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What are POPs ?

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

* POPs are produced as a result of human activity

* intentionally
* Organochlorine pesticides (OCPs, e.g. DDT, aldrine, endrine, HCB, ...)
Polychlorinated biphenyls (PCBSs)
Toxaphenes
Perfluorinated compounds (PFOS)
Brominated flame retardants (BFRs, e.g. PBDEs, PBBs, ...)
e Chlorinated paraffins
* but also unintentionally
* Polychlorinated dibenzo-p-dioxins and furans (PCCD/Fs)

* POPs are banned/limited in use by the Stockholm convention (UNEP)
» signed by more than 160 nations
» > 170 reporting labs ww
* Analytically challenging — Large number of congeners in difficult matrix
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“Dioxin Incidents” — Serious Economic Impacts

* 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.

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

EU farms closed, damage > $350m

Repeated “Dioxin” cases from only recent
years:

1998
1999
1999
2000
2002
2004
2005
2007
2008
2008
2011

Milk from citrus pulp pellet feed
Belgian PCB/dioxin in eggs, poultry
Clay and zeolithes for feed

Choline chloride

“Carbosan Copper”

Potato pulp

Hydrochloric acid

Indian Guar Gum thickener

Irish Pork Meat

Italian Mozarella Cheese ...
Contamin‘d feed - 4000 farms closed.
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The POPs Analysis Workflow in the Lab

Soxhlett FMS PowerPrep !

Negative

Food, F
PCDD/Fs, P
BFRs, Tox

(TEQ < ML)

Positive
(TEQ > ML)

GC-MS/MS

Negative

Positive
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GC-HRMS
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Why Is Screening for POPs done and required?
o

* Industrial Analysis - Food Industry a
 Increasing Food Safetey requirements e w N
* Ensure consistent Quality for raw materials and products —
. . |
« High Brand Consciousness, prevent any damages .
» Collaborate with external contract labs for Certification

e Government Control Labs

e Fast in case of “accidents”
* 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

8 Therermian Finkwea
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Definitions for Screening and Confirmation Methods

o
Screening: Confirmation:
* High throughput analysis  HRMS methods required
* Low false negative rate (< 1%) * High precision (<15 % RSD)
 Limited precision (<30 % RSD) » Higher sensitivity to monitor
- Sensitivity 25% below of ML lower background and action
levels.
30 % RSD 15 % RSD
Maximum Level (ML) TEQ = | Food Safety
Screening Confirmation

Therermian Finkwea
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Impact of analytical performance on screening

o
« Compliance with screening regulations is not sufficient
* Resolving power plays a key role in the overall productivity game
Selectivity | Sensitivity Productivity
*Poor ability | . ow sensitivi
. il | to extract . 4 *Long sample
S | rerefhiinn e [_)emand for prep stage
% m?;\trix hlg_hehrt sample limits overall
wel . .
al Low interference ? productivity
@)
C . o e Sho © :
S ,IAIIows. | .nghds}en?tlwty 20 min
5 clean signa eed for lower sample prep
$ l free from sample amount allows very
nd matrix *Better high workload
High intereferents | precision
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Why Dioxins Screening with GC-MS/MS?

Bioassays - are Iin 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 =%

» 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]

www.dioxins.com

=> Requirement to calibrate bioassays for each matrix by GC-HRMS !

* References:
* [1] Kotz, Malisch 2010, Dioxin Conference
* [2] Fochi, Brambilla 2008
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GC-MS/MS Selectivity in Matrix Extracts

RT: 23.76

,_.
o
7

©
7
L1

Single Quad MS
SIM Mode

23.28 24.11 2455 5.
22_7127722.,5,2, 2297

Relative Abundance

25.52
35
25.65

23.53 RT:23.76
22.93

- 20.19

Relative Abundance

21.25 24.02 24. 55,, 24.67

20.57 2217 22.41

.

