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Outline

• Customers – Who are they?

• Compounds and methods of interest

• The Restek Food Safety analysis arsenal
– Sample preparation products (QuEChERS)

– Reference standards (pesticides, melamine, etc.)

– GC and LC columns and accessories

• Web tools, literature
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Food Safety Customers

• Governmental organizations
– FERA (UK), VWA (The Netherlands)

• Contract laboratories, research organizations
– Eurofins, RIKILT (The Netherlands), Covance, Intertek, Silliker

• University research groups
– Institute of Chemical Technology (Prague, CZ)

• Private food companies
– Larger ones may do in-house testing
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Food Safety Compounds

• Pesticides
– Organochlorine/nitrogen/phosphorus, etc.

• Mycotoxins

• Veterinary drug residues

• Adulterants
– Melamine, pesticides, other toxins

• PAHs, PBDEs, PCBs, dioxins, furans, etc.
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Food Safety Methods
• Codex Alimentarus (Food Law)

– United Nations Food and Agriculture Organization

– World Health Organization

– Methods are somewhat outdated

• Analytical Methods for Pesticide Residues in 
Foodstuffs
– The Netherlands

– Well-developed, multiresidue methods

– Still used, but becoming outdated
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Global Economy

US
•FDA
•NIH
•EPA
•AOAC

Food Safety 
Modernization Act
Passed December 2010
Import regulations 

EFSA
European Food Safety Authority
•EU
•Regulation (MRLs)  
•Scientific opinions 
•WHO

Individual Country 

Japan
Mature Food Safety system

China 
Growing
following US & EU

Latin America 
driven by export lawsstandardization of food 

safety regulations
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Some statistics

•2008 = separations market accounted for more 20% of the laboratory 
analytical instrumentation demand in the food industry
•Growth driven by LC–MS and GC–MS systems 

•U.S. food-safety testing market value
2010 = $3.4 billion
2015 = $4.7 billion in 2015

•Global food safety testing market 
$11.4 billion by 2015

SDi’s Market Analysis and Perspective report entitled, The Analytical Cornucopia: The Food, Beverage and Agriculture Market for Analytical Instruments.

Microbiological testing 
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What challenges arise for the chemist? 

Diverse 
matrices

sensitivity

m
an

y 
an

al
yt

es

Trace analysis

Sample

matrix

compound 
stability
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Function or Chemical Class

Chemicals

Intentionally added

additives

packaging

flavorings

Unintentionally added

pesticides

Contaminants

veterinary 
drugs

Residues

mycotoxins

adulteration
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Pesticide Residues in Foods

• Techniques
• Historically GC (ECD or MS)
• Increasingly add LC-MS/MS
• Comprehensive screening desirable

• Laboratory Needs
• HIGH throughput
• All-purpose phases

• Ultra Aqueous C18
• Application-specific columns

• Target classes (e.g. Ultra Quat)
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LC Columns 

Liquid Chromatography: LC/MS/MS

Aqueous C18 

Aqueous C18 Advantages

•Highly base-deactivated

•Compatible with highly 
aqueous (up to 100%) mobile 

phases

General purpose 

Great for
•Multiresidue analysis

•Variety of pesticide classes

•Scalable on different silica 
families 

Pesticide Residues in Foods
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XIC of +MRM (638 pairs): 194.0/122.0 amu Expected RT: 3.5 ID: 3,4,5-Trimethacarb ... Max. 185.2 cps.
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Ultra Aqueous C18

Time dependent MS 
methods (MRMs) = 
column to column 

reproducibility
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LC/MS/MS Pesticide Analysis: Ultra Aqueous C18 
3µm, 100x2.1mm

Better retention and peak shape for 
early eluting (more polar) pesticides
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Gas Chromatography: GC-MS, GC-ECD and GC-NPD

Pesticide Residues in Foods

GC Columns 

Rxi®-5Sil MS 

Rxi technology

•Highest inertness

•Lowest bleed

•Exceptional 
reproducibility

High sensitivity

•Ideal for applications 
requiring high 

sensitivity

•ppb detection limits

General purpose
Great for 

•Multiresidue
analysis

•variety of pesticide 
classes
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Compound Type DB-5MS Rxi-5Sil MS Difference

