A STUDY OF THE ANALYSIS OF POLYBROMINATED DIPHENYL ETHER FLAME RETARDANTS BY GC/MS/MS

Introduction

The limits of detection and quantification were calculated from the calibration
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Polybrominated diphenyl ether (BDE] flame refardants having been of increasing BFR_12Z_01_04_5 1550 (17.708) Cm (1544 1555-1518:1543) - sean€ls mono bromo 248 [M] 141[-COBr] 15 curves acquired on each of the three GC columns. The DB5-ms column was found , S - ) fy, . )
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concern to environmental analysts in recent years, making front page news'.Current . 4all Ivtical Millbrook . | d h
analytical techniques for BDE analysis generally involve the use of HRGC-HRMS o brome ]638217'()[\/\['15/\]2 ]lg‘s?]c[gﬁ] 38 tetra brominated BDEs #49 and #71. However, the LOD and LOG for the hexo- Poll Anclytcal, Milbroolk Business, Centre, Floats Roa, Manchester, 23 9. UK
a costly technique requiring highly trained operators. Methods have recently be;n tri b 467 E; [Mr] | 248[-[B 2]] 15 deca brominated BDEs were much higher using this column. Table 3 presents the
. Tt bromo . -br. , .
published using single quadrupole GC/MS??, or GC/MS/MS (iontrap)*. 485.6 248 [M-Br2] 139 [[COBr] 30 calculated LOD values for each of the three columns for the 27 target BDE's, with all
) _ ) o _ tetra bromo 485.7 [M] 325.9 [Br2] 20 values calculated from acquiring all target peaks in a single injection.
The purpose of this study was to investigate the suitability of a GC triple-quadrupole 325.9 [MBr2] 138 [[COBr2] 45 o ) Name RRF Mean %RSD Daily check % deviation
. . . " . As can be seen, the 15m DB1-HT column produced the best overall sensitivity, while
instrument for the analysis of BDEs, monitoring compound specific fragmentation 478 483.6 penta bromo 565.6 [M] 405.8 [Br2] 25 o % vallew b g B 25,02 4 23 sor 4 e o e i BDE#3 0.98 27 1
patterns with the use of multiple reaction monitoring (MRM) acquisitions. * 3238 it 403.8 [MBr2] 137 [COBr3] o maintaining a 50 % valley between BDEs #49 and #71. 07 ' e BDE#7 3.2 1.9 3.9
hexa bromo 643.5 [M] 483.7 [Br2] 20 118 39
483.7 [MBr2] 374.8 [COBr] 30 :g:::g 5 ” 1.3
hepta bromo 723.4 [M] 563.6 [Br2] 25 i : - 6.3
Materials and Methods 563.6 [MBr2] 454.7 [-COBr] 30 Name 20m DB5-ms LOD (pg) 15m DB1-HT LOD (pg) | 30m DBI-HT LOD (pg) # BDE#28 1.25 39 20
.96 1.3 6.2
: . : . octa bromo 801.3 [M] 641.5 [Br2] 25 BDE#3 0.054 0.052 0.126 BDE#49 0
All analyses were performei using an Agilent 6890 GC oven directly interfaced e 4817 4896 6415 [MBr2] 534.6 [COBr] 30 BDE#7 0.054 0.053 0.099 BDE#71 114 10 %6
to a Waters® Quattro micro™ GC mass spectrometer. The mass spectrometer ) 1007 nona bromo 881.3 [M] 719.4 [8r2] 25 BDE#15 0.132 0.144 0.261 0 BDE#47 1.11 1.6 2.3
. . . . ;29.9 37?.7 40?_8 4373 473.?{ Phad : o . - - 720 7an 780 780 g0 820 540 5 60 880 . . :
was operated in El+ mode for all analyses. Prior to analysis, the instrument was e S s g e S 719.4 [M-Br2] 612.5 [-COB] 35 BDE#17 0.069 008 0137 BFR_25.02 042 sor 4 MRM o1 4 Crame 14 BDE#66 0.86 17 18
