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Abstract

Some of the polybrominated biphenyls (PBBs) found in the environment are axially chiral, due to hindered rotation about the interannular
phenyl-phenyl bond. This applies for PBB congeners having two or more bromine substituenigiposition to this bond. In this study
analytical methods were developed that allow determining the enantiomer fraction (EF) of axially chiral (atropisomeric) PBBs in environmental
samples. A white-tailed sea eagle egg was used as test sample. The egg extract was purified and further fractionated by normal phase (NP
high performance liquid chromatography (HPLC), yielding enriched fractions of axially chiral PBB 132 and PBB 149. Gas chromatographic
(GC) enantioseparation of the atropisomers of PBB 149 was achieved on one of nine tested modified cyclodextrin phases. Due to coelution
with an unknown brominated compound, conventional GC/ECNI-MS, which is based on the detection of the bromide ion, did not allow for
the establishment of the EF. However, by means of GC/EI-MS-MS it was possible to verify an EF of 0.42—-0.43, i.e. a significant enantiomeric
enrichment of the second eluting atropisomer of PBB 149 in the white-tailed sea eagle egg. This is the first proof of non-racemic proportions
of a chiral PBB in environmental samples. Despite the testing of nine different chiral stationary phases, GC enantioseparation of PBB 132
or other atropisomeric PBB congeners failed. For this reason, an enantioselective reversed-phase HPLC method was developed. This methoc
proved to be a powerful tool for the separation of PBB atropisomers. It was found that even a standard ofrtihe siibstituted PBB
153 could be partially separated into atropisomers°&t But already enantiomerized at@. For establishing the EF of PBB 132 in the
bird egg sample a combination of enantioselective HPLC followed by non-chiral gas chromatography was employed. Using enantioselective
HPLC, the atropisomers of PBB 132 were gquantitatively targeted into two separate fractions at room tempera@)reA\(29 addition of
internal standards for volume adjustment the relative amounts of the atropisomers in the isolated fractions were quantified by using non-chiral
GC/EI-MS analysis. A deviation from the racemic mixture of the atropisomers of PBB 132 in the egg extract could not be statistically
proven.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

. Polybrominated biphenyls (PBBs) have been extensively
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FF-1®, Bromkal 8® and Flammex-8. Due to their struc- information on the bioavailability and accumulation of
tural analogy to polychlorinated biphenyls (PCBs), PBBs anthropogenic contaminants in the food wéb,14] This
came into the spotlight of environmental research as early iS due to the fact that chiral contaminants originally applied
as in the 1970¢2,3]. Furthermore, in 1973, an accidental as racemates (enantiomer fraction (EF)=0.5 or enantiomer
contamination of human food with PBBs in Michigan re- ratio=1.0) may undergo preferable depletion/accumulation
vealed the toxicological threat of this group of chemicals Of one enantiomer in biological syster{i0,14] Thus, a
[4,5]. Despite a continuous reduction of the worldwide an- deviation of the EF from 0.5 in environmental samples is a
nual production since the late 1970s and slightly declining directindicator for bioactivity of the given chiral compound.
levels in the environment in the last decade, the ubiquitous Today, information about enantiomeric distribution in
presence of PBBs has been documented in a wide range ofnvironmental samples exists for a large number of chiral
sampleg6-9]. chemicals including atropisomeric PCB$—18] However,
PBBs exist in a theoretical variety of 209 conger{éis no studies investigating the fate of atropisomeric PBBs in
Several PBB congeners, containing two to four bromine the environment have been published so far.
ortho-substituents, cannot rotate about the interannular
phenyl-phenyl bond due to steric hindrance. Such PBB
congeners, which additionally possess non-symmetric sub-2. Experimental
stitution patterns on both aromatic rings, form pairs of axially
chiral compounds (atropisomeri)0,11] Analogously, 19  2.1. Chemicals and samples
axially chiral PCBs proved to form stable atropisomers
under environmental conditiofis2,13] However, due to the Technical hexabromobiphenyl (Firemaster BP-6
more bulky bromine substituent it was assumed that more 10mg, Michigan Chemicals) was purchased from Pro-
than 19 PBB congeners would form stable atropisomers atmochem (LGC Promochem, Bis, Sweden). 22,4,5,5-
physiological temperatureld1]. Six axially chiral PBBs,  hexabromobiphenyl (PBB 153, 5mg) was supplied by
including PBB 132 and PBB 149{g. 1) were recently ~ Dr. Ehrenstorfer GmbH (Augsburg, Germany). Other
enantioseparated by means of high performance liquid single PBB congeners and enantiomers were previously
chromatography (HPLC). In addition, the enantiomers of prepared[11]. PCB 138, PCB 153, PCB 180, PBDE 77,
PBB 149 were partially resolved by enantioselective gas P.p-DDE, HCB, B-HCH, heptachlor, transnonachlor,
chromatography (GQL1]. and cis-nonachlor were used for method development and
In this study, methods were developed providing analyti- octachloronaphthalene (OCN) as well 8E1,-PBDE 77
cal data on PBB enantiomers in environmental samples. Thewere used as internal standards (see later). These compounds
methods were applied to an egg of a Norwegian white-tailed Were obtained from Promochem or, alternatively, from
sea eagle, representing a biological matrix with relatively Cambridge Isotope Laboratories (Woburn, MA, USA).
high PBB contaminatioi6]. Results from enantioselective Acetonitrile (for HPLC),n-hexane (for GC), isooctane (for

