Meeting the Challenges of EPA 1613b Using Gas
Chromatography with High Resolution Time-of-Flight

Mass Spectrometry

LECO Corporation; Saint Joseph, Michigan USA

Key Words: Comprehensive Analysis, High Resolution Mass Spectrometry, Time-of Flight MS, Dioxins, Persistent Organic

Pollutants, Polyaromatic Hydrocarbons

o Lo T,
DIOXIN

1. Introduction

Polychlorinated dibenzo-p-dioxins and furans (Figure 1) are
some of the most toxic materials known to man. These
persistent organic pollutants (POPs) have been linked to
cancer and adverse reproductive and endocrine effects.!?
The “Gold Standard” for dioxin analysis is EPA 1613b
Protocol which has rigid requirements for sensitivity, isotopic
abundance, and resolving power (R,y, = 10,000). Some of
the specific performance criteria are provided in Table 1.
This has been historically achieved, and the method
developed, exclusively using magnetic sector instruments.3*
In this analysis these instruments have operated in selected
ion monitoring mode using slow scans in a targeted
analysis. Other high performance systems including FTICR,
orbitraps, and early GC-TOF systems failed to achieve one
or more of the needed performance metrics.  High
resolution time-of-flight mass spectrometry provides for the
acquisition of spectral data across a wide mass range, with
the requisite resolving power (R,o;, > 10,000), high mass
accuracy, and appropriate sensitivity. This application note
shows that the performance of the LECO Pegasus® GC-HRT
meets or exceeds the requirements for dioxin analysis per
the US EPA 1613b Protocol.
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Figure 1. General structures and formulas for polychlorinated benzofurans (PCDFs) and
benzofurans (PCDDs).

Table 1. Performance Criteria of EPA Method 1613.

Method Attribute  Requirement

MS Resolving Not Less Than 10,000 at 10% Valley
Power at m/z 304

lon Abundance Not more than 15% Variance
Ratios

Lock Mass PFK

Lock Mass Not more than 20% variance
Stability

Sensitivity 0.5 ppb (minimally)
lonization 28-40 eV

Conditions

2. Resulis

Resolving Power

Resolving power is one of the attributes which has
allowed magnetic sectors to perform this analysis
effectively for the past three decades. Gas
chromatography TOFMS systems have fallen short in
this attribute historically. The implementation of FFP™
technology has provided the capability to achieve in
excess of 20,000 (FWHM) resolving power at m/z 304.
To demonstrate this, a spectrum from the analysis of
TCDF is shown in Figure 2. The resolving power
obtained is in high resolution mode with a factor of
2 additional resolving power available in ultra high
resolution mode.
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Figure 2. Mass Spectrum from the analysis of TCDF (m/z = 303.9016 and
305.8987) in high resolution mode. Shows the M and M+2 isotopes and has
calculated resolutions of 10784 and 10576 (10% valley).
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Relative Isotope Abundance (lon Abundance Ratios)

The key to the confirmation of purity and identity of the
analytes of interest is the relative isotope abundance
(or lon Abundance Ratios). The observed and
theoretical relative isotope abundance values are
provided for OCDD and OCDF in Figure 3. EPA 1613b
stipulates that for a Dioxin having 8 chlorines the ratio
of the (M+2) and (M+4) isotopes should be between
0.76 and 1.02 (averaged at 0.89). Examining the
values provided, analysis on the Pegasus GC-HRT
provides ratios of 0.916 and 0.910 for OCDD and
OCDF, respectively. Similar values are observed for
other polyhalogenated species.
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Figure 3. Molecular ion region for OCDD (Top) and OCDF (Bottom) showing
good correlation b [ i and observed relative isotopic
abundances.

Lock Mass Stability

EPA 1613b requires that the lock mass, internal
calibration ions, maintain a constant and stable
intensity throughout. Variations in the intensity are
suggested to be the result of potential interfering
compounds and may affect the mass accuracy or
intensity of the analytes of interest. As such, the lock
mass intensity must maintain at =20%. To demonstrate
this capability the stability of three ions from the PFTBA
leak are tracked across the time window during which
most dioxin compounds elute (800 until 1900 seconds).
This is depicted in Figure 4 for specified ions from the
PFTBA calibrant, total sample signal, and selected
dioxins signal. The calibrant signals show an inherent
signal stability of far less than 5% across the time
window of interest for both 218.98 and 413.98 ions.
EPA 1613b specifies perfluorokerosene (PFK) as the
lock agent, but it is reasonable to assume that its
behavior will be similar to that of PFTBA.

"WM""“VWWW

[P e Ao tr g A P

m/z=218.98+0.01 m/z=413.98+0.01

XICs for Select Dioxins

TIC for Analysis

FE F § F B B PR OEBMEOGOROE R OE %W &

Figure 4. Signal stability of calibrant ions from PFTBA. Shown are signals from 218.98 and
413.98 from PFTBA. The retention of dioxin analytes of interest are provided (lower left) as is
the total ion chromatogram (TIC) for the injection.

