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Persistent Organic Pollutants

Organochlorine Aldrin, Chlordane, DDT, Dieldrin, Endrin, Heptachlor, Hexachlorobenzene,
pesticides Mirex and Toxaphene
Polychlorinated They are used as dielectric oil in transformers and accumulators and other
biphenyls uses
Dioxins Anthropogenic substances coming from different sources, despite a minor
natural contribution
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Dioxin Incidents” — Huge Economical Impact
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“Dioxin Incidents” — Huge Economical Impact

* Dioxin and PCB incidents

° ... are expensive.

* Egg production enterprise with 5 million hens
would cost in excess of $30 million.

 Broiler enterprise producing 3 million broilers
per week would exceed $85 million.

« Times Beach, Missouri, road dust covered by
oil spread. The cleanup cost with a total of
$110 million.

« Sources to the Environment
« Combustion processes
* Landfill sites
 Improper waste managment

« Sewedge sludge
» Accumulation in Food Chain

* Regular control required

* In environment, feed, and food

Repeated “Dioxin” cases from only
recent years:

« 1998
« 1999
« 1999
« 2000
« 2002
« 2004
« 2005
« 2007
« 2008
« 2008
. ... still on today around Naples.

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 ...
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Global Regulation & Response

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
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Global Response - Stockholm Convention

(&% STOCKHOLM
UNEP CO’NVENTIO’N

Protecting human health and the environment
from persistent organic pollutants

HOME THE CONVENTION PROCEDURES IMPLEMENTATION COUNTRIES PARTNERS B s--ch
“fou are here: Stoc kholm Convention Clearing House = The Convention = The POPs > The 12 Initial POPs | Login
Lkl The 12 initial POPs under the Stockholm Convention
What are POPs
The 12 Initial POPs Initially, twelve POFs have been recognized as causing adverse effects on humans and the ecosystem and these can
The New POPs be placed in 3 categories:
Listing of POPs in the
Stockholm Convention » Pesticides: aldrin, chlordane, DDT, dieldrin, endrin, heptachlar, hexachlorobenzene, mirex, toxaphene;
Chemicals proposed for listing » Industrial chemicals: hexachlorobenzene, polychlorinated biphenyls (FCBs); and
under the Convention « By-products: hexachlorobenzene; palychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/PCDF),
and FCBs.

Annex C (Unintentional production)

Parties must take measures to reduce the unintentional releases of chemicals listed under Annex C with the goal of continuing
minimization and, where feasible, ultimate elimination.

Polychlorinated biphenyls

Hexachlorobenzene (HCB) o Pentachlorobenzene W
{ ) (Pce) W
Polychlorinated dibenzo-p-dioxins Polychlorinated dibenzofurans (PCDF) Polychlorinated
(PCDD) W w naphthalenes
W Pesticide & Industrial chemical - Unintentional production
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EU Commission Regulation — Past/Present

Past Present

Commission Regulation (EU) No 252/2012 Commission Requlation (EU) No 589/2014

= Specifies use of GC-HRMS for confirm

dioxin analysis in food and feed. i > Specifies use of GC-HRMS or GC-
¥

MS/MS for confirmatory dioxin
analysis in food and feed.

» GC-MS/MS allowed as screening chn

HRMS is recognized
Commission Requlation (EU) No 589/2014 of 2 June 2014 to deliver superior
sensitivity, as required
for low level
background studies

* Specifies use of GC-HRMS or GC-MS/MS for confirmatory dioxin

analysis.
* GC-MS/MS is “an appropriate confirmatory method for checking HRMS fulfills all
compliance with the maximum®, only. requirements for all types
of dioxin applications, is
* GC-HRMS remains the recommended technique for “determination considered the
of low background levels in food monitoring, following of time trends, Reference standard for
exposure assessment of the population™. dioxin analysis.
ThermoFisher
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EU Commission Regulation — GC-MS/MS Requirements

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.

» For PCDD/PCDF, LOD should be in the range of higher femtograms (10-'% g). For most congeners of
PCBs, is sufficient LOQ in the nanogram (10 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 (102 g).
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POPs Analysis Workflow

Food, Feed for

(e PCDDIFs, PCBs,

OCPs, BFRs,
Toxaphene, etc.

