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Adoption of European safety guidelines
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2001 - EU Scientific Committee on Food - risk assessment
of PCDD/Fs and dioxin-like PCBs in food

*  Weekly intake of 14 pg WHO TEQ/kg body weight limit
established

« Maximum and action limits for PCDD/F within food and feed
set highlighting the need for constant monitoring

Globalization of food market

No one jurisdiction is risk free from exposure

Monitoring of food and feed exports and
imports need to avoid future accidental
exposure
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Meeting the needs of compliance

« High resolution magnetic sector mass spectrometry (HRMS)
Gold standard in Dioxin analysis (Worldwide compliance)

« 2014 - EU allows GC-MS/MS for dioxin analysis in

food and feed Thermo Scientific™
TSQ™ 9610 GC-MS/MS

~

Project Goal
Compare performance between

platforms in meeting Dioxin analysis
criteria in food and feed

\ \/ Internal evaluation External evaluation
» Thermo Fisher Scientific > EURL (Freiburg. Germany)

» Wageningen Food Safety
Research Institute
(Netherlands)
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Injection and separation methodology

Thermo Scientific iConnect PTV injector

Thermo Scientific TG-Dioxin column (60 m)

Injector

iConnect PTV

Initial temperature (°C)

140

Liner

Injection mode

PTV liner with concentric baffle
P/N 453T2845-Ul

Large volume

Hold time (min)

Rate 1 (°C-min”)

25

Injection volume (uL)

5

Temperature 1 (°C)

250

Split flow (mL:min™)

100

Rate 2 (°C-min™)

2.5

Initial injector temperature (°C)

75

Temperature 2 (°C)

260

Injection time (min)

0.4

Hold time (min)

Transfer rate (°C-s™)

2.5

Rate 3 (°C'min”)

2.5

Final temperature (°C)

300

Temperature 3 (°C)

285

Cleaning phase rate (°C-s™)

14.5

Rate 4 (°C-min™)

10

Cleaning phase temperature (°C)

330

Temperature 4 (°C)

320

Cleaning phase hold time
(min) / flow rate (mL:min)

5/200

Hold time (min)

15

Carrier gas flow rate (mL:min)
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Goal

To demanstrate the suitability of the Tharmo Scientific™ TSQ™ 8610 triple quadrupola
GC-MS/MS systam with Thermo Scientific™ Chromeleor™ Chromatography Data System
(CDS) software for the routine and regulatory compliance testing of polychlorinaied
dibenzo-p-dioxins and polychiorinatad dibanzo-p-furans (PCOVFS) in food and fead
samples in accordance with Commission Reguiations (EU) 2017/644 and 2017771

Introduction

Polychiorinated dibenzo-p-diaxins/dibenzofurans (PCDDVF), or dioins as they are
commonly referrad 1o, are classified as persistent organic pollutants (POPS) under the
Stockholm Convention. Due 1o their chemical stability and high fat solubiity, these
chemicals 62N accumulate within food chains and pose exposura’health risks to humans
through consumption of food items (i.e., diary, meat, and fish). Regulations are in place to
monitor food and feed for the prasanca of diaxins 1o protect the population.!

Currant maximum levels allowable for PCODVFs in food and foedstuffs are at the

pg-g! concentration range due 1o the Ioxicity risk they pose.> However, the European
Commissien has announced plans to lower tha current maximum levels in certain
feedstufs in 2024 based an updated risk assessmant.* As of 2014, a change of

EU reguiations permittad the usa of gas chromatography- tripls quadrupolo mass



Differences in mass selectivity

DFS

Magnetic field

Electrostatic field

Double focusing mass analyzer
Magnetic and Electrostatic focusing

High mass resolution data obtained
R = 10,000 (10% valley definition)
R = 20,000 FWHM

- Robust performance from source design
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GC-MS/MS

Quadrupoles (Q)

Collision cell
(Q2)

Mass separation in alternating electric field
AC/DC applied across quadrupoles
Unit (low) mass resolution technique

MS/MS selectivity

Monitor compound selective fragmentation
Fast scanning capabilities

-> 800 simultaneous transitions possible
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LOQ determination

Calibration based approach for GC-MS/MS analysis

» Defined as the lowest level of analyte detected and meets performance criteria:

Within the specified retention time window (for all monitored ions).
lon ratio intensities < 15% of theoretical (or calculated from standards) values
Deviation from the average relative response factor < 30% for all calibration

—  LOQ determined
experimentally

points
The LOQ calculated by taking the lowest point of the calibration curve and

Standard at LOQ

correcting for the final sample volume, sample intake weight, and associated 0.020pg

internal standard recovery. o §§
| |

17
¢ o LO Min C (pg/ul) Sample volume(uL)
= k
ample LOQ (pg/9) Z mLoneapg/n Sample weight(g) * Recovery l (%)
n=PCDD/F
16pg