calibrated over the mass range 50 — 1200 Da using Tris(perfluoroheptyl)-1,3,5- deca bromo 79%53[2'\/\[%/\]2] Zggg %Er%} ig BDE#28 0.072 0.085 0.142 1004 6307 BDE#77 005 A o
friazine. ~ R = BDE#100 1.03 37 0.9
Figure 1. Full scan El+ mass spectrum for BDE#47. p T s F ] BDE#49 0.152 0.154 0.189 06 2.4 -
GC analysis was performed on 30 m DB1-HT, 250 pm i.d., 0.1 pm film; 15 m Table 1. Optimised Precursor and product ions for mono to deca brominated BDE#71 0.163 0.13 0.183 ﬂ BDE#119 . . 4.2
DB1-HT, 250 pm i.d., 0.1 pm film and 20 m DB5-ms 180 pm i.d., 0.18 pm film GC dipheny! ethers. BDE#47 0.144 0.133 0.177 ° BDE#99 1.04 6.5 3.6
columns. All injections were made in splitless mode, using a 2 mm i.d. deactivated BDE#66 0.184 0.172 0.235 :3::?26 (2)4153 23 3.1
quartz injection liner with an injector temperature of 260 °C. BDE#77 0.696 0.587 0.77] ) o ] BDEA154 1701 R -6'45
i;jfu’m’n4’6mmsWﬂ)mmmmmamﬁ) 709.3 e Table 1 shows the precursor ions, product ions, and optimal collision energies for :gi::?g %346]4 gijz g:i: T e Bn e 50 i 950 BDE#153 0.83 1.6 8
The GC loved for all infecti follows: each level of bromination from mono to deca bromo BDE. - - - : : :
e emperature ramps employed tor all injections are as tollows: BDE#99 0.348 0.252 0.2 Figure 4. 139 ng/g BDE #47 (325.9>138) and its internal standard 13¢ _BDE #47 BDE#138 0.66 7.5 6.4
20 m DB5 140 °C/ 4 mins, 20 °C/min to 220°C 231.8 797.3 Table 2 shows the precursor ions, product ions, and optimal collision energies for BDE#85 0919 0.582 0.459 lgure 4. 9 g o : s 1 12 BDE#156 048 103 90
m ms mins, min 1o : 801.3 o 13 (337.9>149.1) in a fish tissue extract.
30 °C/min to 315 °C, hold 19 mins. 390.6 each level of bromination from mono to deca bromo BDE for the '°Cy, labelled BDE#126 3.093 1.984 1.607 BDE#184 0.91 2.2 2.2
He flow 0.6 ml/min, constant flow mode. o internal standards. The transitions and collision energies from tables 1&2 were then BDE#154 0.686 0.349 0.316 BDE#183 0.85 3.3 1.8
15 m DB1-HT 140 °C/ 1 min. 10 °C/min to 220 °C 398.6¢ used to create a 10 function MRM experiment, monitoring each level of bromination BDE#153 0.912 0.376 0.436 BDE#191 0.64 3 6.1
) :n . 20 ° /h Idmm, . /min to ! 2198 2057 in single functions. To allow for possible retention time shifts of the first and last BDE#138 1.352 0.534 0.494 BDE#197 0.96 4.7 1.4
HO HC/m]m tr 3_ 0°C, ho f:|3 mins. 4 ¥ 0 b33s | 2053 eluting congeners of some levels of bromination, the start and end time of functions BDE#156 2.115 0.727 0.64 BFR_25.02.04_16 1517 10 MRM of 4 Channels Bl BDE#196 0.79 6.6 2.3
e flow 1 ml/min, constant flow mode. 1510 8032 0590 3,4,5,6,7 (tri-bromo to hepta-bromo) were overlapped (end time of previous function BDE#184 1.141 0.394 0.439 . e :g::zgz 84712 ]3;()7 4212
30 m DB1-HT 140 °C/ 2 mins, 5 °C/min to 220 °C, [ 217.9 307671 ® 4585 957.0.961.0 after start time of current function). BDE#183 1.271 0.425 0.495 BDEF209 ]'22 ] 9 -] '5
20 oc/min tO 320 OC, hold 7 minS. 530.4 BDE#]9] 2]29 0563 0706 . . .