RT: 23.76

2293 2313

22.52

2167 2189

Relative Abundance

19.65 20.15 20.57 21.15

Matrix
2587 g,
25.37
Matrix
s aeas 26.62

§-mg‘eQ/uadand :‘Q—

Do not distinguish |
target mass from matrix

RT: 23.77

TSQ Quantum XLS
MRM Mode

Relative Abundance

Matrix cut from
chromatogram

RT: 23.77

Relative Abundance

Provides |0W_er
detection limits
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Triple Quadrupole MS — Principle of Operation

o
Quantitation of target compounds in_ matrix samples
o |-.-_::'.'J.H.. s kg -..l _F.lll-._ l
>

o a -
s * :
% 2
- ‘[ &
O

Argon
Collision Gas

Q1 selects the precursor ion Q3 selects the product ion
TCDD ion: m/z 319.90 fragments to m/z 256.90
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Triple Quadrupole MS — Principle of Operation

o
Quantitation of target compounds in_ matrix samples
>
Select 3
o a o
S . 5
O |- D
p 5
c . 0
o

Argon
Collision Gas

Q1 selects the precursor ion Q3 selects the product ion
TCDD ion: m/z 319.90 fragments to m/z 256.90
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Triple Quadrupole MS — Principle of Operation

o
Quantitation of target compounds in_ matrix samples
e I.'--::.:J'H* = i -... 'F.I.I_'- l
>
Select React 3
o a o
S . 5
O |- o
D 3
c . 0
o

Argon
Collision Gas

Q1 selects the precursor ion Q3 selects the product ion
TCDD ion: m/z 319.90 fragments to m/z 256.90
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Triple Quadrupole MS — Principle of Operation

o
Quantitation of target compounds in_ matrix samples
>
Select React Monitor
*
8 a - - —
5 | ' . 5
c - . 0
O

LU

Argon
Collision Gas

Q1 selects the precursor ion Q3 selects the product ion
TCDD ion: m/z 319.90 > fragments to m/z 256.90

17
RFLIEmEar



TSQ Quantum XLS - Selected Reaction Monitoring

o
Quantitation of target compounds in_ matrix samples
H..'I. |
wumn PBIRA 0T e
>
Select
Q -
;| - :
N L
c a
o
Q1 selects the precursor ion Q3 selects the product ion
TCDD ion: m/z 320 fragments to m/z 257
Thepermi Finkua
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More Selectivity for More Sensitivity

o
_ _ Target POPs Signal
1 '/ Mass Resolution in Q1
: ' determines selectivity
| |
_ | Other technologies use a
g | wide Q1 mass window
. 3 More matrix gets the into
i ol ! the collision cell,
E and sacrifices selectivity.
E
i . -
0y - 3.0u
i ! | | .~ Matrix Background
-E | |... 1 ._..
: I ". e
=
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More Selectivity for More Sensitivity

o
_ _ Target POPs Signal
1 '/ Mass Resolution in Q1
: ' determines selectivity
| |
_ | Other technologies use a
g | wide Q1 mass window
. 3 More matrix gets the into
i ol ' the collision cell,
E and sacrifices selectivity.
i — | « 2.0u
i ! - | ,~Matrix Background
-E | |... 1 ._..
1 I ". e
=
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More Selectivity for More Sensitivity

o
. _ Target POPs Signal
1 '/ Mass Resolution in Q1
: ' determines selectivity
| |
3 | Other technologies use a
g | wide Q1 mass window
. 3 More matrix gets the into
H . ' the collision cell,
E F N « 1.0 u and sacrifices selectivity.
i
i .| -
F | | ,~Matrix Background
: 5 i, : ot
-;_ _-.. .."H' — ]
=
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More Selectivity for More Sensitivity

_/Target POPs Signal
|

Mass Resolution in Q1
| determines selectivity

|
| TSQ Quantum XLS:

0.7 u Higher Mass Resolution
selects the target signal
efficiently from the matrix

, Higher Selectivity
Vo for matrix samples

-_I/Matrix Background

5 LW ! o

Ll ]
o
pnmafansninnn e lomnn s oaiamanainnimlomen s bpnns b sl s nmfoone s Bonons ol
1

_.. ._"1-r il S
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Higher Mass Resolution for More Selectivity

.

