ @ soy 700 - AMPA T (Double Blank] 1100/62.9 C nalyst DatalProjects AS €.
Area: 1.317e5, Height 2838e4, AT 1.

+.5WIDD’AMPAZ(DOIIMGEHMK)1]0 IJ.I".'B 9 C:\Analyst DataiProjects\A...
Area:1.414e5_Height: 2. 7794, 112

+.=w1DOfAMF‘A3(Do||bIe BIﬂnk)ﬂD DlI!D 9 C:\Analyst Datz\Projects\A...
Area:1.168e6, Height: 2 3395,

+.=WlDD—AMPA4(Do||bIeBIﬂnk)110 0179 9 C:\Analyst Data\Projects\A...
Area:2 222e6. Height: 5 0385,

’*"3 5¢5 5e5

45 4e5

L 2o . 20000 = 365 z 265
g 2 2 098 2

2 z 2 s 2 s
= 10000 £ = 10000 = =

I 165 Te5

7 3 - - N R N S—— el e 0e0 e
05 o0z 10 ¥i2 12 1§ 18 s 08 1o T2 1r 18 1B ue o8 10 ¥z 12 15 18 0§ 08 10 T12 124 1B 18
Time, min Time, min Time, min Time, min

+ @ Soy 100 DR=Open-AMPA 1 (DoubleBIink]ﬂD 0/62.9- C:\Analyst Datz\...
Area: 1.336e4, Height: 2 8783 RT: 1.13 mis

2000 2000 2000 2000

z z z 2

il i i1 i

5 5 5 5

= 1000 = 1000 = 1000 = 1000
0 0 0 0

+ @ Soy 100 DR=Open - AMPAZ[DouhIeBIank)HD 0/78.9 - C:\Analyst Data...
Area:1.314e4, Height: 2. 7763, RT- 1.13 mis

+ @ Soy 100 DR=Open- AMPAJ[DouhIeBIink)ﬂDOlBD9 CiAnalyst Datal...
Area:6.118e3, Height: 1.2393 RT- 1.13 mis

+ @ Soy 100 DR=Open- AMPA4(DouhIeBIank)I1D 0/79.9 - CiAnalyst Datal...
Area:4 813e3, Height: 1.002e3, RT- 1.13 mis

08 14

Time. min




~4x Less Signal but Reduced Interferences and Background

10 ng/mL
no DMS

with DMS

Corn
no DMS

with DMS

Soy

no DMS

with DMS

+® 70 Glufosinete 1 [Qualily Contral] 180.0/ 629~ C:VArmalyst Data Projects AS
Area: 7.128¢4, Height: 146064, RT: 1.52 min

* 10 Glulosinate 2(Quality Control) T80/ 96.0-Chnalyst DatalPrcjoctsi-
Arca: 4.2794. Height: 8.763¢3. RT:

+® 10-Glulosinate 3(Quality Control) T80.07 136.1-CVelyst DaalProject
Area: 3.913¢4. Height: 8.402¢3, RT:

+ 10 Glulosinale 4(Quality Control) 8007 5.0-ChAnalyst DataProjecisl-

a: 3.464e4. Height: 7.228¢3.RT:

152
15000 ! 15000 15000 15000 .
2 2
2 10000 2 10000 2 10000 2 10000
] £ £ £
5000 500 T som T 50
oL : 0 : 0 N ...'1 " 0
o8 10 12 14 ¥ 16 18 20 22 oz 10 12 1s ¥ 16 18 20 22 og 10 12z 14 Tk s 20 22 08 10 1z 14 ¥ ie 18 20 22
Time, min Time, min Time, min Time, min
+® 10ppb STD DR=Open-Glulosinate 1 (Quality Contrc) 180.0/628 -CAn.. '+ @ 10pph STD DR=Open-Glufosinale 2 (Qualily Conto) 180.0/85.-CAn... + @ 10ppb STD DR=Open-Glufosinale 3 (Quality Contc) 180./1361-CA... + @ 10ppb STD DR-Open-Glulosinale 4 (Quality Conto) 180.0/250-Che.-
1.609e4, Height: 3.132¢3. RT: 1.52 mi Area: 1.081ed. Height: 2.089%3, RT: 1.52 min a:9.067¢3, Height: 1.734e3, RT: 1.52 min a: 7.704€3. Height: 1.465¢3. RT: 1.52 min
3000 3000 5 3000 3000
152
> 2000 2 2000 At 2 2000 = 200
g 7 7 7
£ £ £ 2
= 10w = 1w = 1w = 1m0
08 10 12 14 ¥is 18 20 22 os 10 12 14 T 15 18 20 22 o8 10 12 14 ¥ e 18 20 22 08 10 12 14 ¥is 1B 20 22
Time, min Time, min Time, min Time, min

