Analysis of Glyphosate &§
AMPA in water by fully
automated online SPE -
LC/MS/MS

Tarun Anumol
Agilent Technologies Inc.



Glyphosate
Application and Properties

« Thought to be the most widely used 0
pesticide in the world )k/H T
- Anon-selective herbicide, absorbed rapidly HQO NVF{""OH
by plants OH
- Sold as ‘Roundup’ by Monsanto in US

« Expected to have low toxicity and high
efficiency

« Highly water soluble and nonvolatile
- Very polar and ionic

« Fairly Rapid degradation in soil and is
biodegradable
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Aminomethylphosphonic acid (AMPA)
General properties

« Chief degradation product of glyphosate
« Similarly low acute toxicity like glyphosate
« Chronic toxicity to aquatic animals has not been evaluated

« Can be degraded by bacteria in soil to phosphoric acid

O a ) glyphosate
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Glyphosate & AMPA
Presence in water

* Presence detected in several US
streams and rivers!?

« Detected in European groundwater
sources?

« Maximum allowable concentration in
drinking water set by the European
Community for several polar pesticides
of 0.1 ug/L

1 Battaglin et al., Glyphosate, Other Herbicides, and Transformation
Products in Midwestern Streams. JAWRA Journal of the American Water
Resources Association 2005, 41, (2), 323-332.

2 B. Schmidt, B. Siegemund, H. Ehses, E. Zietz, Proceedings of XI Symp.
Pesticide Chem., Sept. 13-15, 1999, p. 591.
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New Toxicological Characterization

World Health Organization Labels Glyphosate Probable Carcinogen

Health Agency Says Widely Used Herbicide Likely Carcinogenic

Herbicide, glyphosate, is sold by Monsanto under Roundup brand

THE WALL STREET JOURNAL..

Glyphosate isa 'probably Ca_rcinogenic' Netherlands Bans Monsanto’s Roundup to Protect Citizens
pesticide. Why do cities still use it? from Carcinogenic Glyphosate

By Jennifer Lilley Region: Europe
Theme: Biotechnology and GMO, Environment

Cities use glyphosate to control weeds in parks and along verges. Now that the Natural News 24 May 2015
WHO says the pesticide is ‘probably carcinogenic to humans', is it time to stop?

In the Netherlands, people who have been spraying their lawns and
gardens with Roundup will have to find another way to protect their land

from pests. Late last year, the Dutch parliament voted to ban the sale of
es. The ban, under which

L] ey ’ /\-..‘ B iy phosate-based herbicides to private part A
S RPN ic itural use is excluded, was iniially proposed several years ago
o W B | wever, it is thought that Monsanto influence prevented it from taking

Winner of the Pulitzer prize 2014 o Bt alihe le —
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Sample Volumes
Reduction in sample volume, cost of transport

Broken
Sample
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Sample Volume
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Agilent Infinity Flexcube OSPE system

Solvents required for SPE
- rinsing, conditioning

M Triple quad
MS for

( Column Compartment ) R MS / quantification

L ————__
- .

Solvents for LC
/7 <

i ( Flexible Cube

S )
\\ A
v
[ ] Autosampler

Quaternary Pump

Schematic system set-up
1260 Infinity LC — 6460 MS(MS)

Thermostat
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1200 Infinity Series Online SPE

product and concept

Solvent selection valve
for up to three solvents

~

o
single-piston pump

for fIc_st up to 4 up to two Quick-Change
ml/min (60 bar) valves, according to application

Reciprocating
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Online SPE valve setup
LOAD position

Analytical Agilent 6460 Triple
column Quadrupole MS
1 “ ’
Flexible cube t
SPE 2 (Elute)
Solvent
selection
valve
Piston
pump
v A SPE 1 (Load)
A
Standard Autosampler LC v
(900 pL Head) Pump Waste
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Online SPE valve setup
ELUTE position

Analytical Agilent 6460 Triple
column Quadrupole MS
—jEm=—a >
Flexible cube t
SPE 2 (Load)
Solvent
selection
valve
Piston
pump
< A SPE 1 (Elute) I
Standard Autosampler LC v
(900 pL Head) Pump  Waste
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Derivatization reaction with FMOC

derivatization with FMOC ;

Glyphosate - '?H @ @
(mw 169) _| + 0= T -OH
e 9
|| !'i-l

C-0-CH,
H,C-0-C-Cl
{mw 391)
Hﬂ*ﬂ ‘3' FMOC-CI HO- G = D
AMPA 0= P—GH ” — U-II"—UH
(mw 111) i:H2 (mw 333}
HEE—D—[%-—CI c.o.cH,

