Analysis of Dioxins
and Dioxin-like PCBs
in Feed and Food

Thierry Faye, Agilent Technologies
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WI ntroducing the Agilent GC/MS/MS Dioxin Analyzer

|:>Cutting edge technology enables fast & reliable Dioxin analysis at low levels:

|
* New standard for GGMSMS sensitivity with 7010 Trige Quadupole Elsource J
= An instrumentwith sensitivityof GC SectorMS. be,

* MultMode Inlet(MMI) for effective cold splitlessinjections and more. -—J !
I:>Developed from successful collaborations ) =5
with leading Dioxin Labs in Europe: Tara N OCr 1Y

* The Agilentplatiorm already validatedaccording
to new regulations in Eurcpe for bah food
and feed (EC 589/2014,7092014). |
* Refer to L'Homme/Focarts publication |
Journal of Chromatography A, 1376 (2015) 149158, { : Hea
+ Customreporting with complete calculationshave been I
developed andautomatedin MassHunter. i

[Fon

Octa

o Ready for analysis:

Pre-configured and pre-tested atourfactorysoinstallationin yourlab is fastand efficient.
The RTL advantage: guaranteesthe exactmatching ofourreference methad on a new instrumer
Aservice engineer unsa compete check outstandard so validation can begn.

* Method never needs alteing even whencolumnmaintenance is performed.

- Agilent Technologies
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GC/MS/MS Analyzer for
Analysis of Dioxins and
Dioxin-like PCBs in
Feed and Food

Thierry Faye
Market Development Manager

Agilent Technologies

- Agilent Technologies

Validation of GC/MS/MS confirmato
the European official control of levels of dioxins,

furans, and dioxin-like PCBs in foodstuffs

L’Homme B., Focant J.-F.

Organic and Biological Anal. Chem.
University of Liege, Belgium
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95% Exposure by Food

Consumption

Food and Feed control...




EU Commission Documents

Council Regulation 2001/102
Council Regulation (EC) No 23
Commission Directive 200

DiOXin EU Regulation fOr (jomm% ion Directive 200

n Directive 7006/1
food-feed ‘started’ with the ommis i m o1y
ion Regulation (EU) No

Belgian DiOXin CriSiS in o ion Recommendation

Commission Regulation (EC)
Commission Regulation (EC) No 277/2

1 999 ) ission Regulation (EC) No 27
oo sion Regulation (EC) No 5892014

Commission Regulation (EC) No 7092014

EU Commission Strategy (food-feed)

Continuous monitoring

Maximum-A ction-(Target) level strategy

Analytical Methods

Screening-Confirmatory approach

RASFF (high capacities)

Based on state-of-the-art methods

Evolutive Guidelines Recent EN 16215

HARMONISED QUALITY CRITERIA FOR CHEMICAL AND
BIOASSAYS ANALYSES OF PCDDs/PCDFs IN FEED AND FOOD NEN-EN 16215:2012

PART 1: GENERAL CONSIDERATIONS, GC/MS METHODS EUROPEAN STANDARD EN 1 621 5
Rainer Malisch ', Bert Baumann , Peter A Dehnisch *, Richard Canady *, Danel Fraisse ’, NORME EUROPEENNE
Peter First . Douglas Hayward*, Ronald Hoogenboom °, Ronald Hoogerbrugge *, "
Djien Liem *, Olaf Papke *, Traag ", Thomas Wiesmoller * EUROPAISCHE NORM April 2012

OHC 50 2001) 53

ICS 65.120

GC-IDHRMS vs CALUX
HARMONISED QUALITY CRITERIA FOR CHEMICAL AND
BIOASSAYS ANALYSES OF PCDDs/PCDFs IN FEED AND FOOD I1SO17025
PART 2: GENERAL CONSIDERATIONS, BIOASSAY METHODS A
_— a S . . P " .
Va,1ld2351011 @ L(‘)_Qb Animal feeding stuffs - Determination of dioxins and dioxin-like
e S o e o, A o (@1/5% level of interest) PCBs by GC/HRMS and of indicator PCBs by GC/HRMS
Ron Hoogenboom”, lise Van Overmeire’, Wim Traag’ and Rainer Maisch'® ver-Lowerbound < 209
Aimensdes i Dosag s doines,des P o Futermitel - Besinmung von Dicsinen und dioin

.
OHC 50001) 59 e e ot dos OB rcteors por SRS ahichon POBS it COIIIS v v o B
e o o des PO et po nlchen PGB mitls el von ndhctr 508

pg TEQ/g fat level tiels GOHRIS

Z-scores @ PTs

. . This European Standard was approved by CEN on 9 March 2012,
www.di n20xx.0rg Recovery rates...