He flow 1 ml/min, constant flow mode. 5305 637_4\/.641.4 BDE#197 1.902 0.801 1.43 =1 Table 5. Calibration curve and calibration check standard results, using the 15 m
£28 5534 5 7933 BDE#196 3.275 0.974 1.885 DBI-HT GC column.
| ‘ T Bop-4 7194 13C-BDE Precursor lon Product ion Collision energy(eV) BDE#207 5.607 1.259 4.928 1465 1494 1506
Standards were acquired in full scan and precursor ion mode to investigate the most o 1];;":‘ N m‘. — mono bromo 260 [M] 152.1[-COB] 15 BDE#206 18.243 2.082 9711 , ‘ e st st
suitable transitions for MRM analysis. A five-point calibration curve, covering a total 262 [M] 152.1[COBr] 15 BDE#209 53.539 1.594 11.088 X Vit M;“al?“gggg“‘;gg
; 15.16 g .
ifi trati f 1-2000 | ired i di bromo 339.9 M] 151.1 [COBr2] 20 ] ] - 1004 G413 Conclusions
f\::\;r;vg\)ene; SP?C;I ic) c;)r;)cen rlc |o:1 brlanie ° P9 Ion C? umtn wals Gthsllfek n Figure 2. Full scan El+ mass spectrum for BDE#209. 339.9 [M] 180.1 [Br2] 20 Table 3. Comparison of LODs in pg injected for the three GC columns employed.
mode, followed by solvent blank (nonane), sample extracts, solvent blan tri bromo 417.8 [M] 258 [Br2] 15 GC triple quadrupole MS provides a sensitive and easy to apply method for the
(nonane) and finally the BDE-CS3-E calibration standard as a QC check. 419.8 [M] 260 [Br2] 15 ] analysis of brominated diphenyl ether flame retardants, offering a rapid analysis
tetra bromo 334;95.[?\/&/:]2] ]jéi??c[gré]z] ig M GC-MSMS (na/q] HRGC-HRMS (a7 time while providing suitable confirmation of analyte presence. The fragmentation of
: : atrix - n - n
b 5757 M 4158 (B2 75 i _ — 9/9 9/9 14.69.14.72 1476 14.9114.95 15.33 15.50 1566 PBDEs in the collision cell allows specific MRM transitions to be monitored for each
Results and Discussion BFR_12_01_D4_8 152 (17.658) O (149 156-137:143) 9 Daugrters of 486EH+ pen romo 7 [M] .8 [Br2] quu|d stabilised biosolid 482 530 92 15.38 19-9Y 15,54 . 15.76 o o ] o
oo 325.7 5.2725 415.8 [M-Br2] 148.1 [COBr3] 55 Liavid stabilised biosolid AT 350 ) y level of bromination, giving a high degree of selectivity. The use of a 15 m DB1-HT
iquid stabilised biosoli ‘ e e L
All PBDE congeners were identified by full scan GC/MS analysis, showing as major hexa bromo 655.6 [M] 495.7 [Br2] 20 d:wutered biosolid 435 290 WA MED A0 BN ASID B3 1830 1RAD 350 ARen 15T GC column allowed good LOD/LOQ values to be obtained for all target peaks,
ions the [M]* or [M-Bry]" isotopic cluster. Figure 1 shows the full scan mass spectra 495.7 [MBr2] 335.8 [8r2] 30 DT at the expense of poorer separation of some congener pairs. The optimum method
for the tetra brominated BDEs #47 and Fi 2 sh the full t hepta bromo 733.5 [M] 573.6 [Br2] 25 Fish tissue 8.8l 8.8 Figure 5. Deca-bromo BDE #209 in an air emission sample at a level of 5.5 ng/m° for th tification of deca brominated PBDE Id be th fal5
for he c;a ra l:)rommcu ed s and Figure 2 shows the full scan mass spectra 573.6 [MBr2] 3057 [COBr3] 55 Freeze dried fish fissue 130 150 . : or the qucln i |ccf| IOE o m;)no- I:ccn romlcr;a e s wo(;; e the uselo a F rr}:
or the deca brominated BDE#209. DB1-HT column for hepta-deca brominated congeners, and a DB5-ms column for the
octa bromo 65?3 1 2[1\ ['I;A]Z] 532_376[ E%QB]] gg Table 4. Determined concentrations of BDE #47 in a variety of environmental matrices. determination of monophe o brominated PBDEsg
: . .6 [MBr .7 [COBr inati -hex i .
