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1957: American Chicken Gate

• Chick Edema Disease, Eastern USA

• >1.106 broiler chicken suddenly died

• Feed contamination

• Oleic acid component

• PCP-treated beef hides

• PCDDs at ppm levels in PCP… (1962)

HxCDD structure 
elucidated from

crystals isolated from
the HPTF 

Metcalfe, L. D. Proposed source of chick edema factor. J. Assoc. 
Offic. Anal. Chem. 55 (1972)  542 .

GC-ECD of a fleshing grease extract

> 50 ppb…

Firestone, D.  Etiology of chick edema disease. Environ. 
Health Perspect. 5 (1973) 59.



Crummett, W.B. and Stehl, R.H. Determination of Clorinated Dibenzo-p-dioxins and Dibenzofurans in Various Materials. Environ. 
Health Perspect. 5 (1973)  15.

Baughman, R. and Meselson, M. An Analytical Method for Detecting TCDD (dioxin): Levels of TCDD in Samples from Vietnam. 
Environ. Health Perspect. 5 (1973)  27.

• Direct Probe
• MS-9 HRMS
• Resolution 10,000 (10%)
• Time Averaging
• Repetitive Scanning

Tondeur et al., Bio. Med. Environ. Mass Spectrom. (1987) 14, 449.

• Better separation
• Less material to be injected
• Need special introduction methods
• Need sensitive detectors

Bartle, K.D. and Myers, P. 
History of Gas Chromatography. 
TRAC 21(2002)  547.



• CVs 10-15%
• Ppt-ppq LODs
• Isotope Dilution
• QA/QC basics

Focant and De Pauw, Les Dioxines. La Recherche 323 (1999) 84.

• Council Regulation 2001/102/EC 
• Council Regulation (EC) No 2375/2001
• Commission Directive 2002/69/EC 
• Commission Directive 2002/70/EC 
• Commission Directive 2006/13/EC
• Commission Recommendation 2006/88/EC 
• Commission Regulation (EC) No 199/2006
• Commission Regulation (EC) No 1881/2006 
• Commission Regulation (EC) No 1883/2006 
• Commission Regulation (EC) No 152/2009 
• SANCO/11248/2011
• Commission Recommendation 2011/516/EU
• Commission Regulation (EC) No 252/2012
• Commission Regulation (EC) No 277/2012
• Commission Regulation (EC) No 278/2012
• Commission Regulation (EC) No 589/2014
• …

EU Commission Documents



• Capilary GC, tR dev. < 0.25%

• DF Sector MS

• EI 70eV, >10,000 R

• SIM, 13C ID, IRs <20% RSDs, Reco. 40-130%

• LODs, LOQs (S/N)…

The Gold Std is Thus…

A Sector.

EU No 252/2012

Sector 2 fg (SIM)

From 24 Karats Gold to…
• Com. Reg. (EU) 589/2014 (PBMS)

• GC-HRMS & GC-MS/MS as confirmatory…

• 24 karats GC-sHRMS (low level studies)

• 20 karats GC-MS/MS (food-feed control)

QQQ 50fg (MS/MS)

Accuracy & Reproducibility

Wim Traag, Rikilt, NL

Proficiency test (PT)

Z score = 0.59Z score = 0.80



Other Gold Fineness?

Modified from: Brunnée, Int. J. Mass Spectrom. (1987) 76 (2) 125.

IMS

Orbitrap

APGC
CZC

GC-QISTMS/MS

Focant et al., J. Chromatogr. A (2005) 1067, 265.

GC-FTICRMS
• GC-TQFTICRMS

• 50-100 k mass resolution

• 0.5-1.0 ppm mass accuracy

• 1pg IDLs

• Kendrick plot analyses

GC-FTICRMS



• APGC as the missing link between LC and GC

• Soft ionisation process (molecular ion)

• N2 make up gas, less source cleaning

• Exact mass (<5ppm) filtration

• Charge transfer vs protonation (water, IPA, …)

• Need for dedicated MS libraries…

• Ideal for Brominated analytes...

