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Introduction

Hexabromocyclododecane (HBCD) is an additive flame retardant, used in expanded and extruded polystyrene
for building insulation, in textile backcoatings, and in high-impact polystyrene (HIPS) for electrical appliances.

The technical HBCD is produced by the bromination of cyclododeca-1, 5, 9-trienes theoretically results in 10
diastereomers, a, £, 3, 0, & { n, 6, 1, k-HBCD. However, the technical HBCD mixture consists of three
predominant isomers: 10-13% of o -HBCD, 1-12% of f -HBCD, and 75-89% of y-HBCD [1, 2].

Because HBCD diastereomers transform at temperatures over 160 °C, the HBCD diastereomers cannot be
separated in the gas chromatography (GC) [3]. Thus, liquid chromatography coupled mass spectrometry (LC-MS)
has been frequently used for diastereoselective analysis of HBCD in many studies.

In most previous studies, only a, f, y isomers are selected as the target analytes, which are separated by
commonly C18 LC column. However, earlier work has shown that two isomers, J-HBCD and e-HBCD are
present in technical HBCD mixtures [1].

In our recent paper, we suggested the proper liquid chromatographic conditions for the separation of HBCD
diastereomers using both C18 and phenyl-hexyl ultra-performance liquid chromatography (UPLC) columns and
identified not only J- and ¢e-HBCD but also #- and §-HBCD in two types of technical HBCD mixtures [4]. In this
study, this LC separation methodology applied for the quantitative analysis of individual HBCD diastereomers in
technical HBCD mixtures.

Material and methods
Materials

We purchased standard stock solutions of a-HBCD, '3Cj,-a-HBCD, S-HBCD, '3Ci»- f-HBCD, y-HBCD, and
13C12-y-HBCD (50 pg/mL in toluene) from Cambridge Isotope Laboratories (Tewksbury, MA, USA). Individual
standard stock solutions of J-, ¢-, {-, -, 6-, 1-, and x-HBCD (50 pg/mL in toluene) were purchased from
Wellington Laboratories (Guelph, Ontario, Canada). HPLC-grade methanol (MeOH) was purchased from
Burdick and Jackson (Muskegon, MI, USA). HPLC-grade water was purified in a Milli-Q system (Millipore,
Billerica, MA, USA). The powder type of technical HBCD mixture was purchased from Tokyo Chemical
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Industry (TCI) Co., Ltd. (Chuo-ku, Tokyo) and the other powder type of technical HBCD mixture was purchased
from a local market.

Standard solutions

For the quantification of a, £, y, J, €, #, -HBCD, HBCD solution mixtures (a mixture of 0.07 mg/kg of J-, 0.07
mg/kg of 6-HBCD, 0.37 mg/kg of f-HBCD, and 0.45 mg/kg of '3C,- f-HBCD, a mixture of 0.07 mg/kg of -,
0.07 mg/kg of -, 0.37 mg/kg of a-HBCD, 0.37 mg/kg of *Cj-a-HBCD, a mixture of 5 mg/kg of y-HBCD, 5
mg/kg of ’Ci,-y-HBCD were prepared by gravimetrically mixing weighed aliquots of individual HBCD stock
solutions with MeOH.

LC/MS/MS analysis

The measurements were made on a Waters Acquity UPLC system/Xevo TQ-S triple quadrupole mass
spectrometer (Manchester, UK) with electrospray ionization interface.

For chromatographic separation, Waters AQUITY CSH C18 (100 mm length, 2.1 mm i.d., 1.7 pm particle size)
and Waters AQUITY CSH phenyl-hexyl (100 mm length, 2.1 mm i.d., 1.7 pm particle size) (Manchester, UK)
were used. The injection volume for sample extracts was 1 pL per LC run. Detailed instrumental conditions were
described in our previous paper [4].

Results and discussion

When using the C18 column, which is commonly selected in the most HBCD analysis studies, the good
separation of the three primary diastereomers (a, S, y) was obtained. However, - and e-HBCD were not easily
separated from a- and y-HBCD (Fig. 1(a)). We tested phenyl-hexyl column to separate HBCD diastereomers and
found enhanced resolution for HBCD diastereomers with the phenyl-hexyl column. Finally, we confirmed the
presence of minor diastereomers in the TCI HBCD mixture and the technical HBCD mixture using the phenyl-
hexyl UPLC columns (Fig. 1(b)) [4].

For the quantitative analysis of HBCD diastereomers, two types of technical HBCD mixtures and standard
solutions were analyzed on the phenyl-hexyl UPLC column. Both technical HBCD mixtures were observed to
have high portion of y-HBCD and trace amounts of minor HBCDs (4, ¢, #, 6) as well. Specifically, 10.4 % of a-
HBCD, 5.3 % of f-HBCD, 82.1 % of y-HBCD, 1.87 % of J-HBCD and trace amounts of ¢, 7, &-HBCD were
observed in the technical HBCD mixture. 7.8 % of a-HBCD, 7.4 % of f-HBCD, 84.3 % of y-HBCD, 0.29 % of
0-HBCD and trace amounts of ¢, #, 8-HBCD were observed in the TCI HBCD mixture (Fig. 2). This result is
consistent with a previous report for major diastereomers [2].

This separation method using the phenyl-hexyl column also can be used for qualitative and quantitative analysis
of the individual HBCDs in various environmental and biological samples.
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Fig. 1. LC-MS/MS chromatograms for HBCD diastereomers in TCI HBCD mixtures analyzed using (a) a Waters
CSH C18 column and (b) a Waters CSH phenyl-hexyl column
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Fig. 2. The compositions of ¢, £, v, J, €, 5, O-HBCD diastereomers in two technical HBCD mixtures analyzed by
using the Waters CSH phenyl-hexyl column
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