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B SIS - L AE IR TS (GC-NCL/MS ) i i 58 AH €033 - FEL Mg 557 Pl 35 - 3 BB 9 335 3 ( HPLC-ESI-MS/MS) #F
R, RS R TIRE LIEC Be-TE (1: 1, V/V) RIGIRE, RTBER B 5 (545 4 AL A A, B
J5 LL LC-Si [EAHZE B 20 B SAHFRAR A I . LA GC-NCIL/MS I 5E 6 i B 2 BHLBR N 8 b 2 R B IRk
L HPLC-MS/MS Kl PUyR XLy A FIZSTRIS+ e SA iR, ARk e i, 25 53R, Lhas (AR e S ol b 2
BT, 2B 34 TRy 80. 1% ~ 114.7% |, J5 B BT RRE 25 B ( 22800 DU 4 AE 6 A v g 22 ( RSD) 78
0.87% ~14.9% ) MR FE (K B BRTE 0.2 ~ 119.2 pe/g Z [8]) , Al 5l 2 FL & b Z R IR 2 B ) [R) ik 2 B v
ARG 75K
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L BH 1 22 TRUBC R ik b 1) FL IR AN TR R ik 51 Ol R A A ML e IF 25 . TBBPA 4 R 4 51
AR el il 2 4 B Fe 1 I B T TBBPA F= 8 F1H #%  HK, € ih TBBPA 5 4t ™ B Ay E R,
HBCD T 2013 4E4 5 M AVEA WIS YY), 32 M B At /2 HBCD Ay 35 B A4 = Ffdi i 7

Wit 25 1455 BELIA R It S A5 B 37 840 22 BELIA S ( Novel BFRs, NBFRs) B A6 HE)™, i+ — K 2 4%
( DBDPE) /R 2K A, 1 2005 4763 B E = Lok, X395 80% ', HE NBFRs( W
TR (PBT) ) Wiz it e RS IRV AR E LI T8 & B NBFRs 5% 8, B 75 F
3 e JEURIIAR: b b Xt % B T BTBPE %% NBFRs, & W38 NBFRs L HA R A YA LIS e R aE

FLA TR S HTE SR PR 0 — R B, IR B A LR Ty R 2 EOR, DR L A P A
TSP TG YK -5 B e W g . A WF9E £ 41 X5 PBDEs Hl HBCD %4448 BFRs, # /0 5 K FL i o
NBFRs AN ABIF ST SR FHEE AR 15455 (0 1% 45 A T AR AR B AR 7 2L o 22 b BFRs A9 [R] B iy Ak 2
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) kR (R T A T L RTRTZS 500°CHERE 5 h SN 98% ¥ H,SO, il 44% BRALEERS ; 159k
# H,S0,(98% ) . Jo/K Na,SO, (b5t 1)), LC-Si [&AHZE B (500 mg,3 ml, 3¢ [ Supelco /A Al) .
PBDEs R & REFE i ( BDE-CM ) 145 26 [E IR R R 47 8 1614 B 31 19 I35 v A S8 DG 1 19 8 A
PBDEs ¥1{4; BDE-28, 47, 99, 100, 153, 154, 183 #1209 ; Hi AR 2 FHAAFI BAIA TR P 2L (PBT) \TL
IRZZE(PBEB) JNIRZE(HBB) 2,3- " IHNEL2 4, 6- =R A IERE(DPTE) | 1,2-X(2,4,6- =R AHA L)
ZJ5E( BTBPE ) FIH{R 2K Z4¢(DBDPE) ; INAR:3,3",4,4"  -DUIREXZEEE( BDE-77) F12,27,3,3" ,4,4' -
FNIRBZEBE (BDE-128) , b il v & ¥ 1 F 35 [ AccuStandard 23 7], o-HBCD, B-HBCD, y-HBCD #i
TBBPA K [F{ Z M 45"C,,-BDE-209, " C,,-a-HBCD, " C,,-8-HBCD, " C ,-y-HBCD 1 C,,-TBBPA ¥JIi H
2 [# Wellington Laboratories 23 Al ,