Adapted from: Vreeken, R.J., et al., Journal of Chromatography A, 1998. 794(1-2): p. 187-199.
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Workflow

Collect 25 mL S Flexcube 6460
Derivatization 900 ul LC/MS/MS

25 ml sample

-_—

250 ult of 10 ug/L
surrogate

1 ml EDTA
1 ml Borate buffer
2.5 ml ACN

0.5 ml of 20
mM EMOC
Heat at 100 C
for 30 min

—

50 ult Phosphoric
AMPA Acid
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Automated Sample Prep — Agilent 7696 Workbench

The Agilent 7686A Sample Prep
WorkBench automates tedions

ard error pione — steps in you

sample prep process It is suitable
for most HFLC. GC, LC/MS. and

GC/MS applications.

Weogh Opkors

@uavunt M (5] Tae, then woigh sdded vobmme

y =] Report cakcubated vohume based upon wenght/derrsty
[Z] Expot mesght 1o LSV for wse Samgle Anount W

o:.: With just the touch of a button, you can quickly
: - and precisely weigh both solids and viscous liquids —

and there’s no extensive training required.
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Separation Parameters
Agilent 1290 LC & Flexcube

LC Column: Poroshell EC 120 C-18, 3x50
mm, 2.7 um

Flowrate: 0.35 mL/min

Injection Volume: 900 pL

Column Compartment Temperature: 30°C

LC Mobile Phase:

A — Water + 5mM Ammonium Acetate
B — Acetonitrile

Flexcube Solvents:

A - [95/5(v/v): HPLC Water/Acetonitrile] +
0.1% Acetic Acid

B - 1/1/1 (viviv):
Acetonitrile/Methanol/Isopropanol
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Gradient Profiles

Flexcube

' Pump Solvent A ' 4 mL ' 1 mL/min '
4 ' Valve Change Position to Elution '
5 ' Pump Solvent B ' 4 mL ' 1 mL/min
10 ' Pump solvent A ' 2mL ' 1 mL/min '
Analytical

Time (min) Mobile Phase Flow rate (mL/min)
4 | 5% B | 0.4 | Post time: 1 min
8 | 55% B | 0.4 |
9 | 95% B | 0.4 |
10 | 95% B | 0.4 |
10.1 | 5% B | 0.4 |
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Analyte transitions for LC-MS/MS analysis

Compound Fragmentor voltage Collision Energy

Glyphosate 392 | 179
392 88 100 16
AMPA 334 112 100 10
334 179 100 11
Glyphosate 13C, 15N, 394 90.1 100 16
AMPA 13C, 15N, D, 338 100 10

Q1: Most Abundant Transition; Q2: Second-most Abundant Transition
Analysis:

ESI Positive

Mode: MRM

Dwell time: 20 ms

Cell Accelerator Voltage: 2 eV
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Source Optimization for Agilent 6460 MS/MS

“roperties DA Sampler  Sampler Pretreatment  Binary Pump  Column Comp.  Flexible Cube | Qaa |

= Tune file — Stop time Acqguisition Sourcel Chromatogram I Instrument ] Diagnostics I

Iatunes. tune.xml & Mo lim

tds Pump

— Source parameters

2 |1 Hat Gas Temp: IBED C 350 °C

[Z Unit Only

I 0
~lon source — Time filtering
SIS ES] o ) Gas Flow: |11 1#mnin I11_DU50E I#min
2 Y. Peak width 7
R 007 1EeR Nebulizer: [45 psi [ 450 psi
- Time segments Sheath Gas Temp: I?.SD NE; | 389 °C
?it;g ScanType | DivValve Elr-:ﬁti] Eliﬁ,l‘t?-] | Stored Sheath Gas Flow: l12 I/min 11.9896 I#min
4 |1 I g]MRM TaMs 400 o ¥ Paositive MNeqative

Capillary: {4000 ¥ {35900 W 8672 né

Nozzle Voltage: [1000 V5]

)
=)

Chamber Current 1.03 pA

:
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Linearity: Calibration Curves

Glyphcsale - 10 Levels, 10 Levels Used, 10 Points, 10 Points Used, 0 QCs

Relative Responses
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14

y =0.163698 * x + 0.877448
R"2 = 0.99560322
Type:Linear, Origin:lgnore, Weight:None
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J

rmPA— 10 Levels, 10 Levels Used, 10 Points, 10 Points Used, 0 QCs

Relative Responses

x10 27
214
24
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1.6
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1.14
14
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0.84
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0.5
0.4
0.3+
0.2+
0.14
04
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y = 0.403871 * x - 0.771015
R"2 = 0.99920009
Type:Linear, Origin:lgnore, Weight:None

