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Polar lonic Pesticides in the News

Widely used in agricultural production; and occur during food preparation
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)

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

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

Some Polar Analytes of Interest
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QuPPe Method: Pros and Cons

 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

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




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
M-Acetyl-AMP A NT NT NT NT NT NT - NT
Fosetyl-Al v NT NT NT NT NT e NT
Malsic hydrazide v NT NT NT NT NT s NT
Perchlorate v NT NT NT NT NT L NT
Chlorate NT NT NT NT NT NT s 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
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http://www.crl-pesticides.eu/userfiles/file/EurlSRM/meth_QuPPe-PO_EurlSRM.pdf

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 [ M1.2 M13|M14| M2 M3 M41 M42 M5 | M6 M7 M8
ESl-mode Neg. Nog. Neg. Neg. Neg. Pos. Pos. Pos. | Pos. Pos. Pos. Pos.
Separation principle m"“"! g“"‘"! Carbon | Carbon | HILIC HILIC wuc | Wiuc | muc | wue HILC | Carbon
Column type AS11 | Astimc | MyPer | HYP | opgiisc-R |Obelisc-R | ObetiscR | DEH- | pEP  [ObeliscR | Triniy p1 | HYPS
I
ETU NT NT NT NT v
PTU NT NT NT NT v
Cyromazine NT NT NT NT ¥
Trimesium NT NT NT NT v
Daminozide NT NT NT NT '
Chlormequat NT NT NT NT I’
Mepigquat NT NT NT NT I’
Difenzoquat NT NT NT NT L
Propamocart NT NT NT NT v NT NT NT NT
Melamine NT NT NT NT NT NT
Diquat NT NT NT NT NT NT
Paraguat NT NT NT NT NT NT
'[N.N-Dimethyinydrazine NT NT NT NT NT NT
Nereistoxin NT NT NT NT NT NT
Streptomycin NT NT NT ¥ NT NT
Kasugamycin NT NT NT NT NT NT NT NT NT v NT NT
Morpholine NT NT NT NT NT NT NT NT + NT
Diethanolamine NT NT NT NT NT NT ) NT NT -f NT
Triethanolamine NT NT NT NT NT NT ) NT NT v NT
1,2,4-Triazole NT NT NT NT NT NT ") . NT NT NT v
Triazole-alanine NT NT NT NT NT NT ) R NT NT NT v
Triazole-acetic acid NT NT NT NT NT NT ) R NT NT NT v
Triazole-lactic acid NT NT NT NT NT NT NT - NT NT NT '
Aminocyclopyrachior NT NT NT NT NT NT NT [ NT NT NT NT

http://www.crl-pesticides.eu/userfiles/file/EurlSRM/meth_QuPPe-P



http://www.crl-pesticides.eu/userfiles/file/EurlSRM/meth_QuPPe-PO_EurlSRM.pdf

IC-MS/MS Configuration

High-
Pressure g Makeup Pump
Non-Meta.... (MeCN) 0O
Pump
Eluent
Generator
(OH- or HY)
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Separation Column  Electrolytic Conductivity
Waste ,! AS 19 Eluent Detector  j¢——
Suppressor
Sample Inject
(Autosampler) A ,\
Data
Management




Post Column Suppression and Addition of Organic Modifier

= A Effect of using post
%9 Makeup Pump suppressor modifier MeCN
® | (MeCN) OO _
\ Analyte % Increase in
y response
3-MPPA 391
-—> @ — Chlorate 458
Elelzzci‘trolytic Conductivity Clopyralid 284
uent Detector |¢ :
Suppressor Glufosinate 365
Glyphosate 421
N-acetyl- 360
Glufosinate

- |deal operating back pressure for suppressor is around 100-150 psi

* Monitor conductivity signal




Chromatogram (part A) of Polar lonic Pesticides in Cereal

Glyphosate @ 0.01 mg/kg cereal spiked
sample 168.0 >62.9

0 N
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50 AMPA @ 0.05 mg/kg cereal spiked
: f_[\_\ﬁ sample 110.1 > 80.9