2.2 HmiE

PRI 2l A4 FRS Wk S T s RE LR S AR T S 3 ~ 15 g (BRI B 1 ), &
BURTIENLZR TG, TP RS 8 T 4E R BRHCER o, A NFR BDE-77 BDE-128 % 1 ng,"C,,-
BDE-209 ."”C,,-TBBPA 5"C,,-a,8,y-HBCD £ 10 ng, iINARSEHE IS5 BRI [R] #5216 R 0 9 VR 45 s o
WL BE)E LAIEC b/ B (1:1, V/V) RIGIRBU16 h DL L,

H BhEER (i el . R IR IS 28 KA A, LS i SRR & &, A R e/ e ke (101,
V/V)RZRE 6 mL, HahEEL RS R MR A, 1k 50 g Bio-Beads S-X3, #E#LA% 50 cmx
2 em i. d. ; EEAMEIEFAT L 240 nm; WA N R OB/ RO HE(1:1, V/V) EH 5 mL/min, HH
5 mL, WUEE 20 ~45 min JEHE A IFRURZE L EE T, 02 mL IECKERE, FF F—2k,

WAL REIRS AL R A R AL RE AL A, T 20 emx1 em BEEEA T A Tl FARYCEI 1 em 5 T0K
Na,S0,,5 ¢ MRILAERE,1 em ®IJE/K Na,SO, , BRALAERFESZE 10 mL IE CREMk e fE _EAE, JE/H 30 mL IEC
Bt , B 10 mL S Ge e e DA, DERGROIE R 25 & 2235 T, N 2 mL IEC e 20, e AR A U 7355

SAHSWARRFIA 532 R LC-Si SPE A4 B S S WA Y . SPE #:48 6 mL 1EC kG LG
FE, B 6 mL IEC BE Ve PBDEs I NBFRs, F-H 6 mL NERYESE TBBPA Fil HBCD,, 1F C ek i il 28
AAMRTIE,IMA 100 pL ECEE R, 7 GC-NCI/MS Kl NERGER K2R TS, A 200 pL H
FE42 %%, £ HPLC-MS/MS #&:l
2.3 Bifk-FERY
2.3.1 GC-NCI/MS &#r&#

GC A &4 . I FAG I = 2= L )R BX K ¥ ( Tri-Hepta BDE) &% PBT, PBEB, HBB, DPTE £l BTBPE
354 4 30 m DB-SMS B4 (30 mx0. 25 mm,0.25 wm, EEZHEEA ) |, @i FHEFF . 100°C
(%45 1.5 min) , LA 20°C/min JHEZE 240°C , Lk 5°C/min FHE ZE 270°C , L)L 15°C/min THE 2 300°C ({#4F
7 min) ; ZHRMEERLEE 17 min A 1.5 mL/min, ZJ5F+ £ 3 mL/min, H T BDE-209 #1 DBDPE
(653544 15 m DB-SMS B 445 4E (15 mx0.25 mm,0. 1 pm, 25 E2ZHEMR A A, @A FHEF T .
100°C (45 1.5 min) , A 25°C/min JHE ZE 200°C, LA 15°C/min FHE = 300°C , f£4F 6 min, ¥
1.5 mL/min, HASMIHME 2850 He( 25 >99.995% ) ; A4kt #hkei 1 wl; SEE DR
270°C ; fEHIZIRE 300°C