Dioxin
Ratio Mass

Dioxin
Quan Mass

0.4 u

. . O SOE, R, P . PR AW

1..|||l

') ik

Ik E

H-SRM
Highly Selective
SRM Mode

TSQ Quantum XLS

Less matrix gets into the
collision cell — less noise.

Increased mass resolution
increases selectivity
for higher S/N.

i (1] L~ (1 |
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Higher Mass Resolution for More Selectivity

o
Jire Dioxin
4 st uan Mass
!,E g:t?((;nMass . H B S R M
§ Highly Selective
o SRM Mode
>
g Isobaric Matrix | T SQ Quantum XLS
] Background . .
: Less matrix gets into the
0.4u m; l collision cell — less noise.
&
: Increased mass resolution
:II- increases selectivity
!l- - for higher S/N.
'ﬂi N II| N
E |I |I I. | A |II'. . N
EE | i ik i i ala i it (11 i [ |
=1 |
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Higher Mass Resolution for More Selectivity

25

®
Jire Dioxin
E Dioxin Quan Mass
% | Ratio Mass H_SRM
; Highly Selective
o SRM Mode
H'E Isobaric Matrix TSQ QU antum XLS
XLS 1 Background 4 XLS Ult
1 an ra
0.4u|%: . . .
] ‘ Less matrix gets into the
Xsura_ #H collision cell — less noise.
0.2U] & I
- | Increased mass resolution
}E Increases selectivity
5 y I"I ‘ y for higher S/N.
! | ', ! A N ~ )
™ m iz T T
Sl
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Higher Mass Resolution for More Selectivity

0.2 u

.

Dioxin
Ratio Mass

Dioxin

Quan Mass

L . . JOE, R, P . P WY

-l 10 BN
B
|

- I.I...- s -

U-SRM
Ultra Selective
SRM Mode

TSQ Quantum XLS
and XLS Ultra

Less matrix gets into the
collision cell — less noise.

Increased mass resolution
increases selectivity
for higher S/N.

26
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TSQ Quantum XLS - Selected Reaction Monitoring

o
Quantitation of target compounds in_ matrix samples
o |-.-_::'.'J.H.. s kg _.‘.4-..-:.- l
>
React

GJ S
= S
3 o

&
= &)

Argon
Collision Gas

Q1 selects the precursor ion Q3 selects the product ion
TCDD ion: m/z 319.90 fragments to m/z 256.90
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Structure Specific Selectivity — TCDD, nominal M 320
o

322

100
M* m/z 319.90
MS/MS by /
cl o cl Structure Specific A
Loss of COCI SRM
/ Precursor lons

° ° ° « _ m/z319.90

] Product lons m/z 321.89

m/z 256.90 |
m/z 258.89 (used for SIM in

single quad
257
methods)
194
NIST
Library Spectrum
221229 250 87
> 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340
(mainlib) 2,3,7,8-Tetrachlorodibenzo-p-dioxin
Theperne Finkwes
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TSQ Quantum XLS Ultra - Dioxin Screening

100

Relative Abundance Relative Abundance
T

> o ® O N b o ®

o o o o O o o o o

N
o

Relative Abundance
i

A o ® O
o o o o o

N
o

RT:15.67

321.89 > 258.89

RT: 15. 67

319.90 > 256.90

RT: 15. 66

RT: 15.42
13C 1,2,3,4-TCDD /\\

13C 2,3,7,8-TCDD
333.93 > 269.97

-

[y
» 2] o) (=]
o o o o o

Relative Abundance
N
o

RT:15.66

RT:15.42

13C 1,2,3,4-TCDD

13C 2,3,7,8-TCDD
331.94 > 267.97

o

156
Time (min)

160

Animal fat sample with reduced sample clean-up
PCDD/F-TEQ value is 0.95 pg/g fat. 125 fg of 2,3,7,8-

TCDD injected.

