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Food Safety Issues 

� Caused by food contamination, or fraud

� Related to serious health concerns� Related to serious health concerns

� Have received growing public attention

� Consumers became increasingly sensitive g y

� Almost daily reports about the safety of food

� Cause massive economical damages

� Demand for more control and certification 

Gl b l d l b l� Global trade, global economy

� Screening for more contaminants

� Industrial quality control� Industrial quality control

� Governmental control 

� For a steadily increasing number of samplesy g

How can GC/MS and LC/MS analysis support the efficient control?
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Workflow Solutions for Routine Food Safety Labs 

� GC-MS and LC-MS Methods Benefit from recent developmentsBenefit from recent developments:

� Very high specificity Triple Quads Orbitrap accurate mass� Very high specificity Triple Quads, Orbitrap accurate mass

� Very high sensitivity Only short or no sample prep

� Efficient multi-methods High productivity automated methodsg p y

� All methods compliant with the international regulations

� Selected Workflow Examples

� Marine algae toxins

� Pesticides

� Dioxins

� Processing contaminants like MCPD� Processing contaminants like MCPD

� Veterinary drugs

� PAH in seafood

� Data processing and reporting with the results transfer to LIMS systems
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Efficient Workflows using GC/MS and LC/MS

�� Sample preparation/extractionSample preparation/extraction
� Should be short, automated (ASE, QuEChERS, Headspace, online-SPE)( p )

� Clean-upp
� Not too much for multi methods, check recoveries (dispersive SPE, GPC, Purge&Trap)

� Separation (GC or LC Chromatography)
� Recommended with short columns for short cycle times, use matrix backflush 

� Detection ( Mass Spectrometry)
� Very high selectivity in matrix required (triple quad MRM, Orbitrap accurate mass)Very high selectivity in matrix required (triple quad MRM, Orbitrap accurate mass)

�� Data ProcessingData Processing
� Control lab workflow, collect data, confirming information, QA/QC, final reporting
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Efficient Workflows using GC/MS and LC/MS

�� Sample preparation/extraction    Sample preparation/extraction    Bottleneck 40% of labs*
� Should be short, automated (ASE, QuEChERS, Headspace, online-SPE)( p )

� Clean-upp
� Not too much for multi methods, check recoveries (dispersive SPE, GPC, Purge&Trap)

� Separation (GC or LC Chromatography)
� Recommended with short columns for short cycle times, use matrix backflush 

� Detection ( Mass Spectrometry)
� Very high selectivity in matrix required (triple quad MRM, Orbitrap accurate mass)Very high selectivity in matrix required (triple quad MRM, Orbitrap accurate mass)

�� Data ProcessingData Processing Bottleneck 40% of labs*
� Control lab workflow, collect data, confirming information, QA/QC, final reporting

*LabOpinion Global MS Survey 2012 > 800 respondants
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Marine Algae Toxins

� Classification Based on Chemical Classes (> 50 structures !)

� PSP toxins saxitoxin + 20 other related toxins� PSP toxins – saxitoxin + 20 other related toxins

� DSP toxins – okadaic acid & dinophysis + pectenotoxins + 
yessotoxins

� ASP toxins – domoic acid + 10 or more isomers

� AZP toxins – azaspiracids = at least 8-hydroxy analogues

� NSP toxins – brevetoxin type A & B (9 toxins)

� CTX toxins – ciguatoxins

� Cyanobacteria – microcystins� Cyanobacteria – microcystins

Yessotoxin
Pectenotoxin Domoic acid, ASPs

Azaspiracids
O d i id DTX
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Marine Algae Toxins

Shellfish

H i ti

Acc. Solvent Extraction-LC-MS/MS

Homogenization

4 g Sample

ASE 200, Thermo Scientific Dionex
� Oven temperature of 60 ◦C,
� methanol/acetone (9:1, v/v) 

5 min heat up time under a pressure of 1500 psi
Mixing with diatomaceous earth

ASE Extraction, 12 min

� 5 min heat-up time under a pressure of 1500 psi 
and two static cycles with a static time of 2 min. 
� Flushing
� Purging using nitrogen for 3 min

Dilution and filtration

Centrifugation, 4000 rpm, 10 min

g g g g

Dilution and filtration

Centrifugation, 10000 rpm, 10 min

LC-MS/MS analysis

O Pardo et al J Chromatogr A 1154 (2007) 287 294
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Marine Algae Toxins

