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Glyphosate InfinityLab

« Broad-spectrum herbicide first patented in the 1970s

* Roundup Ready™ crops introduced in the mid-1990s

« Widely used in fields and backyards

Pest Manag. Sci. 64:319-325 (2008)
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The Challenging Analysis of Glyphosate InfinityLab
1. Highly Polar
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« Synthetic amino acid
* Glycine analogue Glyphosate Glycine
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The Challenging Analysis of Glyphosate InfinityLab
1. Highly Polar
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The Challenging Analysis of Glyphosate InfinityLab
1. Highly Polar
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« Synthetic amino acid
* Glycine analogue Glyphosate Glycine
 Amino acid synthesis
inhibit
inhibitor 9 0 O o
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NH2 NH2

Glufosinate Glutamine
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The Challenging Analysis of Glyphosate InfinityLab
1. Highly Polar
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HO
« Synthetic amino acid
* Glycine analogue AMPA
/ J Glyphosate (Aminomethylphosphonic acid)
 Amino acid synthesis
inhibitor o 0
I
- Metabolized by bacteria HO#P\/\/U\ HO)K/_?_OH
in plants, soil and water CHs

MPPA
Glufosinate (3-(methylphosphinico)propionic acid )
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The Challenging Analysis of Glyphosate InfintityLab
1. Highly Polar
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The Challenging Analysis of Glyphosate InfintityLab
2. Chelating Agent
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The Challenging Analysis of Glyphosate InfintityLab
2. Chelating Agent
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The Challenging Analysis of Glyphosate InfinityLab

3. Various Matrices and Regulatory Limits, Multiple Extraction Techniques

1. Liquid-liquid extraction MeCl:water, derivatization with FMOC-CI

Extract with water, cleanup on SAX, elute with 1 N HCI, rotovap to
dryness, derivatize with TMOA in glacial acetic acid, dried again
and taken up in 9:1 water.methanol

Extract with water, pass through Plexa SPE and inject
QuPPe
Buffered extraction with PAX, elution with 1% formic acid

I

o o W

Extract with 50mM acetic acid and 10 mM EDTA, pass through
Oasis HLB, inject

7. 50 mM acetic acid 10 mM EDTA, pass through an SEC cartridge
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The Challenging Analysis of Glyphosate InfinityLab

4. Separation Techniques in the Liquid Phase

HILIC silica based

IHILIC polymer based

Reversed-phase chromatography

Anion exchange chromatography with suppresser column
Anion exchange without suppressor column

Cation exchange chromatography

Mixed mode chromatography

N OO N &

lon pair chromatography (with reversed-phase column)
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The Challenging Analysis of Glyphosate InfinityLab

The Three Interconnected Pillars

Sample Preparation

Detection Chromatography

12 December 7, 2020 DE44166.3474537037




Objective InfinityLab

To develop a sensitive and simple methodology for
the analysis of glyphosate and other polar pesticides,
with perfectly aligned sample preparation,
chromatography and mass spectrometry.

Sample Preparation

Detection Chromatography
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Sample Preparation — Surface Water InfinityLab

Sample Preparation

AN

Detection Chromatography

1. Collect in tube

2. Centrifuge at 5000 rpm for 5 min

3. Filter on 0.2 um PES membrane

4. Acidify with concentrated formic acid (0.1 %)
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Sample Preparation — Drinking Water InfinityLab

Sample Preparation

< >
Detection Chromatography

1. Filter on 0.2 um PES membrane

2. Acidify with concentrated formic acid (0.1%)
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Chromatography InfinityLab
Introducing the InfinityLab Poroshell 120 CS-C18

Sample Preparation

2.7 um Poroshell superficially porous

particles for UHPLC performance at lower | petection Ehromatoqraphv
pressure \
"
u—@wmw
"'l @

N\

Unique chemistry for pH stability from 1-11

Charged surface C18 for good peak shape
with formic acid and unique selectivity
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Phosphonates are Metal Chelators InfinityLab

