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Presentation Overview

« An overview of the Quick Polar Pesticides Extraction (QuPPe) Method
* negative and positive aspects

An update on the current Status of IC-MS/MS for the determination of
polar ionic pesticides

Recent developments and results from a collaboration between Thermo
Fisher Scientific and Fera Science Ltd., York, UK

Summary including further developments creating new possibilities
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Polar lonic Pesticides in the News

* Widely used in agricultural production
« High frequency of residues of certain compounds detected in food

« EPRW 2014 — number of poster on residues of chlorate in leafy
vegetables (and perchlorate residues from fertiliser use)

e 2016: Alliance for Natural Health USA: reported 10 of 24 breakfast foods
had residues of glyphosate (86 — 1,327 ug/kg) (www.anh-usa.orq)

e 2016: Glyphosate residues in German beers

« Glyphosate under scrutiny after the International Agency for Research
on Cancer (IARC) that informs the World Health Organization (WHO) on
cancer risk factors, classified glyphosate as a ‘probable carcinogen’ last
March 2015

* Blog: Analysis of the Pesky Polar Pesticides: In the News, but What's the

Answer?
http://analyteqguru.com/analysis-of-the-pesky-polar-pesticides-in-the-news-but-whats-the-answer



http://www.anh-usa.org/
http://www.iarc.fr/
http://www.iarc.fr/
http://www.iarc.fr/en/media-centre/iarcnews/pdf/MonographVolume112.pdf
http://www.iarc.fr/en/media-centre/iarcnews/pdf/MonographVolume112.pdf
http://analyteguru.com/analysis-of-the-pesky-polar-pesticides-in-the-news-but-whats-the-answer

QuPPe-PO Method: An Imperfect Compromise

» Generic extraction using acidified methanol- no partition, no clean-up

 The QuPPe method developed by EURL-SRM is not perfect, but is your
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QuPPe Method: An Imperfect Compromise

Half Empty - negative point of view:

« Extracts contain high amounts of co-extractives: contaminate columns and MS
* Observed variation in retention time (especially glyphosate)

» Variable recoveries/ precision (use labelled internal standards which are costly)

* A number of different column chemistries required

Half Full - positive point of view:

« Because of the nature of the analytes compromises are inevitable

» Cost effective compared to previous approaches (derivatisation etc.)

* QuPPe has enabled analysis of pesticides monitored infrequently in the past

« Labelled internal standards became commercially available




QuPPe-PO v 9.1-Negative Mode Compounds

* Method Lists a total of 42 different (pos and neg mode) analytes
Table 3: Overview and scope of the methods proposed within this document for the QuPPe method:

M11 M1.2 M13( M14| M2 M3 M41 M42 M5 | M6 M7 M8
ESl-mode Neg. Pos. Pos. | Pos. | Pos. Pos. Pos. Pos.
Separation principle HILIC HILIC HILIC | HILC | HIUC HILIC HILIC | Carbon
Column type Obelisc-R | Obelisc-R | ObeliscR | Ach- | PFP  |ObeliscR | Trinity p1 | HYPer
Ethephon
HEPA NT NT NT NT NT NT - NT
Glufosinate NT NT NT NT NT NT - NT
N-Acetyl-glufosinate NT NT NT NT NT NT - NT
MPPA NT NT NT NT NT NT - NT
Glyphosate NT NT NT NT NT NT - NT
AMPA NT NT NT NT NT NT - NT
Phosphonic acid NT NT NT NT NT NT - NT
H-Acetyl-AMP A NT NT NT NT NT NT - NT
Fosetyl-Al v NT NT NT NT NT o NT
Maleic hydrazide v NT NT NT NT NT ' NT
Perchlorate v NT NT NT NT NT L NT
Chilorate NT NT NT NT NT NT L NT
Bialaphos NT NT NT NT NT NT - NT
Cyanuric acid NT NT NT NT NT NT il NT
Bromide NT NT NT NT NT NT NT NT
Bromate NT NT NT NT NT NT NT NT

http://www.crl-pesticides.eu/userfiles/file/EurlSRM/meth QuPPe-PO EurlSRM.pdf
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QuPPe-PO v 9.1-Positive Mode Compounds

Table 3: Overview and scope of the methods proposed within this document for the QuPPe method:

M11 M12 M13 M14| M2 | M3 [M41 M42 M5 | M6 M7 M8
Anion Anion
Separation principle | Carbon | Carbon | HILC | HIUC | HWUC | HILC | HILUC | HLC HILC | Carbon
Column type AS11 | Asiimc | HYRer | HIPSE | opgiec R |ObeliscR | Obelisci | JF- | PFP |ObellscR | Triniy pq | HYPSC
v NT
ETU NT NT NT NT v I NT NT NT
PTU NT NT NT NT v I NT NT NT
Cyromazine NT NT NT NT v NT NT NT NT
Trimesium NT NT NT NT NT v NT NT NT NT
Daminczide NT NT NT NT NT v NT NT NT NT
Chlormequat NT NT NT NT v v NT NT NT
Mepigquat NT NT - NT NT % I NT NT NT
Difenzoquat NT NT - NT NT v v NT NT NT
Propamocarb NT NT NT NT NT v NT NT NT NT
Melamine NT NT NT NT NT NT NT NT NT NT
Diguat NT NT - NT NT NT NT NT NT NT
Paraquat NT NT - NT NT NT NT NT NT NT
'[NN-Dimethylhydrazine | NT NT - NT NT NT NT NT NT NT
Nereistoxin NT NT I NT NT NT NT NT NT NT
Streptomycin NT NT NT NT NT NT NT v NT NT
Kasugamycin NT NT NT NT NT NT NT NT | NT v NT NT
Morpholine NT NT NT NT NT NT NT NT v NT
Diethanolamine NT NT NT NT NT NT (+) NT NT ' NT
Triethanolamine NT NT NT NT NT NT (+) NT NT % NT
1,2,4-Triazole NT NT NT NT NT NT ) - NT NT NT v
Triazole-alanine NT NT NT NT NT NT (+) - NT NT NT v
Triazole-acetic acid NT NT NT NT NT NT (+) - NT NT NT v
Triazole-lactic acid NT NT NT NT NT NT NT - NT NT NT v
Aminccyclopyrachlar NT NT NT NT NT NT NT [ NT NT NT NT

http://www.crl-pesticides.eu/userfiles/file/EurlISRM/meth QuPPe-PO EurlSRM.pdf
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Can IC-MS/MS Help with the Analysis of Polar lonic Pesticides?

« 2007: analysis of glyphosate and glufosinate
In sugar, dextrins, maltodextrins

* Thermo Scientific™ Dionex™ ICS-3000
system coupled to a Sciex APl 2000 MS

« Using large volume injections (up to 4.7 mL)
with online concentration and ‘clean-up’

cartridge
o glyphosate @ 1 pg/kg -glufosinate @ 5 ug/kg
- = m/z 180>63
o m/z 168>63 - o :
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s m/z 168>150 - m/z 180>95
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Realities of Using Large Volume Injection

Pros and Cons
Enables low limits of quantification

Faster contamination of columns requiring
regular offline cleaning

Contamination of the suppressor

after 100 injections

Contamination of the MS system

=1 Glufosinate @ 5 pg/kg

Replacement
after ~ 4000 injections

suppressor
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Courtesy of Fera Science Ltd UK
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The Latest High Sensitivity IC-MS/MS (2016)

Collaboration with Fera Science Ltd UK

Currently evaluating the Thermo Scientific™
Dionex™ ICS-5000 HPIC™ system

Fully integrated with Thermo Scientific™
TSQ™ Quantiva™ Triple Quadrupole MS

Integrated system control via a single
software package — Thermo Scientific™
TraceFinder™ 3.2 software

* New generation IC columns with 4

Mult?-r_esidl_Je analysis of polar ionic um particle size
pesticides in ‘QuPPe’ extracts
—— T o a * MS tune optimised for low mass

» High sensitivity allowing lower
s volume injections

: * Ability to change ion transfer tube
E— = e e while the system under vacuum

o~ 95 6 s
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IC-MS/MS Configuration

High-Pressure

OO : _
Non-Metallic Pum Make-up Pump
P (MeCN) OO

Eluent
Generator

(KOH)
- - - T () —

Separation Column  Electrolytic Conductivity
Waste i AS 19 Eluent Detector  |je——
Suppressor

Injection of extract
(Autosampler)

Data
Management

11



Column Capacity and Robustness — Key for Success

More than 40 years of history of manufacturing lon-exchange columns
Backpressure a good indication of the condition of the column
Columns are robust and can be cleaned

1M KOH (aq) overnight at a low flow rate, then 200 mM H2S04 in 80%
acetonitrile at a low flow rate

Post column suppression is needed to realise the benefits of using high
capacity ion-exchange columns.