investigations of chiral compounds may add valuable GC), ethyl acetate (for organic trace analysis), and silica
gel 60 (particle size 0.063—0.200 mm, 70—-230 mesh ASTM)

were obtained from Merck (Darmstadt, Germany). Water

Br BrBr Br was purified with a Milli-Q system (Millipore SAS, Mol-
sheim, France). Helium carrier gas (quality 6.0, Hydrogas,
Br @ @ Porsgrunn, Norway or, alternatively, quality 5.0, Linde,
Hollriegelskreuth, Germany), methane reactant gas (quality
(A) Br 5.5, Hydrogas or 5.0, Linde), nitrogen make-up gas (5.0,

Linde) and argon collision gas (4.5, Linde) were used for

Br BrBr gas chromatographic and mass spectrometric analyses. A
non-hatched white-tailed sea eagle egg was analyzed. The

O @ Br egg was collected in Vikna, Nord-Trgndelag (Norway) after

the hatching period in 1998 by the Norwegian Institute for
®) Br Br Nature Research, Trondheim (Norway). The hen’s egg used
Br Br for method development (see below) was purchased in a

local Norwegian supermarket.

o @ O Br 2.2. Sample preparation

C - .
© Br Br Two separate aliquots of the same egg sample were ex-

Fig. 1. Chemical structures of 2,2,3,4,6-hexabromobiphenyl (PBB 132; tracted and CleaHEd'Up' Homogenization, drylng, and cold

A), 2,2,3,4,5,6-hexabromobiphenyl (PBB 149: B), and ‘2424,5,5- column extraction of about 20 g (one aliquot) of the bird egg
hexabromobiphenyl (PBB 153; C). aswell as clean-up of the extract by GPC and a florisil column



A. Gotsch et al. / J. Chromatogr. A 1063 (2005) 193-199 195

were performed according to Herzke eff@]. For separation  six-port injection valve equipped with a 2pQ loop