Presence of Trace Metal Will Lead to Tailing, Poor Sensitivity and Variability

L)
analythal.
L& emIStry & Cite This: Anal. Chem. 2018, 90, 94579464 pubs.acs.org/ac

Improved LC/MS Methods for the Analysis of Metal-Sensitive
Analytes Using Medronic Acid as a Mobile Phase Additive

Jordy J. Hsiao,*® Oscar G. Potter, Te-Wei Chu, and Hongfeng Yin

Agilent Technologies, Santa Clara, California 95051, United States
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Phosphonates are Metal Chelators InfinityLab
Presence of Trace Metal Will Lead to Tailing, Poor Sensitivity and Variability

e o By
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Anal. Chem. 2018, 90, 9457-9464
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PEEK-lined Flow Path InfinityLab

Sample Preparation

« PEEK needle seat and rotor seal

« PEEK-lined capillary from

Multisampler to column inlet % h
Detection Chromatography

December 7, 2020 DE44166.3474537037 2% Agilent




PEEK-lined Flow Path

20

PEEK needle seat and rotor seal

PEEK-lined capillary from
Multisampler to column inlet

InfinityLab Quick Turn Fitting with
polymeric ferrule at Column Inlet

Agilent

InfinityLab
Sample Preparation
>
Detection Chromatography

Agilent Part Number 5067-5966
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PEEK-lined Flow Path

21

PEEK needle seat and rotor seal

PEEK-lined capillary from
Multisampler to column inlet

InfinityLab Quick Turn Fitting with
polymeric ferrule at Column Inlet

PEEK capillary from Column Outlet
to MS

Agilent

InfinityLab

Detection

Sample Preparation

<

Chromatography

Agilent Part Number 5067-5966
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PEEK-lined Flow Path InfinityLab

InfinityLab Poroshell 120 CS-C18
P/N 693775-942

From multisampler : To MS:
P/N G5667-81005 (PEEK-lined capillary) Regular PEEK tubing

22 December 7, 2020 DE44166.3474537037



Phosphonates are Metal Chelators InfinityLab
Deactivator Additive in Mobile Phase

L)
analythal.
L& emIStry & Cite This: Anal. Chem. 2018, 90, 94579464 pubs.acs.org/ac

Improved LC/MS Methods for the Analysis of Metal-Sensitive
Analytes Using Medronic Acid as a Mobile Phase Additive

Jordy J. Hsiao,*® Oscar G. Potter, Te-Wei Chu, and Hongfeng Yin

Agilent Technologies, Santa Clara, California 95051, United States

P L

I 0 [s] \
! I I i
| HO=P=C=F-0H ; =9 < =% Metal-sensitive analytes
| OH OH ] (Phosphorylated, carboxylated)
Mobile phase Trace metal in
additive LC/MS system

<25 Agilent
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Phosphonates are Metal Chelators InfinityLab
Deactivator Additive in Mobile Phase

0 HO 0
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Phosphonates are Metal Chelators InfinityLab
Deactivator Additive in Mobile Phase

0 HO 0
HO . N7
\SAH EH o H N — P\OH
Glyphosate AMIPA
flll’ 0
1
(H) (”) HO_T_“—OH Ho—_Tﬁ.\_CI
i OH OH
HO I:|’ I:|’ OH HEPA Ethephon
OH OH

Deactivator Additive
Agilent Part Number 5191-4506
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Hardware InfinityLab
1290 Infinity Il Series UHPLC

=P  Multicolumn thermostat

=P  Multisampler with multiwash function

=P Binary pump with built-in degasser
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UHPLC Conditions InfinityLab
* Run Time: 8 min
» Column: Agilent InfinityLab Poroshell 120 CS-C18, 2.1 x 150 mm, 2.7 ym

» Mobile Phase A: 0.1 % formic acid + 5 uM Infinity Lab Deactivator Additive in water
* Mobile Phase B: 0.1 % formic acid in methanol

 Injection Volume: 25 uL

* Multisampler Temperature: 4 °C

« Column Temperature: 40 °C Ke¥ p(_)intIinCMS -
* Flow: 0.350 mL/min ypica mobile phases

