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- European regulation on its way...

Pesticides :
regulation 1107/2009/EC +
283/2013/EC & 284/2013/EC

. Maximal Residue Limits
(MRLs)

] ] Maximal Residue Limits
Veterinary residues: (MRLs) + non-authorized
regulation 2377/90/EC substances

Processing contam.:

. ? P Maxi L Is (MLsS) +
regulation 1881/2006/EC (3-McPD) €l o " evels (MLs)

« Guide » values

+ recommandations (acrylamide) %
Mycotoxins: Environmental contam.: regulation : Maximum Levels (MLs)
regulation 1881/2006/EC + 420/2011/EC (Pb, 4“%“
1881/2006/EC Cd, Hg, Sn, dioxins, DL-PCBs, BaP) + L L
Maximum 835/2011/EC (PAHSs)
Levels (MLs)
Food contact materials: .. Specific Migration
regulation 1935/2004/EC &% Limits (SMLs)
+10/2001/EC & 2016-1416/EC (plastics) (plastics)
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All operators are responsible for food safety

Analytical
approach

Integrative approach:

« From fark to fork »
« From stable to table »

Processing
Storage Stora_ge,
Packaging coolf{mg
Raw Processed l Packaged Distributed Consumed
material material food food food

Distribution

Primary
production Cattle feed
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e Sampling and analysis: key issues!

Future Performance
challenges and limits

lL;‘“j“‘:fW _ =¥ o Monitoring plans
i | o Control plans

Distrbution

v Official routine labs
v National Reference Labs
EU Reference Labs

primary.
producton || Cattl feed

~ efsam

European Food Safety Authority

v EU production  * ~ 3

v Importations i

Validated

v Exportations methods

EU recommendations
for sampling / several
contaminants

Analytical
results

o 7
Hazard category Undecided Serious. Not serious. |
Food contact materials’
Adulteratior/fraud L 3
analytcal Cormposttion 3 T
Forelgn bodies T
Heavy metals 30 13 %
. Industrial ¢ 4 5 T
Labelling orrect 1
=) Mireton z 7 5
challenges and limis Not detenmined/other 1 T
Organoleptic aspects 3
Packeging defective/incorrect 1
Food
Adulteration/freud 10 a 72
. Allergens 11 125 1
Ex.: 2015 RASFF h -
L. ) Biotoxins [other) 1 3 1
n 0 t I fl C at I 0 n S Chemical o (other) 4 2 2
Composttion 29 S6 20
Food additives and flavourings 15 28 a7
Forelgn bodies 3 48 52
Groinovel food 35 4 8
- — :;ﬂnmzls Heavy imetals 7 130 2
_~ e Phcotoxins Industrial contaminants 3 3 3
,, . Labelling omrect 4 9 12
Residues |:> Mycotoxins 3 72 1
"“’"\“i"y Notr pathoger Ic microorganismms 4 2 a1
treatments
_ == Not detenminedjother 2 7
Pestictie POP (diowiis, POBE:..} Organoleptic aspects 7 28
Veterinary residues Heay metals Packaging defective/ncorrect 4 3 9
AN 7
o -
materials in contact processing Pathogenic microorganisms &7 536 34
) |:> Pesticide reskiues 188 133 77
Bizphenol A [Esaide furans. Poor or Insufficent controls 10 3 74
Radiation 26
Residues of veterlnary medicinal products 12 28 16
Feed
2 2
Composttion 8 1
Forelgn bodies T 2
Heavy metals 1 2 8
Industrial 1 H 7
RASFF: Rapid Alert System for Food and Feed Mycotoxing 1 16 2
Nori-pathogeriic microorgar isms 5 13
Z Pathogenic micr 1 7 90
wrapeat A Pesticide residues 2 5

Residues of veterlnary medicinel products 1 3




Food (and feed) matrices are highly complex...

Heterogeneity?

Food structure Vaiabiliy?

Macromolecular e ——

compounds: Lipid content?
- proteins Pigments? Others?
- polyosides
Fat matter /
Minerals

Free or bound
contaminants?

Water

Furopean
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...and contaminants present at low levels!

