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Determination of Brominated Flame Retardants
in the Household Appliances by ASE-SPE-RRLC-MS/MS
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Abstract: A accelerated solvent extraction-solid phase extraction-rapid resolution liquid
chromatography-tandem mass spectrometry (ASE-SPE-RRLC-MS/MS) method for the de-
termination of brominated flame retardants (HBCDs, TBBP-A)in the household appliance
was developed. V (acetone) : V(hexane) = 1 % 1 as an extraction solvent and accelerated
solvent extraction method were been adopted. The brominated flame retardants in sample
solution were separated and enriched by solid phase extraction (SPE) on C;scolumn, The
brominated flame retardants residue was separated by HPLC using methanol-water as the
mobile phase, and was detective using electrospray ionization (ESID) on a tandem mass spec-

trometer in multiple reactions monitoring mode. The detection limits are 0. 05—0. 2 mg/kg,
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and the correlation coefficient is larger than 0. 998. At the spiked level of 0. 05—800 png/kg.,

the recoveries are 87. 72%—95. 71%, and the relative standard deviations are in the range

of 4.42% and 8. 38% (n=10). This method is sensitive, recurrent and accurate. It can be

used for the determination of brominated flame retardants in the household appliances, and

can provide reference for the relevant national standards setting,

Key words: rapid resolution liquid chromatography-tandem mass spectrometry (RRLC-MS/

MS) ; brominated flame retardants; accelerated solvent extraction (ASE); solid phase ex-

traction (SPE); household appliances

YR AL BH # 5] (brominated flame retardants,
BFRs) /& t & b1 2% & &% K 9 X A HLEL AR
F, E AR 7E 6 A AR AR BRI 29 75 B, o
B EERE TR EB (DBDPO) . JUR Wy A
(TBBP-A) FIA R+ 4t (HBCDs) , =% )i H
FEN R B AR BB R B EL R B B R R R 2 e
Fut, R W, HBCDs A HRB M4 Y
BN A MAEEEST BN R
M ABRABIGERYY B 2% T H Rt
S HIJTIZ X4 ; TBBP-A BiE5 A 005 R
EEH (transthyretin) (FFAER) EFBE S, &
—MREFRS ARFEBERE. I TE
il B 7 X PR R e, BREEFE 2003 4 2 B
13 HHE ER AT 0 F B 28 7= H 4R
1784 (RoHS # 4 F1 WEEK #£4),3F T 2004
48 A 13 HIEShWIR6 T L F 3 AR 30, o
& TR E O R A E AT 2R R
4R AR, R i A4 R BB RiR T
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BT, & HBCDs #1 TBBP-A By 5 ¥k F &
ARG E (GOPY | B W a3k
(HPLO™ #1 5 #8 €& 3% 3% B A ¥ (GC/
MS)B% . GC.HPLC & Joik 7 J& 8 I 4 o o 2
PRI EIR s F GC/MS I 5 N 75 B2 2B i T Ak 3L
FIXFAE i HEAT AT 424k, HBCDs i 3 #h R H K
a-B-7-HBCDs 7£ 160 CLL L &M Bk, 23
=EXTBERER; YRERT 240 C o,
HBCDsx R4 IR e i, S BE R AR AT
e BN, 3T AR Sk, B VROM 6 TR O
(LC/MS) , W AH 8 1%~ 58 BR Jit ji% ¥ (LC-MS/MS)
DURHEHBIEAMRELE, LC-MS/MS ¥
3% v Fi T TBBP-A #1 HBCDs f il ™',

A 5T R R B S 7R 2K BOHE AT AR A e 3R
B, BT SR F Crs [ AH 2R BUAE ¥ 1L, B A B &
RO A 5 - E W 5 AR R PO AR T BR 3% (UPLC-

ESI-MS/MS) #4720 87 » B3 T — b [l Bk 46 ) /)
K H a,B8,7-HBCDs #l TBBP-A [/ ¥ .

