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Introduction 
Brominated diphenyl ethers (BDEs) are widely used as flame retardants in electronics 
industry. However, for the following reasons the mass spectrometric analysis of BDEs by 
high resolution magnetic sector mass spectrometry is more complicated than e.g. analysis 
of polychlorinated dioxins and furans: i) a high mass range from m/z 248 (mono-BDE) to 
m/z 960 (deca-BDE) is required, therefore demanding a reference compound that 
provides sufficient intensity on high m/z ions, ii) large electric jumps are necessary, 
which demands for a stable and rugged electric mass calibration, and iii) the Deca-BDE 
being thermally labile, requiring optimized chromatographic methods. The first and 
second complication can be overcome by the correct selection of instrument parameters 
and by proper selection of the reference compound. Probably the most severe 
complication is that the deca-BDE is thermally labile, and decomposes during GC 
analysis. Optimized chromatographic parameters (e.g. very short GC column) are needed 
in order to achieve good sensitivity for deca-BDE. However, such chromatographic 
parameters usually sacrifice separation efficiency for the other congeners. In the 
following, an optimized method for the analysis of BDEs, which provides good 
separation for mono- to nona-BDE, as well as optimized sensitivity for deca-BDE, is 
presented. 
 
Materials and Methods  
All analyses were carried out on a Finnigan MAT 95 XP magnetic sector mass 
spectrometer (Thermo Electron Corp.) coupled to a Finnigan Trace GC Ultra gas 
chromatograph (Thermo Electron), equipped with a split/splitless and a PTV injector. 
Samples were injected using a GC PAL autosampler (CTC Analytics, Zwingen, CH). 1ul 
of each sample was injected. Two J&W DB-5ms GC columns (Agilent Technologies, ) 
with the following dimensions were installed inside the GC: i) 30m, 0.25mm ID, 0.1um 
film thickness, attached to the split/slitless injector, and ii) 10m, 0.25mm ID, 0.1um film 
thickness, attached to the PTV injector. The two columns were attached to the transfer 
line of the mass spectrometer by a custom-designed Y-shape adaptor. Both columns were 
directly introduced into the ion source of the mass spectrometer (MS). The ion source of 

345



 

the MS had been modified to allow for insertion of two GC columns. Calibration 
solutions for the BDEs were obtained from Wellington Laboratories, Ontario, Canada.  
 
 
 
Results and Discussion 
 
RT: 5.89 - 23.50 SM: 5G
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Figure 1: Mass chromatograms for 100 pg tri-, tetra-, penta-, hexa,- hepta- and 
decabromodiphenyl ethers on a 30m DB5ms column (30*0.25(0.1)). Note that even for 
100pg of the decabromo congener there is only a very small detectable signal. 
 
 
 
 
 
 
 

Deca-PBrDPE 
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RT: 25.00 - 27.50 SM: 5G
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Figure 2: Mass chromatogram for decabromodiphenyl ether on a 10m DB5ms column 
(10*0.25(0.1)).  
A CS1 PBrDPE standard was diluted 1:10 giving a concentration of 1000 fg for the 
native deca-PBrDPE (10 pg internal standard). 3 mass traces shown for the native deca 
Congenere (1 quantification mass, 2 ratio masses) and 2 mass traces (below) shown for 
the 13C labeled internal standard compound (1 quantification mass, 1 ratio mass). 
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RT: 12.95 - 27.52 SM: 5G
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Figure 3: Mass chromatograms for decabromodiphenyl ether for different GC oven 
programs. (DB5ms 10*0.25(0.1)) a.) upper trace: 120°C(2min)-15°C/min/205°C-
4°C/min/310°C   b) lower trace: 120°C(2min)-15°C/min/205°C-4°C/min/268°C- 
40°C/min/330 
   
The mass traces show hexa-PBrDPE together with the deca-PBrDPE, so that the relativ 
intensity of the deca can be easily verfied. It could be shown that the oven temperature at 
the elution time of the compound is the decisive factor for the analysis sensitivity of the 
deca congenere. The lower the temperature the better the sensitivity. This is probably also 
the main factor for a shorter column giving better analysis results.  
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Two column setup 
As a conclusion from the results presented above, a dual column setup was employed. 
The two GC columns were introduced into the mass spectrometer by means of a custom-
designed Y-piece adaptor. This setup is more economic than a dual GC system and offers 
the special advantage of injecting out of the same vial on two different columns in 
sequential runs. 
This way the advantages of both, a short and a long column, can be combined on one 
analytical system resulting in good sensitivity for the Deca-PBrDPE and good separation 
efficiency for all remaining PBrDPE congeners.  
 
Conclusion 
An optimized method for the analysis of brominated diphenyl ethers using a dual column 
GC/MS interface on a Finnigan MAT 95 XP mass spectrometer has been presented. It 
has been shown that using a regular length column for the analysis of tri- to nona-BDE, 
and a very short column for the analysis of deca-BDE, provides excellent sensitivity for 
deca-BDE, while good chromatographic separation and sensitivity for tri- to nona-BDE is 
maintained.  
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