— ISTD Quan
— ISTD Conf 1

1. Wenzl, T., Haedrich, J., Schaechtele, A., Robouch, P., Stroka, J., Guidance Document on the Estimation of LOD and LOQ for Measurements in the Field of Contaminants in Feed and Food; EUR
28099, Publications Office of the European Union, Luxembourg, 2016, ISBN 978-92-79-61768-3; doi:10.2787/8931u
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Thermo Scientific™ Chromeleon Chromatography Data System
(CDS) 7.3.2

Dioxin eWorkflow

& chromeleon Console #2 eWorkflows «
Back | Create File FEdit View Tools Help = Fiter ¥ =
Data « More fters  frone) v Automated full method setup
Q| fter V7 o teontoca R for PCBs and PCDD/Fs
E"[E ChromeleonLocal Dioxin Analyzer - w1.3 1 1 .
02 e o vz including:
E]EI Dlicxing
H .. 2023 MName - Date Modified Type
__ 2024 T eur 28058 en_lod log guidance document pdf 312812019 3:50:19 FM +01:00 chment () InStrument methOdS fOI"
m i v | ; [ PCE review 5/25/2019 12:54:44 PM -05:00 ew Settings
[ {Dicin analyzer initial setup ; [ FCBs 3872019 23245 P 40000 Report Template i
Trir _,EL PCEs X29/2019 2:50:50 PM +00:00 Processing Method Trl PIUS RSH Smart and AI
[ i S PTV(bk) - AFASTE10 - Tyl 5/31/2024 41724 PM +02:00 Instrument Method
E e = - FTV(bk) - TriplusRSHSmart - 1ul 5131/2024 4:20:13 PM +02:00 Instrument Method AS 1 6 1 O aUtosamplerS
’_?,_l STV - AFASTE10 - Tl 5/31/2024 41740 PM +02:00  Instrument Method ) : .
| 3 Data - PTV(fr) - TriplusRSHSmart - 1pL 5/31/2024 4:20:01 PM +02:00 | Instrument Method | Soto p IC d | | ut| on
- S5L(bk) - Al-ASTE1D - Tl 5/31/2024 41747 PM +02:00 Instrument Method
- S5L(bk) - TriplusRSHSmart - Tul 6/3/2024 9:54:57 AM +02:00 Instrument Method 11 1
ZSSL(f) - AlFASTED- Tl 5/31/2024 41953 PM +02:00 Instrument Method quantlflcatlon methOdS
- S5L{fr) - TriplusRSHSmart - TuL /32024 9:55:06 AM +02:00 Instrument Method Re po rti n g
4252019 11:45:45 PM -05:00 Report Template
eWorkflow 'Dioxin Analyzer - v1.3' selected [ PCDDF review 5/29/2019 12:51:55 PM-05:00 | View Settings
v PCODFs 32812018 T0736 M 20000 Processing Method |ayouts/temp|ates
c - PTV(bk) - A-AS1610- Tyl 5/31/2024 41810 PM +02:00 Instrument Method
E - PTV(bk) - TriplusRSHSmart - Tl BI31/2024 41921 PM +02:00 Instrument Methed A o
<PV - AFASTET0 - Tyl 5/31/2024 4:18:30 PM +02:00  Instrument Method SUPpOr“ng Compl lance
1 - FTV(fr) - Tripl UsRSHEmart - Tul 5131/2024 4:19:15 PM +02:00 Instrument Method .
) PCDDFs - S5L(bk) - A-ASTE10- Tl 53112024 418:37 PM +02:00 | Instrument Method dOCU mentatlon
t& PCDOFs - S5L{bk) - TriplusRSHSmart - 1ul 5312024 4:19:08 PM +02:00 Instrument Method
[ PCDDFs - SSL{f) - AFASTE10- 1L §/31/2024 418:47 PM +02:00 Instrument Method
Lﬁ PCDOFs - S5L{fr) - TriplusRSH - 1pl 4/25/2019 7:22:55 PM -05:00 Instrument Method
'[E] TSQion ratio intensity calculator PCB.xlsx 342019 10:16:46 AM +D1:00 Attachment
T5Q ion ratio intensity calculator PCOD xlsx 52015 11:44:09 AM +01:00 Attachment
'[E] TS ion ratio intensity calculator PCOF xisx 018 12738 PM +01-00 Attachment
3/28/2019 3:42:37 PM +01:00  Attachment
. Associated ltems | Custom Sequence Variables (8) | Custom Formulas
—_—
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Meeting performance criteria

Analysis repeatability at trace levels
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7 TCDD step standard analysis final #4