1 ZWHES
1.1 UBEE5ESE
Agilent 1200-6460 #8H 2 ¥ ME 2 3%- = 10
AT ER R X : 2 B Agilent 28] = d, LA
LI 35 B T JR (ESD & MassHunter ${#5 40 ¥ R
%t ; ASE300 PR M KB : X EBE A A=
f L ERAE 12 AL ACEUH ;10 8 E AR E . 55
H Agilent /& &] 7= ff 5 Cig [E AH ZE BUHE (500 mg,
6 mL) :EE Agilent AR =M.
1.2 #E5RHA
asBry-STR R+ k5t (HBCDs) | PR XU E A
(TBBP-A)#5# i : 3 [ Sigma 20 ] 7= dn, 268 &
BWRF 8% FEE.WE.EC k. —E P
sl 2 E Merck AR 5.
1.3 SEmsb:E
1.3.1 B BRI 100 g ke, M B/DNRIE
AR A, B R E LR .
1.3.2 8BE WEBHHETN 1 gUEHZ 0.01
QEMF T EHEBL T, WIFEE TR P #
FTEREEEE R, BN AT W-1E C e i W
FE SR B 120 'C, & 77 10. 3 MPa, jil #¢ i [A]
5 min, BAFBUATE 10 min, FS KA E] 100
s» MBI BN 3 WK, thse i S b iR B 20 %,
FERGEHRG, KBUBRAE 40 C T REWR S =ik
T HECKRERZE 3 mL, fFFiFfk.
1.3.3 % ¥ CoEMERBEKRKA 2 mL
“EPHEM 2 mL FEGEAE B IREE RS
FE, 5 H 12 mL IEC KWk e, B 5 mL FEEY
B, I B, R TREMA VR EE ¢
VOK)=50: 50 W ERZ 1 mL, RIRIKRY
1 min,£0. 22 pm4t LTI LTI, ft RRLC-
MS/MS | %2 .
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1.4 LBEHE 1.4.2 JRiES&M4F MRM B FR; ESFE
1.4.1 @ELEHF Ce@igH (100 mmX2.1 BT TR BB ERE; SIARBFE: 300 C;

mm X1, 8 ym) ; B PR :0~3. 0 min, 75% ~
95%B,3~5 min, 95% ~95% B, 5~ 6 min,
95%~75%B, HH A RK,B R BB HE: 0.3
mL/min; ##E R 10 pL; AR 10 C,

SARF R 7 uL/min; JE#7:3. 1 X10° Pa; 8§ SR
BE:300 CH:8BSRWE:10 pL/min; BB B JE:
2000 ViBEMEE FE:1 900 V; B FIRIE . 120
C o WARBESRN i B A AT AL S8 T3k 1.

®1 RREBANRESHTRALSE
Table 1 Optimized parameters for analysis of brominated flame retardants using MS/MS with MRM mode

BB BB F 3 (m/2) 3k B i ] /ms EALBE/V BEEAER/V
7O IR R A 542, 8/445. 8* 400 160 35
(TBBPA) 542, 8/290. 9 400 160 35
LAY 10 ] 640.7/78.9* 400 80 6
(a-HBCDs) 640. 7/80. 9 400 80 6
BARBRK A ke 640.7/78.9* 400 80 6
(8- HBCDs) 640. 7/80. 9 400 80 6
yARRF g 640.7/78.9* 400 80 6
(y-HBCDs) 640. 7/80. 9 400 80 6
E:x FEBE TN

