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1. INTRODUCTION

1.1 Different categories of hazards: natures and origins
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Chemical hazards

- Contaminants?

Residues?
- substances that can occur in - substances that can non-intentionally enter
foodstuffs as a side effect of using food during its production or marketing.
veterinary medicines or These can include environmental pollutants.

phyvtosanitary products.
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1. INTRODUCTION

1.1 Substances entering in the food chain
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2. REGULATION Article 3 Regulation (CE) n° 178/2002
2.1 Risk analysis, a short introduction POLITIC

(GENERAL DIRECTORATES)

ASSESSMENT

Hazard Identification

"9
MANAGEMENT 1.3"

Risk assessment

Scientific advices,

Hazard characterization Opinions, Assessment of _
recommandations management options

Exposure assessment Request .
Application of

Risk characterization management options

Monitoring and

review
SCIENCE

(INDEPENDENCE, COMPETENCY,
TRANSPARENCY...)

COMMUNICATION

RISK MANAGER + RISK ASSESSOR

STAKEHOLDERS

(PRODUCERS, TRANSFORMATORS, DISTRIBUTORS,
CONSUMERS, ACADEMIA, MEDIAS..)



2. REGULATION

2.1 Risk analysis, a short introduction

ASSESSMENT

MANAGEMENT

Organiaathon
mondiale de s
anid

Orgaatantion des Nasans Unies
pour Vslimeniniion of 'sgicabtu e

JECFA

Joint Meeting on Pesticide Residues

Joint FAO/WHO Meeting on
Pesticide Residues

Comité mixte
FAD/OMS
d'experts des
additifs alimentaires

Joint Expert Committee on Food Additives

CODEX |
ALIMENTARIUS

CCFAC

CODEX COMMITTEES CCPR

CCRVDF

EU

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH European Food Safety Authority

e/
DG SANTE

COUNTRIES

ATSDR

AGENCY FOR TOX)C SUBSTANCES
AND DISEASE REGISTRY

anses . }
=+ BfR

Risiken erkennen — Gesundheit schutzen




2. REGULATION

2.2 General Scheme

FOOD & FEED SAFETY Reg 2002/178/EC
Food Law

OFFICIAL CONTROLS ON
PRODUCTS OF ANIMAL

ORIGIN INTENDED FOR
HUMAN CONSUMPTION

(Reg 2004/854/EC)
(Reg 2004/882/EC)

Official controls

!

|

Les textes communautaires

fondateurs du « paquet hygiéne »

(CE) n" 182 /2008
i b

I"hygione

des sliments
pour animaux

O
(CF) n* 052,200 |

rewnin &
'hygitne

\l/ CHEMICAL FOOD SAFETY

Contaminants Food contact Residues of Contamination via Pesticides
materials vaterinzry substances having
medicine hormonal effects
| |
v 3

Monitoring substances having a
hormonal action and other
substances in animals and animal
products

Residues of veterinary medicinal
products in foodstuffs of animal origin

Dir 1996/23 § Dec 2002/657

Reg 470/2009

Reg 37/2010

Framework residue

L Analyticals
monitoring

Establishing
MRL principles

Listing MRLs values

Prohibition on administering
hormones and other substances to
farm animals

Dir 2008/97
Hormonal substances Ban E,



2. REGULATION

2.3 Directive 96/23/EC: scope of monitoring plan

Targeted samples

« Samples must be targeted

« with the aim of detecting illegal
treatment or controlling
compliance with MRLs

Testing at farms and
slaughterhouses

Suspect samples

Consequence of non-
compliant results

presence of prohibited
substances

Evidences of illegal
treatment or non-
compliance withdrawal
period




2. REGULATION

2.4 Laboratories Network

EURL

European level

NATIONAL

REFERENCE

Member-states

LABORATORIES

Regional level




2. REGULATION

2.4 Laboratories Network

- GEEL FREIBURG
(addifiyes, heayy metals, (dioxins, PCB + pesticides in

COPENHAGEN |

(pesticides cereals, feed)

g BERLIN
" (BfR)
WAC?RI,EI EIILEI)G EN STUTTGART
T (single-rlggg%tétla JQs%thOd for
FOUGERES SPRA (migrants)
ROMA
VIGO | l
(marine biotoxins) ,’ -
ALMERIA NANTES

(pesticides, fruitSyvegetables) 10
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3. COMPOUNDS AND MATRICES

3.1 Monitored substances

* Forbidden substances (Group A)

« Hormones, Beta agonists, etc.
» Forbidden veterinary products

Dir. 96/22 or

37/2010: Table 2 - no MRL

* Veterinary medicines (Groups B1, B2) with LMR

* Antibiotics,
* Anthelminthics, etc.

([

470/2009 +

37/2010: Table 1 > MRL

77\
]

* Contaminants (Group B3)

« Pesticides, dioxins,
« Heavy metals...