2 g of sample + 9 mL of MeOH Methanol Extraction - LC-MSMS

Centrifuge, 2000g, 10 min

Homogenize with Vortex, 3 min
Repeat the extraction, 
homogenize 1 min in Turraxg g

C bi th t t

Transfer to 20 mL flask

homogenize 1 min in Turrax

Hydrolysis for total 
Combine the extracts

Make up to 20 mL with methanol
Add 2 5M N OH

y y
content of OA/DTX

LC MS/MS

Filtration, 0.2µm filter
Add 2.5M NaOH

Homogenize, 0.5 minLC-MS/MS

Heat to 76°C

g ,

Neutralize with  2.5M HClEU Harmonized SOP 

for the determination of lipophilic marine biotoxins in 

molluscs by LC-MS/MS, EURL-MB, Vigo, Spain

8



Marine Algae Toxins

TSQ MRM, 41 µg/g domoic acid (CRM)        Orbitrap Screening for multiple classes

Domoic acid isomers

All target toxins in one run:  high TSQ matrix selectivity
LOD: 0 2 µg/kg (200 ppb)LOD:  0.2 µg/kg (200 ppb)
Average recovery: 92%
RSD: 7% Full Scan: Targets +  Unknowns, only 7 min

Resolution: 20 000 – 50 000
LOD 0 2 0 5 /k
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LOD: 0.2 – 0.5 µg/kg

Blay, P., Hui , J.P.M. et al., 2011



Analysis of Pesticides

Dried Herbal Product
10 g of Sample

Extraction
Accelerated Solvent Extraction

EtOA / H 120 °C 100 bEtOAc/cHexane, 120 °C, 100 bar

Clean-up
Gel ChromatographyGel Chromatography

Polystyrene gel, EtAC/cHexane

Concentration StepConcentration Step
RotaVap Evaporation

AnalysisAnalysis
GC-MS/MS

MRM method, 2 SRMs/analyte

D t P iData Processing
Found/not-Found Reports

Opt. QC, recovery reporting
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Courtesy N. Rückert, J.Kirchner, E.Häfner, Phytolab, Germany – EPRW 2012



Analysis of Pesticides

�� MRL level 10 ppbMRL level 10 ppb

Terbacil and Alaclor at 4 ppb� Terbacil and Alaclor at 4 ppb 
� Terbazil (left, 161.1 > 88.0, CE 15 V) and 

Alaclor (right, 188.1 > 130.1, CE 25 V)

> 800> 800

PesticidesPesticides

OnlyOnly oneone

GCGC--MS/MSMS/MS

methodmethod

� Tolylfluanid and Pyridaben at 4 ppb 
� Tolylfluanid (left, 238.1 > 137.1, CE 15 V) and 

Pyridaben (right 309 1 > 147 1 CE 15 V)
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Pyridaben (right, 309.1 > 147.1, CE 15 V)



Analysis of Pesticides - Multi-Component Methods

� Typical method for cereals covers 350 pesticides, MRM >700 transitions

SQ GCSQ GC S/ SS/ S�� With TSQ 8000 GCWith TSQ 8000 GC--MS/MS multiMS/MS multi--component analysis is made easy. component analysis is made easy. 
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“Dioxin Incidents” – Serious Economic Impacts

� Dioxin and PCB incidents … 

i

Repeated “Dioxin” cases from only recent 
years:

…  are expensive.
� Egg production enterprise with $5M hens 

would cost in excess of $30m. 

� 1998  Milk from citrus pulp pellet feed

� 1999  Belgian PCB/dioxin in eggs, poultry

� 1999  Clay and zeolithes for feed
� Broiler enterprise producing 3M broilers 

per week would exceed $85m.

� Times Beach, Missouri, road dust covered 
by oil spread The cleanup cost $110m

y

� 2000  Choline chloride 

� 2002  “Carbosan Copper”

2004 Potato pulpby oil spread. The cleanup cost $110m.

� The total costs of the Belgian food crisis 
are estimated up to $1000m.

