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Introduction

 Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzo-p-furans (PCDFs) commonly
referred to as dioxins, and polychlorinated biphenyls (PCBs) are highly toxic substances classed as
persistent organic pollutants (POPs).

 Due to their high fat-solubility, dioxins accumulate in the fatty tissues of animals. As a result, more
than 90% of human exposure to dioxins is through food, especially meat, dairy, fish etc. Therefore
accurate monitoring of food and feed is essential to control dioxin uptake from the food chain.

* In 2014 a change in European Commission regulations, permitted the use gas chromatography-
triple quadrupole mass spectrometry (GC-MS/MS) to be used as an alternative to gas
chromatography-high resolution mass spectrometry (GC-HRMS) for confirmatory analysis and for
the control of maximum levels (MLs) and action levels (ALs) in certain food and feed samples




Challenges

 Due to the high toxicity and bioaccumulative nature of dioxins, accurate confirmation and
quantification of PCDD/Fs in animal food and feedstuffs is essential to minimise human exposure.

 Current EU legislation requires GC-MS/MS analytical methods to demonstrate compliance at 1/5t
of the maximum levels (MLs), the methods must also be able to demonstrate:

Separation of
isomers shall be <
25 % peak to peak

between 1,2,3,4,7,8-

HxCDF and
1,2,3,6,7,8-HxCDF.

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).

Maximum permitted
tolerance of relative
ion intensities of
15 % for selected
transition product ions
in comparison to
calculated or
measured values.

2 specific precursor
and one specific
corresponding
transition product
ion for all labelled and

native congeners.
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Challenges

- Even though the utility of GC-MS/MS for this application has been demonstrated in principle, there
is a lack of robust data to validate the suitability of GC-MS/MS, especially for the long-term routine
analysis of hundreds of samples.

* This is further confused by the absence of a clear protocol regarding the setting of appropriate LOQ
values for GC-MS/MS analysis, with both signal-to-noise (S:N) and calibration based approaches
being used in some attempts at validation.




Objectives

- To demonstrate the utility of the Thermo Scientific™ TSQ™ 9000 triple quadrupole GC-MS/MS
system with Thermo Scientific™ Chromeleon™ Chromatography Data System (CDS) software for
the routine and regulatory compliant analysis of PCDD/Fs, dioxin-like PCBs and indicator PCBs in
food and feed samples.

 To evaluate the performance of two separate TSQ 9000 AEI systems ( U.K. and U.S. based) for the
analysis of PCDDs, PCDFs, dI-PCBs and non-dioxin-like (indicator) PCBs in solvent standards,
food/feedstuff and proficiency test (PT) samples, using a clear, calibration based approach to
setting LOQs




Experimental

* For all experiments described below, Thermo
Scientific TSQ 9000 triple quadrupole mass
spectrometers with AEI sources were used.

- Sample introduction was performed using a Thermo
Scientific™ TriPlus™ RSH autosampler, and
chromatographic separation was obtained with a
Thermo Scientific™ TRACE™ 1310 GC system.




GC and Injector conditions — PCDD/Fs and non-ortho PCBs

TRACE 1310 GCPTV
Parameters

Operating Mode:

Injection Volume (pL):

Initial Inlet temperature (°C):
Carrier Gas, Flow (mL/min):
Splitless Time (min)

Split Flow (mL/min)

Septum Purge (mL/min)

Large Volume
4

75

Helium, 1.2

1

100

5 (constant)

TRACE 1310 GC
Parameters

Oven Temperature Program:

Temperature 1 (°C): 120 (initial)
Hold Time (min): 2
Temperature 2 (°C): 250

Rate (°C/min): 25

Hold Time (min): 0
Temperature 3 (°C): 260

Rate (°C/min): 2.5

Hold Time (min):

5

Temperature 4 (°C):

PTV Ramp
Settings
Pressure (Psi) Rate  Temperature Time Flow
(°C/s) (°C) (min)  (mL/min)
Injection: - - - 0.2 100.0
Transfer: - 5 300.0 1.0 -
Cleaning: - 14.5 330.0 5.0 200.0

Autosampler
settings

Rate (°C/min):

Hold Time (min):

Temperature 5 (°C):

Rate (°C/min):

Hold Time (min):

Total Run Time (min):

Injection Depth (mm)
Penetration Speed (mm/s)
Injection Speed (uL/s)

45
100
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GC and Injector conditions - Mono, di-ortho and indicator PCBs

TRACE 1310 GC PTV TRACE 1310 GC
Parameters Parameters
Operating Mode: |Sp|it|ess | Oven Temperature Program:
Injection Volume (pL): 1 Temperature 1 (°C): 120 (initial)
Initial Inlet temperature (°C): 75 Hold Time (min): 2
Carrier Gas, Flow (mL/min): Helium, 1.2 Temperature 2 (°C): 250
Splitless Time (min) 1 Rate (°C/min): 25
Split Flow (mL/min) 100 Hold Time (min): 0
Septum Purge (mL/min) 5 (constant) Temperature 3 (°C): 260
Rate (°C/min): 2.5
PTV Ramp Hold Time (min): 5
Settings Temperature 4 (°C):
Pressure (Psi) Rate  Temperature Time Flow Rate (°.C/min):.
(°C/s) (°C) (min)  (mL/min Hold Time (min):
Injection: - - - 0.2 ﬁ Temperature 5 (°C):
Transfer: - 5 300.0 1.0 - Rate (°C/min):
Cleaning: - 14.5 330.0 5.0 200.0 Hold Time (min):

