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Isomer-specific analysis of hexabromocyclododecane by LC/MS/MS
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INTRODUCTION

Hexabromocyclododecane (HBCD, C;;HsBrg) is the most widely used of the
cycloaliphatic BFRs. In 1999, the global demand for HBCD (~16 kilotons) was more than
double that of the penta-bromodiphenyl ether (~8.5 kilotons) mixture [1]. HBCD is used
as thermal insulation in the building industry, and is the principal flame retardant in
extruded (XEPS) and expanded (EPS) polystyrene foams [2]. Secondary uses of HBCD
are in upholstery textiles including residential and commercial furniture, upholstery
seating in transportation, draperies, and wall coverings [1,2].

Like the brominated diphenyl ethers (BDEs), HBCD is an additive type BFR. Thus
HBCD is not covalently bonded to the material leading to the risk of migration out of the
product during use or disposal.

Technical HBCD is industrially synthesized by the addition of bromine to cis-trans-trans-
1,5,9—cyclododecatriene [2,3]. The resulting technical mixture contains three
diastereoisomers (a, B and y) and tetrabromocyclododecene as an impurity (<2%). There
are four grades of the technical mixture produced by industry, each containing different
percentages of the three isomers: low melt, medium range, high melt and thermally
stabilized [4]. Typically, the y—isomer is the most dominant (>70%) followed by the o—
and then B. The selection of HBCD grade used depends on the usage of the end-product.

Recently, an isomer specific method for the analysis of HBCD has been described by
Budakowski and Tomy [5]. Here we build on that earlier work and report on refinements
made to the method because of the recent availability of isotopically labelled standards.

MATERIALS AND METHODS

Chemicals. All three native (o,  and y), deuterium (d;s—a, p and y-HBCD) and carbon-
13 mass (°Cj—a, p and y-HBCD) labelled HBCD isomers (each >98% purity) were
provided by Wellington Laboratories Inc. (Guelph, ON, Canada). The synthesis of the
labelled isomers has been described by Arsenault et al. [6]. HPLC Optima grade
methanol, water and acetonitrile were obtained from Fisher Scientific (Nepean, ON,
Canada).
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Liquid Chromatography. An Agilent 1100 Series (Agilent Technologies, Wilmington,
DE, USA) equipped with a vacuum degasser, binary pump and autosampler was used. A
Genesis (Jones Chromatography, Chromatographic Specialties Inc.) C;g (10.0 cm x 2.1
mm i.d., 4 um particle size) analytical column was used for all samples. A mobile phase
of (A) water and (B) methanol at a flow-rate of 300 uL/min was used. The elution
program started at an initial composition of 30:70 (v/v) and was ramped to 100%
methanol in 3 minutes. Thereafter it was held for 3.5 minutes and returned to the starting
conditions in 3 minutes. The column was allowed to equilibrate for 6 minutes between
runs.

Mass Spectrometry. A Sciex API 2000 triple quadrapole mass spectrometer (ABS, Foster
City, CA, USA) was used to run negative mode electrospray ionization. The collision cell
was recently upgrade by mSpec (ON, Canada) to improve the instrument sensitivity in the
multiple reaction mode (MRM). Further details of the MS/MS operating parameters can
be found in Budakowski and Tomy [5]. Quantitation was based on the ion signal from the
m/z 640.6 - m/z 79 MRM transition. MS/MS detection of d;s—HBCD and 13Clz—HBCD
isomers was based on the analogous ([M — H] ) — Br reaction monitored for the native
HBCD (m/z dig: 657.6 and °Cy,: 652.4 (IM - H])).

Extraction and clean-up of environmental samples. Extraction of HBCD from samples
is done by accelerated solvent extraction (ASE). 33 mL ASE extraction cells are packed
with ~10 g of dry-ice homogenized biota or ~10 g of freeze dried sediment. Cells are then
packed with pre-cleaned Ottawa Sand (600°C, 6hrs) to remove any dead volume.
Recovery internal standards consisting of the three isomers of *C;,-HBCD (10 uL of a 1
ng/pL solution) are spiked into the ASE cell. Lipids are removed from biotic extracts
using gel permeation chromatography (GPC). A GPC column packed with BioBeads
(SX-3, 60 g) is eluted with 50:50 dichloromethane (DCM):hexane. Two fractions (F1, 2)
are collected off the GPC: 150 mL fraction contained the lipids (F1), and F2, 200 mL
contained HBCD. Lipid free extracts and the sediment extract are then cleaned-up on a
Florisil column (1.2% deactivated, 8 g, 300 mm x 10.5 i.d). Two fractions are collected:
F1, 32 mL of hexane contains PBDEs, and F2, 70 mL of DCM:hexane (15:85) contains
HBCD. Extracts are then exchanged into methanol and spiked with 5 ng (1 uL of a 5
ng/uL solution) of each d;s—HBCD to act as an instrument performance internal standard
and then concentrated to a final volume of 200 puL.