ASE

FMS PowerPrep or manual
clean up

GC-HRMS

TEQ Calculation
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POPs Analytical Tools

Magnetic Sector GC-HRMS

Ultimate sensitivity & Maximum robustness
The Thermo Scientific™ DFS™ Magnetic Sector GC-HRMS,
the Gold Standard for Dioxins & POPs, is the only GC-MS
specifically designed for Dioxin and POPs analysis. The DFS GC-
HRMS offers worldwide full compliance with any official Dioxin,
PCB or PBDE method (for example, EPA 1613, 1668, 1614).
Exploit the benefits of highest available Dioxin sensitivity and
robustness, delivered by our large-volume ion source.

GC-MS Triple Quadrupole

High sensitivity & Ease-of-use

The Thermo Scientific™ TSQ™ 8000 Evo GC-MS/MS Analyzer
brings a compelling productivity opportunity to your laboratory.

It offers you fully compliant analysis of Dioxins in food

and feed in respect to the latest EU regulations, meeting

stringent Eurcpean Union performance criteria.

High productivity within more efficient lab workflows accelerates
sample turnaround times.

Orbitrap GC-MS

The ultimate tool for unknown identification
The Thermo Scientific™ Q Exactive™ GC Orbitrap™
GC-MS/MS represents the first-ever combination of high-
resolution gas chromatography and high-resolution,
accurate-mass (HRAM) Orbitrap mass spectrometry. It is an
easy-to-use, dedicated benchtop GC-MS system that provides
highest confidence for emerging POPs research with unmatched
performance in compound discovery, identification and
quantitation for a comprehensive understanding of your samples.

Thermo Scientific DFS
Magnetic Sector GC-HRMS

+ World-Wide Method complianca
(2.0, EPA1613)

* Best Dioxin installation spec
# Highest avaiable sensitvity

* Hobust-by-size wit large valurme
ion source

Thermo Scientific TSQ 8000
Evo GC-MS/MS Analyzer

* Ease-of-use

* Complant with EU regulations for
Dioxin food & feed analysis

* Great price/performance rfio

Thermo Scientific Q Exactive
GC Orbitrap GC-MS/MS

* Tha ultimate research tool

 Highest resolution and mass accuracy

* Unigue unknown identfication
capabilties
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DFS GC-HRMS: Gold Standard for Dioxins

I’ S om0 GC-HRMS

* Worldwide method compli
* EPA 1613,1668,1614 & others
* Use PFK/PFTBA , lock mass trac

* Analytical Performance
* best Dioxin spec available
* large ion source: ultimate sensiti -

combined with highest robustnes

* Unique Dual GC configuration

* References (10 years DFS!
* Worldwide use in Dioxin expert |
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Confirmation Analysis with High Resolution

C12H402C14*1.00 + C12HICIE*1.00: piyss, sin40) Chrg 10..

N8 3 93
T

Mass peaks at Different Resolution Settings:

Red: TCDD mass trace at R 1.000 (GC-MS/MS)

1 Low Resolution
TCDD

B

Green: TCDD mass trace at R 10.000 (DFS)

:: High Resolution |, Blu€: another chlorinated compound mass trace
— Accurate mass SIM is used for
Compound Confirmation Analysis
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DFS lon Source — Robustness by Size

Jf‘

DFS ion source - designed for combining ultimate sensitivity with robustness,
because sensitivity alone is not enough
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DFS Common Instrument Control Software

Makes the DFS as easy to operate as a Benchtop MS
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Dioxin & Furan Analysis

D:\Demo\...\calib8290\100514PM\HRCC3

5/14/2010 7:25:30 PM

RT: 21.75 -59.62

RT: 56.25 NL:
AA: 1199571 2.47E5
10(? Octa- TIC MS
a ICIS
90— DD/DF HRCC3
80—
. Hepta-
70 DD/DF
. RT: 52.55
§ 60: Hexa- AA: 591456
S ] DD/DF
2 50° Tetra- Penta- RT: 40.42
© . DD/DF DD/DF AA: 895215
S 4,0 RT:2584 RT: 32.04
o 7 AA: 517411 AA: 538684
] RT: 44.30
30 AA: 643508
- RT: 34.35
a AA: 342445
20—
10 RT: 45.37
= u L Aﬁm LAA:119680 L
07\ T \”L\ \L: T T T T i T \ \JL\ T WL\ e T
25 30 35 40 45 50 55
Time (min)
ThermoFisher

16  Proprietary & Confidential



PBDE Brominated Flame Retardants (BFRS)