Total Run Time (min):

Autosampler

settings
Injection Depth (mm) 45 l 4

Penetration Speed (mm/s) 100
Injection Speed (uL/s) 1 '
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MS conditions

TSQ 9000 Mass Spectrometer Parameters
150 9005 I
l ‘ tJ"‘?l’l'l"lo
r,*"'“’ . 7_73_3370139‘
o A ) l Thac 1319
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Transfer Line (°C): 300

lonization Type: El — with Advanced El source
lon Source (°C): 350

Electron Energy (eV): 50

Timed SRM with Dwell Time Prioritization .
(x10 — natives HIGH, labelled LOW)

Acquisition Mode:

Tuning parameters: AEl Smart Tune

Collision gas and pressure (psi): Argon, 70
Resolution : 0.7 (both Q1 and Q3)

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).

o




Standards and samples

* Food and feedstuff samples (including PT samples) were Nominal

. . Sample . . Number of .
provided by the EURL for Halogenated POPs in Feed type Matrix t;’,”(‘:g*(‘;) replicates Basis
and Food, Freiburg, Germany. A nominal sample intake PT T — 5 5 Fat
weight of 2 grams (fat) was used for the samples unless PT Whole egg 2 2 Fat
indicated otherwise T Milk powder 2 2 Fat
PT Halibut fillet 2 2 Fat

PT Sugar beet pulp 20 2 Product
« European method EN:1948 standard solutions were QK Mixed fat 2 0 Fat
- . . . . . Food Meat 2 5 (individual) Fat
utilised for the extraction, calibration and quantitation of Food Milk ) 4 (individual) Fat
PCDD/Fs, dioxin-like PCBs and indicator PCBs. Food Fish 2 4 (individual) Fat
« PCDD/Fs Food Eggs 2 5 (individual) Fat
Feed Fish meal 2 1 Fat

« EN-1948CVS (calibration and quantitation) Feed Grass meal 20 1 Product

« EN-1948ES, EN-1948IS (extraction) — SERENE AL ! e UE!

- PCBs Feed d'iase;:lrl‘;tf:t(t;;‘;'g) 2 1 Product
« WM48-CVS (calibration and quantitation), Feed Feed fat 2 1 Fat

« P48-W-ES, P48-M-ES and P48-RS (extraction)
WELLINGTON

LABORATORIES

Standards for Environmental Testing and Research

 All standards were obtained from Wellington

i
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European Union Reference Laboratory

Laboratories Inc., Canada. Halogenated POPs




« Sample extraction was

performed by
Twisselmann hot
extraction (comparable to
Soxhlet) or pressurized
liquid extraction.

Automated clean-up of
extracts was performed
using a three column
(multi-layered acidic
silica, alumina, and
carbon columns) setup on
the DEXTech™ Plus
system (LCTech GmbH).

Samples

* 29 individual samples
were selected including
Proficiency Test (PT),
Quality control (QK)
and food and feed
samples

Extractions

* All 5 proficiency test
sample were extracted
in duplicate

* The QK1 “Quality
control” sample had six
replicate extractions

Fractions

» Subsequent clean-up
and elution gives two
separate fractions for

each sample extraction

A

thermo
scientific

PCDD/F &
non-ortho

Mono-ortho
and di-ortho

| PCBs 20 pL PCBs 100 pL

thermo
scientific
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Chromatography

EU regulations specify that the separation of the 1,2,3,4,7,8 and 1,2,3,6,7,8 HXCDF isomers shall be less than 25%
peak to peak.

Standard at LOQ Top Standard Sugar beet pulp PT sample
Pk fo Pk Valley 6%

Separation of
isomers shall be <
25 % peak to peak
between 1,2,3,4,7,8-
HxCDF and
1,2,3,6,7,8-HxCDF

Pk to Pk Valley 5% Pk to Pk Valley 6%

— Quan
—— Conf1

— Quan
—— Conf1

— Quan
—— Conf1

~—

Pk to Pk Valley 7%

Pk to\Pk Valley 7%

Pk to Pk Valley 8%

— ISTD Quan
—— ISTD Conf 1

—— ISTD Quan
— ISTD Conf 1

— ISTD Quan
— ISTD Conf 1
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Chromatography

« The proprietary phase of the TG-Dioxin capillary
s — GC column provides excellent separation of
PCDD/F and PCB congeners, particularly the tetra
and penta-substituted PCDD/Fs

Sugar beet pulp PT sample

Sample details — Sugar beet pulp proficiency test 20 g sample intake

13



LOQ

 Establishing LOQs in the analysis of PCDD/Fs and PCBs in food and
feed is critical.

- Differences in approaches can lead to significant variations in quoted
upperbound WHO-PCDD/F-TEQ results, especially where toxic
congeners are present at levels close to the LOQ.

* In these experiments, European Union Reference Laboratories
guidance was followed and a calibration based approached was used.

