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2. Methods and Materials
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3. Resulis
3.1 Method development for automafization of
derivatizafion
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The controversial use of Glyphosate

One of the most common pesticides worldwide;

Brought to market in 1974 by Monsanto under

the trade name Roundup; i') H\i

_ _ HO™ | OH
Harm to human and environment still under HO
discussion;

In December 2017, European Commission
renewed the approval of Glyphosate for 5 years

Glyphosate can be used as an active substance in Plant
Protection Products (PPPs), until 15 December 2022,
subject to each PPP being authorised by national
authorities following an evaluation of their safety.

Source: https://ec.europa.eu/food/plant/pesticides/Glyphosate en



https://ec.europa.eu/food/plant/pesticides/glyphosate_en
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Why analyze Glyphosate in beer?

Munich Environmental Institute | gt
published a report, showing

traces of Glyphosate in all tested GW ph()Sd\E FO\I@L

beer samples

Maximum residue levels (MRL'’s):
« drinking water: 0.1 pg/L
« Dbarley : 20 mg/kg
* hops: 0.1 mg/kg
 beer: not defined
—->MRL is derived from raw agricultural commodities

(barley, hops)

Source: http://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/?event=pesticide.residue.CurrentMRL&lanqguage=EN



http://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/?event=pesticide.residue.CurrentMRL&language=EN
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Glyphosate analysis

extraction .
Protein
i precipitation
1 ml beer 1 ml MeOH

\‘/ } o
o*/“ g_
1 vortex SN

<—l> Zentrifuge 15 min, RT Glyphosat FMOGC-CI Glyphosat-FMOC

\C M =391 g/mol

Without derivatization With derivatization Basic buffer
/\ Add 25 pl EDTA-Borate _
LCMS analysis /

SRS

and 75 pl FMOC Derivatization

U 1hat50°C agent
Add 30 pl phosphoric acid
and 120 ul water

LCMS analysis

Stop reaction

Sample volume 500 pL
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Glyphosate analysis

With derivatization:
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Residual highly polar pesticides in beer:

A comparative study about sample pretreatment with

No. SCA.210.032 and without derivatization

= Introduction

Ghyphosate s cumantly one of the mast
common pesticides used woridmde. In spite of
s approval by reguistory bodies a# over the
world, the concern about its harm to humans
and the enwonment persists  The
chromatograpty of glyphosale = challenging
dus 10 its high polanty. In order to overconms
this, there exists a wel-establishad method
ncduding a dernatization  step  with
S-fluorenyimethyl  chioroformate (FMOC)
followad by LCMS analysis Howaver, this
dervatizaion 1 not only tme consuming and
more expensive but also susceptbie to erors
A lurther drawback of thes method 15 the fad
that nol all highly polwr pestades are
suscepiible to denvatization with FMOC as for
example Glufosnate’'s metabolite J-methyl-
phosphereco propionec acxd (MPPA)
Thersfors, a sample pretreatment without
derivatization s desirable as d will be not anly
faster and chaaper bt also not imied o
detection of Gyphosate and allow Ihe
simultancous detection of other hughdy polar
pestcides and her metabolites as well

Here we compare the quantfication of
Ghyphosate, s metabolite  Aminomethvi-
phosphonic acid (AMPA) as well as
Ghfosinate and #s respactive matabolite
MPPA based on derivatization ta a method
without any dedvabzation We tested a total of
24 diffecent kinds of beer. The use of a high
sansitivity mass spectrometer alows 10 skp a
sample concentrabon step by sobd phase
extraction (SPE) for both methods, which
addmonaly reduces tme and cost for the
analysis

Tellni

= Materinls and methods
Sample Pretreatment

1 mi MeOH was added to | mi beer, vortexed
and afterwards centrifuged for 15 man at 12000
rpm 500 pl. of the supematant were used for
the underivatised sample For  the
derivatisaton sample 25y EDTA-Borate
buffer and 75 1 FMOC were added to another
500 of the supematant Afer 60 nn
incubation at 50 °C we added 20yl 0.2%
phosphonc acd to stop reacton  Fnally,
125 i water ware addad

Analytical conditions

As dedvateed and undenvaled samples
required different chromatographc condibons
the Nexara MX for multplex analyss with Dual
Stream Technology was used. This allows the
use of a mubplexed method with dfferant
coluimns and LC methods m one batch and
thus increasing through-put and Impeoving
sfficancy

Figure 1: Nexara MX with LCMS 80460 trple
quadrupole mass spectrometer

‘ Better retaining on column (normal
C18 column);

" Either more manual work or
additional instrumental set up required.

