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What are POPs ?

• POPs are Persistent Organic Pollutants 
• are stable halogenated chemical substances of serious health concern  

• POPs are produced as a result of human activityPOPs are produced as a result of human activity 
• intentionally

• Organochlorine pesticides (OCPs, e.g. DDT, aldrine, endrine, HCB, …)
• Polychlorinated biphenyls (PCBs)y p y ( )
• Toxaphenes
• Perfluorinated compounds (PFOS)
• Brominated flame retardants (BFRs, e.g. PBDEs, PBBs, …)
• Chlorinated paraffins

• but also unintentionally
• Polychlorinated dibenzo-p-dioxins and furans (PCCD/Fs)

POP b d/li it d i b th St kh l ti (UNEP)• POPs are banned/limited in use by the Stockholm convention (UNEP)
• signed by more than 160 nations
• > 170 reporting labs ww 
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• Analytically challenging – Large number of congeners in difficult matrix



“Dioxin Incidents” – Serious Economic Impacts

• Dioxin and PCB incidents 
……  are expensive.

• Egg production enterprise with $5M hens

Repeated “Dioxin” cases from only recent 
years:

• 1998  Milk from citrus pulp pellet feed
• 1999 Belgian PCB/dioxin in eggs poultryEgg 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 

1999  Belgian PCB/dioxin in eggs, poultry
• 1999  Clay and zeolithes for feed
• 2000  Choline chloride 
• 2002  “Carbosan Copper”

by 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

2008 I i h P k M t• 2008  Irish Pork Meat
• 2008  Italian Mozarella Cheese …
• 2011  Contamin‘d feed - 4000 farms closed.
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The POPs Analysis Workflow in the Lab 
F d F d f

Sample Preparation
Food, Feed for 

PCDD/Fs, PCBs, OCPs, 
BFRs, Toxaphene, etc.

Analysis Done
Negative

(TEQ < ML)
Screening

Soxhlett       ASE       FMS PowerPrep

(TEQ  <  ML)

Positive
(TEQ  > ML)GC-MS/MS

Analysis Done
Negative

Confirmation

GC MS/MS

Positive

Confirmation ReportFinal TEQ
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Confirmation  Report
LIMS System

Final TEQ 
CalculationGC-HRMS
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Why is ScreeningScreening for POPs done and required?

• Industrial Analysis - Food Industry 
• Increasing Food Safetey Food Safetey requirements
• Ensure consistent Quality Quality for raw materials and products
• High Brand ConsciousnessBrand Consciousness, prevent any damages
• Collaborate with external contract labs for CertificationCertification

• Government Control Labs 
•• Fast Fast in case of “accidents” 
•• High number of samples High number of samples need to be “screened”

• Requirements for Quality Control and at Incidents
• Manage high sample numbers by screening
• Provide higher efficiency and flexibility, faster results 
• Run indicated samples on HRMS for confirmation analysis
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Run indicated samples on HRMS for confirmation analysis



Definitions for Screening and Confirmation Methods

Screening:

• High throughput analysis
• Low false negative rate (< 1%)

Confirmation:

• HRMS methods required
• High precision (<15 % RSD)

• Limited precision (<30 % RSD)
• Sensitivity 25% below of ML

• Higher sensitivity to monitor 
lower background and action 
levels. 

30 % RSD 15 % RSD
Maximum Level (ML) TEQ Food Safety

Screening           Confirmation

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



Impact of analytical performance on screening

• Compliance with screening regulations is not sufficient
• Resolving power plays a key role in the overall productivity game

Selectivity Sensitivity Sample 
clean-up

Productivity

P bilit •Low sensitivity
•Demand for 
higher sample 
weight

•High 
because of 
matrix  
interference

•Long sample 
prep stage 
limits overall 

d ti it

•Poor ability 
to extract 
signal from 
matrix ow

er

Low weight

•High sensitivity
•Need for lower

interference 
impact

•Minimized 
due to low

productivity

•20 min 
l

interference

•Allows 
clean signalol
vi

ng
 P

o Low

High

Need for lower 
sample amount
•Better 
precision

due to low 
impact of 
matrix

sample prep 
allows very 
high workload

clean signal 
free from 
matrix 
intereferents

R
es

o
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Why Dioxins Screening with GC-MS/MS?

BioassaysBioassays - are in discussion because of
• Speed and cost

• No practical cost advantage – high labor and license fees
• Similar time of sample prep as for GC-MS/HRMS

• Analytical Performance
www.dioxins.com

• Higher number of false positives and negatives reported in proficiency tests 
− Overestimation > 2x reported in guar gum proficiency test [1]
− Underestimation > 2x reported for fish oil and pork sausage [1]

• No TEQs, but REPs 
• relative potency values - WHO-TEFs > 3x   [1]

• Not congener specific 
• Results depend on PCDD/F and PCB congener profile  [2]

• References:
• [1] Kotz Malisch 2010 Dioxin Conference

=> Requirement to calibrate bioassays for each matrix by GC-HRMS !
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• [1] Kotz, Malisch 2010, Dioxin Conference
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GC-MS/MS Selectivity in Matrix Extracts
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Triple Quadrupole MS – Principle of Operation