8.42
8.17 8.17. BDE-17

100 —
E 8.42: BDE-28 3-BDE
. m/z 405.803
N
100 983 1050 560 BDE-49
% oo | 32 gEET 4-BDE
: M J\ 10.09: BDE-66 m/z 485.711
) 0~ 11.13
g 100 11.64 12.76  11.13: BDE-100
3 g 12.51 11.34: BDE-119 5-BDE
2 s 1251 Boc.es m/z 563.622
g E 12.76: BDE-126
I 1300 135 13.00: BDE-154
Instrumental Parameters: ' 1103 1385 BDE183 6-BDE
DFS 14.93: BDE-138
El ionization, 40 eV, source 280° C [\ m/z 483.696
R =10,000 (10 % valley) 16.28
| 7-BDE
Trace GC Ultra: BDE-E3 | m/z 561.606
TR-5MS (15/0.25/0.1) 1
constant flow 1 ml/min 23.92
splitless injection, 280°C BDE.200 10-BDE
120°C/2 min — 230°C/15 — 270°C/5 m/z 799.333
= 330 oC/lO | \ [T T \ I | T T \ I | 11 T T T T T T
transfer line temperature 280°C B i) 14 15 16 23 24
ThermoFisher
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TSQ 8000 EVO — State of Art GC-MS/MS

« 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 - h

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

* lon source is fully removable, hot, under vacuum when
cleaning is necessary or swapping with a spare
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EU Regulation 589/2014 Requirements

6.5. Specific criteria for confirmatory methods
— For GC-HEMS:

In HRMS, the resolution shall typically be greater than or equal to 10 000 for the entire
10 % va

range at

Fulfilment of further identification an
standards, for example, in standard
like PCBs by GC/HRMS

revised.

as described in internationally recognised
— Determination of dioxins and dioxin-
ethods 1613 and 1668 as

icator PCBs by GC/HRMS) an

— For GC-MS/MS:

Monitoring of at least 2 specific precursor ions, each with one specific corresponding transition product
ion, for all labelled and unlabelled analytes in the scope of analysis.

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 collision gas pressure, for each transition of an analyte.

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) in order to minimise possible interferences
on the analytes of interest.

Fulfilment of the further criteria as described in internationally recognised standards, for example, in stand-
ard EN 16215:2012 (Animal feed — Determination of dioxins and dioxin-like PCBs by GC/HRMS and of
indicator PCBs by GC/HRMS) and/or in EPA methods 1613 and 1668 as revised, except the obligation to
use GC-HRMS.

N NN X
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Methods for DioxinFurans & PCBs Measurement

SCREENING:

*GC-MS

*GC-MS/MS

Magnetic Sector
*Bioassay (e.g. CALUX)

Environmental Liaands Recombinant Cell
- HAHs o
- PCBs ey . AhR Complex
* Dioxins o
- Furans
O 2 ARNT
o L ]
Translocation
= /a\ | )Y
CLANLUDS
Mechanism of Dioxin Toxicity o) (TRNA]
Translation
® @
Increased Cytochrome P-450 1A1 - .
and Other Proteins Lty /
Products Maximum levels for dioxins

(PCDD + PCDF) &
(pg WHO-PCDD/F-TEQ/g fat or
product)

5.1.1 Meat and meat products (xs)
originating from

= Ruminants (bovine animals, sheep)
- Poultry and farmed game

- P]gg

5.1.2 Liver and derived products

3 pg WHO-PCDIVF-TEQ /g fat™*"
2 pg WHO-PCDIVF-TEQ /g fat™*"
1 pg WHO-PCDIVF-TEQ /g fat™*"

6 pg WHO-PCDIVE-TEQ /g fat™*"

5.2, Muscle meat of fish and fishery
products () and products thereof

4 pg WHO-PCDD/F-TEQ) /g fresh
v.eight{m

5.3. Milk (") and milk products,
including butter fat

3 pg WHO-PCDIVF-TEQ /g fat™*"

5.4 Hen eggs and egg products
)

3 pg WHO-PCDIVEF-TEQ /g fat™*"

5.5.0ils and fats
- Animal fat
- from ruminants
- from poultry and farmed game
- from pigs
- mixed animal fat

= Vegetable oil

- fish o1l intended for human
consumption

3 pg WHO-PCDD/F-TEQ /g fat™
2 pg WHO-PCDD/F-TEQ /g fat™
1 pg WHO-PCDIVF-TEQ /g fat™
2 pg WHO-PCDIVF-TEQ /g fat™