+ @ com 100 - Glutesinate T {Blank) 180.0/ 62 5 - C-lnalyst DatalFrojects A5 650
Ares: 788824 Heﬂgi][ 1814ed AT Tﬁim/n

T corn 100 GlaTosinate  (El=nk] 1800755 0oty DaaProjeci s —
Area: 42564, Height. B 29663, . 152 min

+ @ corn 100 - Glufosinate 3 (Blank) 180.0/1361- C\Analyst Data\Projects\A
Area:6 437e4. Height: 1.043e4. RT- 152 min

+ @ corn 100 - Glufe

Area4.

natc4 (Blank) 180.0785.0- CAnalyst DalaProjoctsAs -
429¢4. Height: 8.287¢3.RT: 1

| 52 min

15000 15000 15000 15000 .
£ 10000 £ 10000 £ 10000 £ 10000
g g 5 g
] . o T 5000 e 5000 T s00
o8 10 12 14 T is 18 20 22 08 10 1z 1s ¥ 16 18 20 22 08 10 1z  1& T Wem® 20 22 ve 12 1 T s 18 20 22
Time. min Time, min Time, min Time, min
+ @ Corn 100DR-Open - Glufosinate 1 (Blank) 18001 &25- Cialyst Dat...+ @ Corn 100 DR~Open- Glufosinate 2 (Blank) 18001 5.0- C:Analyst ota...+ & Corn 100 DR~Open.-Giutosinate 3 (Blank) 18001 6.1 C:nalyst ota .+ Corn 100 DR~Ope 4 (Blank) 180.0/ 8.0 CAn
Ara: 1.860e4, Height: 3.584c3, RT: 1.52 min Area:1.022e4. Height: 1.906e3. AT- Area:9.607¢3. Height: 1.97863, RT- 152 ma Area: 8 70823, Height-1 71563, RT- 152 min
. . .
2000 3000 3000 | 000
g a0 5 om0 g o F .
2 s 2 2
- 0m T T oo BT
0 e e ; - e 0 < iy - s 0 =
08 18 20 22 08 10 12 u 16 18 20 22 08 10 12 u 1% 18 20 22 v 10 12 m*ws T8 20 22

Time, mi
+ @ say 700 - Glufosinate T (Double Blank] TW 07 62 9~ C:lAnalyst DatalProjects|.
£ 5584, Hetgfjf 765754 AT: 752

+.5WIDD’Glll'oilllﬂlez[uollhleBlﬂllk)IBDOI%D C:Analyst DataProje...
Area:4 945e4_Heig || 9.693e3,RT: 152

soy 100- Glufosinate3 [Dollble Blﬂnk] 1BO DHf!il C\Analyst DataPro...
Area:3 1015, Height: 3 221ed. RT- 1.2

+.sWIOD—GIuloslnale4[Dol|hIeBlank)II!DD.I'SSD CAnalyst Data\Proje...
Area:4. 950e3, RT: 1.52

784e4_Height- 8.