Reg. Contaminants
Reg. Pesticides

fi
4

12




3. COMPOUNDS AND MATRICES DIRECTIVE 96/23/EC

3.2 Species and Food matrices

Horses (food)
ovines Sheep/goats :
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Farmed game " _
Wild game - Eggs
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3. COMPOUNDS AND MATRICES

-
3.3 Sampling
Table 2 SUBSTANCES OR GROUP OF SUBSTANCES TO BE MONITORED FOR THE RELEVANT COMMODITY
Animal species or food covered by the plan powine ;:;21 swine equine poulry Aquacuiiure milk =005 raobit wild garne f; ::rid honey
Substances and group of substances to be monitored
A1 | Stilbenes B E E E E E E E
Az Thyrostats E E E E E E
Al Synt['uetic s:lernii.i_s [lwi'lh prostagen, gestagenic, E E E E E E E E
or estrogenic actvity]
Ad Resorcylic acid lactones E E E E E; E E
AS Beta agonists E E E E E; E E
E;ﬁ:tli;:: szé.r}?flr;gfsEIE Annex IV to Council = = = E E = = = E = =
A Chloramphenico E E E E E E E E E E
Mitrofurans E E E E E E
Nitroimidazoles E E E E HD HD
Antibacterial substances E E E E E E E E E E E
Sireptomycin E
B1 Sulphonamides E
Tetracyclines E
Tylosin E
B2a | Anthelmintics HD™ HD HD HD HD HD HD HD HD
Bzb | Anticoccidials HD HD HD HD HD HD HD HD
Bic Carbamates and pyrethroids HD HD HO HD HD HD HD HD
p2d | Sedatives HD HD HD HD
Mon steroidal anti-inflammatory drugs HD HD HD HD HD HD HD HD
Bze Phenilbutazone HD HD HD HD HD HD HD
Bla | Organochlorine compounds including PcBs HD HD HO HD HD HD HD HO HD HD HD
Bik | Organophosphorus compounds HD HD HO HD HD HD
Bic | Chemical elements HD HD HD =D HD HD HD =D E HD HD
Bid | Mysotoxing HD HD HD HD HD HD HD
Ble Dyes (malachite green, leucomalachite green) E

:_' Groups oefinad InAnnex | of Direclive 3623/EC
e the mon roring of these subsiancas or group of sLbslances ks mandatory, I HD, piher groups of subslances that should b= monkorsd.

14



3. COMPOUNDS AND MATRICES
3.4 Compounds

LEGISLATION

COUNCIL DIRECTIVE 96/23/EC ON MEASURES TO MONITOR CERTAIN
SUBSTANCES AND RESIDUES THEREOF IN LIVE ANIMALS AND ANIMAL
PRODUCTS OF 29 APRIL 1996

ANNEX |

GROUP A — Substances having anabolic effect and unauthorized substances

{1
(2)
(3)
(4)
(5)
(6)

Stilbenes, stilbene derivarives, and their salts and esters

Antithyroid agents

Steroids
Resorcylic acid lactones including zeranol

Beta-agonists

Compounds included in Annex IV to Council Regulation (EEC) No 2377/90 of 26 June 1990
Commission Regulation (EU) No 37/2010

15



3. COMPOUNDS AND MATRICES

3.4 Compounds STILBENS (Al)
« 1stsynthesis and use, USA, 1938 Were You Born Befween
. 19381971
« Synthetic estrogens P ———
* ... but non steroid-like structure If So, You Could
Be Exposed To
Recommended for routine prophylaxis in all pregnancies DES

... No side effects with DES... at high or low dosage

e guvic ae afir side oo wih dosmin
e Nigh ar law daraget

-2 Extensively used in human (1938 to 1971)

« - 1In 1971, proved to be teratogen, carcinogenic (adenocarcinoma of the vagina),
and to cause infertility

« -2 Used as feed additive or as implant in the
e ear to promote growth (>1947 in poultry)
« -2 1980: DES banned in cattle feed (USA).

16
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3. COMPOUNDS AND MATRICES

3.4 Compounds STILBENS (Al)

DIENESTROL

0.86 nm

17B-ESTRADION

OH

-~ DIETHYLSTILBESTRGI



3. COMPOUNDS / MATRICES TO MONITOR

THYROSTATS (A2)
« Action

Inhibition of the thyroid gland
e Performancein animal

Increased filling of gastro-intestinal tract
Higher water retention (sell “water” for the price of meat)

Global increase of the body weight of living animals
 Toxicological aspects

’lgu International Agency for Research on Cancer

¥
Carcinogenic and tel’atogenic \\,\Q%?vae tre International de Recherche sur le Cancer

THIOURACILE SH TAPAZOLE
Methylthiouracile Carbimazole
Ethylthiouracile Mercaptoben2|m|dazole N

Dimethylthiouracile N
Propylthiouracile Q CH
Benzylthiouracile

Phenylthiouracile N OH

18



3. COMPOUNDS / MATRICES TO MONITOR
STEROIDS (A3)

*“*+ Directorate - General f—
* for Health and Consumers

Federation Equestre Internationale

WORLD

Pl ANTI-DOPING

19



3. COMPOUNDS / MATRICES TO MONITOR
STEROIDS (A3)

e Stimulate growth
— gain in protein deposition
— improved food conversion rate

® Chemical structure
— 3 hexane rings (A, B, C)
— 1 pentane ring (D) with linear alkane chain or different substituent's

Perhydrocyclopentanophenanthrene
nucleus

o rs SSTIDIE, S5 TRASA

it

ol PRCPISNA
s~ U1
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3. COMPOUNDS / MATRICES TO MONITOR

STEROIDS (A3)

arque Composition Utilisation

1d 10 mg d’eestradiol + 100 mg de progestérone veaux
- __ponent C 10 mg d’cestradiol + 100 mg de progestérone veaux
Component H 20 mg d’cestradiol + 200 mg de testostérone génisses
Component S 20 mg d’cestradiol + 200 mg de progestérone bouwvillons
Component TH | 200 mg d’acétate de trenbolone génisses
Compudose 25,7 mg d’eestradiol bouwvillons et génisses
Encore 43.9 mg d’cestradiol bouvillons et génisses

Finaplix-H
Finaplix-S
Forplix
Heifer-oid
Implix
Implus-C
Implus-H
Implus-S
MGA
Ralgro
Revalor
Revalor-G
Steer-oid
Synovex C
Synovex H
Synovex S
Torelor
Torevex-S