NCI/MS ZrAfr &5 e SO AU 77 0.2 MPa; 2RI BE 200°C , % I IE IR B[] 5 min, $945 7 2K
R 7 W (SIM) |, BDE-209 &8 T4 m/z 486, @ MEE TN m/z 488, C,,-BDE-209 E & & T X
m/z 494 EVEE TN m/z 492, FoE RN B 30 m/2 79 R 81, LA BDE-77 VR = 7S 1R IR ik
1% PBT, PBEB, HBB #il DPTE [P #x, BDE-128 /£ 4 BDE-183 Al BTBPE 145, " C,,-BDE-209 1F K
BDE-209 #1 DBDPE P Fr
2.3.2 HPLC-MS/MS S#i& 4 HPLC &4 {A35%H:h Eclipse Plus C i # (100 mmx2.1 mm,3.5 wm,
FFE LA ) 5 HER 40°C ; HEFERFL 20 wL; Ji 0.3 mL/min, WHAH A MHEE, Jisht B K,
FEEEVERE:0 ~0.5 min, 40% A; 0.6 ~5.0 min, 40% ~80% A; 5.1 ~9.0 min, 80% ~85% A;
9.1~13.0 min, 85% ~100% A; 13.1 ~15.0 min, 100% A,
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Fi S F, i YR R AR ESI(-) ] BN R E3.5 kV; BE RIS 350C 5 it
BRSO N, i 10 L/ming R 22 5 iy W00 ( MRM) 5 W88 5 8 (365 o sl RE o ) -
TBBPA m/z 542.6/80.9 } 542.6/78.9 (60 eV) ,"C,,-TBBPA m/z 554.6/80.9 } 554.6/78.9 (60 eV),
HBCD m/z 640.7/78.9 } 640.7/80.9 (10 eV),"C,,-HBCD m/z 652.7/78.9 &% 652.7/80.9 (10 V),

3 HRS5WE

3.1 HFRETEEGRNK

AWy BE T BFRs (2 SR AR G 700 W [ A IR | A 2% R BBl fin s s 790 2 B0, 1% 7 Y 45 A 1T
B AEBOSCRE Y REARSREUS A LR R R 0T 8 25 B AR B R A Tl IR A4 LA A 2% i T
Yo o PRIAEBERE (3% b R I B TE] 4 20 ~ 45 min, BERT S 2% B0t IFE] 4 10 ~ 25 min, FIGA
S SR FHEEIG IS 35 A1 1 KRR R A AR, TR FH R Ak ik e LB A AR i o

H T HBCD Ay 3 Fl S ARTE B R T 5 HAR L1k, TBBPA [R5 47 Wy ¥ 36 ) A 52 7 A A1k,
I & HBCDs 1 TBBPA i #cfE )5 iy HPLC-MS/MS, 2R 1 GC-NCL/MS 21l %2 PBDEs FIAS S8 B 46
(1) JLFP NBFRs B 1E 775, PRIAT AR B 72 b B A 4453 25 HBCD/TBBPA 5 PBDEs/NBFRs, #4511l
YHE Y e RS R TR . ASHF 9T R, 7E LC-Si SPE A b T SCBL a F M 1 3 85, LAIE E
fi s T, PBDEs Al NBFRs 78 LC-Si #E AR R Bifi1E O %e i i, HBCD/TBBPA N #% LC-Si Rk
B, 37T #E PBDEs 1 NBFRs 564 1 J5 PR FH Bl P s Ve . o B4R, EAES i 6 mL 1IEC
Bt , BT 58 4=V Bt PBDEs 1 NBFRs,, il /5 SR FH 5 b 495 5700 3 B T 56 429 i HBCD/ TBBPA
3.2 @ifk-FEKEMmL

PBDEs M # R 15 m 5¢ 30 m BANEH, AWF58 & B, BDE28 Ml PBT 7£ 15 m #F 3Ly
(B 1b) 7630 m A EWIE A LIARAS R4 85 (B 4E 30 m #:_E =749 BDE-209 A1 DBDPE i T4 B i}
[, S8R R IC Tk g, R 30 m HEKZIIBR BDE-209 2 DBDPE AP b5 9 (E 1a)
K 15 m A:AG I BDE-209 A1 DBDPE ( ] 1b) . NCI/MS J&il & PBDEs f¢ % JHJ5% , #id %F 6 F NBFRs
W8 PR & BRI NBFRs 5 PBDEs 28400, 7E NCI/MS R i 1 B {2 & T EI/MS, H.7E NCIT I =
A R E B RIS Br %45 R 5 G SCERES RARTE N TBBPA Fil HBCD 4 S i £t Ak 25 S 5 3t
A SCHRZE S50, 3978 EST IR A 678 AU B e iy