|.Z4
15000 15000 15000
%“ 10000 % 10000 g % 10000
2 2 ; =} 2
- s g - T -
o2 10 12 1+ ¥ 4% 13 20 22 oz 10 12 12 ¥ 18 18 20 22 12 12 ¥4k 1% 20 22 v 10 12 14 ¥ig 18 20 22
Time, min Time, min Time, min Time, min
+® Soy 100 DR-Open-Glufosinate | (Double Blank) 180/ 629 - C:Vmiyst... @ Soy 100 DR-Open -Glufosinate 2 (Double Blark) 1800/ 35.0-C:Vnayst ..+ @ Say 100 DR-Onen-Glulosinate 3 (Double Blark) 180.0/ 136.1-C:Vwslys.. + @ Sov 100 DR-Open-Glufosinate 4 (Double Biark) 180.0/ 85.0- CAnalyt...

Area: 1.848e4, Height: 3 5513, RT: 1.52 mis

Area:1.077e4, Height: 2.116e3, RT- 152 mis

Area:9 1673, Height: 1. 7183, RT- 1.52 mis

Area:9 765e3, Height- 13463 RT:

7000 i 7000 7000 7000
6000 5000 6000 5000
= 5000 = 5000 = 5000 = 5000
3 ap00 4000 % 4000 2 a0
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2000 2000 2000 2000
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Time. min

Time. min




~5x Less Signal but Reduced Interferences and Background

10 ng/mL
no DMS

with DMS

Corn
no DMS

with DMS

Soy

no DMS

with DMS

P e e g el e e
Area: 166125, Height: 2. 785e4, RT: 2,84 mi

+@ 10- MMPA 2(Quality Control) 151.07 132.9-C:\Analyst DataProjecsAS
Area: 1.502¢5. Height: 2.45504, RT: 2.84 min

+® 10- MMPA 3(Quality Control) 151.07106.9 - C:\Analyst DataProjocis VA -
Area: 1.177¢5. Height: 1.953¢4, RT: 2.84 min

+® 10- MMPA 4(Quality Control) 151.0/78.0-C-\Analyst DataProjocsVAS 6.
Arca: 6.688e4. Height: 1.069%4. RT: 2.84 min

+® 10ppb STD DR-OpenMMPA T (Quality Control) 151.0/6530- CAmalyst -
Area:

+@ 10ppb STDDR-OpenMMPA2 (Qualily Cantrol) 151.0/1328- Cidnalys -

+ 10ppb STD DR-OpenMMPA3 (Qualily Cantrol) 15101069~ CAnlys -

2.84
L
20000 20000 20000 20000
2 2 = 2
g (i g 7
& 5 5 ]
= 10000 = 10000 = 10000 < 10000
. G . Gy . . N
22 24 26 2F 30 3z 34 22 24 26 ¥ 30 32 24 22 24 26 2F 30 3z 34 22 24 26 2F a0 a2z 24
Time, min Time, min Time, min Time, min

+@ 10ppb STD DR=-Open MMPA4 (Qualily Cantrol) 1510/ 780 - Cialyst -
Arca

+ @ com 100 - MMPA T (Blank) 157.0/63 0 - C:Wnalyst Dats|Projecits A5 6500+
Ares: 4 886e5, Height 8.819e4, RT: 285 min

+ @ corn 100- MMPAZ (Blank) 151.0/132 3 C \Analyst Data\Projects\AS 65.
Area4 722e5_Height: 92684, RT- 2.85 mis

+ @ corn 100 - MMPA3 (Blank) 151.0/106_3- C \Analyst Data\Projects\AS 650.
Area: 4 469e5. Height: 8 180e4. RT- 2.85 mir

3.542e4, Height: 5.363¢3, RT: 2.77 mis a: 3.201e4, Height: 4.830e3, RT: 2.77 mis Area:2.449e4, Height: 3.693¢3, RT: 2.77 mis 2 1.298e4, Height: 2.0153, RT: 2.77 mis
5000 5000 2 5000 5000 ’
4000 4000 4000 4000
g a0 7 3000 g 300 g a0
- 2 2 2
= 2000 E 200 £ 2000 E 2000
1000 1000 1000 1000
21 22 23 24 25 25 27 28 29 20 21 32 23 2 2z 23 24 25 26 27 28 25 20 21 32 a3 21 22 23 24 25 25 27 28 29 20 21 32 233 21 22 23 24 25 26 27 28 29 20 21 32 33
Time, min Time, min Time, min Time, min

