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Kyoto, 15th -23th September 2012 

Previous Presentations 

They were shown the following objectives: 

• To show some new perspectives in the mass spectroscopy determination of 
dioxin-like substances in environmental and food samples 

• To evaluate suitability of GC-QqQ(MS/MS) for the analysis of dl-POPs 

• Comparison with reference techniques (GC-HRMS) 
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New Perspectives in the mass spectroscopy determination of dioxin-like substances in 
environmental and food samples 

 
A. García-Bermejo, M. Ábalos, L. Mattioli, M.J. González, B. Gómara, E. Abad 

 



Aldrin, Chlordane, DDT, Dieldrin, Endrin, Heptachlor, Hexachlorobenzene, 
Mirex and Toxaphene 

Organochlorine 
pesticides 

Polychlorinated 
biphenyls 

They are used as dielectric oil in transformers and accumulators and other 
uses 

Dioxins Anthropogenic substances coming from different sources, despite a minor 
natural contribution 
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“Incidents” – Serious Economic Impacts 

5 



Different dynamic and abatement strategies: 
• Global Scale – Stockholm Convention on POPs 
• EU Regulation: 

− Setting limits in well-known sources 

− Setting limits in feed and food for dioxins and PCBs 

− Defining not only the limits but also developing methods for sampling and 

analysis for the official control of levels of dioxins and PCBs in food and feed: 

Confirmatory and Screening methods 

Serious Impact – Global Treaty and Regulation 
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Commission Regulation (EU) No 252/2012 Commission Regulation (EU) No 589/2014 

Past Present 

Commission Regulation (EU) No 589/2014 of 2 June 2014 
 

• Specifies use of GC-HRMS or GC-MS/MS for confirmatory dioxin 
analysis. 
 

• GC-MS/MS is “an appropriate confirmatory method for checking 
compliance with the maximum”, only. 
 

• GC-HRMS remains the recommended technique for “determination 
of low background levels in food monitoring, following of time trends, 
exposure assessment of the population”. 

HRMS is recognized 
to deliver superior 

sensitivity, as required 
for low level 

background studies 

HRMS fulfills all 
requirements for all types 
of dioxin applications, is 

considered the 
Reference standard for 

dioxin analysis. 

Serious Impact – Global Treaty and Regulation 
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• Specifies use of GC-HRMS for confirmatory 
dioxin analysis in food and feed. 
  
• GC-MS/MS allowed as screening technique. 

• Specifies use of GC-HRMS or GC-
MS/MS for confirmatory dioxin 
analysis in food and feed. 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:JOL_2014_164_R_0006


 COMMISSION REGULATION (EU) No 589/2014 (2 June 2014)  
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SPECIFIC REQUIREMENTS FOR GC-MS/MS METHODS TO BE COMPLIED WITH FOR 
CONFIRMATORY PURPOSES (in food and feed samples): 
 

 Monitoring of at least 2 specific precursor ions, each with one specific corresponding 
transition product ion, for all labelled and unlabelled analytes… 

 Maximum permitted tolerance of relative ion intensities of ±15% for selected transition 
product ions in comparison to calculated or measured values (average from calibration 
standards), applying identical MS/MS conditions, in particular collision energy and gas 
pressure,… 
 

 Resolution for each quadrupole to be set equal to or better than unit mass resolution (unit 
mass resolution: sufficient resolution to separate two peaks one mass unit apart)… 

 LOQ: The method must demonstrate that it is able to distinguish between the blank and cut-
off value. In reporting a value, a notification level should be established to decide what to do 
with the samples with a response below this level. 

o For PCDD/PCDF, LOD should be in the range of higher femtograms (10-15 g). For most congeners of 
PCBs, is sufficient LOQ in the nanogram (10-9 g). However, to measure congeners similar to dioxin-
like PCBs (in particular non-ortho substituted congeners) the lower limit of the working range must 
reach the lowest picogram (10-12 g). 



Sample Preparation 

Cleanup 

Analysis and final 
TEQ Calculation 

Extraction 

GC-HRMS 

GC-MS/MS 

ASE Soxhlet 

FMS PowerPrep or manual 
clean up 

Confirmatory Scheme Food, Feed for 
PCDD/Fs, PCBs, 

OCPs, BFRs, 
Toxaphene, etc. 

