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Possibility to integrate analysis of pesticide
residues, mycotoxins and plant alkaloids in a
single multi-analyte / multi-matrix method
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l "COCKTAILS" of food contaminants (?)

Commodity b
meat

UCT PRAGUE 3



§ Complementary analytical strategies
‘CLASSIC’ APPROACH

A set of physico-chemical and/or biochemical /O 5
measurements > TARGET ANALYSIS of one

or few quality / safety markers

CURRENT STRATEGY | - <
Metabolomic fingerprinting /?:‘xf”;}}, j}}&f -
- NON TARGET SCREENING e .
¢ 0
=» Comprehensive characterization of respective
matrix (sample components pattern) /0L
= detection or even identification of “unknown’ -

metabolites / contaminants (even retrospective)
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§ Changing food safety issues with changing climate




Unexpected problems might be faced....
eliminating DON producers resukts in high overgrowing of producers
of enniatins, T-2/HT-2, NIV and ot?er In barTey

800 59 -

NIV

W DON
D35

ADON

150 - BHT-2
N mT-2
100 7 M Enn-B
Enmn-B1
50 -
Enn-A

~untreated treated by fungicides Enn-Al
(control) A-ol

200 -

untrreated (1) — no fung
treated (2) - prothioconazol, spiroxamin a tebuconazol + tebuconazol a bixafen
treatedi (3) - prothioconazol, spiroxamin a tebuconazol + prothioconazol a tebuconazol
treated (4) - variant (2) with differing applicatgion dates as compared to (3)



]  MULTIPLE GROUPS OF CONTAMINANTS
MAY OCCUR IN FOOD / FEEDS......
-> implementation of multi-analyte / multi-
matrix methods may increase the laboratory
throughput and lower the analysis cost
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I TIME TRENDS IN FOOD CONTMINANTS ANALYSIS

GC—ECD/NPD
S
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HPLC-UV/FLD
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Contents lists available at SciVerse ScienceDirect

} Multple contaminants analysis (sample prep)

E IPRA(-EUE

Journal of Chromatography A

journal homepage: www.elsevier.com/locate/chroma

Critical assessment of extraction methods for the simultaneous determination of
pesticide residues and mycotoxins in fruits, cereals, spices and oil seeds

employing ultra-high performance liquid chromatography-tandem
mass spectrometry

Ondrej Lacina, Milena Zachariasova, Jana Urbanova, Marta Vaclavikova, Tomas Cajka, Jana Hajslova*

A — aqueous acetonitrile extraction followed by partition
(QUEChERS-like method)

B — aqueous acetonitrile extraction
C — pure acetonitrile extraction (?)

288 pesticides (including ‘troublesome’ acidic, basic and base-
sensitive compounds)

38 mycotoxins (including all EU regulated ones and many
‘emerging’ toxins on the EFSA list)

apple baby food, wheat flour, spices and sunflower seeds,




T
} Multple contaminants analysis (HRMS/MS)

Contents lists available at ScienceDirect

Analytica Chimica Acta

C - journal homepage: www._elsevier.com/locate/aca

Multi-analyte high performance liquid chromatography coupled to @Cmmrk
high resolution tandem mass spectrometry method for control of

pesticide residues, mycotoxins, and pyrrolizidine alkaloids

Zbynek Dzuman ?, Milena Zachariasova®”*, Zdenka Veprikova ?, Michal Godula®,

Jana Hajslova® ACA 863 (2015) 29-40

* University of Chemistry and Technology, Prague, Technicka 3, Prague 6, 16628, Czech Republic
b Thermo Scientific, Slunecna 27, Prague 10, 10000, Czech Republic

HIGHLIGHTS GRAPHICAL ABSTRACT

E

* HPLC-HRMS/MS method for analysis
of 389 multi-class food contaminants
was developed.

* The employed core-shell analytical
column showed very good separa-
tion efficiency.

[
k

. . . EXTRACTION BETRUIMENTAL ARALYSIS
* Validation for matrices wheat, leek, \CECHERS b meteod) HPLC-HRMS/MS Postickdh
and tea was performed. residues
* Recoveries and limits of quantifica- === SF Mycotoxins
tion complied with the EU legisla- s - £ alkcaloids

tion.

* The mass spectral library of fragment
m ions in high resolution was created.



-
) Mycotoxins and pesticides we have in the scope

(LC-HRMS/MS accredited method)

" Determination of mycotoxins and pesticide residues at UCT
using liquid chromatography coupled with mass
spectrometry.