of brominated compounds from PCBs, the purified sample (sample volumes<150uL injected) and a Waters 2487
extract in isooctane was concentrated in a Turbovap evapora-UV detector set to 220 nm. Atropisomers of PBB 132 and
tor (Zymark, Hopkinton, MA, USA) to approximately0.5mL  PBB 153 were separated on a NucleodB¥PM column
and fractionated on 8¢ activated silica adapting a method (B-PMCD; heptakis(2,3,6-tr®-methyl){3-cyclodextrin on
published elsewherfl9]. The fractionation was optimized  silica, 200 mmx 4 mm i.d., Macherey—Nagel) employing an
with a test mixture containing,p’-DDE, PCB 138, PCB 153, isocratic flow of 0.5 mL/min acetonitrile/water (60/40, v/v).
PCB 180, PBDE 77, and Firemaster BP-@echnical mix- For partial separation of PBB 153 atropisomers the solvent
ture) and tested with the extract of a hen'’s egg spiked with the container and the column were cooled t6Qin an ice
same test mixture. No effects of the egg matrix on the frac- bath. In contrast, enantiomers of PBB 132 were separated
tionation were observed. The bulk of the PCBs eluted with at room temperature (2@€) and five fractions (12—17 min,
48 mL n-hexane in the first fraction, which was discarded. 17-22.5min, 22.5-24min, 24-35min, and 35-40min)
Brominated compounds were then eluted with another 10 mL were collected manually (see also Sect®8. The middle
n-hexane plus 50 min-hexane/ethylacetate (9/1, v:v). This fraction (22.5-24 min) was concentrated under nitrogen
combined fraction also contained most organochlorine pes-to approximately 5Q.L (mainly water remaining), taking
ticides[19]. Isooctane (1 mL as keeper) was added and the advantage of the minimum azeotrope (boiling point 7&p
fraction was concentrated in the Turbovap system and underof acetonitrile/water (85/15, v/v). A volume of H0

nitrogen to a final volume of approximately 1p0Q. acetonitrile was added and the solution was again manually
fractionated on th@-PMCD HPLC column using the same
2.3. Fractionation by normal phase HPLC retention time windows as before. The corresponding frac-

tions of the first and second fractionation were combined and

Normal phase (NP) HPLC was used for the separation 2 ng13C;,-PBDE 77 (in 2QuL acetone) was spiked to each
of PBBs from most of the PBDEs and organochlorine of these combined fractions. Then they were extracted five
pesticides. The HPLC system consisted of a Waters 616times with 2 mLn-hexane and the combined extracts were
low-pressure quaternary gradient pump (Waters, Milford, concentrated to approximately pQ. After addition of 4 ng
MA, USA), amanual six-portinjection valve equipped witha OCN (in 20p.L isooctane) the fractions were concentrated
200p.L loop (Rheodyne, Rohnert Park, CA, USA) and a Wa- to a final volume of 2QuL for GC-MS quantification (see
ters 996 photodiode array detector (scanning 190—250 nm).Section2.5).
A silica precolumn (10 mnx 3mm i.d., Varian, Palo Alto,
CA, USA) and two silica HPLC columns (250 mr4.6 mm 2.5. Non-chiral GC-MS
i.d., 5pm particles, Varian and 200 mm4 mm i.d., 5um
particles, 100\ pore size, Nucleos, Macherey—Nagel, Non-chiral GC-MS was performed using a Mega Il
Duren, Germany) were coupled in series. The separation8065 gas chromatograph (Fisons, Milan, Italy) coupled to
was performed at room temperature employing an isocratican MD800 low-resolution quadrupole mass spectrometer
flow of 1 mL/minn-hexane. A test mixture containing HCB, (Finnigan, San Jose, CA, USA) operated in the electron ion-
B-HCH, heptachlor,trans and cis-nonachlor, p,p’-DDE, ization mode (GC/EI-MS). Samples 2., solventn-hexane
PBDE 77 and Firemaster BF26was used for method orisooctane)were injected on-column (AS800 auto-injection
development and again the spiked hen’s egg extract wassystem, Fisons) onto a DB5MS capillary column (phenyl ary-
analyzed for evaluation of matrix effects. A slight shift lene polymer, 30 m length, 0.25 mm i.d., 042% film thick-
towards longer retention times was observed in presenceness, J&W Scientific, Folsom, CA, USA). Separations were
of the egg matrix, despite the exhaustive clean-up it had performed using helium carrier gas at a constant column head
undergone. The 150L extract from silica fractionationwere  pressure of 80 kPa. The GC oven was programmed as follows:
injected and the following fractions were collected manually: 70°C (hold time 2 min), then at 18Z/min to 180°C, then at
3—7min, 7-8 min, 8-9.5min, 9.5-10.5min, 10.5-11.5min, 5°C/minto 280°C (hold time 5 min), and finally at 5C/min
and 11.5-30min (see also Secti@nl). These fractions to 300°C (hold time 7 min). The GC-MS interface and El
were first concentrated to approximately 3d0for GC-MS ion source temperatures were hold at 250 and°Z)Ce-
evaluation. The fraction containing PBB 149 was then spectively. The mass spectrometer was operated in single ion
concentrated to 5aL for enantioselective GC analysis and monitoring (SIM) mode. For evaluation of NP-HPLC frac-
the fraction with PBB 132 was gently evaporated to dryness tions the following mass to charge ratios were monitone/d:
and redissolved in 150L acetonitrile/water (60/40, v/v) for ~ 547.6 and 549.6 (pentabromobiphenyis);625.6 and 627.6

