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SUMMARY 

High-performance liquid chromatography, gas chromatography-mass spectrom- 
etry, ultraviolet spectrometry and nuclear magnetic resonance spectrometry have 
been used to characterize the behaviour of a number of individual brominated 
biphenyls and to assess the composition of several mixtures of these compounds. 
The dependence of retention and spectral characteristics on the bromine content of 
the substituted biphenyls is discussed and the behaviour of polybrominated biphenyls 
is compared with that of polychlorinated biphenyls. 

The applicability of high-performance liquid chromatography to photodegra- 
dation studies is demonstrated. 

INTRODUCTION 

Polybrominated biphenyls (PBBs) are a group of industrial compounds used 
as additive-type1 flame retardants in synthetic polymers. Despite their structural 
similarity to the polichlorinated biphenyls (PCBs), which are well known environ- 
mental pollutants, the PBBs have received relatively little attention from chemists and 
biologists. Recently, an increased interest in the characteristics and use of FBBs has 
been shown, which is no doubt based on the ever-increasing knowledge of the poten- 
tial hazards of polyhalogenated biphenyls and related types of compounds, and the 
Michigan PBB incidentzd, in which a large number of dairy cattle, pigs and chickens 
were accidentally poisoned. Moreover, in 298 persons exposed to contaminated prod- 
ucts as a result of that incident concentrations of PBBs in blood, milk and adipose 
tissue of up to 2.26, 92.66 and 174.0 ppm, respectively, were found’. However, one 
should add that to date no acute or short-term illness has been clearly attributed to 
exposure to PBBs3g6. 

In the past 3 years, papers have been published on the determination of PBB 
residues and metabolites in dairy productss*g and dry animal feedslo, the retention 

l To whom correspondence should be addressed_ 
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and excretion of PBBs by hens and cows 11*12 their excretion into the milk of cows13*1J, 
the distribution and clearance of PBBs in co& and calves’s, the fate of PBBs in soil’6-17, 
their uptake by plants”, and the toxicologyr8-*j, metabolismz5 and photodegrada- 
tionZ3.26-29 of PBBs. The identification of 2,4,5,2’,4’,5’-hexabromobiphenyl as the 
major component of the commercially available F.reMaster BP-6 has been reported 
by two groups of workersz8.30. 

Sundstrom et ~1.~’ have written an extensive review on the synthesis of PBBs, 
which includes a section on the gas-chromatographic properties of these compounds. 
They pointed to the gseater selectivity in PBB compared with PCB synthesis, which 
should be an advantage for industrial applications. Information concerning the avail- 
ability, average composition, general characteristics and efficiency in flame retardancy 
is given in technical bulletins3”-35 and in some papers 1.36. A survey of the literature on 
the analysis of PBB mixtures, which is almost invariably carried out by gas chromato- 
graphy (GC) or combined GC-mass spectrometry (GC-MS), is included in the 
pertinent sections below. 

In this paper, we discuss data on the analysis of PBBs by means of high- 
performance liquid chromatography (ElPLC) and thin-layer chromatography (TLC) 
as well as by GC and spectrometric techniques_ 

EXPERIMENTAL 

Materials 
Small samples of a large number of individual PBBs and the industrial PBB 

mixtures “octabromobiphenyl” (FR 250 13A, Dow Chemical, Midland, Mich., 
U.S.A.) and “hexabromobiphenyl” (fireMaster BP-6, Michigan Chemical Corp.*, 
Chicago, Ill., U.S.A.) were gifts from RFR Corp. (Hope, R.I., U.S.A.). It should be 
ncted that the samples were received prior to the issue of the RFR catalogue for 
1977, which states that all individual PBB isomers have a purity of 99 %. A sample of 
octabromobiphenyl XN-1902, stated to be similar to the material used in the toxico- 
logical studies quoted in refs. 22 and 23, was obtained through the courtesy of Dr. 
J. Norris (Dow Chemical), while Borg-Warner Chemicals (Amsterdam, The Nether- 
lands) supplied a substantial amount of fireMaster BP-6. 4,4’-Dibromobiphenyl and 
2,4,6,2’,4’,6’-hexabromobiphenyl were purchased from Fluka (Buchs, Switzerland) 
and Aldrich Chemical Co. (Milwaukee, Wise., U.S.A.), respectively. A sample of the 
PBB mixture Bromkal SO-9D was a gift from Chemische Fabrik Kalk (Cologne, 
G.F.R.), while P&hiney Ugine Kuhlmann (Paris, France) and Hexcel (Basildon, 
Great Britain) supplied samples of their decabromobiphenyl preparations. Dr. A. 
Norstrom $Jme& Sweden) kindly sent us a small amount of the major component 
of fireMaster BP-6, while Dr. C. A. Wachtmeister (Stockholm, Sweden) provided us 
with a sample of 3,5,3’,5’-tetrachlorobiphenyl. All samples were homogenized before 
use. 

Solutions of individual PBBs were prepared in n-hexane. Because the solubility 
of brominated biphenyls in n-hexane and many other common organic solvents 
decreases rapidly with increasing bromine content, the PBB mixtures were dissolved 

l Michigan Chemical Co. merged with Velsicol Chemical Corp. (Chicago, Ill., U.S.A.) on 
January lst, 1977. 
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Fig. 5. HPLC in the system silica gel-dry n-hexane (flow-rate, 1.4 ml/min: temperature, 27 5 1”; 
UV detection as indicated) of fireMaster BP-6 before (a) and after irradiation with a 100-W mercury 
lamp for 10 (b, c) and 60 min (d)- The solutions in n-hexane (loo0 ppm) were irradiated at ambient 
temperature in cells with quartz windows placed at a distance of CII. 10 cm from the light source. 

the by now well established phenomenon of preferential loss of ortho-bromine atoms 
in photodegradation experiments, and the fact that 2,4,5,2’,4’,5’-hexabromobiphenyl 
is the main constituent of fireMaster BP-6, we tentatively identify one of the penta- 
substituted isomers as 2,4,5,3’,4’-pentabromobiphenyl. 
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