100%

S .. 0.1%
g 10 -
g o
Z’ - § ppm : part per million
» 10° s (mg/L or mg/kg)
o =
IS o)
S o 2 ppb: part per billion
3 0 3 (Hg/L or pgikg)
: :
b ) -
k=l ppt: part per trillion
-12 )
g 10 (ng/L or ng/kg)
. —
g 15
g 10
1% 1% (2] n n — =
2,2 EE||sTe
S c 3 o 3 [C=] 282
g3 =£3 |gs =38llE2<
S2 52 |2 © EC©
£ £ e s5tE|l5s¢E
3 3 3 Do
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From sampling to analytical results...

Future Performance
challenges and limits

% @ THE ANALYTICAL PROCESS
o
"3 Sample &
= 3 Sample Data
) et — SR = e e
i — il Reliable results:
v Validated method
v’ Lab proficiency
et w aorarisTech .
The analytical process
SOLID foods

Homogeneization USE, MAE
Freez-drying PLE, MSPD

Target
Sample . Data
Extraction Clean-up compounds
pre-treatment q treatment
analysis

Filtration LLE, SPE LLE, SPE GC-MS(/MS) Identification
Centrifugation SPME, SBSE GPC LC-MS(/MS) Quantification
Protein precipitation

LIQUID foods

Furapean
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New techniques have merged over years

Future Performance
challenges and limits

Birth of food Food chemical

4 2 SFC(1980) Very fast acquisition
v = 55

chemistry Composition Improved capability
- ELISA(1985) i AR
Classicalfood I High sensitivit
analysis By pti-meter (1930) Spectroscopic methods T g y
Kjeldhal (1900) UV (Beckman1941)
Carr-Price (1947) 'R (Perkin Elmer 1950) ; S
t Dumas(1940)  MMR(1940)
1CP {1963) ICP-MS (1990)
® () ® ®
First half Second half Omics
XIX century XX century XX century XXl century  technologies
TLC (1938), 8
Paper (1944) f"i o
Chromatographicand b HPLC1970 T_ =
separation methods . 6C(1930) LI - -
methods (Tswett 1906) I e e~ | ==  Hectrophoresis FOODOMICS
@ | = | SDS(1967)
) e | b T L 2pEae7s) LC-MS
Packed columns (1950) CE {1989) =

Capillary columns (1970) Multidimensional

analysis (1990-today) UPLC
Mass spectrometry i : by —- .
— =1
Aston, Dempster (1917) g ! HRMS
High field MS GCMS Softmethods: FAB, High resolutiom MS
(1963) (1970)  ESI,MALDI (1980-90) (2008-2015)
Fig. 3. The evolution of the application of analytical chemistry methods to food analysis.

Gallo and Ferranti. J. Chromatogr. A 1428 (2016) 3

Furopean
FooB-STA

V. Camel — Webinar, 15 December 13 A"gI‘O Pari

-
r—

eniaL

lllustration of the analytical approach
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Future Performance -4
challenges  and imits :
e

'‘m

Homogenized samples Extraction with organic and salt solutions
GC-MS or LC-MS determination
Gallo and Ferranti. J. Chromatogr. A 1428 (2016) 3
Furapean
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Introduction

In practice: target oriented methods

Performance

Future
challenges and limits

A priori known
contaminants

Known

standard
available?

Target Screening

MS/MS analysis with
reference standard

Confirmation with
MS/MS spectrum and
retention time

Identification and
Quantification

Betsou et al. Trends Anal. Chem. 66 (2015) 32
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Food categories are also targeted