12



Post Column Suppression and Addition of Organic Modifier

Effect of using post
00 suppressor modifier MeCN

Makeup Pump
(MeCN)

Analyte % Increase in
response
3-MPPA 391
-—V @ — chlorate 458
EIeEclztrontic Conductivity clopyralid 284
uent Detector |« :
Suppressor glufosinate 365
glyphosate 421
N-acetyl- 360
glufosinate

» ldeal operating back pressure for suppressor is around 100-150 psi

« Monitor conductivity signal

13 SCIENTIFIC



From the Past to the Present; What a Difference!

intensty, cps

2007: glyphosate @ 100 pg/kg -
in cereal with 2500 pL injection
and inline concentration

pLIll
il
mn
1800
w0
1410
1200
1000

a0

g0

40

a0

0713 qppzen 34 430

Quantification transtion miz 168>63 4t

82 774 203 08 A 4202 1200 upy

i

Time, min

2016: glyphosate @ 100 pg/kg- 1/10

extraction dilution of QUPPE extracts of
wheat flour, 100 pL loop injection

Equivalent to 10 L of extract

230416029 Glyphosate miz: 62.900

RT-5.05
AN B304
b v
6000
5000
2 -
[
H i
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=
200-
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£ 2500%
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I

3061020 Glyphosate miz 78.000

RT. 1505
AL B3R
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|IC-MS/MS Multiresidue RIC for Cereal (Wheat Flour)

« All analytes at 10 pg/kg except fosetyl & phosphonic acid (@ 200 ug/kg)

_ '3 FERA data #4 cereal spike 1 @ 0.01 mglkg - 110 dil MS_Quantitation
25000
_ I
20000
15000 4
I N
10000 jé 3-MFPA
1 | M-Acetyl-ANPA
] A [N-Acetyl-Glufosinate|
1 e AMPA, Perchlorate
m'_ 4FM-—P |ufosinate Cyanuric acid
1 »-..-m-*'/\‘*“‘-"""\- Chloratg Glvphosate
] Clopyralid /|
04 Fosetyl Al Fhosphanic acid
] min
S _— -
472 6.25 T.ED 8.75 10.00 11.25 12.60 13.75 16.00 16.25 17.50 18.75 20.00 21.84

Courtesy of Fera Science Ltd UK
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Glyphosate and AMPA in QuPPe Extracts of Wheat Flour

Glyphosate spiked @ 10 pg/kg
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168 >78.9 168 >149.9

AMPA spiked @ 10 pg/kg

o B8

Intansty
#

Intensity

5w il‘nrin:ilinl 5 R 'H”"EI R
110.1>78.9 110.1>62.9

Retention Time (minutes)

-
(@]

15.8
15.6
15.4
15;% P X RS 4900000000000  e,e o
14.8
14.6
14.4
14.2

14

0 10 20 30
Injection Number

Retention time for glyphosate decreased
0.13 minutes after 30 injections of QUPPE
extracts of wheat flour

Courtesy of Fera Science Ltd UK
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Summary of Validation Results (Wheat Flour)

glyphosate
Compound | Conc" | Mean Rec - ‘ 0 OH
(%) : PN
- S
Glyphosate 10 112 15 =
(1S) 50 108 12
100 111 7 AMPA O
AMPA 10 92 22 ¢ HszbCOOHH
(no 1S) § /
50 98 13 __
100 97 3
N-acetyl- 10 85 7
é]“c/)' 'Tg) 50 82 10 ¥ |
100 86 2 ~ AMPA
] ¥ Yo
Ho_ /°
. 4 s
Note: N-acetyl glyphosate standard not available HO

Courtesy of Fera Science Ltd UK
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Glufosinate & Metabolites in Cereal (Wheat Flour)