Dioxin project 2024_TCDD step standard 3

counts

1 ‘2
Y WVAN

4
L

6

Peak Compound Concentration
number P (fg On-Column)

a U A W N

1368-TCDD

1379-TCDD 20
1378-TCDD 50
1478-TCDD 125
1234-TCDD 250
2378-TCDD 500

Repeatability
(%RSD) n = 10

10.3
7.3
8.7
6.6
6.0
6.6

15.94 17.00

18.00

19.00

20.00

9

Assessment of the dioxin sensitivity using TCDD step standard ranging
from 2 to 100 fgeuL-" with a 5 uL injection and reproducibility over 10

injections.

nicholas.warner@thermofisher.com | 30-September-2024

Repeatability (% RSD, n =10)

2378-TCDD |——

1234-TCDD

1478-TCDD

1378-TCDD

1379-TCDD

1368-TCDD
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Meeting performance criteria

lon ratio performance at trace levels

3303 2378-TCDD — 0.0025 pg/pL (12.5 fg OC)) 25 %
.00 =
]| counts | 20
= Area=8792
E RT = 19.90 min v Upper Limit
2.0€3 - 0.003 pg/uL 10 ®
s s e — °
1.0e3 - 2 0 @ ®. & ":" ~Target
x $ o ° ®
min 10{ O o
-1.5¢2 1
-15 Lower Limit
2.7e3 - =l
1| counts 1 Area=7684 25
1= = i L A L L O L L L A QA0 LWL L A wo
2ous 1[5 RT =19.90 min 6 a oo 8 8568888838858 585-8 6
: S 0.002 pg/uL O o 0O 0O p O O 0O 0o 0O o O 0O o O o O
S H b 2 2 @ X X X x x x X 9 o 2 o ©O
& o & & o L T I £ I I L I
P~ =~ © © @ ® ® ® o w o D O ®m D
]
1.0e3 - - o
e WEEIRETEIe g8
Peaks
mln 1 . f g - .. r ’ - .- ¥ F B
1.2e2 ] ' Sample IR deviation | CEIIP. RF deviation  Calib IR devigtion / F A =8
1937 1950 1975 2000 2025 2037
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Meeting performance criteria e T

0.08 ;
R factor vari d Ok
esponse 1aclor variance and accuracy =
2378-TCDD MS Quantitation 5 0.06 1
1.525 - EURL external
S 0.05-
1.4 et check std
Upper RF <\E
1.275 E 0.04 -
1.15 o l) /
w 1.025 ° , o o s  AVRF EI 0.03 LOQ std
09
3 0.02- (50 fg OC)
0179 Lower RF =
0.65 < 0.01
0.525 e 1
04 O 01 ™
g 3 8 8 3 3 <% \ LOQ/2 std
s 5 5 5 5 5 1 Loga (#1900
[ .
O = = = = - -0.02 (12.5fg OC)
Injections “ , , , T : : : T T T T T T T )
" Sample IR dbvation ), Calib RF dewiation | Caib IF daviston ] A 0 0.010 0.020 0.030 0.037
Amount (pgepL?
A B H 1 J
1 Peak Name Ret.Time
2 min
3 First Injection First Injection EURL external check standard EURL analysis LOQ/4 -4 EURL analysis LOQ/2 -4
5 2378-TCDF 19.292 Pass Pass Pass
6 2378-TCDD 19.852 Pass Pass Pass
7 12378-PeCDF 23.319 Pass Pass Pass
8 23478-PeCDF 24.704 Pass Pass Pass

11 nicholas.warner@thermofisher.com | 30-September-2024



12

MS/MS selectivity in complex matrices

Minimal matrix impact at sub —pg/g concentrations

7.6e3 ;
6.0e3

4.0e3 |

2.0e3 1

' 0.14 pg/g
303.9->240.9

min

-3.5e2

7.1e3
6.0e3 1

4.0e3 1

2.0e3 ]
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305.9->2429
min

13C-2378-TCDF IS

1.8€6 ;

1.0e6 1

0.0e0

/\315 .9->252.0
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18.81

19.00 19 25 19 50
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EURL sample analysis (Freiburg, Germany)
Maximum limit (ML) value
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Wageningen Food Safety Research (Netherlands) analysis S

>0 - == Maximum limit (ML) value
4.5 ] - - = Action limit value
4.0 é 0.010 ]
o 0.005 1
w ] mTSQ9610 ]
I;-, 2.5 b 0.000 1 -
- i mDFS
= 2.0 -
- Wageningen R - - -
1.5 -
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Conclusions

* Femtogram level sensitivity achievable by TSQ 9610 GC-MS/MS in food and feed
samples

« Check standard performance within ion ration thresholds for EU regulatory compliance
at femtogram levels

« (Good data agreement between TSQ 9610 and DFS through internal and external evaluation
highlights accuracy and precision performance of the TSQ 9610

« Easy implementation with the Chromeleon 7.3.2 CDS Dioxin analyzer eWorkflow
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Thank you

Any Questions
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