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Abstract Polybrominated diphenyl ethers PBDEs are a kind of brominated flame retardants
BFRs  which refer to compounds used in some plastics to impede or even suppress the com-
bustion process. As the emission or disposal of plastics PBDE residues have been found in
both environment and biota. In this work an analytical method was developed for the simulta-
neous determination of 5 PBDE residues in deep-sea fish oil. PBDEs were extracted from deep-
sea fish oil with n-hexane cleaned up on a silical gel column and determined by using gas
chromatography-negative chemical ionization/mass spectrometry GC-NCI/MS in the selected
ion-monitoring SIM mode with PCB103 as the internal standard. Meanwhile the character-
istic ion and fragmentation mechanism of some PBDEs in NCI/MS were evaluated. Recovery
studies were performed at 20. 0 and 100. 0 wg/kg fortification levels for each PBDE and the re-
coveries ranged from 88.6% to 111.3% with relative standard deviations between 3. 8% and
13.5% for different PBDEs. The limits of detection LOD were from 0.77 to 1.34 pg/kg for
different PBDEs. The developed method was linear over the range assayed 1.0 -500.0 pg/kg
with correlation coefficients larger than 0. 999 2. The developed method has also been success-
fully applied to the determination of PBDEs in several deep-sea fish oil samples and the three
most abundant PBDEs PBDE-47 PBDE-99 and PBDE-100 were found.
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Fig. 1 The chemical structures of PBDEs X +Y<10

PBDEs

- GC-ECD

EI/MS -
GC-NCI/MS
HRMS
PBDEs
89
4~6 PBDEs
1 PBDE-
47 PBDE-99 PBDE-100 PBDE-153 PBDE-154
PBDE-47 PBDEs
50%
GC-NCI/MS SIM
5 PBDEs

1.1
Shimadzu GC/MS-QP 2010 -
NCI KQ 3200E

DK-S22
SHB-1I A

IS PCBI03 2 2’ 4 5' 6-pentachlo-

robiphenyl Accu Standard
PBDEs
5 PBDE PBDE
10. 0 pg/mL
10 ng/mL PCB103
1.2
0.5~1.0g 25 mL
5.0 mL
10 min
20 cm x 1.5 cm
1.0 cm
2.0¢g 7.0 g
50% 1.0 cm
10 mL
15.0 mL
10. 0 mL
1~2 /s
40 C
10 ng/mL PCB103
1. 00 mL 1. 00
mL
1.3 GC-NCI/MS
GC DB-5 MS 30 m x0. 25
mm 0. 25 pm He > 99.999%
61.8 kPa 36.8 cm/s
1.00 L 270 € GC-MS
250 C 80 2
min 25 C/min 240 C 3
C/min 280 C 5 min

NCI/MS >



264- 25
99.95% 0.25 MPa
4. 00 mPa 70 V 60 PBDEs
LA 1.00 kV 200 C
6.5 min Full
Scan 0.4s SIM 0.2s 15. 0 mL 10. 0 mL
2.2 NCI/MS
2
2.1 1 2
PBDEs
PBDEs NCI/MS SIM
! NCI/MS
0.5~1.0¢g 5 PBDE
50% 7.0 g 2.0¢g
99.9% PBDE
—Br GC-NCI/MS SIM
NCI/MS
Br Br Br Br Br
/I\ Br. /I\ /I\ Br. /I\ Br. /I\
N i ) @l i
| it | it | it | it | it
v Br \K\ Br Br/\K\ Br Bl‘/\ﬁ\ Br \K\ Br
O 0] 0] (0] 0]
Br Br Br Br Br
Br
Br Br Br Br Br
PBDE-47 PBDE-99 PBDE-100 PBDE-154 PBDE-153
C,,H¢Br, O C,,H;Br;O C,,HsBr;O C,H,Br O C,,H,Br,O
m/z” m/z" m/z” m/z" m/z"
486 100.0% 564 100.0% 564 100.0% 644 100.0% 644 100.0%
484 68.2% 566 97.8% 566 97.8% 642 76.8% 642 76.8%
488 65.4% 562 51.2% 562 51.2% 646 73.4% 646 73.4%
482 17.5% 568 48.0% 568 48.0% 640 31.5% 640 31.5%
490 16.3% 565 13.0% 565 13.0% 648 28.9% 648 28.9%
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Fig. The molecular structures of five PBDEs and their relative isotope abundances

#* The data in parentheses are the relative isotope abundances of the PBDEs.
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Table 1 Analytical parameters and results of five PBDEs and internal standard by GC-NCI/MS SIM
Peak . Characteristic Linear Linear LOD? /  RSD n=10 /%
, Analyte tp/min ) -, . _RSD n=10 /%
No. ions m/z equation range/ pg/kg ng/kg Il peak area
IS PCB103 IS 10. 16 35 37 - - 1.0 -500.0 0.04 0.03 0.56
1 PBDE-47 14.80 79 81 y=-0.895+1.651x 0.9997 1.0 -500.0 0.82 0.05 3.48
2 PBDE-100 17.49 79 81 y=-1.049 +1.668x  0.9994 1.0 -500.0 0.77 0.04 4.79
3 PBDE-99 18.49 79 81 y=-0.824 +1.510x  0.9995 1.0 -500.0 0.79 0.05 2.47
4 PBDE-154 21.15 79 81 y=-1.443 +1.595x  0.9992 1.0 -500.0 0.84 0.04 4.66
5 PBDE-153 22.82 79 81 y=-1.000+1.344x  0.9992 1.0 -500.0 1.34 0.03 5.06
1 For peak No. see Fig. 5. 2 y the ratio of peak areas of PBDE to internal standard x the ratio of contents of PBDE to inter-

nal standard. 3 LOD limit of detection S/N=3 .
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Fig. 5 GC-NCI/MS SIM chromatograms of a a mixture
of PBDEs standards 5 ng/mL and b the extract
of a deep-sea fish oil sample

For peak identifications see Table 1.
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Table 2 Average recoveries and relative standard
deviations RSDs of 5 PBDEs n =5 %
Spiked levels
PBDE 20.0 ng/kg 100.0 pg/kg
recovery RSD recovery RSD
PBDE-47 97.7 6.3 88.6 11.0
PBDE-99 104 5.5 96.7 11.5
PBDE-100 106 8.5 99.6 13.5
PBDE-153 110 5.5 105 9.5
PBDE-154 111 3.8 107 12.0
2.6
4 3
1
3 4
PBDE-47 PBDE-153 PBDE-154
LOD PBDE-47
PBDEs

PBDEs PBDEs
PBDE-47 PBDE-99

. PBDE-47

89
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Table 3 Determination results of real deep-sea
fish oilsamples with GC-NCI/MS SIM ng/kg

PBDE Sample 1 Sample 2 Sample 3 Sample 4
PBDE-47 2.52 1.96 1.94 2.04
PBDE-99 0.66 - 1.07 -
PBDE-100 0.53 - 0.71 -
PBDE-153 - - - -
PBDE-154 - - - -
Total PBDEs 3.71 1.96 3.72 2.04

- not detected.
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