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Introduction 
1,2,5,6,9,10-Hexabromocyclododecane (HBCD) is an additive flame retardant used in 
various polystyrene resins and textiles1. HBCD is produced by bromination of 
1Z,5E,9E-cyclododeca-1,5,9-triene (cis,trans,trans-CDT), a butadiene trimer2. The 
resulting technical product consists to more than 90% of a mixture of three enantiomeric 
pairs of diastereomers of 1,2,5,6,9,10-hexabromocyclododecane termed  α-, β-, and γ-
HBCD. The three diastereomers may be separated by reversed phase HPLC3,4. 
 
In the technical mixtures, γ-HBCD is dominating (75-89%) while α- and β-HBCD 
constitute 10-13% and <0.5-12%, respectively5. Using HPLC-MS-MS it has been 
demonstrated that there is a dramatic change of the isomer distribution from the isomer 
pattern in the technical mixture to a prominent α-isomer in biota6-8. The α-isomer is 
also by far the most abundant HBCD isomer in human breast milk 9. 
 
Each of the diastereomers exists as a pair of enantiomers10,11. The stereochemistry of the 
isomers is illustrated in Figure 1.  
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Figure 1. Stereochemical structures of the isomers of HBCD. 
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The objective of this work was to develop a method for enantiospecific determination of 
HBCD diastereomers in order to investigate the enantiomeric composition of HBCD in 
wildlife and humans. 
 
Materials and Methods 
LC-MS-MS was performed on a ThermoFinnigan TSQ Quantum equipped with a 
Surveyor HPLC pump. The MS was used in the ES negative ion mode using SRM for 
[M-H]− (m/z 640.6)       Br− (m/z 79.0 and 80.7). The collision energy was 17 eV for 
m/z 79.0 and 21 eV for m/z 80.7.  
For achiral chromatography, a Waters Symmetry C18 column (150 x 2.1 i.d. mm) was 
used. The mobile phase was 60% H2O/30% CH3OH/10% ACN for 0.5 min followed by 
a linear gradient for 3.5 min to CH3OH/ACN, 1:1 which was held for 13 min. The flow 
rate was 0.25 mL/min. 
For chiral chromatography, a Macherey-Nagel NUCLEODEX beta-PM column (200 x 
4.0 mm i.d.) was used. The mobile phase was 40% H2O/30% ACN /30% CH3OH for 
0.5 min followed by a linear gradient for 7 min to 70% ACN/30% CH3OH which was 
held for 14 min. The flow rate was 0.5 mL/min. In both methods, an injection volume of 
20 µ l was used.  
 
Results and Discussion 
The three diastereomers were baseline separated on the C18-column. The retention 
factors k’ for α, β, and γ were 4.6, 4.9 and 5.4, respectively. In Figure 1, the chromato-
grams are shown for a 1:1:1 mixture of individual diastereomers (A), a technical 
mixture (B), and the product after thermal treatment of the technical mixture at 180°C 
for 2 h (C).  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Chromatograms of a standard mixture of individual diastereomers (A), a 
technical mixture (B) and the technical mixture after thermal treatment (C). 
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In chromatogram B, the dominance of the γ-isomer in the technical product is clearly 
demonstrated. Chromatogram C verifies that the α-isomer is thermodynamically 
favoured comprising 78% of the HBCD isomers after thermal treatment (Peled et al., 
1995). 
 
Chromatography of the mixture of the three diastereomers on a chiral β-Cyclodextrin 
column results in six well separated peaks (Figure 2 A). The retention factors were 3.0 
and 3.3 for α-HBCD, 3.1 and 3.4 for the β-HBCD and 3.6 and 4.3 for γ-HBCD. Even 
when one of the diastereomers was dominating (B and C), the other isomers were still 
quantifiable with reasonable accuracy.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Chromatography on the chiral column of a mixture of individual 
diastereomers (A), a technical mixture (B), the thermally equilibrated technical mixture 
(C), and an extract from a composite sample of salmon from the Baltic Sea (D). 
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Chromatogram D shows the chiral separation of HBCD in an extract of muscle tissue of 
salmon from the Baltic Sea. The presence of non-racemic α- and γ-HBCD is clearly 
demonstrated indicating a strongly enantioselective accumulation of HBCD diastereo-
mers. The enantiomer fraction of α1 is calculated to approximately 0.28 and for 
γ1 approximately 0.66. 
 
Conclusion 
Using a chiral permethylated β-cyclodextrin HPLC column, the enantiomers of α, β  and 
γ-HBCD can be separated in a single run. We report here, for the first time, on a non-
racemic enantiomeric composition of HBCD in biota. The method has great potential 
for studying enantioselective biotransformations of HBCD in wildlife and humans.  
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