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Persistance & Accumulation in the Food Chain

POPs are chemically stable environmental contaminants

Bioaccumulation occurs in fish 
and animal products
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UNEP definition of Persistant Organic Pollutants (POPs)

“…chemical substances that in the environment, 
through the food web, and pose a of causing 

adverse effects to and the environment. With the evidence 
of long-range transport of these substances to regions where they have never 
been used or produced and the consequent threats they pose to the 
environment of the whole globe, the international community has now, at 
several occasions called for urgent global actions to 

of these chemicals.”
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Dioxins at Trace Levels are Highly Toxic

• Tolerable Daily Intake   1 pg/kg/d TEQ

• Amounts typically detected:
•Food  PPT
•Water  PPQ
•Human Serum PPQ
•Air  fg/m3
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Toxicity

• Viktor Yushchenko, President of Ukraine (2005-2010)
• Poisoned in 2004

2010
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Basic Concepts of Toxic Equivalency Factor (TEF)

• Dioxin-like toxicity is cumulative

• So we can compare toxicology of various 
dioxin-like compounds and simplify risk 
assessment and regulatory control.

• All other compounds with dioxin-
like toxicity are compared to 2378 
TCDD and given a relative TEF

• Toxic Equivalency Factor (TEF) of 2378-TCDD = 1

Cl

ClCl

Cl



7

Ever Changing TEF Concept

• TEF factors are continuously 
revised

• TEFs are species dependent
• Human
• Fish
• Avian
• Mammalian

• Generally we are interested in 
human exposure

• EU guidelines for food analysis use WHO2005 TEF factors

Congener I-TEF WHO1998-TEF WHO2005-TEF

Polychlorinated dibenzo-p-dioxins
2378-Cl4DD 1 1 1
12378-Cl5DD 0.5 1 1
123478-Cl6DD 0.1 0.1 0.1
123678-Cl6DD 0.1 0.1 0.1
123789-Cl6DD 0.1 0.1 0.1
1234678-Cl7DD 0.01 0.01 0.01
Cl8DD 0.001 0.0001 0.0003
Polychlorinated dibenzofurans
2378-Cl4DF 0.1 0.1 0.1
12378-Cl5DF 0.05 0.05 0.03
23478-Cl5DF 0.5 0.5 0.3
123478-Cl6DF 0.1 0.1 0.1
123678-Cl6DF 0.1 0.1 0.1
123789-Cl6DF 0.1 0.1 0.1
234678-Cl6DF 0.1 0.1 0.1
1234678-Cl7DF 0.01 0.01 0.01
1234789-Cl7DF 0.01 0.01 0.01
Cl8DF 0.001 0.0001 0.0003
Non-ortho polychlorinated biphenyls
PCB-77 - 0.0001 0.0001
PCB-81 - 0.0001 0.0003
PCB-126 - 0.1 0.1
PCB-169 - 0.01 0.03
Mono-ortho polychlorinated biphenyls
PCB-105 - 0.0001 0.00003
PCB 114 - 0.0005 0.00003

PCB-118 - 0.0001 0.00003
PCB-123 - 0.0001 0.00003
PCB-156 - 0.0005 0.00003
PCB-157 - 0.0005 0.00003
PCB-167 - 0.00001 0.00003
PCB-189 - 0.0001 0.00003
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Persistant Organic Pollutants

• Incineration products
• Polychlorinated dibenzodioxins –PCDDs (75)
• Polychlorinated dibenzofurans - PCDFs (135)

• Environmental contaminants
• Polychlorinated biphenyls – PCBs (209)
• Polybrominated diphenyl ethers – PBDEs (209)
• Chlorinated paraffins
• Organochlorine pesticides
• Polyfluorinated ether sulphones 

Large numbers of cogeners but of differing toxicity
High specificity is required to focus on toxicologically significant POPs
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Structural Similarities Requires High Specificity

Polychlorinated biphenyls

Chlorinated Paraffins

DDT
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EU Regulations for POPs in Food & Feed

• Regulation (EC) No 1881/2006
For example:
• Sum of dioxins (WHO-PCDD/PCDF-TEQ)