English Version




[s1emaa|Xtraction Clean-up & Fractionation Analysis

New EU Regulation

L1641 Official Journal of the European Union

CCOMMISSION REGULATION (EU) No 589/2014
of 2 June 2014

laying down methods of sampling and analysis for the control of levels of dioxins, dioxin-like
PCBs and non-dioxin-like PCBs in certain foodstuffs and repealing Regulation (EU) No 252/2012

(Text with EEA relevance)

27.6.2014

Official Journal of the European Union

(COMMISSION REGULATION (EU) No 709/2014
of 20 June 2014

amending Regulation (EC) No 152/2009 as regards the detes
polychlorinated biphenyls

nination of the levels of dioxins and

(Text with EEA relevance)

(9 In addition to the gas chromatographyfhigh resolution mass spectrometry (GC-HRMS), technical progress and
developments have shown that also gas c]nomuoamp]\ Jtandem mass spectromet cc,wvm—, TRTS e be e 2

ot T X Ced by @ new qun Tion pro\vdmg Tor the wse of gas TS
spectrometry (GC-MS VIS s an appropriate confirmatory method for checking compliance with the maximum
level.

Validation for vegetable oil (feed)

—Control chart

wn approach

Agilent 7000C
Trlple Quad (,(/\IS

—Recovery experiments, QCs

—Recovery experiments
Proficiency test

Accuracy

__Statistical determinati
Matrix related

LOD/LOQ

MRM, Quant/qual transitions

Selectwnty, hneanty GC separation, Cali. curve

Confirmatory Tool

HRMS sector or MS/MS instruments

ANALYTICAL CRITERIA FOR USE OF MS/MS FOR DETERMINATION OF
DIOXINS AND DIOXIN-LIKE PCBS IN FEED AND FOOD

1, Lovasz €7

Scortichini GY, Diletti G¥, di Domenico A, lugtluh

Wopio Finland: *Chenisches und

PLippe (CVUA-MEL), Miinster, Germany;

SNCSR

Phicultural Office, Budapest, Hungary: *Istituto Zooprofilattico

101156 ”G C1pomh> Teramo, Italy

*Istituto Superiore di Sanitd (ISS), Roma,

"'"The Food and Environment Research Agency (FERA), York.

Organohalogen compound74 (2012),156-159

EU Regulation 252/2012 amended by 589/2014 (2 of June 2014)
EU Regulation 152/2009 amended by 709/2014 (20" of June 2014)

critaio

PCOD/s md DLPCBS.
GC-MIMS (589/2014)

NDLPCB3
GC-MMS (589/2014)

PCDD/Fuppe famtogan (1015¢

Dable quantity [NO-PCB low piogan (10129

MO-PCB nnogan (10199

INOLPCB nanogam (1079

sdativity

Chromtogmhic spaaion of
1,2,3,4,7,8-HCDFnd 12,367, 8HCDF
|25% lley pesk to pek

Rdtive RT=0.25% ISw maye

MRM tnstions

Monit ith

last 1 praursorion md

lach spaificprodud ion trmsition for i
lbda ad unibde maye

Rdative ion intasitie ma £15%
|[Reolution MSquarupoles unit

2 productions
Tolame rtio £20%f rd. intens. $0%
olame raio £25% if rd. ints. 20-50%
Reolution MSauarupole =unit