100031 485901 !
a 4L [BDE-28.PBT )
g0k 7.569
10857 13307 36r
= 60+ 12.425 2 30+
Z ‘T oal|l6793
3] 14.361 ]
= - 12.061 = .098
= 40 16211 = 18F 7.959
11,70 16.864 ol 3.248
20 18.672 8929 10708 BDE-209
'ﬁ19.45 110'393{ 14.895 ppppE
" 4 :1 0 I \‘] L L ]?'572
10 11 12 13 14 15 16 17 18 19 20 6 7 8 9 10 11 12 13 14 15 16 17

¢ (min) £ (min)

B 1 PBDEs 5 NBFRs B4 W5 inx 58 F i 3% K ( BDE-209 A1 DBDPE 48 Nk ¥ 1 ng/g, H 4%
0.1 ng/g)(a, 30 m#; b, 15 m #f)

Fig.1  Total ion chromatograms of polybrominated diphenyl ethers ( PBDEs) and novel brominated flame
reardants (NBFRs) in spiked cow mill (1 ng/g milk for BDE-209 and DBDPE, 0. 1 ng/g milk for other
analytes) (a, 30 m column; b, 15 m column)

a {5 IELR BRI A] [ 2 1 (The retention time of the peaks in Fig. la are listed in Table 1) ,
3.3 AEFEER
3.3.1 &ML ESKWHR JHIEC kR H PBDEs Fll NBFRs RINIESPRAEIR I, Hih =R =L IR BEA
fit L) &% PBT, PBEB, HBB, DPTE il BTBPE A9 % 4 1 ~ 100 pg/pL,BDE-209 F1 DBDPE A9k 10 ~
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1000 pg/uL, PFs BDE-77 1 BDE-128 ¥ EE 4 10 pg/pl, " C,,-BDE-209 ¥ & A 100 pg/wl, FH H
Biil HBCD il TBBPA IR A& PR, W JE 5 ~ 500 pg/uL, WAs"Cp,-a,B,y-HBCD #iI” C,-TBBPA
WY R 50 pe/ L, #HE 2.3 5 FTIR I R AR AR UE MR G 1R, DL T DU 42 55 R 0L P b A 0 T R )
FCAE RN AR | 45 R A5 AR B B 1 EL AN RS AL B, 22 1 s o R £, 75 380 19 2 4 [ 051 R R 56 3R
R,

J5 2 A U B (LOD ) 5256 DA A= 3% Sy T 55 5, 0 5 fe AR A 7K S g o 1, o 5545 e L (S/N) |, LA
S/N=3 F S/N =100} X 107 A3 B2 A4S 1 BR (LOD) Al s PR (LOQ) , £k A5 Wn i f BR Ik 1] e e |
FHEFRE(R?) LOD F1 LOQ Z5 R WL3& 1, S AR bRl £ AHE R 5L R® 0 0. 9989 ~0. 9998 , B
v il 2 2k R
41 18 Fl BFRs AR BT IE] 2y B G 280 At BRORN S i R

Table 1  Retention time, Linear equations, correlation coefficients(R*) , LOD and LOQ of the 18 kinds of BFRs

i st G O R R

Compounds et(e:l/tﬁ?nt)lme Linear equation coefficient ( L(’)/Dr) ( L;)/Qr)

(R) pg/’g pg/'g

2,4, 4" =R (BDE-28) 10.31 y=0.6932x+0. 0151 0.9996 0.7 2.2
FIRH A (PBT) 10.50 y=1.0618x+0. 1171 0.9994 0.2 0.7