200 mg de testostérone

140 mg de testostérone

36 mg de zéranol + 140 mg d’acétate de trenbolone
20 mg d’cestradiol + 200 mg de testostérone

20 mg d’cestradiol + 200 mg de testostérone

10 mg d’eestradiol + 100 mg de progestérone

20 mg d’cestradiol + 200 mg de testostérone

20 mg d’eestradiol + 200 mg de progestérone
acétate de mélengestrol

36 mg de zéranol

20 mg d’cestradiol + 140 mg d’acétate de trenbolone
& mg d’eestradiol + 40 mg d’acétate de trenbolone
20 mg d’cestradiol + 200 mg de progestérone

10 mg d’eestradiol + 100 mg de progestérone

20 mg d’cestradiol + 200 mg de testostérone

20 mg d’cestradiol + 200 mg de progestérone

40 mg d’cestradiol + 200 mg d’acétate de trenbolone
20 mg d’cestradiol + 200 de progestérone

génisses
bouwvillons

génisses

veaux
génisses
bouwvillons
génisses

bouvillons et génisses
bouvillons

veaux
génisses
bouwvillo

A




3. COMPOUNDS / MATRICES TO MONITOR
STEROIDS (A3)

- Natural

e Testosterone
—  Synthetic

e Nandrolone, methyltestosterone, 173-boldenone,
methylboldenone, trenbolone, stanozolol,...

- Matrix and method

e Urine, muscle, liver, hair, feed
e GC-MS/MS and LC-MS/MS

- Natural

e Estradiol
—  Synthetic

e derivatives of estradiol: EE,, VE, and mestranol

- Matrix and method
e Urine, muscle, liver, hair, feed
e GC-MS/MS and LC-MS/MS

~
o

Vetarinary use only 1kg x5
- Natural
e Progesterone MELEN-PRO
—  Synthetic
e Mainly acetates forms: MPA, MLGA, CMA, DMA, MGA
- Matrix and method

e Feces, fat, feed
e LC-MS/MS s

22



3. COMPOUNDS / MATRICES TO MONITOR
B-AGONISTS (A5)

ILLEGAL USE OF CLENBUTEROL IN FOOD ANIMALS

As we mentioned in the iast issue
of the FDA Veternarian, FON s in-
vestigating the illegal use of the drug,
clenbuterol, in ammals used for food,
particularly animals being prepared for
livestock show campetition, The pur-
pose of this article is ta illustrate the
potential consequences of illegal drug
use in food animals by describing an
outbreak of clenbuterol-related drug
residue poisoning, and to explzin the
scientific basis for the Center far
Veterinary Medicine's [CVM) particular
concern for illegal use of clenbutercl in
faod producing animais. The following
description of an outbreak of clen-
buterol residus toxicity demonstrates
the potentizl public health conse
quences of illegal use of drugs in
animals used for foed.

Numerous cases of iliness, which ap-
peared to be due to faod poisoning,

ar in feed to animals, and of apparent
therapeutic or praduction value in
animal husbandry, Based on these
criteria, it was suspected that illegal
use of a 3 agonist in cattle was respon-
sible for the peisoning outbreak.
Prompt fellow-up on a number of pa-
tients had allowed the investigators to
collect samples of the suspectad food,
as well as urine samples from the in-
dividuals. Anzlysis of these samples
revealed that a § agonist, clenbuteral,
was present at levels of 2-4 ppb in pa-
tients’ urine and 160-291 pob in beef
liver samples. This confirmed the inves-
tigators” suspicions that an illegal
animal drug residue present in liver had
produced the outbreak of foad-homne
prisoning.

“Analysis of these samples
... confirmed the investiga-

By Ov.

Vilaer C. KeNer




3. COMPOUNDS / MATRICES TO MONITOR
B-AGONISTS (A5)

e Action
— bronchodilators

— better feed conversion
— repartitioners: fat { and muscle T
e Dose, performance
- 1-10 pg/kg bw/d in the feed for 2 — 3 weeks
- Growth increases 2 20 %
- Carcass quality improves 2 10 %
- Carcasses contain 1/3 less fat

e Matrices, methods
- Urine, hair, liver, lung, feed
- ELISA, LC-MS/MS, GC-MS/MS

Cl

HoN

Cl

OH

s

CHs
HsC CHs
+ HCI

24



3. COMPOUNDS / MATRICES TO MONITOR

UNAUTHORIZED SUBSTANCES (A6)

COMMISSION REGULATION (EU) No 37/2010
of 22 December 2009

on pharmacologically active substances and their classification regarding maximum residue limits
in foodstuffs of animal origin

Pharmacologically active substance

(Text with EEA relevance)

MRL

Aristolochia spp. and preparations thereof

MRL cannot be established

Table 2

Chloramphenicol MRL cannot be established
Chloroform MRL cannot be established
Chlorpromazine MRL cannot be established
Colchicine MRL cannot be established
Dapsone MRL cannot be established
Dimetridazole MRL cannot be established
Metronidazole MRL cannot be established

Prohibited substances

Nitrofurans (including furazolidone)

MRL cannot be established

Ronidazole

MRL cannot be established

For these pharmacologically active substances no maximum residue limit could

be established because

constitute a hazard to human health.

residues of those substances, at25whatever limit,

25



3. COMPOUNDS / MATRICES TO MONITOR

UNAUTHORIZED SUBSTANCES (A6)  Chloramphenicol
e Broad spectrum antibiotic

e Against pathogenic G- bacteria
e Action:inhibition of bacterial protein biosynthesis

e Toxicity: medullar aplasia -

¢ Chemical structure: |
: O CH—ClI

|_
NH

|
CH—CH_CH2 —OQOH

- MRPL for meat, eggs, milk, urine, aquaculture products and honey of 0.3 pg/kg
(Decision 2003/181/EC) 26



