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h l l i l (2 5 10 25 50 d 100 f / L) O i l l b l d d d i i l d dOverview the last eluting analyte (2, 5, 10, 25, 50 and 100 fg/uL). One internal labeled standard is included at Overview
5 pg/µL (2378-13C-TCDD). This performance standard is used for method development and 

Purpose: Develop a concept and tool for fast and profound evaluation of instrument optimization or for routine performance checks of a GC/MS in terms of sensitivity. From a single p p p p
performance in Dioxin/Furan GC/MS analysis.

p p y g
injection the following parameters can be checked at 6 different concentration levels:performance in Dioxin/Furan GC/MS analysis.  injection the following parameters can be checked at 6 different concentration levels:

Methods: A set of two special standards (Std 1: sensitivity std ; Std 2: reproducibility std ) was  lowest level detectedMethods: A set of two special standards (Std. 1: sensitivity std.; Std. 2: reproducibility std.) was 
d fi d d l b t d A l ti l t i d t Th S i tifi DFS

 lowest level detected
 isotope ratios at different levelsdefined and elaborated. Analytical measurements were carried out on a Thermo Scientific DFS  isotope ratios at different levels

Si l t N i t diff t l lhigh resolution mass spectrometer for feasibility, evaluation and validation of the concept.  Signal-to-Noise at different levelsg p y p
 single injection calibration curve

Summary: The presented concept of instrument performance standards allows to:Summary: The presented concept of instrument performance standards allows to:
Based on the results of such measurements it can be decided if further method optimization is 

h k th t i t t f i f t d ffi i t

p
needed to meet the sensitivity requirements in a given situation (e.g. injection volume), how much- check the current instrument performance in a fast and efficient way needed to meet the sensitivity requirements in a given situation (e.g. injection volume), how much 
sample should be processed to reach overall low level analysis goals of the complete method if- optimize analysis methods on the basis of sensitivity and reproducibility sample should be processed to reach overall low level analysis goals of the complete method, if 
maintenance is needed to re establish the former instrument performance etc

- validate the instrument regarding EU criteria for screening or confirmation methods
maintenance is needed to re-establish the former instrument performance, etc.

g g g

Introduction FIGURE 3
FIGURE 3. Instrument Performance Std. 2: Reproducibility Std. (“RSD” Std.) Introduction FIGURE 3. FIGURE 1. Sensitivity Standard: One standard with 6 different native tetra
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Due to their high toxicity persistence and bioaccumulation properties Dioxins and Furans need to
FIGURE 1. Sensitivity Standard: One standard with 6 different native tetra 
Dioxin congeners at concentrations of 2 5 10 25 50 and 100 fg/µlFIGURE 1
One standard with 6 different native tetra Dioxin congeners at a concentration of 5 pg/µL allDue to their high toxicity, persistence and bioaccumulation properties Dioxins and Furans need to 

be monitored at lowest levels in food and feed Repeatedly reoccurring regional incidents of
Dioxin congeners at concentrations of 2, 5, 10, 25, 50 and 100 fg/µl FIGURE 1. 
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Ch t f ONE i l i j tiDioxin/Furan contamination in the food chain (e.g. in 2008 Italian Mozzarella, Irish pork) causing Chromatogram of ONE single injection:

public concern and heavy economic impacts demonstrate that constant efforts have to be taken in 1378-TCDD1368-TCDD
1379-TCDD 1478-TCDD
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The „RSD“ standard allows for:
this monitoring activity. In this context high efficiency is required for screening methods and for 100

1379 TCDD 1478 TCDD 2378-TCDD
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confirmatory methods. 80 - fast & efficient statisticsy
60 Qualifier trace

fast & efficient statistics

European regulations [1] define analytical performance criteria for high throughput screening and for
60 Qualifier trace

- estimation of RSDs from single injectionEuropean regulations [1] define analytical performance criteria for high throughput screening and for 
highly precise confirmation methods In this context screening methods are permitted to show an

40
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- estimation of RSDs from single injection
highly precise confirmation methods. In this context screening methods are permitted to show an 
RSD f < 30 % t th l l f i t t h fi t th d i d t h RSD

20 Here: 50 times diluted Std. 2 (= 100 fg)
th d ti i ti tRSD of < 30 % at the level of interest whereas confirmatory methods are required to show an RSD 