The POPs Analysis Workflow in the Lab  
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París, 1964 -1969 

Two patents: 
•Housing source on the top position 
•Magnet Radius < 8cm 
•Special magnetic sector design 

HRMS-Magnetic Sector Analyzer 

Confirmation 
technique 
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10.20 10.40 10.60 10.80 11.00 11.20 11.40 11.60 11.80 12.00 12.20 12.40 12.60 12.80
Time0
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%

25012012-TCDD- MXB Voltage SIR 6 Channels EI+ 
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1.69e5
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Injectat 1ul - columna 30m

2 fg TCDD 
Ratio S/N >3 

• Includes a Double Focusing magnetic Sector 
(DFS) MS, latest technology in magnetic sector 
high resolution GC/MS. 
 

• DFS offers excellent analytical performance for 
POPs analysis: Sensitivity, Robustness, 
Throughput, Flexibility. 

 
• In use for routine analysis in leading dioxin expert 

labs all over the world.  

HRMS-Magnetic Sector Analyzer 
Thermo Scientific™ DFS™ HR MS - Gold Standard Sensitivity 
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 GC-ECD  

 The 90’s: GC-MS (quadrupole) 

 Early 2000’s: GC-ITD(MS/MS) 

 Other….. 

 2010 – nowadays: GC-QqQ(MS/MS) 

HRMS-Magnetic Sector Analyzer 
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Requirements 
•Investment 
•Expertise 
•…… 

• High gas chromatography coupled to resolution 
mass spectrometry (HRGC-HRMS) 
 

• Isotopic dilution method for quantification 



Low Resolution Mass Spectrometry 
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DIFFERENCE PROJECT  
V EU Framework 
Coord.. Prof. Jacob de Boer 
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Ion-trap Mass Spectrometry 
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Ion-trap Mass Spectrometry 
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 Thermo Scientific™ TSQ™ 8000 Evo triple quadrupole 
GC-MS 
 

 State-of-the-art triple quadrupole GC-MS system 
introduced at ASMS 2014 
 

 Fast collision cell instrument with EvoCell technology for 
high SRM transition speeds, precision, and sensitivity 

• Thermo Scientific™ ExtractaBrite™ ion source is heated 
throughout  for high matrix tolerance 
 

• Ion source is fully removable, hot, under vacuum when 
cleaning is necessary or swapping with a spare 

Tiple Quadrupole Mass Spectrometry 
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• For all experiments a GC-MS/MS coupled with a Thermo Scientific™ TRACE™ 1310 GC was used. 
 
• Sample introduction was performed with a Thermo Scientific™ TriPlus RSH autosampler. 
 
• Data processing was achieved using TargetQuan 3.1 software. 

 
 

Experimental: General conditions 
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Experimental: Injector & Autosampler 

Experimental: MS/MS TRACE 1310 GC Parameters 
Injection Volume (mL): 2 
Liner SSL single taper 
Inlet (°C): 260 
Inlet Module and Mode: Splitless 
Carrier Gas,  (mL/min): He, 1.2 
Oven Temperature  Program: 
Temperature  1 (°C): 100 
Hold Time  (min): 2 
Temperature  2 (°C): 250 
Rate (°C/min) 25 
Temperature  3 (°C): 285 
Rate (°C/min) 2.5 
Temperature  4 (°C): 330 
Rate (°C/min) 10 
Hold Time  (min): 5 

 
TSQ 8000 Evo Mass Spectrometer 

Parameters  
Transfer line  (°C): 280 
Ionization type: EI 
Ion source(°C): 300 
Electron energy (eV): 40 
Acquisition Mode: timed-SRM 
Q2 Gas 
Pressure(argon)(psi): 60 
Q1 Peak Width (Da): 0.7 
Q3 Peak Width (Da): 0.7 



• To evaluate suitability of GC-QqQ(MS/MS) for the analysis of dl-POPs:  

• Optimizing instrumental conditions for the analysis of PCDD/Fs by GC-
QqQ(MS/MS) 

• Analysis in real samples: The matrices were analyzed for their dioxin content:  

