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Determination of 39 polybrominated biphenyl ethers in fish using GC-MS/MS
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ABSTRACT: Objective To develop a method to simultaneously determine the 39 polybrominated biphenyl
ethers (PBDEs) in fish based on the sample pretreatment of accelerated solvent extraction (ASE) and sequential
solid phase extraction (including D-SPE and tandem SPE cartridges) as well as chromatographic separation and
detection of GC-MS/MS. Methods After frozen to dry, weever sample (11% of fat content) was treated se-
quentially with ASE extraction, D-SPE defatting and tandem SPE cleaning up, and consequently detected by
GC-MS/MS in MRM detection mode with isotopically labelled internal standard. Results The method was
validated with an MDLs range of 0.16~3.29 pg/g, and satisfactory linear dynamic range R*>>0.998, and accuracy
was 62%~139%, except for BDE30 with the recovery of 53%, and precision was RSD<20%. A certified refer-
ence material (CRM) of fish was successfully detected with detection values in line with the certified values as
well as those values provided by the gold standard method of GC-HRMS. Conclusion This method is rapid,
easy, and reliable, and suitable for the determination of part per trillion of PBDEs in fishes and then the as-
sessment of its health risk on the general population.
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PBDEs
1 51 &
(PBDES) 2 MRlERE
(POPs), 21 NE5EF
) ; Agilent 7000B GC-MS/MS, Agilent 7890
15 30 , PBDEs (PCBs) GC; GC 7693A (
"2l PBDEs Merlin MicroSeal ) DB-5ms (30 m
> x0.25 mm, 0.25 um), PTV
-3 (0.25 mm(ID) x 5 m(L)); Thermo Finnigan
( ) PBDEs MAT95 GC-HRMS, (PTV)
el Agilent DB-HT5 (15 m x 025 mm, 0.1
PBDEs (€l . pm); Christ Gamma 116/216 ;
PBDEs ASE 200; PIERCE
, PBDEs ReactiTherm III; RJTDL5A ; C2 Platform
shaker (EDISON, NJ.U.S.A); IKA T18 Basic
PBDEs ; SGE (10 pL ,
(U.S. EPA) 161417, g . 100uL 1000 pL); Supelco (12 )
39  PBDEs (BDEAAPA15X)
(GC-HRMS) (New Heaven, CT, UY), 3
(  BDEl 2 3) 7 (  BDE7 8
(5.9, GC-HRMS 10 11 12 13 15) 8 (  BDEsl7 25
B3.101 28 30 32 33 35 37),6 (  BDE47
GC-MS-EI/NCI 49 66 71 75 77) 7 ( BDE-85
, GC-MS-EI () 99 100 116 118 119 126) 5 (
: GC-MS-EI ,  BDE-138 153 154 155 166) 3 (
GC-MS-NCI , BDEsl181 183  190), PBDEs
Br , s 1.5 pg/mL, PBDEs
Br 1z 1520 25 PBDEs E04999
, GC-MS/MS (BDE3L, =99.0%, 50 pg/mL) E05001 (BDEISL, =
GC-HRMS (12, 13], 99.0%, 50 ug/mL) EO05277 ( BDE28L 47L 99
(LVI) , GC-MS/MS L 100L 153L 154L 183L  209L, =99.0%,
(2 GC-HRMS 1 uygmL)  GC-HRMS
GC-MS-NCI GC-MS/MS E05279
, , CB198(10 pg/mL), Dr. Ehrenstorfer
GmbH (Augsburg, Germany) CRM
WMFO01 Wellington Laboratories Inc.
, (ASE) ( 115101, 100200 meth) Merck
( ) (Darmstadt, Germany), ( 199443, 150
mesh) ( 238597) Sigma Al-
LVI-GC-MS/MS , drich (44% w/w)
ng/kg U.S. EPA 16147
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SPE 5 1 uL
g 2g ; 2.3 LWAHEFILIE
\ ’ T 230 MEETAE
Optima® R Fisher Scientific, ’ ’ 10 :g ’
(anhydrous, =99.0%) Sigma Aldrich ) 2 ¢ hydromatrix
22 HWEH , 22 mL ASE ,
22.1 ASE #RE&MH 20 pL (10 ng/mL) )
(1,141 30 min ASE
(1:1, viv), 1500 psi 100 C, 0.1g, 15 mL ,
3 s 5 min, 0.1g lg >
100%, 90 s , 60 C 10 min, 1 (0.5
222 GC-MS/MS & &4 min), , 2 (
5 uL , 5 mL )y ,
0.2 mL, =
0.2min Opsi 60 °C 30 mL/min; 0.2 min 0.1g, 0.2 mL
) , R 0.3 min 0.2 mL
600 C 280 C, (
, 5 min; He 9 mL (1: 1, viv) 9
, : 0.8 mL/min; 150 C mL , 9 mL ,
(1 min) 2 C/5"200 ‘C(0 min) 1253270 C (0 min) 0.1 cm ) 0.5
$C/mix300 °C (12 min) mL , SPE ,
GC-MS 9 mL , ,
290 °C 320°C 150 C; MS ,  2mL (1: 1, viv)
70 eV, (N2) : 1.5 mL/min; (He) , 9 mL , 8
: 2.5 mL/min; MS mL (1: 1, v/v)
(MRM), 100 pL, ,
100, MRM 1, (TIC) ) 20 uL -
1; 6 min (4:1, viv) (10 ng/mL),
2.2.3 GC-HRMS 57 414 GC-MS/MS
PTV 190 C(0.8 min)™ T 230w
330 “C(10 min); He , 1.3 (4:1, VA) BDE-AAP-
mL/min; 80 T (1.6 min) A-15X 8 ,
$6C /M40 °C (0 min) /3310 “C (5 min) GC-MS 0.5~100 ng/mL( 1-BDEs ),
310 'C 260 C; MS 10 ng/mL
42 eV; U.S. EPA 1614, 2.3.3  Fr kA FR(MDL) A A 5 hn AR Wik 52 35
(MID) , 3~4 5~6 7 (MDL)
[M+2]7/[M+4]" ( 11%)
[M+2]"/[M+4]"  [M+6]"/[M+8] ; MS 10 ( 10 g ),
9000, PFK , GC-MS/MS ,
10° 6 min , SD, MDL(pg/g)
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% 1 PBDEs MRM [RiZ#M &
Table 1 Parameter of MS/MS operated in MRM mode for PBDESs analysis
m/z m/z
(min) (m2) (m2) (ms) (eV)
BriDE  249.7 (M+2) 141 (M+2-CO*'Br) 100 20
7.5~12.5
247.7 (M) 141 (M-CO”Br) 100 20
LBr,DE 340 180 70 20
338 180 70 20
12.5~13.8
Br,DE 328 (M+2) 168 (M+2-"Br*'Br) 70 12
326 (M) 168 (M+2-"Br) 70 12
LBr;DE 4198 259.9 40 20
Br;DE  407.8 (M+4) 247.9 (M+4-"Br*'Br) 60 20
13.8~17.5
LBr;DE  259.9 150.1 60 30
Br;DE  247.9 (M+2-"Br,)/(M+4-"Br*'Br) 139.1(M+2-CO”Br,*'Br)/(M+4-CO ”Br*'Br,) 60 30
LBr,DE 4975 3379 40 20
Br,DE 4855 (M+4) 325.9 (M+4-"Br*'Br) 50 20
PCB198 429.2 357.7 40 30
17.5~19.6  PCBI198 4272 357.7 40 30
LBr,DE 3379 148.9 40 45
79 190381 8l 137.9(M+2-CO™Br;*'Br)
Br,DE  325.9 (M+2-"Br)/(M+4-"Br*'Br)/(M+6-"'Br,) J(ME4-CO™Br Bra)/(M+6-CO™Br* Bry) 50 45
LBrsDE 5777 417.8 50 20
BrsDE  565.7 (M+6) 405.8 (M+6-""Br*'Br) 50 20
19.6~21.2
LBrsDE 4178 308 50 60
Br;DE  405.8 (M+4-Br,)/(M+6-""Br*'Br) 297 (M+4-CO"Br,*'Br) /(M+6-CO “Br*'Br,) 50 60
LBr,DE  655.6 495.9 50 20
BisDE  643.6 (M+6) 483.8 (M+6-"Br*'Br) 50 20
BrsDE  565.7 405.9 50 20
21.2~245 LBr,DE 4953 387.7 50 30
79 7913, 81 81 376.7 (M+4-CO"Br;)
BrgDE 4833 (M+4-"Br,)/(M+6-""Br*'Br)/(M+2-*'Br,) J(ME+6.CO B Br)/(M+2-CO™Br*'Br) 50 30
Br,DE 4053 297 50 60
LBrDE 733.6 573.4 60 20
BrDE  721.6 (M+6) 561.4 (M+6-""Br*'Br) 60 20
245~32.0 LBrDE 5736 465.8 60 35
79
BGDE  561.6(M+4-"Br)/(M+6- "B Bry(M+8-'Bry)  o+8 (MH4-CO Bry) 60 35