17

Sample LOQ (pg/g) =

n=PCDD/F

Sample volume(uL
Min Concn(pg/uL)*< b (L) )

Sample weight(g) * Recovery | (%)

* To demonstrate the sensitivity required to routine achieve the LOQs
applied, a low level standard, at the LOQ, was included in the

calibration curve and also injected at regular intervals throughout the
batch.

JRC TECHNICAL REPORTS

Guidance Document on the
Estimation of LOD and LOQ for
Measurements in the Field of
Contaminants in Feed and Food

Thomas Wenzl, Johannes Haedrich,
Alexander Schaechtele, Piotr Robouch, Joerg
Stroka

2016

Yeritiont (00 = 0.08)
Yittans Yaampe = Yeoo(e = 8 = 0.05) -
' [ R !
: : ' Y nbwv?l LoD
I ™ A : N
EUR 28099 EN
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LOQ

* Injection of the lowest level calibration point
and regular assessment of this ensures:

2 g nominal 20uL final
sample sample
intake volume

A minimum upperbound
WHO-PCDD/F-TEQ of

0.15 pg/g
Criteria Acceptance Result
Retention time window ‘within window’ Pass
(for all monitored ions) + 0.1 min
Relative ion intensities +15% Pass

Deviation from the
average relative <30 % Pass
response factor

40 fg on-column

160 fg on-column

15
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LOQ data...

4 Peak Mame Ret Time Rel_Amnt_Dev. IR demiation
min % %
LOQ/4 LOQM LOQM LOoQ/M  LOoQMd Lo/  LOoQ/Md | LOQ/Md LOQM LOoQM  LOQM LOoW4  LOQM  LOQM
2378-TCDF 20.313 -18 116 -6.4 111 33 254 -108 3 -85 94 - 8.4 -78  -101 37
. 2378-TCDD 20.871 14.0 -53 36 i 7.2 12.9 153 | -68 -1.3 74 10.2 13.3 24 -4
° AS dISplayed, the 12378-PeCDF 24 347 23 _ _ 1.1 07 _ - 13.1
. 23478-PeCDF 25720 6.1 14.1 33 26 0.2 -12.9 0.9 -23
dev|at|on from the 12378-PeCDD 25970 4.2 9.9 -6.6 41 -6.4 9.5 134 4.4
123478 HxCDF 29 069 15 48 86 15 29 0.8 04 72
Response Factor and |On 123678-HxCDF 29.180 46 13, -até 9.4 -0.7 -14.8
234678 HxCDF 29 859 07 < 3 . 08 24 141
H thhi 123478-HxCDD 29 951 -5.3 19 : 1.8 31 12.3 53
RatIO are Wlthln tolerance 123678-HxCOD 30.039 1.5 .0 11 11 55 29 -7
. - . 123789 HxCDD 30.362 6B 17 173 290 233 13.0 102
for a” LOQ |nJeCt|OnS v 123789-HxCDF 30.725 28 16.7 9.9 10.7 104 | -59 6.1
1234678-HpCDF 32 364 4.1 1.0 1.2 6.5 -0.8 -4.5
1234678-HpCDD 33.793 7.0 18.1 -37 -9.3
1234789-HpCDF 34531 -1.9 -0.3 6.8 3.0 25 8.2 9.6 6.8 1 i : L L -52
ocDD 38.385 05 25 1.9 32 a7 25 57 15 0.4 39 16 46 41 7.0
L OCDF 38.635 0.9 16 27 1.0 4.2 -0.3 0.0 1.5 -23 21 -34 -6.8
F Average Peak | StdeDev Peak RSD Peak
Peak Name Ret Time Amount Amount Amount LOQ amount MDL LOQ LOD SIN LOQ LoD
min fg fg % fg fg 10*StdDev 3*StdDev 10/8:N 3/S:N
First Injection First Injection fg ig fg ig
2378-TCDF 20.313 105 12 10.1 % 10.0 32 12.4 37 37.0 27 0.8
2378-TCDD 20.871 10.4 1.0 10.1 % 10.0 32 10.5 31 257 39 12
12378-PeCDF 24.347 207 07 33 % 20.0 21 6.9 21 782 26 0.8
23478-PeCDF 25720 215 0.8 3.8 % 20.0 2.4 82 25 426 47 14
12378-PeCDD 25970 202 13 6.4 % 200 41 13.0 39 221 9.0 27
123478-HXCDF 29.069 208 09 42 % 200 26 87 26 38.0 51 15
123678-HXCDF 29180 213 1.0 497% 200 31 10.4 31 727 28 0.8
234678-HXCDF 20 859 205 10 50 % 20.0 32 103 31 480 41 12
123478 HxCDD 20 051 407 16 3.0 % 400 40 16.0 48 352 114 34
123678 HxCDD 30.039 300 33 8.3 % 400 10.4 332 10.0 33 4 12.0 36
123789 HxCDD 30.362 425 4.4 10.4 % 400 131 442 132 26.0 154 46
123789 HxCDF 30.725 22 4 15 6.6 % 200 492 148 4.4 320 6.2 19
1234678-HpCDF 32 364 411 11 27 % 400 3.4 112 34 721 56 1
1234678-HpCDD 33.703 43.8 22 51 % 40.0 6.4 223 6.7 93.0 43 13
1234789-HpCDF 34 531 M6 17 4.2 % 400 52 17.3 52 587 6.8 2.0
QCDD 38.385 164.8 28 17 % 8.4 277 83 100.4 146 4.4
A OCDF 38.635 162.9 22 13 % 6.8 219 6.6 124 8 12.8 38
16 ThermoFisher
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LOQ data...