2007

@
7 mycotoxins

149 pesticides 20 15
® 2021

23 mycotoxins
322 pesticides

60 mycotoxins
590 pesticides
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i Analytical strategy

" Currently, the most frequently used techniques are LC-MS
(mycotoxins) and LC/GC-MS (pesticide residues)

» Detection typically realized using mass spectrometers equipped with unit
resolution analyzers

" Potential of high resolution tandem mass spectrometry exploited

> Analysis of complex samples (spices, tea, dietary supplements, etc.)

> Retrospective data analysis ar

> Targeted screening ff

X Llmitation: acquisition of voluminous data, 3 VO
data processing (powerful PC), data storage J?}f

~—
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| Analytical flow-chart

Extraction (QUEChERS-like method)

(i) 30 min soaking (10 mL 0.2% formic acid in water) + 30 min extraction (10 mL MeCN)
(ii) addition of 4 g MgS0O, and 1 g NaCl; 2 min shaking; centrifugation (10,000 RPM, 5 min)
(iii) clean-up: 5 mL of organic phase for 2h at -20°C (freezer)

(iv) transferof 1 mL into an amber vial

U-HPLC-HRMS/MS screening < Quantification strategy:

Separate methods in ESI+/- using different mobile phases external matrix-matched
ESI+: 5 mM ammonium formate + MeOH (0.2% HCOOH) calibration
ESI-: 5 mM ammonium acetate + MeOH
Analyte group LOQ [ng/kg] | Recovery [%]
- Pesticides 1-1,000 59-116
—oy

\ PERFORMANCE Mycotoxins 1-2,000 71-111

t CHARACTERISTICS D>
- Pyrrolizidine 1-20 72 -94

ICT alkaloids
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I Data processing

Thermo
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Fragments
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§ FOOD SUPPLEMENTS
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§ Samples involved in the validation study _

1 Herbal tea for immune support Fytopharma tea blend 20x 1.5g 43 Echinaceové drops galmed Biomedica herbal drops 50 ml
2 Tea blend for liver support MEGAFYT PHARMA tea blend 20x 1.5g 44 TOPVET purple coneflower Dr. Jifi Panttcek herbal drops 100 ml|
3 st. John's wort LEROS tea blend 20x 1.5¢ 45 |Imunit Echinacea drops Simply You Pharmaceuticals herbal drops 50 ml + 10 ml|
4 Renal tea blend with cranberries MEGAFYT PHARMA tea blend 20x 1.5g 461 Valerianidrops i MVDEE Ji.ﬁ P?ntf'éek herbalidiopsHl S0/l
5 Hepatic herbal tea Valdemar Gresik - NATURA  tea blend 50g :; :erbal dlrops GINKGO biloba :an; T\j!:h:-sova :erl;a: grops i; m:
ropaeolum majus erba Vitalis erbal drops m
6 MEGAFYT te from elderberry flower MEGAFYT PHARMA tea blend Y P : rautertropfen Forte Dr. Theiss Naturwaren GmbH herbal drogs 50 ml
7 MEGAFYT children's tea blend MEGAFYT PHARMA tea blend Valdemar Gregik - NATURA herbal drops 50 ml
8 MEGAFYT urologic tea blend MEGAFYT PHARMA tea blend H E R BAI- TEAS Valdemar Gresik - NATURA herbal drops 50 ml
9 MEGAFYT gall tea blend MEGAFYT PHARMA tea blend Calendula herbal drops 25 ml
10 MEGAFYT stomach tea blend A (23 sa m p I es) Underberg GmbH & Co.KG herbal drops 20 ml
11 MEGAFYT sage leaves Herba Vitalis herbal drops 40 ml
12 \ Dal drops Petr Gasparik herbal drops 50 ml
13 D - Dr.Theiss Schweden Bitter Dr. Theiss Naturwaren GmbH herbal drops 250 ml
A e Terpenoids, polyphenols S
15 LEROS A herbal drops 50 ml

o] (catechins, phenolic acids, LIQUID SAMPLES [ AT T
Dl e flavonoids...), organic acids (42 samples)
B Oils (triacylglycerols,

21 LEROS URCYSTON urinary trai

20 LEROS STOMARAN ing 100 ml
22 LEROS SPECIES NERVINAE for sleep 65 Mucoplant g

23 LEROS TORMENTAN diarrhea LEROS teablend  20x15g GOl Silvanbig
L
i ; fatt d
Wide range of matrices 2Ly zcles
I samPLE [ PROD
No. ) /U SIUPKASEL arops ardrops 100 ml + 50 ml