Glyphosate: 0.2-500 ng/L
10 cal stds.
R2 > 0.995

AMPA: 0.2-500 ng/L
10 cal stds.
R2 > 0.999

Jo 20 0 20 40 60 80 100 120 140 160 180 200 250 240 250 250 300 320 340 360 380 400 420 440 460 450 500 520 540

Concentration (ng/ml)
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Sample Chromatogram

x104 Noise(PeakToPeak)= 4.48: SNR (6.50min) = 3760.5

1.54

Glyphosate 392 -> 179 L Ml
in Mili-Q

-
i

0.5

water

<104 |Noise (PeakToPeak) = 4.30: SNR (6.50min) = 4301.3

-t
L

Glyphosate 392 -> 88

x103 Noise (PeakToPeak) = 4.42; SNR(7.17min) = 1745.5

o AMPA 334 -> 179

x104 Noise(PeakToPeak)= 20.04: SNR(7.17min) = 1066.6

i AMPA 334 -> 112

34 36 38 4 42 44 46 48 5 52 54 56 58 6 62 64 66 68 7 72 74 76 78 B8 82 B84 86
Counts vs. Acquisition Time (min)
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Limit of detection and quantification (LOD/LOQ)

Limit of Detection (LOD): S/N>3 for most abundant transition
Limit of Quantification (LOQ): S/N>9 for both transitions

Glyphosate (Q1)

Glyphosate (Q2) l

AMPA (Q1) l
AMPA (Q2) l

25.8 0.1 0.025

18.1 l l '
13.1 l 0.2 l 0.045 l
10.6 l l l
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Surface & Ground Water analysis

= Samples analyzed from a ground water source in AZ and a surface water
(Colorado river).

» Surface Water (n=4): Glyphosate — 1.5 ng/L ; AMPA — 0.5 ng/L

» Ground Water (n=4): Glyphosate — ND ; AMPA - ND

= Samples were spiked at two levels (20 ng/L and 100 ng/L) to determine method
recoveries.

Sample Collection
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Method Performance

Analyte Ground Water
20 ng/L spike (n=5) ' 100 ng/L spike (n=5)
Recovery (%) ' RSD (%) Recovery (%) RSD (%)
Gylphosate 88.6 ' 2.7 93.4 2.4
AMPA 98.9 ' 7.7 94.1 ' 4.5

Analyte Surface Water

20 ng/L spike (n=5) ' 100 ng/L spike (n=5)

Recovery (%) ' RSD (%) ' Recovery (%) RSD (%)
Gylphosate 95.2 ' 1.1 ' 98.7 1.6 '
AMPA 78.4 ' 2.4 ' 84.5 ' 25 '

» Recoveries for AMPA and glyphosate in both waters was 75-100%
= RSD (%) was <10% in all spikes

Confidentiality Label

%5 Agilent Technologies 1 November 2017

23



Conclusions

« A sensitive and robust method for trace level analysis of
Glyphosate & AMPA has been developed using the Agilent 1290
UHPLC coupled to the 6460 MS/MS

* The Flexcube allows automated online sample enrichment thus
reducing labor time while drastically reducing required sample
volume

A second transition is added for additional validation and
Increased specificity

* Very low ng/L levels of quantitation are possible

* Recoveries in both surface and ground waters are good.
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Automated Online SPE for

0e0 LC/MS/MS Analysis of Trace
’ o o Organic Contaminants in Water
) . " Using the Agilent 1290 Infinity
Flexible Cube Module

Application Note
5991-6115EN

Environmental

On-line SPE Enrichment of Trace
Organic Contaminants in Water and
Juices

5991-4562EN
Application Note

Environment and Food

Contents lists available at ScienceDirect

Talanta

ELSEVIER journal homepage: www.elsevier.com/locate/talanta

Detection of Basic and Acidic
Pesticides and Herbicides at Trace
= | Levels by Online SPE LC/MS in

Rapid analysis of trace organic compounds in water
by automated online solid-phase extraction coupled
to liquid chromatography-tandem mass spectrometry

Tarun Anumol, Shane A. Snyder™*

Department of Chemical & Environmental Engineering, University of Arizona, 1133 E James E Rogers Way, Harshbarger 108, Tucson, AZ 85721-0011, USA

Drinking Water
@Cmssm 5991-4177EN

Application Note

Environmental
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Lo QUESTIONS ??7?
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