* What about

concentrations below the
LOQ standard?

4 Peak Mame Ret Time Rel_Amnt_Dey. IR demiation
Jo K]
LOQ -1 LOQ -1 LDCJ -1 LOQ"4 LG4 LDQ"4 LOQ -1 LDCJ-"4 LOQ -1 LDQ-"-—1 LDQ -1 LOQ-"4 LDCJ -1 4
2 3-TCDF 20.313 33 a 4 i
-TCDD 20.871 - b
“LAlthough the calculated M DL and S N LC)Q and S N LOD
8
'123 -PeCDD 23 970 .l
12 Bagte n eggpstmg the ion ratles wou Id net be |n tolera nce at 2
2 low I d theref t IF bl )
wa-these eve S, an there ore are not prac Lca y usa e k-
123 E-HxCDD 30.039 - Wi
123389-HxCDD 30.362 h f f ) ) 0.2
123 gereon o |n t e routme or Con |rmat|on Ll SR U
123497 8-HpCDF 32.364 4 2 3.3 0.3 1 2.5 3.0 3 5
123 8-HpCDD 33.793 Fi 3 2 E 4 7.3 35 37 3 3 0.3 2 3
123 9-HpCDF 34531 3 8 3 2.6 2 ) 3 4 3 ) 2
0
b OCDF 38.635 0.9 16 0.0
F Average Peak | StdeDev Peak RSD Peak
Peak Name Ret. Time Amount Amount Amount LOQ amount MDL LOQ LOD SN LOQ LOD
min fg fg % fg fg 10*5tdDey 3*StdDev 10/5N 35N
First Injection First Injection fg fg fg fg
2378-TCDF 20313 1058 1.2 101 % 10.0 32 12.4 3.7 37.0 27T 08
2378-TCDD 20.871 104 1.0 101 % 10.0 32 10.5 31 257 39 12
12378-PeCDF 24.347 207 07 33% 20.0 21 69 21 782 26 08
23478-PeCDF 25720 215 08 38% 20.0 24 8.2 25 42 6 47 1.4
12378-PeCDD 25.970 202 1.3 6.4 % 20.0 41 13.0 3.9 221 90 27T
123478-HxCDF 29.069 20.8 049 4.2 % 20.0 26 8.7 26 389 51 15
123678-HxCDF 29180 213 1.0 49 % 20.0 31 10.4 31 727 28 08
2346T78-HXCDF 20 850 205 1.0 50 % 200 3.2 103 31 48 9 41 1.2
123478-HxCDD 20951 407 16 3.9 % 40.0 40 16.0 48 352 11.4 3.4
123678-HxCDD 30.039 300 3.3 53 % 40.0 10.4 332 10.0 334 12.0 3.6
123789-HxCDD 30.362 425 4.4 10.4 % 40.0 131 44 2 13.2 260 154 46
123789-HxCDF 30.725 224 )L 6.6 % 200 4.2 148 4.4 320 E.2 19
1234678-HpCDF 32.364 411 11 27 % 40.0 3.4 11.2 3.4 721 56 1.7
1234678-HpCDD 33.793 438 2.2 51 % 40.0 6.4 223 6.7 930 4.3 1.3
1234789-HpCDF 34 531 416 1.7 4.2 % 400 52 17.3 52 58.7 6.8 2.0
oCcDD 38.385 164.8 2.8 1.7 % 160.0 5.4 277 83 109.4 14.6 4.4
A QCDF 38635 162.9 22 1.3 % 160.0
ThermoFisher
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Calibration range