From the ions observed by full scan MS, the most obu+ndont ions were selected for E—— 8913 Ml 7315 [B:2] s Figure 5 shows the chromatograms for the quantification ion (799.3>639.5
product ion scanning, generally one ion from the [M]" cluster and one ion from o 731.5 [M-Br2] 623.4 [[COB] 30 transition) and confirmation ion (959.2>799.3 transition) for deca-brom BDE #209
the [M-Br2]* cluster, in order to achieve maximum sensitivity, but o also provide doca bromo 969.2 [M] 809.4 [Br2] 25 Figure 4 shows the chromatograms for tetra-bromo BDE #47 in a freeze-dried fish in an air emission sample, at a level of 5.5 ng/m’
confirmatory ions. Figure 3 depicts the product scans for BDE#47, showing the 811.4 [M-Br2] 651.5 [Br2] 50 tissue extract, at a level of 150ng/g dry weight. BDE #47 was detected in all of the References
. . | latively hiah levels. The d ined levels of th . d At the end of each acquisition sequence, the midpoint calibration standard BDE- 1 USA Today 23rd S ber 2003
spectrum for the [M]™ precursor ion. 3237|3277 Table 2. Optimised Precursor and product ions for mono to deca brominated diphenyl samples at relatively high levels. The determined levels of the PBDEs were in goo CS3E - 1 with i S vith the . et . oday, 23rd September .
) ether 13C;, labelled internal standards. agreement with values obtained using high resolution GC-MS. Table 4 presents a - WGI: ll!ed.e , wit Flt: response comFI;Tre with the Lve POHI“ ch I rohlon' 2. Usukura, K; Seko, T and Onda, N. Japan Society for Analytical
comparison of the determined concentrations for BDE #47 in five sample extracts, cu.rve c;\t fhe beginning o fl e SeC}UenEe. TCJllbe 5 presents the results or;nq ysis Chemistry Analytical Sciences 2001; 17; 579-580
quontified against the ]SC]Q labelled BDE #47 internal standard. using the 15 m I?B]-HT column, ?r.t e calibration curve (mec:n. R.RF .Gn RRF 3. Kuhn, E; Ellis, J; Prest, H; Trainor, T and Gelbin, A. Organohalogen compounds 2003; 61;
1280 14881740 2169 2469 26302976 |[3290 3768 40464177 4530 4725 percentage relative standard deviation), and the QC standard injection (percentage 139142,
D o L A I I s e/ A A EA A concentration deviotion). 4 Lqrmqucll D: Martinez: M.A. and Fobrellos, B Organohologen compounds 2003: 61 5760.

Figure 3. Product ion spectra for the precursor ion m/z 485.7 (M+).

As can be seen, the calibration %RSD values are all <15 %, and the response
deviations are all <10 %, showing the excellent linearity and stability of response

offered by a triple quadrupole mass spectrometer.
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