+ @ corn 100- MMPA4 (Blank) 151.0/78.0-C! \Analys| Data\Projects\AS 6500...
Area: 1.968e5._Height- 4 081e4. RT- 2.84 mir

+ @ Corn 100 DR=Open -MMPA 1(Blank) 151.| l)ll;f! 0- C:\Analyst DataiProjec.
Area: 9. 138e4. Height: 1.410e4. RT: 2.77 mis

@ Corn 100DR-Open- MMPA2 (Blank) 151.0/132.9- C:\inalyst Do
Arca: 8.334e4. Height: 1.28504. RT: 2.77 mi

+ @ Corn 100 DR=Open -MMPA 3 (Blank) 151.0/106.9 - C:\Analyst Data\Proj...
Area:6.658e4. Height: 1.008e4. RT- 2.77 mir

z:as .

8ot ted Bt fet ;fﬁ

i

e g e g o § = 284
5 § £ § T
R E— ™ Ea—— |

204 y 2et 2e4 2e4

0e0 - = 0e0 by o0 0ed S — 0e0 :

22 2¢ 26 28 30 32 34 22 24 26 28 30 32 34 22 2¢ 26 28_ 30 &2 aa e s N &
Time, min Time, min Time, N Time, 7

+ @ Corn 100 DR=Open -MMPA4 (Blank) 151. I)l?E 0- C:\Analyst DatatProjec.
Area: 3.180e4. Height: 5 064e3. RT- 2 76 mi

5

514925, Height 9.662s4, RT: 2

Time, min
+ @ say 100- MMPAZ (Double Blank) 151 01132 9- C:\Analyst Datai\Projects\...
Area:4 626e5, Height: 8 807e4. RT- 2.

+ @ soy 100- MMPA3 (Double Blank) 151 DHOE 9 - C:\Analyst Data\Projectsl...
Area: 4 339e5, Height: 7.233e4, RT- 2.

10000 10000 10000 10000
= z = 2
el 7 3 7
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= 5000 = 5000 = 5000 = 5000
0 g : 0 : 0 LEEEEy 0
22 24 26 ! 30 32 34 22 24 26 g 30 32 34 22 24 26 ! 30 32 34 22 24 26 2? 30 32 34
Time. Time, mi
+ @ say TW*MMFA 7 (Double Blank] T51 0/630 C.Anafysfﬂam‘t’fwscfs;ASG

Time, mi
+ @ soy 100 - MMPA4 (Double Blank) 151. Dl'.'B D C:VAnalyst Datz\Projects'A..|
Area:2 497e5, Height: 4 076e4. RT- 2.84 min

+ @ Soy 100 DR=Open-MMPA 1 (Double Blank) 151.0/ 63.0- C:AAnalyst Data...
Area: 9 413e4, Height: 1. 474ed. RT: 2.77 min

+ & Soy 100 DR=Open -MMPA 2 (Double Blank) 151.0/132.9 - C:\Analyst Dat...
Area: 8 452e4, Height: 1.318e4, RT- 2.78 min

Soy 100DR-Open- MMPAJ(Doublealank)151'0110&9 C\nalyst Dat...
Area:6.435e4, Height: 9.899e3, RT: 2.77 min

-2.35
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+ @ Soy 100 DR=Open- ""PA‘[DOIIbleBlink)15ﬁl7ED C\Analyst Data...
Area:3 740e4. Height- 5 8333 RT: 277 min
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Application Data

— Glyphosate, AMPA, Glufosinate and MMPA
In Water and Beer —

SCIEX ExionLC™ AC system QTRAP® 6500* system



Glyphosate %CV = 3.32% (n = 5)

0.7- Glyphosate T(Standard) 1680/623-C-lAnaly_. + @ 0.1- Glyphozate 2(Standard) 168.0/149.8-C.. + @ 0.1- Glyphosate 3(5tandard) 1680/810-CAA.. + @ 0.1 - Glyphosate 4 (Standard) 168.0/1239-CAL.