. Coeff.of . Coeff.of
Peak Name Ret.'l_'lme Num_ber of BRF RSD Determination Average RF Range (pg) Peak Name Ret.'l_'lme Num!)er of B RF RSD Determination Average RF Range (pg)
(min) Points (R2) (Slope) (min) Points (R2) (Slope)
2378-TCDF 20.30 16 0.9995 0.96 0.01-64 PCB 28 11.91 14 0.9989 1.01 0.1-1000
2378-TCDD 20.86 16 0.9996 1.04 0.01-64 PCB 52 12.49 14 0.9993 1.06 0.1-1000
12378-PeCDF 24.34 16 0.9999 0.93 0.02-128 PCB 101 14.89 14 0.9999 1.02 0.1 -1000
23478-PeCDF 25.71 16 0.9977 1.03 0.02-128 PCB 81 16.38 14 0.9997 1.06 0.04 - 160
12378-PeCDD 25.96 16 0.9999 1.05 0.02-128 PCB 77 16.86 14 0.9997 1.00 0.04 — 160
123478-HxCDF 29.06 16 0.9996 1.02 0.02-128 PCB 123 17.40 14 0.9998 0.92 0.02 -200
123678-HxCDF 29.17 16 0.9998 1.00 0.02-128 PCB 123 17.40 14 0.9998 0.92 0.02 - 200
234678-HxCDF 29.86 16 0.9993 1.02 0.02-128 PCB 118 17.64 14 0.9999 0.96 0.1-1000
123478-HxCDD 29.94 16 0.999 1.12 0.04 - 128 PCB 118 17.64 14 0.9999 0.96 0.1 -1000
123678-HxCDD 30.04 16 0.9991 1.12 0.04-128 PCB 114 18.18 14 0.9989 1.04 0.02 -200
123789-HxCDD 30.35 16 0.9987 1.09 0.04 — 128 PCB 114 18.18 14 0.9989 1.04 0.02 — 200
123789-HxCDF 30.71 16 0.9997 0.95 0.02-128 PCB 153 18.37 14 0.9996 1.12 0.1-1000
1234678-HpCDF 32.35 16 0.9999 1.03 0.04 — 256 PCB 105 18.96 14 0.9947 0.96 0.02 — 200
1234678-HpCDD 33.78 16 0.9968 1.09 0.04 — 256 PCB 105 18.96 14 0.9947 0.96 0.02 -200
1234789-HpCDF 34.52 16 0.9998 1.04 0.04 — 256 PCB 138 19.80 14 0.9986 1.08 0.1-1000
OoCDD 38.39 16 1.0000 1.12 0.16 — 256 PCB 126 20.90 14 0.9985 0.95 0.04 - 160
OCDF 38.64 16 0.9997 0.94 0.16 — 256 PCB 167 21.52 14 0.9998 1.15 0.02 -200
Max 1.0000 PCB 167 21.52 14 0.9998 1.15 0.02 -200
Min 0.9968 PCB 156 22.90 14 0.9998 1.14 0.02 - 200
PCB 156 22.91 14 0.9998 1.14 0.02 -200
. . PCB 157 23.12 14 0.9999 1.11 0.02 - 200
« Calibration range of over 5 orders for PCBs PCB 157 23.12 14 0.9999 111 0.02-200
. PCB 180 23.43 14 0.9997 1.03 0.1 -1000
* All RF RSD <6 % for native congeners PCB 169 25.48 14 0.9999 1.08  0.04-160
. . . PCB 189 27.28 14 0.9989 0.99 0.02 — 200
° DUp“Cate |nJeCt|On per level (8 levels for PCDD/FS, Y4 PCB 189 27.28 14 0.9989 0.99 0.02 — 200
levels for PCBs) 'I‘\"n?: gggig
ThermoFisher

18 SCIENTIFIC



Results — quality control

 Six replicate extractions of a mixed fat quality control sample
« QK1 —reference value: 0.87 pg sum WHO-PCDD/F-TEQ
« split between the two sites and analysed at regular intervals throughout the analytical sequences

ISTD ML (TEQ
Peak Name RT recovery Target Actual [IR Result UppBnd MidBnd LowBnd SUM UB pg{pfg] 2,3,7,8-TCDD 1,2,3,7,8-PeCDD OCDD
min % IR % IR% dev% <LOGQ ? palg 1.5 —-0.03 pg —-0.14 pg -3.1pg

2378-TCDF____ 20.31 79.2 984 964 2.1 0.0493  0.0493  0.0493 on-column on-column on-column

2378-TCDD  20.88 89.2 947 1053 11.1 0.0683  0.0683  0.0683 | E T ]
12378-PeCDF 2435 94.2 783 819 48 0.0041 0.0041 0.0041 i N T
23478-PeCDF 2572 94.8 779 786 038 0.0686 00686 0.0686 ﬁ% T S
12378-PeCDD 2597 99 7 780 755 -33 0.3410 03410 0.3410 3 [ 3 i
123478-HxCDF ~ 29.07 81.2 630 559 -113 0.0113 00113 00113 ’ ’ ’
123678-HxCDF  29.18 87.3 630 599 48 0.0113 00113 00113

234678-HXCDF  29.86 76.8 626 689 100 0.0112 00112 0.0112

123478-HxCDD  29.94 88.4 639 656 26 0.0477 0.0477 0.0477

123678-HxCDD  30.04 96.0 649 656 10 0.1020 0.1020 0.1020

123789-HxCDD  30.36 96.0 642 659 25 0.0557 0.0557 0.0557

123789-HXCDF  30.71 71.2 636 748 177 <LOQ 0.0071 0.0035 0.0000
1234678-HpCDF  32.36 60.7 804 853 61 <=LOQ 00017 00008 0.0000
1234678-HpCDD  33.79 94.2 807 801 -07 0.0688 0.0688 0.0688
1234789-HpCDF  34.52 81.8 799 789 -12 <=LOQ 00012 00006 0.0000

OCDD 38.40 91.3 960 950 1.1 0.0023 0.0023 0.0023
OCDF 38.67 83.0 941 1025 90 <=LOQ 0.0001 00001 00000 0.8518 Below ML
ThermoFisher
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Quality control - precision