3. COMPOUNDS / MATRICES TO MONITOR

UNAUTHORIZED SUBSTANCES (A6)

Synthetic antibacterial compounds
Treat: salmonellas and E. coli infections

Mutagenic

Nitrofurans

Prohibited for use in food-producing animals

Banned 1993

FURAZOLIDONE

H
C

T
N

94

O

@)

27



3. COMPOUNDS / MATRICES TO MONITOR

GROUPS B1 and B2

(1) ANTIBACTERIAL SUBSTANCES, including
sulphonamides, quinolones

(2) OTHER VETERINARY DRUGS
(a) Anthelmintics

(b) Anticoccidials, including nitroimidazoles

(c) Carbamates and pyrethroids

(d) Sedatives

(e) Non-steroidal anti-inflammatory drugs (NSAIDs)
(f) Other pharmacologically active substances



3. COMPOUNDS / MATRICES TO MONITOR

B1 ANTIBACTERIAL SUBSTANCES

e The term “antibiotics” is reserved for agents derived from living organisms or for
synthetic or semi-synthetic analogues of such compounds. The antibiotics fall into
the following classes:

® AMINOGLYCOSIDES

Tonnes = BETALACTAMINES
_ tetracyclines R ® CEPHALOSPORINES
600 + = FLUOROQUINOLONES
500 - = FURANES
_ (very polar) = MACROLIDES
— amphenicols 400 - o RS
— polypeptides 300 PHENICOLES
200 - * W POLYMYXINES
« Chemotherapeutics (synthetic) 100 - = QUINOLONES
_ sulfonamides . | _ W SULFONAMIDES
= TETRACYCLINES

— Quinolones
TRIMETHOPRIME

o J



3. COMPOUNDS / MATRICES TO MONITOR

B1 ANTIBACTERIAL SUBSTANCES

Figure 3.1 Therapeutic antibiotic sales, 1999-2012 a)

.%g%
. Q’fq’j
Al

4

600 0.25

500
- 0.20
400
- 0.15
300 A
- 0.10
200 A
- 0.05
100
O T T T T T T T T T T T T T T r 0.00

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Total kg active substance x 1.000

g active substance (excl. AGP)/kg live weight i
- “u)

mmm Fenicillins /cephalosporing mm Tetracyclines m Macrolides
I Aminoglycosides I Fluoroquinolones B Trimethoprim/Sulfonamides
B Others =—orams per kg

a) Sales for 2012 are estimates, based on preliminary data of the first half year.
Source: FIDIN (2012).




3. COMPOUNDS / MATRICES TO MONITOR
B3e DYES

Used for a long time in the aquaculture industry as JiEas
fungicide, parasiticide and disinfectant because of "%
low cost and effectiveness Vi

CI‘@ | |
D T C
‘ \hlr T/

Similarity in structure to carcinogenic triphenylmethane dyes

_____
'''''
\\\

Potential human health hazard

MG metabolized to the more lipophilic leucoMG (retains longer in
edible fish tissues than MG)

MRPL in meat of aquaculture products of 2 Lg/kg for MG + LeucoMG
(Decision 2004/25/EC) 31



3. COMPOUNDS / MATRICES TO MONITOR

Bl- B2 - B3e

® % Non-compliant samples

Bovines 0.26

Pigs 0.19
Sheep/goats 0.31
Horses | 0.00

Poultry
Aquaculture
Milk

0.15
0.06 2013 B1 substances
0.10 EFSA report 2014

Eggs 0.19
Rabbit 0.85
Farmed game
Wild game
Homney 0.88
I I ]
0.00 1.00 2.00

VETERINARY DRUG RESIDUES

chloramphenicol | =
coumaphos [N

enrofloxacin |

erythromycin |

ivermectin |
lincomycin |
malachite green | GG -
metronidazole | RASFF
neomycin [N :

nitrofuran (metabolite) |
(oxy)tetracycline | NN
phenylbutazone |
quinolones |
streptomycin |
sulfonamide |
triamcinolone acetonide |

trimethoprim |
victoria pure blue 80 |l

0 5 10 15 20

meat and meat products B feed materials
(other than poultry)

honey and royal jelly
B fish and fish products

crustaceans and products
eggs and egg products there of

B dietetic foods, food B confectionery

supplements, fortified
foods
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4. ANALYTICAL METHODS

4.1 Different steps of the workflow... before the signal

—
——

CHROMATOGRAPHY
MOLECULE SEPARATION

MASS SPECTROMETRY
SIGNAL CHARACTERISATION

SIGNALS

34



4. ANALYTICAL METHODS

4.1 Different steps of the workflow... before the signal

Sample
Sample pre-treatment

Analytical sample

Sample extraction

Crude extract

Sample clean-up,
concentration,
derivatisation

Purified extract

S
S
e
S

Sample analysis

35



4. ANALYTICAL METHODS

4.1 Different steps of the workflow... before the signal

The key parameters

SOLUTES

CONCENTRATION

MATRIX

36



4. ANALYTICAL METHODS

4.1 Different steps of the workflow... before the signal

Solutes Matrix

>
N\
\ w
/ / Concentration
1. PRE-TREATMENT /

2. EXTRACTION

3. CLEAN-UP //

4. CONCENTRATION

5. DERIVATISATION

37



4. ANALYTICAL METHODS

4.1 Different steps of the workflow... before the signal




4. ANALYTICAL METHODS

4.1 Different steps of the workflow... before the signal
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4. ANALYTICAL METHODS