/(M+6-CO ’Br,*' Br)/(M+8-CO ”Br*'Br,)
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& 2 PBDEs —#RikHliiERE & (10 eV~65 eV) L3R
Table 2 Optimized CEs of MS/MS for PBDEs analysis

10eV 12eV 15eV 20eV 25eV 30eV 35eV 45eV 55¢V. 60eV  65eV

1-Br 249.7/247.7—141 83 94 83 100 78 47 32 6
2-Br 328/326—168 12468 15086 12834 16585 15102 12503 10629 4739
3-Br 407.8—247.9 2895 3406 2855 3434 2972 2310 1782 730
3-Br 247.9—139.1 4065 5816 6053 11071 13270 13440 11914 8182
4-Br 485.5—325.9 1253 1513 1301 1599 1463 1181 935 417
4-Br 325.9—137.9 41 63 74 200 402 762 1255 2068 2028 1683
5-Br 565.7—405.9 541 662 537 672 606 515 405 203
5-Br 405.3—136.9 2 3 281 16 31 75 141 409 719 770 695
6-Br 643.6—483.8 288 373 325 433 393 339 294 133
6-Br 483.3—5376.7 33 53 64 173 222 286 281 185
7-Br 721.6—561.4 53 64 48 70 66 58 44 25
7-Br 561.6—454.8 7 14 11 38 54 75 81 64
3.2 HmMmELAIE SPE ,
GC-MS/MS
POPs s
0.1 g,
b
' 0.1 D-SPE
, PBDEs &
[10] PBDEs PBDEs 5 8 mL
86% , 9 mL
b b
(60 C) ) , PBDEs 0 ,
D-SPE 90%, SPE ;
b
2-1,
R 9 mL PBDEs
b
SPE ,