« Aqueous mobile phase allows large

« Gradient: injection of aqueous samples
Time Mobile Phase A Mobile Phase B
0.00 min 99.9 0.1
1.50 min 99.9 0.1
2.00 min 80 20
4.00 min 60 40
4.10 min 0 100
8.00 min 0 100

Needle wash: 0.1 % formic acid in methanol
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Hardware InfinityLab
1290 Infinity Il Series UHPLC Coupled to 6470 TQ
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Mass Spec Settings InfinityLab

e Acquisition Mode : Dynamic MRM (dMRM)
e Source: Agilent JetStream ESI

e Polarity: Positive (+) or Negative (-)

e Capillary Voltage: 3000 V (+), 3500 V (-)

e Drying Gas Flow: 11 L/min

e Drying Gas Temperature: 220 °C

e Nebulizer Pressure: 30 psi

e Sheath Gas Temperature: 300 °C

e Sheath Gas Flow: 11 L/min

e Nozzle Voltage: 1500 V (+), 800 V(-)

e Q1 and Q2 Resolution: Unit (0.7 amu), optimized by Autotune
e DeltaEMV:0V
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Mass Spec Settings Sample Preparation  [nfinityLab
Key point:
* Positive and negative polarity
transitions are no problem for
instrument and software! Detection ’Chmmatography
Compound Quantifier Transition Qualifier Transition 1 Qualifier Transition 2
AMPA 112 - 30 (+) 110 > 79 (-) 110 - 63 (-)
Glufosinate 182 = 56 (+) 182 = 136 (+)
Glyphosate 170 - 88 (+) 170 - 60 (+) 170 = 42 (+)
HEPA 125 > 79 (-) 127 > 81 (+) 127 - 109 (+)
MPPA 153 > 79 (+) 153 > 135 (+)
NAG 224-> 56 (+) 224-> 164 (+) 224-> 136 (+)
Ethephon 145 - 63 (+) 145 - 91 (+) 143 - 107 (-)
Fosetyl 109 - 81 (-) 111 - 83 (+) 111 - 65 (+)

December 7, 2020

DE44166.3474537037
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Results — Typical Chromatography InfinityLab

AMPA: 0.95 min MPPA: 3.8 min

Glufosinate: 1.6 min N-acetylglufosinate: 4.3 min
Glyphosate: 1.9 min Ethephon: 4.8 min

HEPA: 2.3 min Fosetyl: 5.0 min

x10 4

1.3+
1.2
1.1

0.9+
0.8+
0.7
0.6+
0.5+

0.4
0.3+

0.2

o A ,\Z\&

0

06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 58
Counts vs. Acquisition Time (min)
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Results — Sensitivity and Linearity InfinityLab
Drinking Water River Water
Number of Number of
Curve Linearity calibrator Linearity calibrator
Compound Type Range (ng/L) levels R? Range (ng/L) levels R?2
AMPA Linear | 100 - 10,000 8 0.9993 | 100 - 10,000 8 0.9993
Glufosinate | Quadratic | 25-10,000 11 0.9998 | 25-10,000 11 0.9998
Glyphosate Linear 25 -10,000 11 0.9995 | 25-10,000 11 0.9997
HEPA Linear 50 - 10,000 10 0.9995 | 50-10,000 10 0.9994
MPPA Linear 50 - 10,000 10 0.9991 | 50- 10,000 10 0.9986
NAG Linear 10 - 10,000 12 0.9986 | 10- 10,000 12 0.9984
Ethephon Linear 25 - 10,000 11 0.9990 | 50- 10,000 10 0.9989
Fosety! Linear 10 - 10,000 12 0.9996 | 25-10,000 11 0.9996

December 7, 2020
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Results - Glyphosate InfinityLab

Glyphosate - 13 Levels, 11 Levels Used, 39 Points, 33 Points Used, 14 QCs

@ w103 |y=0770902"x + 1.216932
Z 1 R"2=0.99950825
% 7. Type:Linear. Origin:Ignore, Weight:1/x
g o
5_
il 25 - 10,000 ng/L
3 R2=0.9995
] Linear fit
;: Lo Weight: 1/x

| T | | T T | T T | I
0 1000 2000 3000 4000 5000 6000 7000 3000 5000 10000
Concentration (ng/L)