4.1 Different steps of the workflow... before the signal




. ANALYTICAL METHODS

4.1 Different steps of the workflow... before the signal




4. ANALYTICAL METHODS

4.1 Different steps of the workflow... before the signal




4. ANALYTICAL METHODS

4.1 Different steps of the workflow... before the signal




4, ANALYTICAL METHODS
4.2 SCREENING vs CONFIRMATION

ANALYT
PROCESS

SUSPICION

CONFIRMATION

l

ANALYT

PROCESS

NON
COMPLIANT

44



4, ANALYTICAL METHODS
4.2 SCREENING vs CONFIRMATION

SHOULD BE VERY FAST AND
COST EFFECTIVE

REQUIREMENTS
- VERY SENSITIVE to guarantee no false
negative results

ANALYT + o N
PROCESS - SPECIFIC ENOUGH to limit false positive results
IMMUNOTECHNIQUES
‘OMIC TECHNIQUES
A CHROMATOGRAPHY

+7

SUSPICION

45



4, ANALYTICAL METHODS
4.2 SCREENING vs CONFIRMATION

CONFIRMATION
REQUIREMENTS
- VERY SENSITIVE to guarantee a low false negative score
ANALYT
- HIGHLY SPECIFIC to forbid false positive sample PROCESS

+

COMPLIANT

\4

NON
COMPLIANT |



4., ANALYTICAL METHODS
4.3 Mass spectrometry: principles (simplified ©)

A

ION
DETECTION
IONIZATION
SAMPLE INTRODUCTION ION CHARACTERIZATION
o8 Average of 10.404 to 10 463 min.: AGOPC IC H4 D (-)
9S00
800
700
600
500
293 383
400
300
200
e 411
0 120 147 1ge 188 208 3 |_434 464 491
m/z--> 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Abundance



4. ANALYTICAL METHODS
4.3 lonisation (simplified ©)

|ION SOURCE

Production of ions

48



4. ANALYTICAL METHODS
4.4 Mass Analyser (simplified ©)

m/z reading

MASS ANALYZER

Characterization of ion m/z 49



4. ANALYTICAL METHODS

4.4 Mass spectrometry

THE SPECTRUM

H=1u
C=12u e
O=16u M** =46 u
Abundance
| | e
13 17 29 31

50



4. ANALYTICAL METHODS

4.4 Mass spectrometry IONISATION

O
‘
NV+e”

Abundance

IONISATION (70 eV)

Average of 10.404 to 10.458 min.: AGOEITMS.D (-)
900

800, MABUTEROL
700
600
500
400
300
200
100

277
0 . 114 140 166 185201 221 248 ah 1 7 4
m/z--> 60 80 100 120 140 160 180 2 240 260 300 320 340 420 440 51
Abundance




4. ANALYTICAL METHODS

4.4 Mass spectrometry

FOR LABILE COMPOUNDS
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4. ANALYTICAL METHODS

4.4 Mass spectrometry FOR LABILE COMPOUNDS

El

m/z




4. ANALYTICAL METHODS FOR LABILE COMPOUNDS

4.4 Mass spectrometry

Average of 10.404 to 10,463 min.: AGOPC IC H4 D (-)

86
900
> PCI-CH,
700
600
500 293 383
400
- MABUTEROL
200 237 26
1
02 b 130,247 108 188 208 s ] i '4].1'434' 464 491
Aﬂf;ﬂ;ame 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500  30PC |§§>B.o (=)
900
800 .
6 PCIl-1Bu
600
500
400
3001 ® 293
200
100 188 224 425
114132 163 o AR 311 335 363 i 407 L 449 469 487 2 of 10.397 to 10.456 min.: AGOPC INH3.D (-)
m/z—-> 80 100 120 140 160 1ao 200 220 240 260 280 300 320 340 360 380 400 420 440 450 480 500 3g3
900
800
700
0 PCI-NH,
500
400
300
fz 8 293
0 112 136 168 188 210 237 257 275 |L 311 331 349 1 401 425 444 462 481

miz—-> 80 100 120 140 160 180 200 220 240 260 280 300 320 340 350 380 400 420 440 460 480 500



4. ANALYTICAL METHODS

4.4 Mass spectrometry ATMSPHERIC PRESSURE IONISATION

INTERFACE
LC

Liquid mobile phase

MS

Analyte Iin gaseous phase

Vacuum of second order
(source and analyzer)

lonized molecules
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4. ANALYTICAL METHODS
4.4 Mass spectrometry Nguyen, S.; Fenn, J.B.; PNAS, 2007, 104 (4), 1111.

Liauid (+
Nebuliser C?EE; M a S S
T Taylor  Aerosol GaFS(;?nt}:;zrl‘on S p e Ct ro m ete r
Inlet g P i lon
( LC S ySte m ) F'used-Silica S O u rce
Region

ESI Combination Model

+ +
@ o0 -
- ESI (Electrospray) + ++ + o+
~ TurbolonSpray: de S a 1000 ul/min e o+
. ) + + + +
~ lonSpray: de 5 a 200 ul/min Q ° +O +
» MicrolonSpray: de 0.1 a5 ul/min <
» NanoSpray: de 0.05 & 0.3 ul/min
Positive mode: [M+H]+ protonated molecule

[IM+Na] +, [M+K] + ... adducts
[M+CH3CN+H] + protonated, + solvent adducts

Negative mode: [M-H] - deprotonated molecule
[M+HCOOQO -] -, ... adducts




4. ANALYTICAL METHODS

4.4 Mass spectrometry

219
i [ ESI (+)
b
| :
Hsc)bo
M,= 218 241
[M+Na]"
Il L
150 200 250
ESI (-)
714
HO,LC CO,H
o y =
[M-2H] Q,\ A \\_,>
HO,C =/ CO,H
@ = g~cyclodextrin
M,= 1430
1429
[M-H]
500 1000 1500




4. ANALYTICAL METHODS

4.4 Mass spectrometry

HIGH

MEDIUM

POLARITY

WEAK

>

1 kD 10 kD 100 kD

MOLECULAR WEIGHT
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4. ANALYTICAL METHODS

4.4 Mass spectrometry

QUALIFICATION PARAMETERS

« MASS RANGE: lowest to highest mass that can be characterized by the mass

5
analyzer
2 [ o it
‘§ 10 et
25

.......

