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Opportunities, challenges, and some buts
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lon of chemical food contaminan

Stakeholders ask for:

comprehensive, many parameters including

Introduction ¥ *
* *

UPLC/MS *+«+" emerging contaminants and unknowns

REA

e « fit-for-purpose, confirmed, validated, [} l\\
mICS . . . h
DESIDART accredited; withstand in court cases HSI\'NG
\

Conclusion

e scientists: risk-benefit, combi-tox, etc

Innovation of the toolbox for detection of
- chemical contaminants is urgent
and fit-for-purpose analysis desired
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Emerging chemical food contaminants

8l EC/178/2002: proactive search for emerqing risks

1. Recognised, for example by EFSA
Introduction « Perfluorinated organic substances (FP7: PERFOQOD)

UPLC/MS

REA « Brominated flame retardants (FP7: CONffIDENCE)

Bio/MS

Omics * Nanopatrticles FP7: NanolmpactNet; NanoLyse, NanoValued

DESI/DART

conelusion 2. Not recognised yet: unknown contaminants
« Originating from illegal production (melamine, hormones, ...)
« Changing natural toxins

« Masked contaminants (esters, ethers, glycosides)
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Topic 1: instrumental multi-target screening

R

«——— 2 ml acetonitrile

A 4

[ Protein precipitation }

A 4

{ centrifugation }

+«——— dilute 2 ml supernatant 10x with water

A 4

N\

Generic SPE StrataX

P
<

+ — Elute with 3 ml of methanol, evaporate, redissolve

UPLC/TOFMS

101 vet.drugs in milk in 10 minutes
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UPLC/TOFMS of milk extracts

TIC milk
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Quantitative validation of 101 vet drugs

Accuracy

Introduction

UPLC/MS
REA % of

Bio/MS compounds

Omics
DESI/DART

Conclusion

80-120%

m 0.5*VL 84
VL 91
® 1.5*VL 92

% Recovery (n=21)
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New views on validation concepts needed !
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gl = LOQ: all compounds < 7 pg/L [#100 < MR(P)L]

* Linearity: 100 compounds >0.9 [#80 >0.99]
= Robustness, specificity: passed

= Application: 100 independent milk samples: no false
positives, nor false negatives.

= Challenges: sample prep and data handling/reporting

Now extended to >250 pesticides, mycotoxins,
vet.drugs in feed and honey

A.A.M. Stolker et al., Anal. Bioanal. Chem, 391 (2008) 2309-2322
H.G.J. Mol et al., Anal. Chem, 80 (2008) 9450-9459
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-based untargeted approaches

Bioassay screening
ER*L
R) —>

* recombinant yeast cells -

expressing the human steroid - EREs

receptor and yGFP-reporter INDUCED mRNAs

e for androgens, estrogens, INDUCED PROTEINS

. . |
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Food supplements: a ‘pure herbal product’ case

Concentration 17--E2 [nM]
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RIK0215677 MeOH extract (1.04 mg/ml)
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Scary food supplements ! (versus residue issues)

= Batch #1 of the capsules contained about 0.9 mg/g

Introduction
UPLC/MS

REA = Batch #2 of the capsules contained about 4.1 mg/g

Bio/MS

Omics

S = Batch #3, recently released tablets, contained no
estrogenic compounds (< 5 ng/g)

DES: cancer incidences in 1st and 2"d generation
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Topic 3: Micro and Nano biosensor approaches
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Future screening and confirmation according to the
current Commission Decision 2002/657/EC ?!

» Blorecognition screening assay on a chip, plus

» Isolation and purification of suspect on a chip, plus

» confirmation of identity using nanoLC/MS on a chip.

» faster, less reagent consumption, more sensitive
when sample availabllity Is limited
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Example: label-free binding assay on a chip: SPR

Optical
detection

Light- unit

L SOUrce )
Introduction Polarized od 4
UPLC/MS light oht .
REA Prism " Resonance
Biosensor/MS signal
Omics
- Sensor chip with -

v Intensity

aold film

Conclusion

| Sensorgram |

Flow channel

-Big molecules: direct assay using immobilised recognition elements

-Small molecules: inhibition assay format
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SPR biosensor screening for 13 fluoroquinolones

Introduction
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REA

Copound

Ciprofloxacin
Danofloxacin

Cross-

reactivity
82 %

50 %

0.6
1.0

cc beta MRL
Mg/kg

Mg/kg
100

200

Specifications
of TA met

Difloxacin 45 % 1.1 300
Enrofloxacin 118 % 0.4 100
Flumequine 0.7 % 68 400

Marbofloxacin 80 % 0.6 150
(bov./por.)