Introduction
Vegetable and fruits, cereals and food of animal origin
cnallenges angiimie .
C“g":;:‘:"’ A e R e B sreaT T Tow e
T. High water | Pome frut Appies, pears
content Stone fruit Apricots, cheries, peaches,
Other fruit Bananas
Aliums Grions, lesks
Fruifing vegetables/cucurbits Tomatoes, peppers, cucumbers, melons
Brassica = Brussels-sprovts,
broceol
Leofy vegetables and fresh herbs | Lethuce, spinach, basi
Stem and stalk vegetables Celery, asparagus
Forage/fodder crops Fresh alfalfa, fodder vetch, fresh sugar beets
Fresh legume vegetables Fresh peas with pods, peas, mange fout,
oroad beans, runner beans, French beans
Leaves of root and fuber Sugar beet and fodder best fops
vegetables
Fresh Fungi Champignens, chanterelles
Root and tuber vegetables or Sugar beet and fodder beet roofs, carmofs,
] feed ootatoss, swest potatoss
Commodily |y e o) commodity categories e T e T Hghood | Citrus frut L=rnors, manaarins, langennes, oranges
EEEz cortent ond | Small fruit and bemies Strawberies, bluebermies, raspbemies, black
& Dificuiar FHops high water curants, red cumants, white curants, gropes
unigue Cocoa beans and products thereof, coffee, content’® Fruit pomace Citrus fruits
gommodties” fea 3. High sugar | Honey, dried fruit Heney. raisins, dred apricots, dried plums,
Spices and low fruit jams
7 Meat Red muscle Beef, pork, lamb, gome, horse water
(muscle] and | White muscle Chicken, duck, furkey content!!
Seafood Offal Liver, kidney 4aHohol | Tree nufs Walnuts, hazelnuts, chesinuts
Fisn Cod. haddock. salmon, trout contentand | Oi seeds Qilseed rape, sunflower, cotton-seed
very low soybeans, peanuts, sesame stc
B Mikand | Mik Cow, goat and buffalo mik water content | Pastes of tree nuts and oilseeds | Peanut butter, tohina, hazelnut peste
mikproducts | Cheese Cow and goat cheese 4o Hohol | Oiy fuifs and products Olives, avocados and pastes thereof
Dairy products Yogurt, cream content and
9. Eggs Eggs Chicken, duck. guail and goose eggs inte diat
10. Fat from Fu.ﬁ Fmr‘nameul Kidney fat, lard water content
;Qn“’:‘jmigin Mk fot Bufter 5.High starch | Dry legume vegetables/pulses Field bears, dried broad beans, died
andfor haricot beans [yellow, white/navy, brown
o protein speckled), lenfils
European Commission (2016) contentand | Cereal grain and products thereof | Wheat, rye, barley and oat grains: maize,
low water fice wholemeal bread, white bread
and fat crackers, breakfast cereals, pasta
Eurapean content Cereal grain products thereof,

Foall-STA
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o Validation of target-oriented methods

Introduction

Performance
and limits

f?

Expected tg

Future
challenges

1- Confirmation

Target contaminant(s) Matrix
in real samples effects?

Furopean
FooB-STA
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- Target analysis: 1- Compound confirmation

Introduction

Future Performance
challenges and limits

Peak detection Identification

and quantification

Acquisition modes l ;

*Selected *SRM transition «lon ratios and
lons-selected time reaction chromatograms RT from
windows adjusted 1o monitoring and/or standards
target compounds (SRM) and/or +Extracted ion +MS/MS spectra
retention times «MS/MS with chromatograms and RT from

data dependent +Searching library and/or
acquisition compound standards

+High resolution databases =Accurate mass,

mass *Screening isotope pattern
spectrometry *Quantification if and RT from
standards database and/or
analyzed standards
| S

v'Check tg stability
v/ Selectivity and

sensitivity

Hird et al. Trends Anal. Chem. 59 (2014) 59

Furapean
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Ex: compound confirmation

pproach

Future Performance
challenges and limits
- 4
%4 I‘ﬂ ~ 17295508
o] I
& 0 = 5 | ?30 1
fo 2.6-dichlorobenzamide ‘ fe MS/MS m/z 189.98
§w Honey 63 ‘I ‘ gw Honey 63
3 0 E3
gan |‘ 1.1 o 189.08248
‘ ‘f. I'E £3.20930 8498425 108.98422 128.00262 [4097552‘ DN:‘H“
. . [ A\ i 17285603
v/ Retention time N
w0
v/ Exact mass (HR) ° MS/MS mv/z 189.98
v Fragments - Standard
v’ Isotopic pattern ) ) 2] 18008285
2,6-dichlorobenzamide o L3200z magmzn 10898432 128 cooes 1a97esz
Standard 80 80 100 120 140 160 180 200
e
20
w
% o ™ B W 1 T T W W

Figure 2. Identification of 2,6-dichlorobenzamide in honey ([M + H]* = 189.9821, m/z + 8 ppm).