— R, )~

U
5
Year

» RESOLUTION: the capacity of the mass analyser to d
very close m/z

FWHM: R = (m/zl/{Am/iz) 1.0000

istinguish two ons with

-----------------------------

10000 miz 1001.0 10020

1000.0 miz  1001.0 1002.0
—_—
—_
I;_. 0.706 ,,_;I
1] Eo7aTS,
1 R=2000 5
2 0sd .
2 02
% L e A R | e B s o e a e =
gy A O GRS SRS X
S 04— =
o =1 i
0.2 3 b -
. \‘.
o T e I
920.00 10002 mz 1001.0 10020 it Jriafy b dLLe L



4. ANALYTICAL METHODS

4.4 Mass spectrometry

- (U +V cos wt)

Y QUADRUPOLE

V) U=DC Voltage

" V=RF Voltage

Positive rods

Negative rods

(+DC.+Rf) "B

DIRECT CURRENT VOLTAGE - |V



4. ANALYTICAL METHODS

4.4 Mass spectrometry MSH 2 SN IEEE

= All ions recorded in-between two masses (e.g. m/z50 > 500)

" + very selective / - sensitivity

Abundance
100 —
B METHYLTESTOSTERONE
80 —
— (M—c708im17)
S 301
60 —
<3O
= 73
= -
20 — (M—TMsSOmI)
356
- —
I | 143 10213 L L
= - - -~ l
o_ 'l : 1 1
100 200 300

(M—mMea) "

446

Mass/Charge
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4. ANALYTICAL METHODS
MS1 - SIM mode

4.4 Mass spectrometry

" Recording of pre-defined ions (e.g. m/z 446, 431, 356, 301)

* + medium/high selectivity, excellent sensitivity, trace
guantitation

Abundance
100 — .

] 446

90 —|

80
— 301

20~

60 —

50 —

40

30

20 —
= e a3

10 — e

o — l 1 T T 1 l I 1 1 1 T | 1 | ] | || ]
100 200 300 400

Mass/Charge



4. ANALYTICAL METHODS

4.4 Mass spectrometry

-

IONS and
NEUTRALS
FORMED
IN-SOURCE

QO

IONS

~

TRANSMISSION

-

ION SOURCE

Q1

PRECURSOR

IONS SELECTION

\

/

1978
Triple quad
Yost, Enke

/" COLLISION
CELL (Ar)

PRECURSOR
IONS

FRAGMENTATION/

/

03

Q3 )
SELECTION OF
PRODUCT
IONS Y,

A

DETECTOR
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4. ANALYTICAL METHODS

4.4 Mass spectrometry

H

N
/

N

72,
-

Thiabendazole - SRM 202.1/175.1

B -EF 20210} Charge (+0) CE (20) FT 92 7242) Sxp 2, 8.275 min from Samplz 1(5_02_145_Zirone 1 0 of Datz Pesticide MTS_45 wif (Turbo Spray)

Mzx 48e6 ooz

. 2027

‘:f' a4 Nar —

¢ a2 EP| spectrum CE=20V

E 2083 |

3 1752 22z

= = B0 1) 8 8% 00 10 120 130 140 150 160 170 80 190 X0 200 0“0\ M0 260
Mz, amy

W £F (20210} Charge (+0) CE (35) FT (100 Exo 3. 8 288 min from Samgle © (S_02_145 Zitore 1/10) of Dzta Pesticide MTS_45.wiff (Turbo Szrzy) Wz 4.3e6 oos.

; ) _ 1751 203,

£ a2y EPI spectrum CE=35V | o

€ 20es i I\

% LJ 1] s L v ?251 " L] ﬁ l14::.'] 1548;4' L L] ll\. L L L] v L} = \ L L ] 1

= £ 0 80 @ 00 10 120 3 140 150 180 170 180 190 :0 210 zD 0 230 M0 260
mz, amu

B :EF (202 10} Chage (+0) CE (50) FT (100 Exo < 8324 minfrom Sarrgle * (802145 Zitre 1110] of Dzta Pesiicide MTS 45 .wiff (Turbo Szrzy) Wz 3966 o5,

5025 -

_ 1317 o

g EPI spectrum CE=50V 175

z 92 1 ' |

£ 550 M s 1420 2021

= ' o e i) R o afin. oA s adk : i AN . ; : ;

= 50 80 a0 0 <00 110 120 30 140 150 160 170 180 180 20 210 @ M0 M3 240

MZ, amu
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4. ANALYTICAL METHODS MS? versus MS?2

4.4 Mass spectrometry

ENDOGENOUS CORTISOL IN LIVER FLUOCINOLONE ACETONIDE IN LIVER (1.5 ng.g"%)
T miz=421 ™ miz=511
LC-MS
1 . (SIM) 1
- "™ 5115393
421>331
LC-MS/MS

(SRM)
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4. ANALYTICAL METHODS

4.4 Mass spectrometry TIME OF FLIGHT (TOF)

Flying tube
lon source (Analyzer) Detection
(production)