Area: 3 57193 Height- 6 6972 RT: 1.97 min Area: 3.676e3. Height: 7.255e2 RT: 1.96 min Area: 1.535e3. Height: 2_317e2. RT: 1.96 min Area: 2. 519e3. Height: 5. 1752, RT: 1.96 min
1000 - 1000 -
500 25000 4 000 | 1800 1
200 200 1400 -
700 - 1'7 20000 1 700 - 1200 -
;&;‘ £00 4 %. 15000 1 %. 60D 4 ;&;‘ 1000 4
g 500 5 g 00 5 80
= 400 | E E 400 | E
10000 ]
300 300 800
200 | 5000 200 | 400 1
100 1 1.96 100 1 ey 200 4 .
ol . : ) 0 . i z e R T 0 L o T
15 ¥20 75 15 LX) 25 15 £ 1) 25 15 E X 25
Time, min Time, min Time, min Time, min

AMPA %CV = 11.4% (n = 5)

0. 7-AMFPA 1{5tandard) 170.0/62.9- C:Wnalyst Dat . + @ 0.1- AMPA2(Standard) 110.0778.9-C\fnalys... + @ 0.1- AMPA 3(Standard) 110.0780.9-C:\fnalys... + @ 0.1 - AMPA 4 (Standard) 110.0/79.9-C\Analys..

Area: 3.918e3. Height: 384722 RT: 1.78 min Area: 2.938e3, Height: 2.986e2 RT: 1.17 min Area: 1.588e3, Height: 1.841e2, RT: 1.16 min Area: 1.58%e3, Height: 1.740e2, RT: 1.18 min
1000 - 1000 - 1000 - 1000 -
900 - 900 500 300 -
200 300 200 200
700 - 700 700 - 700 -
= 600 - = 500 = 600 = 500
E 500 - g 500 g 500 - E 500 -
= 400 E 400 - E 400 E 400
300 | 300 ' 300 | 300 |
200 200 200 200
100 - . w4 . 100 g 100 nan
Ry ¥ 15 "5 ¥ 15 > ¥ Ry ¥ 15
Time, min Time, min Time, min Time, min

(Slight peak broadening observed for AMPA)




Glufosinate %CV = 8.70% (n = 5)

0.7 - Glufosinate T(5tandard) 1800/62 9- C:Analy..
Area:4 196e3. Height- 8 827e? RT- 1.61 min

+ @ 0.1 - Glufosinate 2 (Standard) 180.0/95.0 - CAA. + @ 0.1 - Glufosinate 3(Standard) 180071361 - CA..

Area: 2. 641e3. Height: 5.705e2. RT: 1.60 min

Area: N/A. Height: N/A. RT: N/A min

+ @ 0.1- Glufosinate 4 (Standard) 180.0 /7 85.0- CA_
Area: 1.611e3. Height: 3.527e2, RT: 1.60 min

1000 . 1000 1000
300 | I 200 | ! B000 | 300 | !
300 | 300 | 5000 | 300 |
700 | 700 700 §
» 60 » 600 » 4000 » 60
g g 00 5 300 g 500
E a0 E 0] = E 4]
300 § 300 2000 1 300 §
200 | 200 | ]
1000 S
100 | 100 [ _ W00,
o = . . o A N ol | 0 M s . e
10 15 % 20 10 5% 20 10 10 15 ¥ 20
Time. min Time. min Time, min Time, min

MMPA %CV =

8.35% (n = 5)

0.7- MMPA 1 (Standard) 157 0/ 132.9-C-AndlystD..
Area: 9. 476e3. Height: 1.53%3 RT: 292 min

1500
g 1000
500 |
D = T T T
25 LY 15
Time, min

+ 4 0.1- MMPA2(Standard) 151.0/63.0-C:\Analy...
Area: 8.027e3, Height: 1.479e3, RT: 2.92 min