enantioselective HPLC separation. (hexabromobiphenylspyvz 705.5 and 707.5 (heptabromo-
biphenyls)/Wz283.8 and 285.8 (HCBjwz216.9 and 218.9
2.4. Enantioselective HPLC (B-HCH), Mz 271.8 and 273.8 (heptachloryz 406.8 and

408.8 frans andcis-nonachlor)m/z 246.0 and 248.0p(p'-
Enantioselective HPLC was performed on a system DDE), mz 483.7 and 485.7 (PBDE 77). For guantification
consisting of a Waters 515 HPLC pump, a manual Rheodyneof PBB 132 atropisomers in fractions from enantioselective
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HPLC the following ions were monitoredn/z 625.6 and 149 started at 80C (hold time 1 min), was then raised at
627.6 (hexabromobiphenyls)yz 403.8 and 405.8 (OCN), 20°C/min to 190°C (hold time 93.5min), and finally at

m/z495.8 and 497.8'8C,,-PBDE 77). 5°C/min to 210°C/min (hold time 26 min). The total run
time was 130 min. The injector and transfer line tempera-
2.6. Testing of enantioselective GC columns tures were both set to 22C€. Samples of LL (splitless

time 4 min) were injected using an initial pressure pulse for
Studies on the enantioseparation of PBB 149 and PBB 4 min at 15 psi. Mass spectra were recorded in the selected
132 were performed by gas chromatography (HP 5890 seriesreaction monitoring (SRM) mode applying a source temper-
1, Agilent, Palo Alto, CA, USA) with a3Ni electron cap- ature of 200C, an electron energy of 70 eV, and a filament
ture detector (GC/ECD). Nine columns with different chi- emission current of 15QA. Fragmentation of the most abun-
ral stationary phases (CSPs) were tested (see below). Standant M]*-isotope signal an/z627.6 ([G2H4 °Brs®1Brs]*)
dards (3L in n-hexane or isooctane) were injected splitless to the most abundanM — Br]* isotope signal ain/z546.7
at an injector temperature of 25G. After initial tests with  ([C12H4"°Br3®1Br,]*) was performed at a collision cell pres-
slow heating ramps the enantiomer separation was performedure of~1 mTorr (argon) and a collision voltage of 20 V. The
isothermal (after injection at 8@ and heating at 15C/min detector voltage was set to 2000 V. More details are reported
to the target temperature) and optimized by stepwise low- elsewherdg21].
ering the isothermal elution temperature. The column head
pressure was varied between 60 and 160 kPa.
The following GC columns were tested for separation of 3. Results and discussion
the atropisomers of PBB 132 and PBB 149 standards previ-
ously isolated from the technical prodyétl]: (1) 20 mB- 3.1. Liquid chromatographic enrichment of PBB 132
TBDM column, 0.25mm i.d., 0.1pm film thickness (BGB and PBB 149
Analytik, Adliswil, Switzerland); (2) 10 mp-BSCD col-
umn, 0.25mm i.d., 0.2@m film thickness (BGB Analytik); After a general clean-up procedure for organohalogens in
(3) 25 m Chirasil-Dexy-PMCD column (chemically bonded  extracts from bird egg sampl¢8], two fractionation steps
to CP-Sil 5), 0.25mm i.d., 0.2bm film thickness (Varian ~ were employed in order to separate PBBs from most other
Chrompack, The Netherlands); (4) 30m polysiloxane di- organohalogen compounds, which could have impaired the
luted y-PMCD column, 0.25mm i.d., 0.35m film thick- enantioselective analyses. PCBs were separated from PBBs
ness {-dex 120, Supelco, Taufkirchen, Germany); (5) 25m on deactivated silica (see Secti@r?). The collected frac-