15% (Fi 1) Whil bi GC MS/MS b d f i th f 0

- method optimization, etc.
< 15% (Figure 1). While bioassays or GC-MS/MS may be used for screening purpose the use of 0
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The very low maximum levels (ML) in food and feed as defined by the European legislation [2] 
require highly sensitive analytical instrumentation as much for screening as for confirmation purpose 60R
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require highly sensitive analytical instrumentation as much for screening as for confirmation purpose. 
The ability to detect and quantify absolute amounts of Dioxins/Furans in the mid to the very low 40The ability to detect and quantify absolute amounts of Dioxins/Furans in the mid to the very low 
femtogram range in routine analysis is mandatoryfemtogram range in routine analysis is mandatory. 20
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A second standard containing the same congeners but all at the same concentration levelA second standard containing the same congeners but all at the same concentration level 
completes the instrument performance standard set (Figure 3) All congeners of thisFurther requirements for completes the instrument performance standard set (Figure 3). All congeners of this 
“ t bilit / t bilit ” t d d ll t t d t 5 / L
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screening methods:

“repeatability/stability” standard are equally concentrated at 5 pg/µL. 
g

30 % RSD 15 % RSD - False negatives < 1%
Maximum Level (ML) TEQ Food Safety Using this standard statistical data can be acquired in a very fast and efficient way, giving 6 values 
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from a single injection (e.g. peak areas, ratios or RRFs). Thus for example RSDs at different - High sample throughput g j ( g p , ) p
concentrations can be calculated and compared from single injections at each level

g g
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concentrations can be calculated and compared from single injections at each level.
Experiments have been carried out to evaluate this approach diluting the original standard of 5 pg/µlScreening           Confirmation Experiments have been carried out to evaluate this approach diluting the original standard of 5 pg/µl 
down to levels of 100 20 and 10 fg/µL (Figure 4) The statistical basis was extended by performingdown to levels of 100, 20 and 10 fg/µL (Figure 4). The statistical basis was extended by performing 
4 repeated injections at each concentration le el (4 6 24 al es)4 repeated injections at each concentration level (4 x 6 = 24 values). 

In this context the concept of “instrument performance standards” and their application in theIn this context the concept of instrument performance standards  and their application in the 
laboratory is here presented as a helpful and efficient tool for a required quality control reaching the RSDs for the specific individual congeners calculated from the 4 sequential injections at each level laboratory is here presented as a helpful and efficient tool for a required quality control reaching the 
above described benchmarks in terms of instrument sensitivity and reproducibility were in the range of 7-10% for 10 fg, 4-7% for 20 fg and 3-5% for 100 fg TCDDs injected.above described benchmarks in terms of instrument sensitivity and reproducibility. g g, g g j

Even more interesting the RSDs across the different congeners in one single injection at theEven more interesting the RSDs across the different congeners in one single injection at the 
different levels was well in the range of the congener specific RSDs as given above Thus from a

Materials and Methods
different levels was well in the range of the congener specific RSDs as given above. Thus from a 
single injection a good estimation of RSDs is feasibleTCDD Spec:Materials and Methods single injection a good estimation of RSDs is feasible. TCDD Spec:

20 fg TCDD - S/N 200:1 (4 σ)
All measurements were carried out on a Thermo I t t l i th d b ti i d th b i f i l i j ti RSD f

20 fg TCDD S/N 200:1 (4 σ)
All measurements were carried out on a Thermo 
Scientific DFS (high resolution magnetic sector mass

Instrument analysis methods can be optimized on the basis of single injections RSDs, e.g. as for:
Scientific DFS (high resolution magnetic sector mass 
spectrometer) coupled to two Thermo Scientific Tracespectrometer) coupled to two Thermo Scientific Trace 
GC Ultra s pported b an e tra ide Thermo

 injection volume: (1, 2,..5 µL) determining the minimum injection volume with acceptable RSD 
GC Ultra supported by an extra-wide Thermo 
S i tifi T i l t l

 optimizing the number of sampling points over the peak as for minimum RSD
Scientific Triplus autosampler. 

p g p g p p
 optimizing the relative distribution of dwell times for optimum RSD

GC columns used included Thermo Scientific TR
optimizing the relative distribution of dwell times for optimum RSD