Quantitation of target compounds in matrix samples
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Q1 selects the precursor ion
TCDD ion: m/z 319 90

Q3 selects the product ion
fragments to m/z 256 90

Argon 
Collision Gas
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TCDD ion: m/z 319.90 fragments to m/z 256.90
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Triple Quadrupole MS – Principle of Operation

Quantitation of target compounds in matrix samples
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Triple Quadrupole MS – Principle of Operation

Quantitation of target compounds in matrix samples
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TCDD ion: m/z 319.90 fragments to m/z 256.90



TSQ Quantum XLS TSQ Quantum XLS - Selected Reaction Monitoring

Quantitation of target compounds in matrix samples
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Argon 
Collision Gas

Q1 selects the precursor ion
TCDD ion: m/z 320

Q3 selects the product ion
fragments to m/z 257
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TCDD ion: m/z 320 fragments to m/z 257



More Selectivity More Selectivity for More SensitivityMore Sensitivity

Mass Resolution in Q1 
determines selectivity

Target POPs Signal

determines selectivity

Other technologies use a 
wide Q1 mass window

M t i t th i tMore matrix gets the into 
the collision cell,

and sacrifices selectivity.

3.0 u
Matrix BackgroundMatrix Background
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More Selectivity More Selectivity for More SensitivityMore Sensitivity

Target POPs Signal
Mass Resolution in Q1 
determines selectivitydetermines selectivity

Other technologies use a 
wide Q1 mass window

M t i t th i tMore matrix gets the into 
the collision cell,

and sacrifices selectivity.

2.0 u

Matrix BackgroundMatrix Background
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More Selectivity More Selectivity for More SensitivityMore Sensitivity

Target POPs Signal
Mass Resolution in Q1 
determines selectivitydetermines selectivity

Other technologies use a 
wide Q1 mass window

M t i t th i t

1.0 u

More matrix gets the into 
the collision cell,

and sacrifices selectivity.

Matrix BackgroundMatrix Background

21



More Selectivity More Selectivity for More SensitivityMore Sensitivity

Mass Resolution in Q1 
determines selectivity

Target POPs Signal

determines selectivity

TSQ Quantum XLS:

0.7 u Higher Mass Resolution 
selects the target signal 

efficiently from the matrixefficiently from the matrix

Higher Selectivity 
for matrix samples

Matrix BackgroundMatrix Background
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Higher Mass Resolution Higher Mass Resolution for More SelectivityMore Selectivity

H-SRM 
Highly Selective

Dioxin
Quan MassDioxin

Ratio Mass

Highly Selective 
SRM Mode

TSQ Q ant m XLSTSQ Quantum XLS
Less matrix gets into the 
collision cell – less noise. 0.4 u 

Increased mass resolution 
increases selectivity

for higher S/N.
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Higher Mass Resolution Higher Mass Resolution for More SelectivityMore Selectivity

H-SRM 
Highly Selective

Dioxin
Quan MassDioxin

Ratio Mass

Highly Selective 
SRM Mode

TSQ Q ant m XLSTSQ Quantum XLS
Less matrix gets into the 
collision cell – less noise. 0.4 u 

Isobaric Matrix 
Background

Increased mass resolution 
increases selectivity

for higher S/N.
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Higher Mass Resolution Higher Mass Resolution for More SelectivityMore Selectivity

H-SRM 
Highly Selective

Dioxin
Quan MassDioxin

Ratio Mass

Highly Selective 
SRM Mode

TSQ Q ant m XLSTSQ Quantum XLS
and XLS Ultra

Less matrix gets into the 

Isobaric Matrix 
Background

0.4 u 
XLS

g
collision cell – less noise. 

Increased mass resolution 
0.2 u 
XLS Ultra

increases selectivity
for higher S/N.
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Higher Mass Resolution Higher Mass Resolution for More SelectivityMore Selectivity

U-SRM 
Ultra Selective

Dioxin
Quan MassDioxin

Ratio Mass

Ultra Selective 
SRM Mode

TSQ Q ant m XLS

0.2 u 

TSQ Quantum XLS
and XLS Ultra

Less matrix gets into the g
collision cell – less noise. 

Increased mass resolution 
increases selectivity

for higher S/N.
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TSQ Quantum XLS  TSQ Quantum XLS  - Selected Reaction Monitoring

Quantitation of target compounds in matrix samples

RReact
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Argon 
Collision Gas

Q1 selects the precursor ion
TCDD ion: m/z 319 90

Q3 selects the product ion
fragments to m/z 256 90
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TCDD ion: m/z 319.90 fragments to m/z 256.90



Structure Specific Selectivity Structure Specific Selectivity – TCDD, nominal M 320
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TSQ Quantum XLS Ultra TSQ Quantum XLS Ultra - Dioxin Screening
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PCDD/F-TEQ value is 0.95 pg/g fat. 125 fg of 2,3,7,8-
TCDD injected.