2000
1500
=
2
£ 1000
500 _'-\._ ‘ =
D = T T T
25 LY 15
Time, min

+ @ 0.1- MMPA3(Standard) 151.0/106.9-C-\And ...
Area: 6.985e3, Height: 1.388e3, RT: 2.92 min

5000 4
4000 ~

3000 4

Intensity

2000 1

1000 4

oA

+ @ 0.1- MMPA 4 (Standard) 151.0/78.0-C:\Analy...
Area: 4.853e3, Height: 7.96622, AT: 2.91 min

5000 ﬁ
2.91

4000 4

3000 4

Intensity

2000 4

1000 1

0- T T




Glyphosate r = 0.9995

AMPA r = 0.9996

Glufosinate r = 0.9998

MMPA r = 0.9998

Accuracies between 80 and 120%




German Beer - Glyphosate Testing Results:

Hasserdder Pils - 29,74 ug/1 (ppb)
Jever Pils - 23,04 pg/1
Warsteiner Pils - 20,73 pg/1
Radeberger Pilsner - 12,01 pg /1
Veltins Pilsener - 5,/8 pg/1
Oettinger Pils - 3,86 ug /1

Konig Pilsener - 3,35 ug/1
Krombacher Pils - 2,99 ug /1
Erdinger WeifSbier - 2,92 pg/1
Paulaner Weifsbier - 0,66 ug/1
Bitburger Pils - 0,55 pg/1

Beck’s Pils - 0,50 pg/1
Franziskaner WeifSbier - 0,49 ug /1
Augustiner Helles - 0,46 pg /1

Beer: 0.5 to 30 pg/L

Water: glyphosate < 100 ng/L

Hops and yeast: “too small amount” added to beer to explain residues

Grain: glyphosate used as desiccants to dry off crops before harvest, however,
the direct use of glyphosate on barley turned into malt is banned in Germany




Sample preparation
Degassing of beer

Dilution with water (2x) — LOQ ~ 0.2 pg/L

LC separation

Acclaim Trinity Q1 100 x 3 mm 3um

Gradient of water + 50 mM ammonium formate/formic acid (pH=2.9) and
acetonitrile at flow rate 0.5 mL/min

3 min 100% A and 3 min acetonitrile wash

Injection of 50 L

MS/MS detection using QTRAP® 6500* system

lonDrive™ Turbo V source with ESI probe (negative polarity)

IS -4500V, CUR 30 psi, Gasl 50 psi, Gas2 70 psi, CAD high, TEM 700°C

Scheduled MRM™ algorithm (Q3 low resolution)

Compound Q1 (amu)

Q3 (amu)

DP (V)

CE (V)

Glyphosate 168
168
168
168

63
150
124

81

-30
-30
-30
-30

-26
-14
-16
-20



German pilsner: glyphosate = 21.6 pg/L (identified using 4 MRM transitions + 30%)

+ @ Javer- Glyphosate T (Unknown) 168.0/625- L.  + & Jever- Glyphosate 2(Unknown) 168.0/ 1438 - . + @ Jever- Glyphosate 3(Unknown) 168.0/81.0-C_.. + @ Jever - Glyphosate 4 (Unknown) 1680/ 1239-
Area: 390625, Herght: 7.93824, RT: 1.93 min Area: 2.326eb. Height: 5.543e4. RT: 1.93 min Area: 1.627eb. Height: 3.569¢4. RT: 1.94 min Area: 1.450e5. Height: 3.247e4. AT: 1.93 min
1.0e5 2 1.0e5 4 1.0e5 - P 1.0e5 4
9.0e4 9.0e4 _ 9.0e4 ' 5.0e4 i
8.0s4 8.0s4 5 8.0e4 8.0s4
T0ed | T0ed{ 7.0e4 7.0e4
= 64| i = Bled{ = Bled] = Bled]
@ i @ @
5 5.0e4 5 5.0e4 5 5.0=4 5 5.0e4 4
= 40ed 4/ = 4.0ed 4 = 4.0ed 4 = 4.0ed 4
104 {; 304 ; 30ed {0 102 )
2.0e4 q/ 2.0e4 4 2.0e4 4 2.0s4 4
1.0e4 1024 4 1.0e4 1.0e4 4
0.0eD r 0.0e0 0.0e0 . 0.0e0
15 25
Time, min

