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Introduction

In order to evaluate the global distribution and fate of PBDEs in the environment, a sensitive an
comprehensive analytical method is required for their determination in environmental matrices. Sevel
methods for qualitative and quantitative analysis of PBDEs have been developed involving GC-NC
MS! or GC-EI-MS.. Most of the analyses have concentrated on only a few specific major PBDE
congeners. However, a reliable method for the separation and ultra-trace quantification of individu
congeners is required to determine the extent of environmental exposure, the risk associated w
specific congeners and their fate in the environment.

Given the lack of a method for the simultaneous determination of PBDES, the purpose of this stuc
is to develop a methodology for the congener-specific analysis of 40 different PBDEs (table 1). Tt
study was based on: (i) the optimization of GC-NCI-MS analyses, (ii) the optimization of different
parameters for GC-EI-MS, (iii) the characterization of each PBDE and (iv) the comparison betwee
NCI and El in their application to PBDE analyses .

Tablel.List of the 40 PBDEs involved in this optimization study

MonoBDEs TriBDEs BDE # 66 HexaBDEs
BDE #1 BDE # 17 BDE # 71 BDE # 138
BDE # 2 BDE # 25 BDE # 75 BDE # 140
BDE # 3 BDE # 28 BDE # 77 BDE # 153
BDE # 30 BDE # 154
DiBDEs BDE # 32 PentaBDEs BDE # 155
BDE #7 BDE # 33 BDE # 85 BDE # 166
BDE # 8 BDE # 35 BDE # 99
BDE # 10 BDE # 37 BDE # 100 HeptaBDEs
BDE # 11 BDE # 105 BDE # 181
BDE # 12 TetraBDEs BDE # 116 BDE # 183
BDE # 13 BDE # 47 BDE # 119 BDE # 190
BDE # 15 BDE # 49 BDE # 126

Methods and Materials

Gas chromatography/mass spectrometry

GC-NCI-MS and GC-EI-MS analyses were performed on a gas chromatograph Agilent 689!
connected to a mass spectrometer Agilent 5973 Network (Agilent). A HP-5ms (30m x 0.25 mm i.d
0.25 um film thickness) containing 5 % phenyl methyl siloxane (model HP 19091S-433) capillary
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column was used with helium as the carrier gas at 10 psi. The temperature program was from 11C
(held for 1 min.) to 180 °C (held for 1 min.) at 8°C/min., then from 180 °C to 240 °C (held for 5 min.) ¢
2 °C/min., and then from 240 °C to 280 °C (held for 6 min.) at 2 °C/min., using the splitless injectic
mode during 1 min.

The GC-NCI-MS operating conditions were as follows: ion source temperature between 130 a
250 °C, methane and ammonia as chemical ionization moderating gas at an ion source pres:
between 1.2 10torr and 2.7 10 torr. Initial experiments were carried out to optimize the NCI
parameters such as chemical ionization moderating gas, source temperature and system pressure.

The GC-EI-MS operating conditions were as follows: ion source temperature between 130 and 2
°C, interface temperature at 270 °C, and ionization energy between 30 and 70 eV. Initial experime
were conducted to optimize the El parameters such as source temperature and electron energy.

Quantification

Three different methods for quantification were tested: the external standard calibration, tt
internal standard calibration using the PCB # 209 as internal standard and the isotopic dilution meth
The quantification by isotopic dilution method technique is based on the use dfGiabeled
standards**C-tetraBDE # 473C-tetraBDE # 77°C-pentaBDE # 99!°C-pentaBDE # 100 an#C-
pentaBDE # 126, and could only be used with GC-EI-MS.

Results and Discussion

Mass spectra

Mass spectra depend strongly on the type of ionization used. For all the PBDEs studied, the N
spectra were dominated by the mass fragment (Bvz = 79,81), whereas the molecular cluster was
not observed or constituted a minority peak. GC-NCI-MS on SIM mode was applied in order t
enhanced the sensitivity. The experiments were carried out monitoring the two most abundant isot
peaks from the mass spectra corresponding to m/z = 79 and 8), @rjvell as additional fragment
ions corresponding to [M][M-HBr]- or [M-HBr,]".. Chromatographic windows for each group of
PBDE homologues (from mono- to hepta-BDEs) were defined. Each group of bromination elute
separately, with the exception of pentaBDEs and hexaBDEs, where the hexaBDE # 155 eluted bef
the pentaBDE # 105. It should be pointed that under the conditions used, the pentaBDE#126 co-el
with the hexaBDE#155. Since all the PBDE congener spectra were dominated by the same m
fragment [Br} (m/z = 79,81), and these are the ions monitored in the NCI-MS-SIM experiments fo
guantitative purposes, the NCI system was not able to resolve this co-elution, and could r
differentiate between the two compounds (Figure 1a).

Regarding to the El analyses, significant features of these spectra include the sequential losse
bromine atoms. The GC-EI-MS on SIM mode experiments were carried out monitoring the two mo
abundant isotope peaks from the molecular ion region for each level of bromination, as well as
additional intense characteristic fragment ion corresponding to [-Bithe most intense peak from
the molecular cluster was used for the quantification of the mono- to tetra-BDE congeners, while t
fragment [M-Br]*was selected for the quantification of penta- to hepta-BDE congeners. Regarding t
co-elution of the pentaBDE#126 with the hexaBDE#155 observed in the NCI study, it should kb
pointed that the EI-MS-SIM mode allowed the separation of these two compounds by monitorir
selected ions of each bromination group (Figure 1b). Therefore, the EI mode gives a better selecti
than the NCI mode. This is one of the main advantages of El.

Optimization of analytical parameters
Different experiments were conducted to optimize the NCljNdtrameters such as source
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temperature and system pressure. Maximum abundances were obtained Attar®dd 250 °C for
practically all BDE congeners. Similar experiments were carried out to optimize the NQJI (CH
parameters and maximum abundances were obtained at2adrd@nd 250 °C for all BDE congeners.
The optimization of the El analyses was undertaken modifying the source temperature and the elect
energy. Maximum abundances were obtained at 250 °C and 35 eV. Similar conditions were used
analyze PCDDs and PCDFs by GC-EI-MS

Quantitative analysis

In order to evaluate the three different quantitative approaches tested, different quality paramete
such as linearity, intra- and inter-assay variation and sensitivity were studied and compared. This stu
showed good inter- and intra-assay variations for the NCI mode, and slight differences were observ
between NCI(NH) and NCI(CH). For the EI mode, these variations were greatly improved with the
use of an isotope dilution method. Regarding the sensitivity, the better LODs were obtained with tt
GC-NCI-MS experiments: the NCI-MS gave detection limits between 30 fg and 1.72 pg, whereas E
MS gave detection limits between 0.53 and 32.09 pg. Regarding the NCI system, the LODs we
similar from the di- to hepta-BDEs; however, the sensitivity decreased considerably for the monc
BDEs. For the El mode, the LODs increased with the bromination degree.

Abudance (2) NCI (NH;)-MS-SIM, vz =79

PemtaBDE # 126 + HexaBDE # 155
=470

- N

o romaios 2 (D) EI-MS-SIVL vz = 566 and m/z= 642
™0 to=4702
\ HexaBDE# 155
n=4703
5500
PentaBDE # 85
to=464

3500

1500

462 466 Time (min.)

Figure 1.PentaBDE#126 and hexaBDE#155 chromatogram in (a) NCI-MS-SIM and (b) EI-MS-SIM
conditions.
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