• Limits range from 0.75 pg/g fat for vegetable oils to 4.0 pg/g for fish

• Sum of dioxins & dioxin-like PCBs 
• Limits range from 1.5 pg/g fat for vegetable oils to 8.0 pg/g for fish

• Separate limits apply to animal feed
• Regulation (EC) No 396/2005

For example:-
• DDT (sum of pp’-DDT, op’-DDT,pp’-DDT and pp’-TDE (DDD) expressed as 

DDT
• Limits range from 0.04 mg/kg for milk 0.05 mg/kg for fruit to 1.0 mg/kg for meat 

and offal
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Dioxin and PCB incidents are 
expensive.
• Egg production enterprise with $5M 

hens would cost in excess of $30M. 
• Broiler enterprise producing 3M 

broilers per week would exceed 
$85M.

• Times Beach, Missouri, road dust 
covered by oil spread. The cleanup 
cost = $110M million.

• The total costs of the Belgian food 
crisis are estimated up to $1000M.

Repeated “Dioxin” cases from 
only recent years:
• 1999  Belgian PCB/dioxin in eggs, poultry
• 1999  Clay and zeolithes for feed
• 2000  Choline chloride 
• 2004  Potato pulp
• 2005  Hydrochloric acid
• 2007  Indian Guar Gum thickener
• 2008  Irish Pork Meat
• 2008  Italian Mozarella Cheese …
• ... still on today around Naples.
• 2011 German eggs, poultry contaminated 

from feed

“Dioxin Incidents” – Economic Impacts
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Types of Matrices Requiring POP Analysis

• Agricultural products & foodstuffs
• Animal & fish products, oils & fats

• Animal feedingstuffs

• Compound feeds and feed components

• Environmental samples

• Incinerator fly ash, soil, grass and marine biota

• Biological samples

• Human and animal blood, human milk & adipose tissue
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How To Analyze Dioxins - Complete POPs Solutions

Step Requirement Solution

Laboratory PPE Fume hoods, lab coats, gloves, 
eye protection etc. Fisher Scientific

Laboratory Reagents Alumina, Silica, Solvents, Acids Fisher Scientific

Laboratory Apparatus Freeze driers, ovens, balances, 
pipettes, vials, columns Fisher Scientific

Sample Preparation 

Extraction Thermo Scientific™ Dionex™ ASE350 
Accelerated Solvent Extraction

Extract Fractionation / Purification CAPE Technologies Sample Preparation Kits*

Extract Concentration Thermo Scientific™ Dionex™ Rocket™ Evaporator

Sample Analysis Chromatography Thermo Scientific™ Trace 1310 GC, TriPlus RSH 
& Trace Gold GC/MS columns and consumables

Sample Analysis GC-HRMS or GC-MS/MS Thermo Scientific™ DFS™ GC-HRMS or
Thermo Scientific™ TSQ™ 8000 Evo GC-MS/MS

Data Handling & Reporting

Dioxin Data processing, QA/QC 
checking &reporting

Thermo Scientific™ TargetQua™n 3
Thermo Scientific™ Xcalibur™

LIMS Thermo Scientific™ Nautilus™ LIMS

• Thermo Fisher Scientific supports the entire dioxin analysis workflow
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Typical Dioxin Workflow (EPA1613)

Matrix Specific Processing

GC/MS Analysis

13C Surrogates:
13C Internal standard 
(sometimes in Europe) added 
here
or
more often here

2,3,7,8-[37Cl4]-TCDD Clean-
up standard

13C Internal standard aka 
Recovery standard aka 
Syringe standard

Extraction

Clean-up & Fractionation

Concentration

3-
7 

da
ys
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Background Info: Confirmation vs Screening

• Confirmatory Analysis

• Unequivocal identification 
and quantification

• Results can be used in 
prosecution

• Screening Analysis

• Indication of levels only

• Must be followed with 
confirmatory analysis
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What’s New In EU Regulation For Dioxins?

Past
Commission Regulation (EU) No 252/2012 of 21 March 2012

• Specifies use of GC-HRMS for 
confirmatory dioxin analysis 

• GC-MS/MS was allowed a 
screening technique.