N-acetyl AMPA @ 0.01 mg/kg cereal spiked
sample 222.2 >62.9
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] spiked sample 168 > 62.9
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Chromatogram (part B) of Polar lonic Pesticides in cereal

5”' Perchlorate @ 0.01 mg/kg cereal spiked sample 99.0 > 82.9
100 =
%] Chlorate @ 0.01 mg/kg cereal spiked sample 83.1 > 66.9

&

Ethephon @ 0.01 mg/kg cereal spiked
sample 143.1 > 106.9

Relalive Abundance
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b ol o 0

2
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Fosetyl Aluminium @ 0.2 mg/kg cereal spiked sample 109.1 >62.9

Phosphonicacid @ 0.2 mg/kg cereal spiked

sample 81.1 > 62.9
AN .

Clopyralid @ 0.05 mg/kg cereal spiked sample 190 > 145.8
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Glyphosate: IC-QQQ Analysis of QuPPe Extracts of Wheat Flour

Glyphosate spiked @ 10 pg/kg - Stable retention times
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AMPA spiked @ 10 pg/kg

« Multi-analyte capability

Glyphosate Glufosinate Fosetyl

N-acetyl N-acetyl Phosphonic
e glyphosate glufosinate acid

’ LﬂL = AMPA 3-MPPA chlorate
TR e BRI N-acetyl AMPA ethephon perchlorate

110.1>78.9 110.1>62.9
Data 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
AAC 10448
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Glyphosate spike @ 0.5 pg/L

Calibration plot 0.1 - 5 pg/L spikes
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Standardisation)

y =1,8353x + 1,0637
R2 =0,9992

« 1/10 dilution with water and internal standard

added
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Glyphosate in Beer - Retention Time Stability

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

Retention time (mins)
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Determination of Chlorate in Dairy Produce @ 5 pug/kg

11111
uuuuu

uuuuu

ate miz )
RT 6.80
AAC 2997

nnnnnnn

83.1>66.9

Intensdy b

Q

s e e s s m N oW NN 2

o N B @ ® © N A& O @ o
e o o Q © ©Q © ©o Q9 Q

Ll T T o

BI0116_003 Chiorate miz: 68 900
RT 679
AA 5410
1 T 1 T r
8
50

RT(min)

83.1>50.9

 Chlorate in dairy
L products calibration
b 5-100 pg/kg

Intensity
bow s ow x oa s oW
e w © @ 9 & O
LI T . A

85.1>68.9
Courtesy of Fera Science Ltd UK

ThermoFisher
SCIENTIFIC

14



Determination of Perchlorate in Dairy Products @ 5 ug/kg
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products calibration 5
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Polar lonic Pesticides - Grape: QUPPE w/wo IS Correction

IS Corrected Not corrected

Conc™ Mean % Rec Mean % Mean % Rec
Compound Mean % RSD
(ng/g) (n=5) RSD (n=5)
10 112 15 96 1
Glyphosate 100 111 7 94 :
10 121 10 92
el 100 108 8 97 .
10 100 2 97 6
N-acetyl AMPA
100 99 2 96 2
: 10 100 16 108 2
Glufosinate 166 165 8 o4 5
10 106 17 90 2
S-MPPA 100 111 7 96 2
: 10 104 15 92 4
N-acetyl Glufosinate 166 6 7 98 5
10 110 17 94 11
Perchlorate 166 i3 5 96 1
10 112 19 92 6
Chlorate 100 115 6 100 2
0.01 114 17 104 7
Ethephon 01 102 10 95 5
. A 0.2 08 3
OSetyl- 2 90 2
] ] 0.2 IS not available 102 2
Phosphonic acid 5 103 5
16 ThermoFisher



Polar lonic Pesticides — Wheat Flour: QUPPE w/wo IS Correction

IS Corrected Not corrected

Conc™ Mean % Rec Mean % Mean % Rec

Compound Mean % RSD
P (ng/g) (n=5) RSD (n=5) °
10 104 3 56 9
Glyphosate pee 55 5 48 5
10 69 1" 85 4
AMPAY 100 89 4 80 3
10 89 5 97 6