100 % 0.5 =

10 (fat)
100 (liver)

Biosensor/MS
Omics
DESI/DART

Conclusion
Norfloxacin

Sarafloxacin 30 % 1.7

Enoxacin 26 %
Lomefloxacin 43 %
Ofloxacin 65 %
Oxolinic acid 5%

116 %

1 DID ] DIDIJ 1 DDIDD .
iyl Pefloxacin
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Purification of suspect non-compliants plus confirmation
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2. Suspect onto recovery chip

Affinity purified specific IgG
fraction immobilized

3. to nanoLC/ESI chip

nanoLC Column

Nano trapping
column

Nano Pump
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Proof of concept: antibiotics in chicken muscle

Max. 1.6ed cps.

1.5e4 4
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3601719
3000 4

2500k
2000 -
1500
1000

Intensity, counts

500 -

3585 3590 3595 3600 3605 361.0 361.5
miz, amu

Detection of Chemical Food Contaminants
Laboratory of Organic Chemistry RIKILT
|| ‘ INSTITUTE OF FOOD SAFETY

WAGENINGEN UNIVERSITY
Uuli=lp WAGENINGE N [EEE

é WAGENINGENN:E




Proof of concept: antibiotics in chicken muscle

cuIatedMass mbDa Error ppm Error RDB

360.1725 -0.64488 -1.79048
C19 H24 02 F4 360.1712 0.65676 1.823463
—— C22 H22 N3 02 360.1712 0.697816 1.937453
UPLOMS C16 H24 N3 04 F2 360.1735 -1.58804 -4.40913
REA C21 H25 04 F 360.1737 -1.78781 -4.96377
Biosensor/MS C22 H23 O F3 360.1701 1.79969 4.996753

Omics
DESI/DART

Conclusion

SciFinder element
composition search:

1 structure option
Enrofloxacin

G.R. Marchesini et al., Anal. Chem., 80 (2008) 1159-1168
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Topic 4: ‘Omics’-based untargeted approaches

Experiment 1 Experiment 2 Experiment 3

intramuscular

=

Controls (6 months) Controls (13-14 months)

- Male Holstein Frisians, 9-14 months, 210-430 kg
- Exposed for 7 days, 1 gram DHEA per day
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Challenges:

-robustneSS @ Controls

-alignment @ vuean

MVA statistics it

. DIEA IM,
-validation of

‘biomarkers’

DHEA OS,

@ pura os, |
/2000
( J,fxo
= 3 I'/zouo z
 1.0e4"— /4000

-identification ® buza o,
-biovariability !
ANOVA p< 0.01: 1565 mass peak loadings; additional criteria: 180 robust candidates.

Validation for false negative/false positive: 7 comply with CC3 and are highly relevant!

J.C.W. Rijk et al., Anal. Chem., 81 (2009) submitted
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Emerqging technologies from forensics
= Crude ethyl acetate extract of 50 ug/kg spiked wheat

DART/TOFMS |presseonr
CRTATIRES (409.136997,

we  |njection 5
A J)

numbers Pyraclostrobin

Introduction | (" 28810637

i A\Azoxystrobin
UPLC/MS ] ) . (|404.12284. )

REA

Biosensor/MS

Omics

DESI/DART
}:: Picoxystrobin
L 25 - < 368.11192

Kresoxim methyl | ~328.17317
31414118 O

J. Schurek et al., Anal. Chem., 80 (2008) 9567-9575
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| MS and DART of funqicides in wheat

= C18 tip methanol percolate of Azoxystrobin incurred wheat

DESI/LITMS?3
- miz 404->372->

=
Introduction 75,5 N%\N
UPLC/MS o M
REA o) 10
1
,'; 55§ CN T

Biosensor/MS

Omics o identification
DESI/DART points '
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Conclusion
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1. Instrumental methods catch-up in terms of speed

 simplified generic sample extraction protocols are crucial
* intelligent data evaluation software needed

 hundreds of contaminants in 10 minutes

« initially expensive but very low cost per analyte

2. More bioactivity-related multiplex assays needed

 essential for recognizing the unexpected and unknowns
* potential for simplified on-site rapid analysis as well
* (bio)nanotechnology formats expected
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Conclusion
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3. Omics technologies in food control

 essential for recognizing biological effects and the presence of
the unexpected and unknowns

* inherently slow

* many data handling, statistics and validation challenges

* real-life includes biovariability!

4. Forensic technologies (DESI, DART) in food control

* very fast pre-screening
* (semi) quantitative under certain conditions
- validation of false-negative rate!
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