Methamidophos OPP 1222.0 1221.8 0.2

Omethoate OPP 1585.1 1583.2 1.9

Diazinon OPP 1788.7 1788.3 0.4

Chlorothalonil OCP 1789.8 1791.2 -1.4

Malathion OPP 1959.7 1958.8 0.8

Myclobutanil ONP 2186.4 2186.6 -0.2

4,4-DDT OCP 2351.5 2353.7 -2.3

Propargite OSP 2391.0 2391.1 -0.1

Bifenthrin Pyr 2465.1 2466.2 -1.0

trans-Permethrin Pyr 2712.2 2714.1 -1.9

Retention Indices for Pesticides on “5” Columns
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Chlorinated Pesticide Residues in Olive Oil Rxi®-5sil MS
Peaks Quant. ion Qual. ion 1 Qual. i
1. α-BHC* 219 181
2. γ-BHC 219 181
3. β-BHC 219 181
4. δ-BHC 219 181
5. Heptachlor 272 237
6. Aldrin 263 293
7. Heptachlor epoxide 263
8. δ-chlordane 272 237
9. α-Chlordane 272 237
10. Endosulfan I 195 207
11. 4,4'-DDE 246 318
12. Dieldrin 79 263
13. Endrin 263 281
14. 4,4'-DDD 235 165
15. Endosulfan II 195 207
16. 4,4'-DDT 235 165
17. Endrin aldehyde67 250
18. Endosulfan sulfate 272

239
19. Methoxychlor 227 274
20. Endrin ketone 67 317
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Rxi®-5Sil MS: versatile for other analyses  

Polycyclic Aromatic Hydrocarbons Infant 
Formula with and without QuEChERS 

dSPE Clean-up on Rxi®-5Sil MS

Analysis of Melamine and Related 
Compounds in Infant Formula

Dioxins (HxCDFs) in Fly Ash on 
Rxi®-5Sil MS
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Function or Chemical Class

Chemicals

Intentionally added

additives

packaging

flavorings

Unintentionally added

pesticides

Contaminants

veterinary 
drugs

Residues

mycotoxins

adulteration
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•Promote growth
•US, Canada, Australia 

•Prevent pathogen and 
disease 
•Fear resistant strains

drug residues remaindrugs in feed drug residues in food
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Veterinary Drugs Class Compound

sulfonamides sulfachloropyridazine

sulfonamides sulfadiazine

sulfonamides sulfadimethoxine

sulfonamides sulfamerazine

sulfonamides sulfamethazine

sulfonamides sulfaquinoxaline

sulfonamides sulfathiazole

sulfonamides sulfamethoxypyridazine

sulfonamides sulfamethoxazole

tetracyclines chlortetracycline 

tetracyclines doxycycline

tetracyclines oxytetracycline

tetracyclines tetracycline

nitrobenzenes chloramphenicol

macrolides tylosin

macrolides erythromycin

Tetracyclines Chloramphenicol

erythromycin
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C18 Column
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Veterinary Drug Residues

Mobile phase A: 0.2% formic acid
Mobile phase B: methanol/acetonitrile (80/20, v/v) with 
0.2% formic acid
Flow: 1 mL/min with pre-injection split delivering 0.2 
mL/min to column 
Temp: ambient
Injection volume: 10 μL
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Ultra Biphenyl Column

1

2 3
5

4

7

6

9

8

11

10 1312

15

14

16

1 sulfadiazine
2 sulfathiazole
3 sulfamerazine
4 sulfamethazine
5 sulfamethoxypyridazine
6 oxytetracycline
7 sulfachloropyridazine
8 sulfamethoxazole
9 chloramphenicol

10 tetracycline
11 sulfadimethoxine
12 sulfaquinoxaline
13 chlortetracycline 
14 erythromycin
15 tylosin
16 doxycycline

Si

Veterinary Drug Residues
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0 2 4 6 8 10
Time (min)

0 2 4 6 8 10
Time (min)

Conventional C18 3 6

1 / 2

5
4 20% Acetonitrile

2

0 2 4 6 8 10
Time (min)

PFP Propyl 5

43
6

1 60% Acetonitrile

Cyanopropyl
61 5

42/3 20% Acetonitrile

Fluoroquinolone Stationary Phase Selection

Mobile Phase – (A)10mM Potassium 
Phosphate (pH 2.5): (B) ACN 
Flow rate:  1.0 mL/min
UV detection @ 220 nm
Sample Volume: 5µl of 50µg/mL

5um, 150 x 4.6mm

5um, 150 x 4.6mm

5um, 150 x 4.6mm

Selectivity = better MS methods
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Summary 

Rxi®-5Sil MS Ultra Aqueous C18 
Application Specific 

Phases required resolution 
Isobaric compounds 

required resolution and more 
amenable to LCMS interface 
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Think about…

•Focused or multi-method user = general or specific column  

•MS or MS/MS user =
•column bleed
•specific problems

(isobaric compounds and isobaric interferences)
•LC interface 
•reproducibility

•Low levels= optimize chromatography strategies (S/N)
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QuECh-ing

for 

Beginners 

3 Easy Steps
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• Simplified shake extraction of 
fruits and vegetables for multi-
pesticide residue analysis

• Acetonitrile solvent and 
partition/buffering salts

• Centrifugation

• Dispersive solid phase extraction 
cleanup

• Extract produced for GC and LC 
analysis!