( 24 ), SPE ’
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8 mL (1:1, v/v) ,  GC-MS/MS ( : )
90%  ( 21I), GC
[13.15] MDLs
10%( 211D, GC-MS/MS PBDEs (131
, 332 HBirEk SR
SPE SPE 3 R PBDEs
, (RSD)
e 20%, (Rec.)  BDE30 (53%)
3.3 FHEFWIE
62%~139% s PBDEs
3.3.01 &AL E ey kAR MR [16]
( 3 333 AEAEHKCRM)EIE
» 1~4 5 6 7 3 GC-MS/MS
PBDEs : 0.5~100.00 ng/mL cc *? GC-HRMS ,
0.75~150.00 ng/mL  1~200 ng/mL 1.25~250.00 BDE33/28( 18%)
ng/mL, (R) 0.998 10%, GC-MS/MS
MDLs 3, 0.16~3.29 GC-HRMS GC-MS/MS
pg/g MDL , 1 pg/g, CRM , CRM ,
7 1 pgl/g s BDE47( 22%)
BDE190 3.29 pg/g, 13.5%,
x 10?2 |+EI TIC MRM (**->*%*) sp-part1-pbde.D
2.0 if2 248 e 46 6l6 g
1.8 |
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12 yd
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% 3 PBDEs B GC-MS/MS S iR iCa%
Table 3 Summarized data of PBDEs analyzed by GC-MS/MS

MDL GC-MS/MS GC-HRMS

(P2/8)  RSD (%) Rec.(%) RSD (%) Rec. (%) (rg/2) (pg/g) (pe/e)
BDEI BDE3L 0.9 14 72 19 81 / / /
BDE2 BDE3L 0.55 18 92 17 103 / / /
BDE3 BDE3L 0.38 19 94 16 107 / / /
BDE10 BDEI5L 0.21 16 85 11 107 / / /
BDE7 BDEI5L 0.47 9 103 12 123 10 / /
BDES BDEI5L 0.42 4 81 3 93 280 / /
BDEI1 BDEI5L 0.16 8 65 8 76 87 / /
BDEI2 BDEI5L 0.3 6 70 3 78 293 / /
BDEI3 BDEI5L 0.21 4 77 4 86 1172 / /
BDEI5 BDEI5L 0.22 4 87 1 95 445 / /
BDE30 BDE28L 0.37 6 53 4 65 / /
BDE32 BDE28L 0.49 5 75 2 83 69 / /
BDE17 BDE28L 0.2 4 74 2 83 199 / /
BDE25 BDE28L 0.32 4 88 6 94 276 / /
BDE33/28 BDE2SL 0.18 4 86 2 94 3374 2854 31242290
BDE35 BDE28L 0.21 2 87 3 96 / / /
BDE37 BDE28L 0.77 6 87 2 98 / / /
BDE75 BDE47L 0.43 3 125 6 124 9040 / /
BDE49 BDE47L 0.81 4 126 3 124 198175 / /
BDE71 BDE47L 0.43 3 102 3 108 175078 / /
BDE47 BDE47L 0.87 4 117 3 117 150000 142010 1232002224800
BDE66 BDE47L 0.46 2 114 3 120 2620 / /
BDE77 BDE47L 0.92 4 89 13 96 341 / /
BDE100  BDEI00L 1.21 5 85 1 93 38909 35459 35870214500
BDE119  BDEI0OL 1.77 3 117 11 115 41767 / /
BDE9Y9 BDE99L 0.56 6 81 2 99 41941 38093 3750024220
BDE116  BDE9IL 0.71 16 77 5 70 1689 / /
BDE118  BDE9IL 0.85 5 102 2 107 1503 / /
BDES5 BDE154L 1.67 9 136 2 139 623 / /
BDEI55  BDEI54L 1.39 5 82 3 96 2164 / /
BDEI26  BDEI54L 217 4 93 3 104 5160 / /
BDE154  BDEI54L 0.72 2 92 2 101 21247 20044 1979022880
BDE153  BDEI53L 1.77 6 99 4 98 14733 14567 1704028000
BDE138  BDEI53L 2.03 11 96 4 98 871 / /
BDE166  BDEI53L 1.53 14 73 2 79 1176 / /
BDEI83  BDEIS3L 225 18 87 15 87 536 597 5324400
BDEI81 BDEI83L 2.09 6 62 15 64 1927 / /
BDE190  BDEIS3L 3.29 7 77 8 72 1886 / /
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