F{ L 7K (PBEB) 10. 86 y=0.9124x+0.0358 0.9998 0.6 1.9
2 3-TRNFE2 4 ,6-=THAESLEE (DPTE) 11.70 y=0.3213x+0. 1598 0.9996 0.8 2.7
NIRZE(HBB) 12.06 y=0.7199x+0. 2564 0.9993 0.4 1.3

2,2' 4 4" DUIRIK A (BDE47) 12.42 y=0. 6677x+0. 0222 0.9998 1.1 3.6
2,244 6- TR (BDE-100) 14.36 y=0.7029x+0.0158 0.9998 1.8 6.1
2,2',4,4" 5-HIREKEE (BDE99) 14.87 y=0. 6992x+0. 0180 0.9997 0.4 1.5
2,2',4,4"',5,6' NIREIERE (BDE-154) 16.21 y=0.7162x+0.0310 0.9996 2.2 7.2
2,2',4,4,5,5' NIRIKREE (BDE-153) 16.86 y=0.7596x+0. 0353 0.9998 2.5 8.3
2,2'.3,4,4',5 6- LRI (BDE-183) 18.79 y=1. 1606x+0. 0439 0.9996 5.1 17
1, 2-X0(2, 4, 6- =% ) 2% (BTBPE) 19.46 y=1.1327x+0. 1408 0.9989 1.5 5.1
TR (BDE-209) 14.90 y=1.1707x+0. 1228 0.9996 28 92
TR )% (DPDPE) 16.57 y=0. 4833x+0. 7596 0.9991 119 397
PUBALEY A (TBBPA) 6.70 y=1.310x+0. 3029 0.9998 34 113
a-ANTEH+ T4 (a-HBCD) 10. 14 y=1.364x-0.0927 0.9995 32 106
B-7SIRIE+ ke (B-HBCD) 10.94 y=1.026x+0. 5463 0.9997 13 45
y-ASTIRFR A BE (y-HBCD) 11.56 y=0.587x-0.4954 0.9992 35 116

7 .1) ¥k BDE-77 #11 BDE-128 AY{5 B3t [E] 2351 >~ 13.307 F118. 672 min (' The retention time of internal standards, BDE-77 and BDE-128 ,
is 13.307 and 18. 672, respectriely) , 2) fFM4IECLFR K4S K ;2 ,4,4"-Tribromodiphenyl ether ( BDE-28) , 2,2",4 ,4’-Tetrabromodiphe-
nyl ether(BDE47), 2,24 4’ 5-Pentabromodiphenyl ether( BDE-99), 2,2" 4 4" 6-Pentabromodiphenyl ether( BDE-100), 2,2",4,4" 5,
5'-Hexabromodiphenyl ether( BDE-153), 2,2",4 4’ 5 6'-Hexabromodiphenyl ether( BDE-154) , 2,2’ 3,4 ,4" 5" ,6-Heptabromodiphenyl ether
(BDE-183) , Decabromodiphenyl ether( BDE-209) , Pentabromotoluene ( PBT) , Pentabromoethylbenzene( PBEB) , 2,3-Dibromopropyl) (2,4,
6-tribromophenyl ) ether( DPTE) , Hexabromobenzene (HBB) , 1,2-Bis (2,4 ,6-tribromophenoxy) ethane( BTBPE) , Decabromodiphenylethane
(DBDPE) , Tetrabromobisphenol A( TBBPA) , Hexabromocyclododecane( HBCD)

3.3.2 fAREICSELE DAL TCTr I 5k R e i Rl A= 7% R 23 1 R T A A RS S 4, BORE
10 g, FRZKF- N3 2 Jeo , B INFR KL A 5 B AT E 5 UK, s a1 %8 & RSD %1 73 2, BTBPE
TSR3 (1% . RSD (B4 /5, 5B BTBPE 76 A AL BE oL F2 HhORFR e HA st O, H A il 4 71 1]
WCRAE 80. 1% ~114.7% Z 18] ,RSD 7£ 0.87% ~14.9% 2 [i],