American Light beer: glyphosate = 3.8 ug/L (identified using 3 MRM transitions + 30%)

+ @ Coors Light - Glyphosafe T (Solvent! 1650/625- . + @ Coors Light- Glyphosate 2 (Solvent) 168.0/ 149 + @ Coors Light - Glyphosate 3 (Solvent) 168.0/81__. + @ Coors Light - Glyphosate4 (Solvent) 168.0/ 123

Area: 653824, Height: 1.404e4, AT 1.54 min Area: 7.019e4, Height: 1.211e4. RT: 1.93 min Area: 3.071e4, Height: 8 40823, RT: 1.34 min Area: 2.53%e4, Height: 68633, RT: 1.93 min
Fed - Bed - Bed - Bed -

ded ded -

2z = =z Jed 1 2z Jed

[ ] W ]

g g g - g

= = = 2ed {7 = Zed qjf
Ted Ted -

. . e ; 00 00
25 15 L 25

Time, min




Irish stout: glyphosate = 16.2 pg/L (identified using 4 MRM transitions + 30%)

+ @ Guinness - Glyphosate T (Sofvent] 1650/6259-C.. + @ Guinness - Glyphosate 2 (Solvent) 168.0/ 1498 . + @ Guinness - Glyphosate 3(Solvent) 168.0/81.0-_.. + & Guinness - Glyphosate 4 {Solvent) 168.0/ 1239 _

Area: 2.935e5, Helght 6. 14604, AT: 1.93 min Area: 2.021eb. Height: 4.514e4. RT: 1.93 min Area: 1.127e5. Height: 2.679%4. RT: 1.94 min Area: 1.396e5. Height: 2.454e4, RT: 1.94 min
1.0e5 - : 1.0e5 - 1.05 - P 1.0e5 -
8.0t 8 0et 8.0t
8.0t B 0et B0t
7.0et 7.0e4 7.0t
2 6.0ed 4 = 2 6.0ed 1 = 6.0ed 4 H
§  50et] g 5 50t 5 50t
E 40et] = E 4pet] E 4pet]

30e4 |/ 304 3.0e4 ]

2004 20e4 | 20et |

10e4 £ Y 1.0e4 § 1.0e4 ¥

0.0e0 : 0.0e0 . : 0.0e0 0.0e0

15 15 L 25
Time, min

Canadian craft IPA: glyphosate = 9.5 pg/L (identified using 3 MRM transitions = 30%)
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German Weissbier (wheat): glyphosate = 0.2 ug/L (no secondary transitions for ID)
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Homemade ale: glyphosate = 0.7 pg/L (identified using 2 MRM transitions + 30%)
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Homemade beer was brewed in Canada using barley malted in Germany.
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Insufficient number of samples for good conclusion.




LC-MS/MS method for the analysis of underivatized glyphosate and
other polar pesticides was developed.

Sample preparation: QuPPe with 10x dilution with water
Direct injection of 2x diluted beer and undiluted water

LC: Trinity Q1 with water + 50 mM ammonium formate/formic acid
(pH=2.9) and acetontrile (N. Chamkasem et al.)

MS/MS using QTRAP® 6500+ system with lonDrive™ Turbo V
source with ESI probe in negative polarity

4 MRM transitions for simultaneous identification and quantitation

Method successfully applied to:

Extracts of corn and soy with an LOQ of 100 pg/kg (10 ng/mL in
extract)

Interference can be reduced using SelexlON® DMS technology

Water with an LOQ of 100 ng/L (potential improvements of
sensitivity using post-column pH adjustments)

Beer with an LOQ of 0.2 ug/L
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