2 #ZR5ie

2.1 HERWABEEHRNEERMEL

2.1.1 ERFANEE HERBHEANE
BEFRE 3 REHME . REBFNEBR(ASE)
BB (MWE) , iR 35 SCERC Y A e B
KPR GER, AR EHE ASE R EERNE
Bra . R Ohl T R B 0 A BSR4 <
o 1] Wi S B (R i R AR ¥R BE R 1 mg/ k) X LK
RO B BE PR S L IE O b DA R SRR
BHEBAREBHE, R VAT : VUES %)
=1: 1 EWMEEBEFL 2%, KABNHE
FREPRE/NTF 80% ., HINAHET Kb
B B IR BE 120 'C, K 7 10. 3 MPa, il
FEFIE] 5 min, B ASZERATE] 10 min, N, KIF AT
[E] 100 s, 1/ 3 K5 3 ¥, v ¥k +E 5w A9 ik R
H20%,

2.1.2 BEMERZHENRML HBET Cult
(Supelclean LC-Cys . Sep-Pak Cis) . E K E B
(Oasis HLB) . f3 8 1k 22 4% ( Supelclean Envi-
Carb) fil s B Lok B/ & HEE &+ (Sep-Pak Car-
bon/NH;), %%%Hﬂ ’ Sep-Pak Cis Fﬁl*ﬂgﬂyﬁ
AL ROCR A R R . B HE A 500 mg/
6 mL Cis [EAH 2 BUH: £ & 5 Fnvdfk , A /5 500
pg/L VOV XE A 12 000 pg/L RIRIF+ 2k
b HETR B Vo VR Cos 1B MH 28 BROAE BRI S 360, S5 2R

ATE 1, K 1~12 mL NIEC KE#HSE, 13~
19 mL yREESN . 45REY, ECRKErS
B B 5%, T 5 mL FP B B U T 45 3]
94 26 LA b i I g %, P AR R4 .
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=
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B1 CsBEAEREREHLEE
Fig. 1 The figure of elution test for C;q

solid phase extraction column

2.2 BiESEHRE

HRYE IR BUH A FIARRIF+ 5 F 45
FI¥EME . %8 T Eclipse Plus Cia i H: (1. 8 um
X 2.1 mmX100 mm), F T HL W8 35 o 1% 4 Fl
RTEVEWORZS B ES , R MM 3t 3h A B4 2 B0 RN % i 57
B T Rma B ARG S Y B OR B8 i [R) TR A , I R
ma B F AL SR, AT e U R BB . KR TE W
B ARESE R FE N, LR T P E-KMT
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F-7K 33X W b i 30 AE 6 B ARG & B LR BE
M. Z5RERW, YRS P EE-K R, w6 E
B B % F LA S B -7K S W 3 A B i e o B (29
2~4 %) . HIL, P EE-K s .

B T B E RS A A, I LR T Fah AR
PR - 7K R 43 0 78 D 3 3l A oI A — B B A BE TR
BREKFRMANT BAnfb & 98 FIB RN
B, REW YA —ERNBEREREK
J& » B bRALE W e L AE ¥ 78 BT AR, B, S5
K F R EE-K IR B RAE R B AE
2.3 Rik&EHRE

kA Z R R Wi (MRMD & 2, | # 3h i
HRESHN, EEABETFEIXTHITLEH,
DEBEYNSTEFEMBE IR, &R1%
H.AEARBEFERNT, 28/ FEFIM—
H] m/z 543 £ K ¥4, FH I, % F§ TBBP-A
[(M—H] fERMEBEREENEEF. £ %
JEREE R, M S m/2 526,446,418 F1 291 ZEpx
FEFE, ~THE2, H¥,m/2526 BFRKE
—ANBREFEEMNERE T m/z 446 BB T2
[M—Br—OH] ,m/z 418 B F&[M—Br—
OH—CO] ,m/z 291 A B FE[M —
C¢H;Br.O] .

x10°

445.8

L 290.9

Intensity

542.8
O T T T .
300 400 500 600

miz

2 ERWB AWTFETFRIER
Fig.2 Ion mass spectrum of TBBP-A

SIHTASIRER+ et , [ AR R O 3 AR
SR, FEIEA R TR T H#T 2T, ik
BELANTETIEMEE T, 4REV.&
FEFEAT, 28BN IFEFIM-—H]™
m/z 641 B HM, HEXN T _HREE, e W