Glyphosate - 13 Levels, 11 Levels Used, 39 Points, 33 Points Used, 74 QCs
%10 2] y=0770902*x + 1.216932
5 R"2 = 0.99950825
5 Type:Linear, Origin:Ignore, Weight: 1/x

44
3.5+
3
254
2
1.5+
14
0.5
04
-0 54

Responses

ZOOM
25 — 500 ng/L

| | T | T T T |
50 0 50 100 150 200 250 300 350 400 450 500

550
Concentration (ng/L)
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Results - Glyphosate InfinityLab

Limit of Quantitation (LOQ) = 25 ng/L (ppt)

£ x101] 1.908 min. 2 x1071] 1.917 min. 2 x10 1 1.907 min
jam. | =0 7 H i, |
S & a7 G 4.8
4 575 4 75-
4 65
4 625 4.7
4.5_ 4-55_
4 575
4 55- 4.6
4 B35 4 55
4 5
4 475- 4.5
4 45+ 4 45
4 4254
| I —— I I T I —— I I A T il I I
14 16 1.8 2 22 24 14 16 18 2 22 24 14 16 18 2 22 24
Acquisition Time (min) Acquisition Time (min) Acquisition Time (min)
Quantifier transition Qualifier transition Qualifier transition
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Results - Glyphosate InfinityLab

» The calculation of a Method Detection Limit (MDL) is based on the
reproducibility statistics for a series of replicate injections, determining the
on-column concentration where one is 99 % confident a sample is
unambiguously and reproducibly distinguished from baseline noise.

- US EPA, Clean Water Act Analytical Methods, Procedures for Detection

and Quantitation

x101

.|| 10 replicate injections of
«7}| 10 ng/L Glyphosate

4,654

464

455+

454

4454

444

4.35+

434

4254
424

12 13 14 15 16 17 18 13 2 21 22
Counts vs. Acguisition Time (min)
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Results - Glyphosate
Column 1 Column2 |Column3 |Column4
ng/L (on-column) 10 10 10 10
Replicate # User Input Response (no manual
integration)

Replicatel 13 15 20 11
Replicate2 19 30 15 12
Replicate3 15 26 25 10

S E Replicate4 17 14 16 15

E £ |Replicates 16 20 18 11

S € | Replicateb 16 13 11 15

§ Replicate?7 29 25 10 12
& | Replicate8 23 15 10 11

Replicate9 14 22 14 7
Replicatel0 21 17 16 9
Calculated Parameters
Mean (x) 18.3 19.7 15.5 11.3
Standard Deviation (s) 4.877 5.851 4.720 2.452
%RSD (CV) 26.7% 29.7% 30.5% 21.7%
# Replicates (n) 10 10 10 10
Degrees of Freedom (df) |9 9 9 9

a

s

MDL (ng/L) 7.5 8.4 8.6 6.1

December 7, 2020
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Results - AMPA InfinityLab

AMPA -13 Levels, 8 Levels Used, 39 Points, 24 Points Used, 14 QCs

W 10 3] y= 0421572~ x -3.394080
o R"2=1099931273
% 4 1 Type:Linear, Origin:Ignore, Weight: 1/x
& 3.5
34
2.5+
3 100 — 10,000 ng/L
1.5- R2=0.9993
h Linear fit
0.5 .
] Weight: 1/x
Elll 1 DIDD 2D|DD BDIDD 4DIDD EDIDD BDIDD ?DIDI]I SDIDD g[:lu[: 1 DEI}II]II]I_
Concentration (ngfL)
Limit of Quantitation (LOQ) =100 ng/L (ppt)
£ x107] *0.936 min. £ x107] 2 x107 0.963 min.
3 5.2 8 4551 s 8 452 :
51l :E;: u.95é4mm. WEE
5 452 4.5
4.9+ 4.511 s
484 4‘12: '
Y i 448
46 4.47- 4,47
4.46-
U a | 445) | | H el | |
44— | T = T T T e T | —T ==
0.6 0.8 1 1.2 0.6 0.8 1 1.2 0.6 08 1 1.2
Acguisition Time (min) Acquisition Time (min) Acquisition Time (min)