Cotton et al. J. Agric. Food Chem. 62 (2014) 11335

Furopesn
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woion Ex: MS vs HRMS for target confirmation

e07  UPLC-MS/MS

crafionges  [RELHLSS A s004 MRM mode 299 ->
7.0e4-
299>129
6.0e4 -
. Expected tg
& 504
2
@ 4.0ed- l
2
§ )
£ 30e4
6.30
299>147
2.0e4- Ll
1.0e4
0.0 u -
58 6.0 6.2 6.{ 6.6 6.8
Fig. 4. Confirmation of quinalphos in black pepper at 48pgkg-' provided by Time, min
UHPLC-ESI(+)-TOFMS. (A) UHPLC-ESI(+)-MS/MS analysis of quinalphos with an FI07-12 Pest 19 b el Sl
interference at transition mfz 299 > 129(transition m/z 299 > 147 not influenced) and B 1001 "‘ e
(B) confirmation of the presence of quinalphos by means of UHPLC-ESI(+)-TOFMS m/2299.061
exact mass m/z 299.061, mass window 0.01 Da). ' |
¢ / ! £0005) ~ | UPLC-HRMS
Exact mass

Increased
selectivity with
HRMS

Lacinaet al. J. Chromatogr. A 1262 (2012) 8 T T

Foropeay £
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oo | g Validation of target-oriented methods

Performance

Future
challenges and limits

Expected tg

|

i

1- Confirmation

Target contaminant(s) LOQ (compliance with MRLSs)
in real samples Matrix Trueness
effects? Precision
roon 2
T — Target analysis: 2- Quantification

Future Performance
challenges and limits

LOQ: level for SIN= 10

Performance criteria

v LOQ

v' Recovery

v

v Truene_zss ° Reference
Precision velua 5%

Mean value Z

Single result z;

V. Camel — Webinar, 15 December 2016 22
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o Ex: LOQs of labs for acrylamide analysis

Introduction

Eromo o French fries fromfresh potatoes | ———F T }
challenges and limits 0 i 0 1
Potato crisp from fresh potatoes |+
Potats erisp frompotato dough —_— )
Tnspecified potato crisps —
Fries baked in the oven (for home cooking) O [
Deep fried fried (for home cooking) S L )
TUnspecified potato products (for home cooking) - —
Softbread —rrr /1
e [
Crackers — I ——
Crisphread | — O 0} —————————————
Gingerbread — 3 —
Other biscuits, erackers, erisp bread and similar — e
T
Instans Goluble) coffee | T —
Coffee substirutes [} ]
Baby foods, other than processed cereal based foods —t
Biscuits and rusks forinf, & yg. childr, | +———f I ]
Other processed cereal-based foods for inf. & yng. childr, —_—
Muesliand porridge | —————
Pastries and cakes | —— 1 ]
Savoury smacks —— Ty
Notspecified oher products | T
0 0 40 60 80 100
Limit of quantification pg'kg
v' Food type
v" Lab method
EFSA Journal 10 (2012) 2938
furopean
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s 2- Quantification — Matrix effects

Introduction

Future Performance
challenges

Different matrix effects on pirimicarb . Signal
3005405 W orange matrix: + 14,8 %
=0,
LC-MS
2,50E405 y=AB4dBx + 1516) ) nt
R=0,9993
y =457,35x + 2026,1| pear matrix:- 1,5%

_ 2.D0E+D5 R'=0,2883
w
g p— tomato matrix:= 19 %
=
£

1.00E+05

5 00E+04 Effects of ion suppression

or signal enhancement
0.00E+00

Concentration (na/g)

Fernandez-Alba et al. Trends Anal. Chem. 27 (2008) 973

Furapean
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- Strategies to limit matrix effects

Introduction

Performance

Future
challenges and limits

W Concentration level: 100 pg kg-'
Solvent / . EIC: m/z 253.0092

u Pepper
Demeton-S-Methyl

Ext. matrix

d . o ‘ match calibration
1\ XU \

Dilute //~ MS/MS or
extract HRMS analysis

Improve

Stable-isotope .

clean-u i
P Improve labelled int. std L
separation

P Ex: HRMS analysis of target pesticides

Performance

Future
challenges and limits

WTIC OF S TOF MS . 1iom B matics eranges Ml
1.3e8 (E’ _ _ - ne
b LC-TOF-MS Expected tg 2
10 = Full scan
S goer
EEM?
2 ne 33
S a0e7 P w3
2067, I\ PR Y we %02
h 2 4 & 8 10 12 L? 18 18 20 22 24 25 28 30
LOD : 0'04 - Wi of +TOF WS 267010 2371 amu from B8 math i it : - =T o,
150 ug/kg - = 207.0558
70e8] (D) .
6060 Extracted ion
N 299,052
g 500 (exact mass)
%’40@3
é 3066
" 2006
10 |
2 4 & 8 10 12 14 15 18 20 22 24 25 28 30
Time, min

Fig. 6] (a) Total ion chromatogram correspending to the LC/TOF-MS analysis of an orange sample where imazalil was detected. (b) Extracted ion chromatogram o
imazalil at m/z 297 (inset: accurate mass spectrum).