Without derivatization:

‘ No manual work;

" Good chromatography only with
special column.
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Fully automated derivatization
UHPLC-MS/MS system

U Various automated pretreatment
functions are available

Automatic
Pretreatment |
Function

d

Co-injection is
unique to Shimadzu

» Reduces the workload for
sample pretreatment

* |mproves throughput and
precision by eliminating the need
for manual sample preparation

Dilution

Reagent
Addition

Mixing

Overlap
Injection
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Fully automated derivatization
UHPLC-MS/MS system

B Inztrument Parameters Wiew

[ Mormal |CAdvanced] [ End Tirme : 60.00 min__| I

Pretreatment
Data Acquisition | LC Time Prog. I Pump I PDA I Column Oven | Controller | Autosampler |AumPurge|

Model: SIL-30AC [¥] Autosampler All Parameters Rinse Type: ’Exhernal only v] [ Refer Flow Channels. .. ] Mode:

Reagent -
Injection Settings Rinse Settings
Sample Rack: lRad{ 1,5mL 105 vials V] Rinse Mode: lEefore and after aspiration V] .
Source Settings
Rinse Dip Time: o seC Tray Mumber Vial Mumber Offset Volume(ul)
Meedle Stroke: 52 mm Rinse Pump [Speciﬁ-' vial - 1 1 100
Sampling Speed: 50  ulfsec Rinse Method: [RJHSE port anly ']
Sample Discharge Speed: 1,0 ul/sec Rinse Time: 2 sec i Reagent Settings
Cooler Temperature: 15 ¢ Reagent Use Tray Mumber Vial Mumber Volume(uL)
Reagent 1: 1 1 100
- Reagent 2: 1 1 100
Pretreatment @ . ]
E i 1 1 100
Mode: [Standard ']
Standard Mixing Setting
Pretreatment Program
Mixing Count: 3 Mixing Volume: 5 uL
Qverlap
Mixing Upper Air: @ Use () Mot Use Wait Tirme: 1,0 5
Standard pretreatment program can be automatically set.
There are no parameters to be set.

Comment:

Apply to Pretreatment
Program

[ QK ] [ Cancel ] [ Help
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Fully automated method with derivatization
using the pretreatment function of SIL-30AC

extraction

i 1
/o

1 ml beer 1 ml MeOH

\l/

vortex

Zentrifuge 15 min, RT

!
el b
!

precipitation

With derivatization

N

25 pl EDTA-Borate

§ VIU

T 1hat50 °C
/

Sample volume 500 pL

ROd 30 pl phosphoric acid
and 120 ul water

Basic buffer

LCMS analysis

e

Stop reaction
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FMOC derivatization tests

® Low solubility of FMOC in water at room temperature (RT);
® Glyphosate is not soluble in organic solvents (ACN, MeOH, IPA,
acetone...);

- Standard method: incubation at high temperature;

H,O, 50°C H,O, RT H,O:MeOH
(50:50), RT

-~ FMOC as well as Glyphosate solve well in H,0 and MeOH (50:50
v/v) mixture at RT.
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FMOC derivatization tests

(x100,000)
1.25

ﬂ Incubation Time = 5 min

50% Methanol, 50°C

50% Methanol, RT
{\ H,O, 50°C

ﬂ H,O, RT
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Fully automated method using the
pretreatment function of SIL-30 AC

extraction
ﬂ
.-"'uf """-.
/ \
O
1 ml beer 1 ml MeOH

\‘/

Zentrifuge 15 min, RT

Protein
precipitation
...and
solubility of

Glyphosate
and FMOC!

<_l>
!

With derivatization

Add 3 pl internal std,

Sh(_)rten to5 \\Sa‘:lldEl?sT;ﬁ-FBl\c/)lgtCe
min at RT 77 fwarsoec

Exchange to
formic acid,
can be skipped

Sample volume 75 pL

Add 3

- ric acid _
and 120 ul water

LCMS analysis

Basic buffer

Derivatization

agent

Stop reaction
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Analytical conditions - Liquid chromatography

UHPLC Nexera X2 UHPLC system

Analytical Gemini 5 um C18 110A, 150 x 2 mm, (Phenomenex)
column
Mobile phase A =2mm NH,HCO,, pH 9.5
B = Acetonitrile
Flow rate 0.4mL/min

Time program B conc. 5% (0 min) — 50% (7 min) — 95% (7.01 — 12min) — 5%
(12.01 — 15 min)

Injection 50uL
volume
Column temp. 35°C

MS LCMS-8060 triple quadrupole mass spectrometer, ESI
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Analytical conditions - Mass spectrometry