1.00
B .80 ' '
® wmm Upperbound© REPliCate analysis of the
J 0.60 QK 1 sample over the
'_
E 0.40 B Lowerbound two sequences Showed
S excellent repeatability
! 2 vgr
o 020 and sensitivity.
- — —Reference
= 0.00 value
— i — ()] (@] o™ o™ o < < [T} LN Vo) (\o)
T < £ £ LT LT L L ¥ L LT L L L Deviati
J o o o o o o o o o o o o o * Deviation between the
0.40 upper and lowerbound
5 : — W QK 1 - Reference value was no more than 1.2%
= 0.35 0.016 ; i
>
3 oous = QK1 Avg (n=14) (for coqflrmatlon of
g 030 fo exceeding the ML, less
S 025 o I I than 20% deviation is
g B [ - -« =i mN B i required)
0 o 0(‘0(( R\Q@? %QCOQ 0(/00 ;e\*(p(( Qe(p? x\*&(( \)\*co? »*(’0((
E 0.15 - o &u@% &199 o f)“é% «,”f’@% &&\%
%LI) 0.10
e o nini
2 - i
; 0.00 _ - @ . ml miE mE
& & & Q & & & & & & Q Q Q Q & Q Q
& Y\QQ Q\Q& $ & & L x\@ o (b,\(? S oof\QQ Q‘Q(JQ sz"'& & &
S SRR A S A N A A
& N A N R
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Sample analysis — PCDD/Fs

PCDD/Fs GC-QqQ vs Reference value

WMF-01

R =0.9902

10.00

13g (Freshweight)

1.00

199

TSQ 9000 AE
WHO-PCDD/F-TEQ (pg/g)

259 (Freshweight)

33g (Freshweight)

0.01
0.01 0.10 1.00

Reference value
WHO-PCDD/F-TEQ (pg/g)

QK1 replicates

10.00

QK1 - 1 Mixed fat

QK1 - 3 Mixed fat

QK1 - 5 Mixed fat

QK3 Eggs

QK®6 Fish oil

QK8 Meat

1201-PLA 1 Pork sausage
1202-HEA 1 Whole egg
1302-MIA 2 Milk powder
1501-AFB 2 Sugar beet pulp
1601-HFA 2 Fish
1701-PFA PFAD
1302-MIB Milk fat

9230 Meat

9255 Meat

9367 Milk

9478 Milk

9370 Eggs

9487 Fish

2g AEI LOQ (UB)

QK1 - 2 Mixed fat

QK1 - 4 Mixed fat

QK1 - 6 Mixed fat

QKS5 Fish meal

QK7 Fish oil

QK9 Grass meal
1201-PLA 2 Pork sausage
1302-MIA 1 Milk powder
1501-AFB 1 Sugar beet pulp
1601-HFA 1 Fish
1401-SEA Sepiolite
1301-FF Feed fat
WMF-01

9253 Meat

9449 Meat

9373 Milk

9182 Eggs

9371 Eggs

9488 Fish

20g AEI LOQ (UB)
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WMF-01 replicate analysis

I -
20 O O
==
\j
15 m CRM WMF-01 Reference Value (pg/g)
© |
g gtﬁ 4 I
S 40 SL . = TSQ 9000 AEI Average Value (n=3 pg/g)
o
2 |
< - |
| |
5 ' :
| |
[ |
I a0 | | I
Q Q Q Q Q \§ \§ \§ N§ \§ N4 & & & &
<Q Q Q Q ) Q Q Q Q Q
& &P +o & & & © & ¢ © © © L & & &
A& R S (bzz‘ X A & &* SRR RPN S
LR A A S S LSRN O RO A
N K R NV & N v NV N NG P K K
PCDD/F congener
ThermoFisher
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Sample analysis — dI-PCBs

QK1 - 1 Mixed fat ® QK1 -2 Mixed fat
dI-PCBs - TSQ 9000 AEI vs Reference value
QK1 - 3 Mixed fat ® QK1 -4 Mixed fat
13g (Freshweight)
R =0.9998 QK1 - 5 Mixed fat ® QK1 - 6 Mixed fat
QK3 Eggs ® QKS Fish meal
10.00 o -
QK7 Fish ol QK®6 Fish oil
—~ QK8 Meat ® QK9 Grass meal
R
_ 8_7 1201-PLA 1 Pork sausage ® 1201-PLA 2 Pork sausage
L ~
< @] 1202-HEA 1 Whole egg ® 1302-MIA 1 Milk powder
o L 1.00
8 |—| 1302-MIA 2 Milk powder ® 1501-AFB 1 Sugar beet pulp
o M
@) : 1501-AFB 2 Sugar beet pulp 1601-HFA 1 Fish
% a 259 (Freshweight)
O 1601-HFA 2 Fish ® 1401-SEA Sepiolite
I
; 1701-PFA PFAD ® 1301-FF Feed fat
0.10 19g- -©
L / 1302-MIB Milk fat ® 9230 Meat
/ 9449 Meat ® 9255 Meat
0.058 pg/g contribution to TEQ 9367 Milk 9373 Milk
from PCB 126 e 9182 Eggs 9370 Eggs
0.01
0.01 0.10 1.00 10.00 ® 9371 Eggs ® 9487 Fish
Reference value
WHO-PCB-TEQ (pg/g) ® 9488 Fish 2g AEI LOQ (UB)
- ThermoFisher
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Sample analysis — Indicator PCBs

Indicator PCBs GC-QqQ vs Reference values

13g (Freshweight)