Glufosinate a.mppa  N-Acetyl
Glufosinate
Compound Mean Rec | RSD HO. © 0 o O HO. © j\
% % P -4 OH P~
SR - V\HLOH A S e
. NH, 0 H~L-CHg
Glufosinate 10 100 16
(IS)
50 109 11 T o] -
100 109 8 -
3-MPPA 10 106 17 . o .
(1S) . -
50 108 13 o "
100 111 7 : o
N-Acetyl- 10 88 6 - .
Glufosinate - -
(I S) 50 88 9 0 gnoé -
100 91 3 - - -
521|J mgg — ‘“AI' i 53 10 AEL_'—JA—

Courtesy of Fera Science Ltd UK

80.1>62.9

151.1 >62.9 222.2 >62.9
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Summary of Validation Results (I1): Wheat Flour

Analyte Mean Rec
(%)
(n=5)
Perchlorate 10 95 6 Fosetyl Al 200 60 4
(1S) 50 90 7 1,000 71 4
100 92 9 2,000 72 2
Chlorate 10 93 ) Phosphonic 200 106 S
(1S) acid
50 68 2 1,000 94 4
100 & “ 2,000 97 2
Ethephon 10 95 1 Cyanuric acid 10 Insufficient S/N
(1S) 50 86 4 (IS)
50 75 31
100 85 4
. 5 100 88 13
Clopyralid 10 Insufficient S/N
0]
50 70 5 [
P -
100 89 6 e N N o Fosetyl-Al
o I
; i OH Al P
nuri
clopyralid o ;3(’;% uric P y CJ 07 o e,
N™ SN . \/ H
Cl /N /“\ ' P P
g On HO™ N o e o o
Cl Courtesy of Fera Science Ltd UK
ThermoFisher
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Glyphosate in Beer — No Extraction Required

* Glyphosate incurred
residue @ 0.58 pg/L

£5610_024 Glyphosate m/z: 62.900

RT: 14.85
A 10448

8507
s00]
507
007
7507
7003
6503
500

5507

Intensity

500
4507
4003
350
3003
2502

2003

1505

100

50

RE

T T T T T T T T T T T
12 13 14 15 18 17

RT(min)

Glyphosate spike @ 0.5 pg/L

F5610_004 Glyphosate miz: 62 900

1900:
1300:
17DD:
1EDD:
1500:
1400:
13DD:
1200:

1100

Intensity

1000
900
300
700
B0
500
a0
300
200

100

RT. 14.80
AA 19863
P

Calibration plot 0.1 - 5 pg/L spikes

Oy

12.000 ~

10.000 -

Standard Addition Plot (Internal

Standardisation)

y =1.8353x + 1.0637
R2=0.9992

« 1/10 dilution with water and internal standard added

20
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Glyphosate in Beer - Retention Time Stabllity

* Over 100 injections over 2.5 days, retention time of glyphosate starts at 14.90
minutes and moves to 14.63 minutes

16
15.8 2 %
15.6 | ‘
15.4
15.2

15
14.8 udl 2 2 2 TPV

) *o00 22 a e IR
14.6 s ¥
14.4
14.2
14

—
e e

Retention time (mins)

0 20 40 60 80 100
injection Number

Courtesy of Fera Science Ltd UK
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Determination of Chlorate in Dairy Produce @ 5 pg/kg

) orate iz G GO0
T
A

1300

1200-]

1100

1000

SO0,

RRRRRRR

RRRRRRR

THE_003  Chiorate ofz: 68 000
RT:&
e

5507

500

450

400

as0

..........

85.1>68.9

0.30~
0.2~

R? = 0.9959

024]
023
022]
021]
020]
0.19-]
0.18-]

£ 0.6
5015
0454

0404
009
008-]
007
006]
005]
004]

000 T
00 0o 0.02 003 004 005 006

* Chlorate in dairy products
calibration 5 - 100 ug/kg

Courtesy of Fera Science Ltd UK
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Determination of Perchlorate in Dairy Products @ 5 pg/kg

EIYEEEEEE ¢

R AR AR

52

\\\\\
\\\\\\

99>82.9

T

uuuuu

Iriensly

SEEISSSIEE

---------

99>50.9

Iriensly
SRR R RN

101>84.9

B ==

R? =0.9962

* Perchlorate in dairy products
calibration 5 — 100 pg/kg

Courtesy of Fera Science Ltd UK
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Determination of Ethephon @ 50 ug/kg in Grapes

Analyte Mean Rec
(%)
(n=5)