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”.
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30 % RSD 15 % RSD
Maximum Level (ML) TEQ

Screening           Confirmation

Decision

Screening
• High throughput – fast
• Low cost
• Low false negative rate (< 1%)
• False positives acceptable (<5%)
• Relaxed precision (<30 % RSD)
• Sensitivity 25% below of ML

Confirmation
• Unequivocal identification
• High precision (<15 % RSD)
• Higher sensitivity to monitor lower 

background and action levels. 
• High resolution necessary

Source: EU Directives 96/23/EC, 1883/2006

Definitions of Screening and Confirmation
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Options for screening POPs in Food & Biological Samples

• DR-CALUX
• Receptor-based assay
• Gives indication of total toxicity of extracts
• Requires adequate sample concentration & cleanup
• Lacks flexibility – only PCDDs/PCDFs and PCBs 

determined

• GC-MS/MS (also for confirmation)
• Instrumental 
• Can measure individual congeners & TEQs
• Requires adequate sample concentration & cleanup
• High flexibility – can be used for all POPs as well as 

other residues & contaminants



19

Extraction & Cleanup for Dioxins & PCBs – HR-GC-MS

Time to response: 3-5 days
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Extraction & Cleanup for Dioxins & PCBs – GC-MS/MS

Concentration to 50 mL

Fat extraction with hexane using ASE

Alumina clean-up

SPE on ExtrelutTM column impregnated with 
sulphuric acid

Concentration to 50 µl

Elution with DCM

Sample spiking and freeze drying

GC/MS/MS analysis
Provided by G. Brambilla, ISS Rome, 
Italy
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TSQ 8000 Evo DFS

GC-MS/MS GC-HRMS

Triple Quadrupole MS Magnetic Sector HRMS

High performance, easy to use MS/MS for non-
experts

High-Resolution Full Scan and SIM

Target Analysis in Complex Matrix Dioxins, PCBs, Other POPs

Pesticides in Food, Drugs in body fluid EPA 1613, 8270A, 8290

GC-MS/MS vs. GC-HRMS
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Magnetic Sector HRMS: Thermo Scientific DFS

• Benchtop-like operation (autotune) 

• Most compact instrument in its class 

• Toroidal ESA for highest sensitivity

• Low power consumption

• Unique Dual GC configuration 

• Fit-for-purpose data evaluation software
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ENS
EXS

Magnet
TOROIDAL ESA

Magnet field plus electrostatic field (ESA) = double focussing

Magnetic Sector HRMS: Ion Optics of the DFS
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 #668 R: 1062 ST: 1.00 FX: 3.27E7
F: + p EI MS [ 412.96-415.01]
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 #624 R: 9857 ST: 1.00 CR: 2.24E6
F: + p EI MS [ 412.96-415.01]
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R 1000 R 10,000

DFS: Tune peak of FC43 calibrant, mz 414, screenshots at R 1,000 and R 10,000

Magnetic Sector HRMS: Resolution Setting 
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High Selectivity with ‘High Resolution‘

Mass Peaks at Different Resolution Settings:

Red: TCDD mass trace at R 1.000

Green: TCDD mass trace at R 10.000

Blue: another chlorinated compound mass trace

High Resolution

Low 
Resolution TCDD

Yet another
chlorinated
compound
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RT: 13.40 - 14.80 SM: 5G

13.4 13.5 13.6 13.7 13.8 13.9 14.0 14.1 14.2 14.3 14.4 14.5 14.6 14.7 14.8
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RT: 14.40
AA: 396

RT: 14.66
AA: 10262

RT: 14.77
AA: 3823

RT: 14.10
AA: 1834 RT: 14.49

AA: 1504RT: 13.88
AA: 1180

RT: 14.40
AA: 1143

RT: 14.23
AA: 535

RT: 14.18
AA: 212238

RT: 14.67
AA: 167876

RT: 14.11
AA: 33799 RT: 14.51

AA: 28788RT: 14.26
AA: 20013

RT: 13.90
AA: 17707RT: 13.43

AA: 2991
RT: 13.78
AA: 1564

RT: 13.66
AA: 1979

R = 10,000

R = 5,000

R = 1,000

Chemical noise
from  matrix 
interferences 
shows  up
at lower mass 
resolution

ONLY HRMS at 
R=10,000 
selects the 
dioxin peak.