FS-LIPODEX column, 0.25mm i.d., 0.26m film thickness tion quantitatively contained all investigated PBBs. Only
(Macherey—Nagel, Dren, Germany); (6) 15 f3-PMCD col- trace amounts of PCBs were left, however, PBDEs and most
umn, 0.25mm i.d., 0.2hm film thickness (shortenggtdex organochlorine pesticides have been shown to coelute with
120, Supelco); (7) 15n8-TBDM column (0.25mm i.d., the PBBs[19]. Therefore, the concentrated sample extract
0.25p.m film thickness, FO fractiof20]; (8) 15mB-TBDM was further fractionated using silica HPLEi¢. 2). This
column (0.25mm i.d., 0.2@am film thickness, F2 fraction  technique allowed separating PBB 132 and PBB 149 quan-
[20]); (9) 15 mB-TBDM column (0.25 mmi.d., 0.2pm film titatively into two fractions Fig. 2, fractions 8-9.5min and
thickness, F5 fractiof20]). Columns 7-9 were lab-made (not  9.5-10.5 min). This was important, since these two congeners
commercially available) from fractions obtained from LC- had to be treated separately in enantioselective separation.
fractionation of thg3-TBDM phase, which was also used in  The total extracted amounts of PBB 132 and PBB 149 were
column 1. It was previously shown that tBeTBDM phase 12ng and 3 ng, respectively (based on the response factor
was a mixture of at least six major products. For this reason, of PBB 153). Furthermore, HCB3-HCH, the nonachlor
the raw product was LC-fractionated as described by Ruppeisomers, and PBDE 77 were separated from the PBBs. Of
et al.[20]. Fractions were labeled in order with increasing the standards tested, besides other PBB congeners only hep-
polarity, and fractions FO, F2, and F5 gave best results for tachlor andp,p’-DDE partly eluted into the fractions where
some individual organochlorine compounds. PBB 132 and PBB 149 were found. These fractions were
concentrated and used for enantioselective studies.
2.7. Enantioselective GC/EI-MS-MS analysis of PBB
149 3.2. Enantioselective separations of PBB 132 and PBB
153 by HPLC
GC/EI-MS-MS experiments were performed with a
CP-3800 gas chromatograph interfaced to a 1200 triple Despite the testing of nine different CSPs, the enan-
quadrupole MS/MS system (Varian, Darmstadt, Germany). tioselective GC separation of PBB congeners other than
Samples were introduced with a CP-8410 auto injector (Var- PBB 149 failed. Therefore, additional experiments were per-
ian). A 3-TBDM column (no. 1, see above) was installed formed with enantioselective HPLC, which proved to be a
in the GC oven. Helium was used as carrier gas at a con-powerful tool for the chromatographic enantioseparation of
stant flow of 1 mL/min. The GC oven temperature for PBB many PBBJ11]. Previous studies showed that lowering the
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Distribution of organohalogen compounds in NP-HPLC fractions
(mean value of two separations of the extract from a spiked hen’s egg)
Compound 3-7 min 7-8min |8-95min| 95-10.5 |10.5-11.5| 11.5-30

min min min
HCB -
B-HCH
heptachlor
trans-nonachlor
cis-nonachlor
p.p’-DDE
PBDE 77
PBB 101
PBB 132
PBB 138
PBB 149
PBB 153
PBB 174
PBB 180

[ ]<limit of detection (LOD) Lop-20% | z0- 100 %

Fig. 2. Separation of PBBs from most PBDEs and organochlorine pesticides by normal phase (NP) HPLC in the extract of a spiked hen'’s egg (for more details
see text).