• Quick – Easy – Cheap –
Effective – Rugged – Safe

What is QuEChERS?
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1. Blend

Add H2O to Leaves

Blend!
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2. Extraction

10g sample + 10mL 
acetonitrile

Shake (1 min) Add buffering 
salts to extraction 
sample

Shake (1 min)
Centrifuge (5 min)
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3. Cleanup

Transfer supernatant 
to cleanup tube

Shake (30 sec)

Centrifuge (5 min)

Transfer cleaned 
extract to an 
autosampler vial for 
analysis

Guide to Sorbents
Removes

Sugars and fatty acidsPrimary secondary amine (PSA)
Sorbent

Octadecyl (C18) Lipids

Pigments and sterolsGraphitized carbon black (GCB)
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Analyzing QuEChERS Samples

• Rxi-5Sil MS
– Gas chromatography

• Equivalent to popular DB-
5MS

– Selectivity
– Rxi-5Sil MS is more inert and 

has lower bleed

• 30m x 0.25mm x 0.25μm 
suggested

– Has capacity, is rugged 
towards “dirt”, inert

• Ultra Aqueous C18
– HPLC

• Excellent peak shapes for 
early eluting, polar 
pesticides!

– Methamidophos, acephate

• 100mm x 2.1mm, 3μm 
suggested

– FDA and AB Sciex SRM and 
retention time data

• >280 pesticides

– Restek FFFF1185.pdf
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QuEChERS

• What is the problem?
– Most competitors package the 

extraction salts in 50mL centrifuge 
tubes.

– This results in an extra salt transfer step

– And a wasted tube

• How can we:
– Make it easier to follow the EN, AOAC, 

and original unbuffered methods…

– …while we reduce waste?

35



One tube, not two = 
“Greener” solution

Vapor and moisture 
barrier protection

“Packet” only 
packaging allows 

PTFE or FEP tube use

Salts do not 
clump in 
packets 

(problem for 
Agilent packets)
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Q-sep Extraction Salt Packets

• Salts are poured from the 
packet into the tube.

• No wasted tube

• Packets can be purchased by 
themselves to be used with 
reusable tubes

• This has also allowed us to 
dramatically improve our price

37



Look how happy and productive these lab workers are!
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Product Offering
• EN and AOAC packets 

introduced in 2010

• Re-usable FEP tubes in 
January 2011

• Original unbuffered
packets in May 2011

• Current Promotion ‐ Buy 
one package of reusable 
FEP tubes, and get one 
box of salt packets free.
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Complete Line of QuEChERS 
Products

• Extraction Salts

• Empty Polypropylene and FEP Tubes

• 2mL and 15mL dSPE Tubes

• Tube Racks

• Bottle Top Solvent Dispenser

• GC & LC Columns

• Centrifuge

• Standards
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• Meets AOAC and EU QuEChERS method requirements.

• Supports 50, 15, and 2 mL tubes.

• Small, bench-top footprint.

• Extremely price competitive.
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Complete reference materials support for 
European Standard 15662 QuEChERS method!
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Restek is currently only supplier.
Snap-and-shoot standard additions.
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New QuEChERS Products in 
Development

• More dSPE products

• Vials

• Shaker

• More standards
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Other Applications for 
QuEChERS

• Antibiotics in honey
• Pesticides in olives and olive oil
• Acrylamide in food
• Flukicides and anthelmintics in 

meat and milk
• Veterinary drugs in meat
• Pharmaceuticals in whole blood
• Pesticides in marijuana
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Applications

• New Blog content regularly

• Restek.com/quechers

• Dietary Supplements

• Tylenol

• Cannabanoids

• Shellfish
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Restek ChromaBLOGraphy