Sensitivity

Pivotal to the analysis of dioxins is the sensitivity of the
analysis. The toxicity of these compounds mandates that
extremely low levels be detectable. Even with enrichment the
concentrations required are less than 1 ppb (ng/mL). The
sensitivity of sectors is attributed to their ability to dwell on
signal from single analytes. In contrast, TOFMS systems do
not need to perform these selected ion monitoring analyses.
Full spectral acquisition can be achieved on the Pegasus
GC-HRT and sensitivities needed by EPA 1613b can be
achieved.
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Figure 5. XIC of TCDF & TCDD CS1-CS3.

An overlay of the peaks generated by plotting the
appropriate  extracted ions for the tetra-substituted
congeners (TCDF and TCDD) in standards CS1-CS3 is
displayed in Figure 3. The lowest level analyzed, 0.5 pg on
column, represents the minimal detectable amount in 1613b
(Table 2 in Method 1613) yet provides a readily detectable
peak in these analyses. Other minimum values are at or
greater than 2.5 pg on column.

The dynamic range of the Pegasus HRT is illustrated by the
linearity of area versus concentration plots for 2,3,7,8-TCDF
and 2,3,7,8-TCDD from CS1 (0.50 pg/uL) to CS5
(200 pg/uL) standards (Figure 6). This is not the limit of the
system but is a representation of capabilities and provides
evidence of the ability to distinguish dioxin concentrations
across a range appropriate for most analyses.



1.801
1.60
1.40
1.204

1.00

Ratio

0.800q
0.6007
0.400q
0.200q

H H
i o i
Cl g\ O cl
cf o cl

2378-TCDF

Cs5 (200 - 2000)

2.50

2.00

1.50

Ratio

1.00+

0.5007

Concentration

y= +0.00963754x - 0.00109472
r = 0.99974

T T T T
50 100 150 200 250

°55 (200 - 2000)
*cs5 (200 - 2000)_2

T
300

Concentration
y= +0.0120077x - 0.000748546
r=0.99928

T T T T
50 100 150 200 250

T
300

3. Conclusion

A point-by-point comparison of the requirements of
EPA 1613b Protocol versus the observed performance
on the Pegasus GC-HRT is provided. Table 2 provides a
summary of the attributes and what was seen on the
instrument.

This summary provides representative data to support
the determination of dioxins and related compounds
using high resolution time-of-flight MS as implemented
on the Pegasus GC-HRT.

Table 2. Observed attributes of the Pegasus GC-HRT in meeting
the criteria of EPA 1613b.

Figure 6. Calibration curves (CS1-CS5) for 2,3,7,8-TCDF (Top) and 2,3,7,8-TCDD
(Bottom).

lonization Energy

The ionization energy recommended in EPA 1613b is
28-40 eV, which is lower than the traditional 70 eV used in
El. This is done to provide for the maximum molecular ion
intensity without the compromise of fragmentation. The
Pegasus GC-HRT provides its optimal molecular ion intensity
at the high end of this range (40 eV). Analysis on the
Pegasus GC-HRT falls into this window with spectra from
OCDD and OCDF (Figure 7) provided as examples. These
show strong molecular ions and isotopes and provided
matches of 811 and 808 (of 1000) for each of the two

analytes.
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Method Requirement Pegasus

Attribute GC-HRT

MS Not Less Than >10,000 for m/z

Resolving 10,000 at 10% 303.9016 and

Power Valley at m/z 304 305.8987

lon 85-115% of 103%

Abundance  Theory (1613b

Ratios Section 10.2.2)

Lock Mass Not more than < 5%

Stability 20% variance

Sensitivity 0.5 ppb < 0.5 ppb
(minimally)

lonization 28-40 eV 40 eV

Conditions
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Figure 7. Peak true spectra for OCDD (A) and OCDF (B).
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5. Samples

Calibration standards (CS1 — CS5) containing native and
isotopically labeled dioxins and furans were purchased
from Wellington Laboratories (Guelph, Canada).
Concentrations of the most toxic tetrachlorinated species
ranged from 0.5 to 200 ng/mL. All concentrations are
listed in Supplemental Tables 1 and 2 at the end of this
note.

6. Experimental
Operational settings for the LECO Pegasus® GC-HRT
GC: Agilent 7890
Column Type: Restek Rxi-5Sil MS
(30 m, 0.25 mm ID, 0.25 mm df)

Inj. Temp.: 250°C
Injection: Splitless, 2 uL
Oven:

120°C(1)>220°C (20°C/min)>240°C (2.0°C/min)>
250°C (1.0°C/min)>260°C (5.0°C/min)>265°C
(1.0°C/min)

Carrier Gas: He, 1.0 mL/min constant flow
MS: Pegasus GC-HRT

Source Temp.: 250 °C

El: 40 eV

Mass Range: 160 - 510 m/z

High Resolution Mode
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info@leco.com * www.leco.com ¢ 1SO-9001:2008 HQ-Q-994 * LECO is a registered trademark of LECO Corporation.

Form No. 203-821-421

3/12-REVO

© 2012 LECO Corporation




<<
  /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