Quantifier transition || Qualifier transition || Qualifier transition
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Results - Glufosinate InfinityLab

Glufosinate - 13 Levels, 11 Levels Used. 39 Points, 323 Points Used, 13 QCs

o xio4
ul

Respon

45-
_.;1__
351
3_
25-
2_
15
‘|_
0.5
D_

1R™2 = 0.99982665

y =-8.865451E-0056* x " 2 + 5787652 * x + 99.349330

Type:Quadratic, Origin:lgnore, Weight: 1/x

25 — 10,000 ng/L
R2=0.9998
Quadratic fit
Weight: 1/x

T T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Concentration (ng/L)

Limit of Quantitation (LOQ) = 25 ng/L (ppt)

x10 1] 1.565 min. %102

2.2

2]
1.8
1.6
1.4
124

‘I_
0.8
us
0.4+

Counts
Counts

T T T T ) T T T T T T T T — T T T T T
1 12 13 14 45 16 17 18 18 2 11 12 13 3 s e 17 k& 18 E
Acquisition Time (min) Acquisition Time (min)

Quantifier transition Qualifier transition
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Results - NAG InfinityLab

M-acetylglufosinate - 13 Levels, 12 Levels Used, 39 Points, 36 Points Used, 14 QCs

9 %10 44 ¥y = 3391520 " x + 48298695
= R"2 = 0.9%364607
% 3] Type:Linear. Origin:Ignore, Weight:1/x
o
2.5
24
151 10 — 10,000 ng/L
3 R?=0.9986
0.5 Linear fit
i Weight: 1/x

| | | | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 5000 10000
Concentration (ng/L)

Limit of Quantitation (LOQ) = 10 ng/L (ppt)

x10 1] 4 257 min. 2 w1n 1 4 267 min. L; x10 1 4 258 min
=0
S 554
5.4+

5.3

5.2

5.1

£

4 94

4 84

47

4 64

T T T | | ' T | 4.4 | | — |
3.5 4 45 5 35 4 45 5 35 4 45 5
Acquisition Tirme (min) Acquisition Time (min) Acquisition Time (min)

Quantifier transition | | Qualifier transition Qualifier transition
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Results - Fosetyl InfinityLab

Fosetyl - 13 Levels, 12 Levels Used, 39 Points, 36 Points Used, 14 QCs

" %10 2 | y=0.866516"x - 1.367482
R"2 = 0.99963143
| Type:Linear, Origin:lgnore, Weight:1/x

Respons
[wa]

10 — 10,000 ng/L
R2=0.9996
Linear fit

Weight: 1/x

| | | | | | | | | | T
0 1000 2000 3000 4000 5000 6000 7000 2000 8000 10000
Concentration (ng/L)

Limit of Quantitation (LOQ) = 10 ng/L (ppt)

-MRM (109.0 -> B81.0) acidifed Tap_10ppt-r003.d +MRM (111.0 = 65.0) acidifed Tap_10ppt-r003.d + MRM (111.0-> 83.0) acidifed Tap_10ppt-rD03.d
2 x101] 4.987 min. £ x10 1 4.98£min. 2 x1n 5
456 495 &4l
454 4.9 6.2 i
452 557 6 4.983%min
4.8 5.81
4 5+ 4.754 56
4.484 4.7 5.4+
4.46- 150 >3]
- 464 51 TR
. 4.55- e
T :I T T :I T i T :I
45 5 55 45 5 55 45 5 5.5
Acquisition Time {min) Acqguisition Time (min) Acguisition Time (min)
Quantifier transition | | Qualifier transition Qualifier transition
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Sample Preparation — Wine InfinityLab

Sample Preparation

< >
Detection Chromatography

1. Filter on 0.2 um PES membrane

2. Dilute 1 part of filtered wine with 9 parts of Type-1 water

3. Acidify with concentrated formic acid (0.1 %)
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Results — Wine InfinityLab