—

Native (in sample)
2,3,7,8 TCDD

Quantitation Trace

Confirmation Trace

Labelled Internal
Standards
(Recovery + Quantitation)

Quantitation Trace

Confirmation Trace
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TSQ Quantum XLS — Fish Extract with all PCBs

RT: 11.81 - 34.84
100 15.38 .
] 20,60 Tri-CBs:
] 23.41
o I A m/z 255.95 = m/z 186.00
1 M.OB k16;108 20.32 234% 24ﬂ55
10; " l 19.52 l
] Tetra-CBs:
50
: 0 BB ma g m/z 291.90 = m/z 222.00
J 240 B4 ﬂ 1 i
2100 20.59 23.41
“E 1 22.16 | Penta-CBs:
w0 os2 |7 m/z 325.90 = m/z 255.90
o ] | 2178 . .
24.30
1ocr: ) yr61 Hexa-CBs:
] 25,51
- Bu m/z 359.85 = m/z 289.90
260 | 2401 26.70
0 = 29.68
10(%7 i ‘
; Note the noise free | Hepta-CBs:
5(}7 - I 28.44
| baseline ! B0 | J m/z 393.81 = m/z 358.80
o TN l
10% 33.83
] Octa-CB:
50
;}1,1.96 18i54 25142 27.n58 23(15 m/Z 46375 = m/Z 42870

\ I .
L L 0 B B B O B B B B B B R
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
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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 consumption

* Unique Dual GC configuration

* Fit to purpose data evaluation software

32 ‘I'I-.rn-ru;.._ﬁd-_



Magnetic Sector HRMS: lon Optics of the DFS

Magnet

TOROIDAL ESA

Entrance

L.

Exit
Slit
e el

i Detector

lon 1
Source

Magnetic field plus electrostatic field (ESA) = double focussing
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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 trace
High Resolution

sed

et another asses are u -
\((:hlorina?ed \Accurate m nd ana‘ySIS
compound 1 for target CompOu

miz
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DFS Sensitivity: TCDD Specification 20 fg SN = 200:1(4 o)
O

100 10.83

~  SIN239:1 (40)

= | Highest sensitivity for:

© | = Quantifying at lowest levels
.| * High precision
* | » Reducing sample amounts

20
15-
1o
5 750768 792 813 g4 847 878 881 909 926 933 953 974 1004 1029 1053 1091 1109 4596 1160

R A A R A [T T
75 8.0 85 9.0 9.5 10.0 105 11.0 115
Time (min)

Relative Abundance
n
(.?

35 Therermian Finkwea

L LN L



Thermo Fisher

SCIEMNTIFIC

1.
2.
®:
4,
5. How GC-MS/MS and GC-HRMS Work Together

GC-MS/MS J GC-HRMS

The world leader in serving science




Screening + Confirmation using MS/MS + HRMS

* Dioxin Conference Presentation:

e Triple-Quadrupole GC-MS/MS Technique for
PCDD/F and DL-PCB Determination in Milk

* Purpose:

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

« Collaboration with:
* ISS Rome, the National Health Institute, Italy,
* Nicola lacovella, Anna Maria Ingelido, Elena De Felip, Gianfranco Brambilla
» Posters presented at
» Dioxin 2009, Beijing, China
* ISCC, Riva, ltaly
» Dioxin 2010, San Antonio, TX, USA