24 Apotheke Bio Apotheke 71 Plantain drops FYTONA herbal drops 150 g
25 HERBALMED Dr.Weiss 72 VETRANKA herbal drops T-STRING Pardubice, DIAVITA herbal drops 108 g

26 Milk thistle mixture Phyt t g PURUS-MEDA herbal drops 25 ml
27 Revital ginkgo b o e s ro e n S’ BIOMEDICA herbal drozs 100 ml
28 Redukta Gel . . . . SANDOZ, Lek Prarmaceuticals d.d. herbal drops 50 ml
29 Liver detoxi s I Iym a rl n’ a nt I ox I d a nts’ Krewel Meuselbach GmbH herbal drops 20 ml
30 Livinorm Dr. Willmar Schwabe herbal drops 20 ml
31 Silymar Plus LABORATOIRES BOIRON herbal drops 200 ml|
32 YUCCA SCHIDIGERA Teva Czech Industries herbal drops 100 ml
33 YUCCA SCHIDIGERA 98,5% PROPSAN ENGELHARD ARZNEIMITTEL herbal drops 100 ml
34 Farmax milk thistle SVUS Pharma 81 Original Schweden Bitter RIVIERA Handelsges m.b.H. herbal drops 200 ml
35 HERBALMED capsules Simply You Pharmaceuticals, SWISS  pills 2778 82 Dr. Theiss Mucoplant drops with plantain and honey Dr. Theiss Naturwaren GmbH herbal drops 100 ml
83 Bronchipret ivy and thyme BIONORICA SE herbal drops 50 ml
36 Milk thistle capsules Rébert Hrabéak - ZEUS capsules 60g 84 Hedelix Krewel Meuselbach GmbH herbal drops 100 ml
37 GS Echinacea forte 600 Green-Swan Pharmaceuticals CR, a.s pills 30g
38 ROWATINEX ROWA Pharmaceuticals Limited capsules 10 ml
39 ROWACHOL ROWA Pharmaceuticals Limited capsules 10ml r
40 MENOFEM BIONORICA SE pills 60 tablet
41 Colpermin Alliance Healthcare capsules 20 tobolek
42 Broncipret thyme and primerose BIONORICA SE pills 20 tablet

ICT 3
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established

Analytes on the list, HR MS/MS database

Thermo Trace Finder™ goftware

Reports
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£ Flags Compound Expected Compound Type =z Flags Status | Filename | Sample Type  Level  SampleID Sample Name Comments Area Expected RT = Actual RT = Calculated Amt = Theoretical Amt = Sample Amt = Response Ratio [ #
S W M I - aoov oM - W= s v a v M B oM v oMoy oy m v mov M L] v oy o -
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METHOD VALIDATION

= Two conceivable fragment ions were identified for 80.5% of target analytes
= All remaining analytes were confirmed by detection of at least 1 highly accurate

(< 5 ppm) fragment ion

v/

Example of chromatogram of azoxystrobin in contaminated sample
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e —————————————————————————————————————————————————
} PERFORMANCE CHARACTERISTICS

" Limits of quantification:

Method was validated for herbal supplement and also for
matrices wheat and leek.

200
180 - H leek
160 -
. 140 - wheat
9
5 120 - M tea
(]
S 100 -
S 80 -
o
S 60 -
40 -
20 _ l
0 I T |
2.5-10 25-100 250 - 1000 > 1000 not detected
LCL [ug/kg]
ICT 9
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e —————————————————————————————————————————————————
} PERFORMANCE CHARACTERISTICS

" Recovery:

Recoveries were in the range 70 — 120 for 99% of analytes.
The only exception — polar deoxynivalenol-3-glucoside (around 40%).

300
M leek
250 -
wheat
Q 200 -
s m tea
e
m 150 .
[T
(o)
o i
S 100
50 -
0 T T T
<70% 70-80 81-90 91-100 101-110 111-120 >120

Recovery [%]
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e —————————————————————————————————————————————————
} PERFORMANCE CHARACTERISTICS

" Linearity, repeatability:

» 0.1-500 ng/mL 89% analytes

» 0.1-250ng/mL 96% analytes

» 0.1-100 ng/mL 98% analytes

Matrix R? RSD at LOQ [%]
tea 0.9880-0.9998 2.28-14.19
leek 0.9910-0.9999 0.56-13.73

wheat 0.9879-0.9999 0.25-9.38
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Contamination of herbal tea samples

ug/kg 6228 pg/kg
1400

1200 -
1000 -
800 -
600 -
400 -

200 -

0 -
1 2 3 4 656 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

¢. vzorku

" Mycotoxins " pesticides M Pyrrolizidine alkaloids



-
l Mycotoxins

1.196 pg/kg
na/kg
1200 +
1000 | Alternariol-ME
900 -
800 - )
700 - Mykophenalic ac.
Alterngiriol
T T T T T \-\ 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 156 16 17 18 19 20 21 22 23

€. vzorku
M alternariol M alternariol-methylether m Mycophenolic acid
m Diacetoxyscirpenol B Ergotamine ® Enniatin B
® Enniatin B1 B Enniatin A1 B Enniatin A
B T-2 Toxin Beauwericin
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I Pesticides

MCPA 5800 pg/kg,
carbendazim 4 pg/kg,
piperonyl butoxid 416 ug/kg

Hg/kg
1200 -

1000 -
800 -
600 -

400

200 -

1 2 3 21 4 5 6
M bentazone

Metalaxyl
m Carbendazim
M Propiconazole
B Pirimiphos-methy!l
m Chlorpyrifos

ICT
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23 7 8 9
MCPA

B Azoxystrobin

O Imazamethabenz-methyl
Piperonyl butoxide

B Tetraconazole

10 11 12 13 14 15 16 17 18 19 20 22

O Metazachlor

B Fenpyroximate
B Propamocarb
B Propargite

m Quizalofop

24



} Mycotoxins in milk thistlel-based dietary

supplements

ug/ke 12 mykotoxinu Mykotoxin TDI
0 869 pg/kg 70 kg
1000 - T T-2 a HT-2 7 g
900 - ZEA 17,5 pg
800 A
700
e/ kg
BO0
=00 - 10000 -
9000 A
400 - 2000 - 42% TDI
300 - — HT-2 + T-2
200 - 5000 - toxin
100 A 5000 A
o771 T T T T T T T T T 1 4000 A
66 67 68 69 70 71 72 73 74 75 76 77 3000 1
2000 A
. vzorku 1000 - o
W Zearalenone B Tentoxin 0 e |E|"'|:|"'|"|"'|""|"" ;
B Mycophenolic acid M HT-2 toxin 56 &8 70 24 76 7B
B Enniatin B M Enniatin Al —
Beauvericin Alternariol-methylether B Alternariol E
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l Mycotoxins in milk thistle-based dietary
supplements fulfilling TDI (%)

He ) 3% ZEA /Alternariol-methylethex
70 - o M Alternariol
@ > | 212% HT2+T2 ot
15% DON ® Mycophenolic acid
60 - M Enniatin B1
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Case study:
TARGET ANALYSIS
of mycotoxins and pesticide residue
in tea and spices collected at the Asian market




__________________________________________________________
§ Survey set-up

= Altogether, 420 samples of different kinds of tea (n
= 120) and spices (n = 300) collected at Asian market

No Matrix n Matrix type
1 Green tea 40
2 Oolong tea 40 tea 425
3 Black tea 40 contaminants
4 Black pepper 30
5 White pepper 30 analyzed
6 Cardamom 30 .
7 Coriander seed 30 = 357 pEStICIdES
8 Cinnamon 30 spices
9 Cumin 30 = 57 mycotoxins
10 Chilli powder 30
11 Nutmeg 30 = 11 pyrrolizidine
12 Star anise 30 .
13 Turmeric powder 30 alka|OIdS
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B Co-occurrence of pesticide residues and
mycotoxins in analyzed samples

" Only 6 % of samples showed no contamination (mainly turmeric)

" Frequent occurrence of multiple contaminants in the majority of
samples

TEA SPICES
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i Results — summary (1)

= Number of detected analytes

50
B Mycotoxins
M Pesticides
40 -
n
(<))
e
=
c
S 30
©
()
-
Q
(V)
@
g 20
[T
(o]
(®)
2
10 I
0 I . I B =
Green tea| Oolong |Blacktea| Black White [Cardamon|Coriander|Cinnamon| Cumin Chilli Nutmeg |Star anise | Turmeric
tea pepper | pepper seed powder powder
1 2 3 4 5 6 7 8 9 10 11 12 13
ICT

PRAGUE



__________________________________________________________
} Results - summary (2)

= Percentage of samples not complying with EU legislation
(*number of samples in
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__________________________________________________________
} Green tea (n = 40)

" In summary, HIGH CONTAMINATION WITH PESTICIDE
RESIDUES was observed. High incidence of multi-
contaminated samples.