N-acetyl AMPA
100 84 2 74 1
10 120 5 42 31
100 91 8 104 9
10 94 5 95 5
100 88 2 80 4
N-acetyl 10 88 7 08 7
Glufosinate 100 88 2 78 3
10 107 1 66 2
Perchlorate g 93 2 6 .
10 91 5 74 3
100 88 1 67 2
0.01 104 10 66 9
0.1 87 7 95 6
Fosetyl-Al = 60 4
osetyl-

2 IS not available 72 2
o 0.2 106 5
Phosphonic acid 5 97 5

17



Procedural Standards

* What Iif Internal Standards are not available /too expensive?
« Consider use of procedural standards

* What if sample blanks are not available?
« Consider Standard addition — requires more injections
* Will provide accurate results- perfect matrix matching

* What if you are dealing with a difficult matrix?
« Consider ‘over-spiking’ analyse sample twice:

 once with spiking and once without spiking to check response of eah
analyte in matrix

18



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.

19



Analyteguru.com

IC-MS: The Solution to the Problem Analysis of Polar Pesticides?

*  The High Capacity of Dionex lon-
exchange Columns
 The Robustness of lon-exchange

Columns

«  Compatibility with Mass Spectrometers

C_MS- The Solition 1o the Problem
C-IVio: | Ne o0IUtion 10 The Frobiem

Analysis of Polar Pesticides * Independent Results in Compliance
S with Accepted Guideline Criteria
=@ . .
e A Commitment to Continuous Method
Improvement
20 ThermoFisher



|C-MS Publication
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Redefining Routine LC-MS Analysis of Pesticides
Mass Range 50 <m/z < 2,000

Q Exactive™ Focus hybrid Resolution 17,500 at 12Hz
quadrupole-Orbitrap MS @ m/z 200 35,000 at 6 Hz
70,000 at 3 Hz
Top N 2
Mass < 1ppm RMS,
Accuracy Internal Calibration
< 3ppm RMS,
External Calibration
Polarity one full cycle
Switching —-vel/+ve @ 35.000
RP in <l1sec
Flexible Full scan
Acquisition dd-MS2
AlF
vDIA
PRM
(SIM)

vDIA is not available in the U.S.

23 ThermoFisher
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Extracted lon Chromatograms of Precursor ions @10 ng/g
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Validation IC Orbitrap Method: Peak Area Repeatability

100%
, 90% 0.01 mg/kg
T 80%
B 70% solvent
a2 60%
B 50% orange
% 40%
)
c 30% )
E 20% - onion
10%
0%
0-5% 6-10% 11-20% - tomato
100% - RSD
g 90% 1 0.05 mg/kg - melon
T 80% -
= 70% -
& 60% - - carrot
E 50% -
¥ 40% -
2 3035 .
£ 20% -
& 10% - I
0% - .
0-5% 6-10% 11-20%
RSD
Courtesy Prof. Amadeo Rodriguez Fernandez-Alba, University of Almeria, Spain ,
ThermoFisher
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Validation IC Orbitrap Method : Linearity

0.01-0.05 mg/kg

ANPA
¥ = 1.30664X - 2.44984; R2: 0.9938; Origin: lgnore; W: 1/X; Area
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Courtesy Prof. Amadeo Rodriguez Fernandez-Alba, University of Almeria, Spain ,
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Modified QuPPe-PO

Weigh sample homogenate in 50 mL centrifuge tube
Fresh fuits and vegetables (high water content):
10+0.1¢g

Adjust water content of sample to 10 mL

\ 4
[ Add 10 mL MeC')H]

At

Add 25 uL IS (20 ppm)
(13C-Glyphosate & 80,-Chlorate)

$

Shake automatically 5 min

¥

Centrifuge at 4000 rpm for 5 min
)

Transfer 4 mL supernatant into a plastic vial

_ l : Courtesy Prof. Amadeo Rodriguez
IC MS ana YSIS Ferndndez-Alba, University of Almeria, Spain,

ThermoFisher
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Analysis of Real Samples