0 QK1 - 1 Mixed fat

0 QK1 - 4 Mixed fat

0 QK1 - 2 Mixed fat

® QK1 - 5 Mixed fat

100.00 R =0.9992 ® QK1 - 6 Mixed fat ® QK3 Eggs
QK5 Fish meal ® QK6 Fish oil
QK7 Fish ol @ QK8 Meat
i QK1 replicates ® QK9 Grass meal ® 1201-PLA 1 Pork sausage
. 229 ® 1201-PLA 2 Pork sausage ® 1202-HEA 1 Whole egg
IiEJ 10.00 e 199 @ 1202-HEA 2 Whole egg @ 1302-MIA 2 Milk powder
o= 249
8 g ® 1501-AFB 1 Sugar beet pulp ® 1501-AFB 2 Sugar beet pulp
g £ 1601-HFA 1 Fish @ 1601-HFA 2 Fish
fQ ® 1401-SEA Sepiolite @ 1701-PFA PFAD
1.00 ® 1301-FF Feed fat ® 1302-MIB Milk fat
09230 Meat @ 9255 Meat
@ 9253 Meat ® 9449 Meat
9367 Milk © 9373 Milk
09182 Eggs 9370 Eggs
0'100 10 1.00 10.00 100.00 ©9371 Eggs @ 9487 Fish
Reference value (ng/g) ©9488 Fish
04 ThermoFisher
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Robustness in sample

Peak area repeatability

» The remaining extract volume for

all the UK based sample
assessment was combined to
give a pooled, mixed matrix
sample.

This pooled matrix sample was
then analysed alongside nonane
blank and LOQ standard
injections. The injection
sequence was setup as follows:

« LOQ

* Blank

* Pooled matrix
 Blank (four hour hold)
Repeat x 40...

Peak area (cpm)

10000

100
0 20 40 60

80 100 120 140 160

Injection number

e 2378-TCDD - 6.4% RSD 0.17 pg
23478-PeCDF - 4.2% RSD 0.92 pg
e 234678-HXCDF - 4.4% RSD 0.31 pg

e 1234678-HpCDD - 3.5% RSD 0.71 pg

e 12378-PeCDF - 6.3% RSD 0.36 pg
e 12378-PeCDD - 6.0% RSD 0.21 pg
e 123789-HxCDD - 5.3% RSD 0.2 pg

OCDD - 2.8% RSD 6.12 pg
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Robustness at the LOQ

« The TSQ 9000 AEI system

delivered consistence . 2,3,7,8-TCDD RF repeatability (n=39) 2378-TCDD
|
performance for the measurement ?D
. o
of the LOQ standard, with all s M i e e
congeners falling within the ion 5 oo
rat|0 tolerance and response g L L L O N S
factor deviation threshold. 5 .
©
§ 0 20 40 60 80 100 120 140 160
©
o
Injection number
Maximum permitted
:g:.e::&?sﬁ:er:f:'re 2,3,7,8-TCDD IR stability (n=39) e 2378-TCDD
15 % for selected = 140
transition product ions -% 120
i Icorlnpacrjison 0 2 100 I ........ ........... e ......
calculated or 2 80 Srrrrreeereesssesssessssssssnens 008 0 0 8 O e Qe s 008
measured values )
= 60
§ 40
0 20 40 60 80 100 120 140 160
Injection number
ThermoFisher
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Chromeleon acquisition, processing and

EURL Sample analysis - non-ortho and PCDD-Fs

Run Finished <UKRUN-HR1YUD2> | -] (Not Connected)