Glyphosate - 13 Levels, 13 Levels Used, 35 Points. 35 Points Used, § QCs
w1 4 |y =423.137383 " x + 285.750641

- 1R"2=0.99870074

3 Type:Linear. Crigin:lgnore, Weight:1/x

Hespon

3.5
3]
2.5
2.
1.5
i
0.57
0

0.1 — 100 ug/L
R2=0.9987
Linear fit
Weight: 1/x

T | | T | | | | | | T | | | | T | | | | | | T
5 0 5 m 15 20 25 30 35 40 45 5H0 655 60 65 70 Y5 B0 85 S0 95 100 106
Concentration (ugfL)

Compound ||LOQ in vial (ug/L)||LOQ in wine (ug/L]
AMPA 17 10

Glufosinate 0.25 2.5

Glyphosate 0.1 1 Need to account
HEPA 1| X1 O 10 for dilution in
MPPA 0.25 125 LOQ calculation!
NAG 0.1 1

Ethephon 0.25 2.5
Fosetyl 0.1- -1
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Summary InfinityLab

« An all-Agilent solution for the analysis of underivatized
glyphosate and seven (7) other polar pesticides in
aqueous matrices, with perfectly-aligned sample
preparation, chromatography and mass spectrometry:

Sample Preparation

Detection Chromatography

-5t Agilent
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Summary InfinityLab

Sample Preparation

< >
Detection Chromatography

* Very quick and simple sample preparation, acidification identical to mobile
phase system

December 7, 2020 DE44166.3474537037 ~1%- Agilent
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Summary

Agilent

InfinityLab

Detection

Sample Preparation

=
Chromatoqraphy

* Very quick and simple sample preparation, acidification identical to mobile

phase system

Sources of potentially problematic trace metal are removed from flow path by

using PEEK components; any remaining trace is chelated with Deactivator
Additive, which does not accumulate in system and is not detrimental to
positive or negative ionization

December 7, 2020 DE44166.3474537037
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Summary InfinityLab

Sample Preparation

) >
Detection Chromatoqraphy

* Very quick and simple sample preparation, acidification identical to mobile
phase system

« Sources of potentially problematic trace metal are removed from flow path by
using PEEK components; any remaining trace is chelated with Deactivator
Additive, which does not accumulate in system and is not detrimental to
positive or negative ionization

* Newly introduced InfinityLab Poroshell 120 CS-C18 column uses a novel
reversed-phase packing; it is resistant to large injection volumes of aqueous
extracts and offers good retention of these polar compounds in acidic
conditions without sacrificing peak shape
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Summary InfinityLab

Sample Preparation

=
Detection Chromatoqraphy

* Very quick and simple sample preparation, acidification identical to mobile
phase system

« Sources of potentially problematic trace metal are removed from flow path by
using PEEK components; any remaining trace is chelated with Deactivator
Additive, which does not accumulate in system and is not detrimental to
positive or negative ionization

* Newly introduced InfinityLab Poroshell 120 CS-C18 column uses a novel
reversed-phase packing; it is resistant to large injection volumes of aqueous
extracts and offers good retention of these polar compounds in acidic
conditions without sacrificing peak shape

* The Agilent 6470 Triple Quadrupole LC/MS System offers great sensitivity,
reproducibility and linearity, and along with MassHunter software, is
compatible with dual polarity transitions for a given analyte
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Additional Resources InfinityLab

Columns and Supplies Shopping Cart for Polar Pesticide Application:
* View here.

InfinityLab Poroshell 120 Product Page:

« https://www.agilent.com/en/product/small-molecule-
columns/reversed-phase-hplc- columns/infinitylab-poroshell-120

InfinityLab Poroshell 120 Ordering Guide:
» Publication number 5991-9123EN

InfinityLab Poroshell 120 CS-C18 Flyer:
* Publication number 5994-2720EN

Agilent Environmental Solutions:
« https://www.agilent.com/en/solutions/environmental
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