APGC 

Van Bavel et al., Anal. Chem. (2015) 87, 9047.

APGC TQS 2fg (MS/MS)

Organtini et al., Anal. Chem. (2015) 87, 10368.

• Used to detect what less sensitive GCxGC

TOFMS highlighted

APGC-MS/MS



• ‘New’ Xevo TQ-XS (better MDLs than sector…)

• New pump, new ion guide,… (ion tranmission)

• Linear dynamic range of 6 decades…

APGC 

Absolute	amount	TCDD S/N
100	fg	 6000
10	fg 600
1	fg 70
250	ag 10

LOD	50	ag…
IDLs	80	ag

Jones, R., personal communication

GCxGC-(HR)TOFMS
<1ppm acuracy

GCxGC-HRTOFMS 100fg (Full scan, >100,000 mass resolution)

GC-Orbitrap

Orbitrap 500 fg (Full scan, >120,000 mass resolution)

E. Abad, 2015

GC-Orbitrap
• Q Exactive

• TIC @ 120 k Resolution…

• <1ppm mass accuracy

• Elemental composition

• Fast untarget HR screening

• Lower needs for sample clean-up...



C. Cojocariu et al., 2015
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CZC-GC

Hardware Evolution



timed-CZC

t-CZC trace

Typical GC trace

timed-CZC

2D is Still There…

5% type phase
30m

Polar type phase
<5m

Possibly a lot of time saved here…



FGC But…

5m FGC 60m CZC

HxCDFs

HxCDDs

Unless We Do Dual Data…

2nd Injection

GC 1

GC 2

Saved time

92 min vs 2x57 (+10) min for 2 runs (16% saved)

*Special certified Standards from Wellington Labs.

Triplicate five point calibration curve of TCDD (4uL injected) using t-CZC.

timed-CZC Get the Sector MS Speeded Up

CZC 
pw 0.6-0.8 s

standard
pw >10 s

12.5 Hz

1.1 Hz



Ion Mobility…
• New orthogonal separation

• Potential enhanced peak capacity…

• Shape & charge selective

• Collision cross sections (<0.5% RSD)

• Overpass isobaric issues and tR issues...

• GC(xGC)-IMS-QTOF ???

• Chromatogram / Mobilogram / Fragmentogram...

• ASE, PLE, MAE, SPE, Soxhlet,…

• Si (GPC) / Al / C

• Si / C / Al

• Si / Flo / C(1) & C(2)

• Si(1) & Si(2) / C / Al

• Si / C

• High throughput

• Low carry over

• Lower costs than before...

Sample Prep…

Miscellaneous Tips & Tricks
• Moving from He to N2 (Phlogisticated air)

• APGC well suited for N2 use as carrire gas…

• Slight peak broadening (8ml/min flow ok)
J. Cochran et al., 2015



• Moving from He to H2

• H2 has faster optimal linear velocity

• Higher productivity (52%), same LOQs

• Reactive reducing gas...

• Possible dechloration (<5%) (effect on TEQ...)

• Reduction of analyte response (compensated by

better ion source on the QQQ...)

• To be compared to He Dual Data...

CALUX ??

PCDDs, PCDFs, DL-PCBs, PXCDDs, PXCDFs, …



The Early 2000’s Scenario is not True Anymore…

Current screening-
confirmatory

Possible Enhanced 
Legislative Target-

Real CALUX 
Screening

All target 
analyses by 

GC-(HR)MS
Toxically 
relevant 

screening 
by CALUX

Gold	Karats Routine	 Exploratory Sensitivity Mass Comprehensiveness
Dioxins Dioxins Resolution

Sector	MS 24 24 22 20 16
QQQ	MS/MS 20 18 20 14 16
APGC-TQXS 20 24 24 16 18
GCxGC-HRTOFMS 16 22 16 22 24
GC-Orbitrap 20 20 20 22 22
GC-TQFTICRMS 14 18 16 22 22

Aiming for the Platinum level

ü One came a long way…
ü Still lots to do
ü The perfect MS analyser is yet to be found
ü We can revisit our early 2000 approaches