2378-TCDD

DFS 
GC-HRMS

Quantitation Mass 
m/z 319.8965

For the native TCDD

Need for High Resolution GC-MS – Blood Sample
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Triple Quadrupole TSQ8000 Evo for POPs analysis

“Monitor a Transition”
from Precursor in Q1 to Product Ion in 

Q3
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Buffalo Milk Sample, TCDD Mass Traces
GC-MS/MS (5 µl injection PTV solv. split )  GC-HRMS 1/10 concentration

RT: 20.17 - 21.80 SM: 5G
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RT: 21.05
AA: 18154

RT: 20.82
AA: 4328RT: 20.25

AA: 1532
RT: 21.53
AA: 1227

RT: 21.05
AA: 14169

RT: 20.80
AA: 4060RT: 20.28

AA: 1828 RT: 21.77
AA: 934

RT: 21.33
AA: 386

RT: 20.54
AA: 9837760

RT: 21.05
AA: 4446744

RT: 20.69
AA: 36998

RT: 21.31
AA: 39618

RT: 21.80
AA: 5779

RT: 20.54
AA: 9256888

RT: 21.05
AA: 4246893

RT: 20.68
AA: 29059

RT: 21.23
AA: 28064

RT: 21.80
AA: 1028

NL: 4.81E3
TIC F: + c EI SRM ms2 
319.897 [256.883-256.983]  
MS  ICIS BuffaloMilkA_Diox

NL: 3.33E3
TIC F: + c EI SRM ms2 
321.894 [256.883-256.983, 
258.880-258.980]  MS  ICIS 
BuffaloMilkA_Diox

NL: 2.20E6
TIC F: + c EI SRM ms2 
331.937 [267.920-268.020]  
MS  ICIS BuffaloMilkA_Diox

NL: 2.09E6
TIC F: + c EI SRM ms2 
333.934 [269.917-270.017]  
MS  ICIS BuffaloMilkA_Diox

RT: 16.72 - 18.43 SM: 5G
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RT: 17.85
AA: 491

RT: 17.84
AA: 561

RT: 17.35
AA: 331398

RT: 17.83
AA: 93326

RT: 17.35
AA: 411142

RT: 17.81
AA: 110227

RT: 18.00
AA: 966

NL:
1.54E2
m/z= 
319.7970-
319.9970  MS 
 ICIS 
100819_25956
A_16

NL:
1.82E2
m/z= 
321.7940-
321.9940  MS 
 ICIS 
100819_25956
A_16

NL:
7.87E4
m/z= 
331.8370-
332.0370  MS 
 ICIS 
100819_25956
A_16

NL:
9.67E4
m/z= 
333.8340-
334.0340  MS 
 ICIS 
100819_25956
A_16

GC-MS/MS GC-HRMS

1/10 conc.- ca. 15 fg
- ca. 150 fg

Please note: Peak areas are not comparable between GC-MSMS and GC-HRMS
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Buffalo Milk Sample, PCDF
GC-MS/MS (5 µl injection PTV solv. split )  GC-HRMS 1/10 concentration

RT: 24.04 - 27.23 SM: 5G
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RT: 25.89
AA: 127022

RT: 25.73
AA: 17745

RT: 24.12
AA: 17382

RT: 25.90
AA: 218056

RT: 24.10
AA: 26762

RT: 25.75
AA: 27145

RT: 25.88
AA: 6021058RT: 24.65

AA: 5594417

RT: 24.96
AA: 60578

RT: 26.08
AA: 38844

RT: 25.88
AA: 4857952RT: 24.65

AA: 4366274

RT: 24.96
AA: 51812

RT: 26.14
AA: 16679

NL: 2.56E4
TIC F: + c EI SRM ms2 
337.863 [274.849-274.949]  
MS  ICIS BuffaloMilkA_Diox

NL: 4.34E4
TIC F: + c EI SRM ms2 
339.860 [274.849-274.949, 
276.846-276.946]  MS  ICIS 
BuffaloMilkA_Diox