0.75 pg WHO-PCDD/F-TEQ /g fat™®

2 pg WHO-PCDIVF-TEQ /g fat™
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Experimental conditions (GC & MS)

TRACE 1310 GC Parameters TSQ 8000 Evo Mass Spectrometer Parameters
Injection Volume (uL): 2.0 Transfer line (°C): 280
Liner SSL Single tapered P/N: 453A2342 lonization type: El
Inlet (°C): 280 lon source(°C): 300
Inlet Module and Mode: SSL splitless Electron energy (eV): 40
Carrier Gas, (mL/min): He, 1.2 Acquisition Mode: SRM (Timed Acquisition)
Oven Temperature Program: Collision gas: Argon (60 psig)
Temperature 1 (°C): 120 Resolution Q1: 0.7 u (FWHM)
Hold Time (min): 2 Resolution Q3: 0.7 u (FWHM)
Temperature 2 (°C): 250
Rate (°C/min) 25
Hold Time (min): 0
Temperature 3 (°C): 285
Rate (°C/min) 2.5
Hold Time (min): 0
Temperature 4 (°C): 320
Rate (°C/min) 10
Hold Time (min): 15
Column
Type Length (m) [.D.(mm) Film (um) P/N
TG-5SiIMS 60 0.25 0.25 26066-1540

All 17 PCDD/F and 12 dI-PCBs native and labeled congeners
can be acquired in one method
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Sample Preparation

« PCDD/Fs and dI-PCB standards containing the native and the 13C-labelled compounds were
obtained from Wellington Laboratories Inc. The following food and feed extracted samples
were provided by the Institute of Environmental Assessment and Water Research, CSIC

Barcelona, Spain:

— Adipose tissue

— Fish liver

— Fish oll

— Dry fishspiked feed sample

dI-PCBs

— milk powder sample (certified reference material).

PCDD/Fs - . .
— one feed sample (internal reference material).

— one milk powder sample (certified reference material).

« Extraction and clean-up of the matrix samples was performed either by PowerPrep™ SPE
system (feed sample) or using a manual clean-up with multilayer silica, followed by basic
alumina and a final carbon column (milk, tissue and fish samples).
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Chromatography - PCDD/Fs

Excellent resolution of the isomeric pair 1,2,3,4,7,8 and 1,2,3,6,7,8 HXCDF

RT:

100

Relative Abundance

22.11-25.01
RT: 22.70

RT: 23.42

95 RT: 22.83
90
85
80
75

70

Limit as defined in
EPA 1613

65

60

55

al
o

N
o

N
o

<5% valley

w
(&)

resolution v

w
o

N
(&

N
o

[
(&

=
o

(&

O —F 77V 77T 7 T 71 T T T T T T T T T

NL: 2.58E6

TICF: +c EI SRM
ms2
373.820@cid28.00
[310.855-310.865]
MS ICIS project48

RT: 24.46

T T I T T T T T T T T T
23.6 23.8 24.0 24.2
Time (min)

2uL EPA 1613 CS3 standard
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Chromatography - dlI-PCBs

RT: 125-14.7 SM: 5G
NL: 1.85E3

1005 TIC F: + ¢ EISRM
ms2
9 323.900@cid22.0
0
9 [253.895-

fosl

@

253.905] MS
‘ ! o

]

~

fo2}

(=23

(%)

N

Relative Abundance
OHHL‘"HH?HH({‘HH?\H\T\H\?\\HTHH?HHTHH$HHL{‘HH?\H\({‘HH?\H\({‘H\\?HH({\HH?HHT\H

<8% valley resolution v

w

w

N

N

[N

i

L L L L e e e ) )
125 126 12.7 128 129 13.0 131 13.2 133 134 135 13.6 137 138 139 14.0 141 142 143 14.4 145 14.6 147

Time (min)

2uL 68C-CVS CS1 standard

Resolution of ‘Penta’ dI-PCBs — well below 25% valley
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The level of interest...

Unlike GC-HRMS, often in SRM data there is no noise and a signal to noise
calculation based approached to LOD/LOQ can be meaningless. Therefore a statistical
method was used.