TSQ Quantum XLS TSQ Quantum XLS – Fish Extract with all PCBs
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Magnetic Sector HRMS: Thermo Scientific DFS

• Benchtop-like operation (autotune) 

• Most compact instrument in its class 

• One unit, moves on wheels

• Toroidal ESA for highest sensitivity

• Low power consumptionp p

• Unique Dual GC configuration 

• Fit to purpose data evaluation softwareFit to purpose data evaluation software
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Magnetic Sector HRMS: Ion Optics of the DFS

Magnet
TOROIDAL ESA

Entrance
Slit

Exit
Slit

Detector

Ion 

Detector

Magnetic field plus electrostatic field (ESA) = double focussing
Source
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Confirmation Analysis with „High Resolution“ 

Mass peaks at Different Resolution Settings:

Red: TCDD mass trace at R 1.000
Low Resolution

TCDD

Green: TCDD mass trace at R 10.000

Blue: another chlorinated compound mass traceBlue: another chlorinated compound mass trace
High Resolution

Yet another
chlorinated
compound
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DFS Sensitivity: TCDD Specification 20 fg SN ≥ 200:1(4 σ)
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1. The Integrated POPs Analysis Workflow

2. Screening and Confirmation Analysis – Requirements

3 GC MS/MS (Triple Quad MS) for Screening Analysis3. GC-MS/MS (Triple Quad MS) for Screening Analysis

4. GC-HRMS (Magnetic Sector MS) for Confirmation

5.5. How GCHow GC--MS/MS and GCMS/MS and GC--HRMS Work TogetherHRMS Work Togethergg

6. Conclusions

GC-MS/MS GC-HRMS



Screening + Confirmation using MS/MS + HRMS

• Dioxin Conference Presentation:
•• TripleTriple--Quadrupole GCQuadrupole GC--MS/MS Technique for MS/MS Technique for 

PCDD/F andPCDD/F and DLDL PCB Determination in MilkPCB Determination in MilkPCDD/F and PCDD/F and DLDL--PCB Determination in MilkPCB Determination in Milk
• Purpose:

• Develop a method to analyze PCDDs, PCDFs and 
DL PCBs by a triple quadrupole GC MS/MS systemDL-PCBs by a triple quadrupole GC-MS/MS system 
for a for a fast screening fast screening of dioxinof dioxin-- positive milk samples positive milk samples 

• Collaboration with:

Buffalo Mozarella

• ISS Rome, the National Health Institute, Italy, 
• Nicola Iacovella, Anna Maria Ingelido, Elena De Felip, Gianfranco Brambilla 

• Posters presented at 
• Dioxin 2009, Beijing, China 
• ISCC, Riva, Italy
• Dioxin 2010, San Antonio, TX, USA
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Simplify Screening vs. Full Sample Preparation
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TSQ Quantum XLS vs. GC-HRMS analysis of CRM
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TargetQuan – POPs Quantitation for TSQ and DFS

Features for dioxin applications:
• Toxicity equivalents (TEQ)

• according to WHO definition• according to WHO definition 
• including lower, medium and upper 

boundary calculation

U d fi bl ti• User definable summation
• Of calculated amounts or TEQs for 

reporting of sum TEQ values Check Analyses
by compound or

• Isotopic ratio confirmation 
• One quantitation mass and up to two 

masses based on abundance

by compound, or
by sample, get

immediate calculation

• EPA 1613, 1668 compliant
• Allows quantification based on 

average response of selected 
compound Retention time correction

40

compound Retention time correction



1. The Integrated POPs Analysis Workflow

2. Screening and Confirmation Analysis – Requirements

3 GC MS/MS (Triple Quad MS) for Screening Analysis3. GC-MS/MS (Triple Quad MS) for Screening Analysis

4. GC-HRMS (Magnetic Sector MS) for Confirmation

5. How GC-MS/MS and GC-HRMS Work Togetherg

6.6. Conclusions Conclusions 



Why MS/MS and HRMS for POPs? 

•• GCGC--MS/MSMS/MS – The Screening Solution
• Well known instrumentation in every trace analysis lab
• Very high sensitivity and selectivity for matrix samples• Very high sensitivity and selectivity for matrix samples 
• Provides TEQ results for PCDD/Fs and DL-PCBs
• Fast - with high throughput capability, automated runs

•• GCGC--HRMSHRMS – The Confirmation Solution
• Compliant with international regulations
• Highest sensitivity and precsion for low level analyses
• Highly productive routine method – high throughput operation

•• GCGC--MS/MS + GCMS/MS + GC--HRMS HRMS – Work Seamlessly Together
• Use integrated sample prep workflow for screening and confirmation
• High precision data using labelled internal standards

42

g g
• Common TargetQuan software platform



Complete Method Setup for DL-PCBs and PCDD/Fs

• For TSQ Quantum XLS ScreeningScreening and DFS GC-HRMS ConfirmationConfirmation
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Thermo opened the POPs Center of Excellence
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Th k h
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Thank you very much 
for your attention.