NL: 1.22E6
TIC F: + c EI SRM ms2 
351.900 [287.883-287.983]  
MS  ICIS BuffaloMilkA_Diox

NL: 9.84E5
TIC F: + c EI SRM ms2 
349.903 [285.886-285.986]  
MS  ICIS BuffaloMilkA_Diox

RT: 20.03 - 22.54 SM: 5G
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Time (min)
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RT: 21.93
AA: 4508

RT: 20.79
AA: 1017

RT: 21.94
AA: 2569

RT: 20.79
AA: 441

RT: 20.78
AA: 128289 RT: 21.92

AA: 115770

RT: 21.05
AA: 1042

RT: 20.78
AA: 80732 RT: 21.92

AA: 71688

RT: 22.22
AA: 892

NL:
1.11E3
m/z= 
339.7600-
339.9600  MS 
 ICIS 
100819_25956
A_16

NL:
6.16E2
m/z= 
341.7570-
341.9570  MS 
 ICIS 
100819_25956
A_16

NL:
2.78E4
m/z= 
351.8000-
352.0000  MS 
 ICIS 
100819_25956
A_16

NL:
1.78E4
m/z= 
353.7970-
353.9970  MS 
 ICIS 
100819_25956
A_16

GC-MS/MS GC-HRMS

1/10 conc.

Please note: Peak areas are not comparable between GC-MSMS and GC-HRMS
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TSQ 8000 Evo- TCDD in Buffalo Milk Samples
2,

3,
7,

8-
TC

D
D

Blank(GC-MS/MS) Buffalo Milk (GC-MS/MS) Buffalo Milk (GC-HRMS)

2,3,7,8
-TCDD

0,17 pg/g fat

La
be

le
d 

 IS
TD
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Practically determined LOQc for PCCD/Fs 

Serially diluted CS3 standards from CS3/100-CS3/1000

Ion ratio stability within ±15% tolerance

Limit of Quantitation (LOQc) for GC-MS/MS
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TSQ 8000 Evo GC-MS/MS vs. GC-HRMS Analysis of CRM
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TSQ HRMS CERTIFIED LOQs

Results in  [pg TEQ/g fat]

TSQ 3,22 (5% RSD)
HRMS 3.23 (2% RSD)
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Meat, Eggs, and Fish 
Freeze-drying

(Edwards Pirani 1000)

Milk
(LLE)

ASE
(ASE 350 Dionex)

Lipids removal 
(H2SO4 on Extrelut™)

Determination of lipid content 
on gravimetric basis

Classical Clean-up 
(Power Prep™)

Confirmation analysis
HRMS

On-column

Routine analysis
TSQ 8000 Evo

PTV

Simplified Clean-up 
(Alumina)Semi-extensive  Clean-up

Carbon column 

Feeds

Courtesy: G Brambilla, ISS Rome

Sample preparation proposals
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TargetQuan - Quantitation Software Suite

Features for dioxin applications:
• Toxicity equivalents (TEQ) - According to NATO and WHO 

definition, including 
• Lower bound calculation:  requires using zero for the contribution of each non-

quantified congener 
• Medium bound calculation: requires using half of the limit of quantification 
• Upper boundary calculation: requires using the limit of quantification 

• User definable summation 
• Calculated amounts or TEQs 
• Reporting the sum TEQ values

• Isotopic ratio confirmation 
• One quantitation mass and up to two masses based on abundance

• EPA 1613 Rev.B compliant
• Allows quantification based on average response of selected 

compound 
• Retention time correction
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Applications and Methods

Application Norm
Thermo Scientific

TSQ 8000 Evo
GC-MS/MS

Thermo Scientific
DFS

GC-HRMS
Food EU Regulation EU Regulatory Feed Control (at ML) Approved Approved
Food EU Methods EN 16215 Not in method Approved
Food EURL Recommendation Background food studies (<1/5th EU ML) Not recommended Recommended
Clinical EURL Recommendation Human studies at trace levels Not recommended Recommended
Environmental US Method US EPA 8280A Approved Not in method
Environmental EU Method EN 1948 Not in method Approved
Environmental US Method US EPA 1613 B for strict EPA compliance Not in method Approved
Environmental US Method US EPA Method 23 Not in method Approved
Environmental US Method US EPA Method 8290 Not in method Approved
Environmental Japan Method JIS K0311 Not in method Approved
Environmental Japan Method JIS K0312 Not in method Approved

• Any laboratory following EU approach will now be able to use GC-MS/MS 
for ML compliance control

• Laboratories strictly following US/Japan methods and regulation will 
continue to use GC-HRMS 
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Conclusions - Why MS/MS and HRMS for POPs? 