Ferrer et al. J. Chromatogr. A 1175 (2007) 24
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e wwe - EX:matrix match calibration in LC-HRMS analysis

Performance

HO._.0./ [C3HaCINO,J*

chalionges  [RAHHS 0 OH O samom
1CxHCING,| 3
100172 e

HO%0 on o Hi
QINJ\@ Fragmentation < "Gl emacment1
A i NCE 35 + 20%
c HO._.O . €, HCIND, I
Changes in SRR @\IN o ono e
relative intensity i
of fragments | O eracwentz

=

FRAGHMIENT 1
Signalintensity
sz
Bmie= 0 aan g

FRAGMENT2
sigral inteasity

w0204 ppn

Fig. 5. The influence of matrix co-extracts on target analytes fragment ion intensities demonstrated on the example of ochratoxin A parent fon (mjz 404.08954) and its

fragments ions (miz 239.0105 and 257.04494) in a spectral library of fragment ions (pure standard) and matrix-matched calibration standard of tea spiked at level
1000 pg kg~ (corresponds to 100ng mL~").

Dzuman et al. Anal. Chim. Acta 863 (2015) 29
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oo | g Validation of target-oriented methods

f?

Expected tg 3- Appllcablllty

Performance

Future
challenges and limits

Concentration range
Type of food(s)

it

1- Confirmation

Target contaminant(s)

LOQ (compliance with MRLS)
in real samples

Trueness
Precision

Matrix
effects?

Furapeay ,
fool-STA %
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Recent and future challenges

approach

Performance
and limits

Simultaneous analysis of target
multi-class contaminants?

Analysis of non target
contaminants?

Identification of
new contaminants?

Furopean
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ensin || i Multi-residue / multi-class target analysis...
P / i —_ N
P LOQs < 10 pg/kg | . \
{% i - = L=l D L
- e
e 8~ .| 5 i
. e
{QuEChERS-based mothod) HPLC-HRMS/ MS. EVALUATION
hertednen —
- ‘ o oy ﬂl‘&'
; i
= —:_j 323 pesticides
. . < - L' 55 mycotoxins
Non selective extraction - % 1lplant toxins
No. c_Iean—up ) Plant growth regulators ? Most LOQs in range 1-10 pg/kg N
Efficient separation

MS/MS, HRMS bvas
Pesticides ? . @ {fﬁ ’ MecOH
e £ :

Antibiotics ? ‘ ]

L @ Safe ?

Myecotoxins ?

\ 28 compounds
AN

~

Dzuman et al. Anal. Chim. Acta 863 (2015) 29 — Danezis et al. . Anal. Chim. Acta 942 (2016) 121
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...towards non-target approaches?!

Analytical
Introduction e

Data dependent
acquisition

Performance
and limits

VETERINARY DRUG AND
PESTICIDE RESIOUES

OTHER MATRIX
COMPONENTS

Data independent
Masiaet al. Anal. Chim. Acta 936 (2016) 40 acquisition

furopean ¢
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Identification of « non target » compounds

Analytical
Introduction s

Performance Unknown

ang lmits
predictable?
| Yes N

Suspect Screening

Retrospective

screening

Non-target
Screening

Full MS scan + e “-’-'Sfcf%ms

ata dependen . ;

B ?epegfge.:‘msms — ~ _~—— Comparison with blanks and controls
of predicte: EFHS Peak picking

=1 ~ Removal of noise and irrelevant peaks

Database

Exact mass extraction Molecular formula fit

Structure confirmation Structure generation

with MS/MS databases & ranking with MS/MS
& fragmentation databases & fragmen-
prediction tools tation prediction tools

Supplementary data analysis
(e.g., retention time + ionization plausibility)

Tentative identification
Bletsou et al. Trends Anal. Chem. 66 (2015) 32

Eurapean
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Conclusion

Future?

Furgpean /- 2
FooB-$TA 70
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Evard et al. Anal. Chim. Acta 942 (2016) 40

Thanks for your attention !

Contact: valerie.camel@agroparistech.fr
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