LOQ =t * Amount * >
%RSD 0.06 :.-

Where,

0.04 0.04 0.04 0.04

t = student t-value for one-tailed distribution:
for n = 10 injections; t = 2.821

LOQ pg/pL

Amount = amount of analyte (on-column) 0.02 0.02 0.2

%RSD = relative standard deviation of the 0.01 0.01

r%sponosg 034 034 040 . 038 041 039
g;‘}.--u: oz ' m B TP
_____ B BEEBEREI OOQ ;
T A .
\qcb ,\’\cb '\b‘ Q(o '1:2) ‘b'\ ’\/\ ,\6\ \936 ,\6\ \bq’ \%q qr/g\%' e ,\‘b ,\Q’Q' AS ﬂ;.
FFELE T CLEL L & PP g ROl O EE
3 W £ ..*"'_'h
. . b =k e, (R T ¥ & :
All ion ratios and response factor values met the required
criteria at these limits = &= = 7 &
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Linearity — Response factors (RF)

Linearity / Calibration (5 point) Linearity / Calibration (6 point)
Compound f::;:?::/t:i;‘ Average RF  stdev I;FSIDDA Compound Concen’;;r:/t:::r)'n ranss Average RF stdev | RF % RSD
PCB 77 1-2000 1.11 0.01 1.0 2378-TCDF 0.1-40 1.04 0.02 1.9
PCB 81 1-2000 1.10 0.01 1.0 2378-TCDD 0.1-40 1.12 0.02 2.2
PCB 105 1-2000 0.98 0.03 2.6 12378-PeCDF 0.5-200 1.01 0.02 1.5
PCB 114 1-2000 1.08 0.04 3.7 23478-PeCDF 0.5 - 200 1.03 0.02 1.6
PCB 118 1-2000 1.04 0.01 0.8 12378-PeCDD 0.5-200 1.08 0.01 1.4
PCB 123 1-2000 1.01 0.02 1.7 123478-HxCDF 0.5-200 1.03 0.01 1.2
PCB 126 1-2000 1.07 0.03 2.7 123678-HxCDF 0.5-200 1.02 0.01 1.4
PCB 156 1-2000 1.20 0.02 1.4 234678-HxCDF 0.5-200 1.06 0.03 3.2
PCB 157 1-2000 1.15 0.03 2.8 123478-HxCDD 0.5-200 0.96 0.01 1.6
PCB 167 1-2000 1.22 0.07 5.6 123678-HxCDD 0.5-200 1.21 0.04 3.6
PCB 169 1-2000 1.00 0.12 2.5 123789-HxCDD 0.5-200 1.21 0.04 3.6
PCB 189 1-2000 1.01 0.04 4.3 123789-HxCDF 0.5-200 1.36 0.11 0.8
1234678-HpCDF 0.5-200 1.06 0.02 i ey S Sy S
- 1234678-HpCDD 0.5 - 200 1.07 0.02 p e T 2
1234789-HpCDF 0.5 - 200 1.12 0.02 L R &
A” R FS are Wel I Wlth the OCDD 1.0 - 400 1.54 0.04 - P 2;4 T_';f'.l :
OCDF 1.0 - 400 1.09 =G0 IR e
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Agreement with GC-HRMS (PCDD/FSs)

25

20

15

10

% difference

-10

-15

=20

-25

PCDF/PCDD TEQ pg/g
AL ML
fish 1 —
*eot,
’ feed 2 milk 3 4 5 6
Al ML
AL ML
total paTEQ/g

<5% difference between total dioxin concentration (WHO-

PCDD/F-TEQ pg/qg)
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Determination of DioxinFurans in Milk Powder

Comparison GC-MS/MS with GC-HRMS in Milk powder Sample

16.00

14.00

12.00

10.00

8.00

B.00 B HRGC-MS

W gc-ms/ms

4.00

2.00

0.00 -

%
ﬁdaﬁ&f qgﬂocpﬁ“'o é’eﬁﬁﬁeﬂ'&+§ﬁ Qqﬁoﬁ
et ﬂ::‘ Ll AP '@1 A¥
N i H_?—"'- K o Hf_':' rp hﬂ" q:"' hr}-. h:}_ hr}r? rt:"’? "E? Nu}n.:'h

Good correlation between GC-QqQ and GC-HRMS
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Determination of DioxinFurans in Animal Feed

Comparison GC-MS/MS with GC-HRMS in Feed Sample

B HRGC-MS
W GC-MS/MS
% e

WHO ng TEQ/kg 88% dw
5 £ fE E EE 8 S B
%, s
-

| . — nlll

% & & 9 P P
FSf SIS S TS
L A NS B g g T

O R S S AL L S S
L. S S-A g, LA R I A,
WA A A B oF R A

"'l-"lr""l-"‘"r.,,:l.-.;'lr ""-.-""\-""\-N_"L.