3.3.3 ERVE RAEBUSHINEEEEE HPLC-MS/MS 0BT o i 58 B R087 | BIV HG 48 5 20 95 9 1 735 )
YifE S B, o A 1 AR UE SRR, 4 2 SR RS P i A WA R IO FP S I v i T ARV R, U S
RN (ME ) = J5 J5 75 i Hh A I g g o B i R v R I A e T AR, Xt 0.1, 1.0 110 ng/g 3 MR BE
TR 5 | 2 PP Sl 000 5 P A A 5 R 4 &% %, HBCD 1A 25 B &% Lt TBBPA BB i . TBBPA
) ME 7£ 0. 84 ~0.95 2Z[d], a-HBCD f) ME 24 0.71 ~0.93, B-HBCD #i1y-HBCD f ME FL##23T , ¥ 7E
0.6 ~0.8 Z[i], SAREARIE RN B2, B T X b B AL 38 7 vk Ak 25 R 217 O fk 2 40, R AR
PR ZARICH) (P C,,-HBCD F1” C,,-TBBPA) 1E K AR L A AT ()
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5L BR A dn il E ; - e
3.4 XRgElE ‘ R0 M ECE R 2 (n=5)
Jop BT ST g A 8 A0 T Wl A AEAS L Table 2 Average recoveries and relative standard deviations

BMSEIAR (RABER I 2 Gy RFLREA , SiR0 (RSDS) of the amiytes (n=3)
3. 7 PBDEs . TBBPA 7l HBCD 3 Ff4 45 fiLI% AR Spiked levels

o S 0.1 ng/mL 1 ng/mL
#rf,BDE-28,47 199 it %45 &, {H BDE-209 Compounds  FHCE o R oo
g s o s Recove Recovery
TS YK FH G , TBBPA il HBCD 16+ 3L Y15 e (%) (%) ) (%)
KT ITURGER, B0 BERs ZEAEM &R 9 %6 25 im9 i
L ) i PBEB 93.3 0.9 103.7 3.1
s , (R I Ah 7 £ W Bt v v 1 N2 R N BFRs & & DPTE 87.3 5.2 97.4 12.7
WAL MBI IO, HBCD W 2 Lo 2o
)3 S b i AR R 22 T AR N A ) BDE28 107.4 7.4 114.7 1.1
Ak, S8 B-HBCD 1 y-HBCD 74 ¥R N & & BDE47 100.3 7.8 105.4 11.1
BDE-99 109.2 14.9 107.4 11.5
Sz 2 AN 322k
i3 {I% T a-HBCD, A B 52 i a-HBCD it 8 4¢ BDE-100 96.0 6.2 104.5 10.0
fR11 B-HBCD F y-HBCD YA, 5 3Tk [ 13 ] BDE-153 90.9 7.4 100. 1 11.8
BDE-154 90.3 5.8 99.4 11.3
i = /N
ZiARKML, £ NBFRs 1, DBDPE Al fE £ i} BDE-183 97.3 9.8 105.8 1.65
FRESR DGR BRA Y . PBT 7E A FEAC h 1] 1 ng/mL 10 ng/ml.
A Al b R DPDPE 80. 1 13.7 82.5 1.7
Kiiti ,HBB, DBTE FTBPE fr iR d g, i) BDE-209 83.6 10.3 85.7 9.9
FEZ% NBFRs B¢ GE #E 7 N, 25 NBFRs 11 TBBPA 92.4 6.6 96. 1 7.6
Nt St T ab > E,— B e 4k N 93 a-HBCD 103.5 5.3 93.8 2.2
5 KA T REREZ T, FR R G BHEBCD 103 8 o 0 7 o
y-HBCD 93.5 9.4 94.6 2.6
3 LBRREST BFRs &R (pg/g)
Table 3 BFRs levels in real samples (pg/g)
GRIUEZ] kel WEE2  WAEE3 WAKEE4 WARES UiREe  WhEET WREES FEFL 1 £E7L2
Compouns Milk 1 Milk 2 Milk 3 Milk4 Milk5 Miko6 Milk7 Milk 1 Human milk 1 Human milk 2
PBT 21.6 2.3 1 15.4 2.8 3.0 2.4 3.2 14.9 9.3
PBEB nd nd nd nd nd nd nd nd 2.9 nd
DPTE 0.9 nd nd 3.3 1.1 1.4 1 1.4 4.6 3.4
HBB 2.6 0.8 nd 3.6 0.6 0.7 0.7 0.6 4.4 1.5
BTBPE nd nd 3.4 nd nd 6.2 7.5 6.9 3.8 3.7
BDE-28 0.4 0.6 0.4 0.9 0.7 0.5 0.5 nd 5.0 1.6
BDE47 1.6 3.8 nd 2 1.8 1.3 2.7 nd 6.1 2.8
BDE-99 1.1 2.8 2.4 3.1 4.9 5.3 4.1 nd 7.1 63.1
BDE-100 nd nd nd nd nd nd nd nd 3.9 nd
BDE-153 nd nd nd nd nd nd nd 2.9 12.1 6.4
BDE-154 nd nd nd nd nd nd nd nd 3.4 4.4
BDE-183 nd nd nd nd nd nd nd nd 6.1 5.2
BDE-209 27.9 nd nd 78.9 nd 41.7 nd 95.1 102.2 48.8
TBBPA 19.3 43.2 nd nd 53.5 34.1 42.7 nd 722.0 126.5
a-HBCD 7.43 45.5 nd 51.2 45.8 nd nd nd 788.5 356.6