System: LCMS-8060

lonization mode: positive/negative ESI,

Nebulizing Gas Flow: 3 L/min

Heating Gas Flow: 15 L/min

Interface Temperature: 325 °C
DL Temperature: 150 °C

LCMS-8060

Heat Block Temperature: 400 °C
Drying Gas Flow: 5 L/min

CID Gas: 270 kPa

Interface voltage: 4 kV / -3 kV

Measurement mode: MRM,
Resolutions: Unit (Q1)/Unit (Q3),

Transitions :

Compound - Precursorm/z  Product Dwell DL Bias Qarray
m/z Bias
Glyphosate - 390.1 168.05 3 10 -10 0 11 14 15
Glyphosate - 390.1 150.00 3 10 -10 0 11 24 19
Glyphosate IS - 393.1 171.05 3 10 -10 0 11 14 15
AMPA i 334.0 156.10 3 10 10 0 -17 -9 -17
AMPA + 334.0 178.20 3 10 10 0 -17 -49 -13

10 10

o

AMPA IS + 336.0 179.20 -23 -21 -18

w
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Fully automated method using the
pretreatment function of SIL-30AC

FMOC-derivatization procedure:

— Manual Automatic using
i ‘ SIL-30AC

Sample (Beer/MeOH 1/1)* 500 pL 75 pL

Borate / EDTA Buffer 25 uL 5uL

FMOC 75 uL 15 pL

Acid 30 pL H;PO, (0.2%) 5 pL formic acid
(10%)

H,O 125 uL --

* if other liquid sample matrix containing mainly water is used the addition of MeOH is mandatory
anyway, due to the solubility of the FMOC

In case of this pretreatment file reagents for derivatization and IS
are placed in Rack in the following order:

— G SHIMMADZU

T T —

SIL-30AC O Vial 2 - FMOC solution
O Vial 3-10 % formic acid

O Vial 4 — ISTD solution (1 ng/uL)
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Total time is reduced to 15 min

injection injection injection

&= 15 min —>1¢

&= 15 min —>

LCMS analysis

: 15 min &= 15 min —

LCMS analysis 4 LCMS analysis

F

derivatization

derivatization
L

Figure 3: Overlapping sample pretreatment and analysis done by SIL-30AC. Total time per
sample is reduced to 15 minutes.

&

Due to overlapping sample pretreatment functionality, the next sample was already
pretreated during the on-going analysis in order to maximize sample through put.
Except for the first and the last sample,the total time per sample for automated pre
treatment and analysis can be reduced to 15minutes.
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Results in beer sample

14000000 f
13000000 f
12000000 f
11000000 f

10000000 |

Glyphosate AMPA
\
V ‘..\ h M» \ )

ASERE U .

1.0 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 110 120 130 140 min
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Results in beer sample

(x100,000)

2.3
22 10 ng/mL
21
5 Glyphosate, H,O
Lo yphosate, H,
L8 /

17
16
15
14
13

1.2

= AMPA, H,0

09

08

07

06
04 Glyphosate, Beer

0.3

03 AMPA, Beer

o.xZL

0.0

ot _
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Glyphosate - Calibration Curve
and LOQ Chromatogram

Glyphosate-FMOC
m/z 390>168 (-)
Calibration curve 2.5 — 100 ng/mL

Glyphosate-FMOC

m/z 390>168 (-)
2.5 ng/mL

(,000)
15:390.10>168.05(-)

Area Ratio i
0 4.0~
1 r?=0.9989 ]
] 35
1.254 1
30
1.001 5]
0.75- ]
15
0.50- ]
4 10,
0.25- 051
0.0-|
0.00-———— — ——————— ]
0 10 20 30 40 50 60 70 80 90 Conc. Ratio 275 300 325
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AMPA - Calibration Curve
and LOQ Chromatogram

AMPA-FMOC
m/z 334>156 (+) AMPA-FMOC
Calibration curve 5 — 100 ng/mL m/z 334>156 (+)
5 ng/mL
Area Ratio . 75X3i'3?3?2)oo>156.10(+)
] r2=0.9995

0.50

o 1 2 3% 4 s e 70 8 9  Conc.Rato 375 4.00 425
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Quantitative Analysis of 40 beer samples

A total of 40 commercially available beer samples were
analyzed:

v 21 samples of beer brewed according to Pilsener style,

v 3 samples of organic beer,

v 10 samples of other types of beer,

v 6 samples of alcohol-free beers or non alcoholic beer mix

drinks.
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Quantitative Analysis of 40 beer samples —
Results Table Part |