Repeller (pulse)

Accelerating voltage

Kinetic energy: qV=mv?/ 2 (with q = ze)
Flying time:t=d /v

miz = t2 (2Ve / d?)
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4. ANALYTICAL METHODS

4.4 Mass spectrometry TIME OF FLIGHT (TOF)

Reflectron

Dispersion in energy
Flying tube

v

oe

|

Acceleration -

lon source

A 4

Correction of
the dispersion
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4. ANALYTICAL METHODS

4.4 Mass spectrometry

TIME OF FLIGHT (TOF)

N, =2 X 14.0031 = 28.0061
CO = 12.0000 + 15.9949 = 27.9949
CH, =2 X12.0000 + 4 X1.00/78 = 28.0312

CH,N = 12.0000 + 2 X 1.0078 + 14.0031 =
28.0187




4. ANALYTICAL METHODS
4.4 Mass spectrometry

FAST INJECTIONS
ION OF IONS

SOURCE \

y s MEASUREMENT OF
> C-trap THE FREQUENCE
- FOURIER TRANSFORM

Orbitrap\

analyzer

Detoctad
s tgl1ﬂl

Amplifier

A.A. Makarov, Anal. Chem., v.72 (2000), No.6, p.1156-1162. >
A.A. Makarov, US Pat. 5,886,346, 1999.




4. ANALYTICAL METHODS !
Orbitrap®
4.4 Mass spectrometry -

?
Thiamethoxam o Parathion
[M+H]* = 292.02656 -»—(S«%J” 00138 0: ’\%\70 [M+H] = 292.04031
' Isobaric Pesticides:
Mix 1:3 Simulated

292.04031 ;
CioH1505N P§S
) I

s 3

BN
o

R = 15,000
'R = 35,000
i R = 50,000

| 'R = 100,000
292.02 292.04 292.06 292.08
miz 70

i
292.02656
Ce Hy 0? NsCIS

Relative Abundance

8

N
o

-
o

o
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5. 1P, CCa, MRPL and RPA
5.1 Decision 2002/657/EC

L 221/8 Official Journal of the European Communities

17.8.2002

I

(Acts whose publication is not obligatory)

\2¢
COMMISSION

COMMISSION DECISION
of 12 August 2002

implementing Council Directive 96/23/EC concerning the performance of analytical methods and
the interpretation of results

(notified under document number C(2002) 304 4)

{Text with EEA relevance)

(2002/657/EC)
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5. 1P, CCa, MRPL and RPA

5.2 Chromatographic criteria

2.3.3.1. Chromatographic separation

For GC-MS procedures, the gas chmmamgr’ap}uc separation shall be carried out using capillary columns. For
LC-MS Pt‘DCEtdut‘EtS the -:hmmatographu: separation shall be carried out Llsmg suitable LC columns, In any case,
the minimum acceptable retention time for the analyte under examination is twice the retention time corre-
sponding to the void volume of the column. The retention time (or relative retention time) of the analyte in the
test portion shall match that of the calibration standard within a specified retention time window. The retention
time window shall be commensurate with the resolving power of the chromatographic system. The ratio of the
chromatographic retention time of the analyte to that of the internal standard, i.e. the relative retention time of

the analyte, shall correspond to that of the calibration solution at a tolerance of £ 0.5 % for GC and £ 2,5 % for
LC.

10.45;3167C

Analytem /Internal std _ A/I

24049

X 100

A Reference (A/|)
Sample | |

L ey B 15 4577 L B B B By B B By By s ey By B B B

MR~ e~ s asaner C GC
| !
2.5% 0.5%

TOLERANCE
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5. 1P, CCa, MRPL and RPA

5.3 Spectrometric Criteria

* Presence (S/N > 3)

= Matching

Examples of the number of identification points eamed for a range of techniques and combinarions

thereof (n = an integer)

Technique(s)

Mumber of ions

Identification points

GC-MS (EI or CI)
GC-MS (EI and CI)
GC-MS (EI or CI) 2 derivatives
LC-MS

GC-MS-MS
LC-MS-MS
GC-MS-MS
LC-MS-MS
LC-MS-MS-MS
HEMS

GC-MS and LC-MS
GC-MS and HRMS

N

2 (ED) + 2(CD)

2 (Derivative A) + 2 (Derivative B)

N

1 precursor and 2 daughters

1 precursor and 2 daughters

2 precursor ions, each with 1 daughter

2 precursor ions, each with 1 daughter

1 precursor, 1 daughter and 2 granddaughters

N
2+ 2
2+1

; 1 15
PREC1 - PROD1
. /’ PREC1 - PROD2
p 0 1.5

N

1.5

2 PREC1 - PROD1
) PREC2 -> PROD2
4 1 1.5

Maximum permitted tolerances for relative ion intensities using a range of mass spectrometric

techniques
Relative intensity EL-GCMS C]LE;T;{S.LE_E;EF
i% of base peak) {relative) (I'&J;Itive:l

=50 %
=20 % to 50 %
=10 % to 20 %
= 10 %

t10% + 20 %
t15% 25 %
+ 20 % + 30 %
+ 50 % + 50 %
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5.1P, CCa, MRPL and RPA
5.4 What are a- and B-errors ?

o~error = probability of a false
non-compliant result

B-error = probability of a false
compliant result
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5. IP, CCa, MRPL and RPA
5.5 What are CCa and CCp ?

Critical Concentrations

where something happens ...
CCa : controls false non-compliant rate (aise positive)

CCB : controls false compliant rate (rise negative)

...and in effect, reflects the MU ...at the level of interest :
zero or MRL
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5. IP, CCa, MRPL and RPA
5.5 What are CCa and CCp ?