Dry fish sample (previously used in inter-laboratory studies) 

Fish sample (previously used in inter-laboratory studies) 

Milk powder sample (reference material) 

Feed sample (internal reference material) 

Fly ash sample (certified reference material) 

Sewage sludge (certified reference material) 

Overview 
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2378-TCDD in Sample Extracts 

95 fg 28 fg 98 fg 
Fish  Feed Egg 

Results:Determination of Dioxins in Sample Extracts 
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Results:Determination of Dioxins in Sample Extracts 
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Comparison GC-MS/MS with GC-HRMS in Milk powder Sample 

Good correlation between GC-QqQ and GC-HRMS 

Results:Determination of Dioxins in Sample Extracts 
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Comparison GC-MS/MS with GC-HRMS in Feed Sample 

Good correlation between GC-QqQ and GC-HRMS 

Results:Determination of Dioxins in Sample Extracts 
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Comparison GC-MS/MS with GC-HRMS in Fly ash Sample (CRM 490) 

Results:Determination of Dioxins in Sample Extracts 
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Comparison GC-MS/MS with GC-HRMS in Fly ash Sample (CRM 490) 
Results:Determination of Dioxins in Sample Extracts 

HpCDF 

HxCDF 

HxCDF* 

HxCDD 

HxCDD* 

HpCDF* 

HpCDD 

HpCDD* 

GC-QqQ GC-HRMS 
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Results:Determination of Dioxins in Sample Extracts 
Comparison GC-MS/MS with GC-HRMS in Sewage sludge sample (CRM 677) 
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Comparison GC-MS/MS with GC-HRMS in Sewage sludge (CRM 677) 
Results:Determination of Dioxins in Sample Extracts 

OCDF 

OCDD 

OCDD* 

GC-QqQ GC-HRMS 
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S/N ratios for 2,3,7,8-TCDD 
(EPA1613-CSL, 0.1 pg/µL) GC-QqQ GC-HRMS 
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*value provided by software 
**manual calculation 

Results: LOD 

S/N LOD (fg) S/N=3 

4643* 0.06* 

71** 4** 

S/N LOD (fg) S/N=3 

246* 1.2* 

216** 1.4** 
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 COMMISSION REGULATION (EU) No 589/2014 (2 June 2014)  
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SPECIFIC REQUIREMENTS FOR GC-MS/MS METHODS TO BE COMPLIED WITH FOR 
CONFIRMATORY PURPOSES (in food and feed samples): 
 

 Monitoring of at least 2 specific precursor ions, each with one specific corresponding 
transition product ion, for all labelled and unlabelled analytes… 

 Maximum permitted tolerance of relative ion intensities of ±15% for selected transition 
product ions in comparison to calculated or measured values (average from calibration 
standards), applying identical MS/MS conditions, in particular collision energy and gas 
pressure,… 
 

 Resolution for each quadrupole to be set equal to or better than unit mass resolution (unit 
mass resolution: sufficient resolution to separate two peaks one mass unit apart)… 

 LOQ: The method must demonstrate that it is able to distinguish between the blank and cut-
off value. In reporting a value, a notification level should be established to decide what to do 
with the samples with a response below this level. 

o For PCDD/PCDF, LOD should be in the range of higher femtograms (10-15 g). For most congeners of 
PCBs, is sufficient LOQ in the nanogram (10-9 g). However, to measure congeners similar to dioxin-
like PCBs (in particular non-ortho substituted congeners) the lower limit of the working range must 
reach the lowest picogram (10-12 g). 
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GC-Orbitrap technology for POPs analysis 
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Results: TCDD response across 10-1000 fg on column 
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Results: TCDF native, fly ash 
Isotopic pattern fit and accurate mass measurements for TCDD congener eluting 

at RT = 28.33 min 

Theoretical isotopic pattern 

Acquired data 
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RT: 24.77 - 32.00 SM: 5B
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Results: Native TCDF profile in environmental samples 

soil/sediment 

dry sludge 

fly ash 
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Pentachlorinated non- dioxin like PCBs profile in fish 
(CRM) 

RT: 18.70 - 30.22 SM: 5B
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13C-pentachlorinated 
m/z 337.9207 
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