37 Therermian Finkwea
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Simplify Screening vs. Fu

RT: 30.33 - 32.83 SM: 5G

Screening: GC-MS/MS
Full sample clean-up

RT: 30.23-33.21 SM: 5G

| Sample Preparation

Screening: GC-MS/MS
Simplified clean-up

RM
100= ms2 389.816 1005 ms2 389.816
80— [326.802-326.902] MS 80— [326.802-326.902] MS
- ICIs E cls
60— BuffaloMilkA_Diox 60 \ BuffaloMilkD_NoPP
40- RT:31.31 RT: 31.99 40- RT:3208
= AA: ] :
20- 14899 AA 18515 20—
RT: 31.51 NL: 9.42E3 RT: 31.59 NL: 6.40E3
AA: 53857 TIC F: + ¢ EI SRM AA: 34084 TIC F: +c EI SRM
g 100 ms2 391.813 g 1007 ms2 391.813
S 80- [328.799-328.899] MS S g0 [328.799-328.899] MS
k] - ICIS ke a ICIS
S 60= BuffaloMilkA_Diox é 60 / BuffaloMilkD_NoPP
Q - |
<C - . |
— RT: 31.98 | :
g 40 RT: 31.33 AA: 11221 g 407 RT. 31.41 E,I\i 2%@?28
3 20= AA: 5188 8 20- AA: 3259 :
& - o E 7&
RT: 31.97 NL: 2.57E6 RT: 32.06 NL: 1.71E6
AA: 13708676 TIC F: + ¢ EI SRM AA: 9541901 TIC F: + ¢ EI SRM
100— ms2 401.856 1007 \ ms2 401.856
80= [337.839-337.939] MS 801 ‘ [337.839-337.939] MS
E ICIs E Cls
- BuffaloMilkA_Diox 607 BuffaloMilkD_NoPP
00~ BT 3148 3 RT:31.58
40; AA- 3508171 402 AA: 3036922
20~ RT:32.26 20— M
- — 71 — ‘A—A#Qlo‘\“' .
RT: 31.97 NL: 1.65E6 RT: 32.07 NL: 1.09E6
AA: 8797425 TIC F: + c EISRM AA: 6096259 TIC F: +c EI SRM
100— ms2 403.853 1004 ms2 403.853
80— [339.836-339.936] MS 80— [339.836-339.936] MS
B ICIS R ICIS
60— BuffaloMilkA_Diox 60 BuffaloMilkD_NoP P
- 4 RT: 31.58
— RT: 31.49 a0
40= AA: 2309415 ) AA: 1904607
20- RT: 32.26 Same matrix sample
- _ AA: 33481 .
I B B L R B B ’\”\’33\ T BUﬁ:aIO M|Ik T T T
30.5 31.0 315 32.0 325 31.0 31 5 32 0 .0
Time (min) HxCDD chros Time (min)
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TSQ Quantum XLS vs. GC-HRMS analysis of CRM

2.00

OTSQ B HRMS OCERTIFIED (B 100s

1.80 A

1.60

1407 Results in [pg TEQ/g fat]
1.20 - TSQ 3,22 (5% RSD)
HRMS 3.23 (2% RSD)
1.00
0.80 1
0.60

0.40 1

0.20

39 Courtesy N. lacovella, G. Brambilla, ISS, Rome, Italy mrﬁ



TargetQuan — POPs Quantitation for TSQ and DFS

Features for dioxin applications:
 Toxicity equivalents (TEQ)
» according to WHO definition

* including lower, medium and upper
boundary calculation

» User definable summation

o Of calculated amounts or TEQs for
reporting of sum TEQ values

* |Isotopic ratio confirmation

* One quantitation mass and up to two
masses based on abundance

« EPA 1613, 1668 compliant

» Allows quantification based on
average response of selected
compound Retention time correction

Check Analyses

by compound, or
by sample, get
immediate calculation

40
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why MS/MS and HRMS for POPs?

®
* GC-MS/MS — The Screening Solution
» Well known instrumentation in every trace analysis lab
» Very high sensitivity and selectivity for matrix samples il!'_-i:
 Provides TEQ results for PCDD/Fs and DL-PCBs ; ]::LL
L]

» Fast - with high throughput capability, automated runs

* GC-HRMS - The Confirmation Solution
« Compliant with international regulations
» Highest sensitivity and precsion for 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

42 Tl'-r.'n:ulril]-'l
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Complete Method Setup for DL-PCBs and PCDD/Fs

e For TSQ Quantum XLS Screening and DFS GC-HRMS Confirmation




Thermo opened the POPs Center of Excellence
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