GC columns used included Thermo Scientific TR-
Dioxin 5ms 30 m x 0 25 mm (0 1 um) and TR Dioxin Likewise from the instrument RSDs sample preparation parameters like sample amount andDioxin 5ms 30 m x 0.25 mm (0.1 um) and TR-Dioxin 
5 60 0 25 (0 25 ) l d t SSL i j t

Likewise from the instrument RSDs sample preparation parameters like sample amount and 
concentration factors could be determined to meet analysis method performance criteria as defined5ms 60 m x 0.25 (0.25 um) coupled to an SSL injector. concentration factors could be determined to meet analysis method performance criteria as defined 
b EU l ti f i (RSD 30%) d fi ti (RSD 15%) th d (Fi 1)by EU regulations for screening (RSD < 30%) and confirmation (RSD < 15%) methods (Figure 1).  

The concept for the instrument performance standards was developed and defined at the ThermoThe concept for the instrument performance standards was developed and defined at the Thermo 
Scientific POPs Application Laboratory in Bremen Germany The set of two standards was kindly FIGURE 4. Standard 2 („RSD“ Std.): Tetra Dioxins at 10, 20 and 100 fg/µLScientific POPs Application Laboratory in Bremen, Germany. The set of two standards was kindly 
prepared and provided by Wellington Laboratories in Ontario Canada and was recently

FIGURE 4. Standard 2 („RSD  Std.): Tetra Dioxins at 10, 20 and 100 fg/µL

prepared and provided by Wellington Laboratories in Ontario, Canada and was recently 
i li d b C S i tifi G [3]

4 injections for each concentration level, QM mass traces shown here
commercialized by Campro Scientific, Germany [3].
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FIGURE 1
One standard with 6 different native tetra Dioxin congeners at concentrations of 2, 5, 10, 25, 50, 100 fg/µL
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analysis and to decide whether the analysis process can go on or if maintenance is mandatory

20R

1368-TCDD
1379-TCDD

1378-TCDD analysis and to decide whether the analysis process can go on or if maintenance is mandatory.
The reproducibility standard assists in the optimization process during analytical method100

0
1368-TCDD

QM area Linearity The reproducibility standard assists in the optimization process during analytical method 
d l t d b d t h k h th l i f it i t i t

100 QM area Linearity

development and can be used to check whether analysis performance criteria meet requirements 
f f

80

Quantification mass trace y = 93 567x 49 489000

10000

given by European regulations for screening and confirmation methods.
60

Quantification mass trace
100 fg

y = 93.567x ‐ 49.48

R2 = 0.9991
7000

8000

r,
 E

S

60 g
50 fg 6000

7000

QM Area an
de

r

References
40

25 fg 4000

5000
QM Area

Linear (QM Area)

S
an

ta

References
20

25 fg
10 fgf 2000

3000

01
1,

 S

1. Commission Regulation (EC) No. 1883/200610 fg5 fg2 fg 1000

2000

un
e 

2

2. Commission Regulation (EC) No. 199/2006, amending Regulation (EC) No. 466/200110.6 10.8 11.0 11.2 11.4 11.6
0

g
0

0 20 40 60 80 100 120 30
 J

u

2. Commission Regulation (EC) No. 199/2006, amending Regulation (EC) No. 466/2001 

3
Time (min)

in
as

, 

3. www.campro.eu

D
io

xi

AcknowledgementsThe special instrument performance standard 1 (“sensitivity/linearity std.”) as illustrated in Figure 2 al
de

 

Acknowledgements

W lik t th k B k G Chitti f W lli t L b t i I (O t i C d ) f i th t t di i

p p ( y y ) g
contains 6 different native tetra Dioxin congeners which can easily be separated via GC on 30 or 60 ac

io
n

We like to thank  Brock G. Chittim from Wellington Laboratories Inc. (Ontario, Canada) for preparing the tetra dioxin 
t d d d i d b th Th Fi h S i tifi li ti l b

contains 6 different native tetra Dioxin congeners which can easily be separated via GC on 30 or 60 
m 5-Phenyl type apolar columns The concentrations of the different congeners rise from the first to ón

N
a

standards as designed by the Thermo Fisher Scientific application lab.m 5 Phenyl type apolar columns. The concentrations of the different congeners rise from the first to

R
eu

ni
ó

R



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