� EU farms closed damage > $350m

� 2004  Potato pulp

� 2005  Hydrochloric acid

� 2007  Indian Guar Gum thickener
EU farms closed, damage > $350m

� 2008  Irish Pork Meat, Italian Mozarella

� 2011  Contamin‘d feed - 4000 farms closed

� 2012 Organic eggs contaminated2012 Organic eggs contaminated
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The POPs Analysis Workflow – 1 Day to Results!

Food, Feed for 
PCDD/Fs, PCBs, OCPs, 
BFRs, Toxaphene, etc.

Sample Preparation
Clean-up

Soxhlett       ASE          PowerPrep

Add 13C labelled ISTD
and clean-up standard  

Clean up

Analysis Done
Negative

(TEQ ML)

Screening

(TEQ  <  ML)

Positive
(TEQ > ML)TSQ Q t XLS Ult

TEQ Report
LIMS System

Analysis Done

Negative

(TEQ  > ML)

Confirmation

TSQ Quantum XLS Ultra
GC-MS/MS

Positive

Analysis DoneConfirmation

Positive

Final TEQ 
Calculation

Confirmation  Report
LIMS System

DFS 
GC-HRMS

14

Calculation



GC-MS/MS Screnning using the TSQ Quantum XLS

BlankBlank (GC(GC--MS/MS)MS/MS) Buffalo Milk (GCBuffalo Milk (GC--MS/MS)MS/MS) Buffalo Milk (GCBuffalo Milk (GC--HRMS)HRMS)

TCDD in Buffalo Milk Samples:
BlankBlank (GC(GC MS/MS)MS/MS) Buffalo Milk (GCBuffalo Milk (GC MS/MS)MS/MS) Buffalo Milk (GCBuffalo Milk (GC HRMS)HRMS)

170 fg/g fat
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Complete Method Setup for dl-PCBs and PCDD/Fs

� For TSQ Quantum XLS ScreeningScreening and DFS GC-HRMS ConfirmationConfirmation
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3-Chloropropane-1,2-diol (3-MCPD)

� Known as food processing contaminants since 1978

� soy sauces and soups� soy sauces and soups

� bakery products, malt, 

� vegetable protein (HVP)g p ( )

� Edible oils, e.g. palm oil
� 15–20 times higher in refined oils (deodorization)

grilled cheese and meat products fish products� grilled cheese and meat products, fish products

� 3-MCPD and other CPs are carcinogenic (group 2B), and possibly genotoxic

� 3-MCPD is formed from glycerol, acylglycerols and chloride ions

� major part is ester-linked with fatty acids

d t i d f d b d 3 MCPD� determined as free and bound 3-MCPD

� European Commission regulation

� limit of 0.02 mg/kg for 3-MCPD  (20 ppb)

� in liquid soy sauce and HVP products
free 3-MCPD
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3-Chloropropane-1,2-diol (3-MCPD)

� Sample preparation

� Acidic hydrolysis with sulfuric acid/methanol� Acidic hydrolysis with sulfuric acid/methanol

� Derivatization with HFBA or phenylboronic acid

� Internal standard isotope-labeled 3-MCPDp

� GC/MS analysisy

� using ISQ single quadrupole systems

� Trace GC using PTV injector and concurrent backflush

� TG-5MS fused-silica column (30 m, 0.25 mm, 0.25 mm film)

or
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3-Chloropropane-1,2-diol (3-MCPD)

� Results on 3-MCPD - EU MRL 20 µg/kg (ppb) – GC/MS Analysis

� Barbecue steaks found up to 365 µg/kg� Barbecue steaks found up to 365 µg/kg

� Smoked sousages up to 103 µg/kg

Elution sequence 1,3-DCP, 3-MCPD Soy Souce at 16 µg/kg 1,3-DCP

ISTD

Ab El H j S B M J 2005
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Veterinary Drug Residues

� Analysis of Chloramphenicol in Milk by LC-MS/MS
Si l l ti� Simple sample preparation

� Only the acetonitrile protein precipitation

� Validation� Validation 

� according to the European Commission Decision 2002/657/EC 
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Veterinary Drugs

� Thermo Scientific TSQ Quantum Access LC-MS/MS

� ESI negative ion MRM method� ESI negative ion, MRM method

� Screening

� LOQs < 0.050 μg/kg CAP (MRPL of 0.3 μg/kg)LOQs   0.050 μg/kg CAP (MRPL of 0.3 μg/kg)
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Polycyclic Aromatic Hydrocarbons (PAHs)