• Developed by Kent Rauch
– Restek webmaster extraordinaire

• Posts from Restek Innovations staff

• Often contains pertinent (but unreleased) 
technical info

• Heavily food safety oriented
– QuEChERS, pesticides, injection techniques

• Restek exclusive!
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Infor
mati

on

not

available

elsewhere
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Tylenol
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QuEChERS and Cartridge SPE QuEChERS and Cartridge SPE 
Cleanup for Pesticides in Dietary Cleanup for Pesticides in Dietary 

SupplementsSupplements

Michelle Misselwitz, Julie Kowalski, Jack Cochran, 
Jason Thomas, Rick Lake

Restek Corporation, Bellefonte, Pennsylvania 

50



Sample Preparation of Cannabinoids in Urine 
Using the QuEChERS Method

Jack Cochran, Amanda Rigdon, Kristi Sellers
Restek Corporation, Bellefonte, Pennsylvania

American Academy of Forensic Sciences Annual Scientific Meeting 2009
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Restek.com/quechers
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Restek Technical Information Available at restek.com
Food, Flavors, and Fragrances

Application notes, chromatograms, flyers, mini-catalogs, tear sheets, 
technical guides, audio slideshows, bibliographies, web links, 

instruction sheets, presentations
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Chlorinated Dioxins and Furans in Food
Restek GC Selectivity Solutions

• Determine 2378- TCDD and TCDF in one 
GC run

– Rxi-5Sil MS (60m x 0.25mm x 0.25μm)
• Primary column

• Also does 12378 penta dioxin (very toxic)

– Rtx-Dioxin2 (60m x 0.25mm x 0.25μm)
• Secondary column for TCDF confirmation

• Customer already using DB-5MS
– Selectivity equivalent to Rxi-5Sil MS

– Rxi-5Sil MS is more inert, lower-bleed

• Rtx-Dioxin2 is a Restek exclusive!
– Fully characterized for all 136 Cl4 to Cl8

chlorinated dioxins and furans
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USPs for Restek Rxi-5Sil MS GC Column 
for Chlorinated Dioxins and Furans

• Replacement for DB-5
– Specified in EPA Methods 1613 and 8290a 

– Primary column, but coelution on 2378 TCDF

• Rxi-5Sil MS separates 2378 TCDD and TCDF

• Rxi-5Sil MS separates 12378 PnCDD

• Rxi-5Sil MS is more inert and has lower bleed 
than DB-5

Rxi-5Sil MS has equivalent selectivity to DB-5MS and other “5” silphenylene columns.
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USPs for Restek Rtx-Dioxin2 GC Column

• Replacement for DB-225, SP-2330/2331
– Used for 2378 TCDF confirmation 

– High cyano content puts max temps at 220-270

• Rtx-Dioxin2 separates 2378 TCDF

• Rtx-Dioxin2 has high max temp of 340°C

• Rtx-Dioxin2 partially separates 23478 PnCDF
– Sometimes an important congener

• Rtx-Dioxin2 is a Restek exclusive
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• 2378 TCDF in fly 
ash on Rtx-Dioxin2 
under different GC 
conditions

• Flow and 
temperature 
program 
optimization can 
improve 
separations
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FLYASH-C149823-0006
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PnCDFs on Rtx-Dioxin2
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Polychlorinated Biphenyls in Food

• Do you need to do congener-
specific PCB analyses in fish or 
other animal tissues?

• Do you need European indicator 
congener separations?
– 31/28, 153/132, 163/138

• Rtx-PCB is a Restek exclusive!
– Separates difficult congeners
– Elution orders for all 209 PCBs
– Excellent when combined with MS
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33

20

153

132

138

163

European Indicator PCB Congeners Separated on Rtx-PCB

63



USPs for Restek Rtx-PCB GC Column

• Replacement for 5 and 5Sil columns, etc.
– Do not separate European congeners 
– Especially 31/28, 153/132, and 163/138

• Rtx-PCB separates EU indicator PCBs
– When used with MS

• Rtx-PCB is a Restek exclusive

• Watch for SGE HT8 and J&W DB-XLB
– Restek has Rxi-XLB
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benzo(a)anthracene; benzo(b)fluoranthene; 
benzo(j)fluoranthene; benzo(k)fluoranthene; 

benzo(ghi)perylene; benzo(a)pyrene; chrysene;
dibenz(a,h)anthracene; dibenzo(a,e)pyrene; 

dibenzo(a,h)pyrene; dibenzo(a,f)pyrene; 
dibenzo(a,l)pyrene; 5-methylchrysene 
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GC Selectivity Questions
Polycyclic Aromatic Hydrocarbons