temperature of th@-PMCD HPLC column to 53C led to a tempted. Initial experiments to establish retention time win-
very broad peak of the dirtho substituted PBB 153, indi-  dows were performed with a standard solution of PBB 132
cating a slow conversion from one enantiomeric form into previously isolated from the Firemaster BP-@ixture[11].
the other{11]. In fact, when the HPLC column was cooled To control the quantitative collection of the atropisomers, a
to 0°C, PBB 153 enantiomers could partly be resolved (data fractionation method with five fractions was elaborated, of
not shown), even though there are no “buttressing” bromine which the 2nd and 4th contained the PBB 132 enantiomers,
substituents in adjacenhetapositions to the twoortho- respectively, while fractions 1, 3, and 5 should be free of
bromines (see al4d 1,22). any PBB 132 Fig. 3A). According to this method (see Sec-
In contrast to PBB 153, baseline separation of the at- tion 2.4) the egg extract was injected and fractionated. Since
ropisomers of the trértho substituted PBB 132 was easily an agueous mobile phase was used in HPLC, the fractions
achieved employing thg-PMCD column at room temper-  had then to be extracted withhexane for GC analysis. To
ature Fig. 3A). Unfortunately, PBB 153 coeluted with the control the efficiency of this step and to be able to correct
first eluting atropisomer of PBB 132 in the enantioselective for injection volume variability as well as sensitivity fluctu-
HPLC separation. Since PBB 132 and PBB 153 were presentations of the MS instrument, internal standards were added
in the same fraction of the egg extract (deg. 2), a di- to the fractions before extractiof?C1,-PBDE 77) and after
rect HPLC/UV quantification of the PBB 132 enantiomers extraction (OCN), respectively (see Sectihd). The HPLC
was not possible. Therefore, an enantioselective HPLC frac-fractions were five times extracted and the five extracts were
tionation of PBB 132 with consecutive non-chiral GC-MS pooled. A sixth extraction of HPLC fractions 2 and 4 was
quantification of the isolated PCB 132 atropisomers was at- free of PBB 132 and3C1>-PBDE 77 and thus discarded.

A PBB B PBB
(A) "B (B) 135

PBB 153

PBB 132b

Standardized abundance

v
2raction 5
_ . ™ E Fraction &
= £ . 3 Fract. 4
T:, S| g = Fract. 3
E E ? Fraction 4 \ 3
= L Fraction 1
T T T T T T T T T
12 16 20 24 28 32 t[min] 334 337 34.0 t [min]

Fig. 3. (A) HPLC/UV chromatogram (220 nm, room temperature) of the enantioseparation of a PBB 132 reference standard isolated from the tegtenical mixt
Five fractions collected for subsequent GC-MS analyses are indicated. (B) GC/EI-MS mass chromatograms (ShvViz6286) of the five fractions obtained
from enantioselective HPLC separation of the white-tailed sea eagle egg extract.
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PBB ) PBB 149b L PBB
149a 153 149b
g g PBB 1492
] <
E £
2 2
[ 5]
o w
z =
g = PBB 153
] )
=% =%
(A) 8 8 9 95 100 t[min] (B) 8 8 90 95 100 t [min]

Fig. 4. Enantioselective GC/EI-MS-MS determination (for details see text) of PBB 149 in the technical mixture Firema&dABRM! in the extract of the
white-tailed sea eagle egg (B).

GC/EI-MS SIM-chromatograms of the pooled fraction ex- pentabromodiphenyl ether (DE 71) were analyzed on the
tracts of the bird egg are shownfiig. 3B. It can be seenthat  chiral 3-TBDM column. The PBB 149 atropisomers eluted
fractions 2 and 4 quantitatively contained the PBB 132 at- after the tetra- and pentaBDEs and BC-2 but before the hexa-
ropisomers, respectively, whereas fractions 1, 3, and 5 wereBDEs. None of the PBDE congeners with abundance higher
free of PBB 132. Quantification of the noise in the chro- than 0.5% in the DE 71 mixture was the interfering com-
matograms revealed that the detection limits of PBB 132 in pound, and its structure could not be elucidated. However,
fractions 1, 3, and 5 were <1% relative to the peak areas ofusing GC/EI-MS-MS solved the problem with the interfer-
fractions 2 and 4. These latter fractions were analyzed four ence. With this more selective detection method, no interfer-
times by GC-MS and the absolute signal areas of the PBB ence was found for both, technical Firemaster BPafd the