Ethephon
35 50 95 14
100 102 10
R

Cl—CH,—CH, OH

m/z 143>106.9 m/z 143>78.9
" 555236_024 Ethephon m/z: 106.900 £5536_024 Ethephon mi/z: 78.900
264
RT:- 12.36 RT:- 12.36
24 Al 15614 A 26840
1400+ 4 1600+
224 ] a
ol 1200 1400
% 1000 1200
8 = 7 2 1000]
3] & gso0- = y
m = . g a0
< 600 .
124 n 600
ol 4!][]j 100,
RZ = 0.9955
06 o T T I-|J' ?""P| T D_ T T T T T
10 12 14 10 12 14
04+ RT(mim) RT(min)
024
00 r T T T r r T T T T T
000 o o0 0l6 008 00 o o 0’6 0l 00 Courtesx Of Fera SClence Ltd UK
” ThermoFisher
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Summary of Validation Results for Grapes

Analyte Mean Rec Analyte Mean Rec
(%) (%)
(n=5) (n=5)
Perchlorate 10 110 17 Fosetyl Al 100 98 3
IS
(15) 50 110 12 500 92 2
100 113 6 1,000 90 2
Chlorate 10 112 19 Phosphonic acid 100 102 2
IS
(15) 50 111 12 500 97 7
100 115 6 1,000 103 2
: Cyanuric acid 10 Insufficient S/N
Clopyralid 10 90 1 (IS)
- - 1 50 116 12
- - L 100 113 8

Courtesy of Fera Science Ltd UK
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|IC Coupled to Thermo Scientific Q Exactive Focus MS

Glyphosate, AMPA and Glufosinate at 20
ppt in surface water

[l T Xeabbur Qral Bromaes - s 2, sim,70000_308, 530, napre,_mechDBS msep, 130, sim_ 70000 SN S P RIS
Rl EQE W Obplly Ga Adanc Took Wisw Help

& LR FEB S B D O BBRIIGEB A FTEFE S ECEF 22200 ¥

D-DaD. s1020_SIM_70000_300_360c 0200516 154046

AT 000-2001 SM 15G

|
\_ 1938

030 087 137 189 271 358 44 517 558 630 692 730 801 G40 917 962 988 1142 1208 1240 1320 1361 1461 1517 1617 1688 1745/ ——==
]
M
A

A

\

| RN
034 068 145  3p 289 334 462 480 g5 / W I TTT asa am 1030
e oms - = e e tsm SN -y

— s = -

Relative Abundance
2 B 8.%.% Bo ¥ s B o Booy s o8 08

1858 16.99
pio0 1178 128581312 1447 1501 1567 1676 1831 1838 10
PACKIRC: AR AL L S

_ 080 138 167 224 347 413 ;o 620 691734 g3p 893 963 1032 1097 1175 1250 1344 1a2e 470 156y 1857
e e e e e e A
4 1 2 3 4 $ [ 7 8 9 10 n 12 13 14 15 16 1w 18 19
Time (min)
Sty
5 i W vl |l

15152 1028 1952

Courtesy Veritas Laboratory — Venice
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The Dionex™ |Integrion™ HPIC™ System

4. O YEARS of
. lon Chromatography «:

27



Candidates for Cation Exchange Chromatography

 Adiversity of chemical structures A

aminomethylphosphonic H
amitrole _ _ /l|\ _{)\
— triethanolamine H H,N N~ “NH,
cyanuric acid OH cyromazine
cyromazine N NH
—— HN™ —NH> HO
daminozide \ _ NH
_ _ —N amitrole -
diethanolamine O/@/
difenzoquat HoN : o) oH
ETU/PTU d. . .OH
fosetyl-AL +/ \ T\ \CE
H;C—N N—CH

maleic hydrazide ° — N/ ] HO® ~ "OH

: Cl~ Cl~ OH
melamine _ _ _ _
mepiquat paraquat (Note: requires different extraction) kasugamycin

Plus, aminoglycosides, N,N’ dimethylhydrazine, morpholine, triethanolamine, nereistoxin,
triazole metabolites

08 ThermoFisher
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Potential for Other Applications

« The potential to analyse other analytes not just pesticides

* Bromates

« Halo acetic acids
» Metals speciation
* Anions

« Qrganic acids

» Carbohydrates
* Amines

30



* Method validated for 13 polar pesticides (mostly at 10 ug/kg) in a
single run without issues of variation in retention times