Good correlation between GC-QqQ and GC-HRMS
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TargetQuan — POPs Quantitation for TSQ and DFS

Features for dioxin applications:

 Toxicity equivalents (TEQ) N — g
» according to WHO definition e B
« including lower, medium and upper o s 1| | s
boundary calculation = it - A
» User definable summation =

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

A Biey wext | hRus | wouner | [ ® Sep M»ugl ® Aburt
STO 238100 R T 1551000 s | ==

* lon ratio confirmation

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

aaaaaaa

« EU and EPA 1613, 1668
compliant
» Allows quantification based on

average response of selected
compound Retention time correction
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TargetQuan — POPs Quantitation for TSQ and DFS

i File Edit Yiew Customize Quantitstion Tools ‘Window Help =&
D Edd S|P G P E| | 2] @ e s e [T TR R e | R | [c][2] [2378+cdd ~| [T
Chromatogram £ Sequence List
IZI File: Path |
RT: 22856-2456 S &G Sequence (2 Di\¥calburimethodsiTargetquan0l.sid
RT: 23.56 ML: Data 1 (7 Dyxcaliburidatal TargetQuanlicsl test Entry | Compound Entry BED
1DD—_ F EEE4 Data z (¥ Dilscaliburidata) TargetQuanOticsZ _test Mame \dertifier Mass
- rmiz= Dats 3 (7 Dih¥caliburidatal TargetQuan0lcs3_test 7 e e R T
EU: 2219 Dats 4 (7 Di\¥caliburidatal TargetQuanilcss_test a Rpm
5219 MS Data S (7 Dyxcaliburidatal TargetQuanilicss_test 2 2378-TCOF 13C12 5TD | 2378-TCDF 3179389 +/- 50 ppm
] cs? test Data (% D:\¥caliburidata\TargetQuanntcs_tes. .. 3 237B-TCOF 23784cdf 3058987 +- 50 ppm
B0~ - 4 2378-TCOD 13C12 STD | 2378-TCDD 533.9339 +i- 50 ppm
] 5
1'10—_ [ 12376-PeCDF 1237 CDF 551.8000 +i- 50 ppm
b 7 12376-PeCOF \&Ecdf 5398597 +i- 50 ppm
i & 23478-PeCDF 13C12 5T 23}7\ 351.9000 +i- 50 ppim
20+ ] 23478-PeCDF 23478-pelte, "SRE5G7 +i- 50 ppm
1B »nm 2308 2333 2379 2405 2432 10 {12576 PaCOD 13612 ST} 12978 PecDD een
0 BT 2956 ML 11 12378-PeCOD 12378-pe
100+ 1 E5E4 12 123789-HxCDD 1312 £| 123789-H By CO m p O u n d
4 = 13 123476-HxCDF 13C12 5| 123478-H
ED—_ 319.9 14 123476-HxCDF 123475-h
§ 1 3199 MS . 15 123678-HxCDF 13012 [ 123678-H One An aIySIS
z 53 _test B An al S I S 16 123676-HxCDF 123678-h
g 80 i y y 17 234678-HxCDF 13C12 &| 234678-H .
<L T 15 234678-HxCDF 234678-h S q t I I y
2 g g 123789-HxCDF 13012 5| 125789-H e u e n I a
g "] One Compound 20 [123780-HeCDF 1237804 Selected Entr
o QD—_ . 21 123475-HxCDD 13012 £ 123478-H y
~ E S e q u e n tl aI Iy 22 1234758-H=CDD 123476-h
12 2278 2293 2310 29337 2402 2418 2435 23 123678-HxCDD 13C12 £| 123678-HxCDD 4018559+ 50 ppm
. AT 2354 ML H 24 | 123678-HxCDD 123678-hxcdd 3836157 _+- 50 ppm
100__ 2298 1 BEES S e I e Cte d F I I eS 25 123789-HxCDD 123789-hxcdd 5898157 +i- 50 ppm
B miz= b6 1234678-HpCDF 13C12 | 1234678-HpCDF 4198220 +i- 50 ppm
g0 333.9- 1234678-HpCDF 1234678-hpcdf 407 7818 +i- 50 ppm
] 3340 M3 i) 1234789-HoCDF 13C12 | 1234789-HpCDF 419.56220 +- 50 ppm
0] 0s3_test 29 1234759-HpCDF 1234789-hpodf 407 7818 +- 50 gpm
— 30 1234678-HpCDD 13C12 | 1234678-HpCDD 4358169 +/- 50 ppm
] 3 123467 8-HpCDD 1 234678-hpodd 4237766 +/- 50 ppm
40__ 32 QDD 13212 STD OC0D 4717750 +/- 2000.0 mmu
1 33 QCDF ocdf 443.7389 +/- 50 ppm
20 = 34 0CDD ocdd 4597346 +1- 50 ppm
Jo * =Plews
L 27 23.29 2384 2405 2421 2439
e e e
230 235 240 245
Tirme {rnin)
[a]
Area Height Integra... | Ratio Area Ratio Height Ratio Linit Expecl
Quan Mass Z20297.590 55535.157 A
Ratio Mass 1 172435,926 45419,385 A 0.783 0.818 0.6545- 0,8855 0.73
F.atio Mass 2 0,000 0.000 - 0.000 0.000 0.6545- 0,6855 0.7%
< | B b
Ready UM
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Integration of 3 highly successful technologies

