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) PBDEs ( ), (110 ), 1200 r/
min, 60 min PBDEs , PB-
DEs 85% 110%, <l.1ng/L
2.1.2 (Soxhlet Extraction) PBDEs
, Covaci ™ Schel dt PBDEs PCBs ,
(3 l) ’ ’ 1 12 h
o) , PBDEs
PCBs PCDD/ Fs: PBDEs, PCBs,
PCDD/ Fs PBDEs AQgNOs ,
PBDEs , 1 PBDEs
Table 1 Theapplication of Soxhlet extraction in PBDEs analysis
Sample Pretreat ment Detection DL (ng/ 9) Recovery ( %)
. hexane/ acetone(1 1) (24 h) ,dlica gd , elution
[10] L EI- _
Air with hexane/ dichloromethane=1 1 &C EFMS 88 115
il and hexane/ acetone(1 1) (18 h) , silical H2 S04
sedi ment (141 column, elution with hexane, Alumina, GC-EFMS 0.013 0.25 91.4 107.1
eution with hexane/ dichloromethane=1 2
dichloromethane(16 h) , slica/ acidified
Sediment silica, GPC, elution with hexane/ GG EFMS 1(ng/ mL) 60.1 104.2
dichloromethane=1 1
) hexane/ acetone/ dichloromethane
5] =
Sediment (111)(12h), slicagd GC EFMS 0.02 75.8 100.5
hexane/ acetone(1 1) (48 h) , multicolumn with 0.005 0.02
Sedi ment*! acid slicaralumina, elution with hexane, GCG-NCFMS 0.20 69.1 118.3
hexane/ dichloromethane=1 1 (BDE209)
hexane/ dichloromethane(1 1) (24 h) ,
[13] = _
Sludge acidified silica, column with CC-EFMS 64.4 100.2
C(14] aether/ hexane(8 h) , GPC, eution with GC ECD,
Dolphin hexane/ dichloromethane GC-EFMS BDE209 60 120
DL :limits of detection
2.1.3 (Ultrasonic-Ass sted Extraction ,UAE)
' 1l UA E
PBDEs Consuelo!™ , , Na SOs
, , / (1 2) , GC-MS
81% 104 %, 2 30podg ,
%D ES [16,17]
2.1.4 (Stir Bar Sorptive Extraction , B SE)
PDMS, ,
PDMS (Thermal Desorption) GG
MS 20% PBDEs , , 0.4
9.4 ng/L (18] (SPME) ,BSE 500 (191
SBSETD-GCGMS , , PBDEs
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2.1.5 (Solid-Phase Extraction ,SPE) ,
PBDEs :
SPE LLE , LLE
GC SPE
Sodin % SPE PBDEs )
30 min , 69% 95% Covaci Y  SPE ,  OASIS™
HLB , ,GGECNI-MS 12 PBDEs
64 % 95 %(BDE 209 ), 0.2 25ng/L , SPE
[22] ,
2.1.6 (Solid-Phase Microextraction ,SPM E)
« ) : - ,
, 100 %,
21 SPME , ,
L ucia'®” SPME PBDEs PBDEs Maria® PBDEs
- SPME ,Sal gado- Petinal
PBDEs, 92 %, 0.01 1.20 ng/ g*"!
2.1.7 (Microwave Assisted Extraction ,MAE) ,
( ) , /
( 11 32 , (
) : ( )
[26] ’
Yusa  Pastor® (SPMD) PBDEs, / (1 1)
, 85 1 min, GPC ,GCMSMS , 72% 91% Yusa &
MAE (LV1) PBDEs , / (1 1) ,GCNCFMS
, 75% 95%, 4 20pg g (291 -
PBDEs PBBs, , / , Cis
95.86% 97.95%, 0.92% 1.25%, 1 5
Mg/g MAE PBDEs (0.3
2.1.8 (Accelerated Solvent Extraction ,A SE)
, (15 30 min) ;
(10g 15 30 mL )
, ASE , , ,
EPA
ASE / 100 150 1000 1500
ps delaca™ ASE PBDEs : , /
(11) , 100 1500 ps , 1 46pg/g Koichi Saito ™

PBDEs PCBs OCPs,

/ (1 1) ,GPC ,

609
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/ PBDEs PCBs , / PCP
PBDEs
FFE SPE SBSE PBDEs , UAE ASE
, SPME MAE ASE ,MAE
,SPM E , PBDEs
2 PBDEs
Table2 The comparison of extraction techniquesfor PBDEs
Technology Sample  Extraction time (min)  Solvent dose (ML) Recovery (%) R (%) DL (ng/ g)
FFE? milk 60 45 89.6 110.9 4.9 8.2  0.002 0.005
SPE!# serum 20 15 64 95 <17 0.1 4
BSE*! water 25h — 94 106 0.7 5.3 0.4 9.4ng/L
SPM El2] dudge 60 5 92 117 2 13 0.01 1.20
UAE™! il 30 25 81 104 109 0.002 0.030
Exffa)g‘i's;[s] sedi ment 12h 250 75.8 100.5 - 0.02
ASER sedi ment 15 20 47 82 <15 0.001 0.046
MA E® sedi ment 24 48 75 95 4 13 0.004 0.02
RSD :relative standard deviation. DL :limitsof detection.
2.2 PBDEs
( ) ,
, ; GC
; / ,
(BDE209) (34
, BD E209
: (
), : ,
GPC , ,
(Gel Permeation Chro-
matography) : ( )
,GPC , , ,
,GPC
2.3 PBDEs
2.3.1 GCGMS (GCMS
) POPs , PBDEs
2.3.2 GCMS ( EFMYS)
(ECNIFMYS) (NCFMS EI ,
,El
, ECNFMS , PBDEs
[21] ECNI , [35]
GCNCI-FMS PBDEs , PBDEs, E-FMS
2.3.3 GC (1ITMY9)
(TOFMYS) El , ,
, GCMS ,
, n Yusa GG
ITMSMS NCI PBDEsS, 4 20pg/ ¢g*®
: ( ) :
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Kazda GG TOFMS PBDEs, 2 5pgg 2
3
,SPE MAE ASE , , BSE
SPM E SPME MAE ASE PBDEs ,
SPM E )
SPME
MAE ; ( )
(GCGMS) PBDEs , ,
, ITMS TOFMS ) ppt , PB-
DEs
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Progress in Sample Pretreatment for the Analysis of
Polybr ominated Diphenylethers ( PBD Es)

L1U Zongfeng', LANG Yinrha ', CAO Zheng-me®, MA Qi-min"
(1. Key L ab of Marine Environmental Science and Ecology, Ministry of Education, Ocean University
of China;2. Bureau of Environmental Protection of Qingdao, Qingdao, Shangdong 266003)

Abstract : Polybrominated diphenyl ethers (PBDEs) are a group of new type organic pollutants with
dgnificant ecological risk. Asflame retardants, they have been widely used in industrial products, and
thus, resulted in severe pollution of air, water , sediment and soil as well as their relevant ecosystems,
finally effect the biology and the heath of the man. In thispaper , the progressin sample pretreatment of
PBDEs are reviewed , and the application of GG-MSin different ionsand styles are compared. It is hoped
that this review will provide valuable reference for the researches on PBDEsin China.

Keywor ds: Polybrominated diphenylethers (PBDES) ; Sample pretreatment ; Gas chromatography-mass
spectrometry (GGMS)
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