Definition

Decision Limit (CCa.)

« Limit at and above which it can be concluded with an error probability of a
that a sample is non-compliant »

! !

Forbidden substances MRL substances

Smallest measurement result from  Smallest measurement result from

which it can be concluded, with a  which it can be concluded, with a

99% confidence level, that the 95% confidence level, that the

target analyte is present (o=1%). target analyte is present at a
concentration higher than the MRL
(0=5%).




5. IP, CCa, MRPL and RPA
5.5 What are CCa and CCp ?

Measurement
Distribution
Frequency

y 3

]

Decision Limit (CCa.)
Signification : forbidden substances

Chromatogram representative of an « average » blank sample

Signal
ICCa ,
2,33 o
Hg
R
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, t (min)

ICCo = g + 2,33 o J
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5. IP, CCa, MRPL and RPA
5.5 What are CCa and CCp ?

Decision Limit (CCa.)

Signification: MRL substances

Measurement « Average » chromatogram containing the
Distribution analyte at a concentration equal to the MRL
Frequency Signal

1 I
|
: ICCa —
: 1,64 OMRL
! A\ 4
|
| 1
I
|
|
IG
ﬂ'— HMRL
ll 64GM o = 5%
T . : WJ\MMMWMWW
O MRL Cca [C] ¢ mgouoausouoolzgo\'vitW t (mln)

[CCa = pyy + 1,64 Gyt J
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5. 1P, CCa, MRPL and RPA
5.6 MRPL

1.18. Minimum required performance limit (MRPL) means minimum content of an analyte in a sample, which at least has
to be detected and confirmed. It is intended to harmonise the analytical performance of methods for substances for
which no permitted limited has been established.

« Decision 2002/657/EC sets minimum required performance limits (MRPL)

= MRPL : minimum content of an analyte in a sample, which at least has to be detected
and confirmed

= Fixed by regulatory instance
= To harmonize analytical performance between laboratories within EU
- TO harmOnlze Control Minimum required performance lmits

Subsance and'or metabolite Muatrines MR
Chloramphemeol Meat
Egps 0.3 pe'ky
Milk
Urine

Aquaculture products

Honey

Medroxyprogesterone scetate Pig kidney fat | p/kg
Nitrofumn metabolites

furnzohidone Poultry meat I pwkg for all

furaltadone Aquaculture products

nitrofurantomn

nitrofurazone
Sum of malachite green and leuco- Meat of aguaculture 2 p'ky

malachite green products




5. 1P, CCa, MRPL and RPA

5.7 Recommended Concentrations

CRLs VIEW ON STATE OF THE ART ANALYTICAL METHODS FOR
NATIONAL RESIDUE CONTROL PLANS

CRL GUIDANCE PAPER (7 December 2007)

methods 1n residue control. The recommended concentrations in this document have no legal
force. MRPLs, on the other hand, serve according to Commission Decision 2005/34/EC as

* CCheta for screening methods or CCalpha for confirmatory methods should be lower than the value expressed

in this column

Substances Matrix Recommended concentration™®
1 ppb for DES
Diethylstilbestrol (DES) Urine 2 ppb for DE
Dienestrol (DE) 2 ppb for HEX
Hexestrol (HEX) Liver 2ppb (for all substances)
B Meat (including fish) 1 ppb (for all substances)

Substances Marker residue- Matrix Recommended concentration®
metabolite
Urine 2 ppb
Zeranol' Taleranol Liver 2 ppb
Muscle 1 ppb
Zearalanone E:/I;f ; g g E

*CCbeta for screening methods or CCalpha for confirmatory methods should be lower than the value expressed in

this column
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5. IP, CCa, MRPL and RPA
5.8 Reporting

Control of forbidden and unauthorised compounds
Interpretation of the results

N Non compliant
and rejected
COMPLIANT
CCa Rejection of

consignments

NON COMPLIANT Product

destruction

C

No rejection/no destruction MRPL _
Follow-up required Protective Measures

Protective Measures possible (delisting)
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5. IP, CCa, MRPL and RPA
5.8 Reporting

Authorised substances
Interpretation of the results

N

CONVPIETAINA]

MRL

NON COMPLIANT
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5. IP, CCa, MRPL and RPA RPA: Reference Point for Action
5.9 RPA

RPAs may be established for non-allowed pharmacologically active

substances when it is deemed necessary to ensure the functioning of
controls for food of animal origin that is imported or placed on the market.

= Decision 2005/34/EC (imported products)

« Al Lays down RPA for substances having a MRPL
A2 MRPL shall be used as RPA (regardless the matrix)

= Regulation EC N° 470/2009, Tittle Il

« A 19.1: RPAs shall be based on Analytical Possibilities (lowest residue
concentration that can be quantified with a validated analytical method)

* but, A 19.2:where appropriate, the Commission shall request for a Risk
Assessment to check if RPAs are appropriate to protect human health.

= EFSA Guidance on methodological principles and scientific methods to be taken into

account when establishing RPAs for non-allowed pharmacologically active substances
present in food of animal origin EFSA Journal 2013;11(4):3195
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6. PERPECTIVES

6.1 New challenges

CLASSICAL APPROACH

EFFECT BASED
MEASUREMENTS

]
. Y/
X
=
& R
oS
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6. PERPECTIVES
6.2 Omics

# LEVELS OF INVESTIGATION
SIMILAR OBJECTIVES
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6. PERPECTIVES
6.2 Omics

Tissue/Cell Lines

Lipids
ipidomics

Steroids
Steroidomics

Transcriptomics
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6. CONCLUSIONS

6.3 Conclusions and remarks
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