• GC-MS/MS – Versatile and Easy to use
• Versatile instrumentation – no need to be dedicated
• High sensitivity and selectivity for matrix samples
• Provides TEQ results for PCDD/Fs and DL-PCBs
• Fast - with high throughput capability, automated runs

• GC-HRMS – Unequivocal confirmation
• Compliant with international regulations
• Highest sensitivity and precsion for ultra-low level analyses
• Highly productive routine method – high throughput operation

• GC-MS/MS + GC-HRMS – Work seamlessly together
• Use integrated sample prep workflow for screening and confirmation
• High precision data using labelled internal standards
• Common TargetQuan software platform
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Supplemental
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www.thermofisher.com/pops
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Sequence/Samples

• Two sequences were analysed on the system

1. PCDD/Fs consisting of:-
• CSL, CS1CS6 EN:1948 standards in duplicate
• Samples (fish and egg) bracketed by blank and CSL injections
• Total sequence length 103 injection over ~4 days

2. dl-PCBs consisting of: -
• CS1CS6 WP-CVS standards in duplicate
• Samples (fish and egg) bracketed by CS4/100 diluted standards (up to 42 injections)
• Serial dilutions of WP-CS4 standard (/100, /200, /400) to establish LOQ
• Total sequence length 72 injections
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TRACE 1310 GC Parameters

Injection Volume (L): 3
Liner: LinerGOLD™ double taper (P/N: 453A1345-UI)
Inlet (°C): 280
Carrier Gas, (mL/min): He, 1.2
Inlet Mode, Splitless (split flow 120mL/min after 2 min)
Oven Temperature Program:

Temperature 1 (oC): 170
Hold Time (min): 0

Temperature 2 (oC): 250

Rate (oC/min): 15.4
Hold Time (min): 0

Temperature 3 (oC): 285

Rate (oC/min): 2.5
Hold Time (min): 0

Temperature 3 (oC): 320

Rate (oC/min): 10
Hold Time (min): 15
Total Run Time (min): 39.7
TSQ 8000 Evo Mass Spectrometer Parameters

Transfer Line (°C): 300
Ionization Type: EI
Ion Source(°C): 350
Electron Energy (eV): 40
Acquisition Mode: Timed SRM with Dwell Time Prioritization
Acquired Masses (Da): Optimised
Collision Energy (V): Optimised

GC and MS Conditions
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Congener (native) R2 Mean RF Std.Dev RSD(%)
2378-TCDF 0.9999 0.999 0.029 2.9%
2378-TCDD 0.9998 1.131 0.048 4.3%

12378-PeCDF 0.9996 1.046 0.020 1.9%
23478-PeCDF 0.9999 1.086 0.026 2.4%
12378-PeCDD 0.9996 1.121 0.043 3.9%
123478-HxCDF 0.9998 1.153 0.025 2.1%
123678-HxCDF 1.0000 1.152 0.034 3.0%
234678-HxCDF 0.9997 1.117 0.025 2.2%
123478-HxCDD 0.9996 1.175 0.057 4.9%
123678-HxCDD 0.9995 1.087 0.029 2.7%
123789-HxCDD 0.9986 1.062 0.039 3.7%
123789-HxCDF 0.9990 1.058 0.035 3.3%

1234678-HpCDF 0.9999 1.078 0.022 2.1%
1234678-HpCDD 0.9998 1.070 0.034 3.2%
1234789-HpCDF 0.9999 1.112 0.023 2.1%

OCDD 0.9999 1.082 0.035 3.2%
OCDF 0.9998 1.518 0.038 2.5%

EN:1948 CSL, CS1-CS6 
PCDD/Fs

Calibration Data PCDD/Fs
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Congener (native) R2 Mean RF Std.Dev RSD(%)