|l Save (3 Studio (< Print v [ Up sInsertRow » WIFillDown (Jjlock 7 Filtering — Grouping f, Custom Columns v v & Find Next ~
4 | ms Queniistion) | Name [Tpe “oalyte Type |Level [ [-cMrnisic Level | weignt| ituion|-100 | 7
25 | Disabled T Loan Calibration Standard  FCDDIF FCODIF LO. FCDDIF LOG2 10000 10000 E i 0000
BN O
26 | Disable: 7 0 oD — eoereoe e o o
0q Calibration Standard | FCDDIF PCODIFLOQ PCDDIF CS1 10000 10000 4 A O
‘ ‘ ‘ 00O IROOOD
28 | Disabled 4 002 Calibration Standard | PCDDIF PCODIF LO. PCDDIF CS1 10000 10000 @ Yox 10
29 | Disabled g a2 Calibration Standard | FCDDIF PCODIF LO. PCDDIF CS1 10000 10000 @ [EYoNe (6] © @
30 |Disabled 3 cst Calibration Standard PCDDIF PCDDIF CS1 PCDDIF CS1 10000 10000 @ () () (] \57/\ () /\{n:;
31 [Disabled 3 cst Calibration Standard PCDDIF PCDDIF CS1 PCDDIF CS1 10000 10000 (s1) ("J Q“ (4 @ (=) ) /fi\‘
2 g cs2 Calibration Standard | FCDDIF PCODIF CS2 PCDDIF CS1 10000 10000 |
e g CalimmSniord  RCDDF PCODF 2 PCODF CS1 100007 10000
£ g cs3 c7/ \ndard PCDDIF PCODIF CS3 PCDDIF CS1 +00005= 10000
S g cs2 s PCDD DFCSI AN | st 00007 .00
36 | Disabled 3 cst L rd ot oooo] | 100 2a=69230 Actual
37 | Disabled g cst A PCODF [ pd et oooo] | .00
3 |Disabled B Blank / /Unknwm \ P CODF 0000 1,001 2576, TCDE
2378-TCDD 00308 00308 00308
7 Biank z [ urkeoun FCE “ oooo] | 1.0 12378 PeCDF
B Blank Unknown FCE & FCDDIF 1.0000 10000 23478-PeCDF
7 Biank Unknown FCB & FCDDIF | 10000 10000
123478-HxCDF
1201 PLAT Unknown PCB 2 FCDDIF Pork_meat PC_  Nomvortho PCE. 20480 200000 Min Cf
I T = 123678-HxCDF
43 | Disabled 7 1201 PLat Unknown FCB & FCDDIF Pork_meat PC_. | Nomortho PCE. 20460 20,0000 | Min_Ci — 234678-HxCDF
ea=68893
4 [Disabled 7 un Unknown FCB & FCDDIF Milk PCDDF  Nen-crtho PCE. 21700 200000 Min_Ci 123478-HxCDD
123678-HxCDD
45 | Disabled 9373 Unknown PCB & PCDDIF Milk_PCODF  Nomvortho PCE 21700, 20,0000 | Min_C{
123789-HxCDD
4% 7 Unknown FCB & FCDDIF Fish PCODF___ Non-ortho PCB. 19930 200000  Min Ci
| T} ) ) - N : 8 Q|
# Name: Value Description
1 |Milk_PCODF 1.000
2 |Wiued fat PCODF 1500
3 |Fish_PCODF 2000
4 |Pork_meat_PCODF 1000
Click here to add a custom sequence variable D = I I IG' LE— Iu‘ T = & O N 9 2
T niection resu @
Run Time (min): 44.700
Lipid content (%) 100.000
knd PGOD-Fs - PTV Dry Mass (%) 100.000 Y
Dilution Factor: 20.0000
Sample Weight: 1.9570
counts Area=72898691 Peak Name Quantiation Quaificaton | Quan Area QualArea | Target Ratio | lon Ratio uBWHO TEQ LB wHo TEQ
= on on contstmin | _countsemin % % % oy ooty boly puiy
u— 2378-TC0F, w39/208 | 05912028 2231 2207 EX) 637 702 04929 0.0403
5 2378700 3100/2560 | 321912588 2549 2683 w75 10528 802 00683 0.0683
e} > s0/2760 | 3791248 7347 6523 7828 &70 42 01383 0.0061
= aw9/2769 | 37912748 13375 10509 7194 751 248 02288 0.0686
= 12378 PecoD 823 7800 7545 a7 0310 03410
» 00113
= 00113
00112
00677
0.1020
- 0.0857
0.0000
Simply Intelligent
ply INLENIG :
1234769-HpCDF 0.0000
ocon 459713068 0.0023
31 \poor ase8 wrsiames | 4381308 00001 00001 0.0000
2 0.852 0.842
]
= WHO-PCDDIF TEQ VWHO-PCDD/F TEQ
Peak Name Retention Tine: Quanttaton Quaificaton | Quan Area QualArea | TargetRato | lonRaio | knRatio | Amount <Loa? WHO TEF (2005) (@u0s)
min ion fon contstmin | _countsemin % ) % polg Upperbound pgly Lowerbound - pglg
3 _eeast 16334 290/2200 | 291912220 28 61900 6e67 w272 G2 | 12303 00003 0000 00004
% lpca7 16511 200/2200 | 21912220 | 754089 90289 o 6502 6502 | 101810 0.0001 00010 00010
3 lpcs 126 2080 ss9szsae | wserzsss | sess02 set625 565 %556 sss | 10865 0.1000 10847 1.0847
40 \pos 169 25302 ss08/2m00 | 357812878 72106 ses24 7802 7562 e | 12288 0.0300 0369 0.0%9
@ 1423
42 Lipid and moisture corre € € of
<+ \Sequence Ovenview )\ Sample results A PCB Calibration /, PCDDIF Calibration A Peak Analysis /, SST /» Component Sequence Summary /, Audi Trail 7, Dioxin Report Variables K] v
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Conclusions

* The results of this study demonstrate that the TSQ 9000 GC- MS/MS system, configured with the
AEI source and controlled using Chromeleon CDS software can deliver routine-grade performance
for the confirmation of PCDD/Fs, dioxin-like PCBs and indicator PCBs in food and feedstuffs.

» Successful validation of method performance criteria (LOQ, precision, accuracy and calibration) was carried
out on two separate TSQ 9000 AEI systems, in two geo-locations.

» The sensitivity achieved with the TSQ 9000 AEI system allowed for Upperbound WHO-PCDD/F-TEQ (pg/g)
values as low as 0.15 (for a 2 g sample intake weight and 20 L final sample volume), meeting the 1/5th
maximum level requirements for all but the most challenging matrices.

» The outstanding linear range and accurate quantitative performance generated excellent comparative data to
the EURL reference data supplied, with calibration data showing RF %RSD of <6 over more than 4 orders of
magnitude for all native congeners.
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Conclusions

« Minimizing user intervention has been demonstrated by running over 2 weeks with no maintenance (such as
source cleaning, liner replacement, tuning or analytical column trimming) allowing maximum uptime and
sample throughput.

« Chromeleon 7.2 CDS software provides an integrated platform, with the ability to automatically setup, easily
acquire, process and report compliant data in a fully regulated environment, eliminating the need for using
external spreadsheet programs. Chromeleon eWorkflows™ | available from AppsLab, also provide error-free
execution of each analysis to meet SOP requirements, further simplifying the user experience.
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