FSRC M th d� FSRC Method

� Developed for oil spill Gulf of Mexico 2010

� Full scan + MRM method� Full scan + MRM method

� Matrix

� All type of seafood, here oysters

� Aliphatic hydrocarbons

� Pattern provides source of contamination
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Polycyclic Aromatic Hydrocarbons (PAHs)

� Hydrocarbon pattern

� From Full Scan data� From Full Scan data

� Complete 16 PAHs

� Individual MRM quantitationIndividual MRM quantitation

� Here 10 ng/g in oyster matrix

� Cylcle time 35 min only
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Sudan Dyes

� Sudan dyes are red dyes 

� Used for coloring solvents oils waxes petrol or as additives in shoe and floor� Used for coloring solvents, oils, waxes, petrol, or as additives in shoe and floor 
polish.

� Found in food products such as chili or chili-containing products.

� Banned as food additives in the USA, the EU and many other countries

� Links to cancer and other negative health effects.

M t l th d f l i� Most popular methods for analysis

� LC-UV/vis and solid phase extraction (SPE), or using fast acetonitrile LLE

� LC/MS using autoamted TurboFlow sample prep with Exactive MS� LC/MS using autoamted TurboFlow sample prep with Exactive MS
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Sudan Dyes

� Recovery 80-120%

� LOQ LC HRMS (Orbitrap)� LOQ LC-HRMS (Orbitrap)

� R 50 000

� 5 ng/g Sundan I-IV,5 ng/g Sundan I IV, 

� 20 ng/g Para Red
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Sudan Dyes

� LC-UV/vis method

� Quick acetonitrile extraction� Quick acetonitrile extraction

� Automated 2D LC

� UV 478 nm detection

� MDL 3 ppb (ug/L) Sudan I-IV
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Sudan Dyes
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Volatile Organic Carbons (VOCs)

� Samples

� Food packaging like paper board multilayers etc� Food packaging like paper board, multilayers, etc.

� Typical setup for VOC uses

� Headspace or Purge&Trap samplingHeadspace or Purge&Trap sampling

� Trace GOLD TG-624 column

� GC/MS single quad detection

� TriPlus RSH with ISQ GC/MS

� Automated standard dilutions

A d d d ddi i� Automated standard addition

� Automated staggered incubation

� Automated analysis� Automated analysis

� Complete reporting

� LOQ below 0.01 mg/m2g

� For 23 commonly analyzed solvents
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Volatile Organic Carbons (VOCs)

� ISQ with Trace GC 1300

� Triplus RSH autosampler� Triplus RSH autosampler

� Headspace

� SPMESPME 

� Automated tool change to liquid inj.
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Selected Threats to Food Safety and Methods

� Biological

� Microorganisms/ Food-borne illness Microbiology Orbitrap HRAM� Microorganisms/ Food-borne illness Microbiology, Orbitrap HRAM

� Mycotoxins, Marine algae toxins LC-MS/MS

� Residues and Trace Chemcials

� Pesticides GC-MS/MS, LC-MS/MS

� Persistant Organic Pollutants (POPs) GC-MS/MS, GC-HRMS

� Veterinary Drugs LC-MS/MS, Orbitrap HRAM

� Polyaromatic Hydrocarbons (PAHs) GC-MS/MS

P d ti /P k i R l t d� Production/Packaging Related

� Volatile Organic Carbons (VOCs) GC-MS

� Plasticizer GC-MS LC-MS/MS� Plasticizer GC-MS, LC-MS/MS

� MCPD GC-MS

� Mineral Oil hydrocarbons (MOSH/MOAH) LC-GC-FIDy ( )

� Intentionally added compounds/fraud

� Sudan dyes LC-MS/MS, LC-UV

30



Where Does LIMS Fit into my Workflow? Everywhere!

Logging &

Labelling
Method 

Worklists

Preparation

P i

AnalysisSample

Collection
Instrument

Integration

Report

Processing

Data

P i
Review

Final

Report,

Invoice  

Processing

QC / Review

Invoice, ...
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Thanks to the Thermo FSRC FoodThanks to the Thermo FSRC Food 
Response Center Team:

Ebru Ates

Katerina Bousova

Laszlo Hollosi

Thank you very much

f   tt ti !for your attention!

32


