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Heidolph ) ; BF2000M ; HN1006
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BDE128 (

Cam-—

bridge Isotope Laboratories Inc.  AccuStandard ) o N
; N ; H,S0, KOH NaCl NaOH
NaNO, o (80 ~100 3% ) ( H,S0,
2:3); (  H,S0, 2:1) o
2.2
TBBPA  “C-TBBPA 20 mg/L
5000 3000 2000 1000 500 200 100 wg/IL.  TBBPA . BDE28 BDE47 BDE66
BDE100 BDE99 BDE154 BDE153 BDE183 1 mg/L
200 100 50 20 10 5.0 2.0 1.0 0.2 pg/L
- BDE209 5 mg/L 4000 3000 2000 1000 500 200 100 50
20 pg/L - 4-MeO-CB72 BDE118 BDEI28 CDE99 "“C-PCBI141 1 mg/L
o 30 mL 3 .
: N . 24 h
(180 £2) C 12 h 3% 12 h
; ( H,S0, 2:3) ( H,S0, 2:1)
13.5 ¢ 250 mL 67¢ 40.2¢ 80 C
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2.3.1 PBDE TBBPA 80 o 10 ¢
("C-TBBPA CDE99 “C-PCB141) - (1:1 v/ 24 h
o 10 mL 2 mol /L. KOH- (1:1 v/V)
10 mL o 2 (10 mL/ )
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BDE128); TBBPA 2 mol/L HCI pH <3 10.10 5 mL -
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0.10 mL (4-MeO-CB72) .
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o NaCl 70 mL 3 30 min
3 o 0.20 mL
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11 : -

A 1579

TBBPA3 o
2.4
2.4.1 PBDE Shimadzu GCMS-QP2010 ( NCI)
(SIM) ., ~ ( BDE28 ~ BDE183) DB-XLB (30 m x0.25 mm 0.25 pm
J & W Scientific ) o 110 °C (1 min) 8 °C /min 180 °C (1 min)
2 °C /min 240 C(5 min) 2 C/min 280 °C (25 min) 5 °C /min 290 C( 13 min) .
1.0 mL/min 200 C 280 C 1.0 pL
o DB-5SHT (12.5mx0.25 mm 0.1 wm J & W Scientific
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"CPCBI141  m/z372 374; CDE99  m/z 342 344,
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( SIM) ., DB-5MS (30 mx0.25 mm 0.25 pm J & W Scientific ) o 80 °C 8 °C /min
295 C 15 min. 1.0 mL/min 280 °C
290 °C 1.0 pL o " C-TBBPA m/z 585.9 4-MeO-
CB72 m/z321.9  306.9 m/z 321.9; TBBPA m/z 556. 8
571.8 m/z 556. 8,
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3
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Fig. 1 Scan chromatogram and mass spectrogram of tetrabromobisphenol A( TBBPA)
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Table 1 Recoveries of polybrominated ethers( PBDEs) and TBBPA in blank spiked and matrix spiked samples of free status
Bland spiked for free Matrix spiked for free Blank spiked for bound
Compounds
Average( %) RSD( %) Average( %) RSD( %) Average (%) RSD( %)
BDE 28 85.7 2.0 87.0 4.6 95.3 4.1
BDE47 85.5 1.9 85.6 3.7 90.1 3.9
BDE66 96.7 0.8 96.0 3.5 97.2 2.5
BDE100 84.6 1.5 84.3 4.8 84.6 2.2
BDE99 98.0 1.8 97.0 5.1 89.0 1.9
BDE154 89.1 4.1 83.4 7.7 86.0 1.1
BDEI153 95.8 3.0 93.5 6.3 92.4 3.4
BDE183 82.0 8.8 81.3 4.7 102. 1 9.0
BDE209 74.2 4.5 81.3 6.0 - -
TBBPA 79.9 5.7 116.1 4.8 105.4 3.5
CDE99 87.7 4.4 90.0 1.7 92.9 3.2
B C-PCB141 74.0 3.9 82.9 1.5 94.6 0.8
13 C-IBBPA 102.7 4.3 109.8 2.7 88. 1 8.5
3.4
5 PBDEs TBBPA
.5 2 3 3 )
o 2 2 3
o 2 2
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2 (F: ; B: )
Table 2 Free and bound targets in two surface sediments ( F: free residues; B: bound residues)
14F 12F 14B 12B 24F 22F 22B 23B
Compounds (ng/g) (ng/g) Average (ng/g) (ngl/g) Average (ng/g) (ngl/g) Average (ng/g) (ng/g) Average
BDE28 0.135 0.165 0.140 0.071 0.078 0.075 0.045 0.045 0.045 0.032 0.033 0.033
BDE47 0.869 0.883 0.876 0.075 0.074 0.075 0.260 0.286 0.273 0.029 0.028 0.029
BDE66 0.021 0.030 0.025 0.017 0.019 0.018 0.032 0.035 0.034 0.006 0.006 0.006
BDE100 0.216 0.331 0.273 0.013 0.012 0.013 0.070 0.072 0.071 0.007 0.007 0.007
BDE99 0.805 0.857 0.831 0.048 0.040 0.044 0.530 0.533 0.532 0.016 0.016 0.016
BDE154 0.253  0.247 0.250 0.012 0.011 0.012 0.071 0.077 0.074 0.006 0.006 0.006
BDE153 0.195 0.182 0.189 0.036 0.031 0.034 0.188 0.212 0.200 0.020 0.021 0.021
BDE183 0.294 0.273 0.284 0.025 0.023 0.024 0.294 0.223 0.258 0.028 0.025 0.027
BDE209 479 934 707 - - - 55 46 51 - - -
TBBPA 222 217 219 41.0 31.4 39.6 26.1 21.8 23.9 8.6 8.7 8.8
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Fig.2 Comparison of bound extraction and free extraction in three sections from one sediment core
a. 0 ~4 cm PBDE ( Comparison of PBDEs in section 0 ~4 ¢cm) ; b. 4 ~8 cm PBDE
( Comparison of PBDEs in section 4 -8 cm) ; c. 8 ~12 cm PBDE ( Comparison of PBDEs in
section 8 =12 cm) ; d. 3 TBBPA ( Comparison of TBBPA in three sec—
tions) o 1. ( First free extraction) ; 2. ( Second free extraction) ; 3.
( Third free extraction) ; 4. ( Bound extraction)
. pH PBDE
TBBPA o 74% ~106%