Aubergine 0.51 mg/kg of chlorate

quantifier

qualifier

Berenjena Chilorate m/z: 82.9541 Berenjena Chlorate m/z: 66.9589
RT 7.36 RT-7.36
AA 304683115 AA: 7508585
AH: 28355475 AH: 697833
1 7.0E5+ -
2567 6.0E5-
= 2.0E74 = 5.0E5H
2 E 2 1
E 1,5E7—: g 4,I]E5—_
] 3.0E5-
1.0e7 1
] 2.0E5
5086 1085
A B m ey e man m  m ALAAE Ay anan a L I B o e I o ML B I B I s e e B e LA e i s
50 55 6.0 6.5 70 75 8.0 85 90 95 50 55 60 65 70 75 80 85 9.0 95
RT(min) RT(min)

Zucchini 0.075 mg/kg of perchlorate

quantifier

qualifier

(Calabacin2 Perchlorate m/z: 98.9491 (Calabacin2 Perchlorate m/z: 82.9540
RT- 1426 RT 1423
AA: 102715799 AA 61527352
AH: 4475711 AH: 2375652
4.0E6-] 3
2.0E6
= 3.0E6- = E
2 3 15E6
2 E 2 3
£ = E
2.0E6 1.[IE6—:
1.0E6-] 50651
04 T T T T T ™7 T ™ O LA AL I B I I S I 0 I NI I B I B A B S i
120 125 130 135 140 145 150 165 16.0 16.5 12.0 125 130 135 140 145 150 155 16.0 165
RT{min) RT{min)

Courtesy Prof. Amadeo Rodriguez Fernandez-Alba, University of Almeria, Spain ,
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Analysis of Real Samples: More Examples

Baby food 0.26 mg/kg of phosphonic acid

guantifier

Aliment_infant Phosphonic acid m/z- 62 9637

RT. 10.06

A 19420803
AH: 1428627
1.4E6
1.2E6+
> 1.0E6]
‘s ]
2
2  B.0E5
& g
6.0E5-
4.0E5+
2.0E5-
DA N ARAS RS by RERS At Ba na B RERERS T T T T T
8.0 85 9.0 9.5 10.0 10.5 1.0 nse 120 125
RT(min)

qualifier

Aliment_infant Phosphonic acid m/z- 78.9553
RT. 10.06
AA 28604552
AH: 2107317
2.0E6-
B 1,5E6:
B
2 3
2
£ 3
— 1.0E64
5.065]
T T T LML B E I I B e T T T T T T T T
8.0 85 9.0 9.5 10.0 10.5 1.0 nse 120 125
RT(min)

Orange 0.239 mg/kg of fosetyl-Al

Naranja_addZ Phosefyl miz: 62 9637

RT- 483
AA: 110898630
AH: 6295260
6.0E6—
5.0E6—
= 4
3 4.0E6
3 4
E
—  3.0E6-
2.0E6+
1.0E6—
LRI B Iy I B B I B I R e A T T
25 30 35 40 45 5.0 5.5 6.0 6.5 70
RT(min)

qualifier

Naranja_add2 Phosetyl mJz: 78.9589
RT- 483
AA: 63646339
AH: 3889580
3.5E6
3.0E6:
% 2 5E6:
=
£ 2.0E6
1.5E6-
1.0E6:
5.0E5
DA MRS B R R B R T LB I B B I R R LB I B A R By RS B B
25 30 35 40 45 50 55 6.0 6.5 70
RTimin)

Courtesy Prof. Amadeo Rodriguez Fernandez-Alba, University of Almeria, Spain ,
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 The benefits of ion chromatography: add a new capability to
the workflow facilitating the migration of ionic pesticides into
multi-residue method

* High capacity columns to cope with high matrix load to provide
more resolution and retention time stability

* Robust columns and technology proven over 40 years of
development

30



Thank You For Your Attention — Stay Connected with Us

G Analyte Guru Blog
http://www.analytequru.com

| | @ChromSolutions

n http://www.facebook.com/Chromatography
Solutions

You

\ http://www.youtube.com/ChromSolutions

http://pinterest.com/chromsolutions

For More Resources visit our Food and Beverage Website
http://www.thermofisher.com/foodandbeverage

richard.fussell@thermofisher.com
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http://www.youtube.com/user/DionexUHPLC
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