• Need to separate benzo b, j, and k 
fluoranthenes?
– Rxi-17Sil MS (50% diphenyl type)

• Need to separate chrysene and 
triphenylene?
– Rxi-XLB (close elution though)

• Rt-PAH? (liquid crystal)
– Separates chrysene, triphenylene
– Benzo b and j fluoranthenes coelute
– Narrow temperature range (80-285°C)

New!
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Rxi-17

Rxi-17Sil MS: an arylene-based 
polymer with 50% diphenyl selectivity

Structure 
not 

shown
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Rxi-17

Rxi-17Sil MS

PAHs

15m x 0.25mm x 0.25µm
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Rxi-17

b k j

Rxi-17Sil MS

b
k j

Benzo fluoranthenes

15m x 0.25mm x 0.25µm
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30m x 0.25mm x 0.25µm Rxi-17Sil MS

Partial separation of chrysene 
and triphenylene!Just 

rec
eiv

ed
…
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Rxi-17Sil MSRxi-17

Phenanthrene Anthracene

Phenanthrene

Anthracene

15m x 0.25mm x 0.25µm
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USPs for Restek Rxi-17Sil MS GC Column

• Rxi-17Sil MS is a low-bleed analog of Rxi-17
– Maximum operating temperature of 360°C
– Similar, but not exact, selectivity to Rxi-17 

• Rxi-17Sil MS separates benzo b,k, and j 
fluoranthenes

• Rxi-17Sil MS partially separates chrysene and 
triphenylene

• Watch for Agilent DB-EUPAH and Varian Select 
PAH
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• Pinnacle II PAH
– Restek exclusive!
– Shape selective

Good separation of 
benzo fluoranthenes!

HPLC of PAHs
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Phenomenex Synergi Max-RP
4µm, 250x4.6mm, 80Å

• Fewer PAHs analyzed
• Longer run
• Less separation

Competitor HPLC of PAHs

74



2 3 5

7

8

10

11

12

13

14

15

16
17

18

6

1
4

9

Time % MeCN

0 50

1 60

3 100

5 100

1. Naphthalene
2. Acenaphthylene
3. 1-methylnaphthalene
4. 2-methylnaphthalene
5. Acenaphthene
6. Fluorene
7. Phenanthrene
8. Anthracene
9. Fluoranthene
10. Pyrene
11. Benzo(a)anthracene
12. Chrysene
13. Benzo(b)fluoranthene
14. Benzo(k)fluoranthene
15. Benzo(a)pyrene
16. Dibenzo(a,h)anthracene
17. Benzo(ghi)perylene
18. Indeno(1,2,3-cd)pyrene

Pinnacle DB PAH
1.9μm, 50x2.1mm

Flow: 0.6 mL/min
Temp: 30°C

< 4 min run!

Restek UHPLC of PAHs – Very Fast Run
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Summary of Food Safety

• Years of personnel experience at Restek
– Best food safety technical support

• Wide range of QuEChERS products
– Rapidly growing food safety sample preparation method

• GC and HPLC columns for food safety
– Inert, selective, tested, adopted

• Total solution offerings
– Sample preparation, standards, GC/LC columns/consumables

• Innovative new products
– QuEChERS, Rxi-17Sil MS, 5mm GC inlet liner

• Technical information support
– Web, literature, presentations, ChromaBLOGraphy, etc.
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Appendix

• Extra slides for distributors to review

• Additional topics and/or applications
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Other Topics for Food Safety

• PBDEs in food
– Rtx-1614 column (Restek exclusive!)

• Fast runs and minimal BDE 209 breakdown

• www.restek.com/aoi_env_A035.asp

• Melamine in infant formula
– Rxi-5Sil MS, standards, derivatization reagents

• www.restek.com/restek/images/external/FFAN1137.pdf

• Veterinary drug residues
– Biphenyl HPLC columns (Restek exclusive!)

• Julie Kowalski (Florida Pesticide Residue Workshop)

78



Other Topics for Food Safety

• Dietary supplements
– Restek publishes first QuEChERS method

• www.restek.com/restek/images/external/PHAN1242.pdf

• Food authentication and origin
– Not really food safety, but hot food topic

• Lots of GCxGC work being done

• GCxGC for food safety and food applications
– Restek has two GCxGC systems

• LECO Pegasus 4D GCxGC-TOFMS, GCxGC-ECD/FID

– Full line of 0.10, 0.15, 0.18mm columns for GCxGC
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Columns for Comprehensive GC (GCxGC)
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