10%
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Analysis of Free and Bound Residues of Polybrominated Diphenyl
Ethers and Tetrabromobisphenol A in Sediment

ZHANG Xiu-dan' > LUO XiaoJun"' CHEN She-Jun' MAI Bi-Xian'
'( State Key Laboratory of Organic Geochemistry Guangzhou Institute of Geochemistry
Chinese Academy of Sciences Guangzhou 510640)
*( Graduate School of Chinese Academy of Science Beijing 100039)

Abstract An analysis method was developed for the determination of free and bound fractions of polybromi-
nated ethers ( PBDEs) and tetrabromobisphenol A ( TBBPA) in sediment. The free PBDE and TBBPA were
extracted with acetone/hexane (1:1) mixed solvent and the bound fraction was released from the sediment by
saponification reaction at 80 °C. PBDEs and TBBPA were separated via adjusting pH; PBDEs were deter—
mined by GC-negative chemical ionization ( NCI) -MS after cleaned up by multilayer silica column and TBB-
PA was derivative before pre—separated by acid silica column and finally determined by GCEI-MS. All of the
target compounds were quantitative by internal standard method. The limits of detection of eight low bromina—
ted congeners ( BDE28 47 66 400 99 454 453 and 483) deca-BDE( BDE209) and TBBPA
were 0.6 —12.5 pg/g 172 pg/g and 4.2 pg/g respectively; This method is reliable and stable. The recover—
ies of all compounds were ranged from 74% to 106% and the relative standard deviations were below 10% .
This method is suitable for the measurement of different forms of PBDEs and TBBPA in sediment under reliable
quality assurance and quality control.

Keywords Gas chromatography-mass spectrometry polybrominated ethers tetrabromobisphenol A free and

bound sediment
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