RESULTS AND DISCUSSION
A.) Recommended Analytical Protocol.

(1) Recovery Internal Standards (RIS). To monitor the extraction efficiency and losses
during the work-up procedure, it is recommended that samples be spiked with all three
C,-HBCD standards. We have evidence that suggests there are differences in the
extraction efficiencies of the 13C12—isomers. In sediments from Lake Winnipeg, the
recoveries of the *C,—a—HBCD isomer (108.7 + 2.6%, arithmetic mean + standard error)
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was consistently higher than the Cj,— y—HBCD isomer (46.6 + 8.0%) (n=3)]. This
would imply that native HBCD isomers are also recovered differently from samples.
Using all three >Cj,—isomers as RIS and correcting the integrated ion signals of native
HBCD isomers in samples with its corresponding °C), surrogate, should reduce some of
the uncertainty in reporting concentrations.

(2) Instrument performance internal standards (IPIS). An often overlooked phenomenon
in LC/MS is suppression (or less common, enhancement) of the analyte ion signal as a
results of matrix effects [7,8]. Isotopically labelled internal standards, which coelute with
the analyte of interest, can account for the ion suppression (and enhancement) of an
analyte; diluting the final volume of extracts is also another means of reducing or
eliminating matrix effects. The three IPIS used in our laboratory for the analysis of
HBCD (i.e., dis—a, p and y-HBCD) performs a dual role: (7) it accounts for instrumental
fluctuations of the MS between injections and, (if) accounts for effects arising from the
matrix. The ion signal from the IPIS is used to correct both the signals of the
corresponding recovery internal standard ('*Cj—isomers) and that of the native HBCD
isomer. A systematic study on the potential matrix effects on ion intensity of individual
HBCD isomers is currently underway in our laboratory.

B.) Standard Reference Material (SRM) for fish.

SRM are invaluable for laboratory quality control purposes. A natural SRM for the
analysis of biota samples for HBCD is that of lake trout homogenate material currently in
use for PBDEs analysis (Cerilliant — lake trout). When analyzed in our laboratory, lipid
normalized concentrations of a— and y—-HBCD isomers in this material were 39.6 and 39.8
ng/g, respectively. The p—isomer was below detection limits. Interlaboratory
measurements are urgently needed to validate levels of HBCD in this material. In any
event, laboratories should endeavour to include this material in their analytical protocol as
this will provide a measure of their laboratories precision.

CONCLUSIONS

The advent of newly synthesized isotopically labelled HBCD standards will circumvent
some of the inherent problems often encountered in LC/MS and account for differences in
the extraction efficiencies amongst HBCD isomers. Further interlaboratory calibration
exercises are warranted to quantify/validate HBCD levels in the lake trout — SRM, as this,
along with the isotopically labelled HBCD standards, will ultimately improve our
confidence in measuring environmental concentrations of HBCD in biota.

REFERENCES
1. de Wit C. 2002. An overview of brominated flame retardants in the environment.
Chemosphere 46:583-624.

2. American Chemistry Council. Data Summary and test plan for
hexabromocyclododecane (HBCD). AR201-13459A.

303



Reyes JD, Scheinert J, Georlette P. 1997. HBCD: Advancing performance through
innovation. Recent Advances in Flame Retardancy of Polymer Materials 8:390-399.

. Peled M, Scharia R, Sondack D. 1995. Thermal rearrangement of
hexabromocyclododecane (HBCD). Advances in Organobromine Chemistry II,
Elsevier, pp 92-99.

. Budakowski WR, Tomy GT. 2003. Congener-specific analysis of
hexabromocyclododecane by high-performance liquid chromatography/electrospray
tandem mass spectrometry. Rapid Communications in Mass Spectrometry 17:1399-
1404.

. Arsenault G, Chittim B, Halldorson THJ, Konstantinov A, McAlees A, McCrindle R,

Tomy GT, Yeo B. 2003. Synthesis of carbon-13 (*>C),) and deuterated (d;5) gamma-
hexabromocyclododecane and their use as surrogate standards in LC/MS and GC/MS
analysis. Organohalogen Compounds 61:267-270.

Choi BK, Hercules DM, Gusev Al. 2001. LC-MS/MS signal suppression effects in the
analysis of pesticides in complex environmental matrices. Fresenius J Anal Chem
369:370-377.

. Mallet CR, Lu Z, Mazzeo JR. 2004. A study of ion suppression effects in electrospray
ionization from mobile phase additives and solid-phase extracts. Rapid
Communications in Mass Spectrometry 18:49-58.

304




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	Table of Contents: 
	Author Index: 