* More cost effective compared to analysing a single extract by a
number of different chromatographic approaches

* There are good possibilities to make improvements to the
performance of the system

* lon chromatography is proven to be robust for the analysis of ‘dirty’
sample extracts

* Possibility to analyse cations by IC-MS to extend the scope of the
analysis

» Use of IC coupled to Orbitrap technology is in place and preliminary
results are promising

31



Thermo Fisher Scientific Food and Beverage Community

» Dedicated pesticide residues page

Products Communities

b Pesticide Residues

B Chemical and Elemental
Analysis

Authenticity and Adulter-
ation

Environmental Pollutants Start-to finish LC-MS/MS

Natural Toxins and work‘ﬂows for pesﬁcida

Biotoxins

Nutritional and Food La- residue analysis -

bel Testing . - ot 5 -
from sample prep to data analysis, tailored to help food
Packaging and Food laboratories reduce startup me and cost

Contact Materials e i

Pesticide Residues

Processing Contami-
Pty New start-to finish LC-MS/MS solutions for pesticide

Veterinary Drugs residue analysis

== o
Dietary Supplements and ‘ o =
Nutraceuticals Analysis | : e il

http://www.thermofisher.com/uk/en/home/industrial/food-beverage/food-
analytical-testing/pesticide-residues-analysis.html
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“Green" and ultrafast method for determination of ingredients in a
cola soft drink using the Thermo Scientific Acclaim 120 C18 RSLC
column

Instrument Type: UHPLC

The Thermo Scientific UltiMate 3000 RSLC system is applied for the analysis of soft drink ingredients.
The separation is performed on a Thermo Scientific Acclaim 120 C18 RSLC column in under 1.5 minutes.
To avoid the use of toxic solvents, acetonitrile has been replaced by ethanol. To reduce the solvent
viscosity and column pressure, the column is heated to 50 *C. Wavelength switching (changes from 230
nm to 214 nm at 0.3 minutes) near K.

"Green" and ultrafast method for determination of soft drink
ingredients on the Thermo Scientific Acclaim 120 C18 RSLC column
Instrument Type: UHPLC

The Thermo Scientific UitiMate 3000 RSLC system is applied for the analysis of soft drink ingredients
The separation is performed on a Thermo Scientific Acclaim 120 C18 RSLC column in under 1.5 minutes.

www.thermofisher.com/appslab
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I have some great news for you, chromatography applications have now gone digital along with the rest of the world!

This is a fantastic tool to help your customers with routine or validated methods or simply to give them a great starting point for more challenging method development experiments.

 There are multi-analyte pesticide residue methods using GC-MS/MS and the new pesticide explorer series of methods for the Endura LC-MS/MS and QEFocus Orbitrap system will be uploaded in the near future.


http://www.thermofisher.com/appslab

http://analyteguru.com/

AnalyteGuru™

Your resource for the latest applications, regulatory information &
research in sample preparation, ion chromatography, liquid
chromatography, gas chromatography, mass spectrometry and software.

Analyte Guru

«MNext Post | Previous Post»

Analysis of the Pesky Polar Pesticides: In the News, but What's the
Answer?

2, 2016 by Richard Fussel

During the last 15 years or so there have been substantial
improvements in the ability to screen pesticide residues in
food. Typically 10 times more analytes, at 10 times lower
concentrations, with more assured identification, even in
complex matrices. These advancements have been driven
by the introduction of generic extraction methods in parallel
with new instrument technologies. Using a combination of
LC-MS and GC-MS it is common for laboratories to analyse
400-500 pesticides and metabolites, ideally each at the 10

ng/g concentration in a single extract. Still, difficult

challenges remain, not least the analysis of the polar ionic

pesticides.
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Presentation Notes
I would also highly recommend that you view our blog articles, which are quick to read , but packed full of information and links.  These blogs, including a good number on pesticide residues analysis  are available on the analyteguru web pages.


https://twitter.com/ChromSolutions
http://chromblog.thermoscientific.com/blog/
https://www.youtube.com/user/ChromSolutions
https://www.facebook.com/ChromatographySolutions
http://www.pinterest.com/chromsolutions/
https://plus.google.com/u/0/116530230439099888553/posts
https://www.facebook.com/CharlieLovesChromatography
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