Blank

Used for 10 cdaulation

Usad for 10Q clasldtion
Blankvlue $0% of maimul_lad ML

[iloa @aiaa fromlowet @i point
Howst mnantrtion point on ci
Imust gve acptble md wnsistnt
ldedaion to theawae RRF

vz RRFaalaa fordl points
[Deigion to aeae RRFS0%

ditto

oa

[0Q @udae fromasae blmkiad
[0Q < 1/5 of maimumlad ML
Diffeance ub md Ib lads 20%ML

ditto

Diff. ub d Ib fo sumind-RB@ ML20%

Reproduability

[Demnstrae paformmes 0.5ML ML
2mL

Tumes (@) £20%

Within-lsb r@rodudbility (RD) 5%

Damnstrde paformncs @ 0.5ML ML 2ML

Tuees for sumind-PCB @ ML £30%
Within-lab r@rodudbility (RD) 20%

QC dhart for bimis

QC hart for bl

Conuel QC charts control sample QC charts control sample
ey [IMNGUA intend s in 601206 [imdrwdud intand s in range50-120%
Out of g OK if ntribu. to TA0% _|[0ut of g OK if contribu. to sumind?CB10%
Bpandel masuremnt uncetanty
Coverage fator = 2 (CLO5%) Bpanded mesuremnt uncetanty
et it smae deamingion of @ngnas | cowrse faor= 2 (clas%)

Imske sum of ssparte unartanty for sum
lof PCOD/Fand DLPCBS

AL | Inets

PTV inlet

Parameters

From Regulation

Full validation

Run Time, min

Resdiness  GC Calculators

! N
Oven  AuHesters  Eemts  Sgnols  Configurstion
Sooc ] ALerhs ot been ssected

Dioxin fraction runtime = 42min
MO-PCBs fraction runtime = 28min

Vo HodTee | Rt




Chromatographic Profile Chromatographic Separation

MO and NDL PCBs

PCDDs, PCDFs, NO PCBs

25% valley separation HxCDF

Tandem in-space MS MRM transition Ratio

7000 MS/MS System +¢ Quant/Qual transition ratio

ized for gas chromatography

EU Reg 709/2014 says:

PCDD/Fs, DL-PCBs: 2 specific precursors
with each specificproductions

+ 15%
2378 TCDD:

Average ra 64 | R(quad)=unit

NDL-PCBs: at least 1 precursor and 2
product ions

+ 20%
189: 393.8 > 323.8

R(quad)=unit

In MassHunter Proper Estimation of LOQs
' % LOD/LOQ

ANALYTICAL CRITERIA FOR USE OF MS/MS FOR DETERMINATION OF
TO l erance: DIOXINS AND DIOXIN-LIKE PCBS IN FEED AND FOOD

9 5 l -+ l 5 0/ Kotz A", Malisch R"", Focant I, Eppe G*, Cederberg TL, Rantakokko P, First P*. Bernsmann T°, Leondiadis
A== () g g

1%, Lovasz €7, Scortichini G*, Diletti G, di Domenico A’, Ingelido AM, Traag W'", Smith F'"", Fernandes A"

Approach 1: The LOQ can be calculated from the signal-to-noise ratio as already defined in the current
regulations.

Approach 2: As an alternative approach, if the signal-to-noise ratio does not provide reliable results due to a very
low, or no discemable noise level, the limit of quantification is based on the calibration curve. The limit of
quantification is then defincd as the lowest concentration point on a calibration curve that gives an acceptable
(<30 %) and consistent (measured at Teast at the start and at the end of an analytical serics of samples) deviation
16 The average relative Tesponse Tactor calculated Tot all pormts on (he calibration curve in each series of samples.

For conversion of the limit of quantification from the calibration curve to the sample, the recovery of the internal
standards of the respective congener and the sample intake has to be taken into account.

Organohalogen compound74 (2012),156-159

iLOQ = 10*stdev (8 replicate injections — cali point)
LOQ =blank mean + 6*stdev (12 injections— blank)




Validation for vegetable oil (feed) Validation for vegetable oil (feed)
% iLOD/iLOQ % iLOD/iLOQ

‘Acceptable and consistentdeviation to the average RRF’ Calibration curve (lowest level)

8 replicates

Av RRF, ¢ = 0.9622
R2(linear fit) = 0.996( 10*stdev
+» LOQ matrix

Av RRF, =0 Procedure blanks

10 independent injections

Deviation = -1.9%

Average + 6*stdev.