132 enantiomersinfractions 2 and 4 were corrected relatively egg extractFig. 4). Repetitive injections of PBB 149 enan-

to the signal area of one of the internal standards. The calcu-tiomers in both standard and sample showed slight variations
lated EF of PBB 132 (first eluting enantiomer on the HPLC in the retention times¥8 s), which was considered accept-
column) was 0.48-0.5(E 4; correction with3C1>-PBDE able in view of the long retention times. Furthermore,dhe

77) or 0.47-0.50r(=4; correction with OCN). These results  values in both standard € 1.044-1.048n=10) and sample
might indicate a minor relative enrichment of the second elut- (o =1.045-1.046n=3) agreed very well. The EF for PBB
ing enantiomer of PBB 132. However, due to the variability 149 in Firemaster BP®%was 0.49-0.54r(= 10; Fig. 4A).

of the method (especially consecutive GC-MS analyses), theEnantioselective GC/EI-MS-MS analysis of the bird egg ex-

deviation from the racemic mixture was not significant. tract confirmed the relative enrichment of the second eluting
atropisomer of PBB 149Hig. 4B). For establishing the EF

3.3. Enantioselective separation of PBB 149 in the egg of PBB 149 in the white-tailed sea eagle egg, two separate

extract by GC/EI-MS-MS aliquots of the same egg sample were extracted, cleaned up

and analyzed independently. GC/EI-MS-MS measurements

Among the nine CSPs tested oflyTBDM enabled a suf- resulted in an EF for the first eluting atropisomer of 0.42—0.43
ficient resolution of PBB 149 atropisomers. The column used (n=3) for both extracts. The signal-to-noise ratio of the PBB
in the present study provided a slightly better enantiomer res- 149 enantiomers was >20:1 so that the integration could be
olution than was previously obtained with a similar column carried out with high accuracy. Therefore, these results in-
[11]. This is most likely due to minor batch-to-batch varia- dicate a significant enantioselective enrichment of PBB 149
tions, which are known to occur for this kind of C$E3]. in this predatory bird egg from Norway. It is also notewor-
Unfortunately, when applying conventional GC/ECNI-MSin thy, that there was a hexabromobiphenyl congener present
the SIM mode, monitoring of the bromide ioméz79 andn/z ~ in the egg extract, eluting just after the PBB 149 atropiso-
81 was not selective enough for determination of the EF of mers €ig. 4B), which was not present in the technical PBB
PBB 149 in the sample. An interfering brominated compound Mixture (Fig. 4A). Such congeners have also been observed
was detected which eluted between the separated PBB 149n other Norwegian bird of prey egd6]. They may origi-
enantiomers. Since the interfering compound was not presentate from applications/uptake from other technical products
in Firemaster BP-8, it appeared not to be a PBB congener. Or they might be degradation products of higher brominated
Although PBDE 77 was well separated from the PBB fraction biphenyls.
in silica HPLC Fig. 2), it could not be excluded that other
PBDE congeners were still present in the fraction containing
PBB 149. Other candidates for the co-eluting organobromine 4. Conclusions
compound might be halogenated natural products, which also
were identified in comparable samplgg. For this reason Enantioseparation of PBB atropisomers in both standards
the major halogenated natural product BC-2 and technicaland environmental samples remains a technical challenge.
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Despite new efforts only the enantiomers of PBB 149 could be HPLC column and Georg Hottinger (BGB Analytik, Switzer-
separated using gas chromatography. GC/EI-MS-MS provedland) for providing several enantioselective GC columns.

to be a powerful tool providing sufficient selectivity and sen-
sitivity for an interference-free, direct quantitative determi-

nation of the EF of PBB 149. This was demonstrated by References
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