PCB -81- tetrachlorobiphenyl 0.9998 0.998 0.025 2.5%
PCB -77-tetrachlorobiphenyl 0.9999 1.032 0.027 2.6%

PCB -123- pentachlorobiphenyl 1.0000 0.937 0.011 1.2%
PCB -118 pentachlorobiphenyl 1.0000 0.993 0.016 1.6%
PCB -114 pentachlorobiphenyl 1.0000 1.037 0.027 2.6%
PCB -105 pentachlorobiphenyl 1.0000 0.956 0.020 2.1%
PCB - 126-pentachlorobiphenyl 0.9997 0.999 0.049 4.9%
PCB  -167- hexachlorobiphenyl 0.9999 1.052 0.020 1.9%
PCB  -156- hexachlorobiphenyl 0.9999 1.064 0.027 2.6%
PCB  -157- hexachlorobiphenyl 0.9998 1.020 0.022 2.2%
PCB  -169- hexachlorobiphenyl 0.9998 1.014 0.025 2.4%
PCB  -189- heptachlorobiphenyl 1.0000 1.088 0.019 1.7%

WP-CVS (WP-CS1 to WP-CS6) dl-PCBs

Calibration Data dl-PCBs
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Theoretical Ion Ratio

Ion ratio stability for all 17 PCDD/F congeners over 103 consecutive sample/standard injections [n=16 EN:1948 CSL (40fg/µL 2,3,7,8-TCDD)]

Ion Ratio Stability
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Ion Ratio Stability

Congener
Ion ratio

Deviation StDev RSD(%)
Theoretical Calculated Mean

2378-TCDF 0.96 0.93 -3% 0.063 6.7%

2378-TCDD 0.96 0.95 -2% 0.081 8.5%

12378-PeCDF 0.78 0.82 5% 0.047 5.8%

23478-PeCDF 0.78 0.81 3% 0.054 6.6%

12378-PeCDD 0.78 0.80 2% 0.067 8.4%

123478-HxCDF 0.63 0.62 -2% 0.039 6.3%

123678-HxCDF 0.63 0.63 0% 0.052 8.2%

234678-HxCDF 0.63 0.65 4% 0.039 6.0%

123478-HxCDD 0.64 0.63 -1% 0.054 8.6%

123678-HxCDD 0.63 0.64 1% 0.045 7.0%

123789-HxCDD 0.63 0.63 0% 0.047 7.5%

123789-HxCDF 0.63 0.65 3% 0.041 6.3%

1234678-HpCDF 0.80 0.78 -3% 0.056 7.3%

1234678-HpCDD 0.80 0.79 -1% 0.033 4.2%

1234789-HpCDF 0.80 0.77 -3% 0.034 4.3%

OCDD 0.96 0.94 -2% 0.079 8.4%

OCDF 0.96 0.97 1% 0.068 7.0%

Ion ratio stability over 103 consecutive sample/standard injections (n=16), CSL ran after every 4 matrix sample injections.
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Congener
Concentration (pg/µL)

Deviation StDev RSD(%)
Nominal Calculated Mean

2378-TCDF 0.040 0.043 9% 0.003 7.1%

2378-TCDD 0.040 0.039 -2% 0.003 7.2%

12378-PeCDF 0.080 0.080 0% 0.003 3.8%

23478-PeCDF 0.080 0.079 -1% 0.005 5.9%

12378-PeCDD 0.080 0.077 -4% 0.006 7.8%

123478-HxCDF 0.080 0.084 5% 0.004 5.1%

123678-HxCDF 0.080 0.083 4% 0.004 4.7%

234678-HxCDF 0.080 0.079 -1% 0.005 5.8%

123478-HxCDD 0.080 0.078 -2% 0.007 8.4%

123678-HxCDD 0.080 0.083 4% 0.004 5.0%

123789-HxCDD 0.080 0.082 2% 0.007 8.0%

123789-HxCDF 0.080 0.081 2% 0.008 9.2%

1234678-HpCDF 0.160 0.171 7% 0.009 5.1%

1234678-HpCDD 0.160 0.178 11% 0.007 4.1%

1234789-HpCDF 0.160 0.164 3% 0.010 6.4%

OCDD 0.160 0.176 10% 0.014 7.8%

OCDF 0.160 0.176 10% 0.010 5.5%

Calculated concentration over 103 consecutive sample/standard injections (n=16), CSL ran after every 4 matrix sample 
injections.