Orbitrap mass analyzer technology
Incredible HR/AM performance

Highly regarded QExactive platform
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Q Exactive GC Mass Spectrometer: Hardware Innovations

 Quadrupole mass filter with
Advance Quadrupole

e HCD collision cell Technology (AQT)
Advanced Active Beam

=l 1 1 | I, \ Guide (AABG)
et i NN
=

- ExtractaBrite EI/CI
source
* Patented RF lens
* RF lens is removed
with source cartridge
without venting

. Relolacem_ent of GC
Column without venting

 Enhanced FT (eFT)
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QExactive GC - Application Workflow Capability & Flexibility

Screening

Targeted T Untargeted

High Resolution Mass = |
Deconvolution 3 A Wi

alelal

Multiple High Resolution Multiple Libraries
(NIST has over 276,248 spectra

Databases Wiley 719,000 spectra
Wiley MS Designer Drugs, 19,000 spectra
Wiley MS Of Drugs, Poisons, Pesticides

Wiley MS Steroids ...)
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QExactive GC — Full Scan 60,000 RP Chromatography

e Full scan TIC for 55 pesticides spiked into wheat, horse feed and leek extracts.

RT: 2.85-11.00 SM: 7B 2

NL:

1 2 20E10
703 TiC MS
603 21jan_010
50
403
30
203
103 B

E 385 434 4791 5.56 575 625
NE IA LS.~ S S| — NL:

3 3.14E10
707 TIC MS

3 60 21jan_019
© 60

(v =

2903

3 403

EE

£ 303

3 203 484 5 44 7

“ 103 377 407 430 ' 608 623 736 :

1 325355 7, 407" T
e

7 482 ?%450
703 TIC MS
603 21jan_034
503

3 478
403
303 408 94

E 406 427
203 752 809 826
103
O_||||||\\||||||||||||||\||||||||||||||\\||||||||||||||\\\|||||||||| ]

3.0 35 40 45 5.0 55 6.0 65 7.0 75 8.0 85 9.0 110
Time (min)
ThermoFisher
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Targeted Screening Review — Pesticides ldentification