Glyphosat-FMOC AMPA-FMOC

Conc. Conc. Mean sD % RSD Conc. Conc.

ng/mL ng/mL ng/mL ng/mL
Pils
Sample 1 <L.0Q <LOG <L 00 <L 00
Sample 2 837 8,95 a7 0,4087 47 <L0Q <L 0Q
Sample 3 20,85 2028 206 0,4038 20 <L0Q <L 0Q
Sample 4 <LOGQ <L0Q <LOGQ <LOGQ
Sample 5 6,78 6,57 6,7 0,1549 23 <L0Q <L 0Q
Sample 6 11,34 12,08 1,7 0,5240 45 <LOQ <LOQ
Sample ¥ =1 00 =100 <] 00 <] 00
Sample 8 8,61 9.41 9.0 0,5706 63 <L0Q <L0Q
Sample 9 4,74 4,63 4,7 0,0834 1.8 <LOQ <LOQ
Sample 10 <L0Q <L0OQ <L0Q <L0Q
Sample 11 10,81 12,03 11.4 0.8627 76 <L 0Q <.0Q
Sample 12 13,95 14,65 14,3 0,4943 356 <L0Q <L0Q
Sample 13 33,06 27 61 30,3 33,8509 127 <L 0Q <L.0Q
Sample 14 20,29 18,68 19,5 1,1377 58 <L 0Q <.0Q
Sample 15 25,28 2209 23,7 22578 95 <LOQ <LOQ
Sample 16 3,23 293 an 0,2171 7.1 <L0Q <L 0Q
Sample 17 3,66 3,48 3,6 0,1308 37 <LOQ <LOQ
Sample 18 9,25 5,65 54 0,2807 52 <L0Q <L 0Q
Sample 19 267 293 28 0,1861 6,7 <L0Q <L0Q
Sample 20 3,87 4,39 41 0,3698 9.0 <LOQ <LOQ
Sample 21 <LOQ <LOQ <LOQ <LOQ
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Quantitative Analysis of 40 beer samples —
Results Table Part Il

Glyphosat-FMOC AMPA-FMOC

Conc. Conc. Mean SD % RSD Conc. Conc.

ng/mL ng/mL ng/mL ng/mL
Sample 22
Sample 23
Sample 25 279 3,26 3.0 0,3323 11,0 <L0Q <LOQ
Sample 26 4,61 415 4.4 0,3260 74 <LOQ <LOQ
Sample 27 <00 <L0Q <00 <LOC
Sample 28 <LOQ <L0OQ <L0Q <LOQ
Sample 29 252 <L0Q <L0OQ <LOQ
Sample 30 <L 00 <O <00 <| O
Sample 31 <LOQ <L0Q <LOQ <LOQ
Sample 32 8,06 T7.27 7.7 0,5621 7.3 <0G <LOCQ
Sample 33 11,19 11,57 114 02737 24 <0G <LOC
Sample 34 <LOQ <L0OQ <L0OQ <LOQ
Non alcoholic
Sample 35 475 447 46 0,1952 4.2 <LOQ <LOQ
Sample 36 16,05 1571 15,9 0,2454 1.5 <LOQ <LOQ
Sample 37 <LOQ <L0OQ <L0Q <LOQ
Sample 38 =00 =L O <00 <| 00}
Sample 39 <L 00 <O <00 <| O
Sample 40 250 2 85 27 0,2482 93 <L0OQ <LOQ
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Preliminary results tap water

1.5% 10,000)

1.50
148 0.1ng/mL
1.49
1.35
1.39
1.25
1.24
115
1.10
1.05
1.04
0.95
0.9
0.85
0.80
0.75
0.79
0.65
0.60
0.55
0.50
0.45
0.4
0.35
0.3
0.25
0.24 AMPA
0.15
0.10

Glyphosate

0.05 A Nf\/\

o.oc;

-0.03
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Conclusion

Automated derivatization of Glyphosate and its metabolite AMPA
was successfully established by use of SIL-30 AC autosampler
with automatic pre-treatment function;

Protein precipitation with MeOH is necessary for complex
matrices like beer. Additionally, it is helpful for solubility of
FMOC;

Robust and reliable method for Glyphosate and AMPA even in a
complex matrix like beer;

Glyphosate was detected in the majority of beers.
Concentrations are above MRL for drinking water, but far below
MRL for commodities.
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Thank you for your attention...
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For Research Use Only. Not for use in diagnostic procedures.
This presentation may contain references to products that are not available in your country.
All rights reserved. Information subject to change without notice.