Calculated Amount
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Chromatography – Lowest Calibration Standard (EN:1948 CSL)

Natives only
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Fish sample WHO-TEQ (2005) – 78.6g Fresh weight – HR-GCMS 1.29pg/g

123789-HxCDF – “below” LOQc 12378-PeCDD – 0.162 pg/g WHO-TEQ 2378-TCDD – 0.193 pg/g WHO-TEQ

Sample – Selected Chromatography And Calculations
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Fish sample WHO-TEQ (2005) 1.16pg/g – 78.6g Fresh weight

Sample Chromatography And Calibration – PCDD/Fs
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Standard Chromatography And Calibration – dl-PCBs (WP-CS1)
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Dioxin Analysis Legislation - Approaches to Dioxin Analysis

• Europe

• Performance based approach.

• Regulated technology and defined 
performance and quality criteria.

• Methods are provided as a guide and 
can be modified.

• Levels in food are regulated with 
strict maximum limits. 

• Emission levels are regulated.

• North America & Japan

• Method based approach

• Regulatory agencies (such as USEPA) 
provide complete methods to be followed.

• Deviations to the method are possible. But 
must be documented closely.
• Significant deviations from methods can 

result in the analysis being challenged or 
becoming unsellable in market.

• Levels in food are not regulated.

• Emission guidelines are given. 

• ROW adopt variety of approaches, 
• dependent on regulatory and/or business requirement
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Background Info: Confirmation vs Screening

• Confirmatory Analysis

• Unequivocal identification 
and quantification

• Results can be used in 
prosecution

• Screening Analysis

• Indication of levels only

• Must be followed with 
confirmatory analysis
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What Has Been Happening In EU Dioxin Analysis?

• 2009–2012 GC-MS/MS systems were evaluated from several vendors

• Conclusion:
• “GC-MS/MS systems with sufficient sensitivity” can be “used as confirmatory 

methods”

• “However, for the determination of low background levels the application of GC-
HRMS is required” e.g. <20% of Maximum Level (ML)

http://www.dioxin20xx.org/pdfs/2012/1041.pdf
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Does MS/MS Agree with HRMS?

• At EU ML results are comparable. 
• Below EU ML results are not comparable.
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Does MS/MS Agree with HRMS?

• At EU ML results are comparable. 
• Below EU ML results are not comparable.
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What’s New In EU Regulation For Dioxins?

Past
Commission Regulation (EU) No 252/2012 of 21 March 2012

• Specifies use of GC-HRMS for 
confirmatory dioxin analysis 

• GC-MS/MS was allowed a 
screening technique.

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”.
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Compliance With New EU Dioxin Regulation
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Applications and Methods

Application Norm
Thermo Scientific

TSQ 8000 Evo
GC-MS/MS

Thermo Scientific
DFS

GC-HRMS
Food EU Regulation EU Regulatory Feed Control (at ML) Approved Approved
Food EU Methods EN 16215 Not in method Approved
Food EURL Recommendation Background food studies (<1/5th EU ML) Not recommended Recommended
Clinical EURL Recommendation Human studies at trace levels Not recommended Recommended
Environmental US Method US EPA 8280A Approved Not in method
Environmental EU Method EN 1948 Not in method Approved
Environmental US Method US EPA 1613 B for strict EPA compliance Not in method Approved
Environmental US Method US EPA Method 23 Not in method Approved
Environmental US Method US EPA Method 8290 Not in method Approved
Environmental Japan Method JIS K0311 Not in method Approved
Environmental Japan Method JIS K0312 Not in method Approved

• Any laboratory following EU approach will now be able to use GC-MS/MS 
for ML compliance control

• Laboratories strictly following US/Japan methods and regulation will 
continue to use GC-HRMS 