@ Thermo TraceFinder General GC Cloud Edition o[- s

Real time status | User: LuL | @) %
{ Waiting for Device Initialization ) i

File View Tools Help

. Samples v I % - B x
¥ Batch View
4 AprS Target Sc ] Selected 1 MZ RT = IP Fl = LS = Flag i SN Compound Name Match Result Name Formula | Adduct
I @ Tobaceo)
samples I s v - - - - - - = v A - B - 22 - s
LA s I (BT ° ° ° ° ° INF Chlorbufsm Chiorbufam@RT 11.78 CLICIHIONG2 M+
130 ® e o o . INF Chlorethoxyfos Chlorethoxyfos@RT 10.56 C6HLOCIZ03PS M+
Target Screening 131 . s o o . INF C hyl Chlorfenprop-methyl@RT 1038 CSCIHE0 M+
132 . e o o . INF Chlorfenson /Ovex  Chiorfenson /Ovex@RT 1697  C6CIHAO2S Mo
HERa 133 . ° ° . . INF Chlormephos Chlormephos@RT 9.23 CAHI002P M+
134 . e o o . INF Chloroneb Chloroneb@RT 97 crcHI02 M+
¥ Local Method =
135 . e o o ° INF Chlorthal-dimethyl /D Chlorthal-dimethyl /DCPA@RT 1 CICI4H303 M+
Acquisition ﬂ 7 ° e o o ° INF Chlorthiamid Chlorthiamid@RT 13.14 CTCHSNS M+ T
’ v
Target Screening Chromatogram = T % |[Spectrum X
Processing M- Spectrum | @ Isotopes 100% (3 of 4) | ® Fragments (4 of 4)
peak Detection Tobacco AS-1000po-1, Chlorbufam L1478 iz 22303001 -223.03%91 | |5 i pragmants | Minimum # of fragments needed: 3
F- FTMS + p Full ms [50.00-700.00] Cil Tobacco-AB-100ppb-1 # 2480 RT. 11.78
Reports RT 11.78 ® #1:127.01832 F: FTMS + p EI Full lock ms [50.00-700.00]
0 AH. 127009548 @ #2:16402615 2087
® #3:15209750 4
s 3
- ® #4: 17100815 2087
Z g0 q
z 10871 .,
£ = 4 3 2o
@ 60 g il il TS| i .l
2 5 =
& 50 2 U
2 4 3088 - 7
4 i
30 2 DEB-| i Hr
Acquisiti = 1025 | |
cquisition
10 ] #3,'1‘3 ' i
i 0 T T T i T T T 0 T T T T T T T +y T+
RT(min) miz
Method Development
Spectrum * B x
. . . .
C O n f I r m at I O n C r I te r I a Spectm| & Boiopes W |8 Megments Gof3

® AllIsotopes Scan#: 5880-5905 RT: 18.04 -18.11 AV: 26 Score: 100

@ Multi-Isotopes

e 2'5 EI Fragment |OnS @ #1: 282.97975 ”

® #2:283.98311 E -

e Accurate Tolerance < 2ppm snmmm | 7 b, 2w

. 2377
@ #4; 28598017 0 #1f Sl =

° Retentlon Tlme @ £5:286.97286 00y #

® #6;286.98241 3 ;
® 7. 287.97722 #2 E #4 #5
[ ]

¢ ISOtOpIC pattern ® #8; 268,97955 GE 1 . — - = o iy

™

7 |8

o
=]
|
[}
==}
—a
w
=

T T
285 286 287 238 239
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El Spectra Deconvolution & Library Search

File  View

_n (&l | M- p E[.Fullws [50.0-500.00]

[ Sias Sampls ramn

0
@ I

[Acouion date: 21772014 & 00 AM
n e HigkHise [itrag
| Irat 10 GC G Exactive - Mkt
C

£5TRIDE AMALYZER ™ || o

BP: 13096605 & 9. 736007

Fragment 1D

516565 | G120 ORI He02
ZEN1B01 | C1217 CY 3 CH3s)1

!msn'm .LmNJZI

142420 | COCIZHS02
st coay ez
ATS152 | O 26 Cri3t Csi
. Cxs
THEXS |CN2KCO 3 OS2 K

B.00E 009
A 0OE-008
400E+003
2.00E +009
0005000 . TR Y. By L ) !
5004 10803 16 B3 2a03

i Actusl | Nomalzed

Campanant spectrum,
100,
]
mz: 205,509
-] CaCIZHE02
4D
)
of e e \|.|.. ) .|. e e ¥ - .‘.. ||§ I
20
40
-0 mr 208
~80)
§5 13287 105 32497 155 33447 20532497
Ltwary spectrum

Library search compatible with existing unit resolution libraries
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Summary — Take Away Message

* GC-MS/MS - Cost Efficient Alternative
* EvoCell technology — High Speed SRM with Precision & Sensitivity
 Removable ExtractaBrite™ lon Source - easy maintenance
 Viable and cost efficient alternative for food & feed analysis
 Fast - with high throughput capability, automated runs

* GC-HRMS - The GOLD Standard Confirmation Solution
* DFS Magnetic Sector - Compliant with international regulations

* QExactive GC - New benchmark for powerful unknown compound
identification for GC-MS, including POPs analysis

* Highest sensitivity and precsion for low level analyses

* GC-MS/MS + GC-HRMS — Work Seamlessly Together
 High precision data using labelled internal standards
« Common TargetQuan software platform + LIMS sample manager
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