= Detected analytes:
= Pesticide residues 38

= Mycotoxins 2

= All samples (n = 40) were positive at least for 1 analyte.

= 19 samples (48 %) would not comply with EU legislation:

= Tebuconazole (14 samples), flubendiamid (11x), lufenuron (11
x), chlorantraniprole (9x), flonicamid (7x), acetamiprid (7x)...
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__________________________________________________________
] Green tea (n = 40)

= Number of detected analytes

18
B Mycotoxins

1 W Pesticides
of
o]
— 14 4 R
()
>
2
= 200010ttt
(%)
i
s o34t 10 0y Yy
©
C
o] 8 EE B B B D N B B D B D I B B D D D [
(V)
-
0
2 6 - BBy R EER - BE - EERREE BRE R
©
k]
M R S R R R R B B N N B B R T R
2

2 i BN BN N BN SRUNSRERRRRRSS DRSS B BN DI SERRREN B DRUUSDUSR BN DR JON B DEUREE  DRN SR R

0 -

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Green tea No

ICT
PRAGUE



l Green tea — the example of LC-HRMS analysis
of highly contaminated sample

RT: 0.00-16.00 SM: 5G R
100 26 Carbendazim (XIC) N 8,526
e m/z  192.0768 FoETVS 1 p £9IFul
60 ms [80.00-1200.00]
40 A m/z 1.1 ppm MS VV_1844
20,
. O?; 230 o NL: 8.57E6
807 Acetamlprld (XIC) r2nz/f°,_.o734-223.o756
] F: FTMS + p ESI Ful
605 M/Z 223.0745 m;[\ti(\)/.o5)51:2‘;00.ool]J
407 _
e Am/z -1.5ppm
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I Black tea (n = 40)

MODERATE/HIGH CONTAMINATION WITH PESTICIDE RESIDUES
was observed. High incidence of multi-contaminated samples.

= Detected analytes:

= Pesticide residues 26

= All samples (n = 40) were positive at least for 1 analyte.

= 8 samples (20 %) would not comply with EU legislation:

= Acetamiprid (7 samples), carbendazim (1x).
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l Black tea (n = 40)

* Number of detected analytes
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I Black pepper (n = 30)

* MODERATE/HIGHER CONTAMINATION WITH PESTICIDE RESIDUES
was observed. High incidence of multi-contaminated samples.

= Detected analytes:
= Pesticide residues 14

= Mycotoxins 2

= All samples (n = 30) were positive at least for 3 analytes.

= 11 samples (37 %) would not comply with EU legislation:

= |Imidacloprid (8 samples), carbendazim (4x), propamocarb (3x), metalaxyl
(3x), cymermethrin (3x), fipronyl (3x)...
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I Black pepper (n = 30)

* Number of detected analytes
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§ Black pepper (n = 30)

= Detected mycotoxins [pg/kg]

1200
M Zearalenone
B Beauvericin

1000

L

= 800

oo

=

o

E 600

=

xX

(@)

)

5 400

>

=

200 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Black pepper No

ICT
PRAGUE



I Chilli powder (n = 30)

= VERY HIGH CONTAMINATION WITH PESTICIDE RESIDUE!
and also MYCOTOXINS was observed. High incidence of
multi-contaminated samples.

= Detected analytes:
= Pesticide residues 37

= Mycotoxins 8

= All samples (n = 30) were positive at least for 6 analytes.

= 29 samples (97 %) would not comply with EU legislation:

= Triazophos (25 samples), imidacloprid (22x), acetamiprid (19x),
fipronyl (18x)...

= Aflatoxin B1 (5 samples), ochratoxin A (1x)
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L
} chilli powder (n = 30)

* Number of detected analytes
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I Chilli powder (n = 30)

= Detected mycotoxins [pg/kg]
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I Chilli poweder - the example of LC-MS/MS
analysis of highly contaminated sample

RT: 0.00-16.01 SM: 5G

1003 **  Carbendazim (XIC) N 107E7
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Thank you very much for your kind attention




www.euchinasafe.eu
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research and innovation programme under grant agreement No. 727864 and
from the Chinese Ministry of Science and Technology (MOST).

Disclaimer: The content of this presentation does not reflect the official opinion of the European
Commission and/or the Chinese government. Responsibility for the information and views expressed
therein lies entirely with the author(s).
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