nd: K H (not detected)

3.5 INE

DL IQHR IR | B8 e 20 33 1 [ AH A6 IRUA AT AR B 7775 , GC-NC1/MS 1 HPLC-MS/MS A 4341 ik,
ST FLH S A 18 FhR ZR FHABRF ARSI s, FESEEE T 18 R R BHIAF AY IR B HE I 5 fk . A e
FE AT AE AT T S AR W RE S TR AR BELA TR ) 2 5% B8 40T
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Determination of 18 Brominated Flame Retardants in Dairy Product by
Gel Permeation Chromatography-Solid Phase Extraction Coupled to
Gas Chromatography-Mass Spectrometry and High Performance
Liquid Chromatography-Tandem Mass Spectrometry

LI Jian"*, WANG Yi-Fei*'* | ZHOU Xian-Qing'*, SHI Zhi-Xiong*'*
'(School of Public Health, Capital Medical University, Beijing 100069, China)
*( Beijing Key Laboratory of Environmental Toxicology, Capital Medical University, Beijing 100069 , China)

Abstract A novel method was developed for the simultaneous determination of 6 novel brominated flame
retardants ( NBFRs) , 8 polybrominated diphenyl ethers ( PBDEs) , tetrabromobisphenolA ( TBBPA) and «,
B, y-hexabromocyclododecane (a, B, y-HBCD) in dairy product. Dairy product samples were extracted
using soxhlet extraction with acetone/hexane (1:1, V/V). The removal of co-extracted materials was achieved
by gel permeation chromatography followed by acidified silica treatment. The fractionation of the PBDEs/
NBFRs and HBCD/TBBPA was performed using a Supelco LC-Si SPE cartridge. The detection of the PBDEs
and NBFRs was then performed by GC-NCI/MS, and that of the HBCDs and the TBBPA was performed using
HPLC-MS/MS. A recovery test was performed using a matrix spiking test and for most of the analytes the
recoveries ranged from 80.1% to 114.7% with RSDs equal to or lower than 14.9% . The LODs were 0.2-
119.2 pg/g. This methodology was validated to be accurate and sensitive for the simultaneous pretreatment
and analysis of brominated flame retardants in dairy product.

Keywords Brominated flame retardants; Gas chromatography-negative chemical ionization-mass
spectrometry ; High performance liquid chromatography-tandem mass spectrometry ; Dairy product; Solid phase
extraction
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