Validation for vegetable oil (feed) Accuracy & Reproducibility

Spiked materials at0.5 ML, ML, 2 ML (6 series, 3 days)

Lowest cali point Blanks

0aMsms Average Stdev Target
b5 ng WHO-TEQ/kg ng WHO-TEQ/kg
02917 00037 o011 | 0,037 49,66 i 0,409 0,029 0,40
0.2935 0005 0,005 | 0,030 3,67 !
0,0152 0,0018 0,005 0,018 0,02 X 0’778 0,045 0‘79
1,600 0,035 1,58

lavg Conc pgl  d.Dev LD pght | iOQpgHL| in blmi

0,0162 0,001 0,003 | 0,010 0,10
0,2906 0.0077 0,023 | 0,077 1,37

0,0154 0,0021 0,006 | 0,021 0,08

0,0169 0,0029 0,009 | 0,029 0,01

Average Stdev Target
0,56 X ng WHO-TEQ/kg ng WHO-TEQ/kg
007 . i 0,307 0,028 0,33
o ‘ 0,595 0,020 0,65

1,256 0,021 1,30

0,0142 0,0022 0,007 | 0,022

0,0164 0,0016 0,005 | 0,016
0,0169 00009 0,003 | 0,009

0,0166 0,0007 0,002 | 0,007

0,0156 0,002 0,006 | 0,020 0,18

0,0774 0,0061 0,018 | 0,062 0,06

Bias <20%

0.14

o Within lab reproducibility < 15%

0,60

0,017 0,0022 0,007 | 0,022
0,0426 00032 0,010 | 0,032

355201 00465 0,140 | 0,465

FE|FAEAA T F|T

0,0158 0,0027 0,008 | 0,027

Accuracy & Reproducibility Within Lab Reproducibility
QC pork fat

Reported | Target Value
Material 1 pg/g TEQ pe/g TEQ
o 1 8 PCDD/Fs 1.10+0.20 1.01 8,8%
PlOﬁClelle test (PT) DL-PCBs 0.80=0.19 0.89 -10.3%
Total TEQ 1.90+0.36 1.90 -0,1%
Material 2
PCDD/Fs 055£0.11 048 15,6% .
DL-PCBs 0.82+0.21 0.85 -3,0% ? Mean + 2 * stdev
Total TEQ 1.38+0.26 1.33 3,7%

Accuracy

Sum PCDDIE NO-PCB

PCDD/PCDF upper bound in material 1 PCDD/PCDF upper bound in material 2

~onnll g n /
"~ 1

Mean— 2" sidev

6 3 4151 216 5 12 7 f8 13 11 10 o
Lab code

Time

Z score = 0.80 Z score = 0.59




MassHunter Report Generator

D:\MassHu n e\ GCM S I it Dev o p FCDD-F-NOP CBQu an Resu 1511z rcP CDD-F-NO. bch i

Take Home Message

PTV-GC/MS/MS accepted as a confirmator

Batch Data Path
analysis Tine
Report Time

almin
atmin
LabaresPCDD-E-NO.batch bin

2014:06-2103 Analyst
2014-06-2153 Reporter
201405-216%

Last Calib Updae

014-06 014-06 2
2T10:335 42 BXHARA2T15:303% 06607
o +02:00

1271 65:(83 48 54200

mitam ekt T S toolunder EU Regs

Vol fuil

jcompound

Comment

RT [min]

Diox

LoQ

Bound LowerBound WHO-TEF|
) Ing/m
02000 0.00000

03000 0100000

00376 03 0:00376

01400 0.00000

00600 0.00000

00440 0.00000

00150 000150

01000 0.00000

001680 0100000
02400 0.00000

0.00000

0100000

0.00000

0.00000

100000
00000
0.00000

<L0Q 0.00000

0,00203 3. 03 0.00203
<LoQ 0.00000

0.00000
0.00729

Co Upper Bound Med
Ing/m] 2 /m]

Ing/m]

78-TCDD 0200 01000
0300
0200
11400

<LoQ

Full validation on challenging matrix

-Loo
0.00376
Loo

MS/MS, but still dioxin analyses...

234780 HpOF
jocor

pcn 77

pcB s 1

pcB 126

pcn 160

[Tota1 TEQ

00001
00003
0.1
0.03

MS/MS & sectors to be properly perceived

Lo 0.0700

032144

Jsum TEQ PCDD/F
fsum TEQ PCBS

017534
014610

0,09030
17406

0.00526
0.00203

Ui TEG PCDOF 01757507032