AR B, B LUK A £ 3 F (SIMD & K.
WIEASIRIF+ bt 5 PRIy A TR i A6 900 ) Ji
W, EFET m/= 80 Ml m/= 81 fENFEF.HF
HPRiEEsTHE . ARESRETFMTFE T
AR B, EHEREVELEE.E FRR
BE LT IR S AR AT T L
2.4 AEREE

FRAEZE RGP B RS WR T,
BEARFEREHRR 0.05~0. 2 mg/kg, KT
R R R PR B AR . SR TR
REAB BRI TR 2, TUFER, TR
YRR R RBE R T 0. 998, MIXERE.

X 10°

10 F 789
80.9

Intensity

640.7
0 T T T *

100 300 500 700
m/z

B3 ARR+EGTFEFREEA
Fig.3 Ion mass spectrum of HBCDs

2.5 FAEBRREMEZE

R F 2 B AR B 7 AT [ SRS 5,
SRR 3 A AKP CHREB R B E£5 L
JG W45, A K B E 10 WK, MR B A%
BEERFITE 2, =SHMMAR 50 pg/kg FHIE M
B A FIfinAR 400 pg/kg ARF+ 5 MRM
Bar3nTHE 4B 5, SLHER RN, IR XE
A [T Z K 87, 72% ~93. 26 % , H Xt AR A MR 25
A 6. 53% ~8. 38% ; ANIR I+ kbt A9 [ i R Ry
88.20% ~ 95. 71 % , A X A HE 4 22 M 4. 42% ~
7.17% . ZHFEEARTFWBEE,
2.6 EERHEREN

Fi PR Ty 32k oF T B /0N 28 5% P o 2 R B M K
A AR, AL AE 5 Fh 7= 5 AR O IR XU
A, &K 10.1~73, 2 mg/kg, BRI 1 AR
T =, HoAth = SR A B AR 4y, 8 T 6.
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®2 SMFEEXRY OHR. . EDKENETE(R=10)

Table 2 Linear equations,correlation factors, limits of detection (LOD), recovery and precision (n=10)

EE e KHEHE MXAB » LOD/(mg/kg)  MIARWKE/(pg/kg) EIZFELRSD/%
50 89.35%6. 53
IO W B A y=0992. 74z+5 149 0.999 5 0.05 100 93.261L8. 38
200 87.72£7. 82
200 88,2044, 42
a ANEAF Tk y=193. 6x+4 312. 3 0.999 8 0. 20 400 94,9244, 66
800 92.194£7.17
200 89.72+5, 34
BABK A e y=172.92+3 392.5 0.999 3 0. 20 400 92.19+6.12
800 89, 2245, 22
200 92.10£6. 98
rARB+ 4 y=287.4x+ 2 341.6 0.999 1 0. 20 400 90, 24+6. 91
800 95. 7145, 09
5 x10° x10°
TBBP-A 2r
a b
1.5F 15k
1r 1k
0.5F 05k
0 0
—0.1¢ —0.1F__ . . . .
2 24 _ 2_'3 _ 32 36 2 24 28 32 36
Time/min Time/min

E:a NEBBE TX m/z 542, 8445, 83 b BB TXF m/z 542. 8445, 8 fl m/z 542, 8—>290. 9
B4 Z=AHEMMAERS50.0 pg/keg HMRNE A i MRM B
Fig.4 MRM chromatograms of blank sample spiked(50. 0 pg/kg) TBBP-A

x10° x10°
9F
a Y-HBCDs 1 b
0.81
6
0.6
3k 0.4
0.2F
0 0
705 C T T T T T T T T T T
3.6 4 4.4 4.8 5.2 3.6 4 4.4 4.8 5.2
Time/min Time/min

E.a BEREFX m/z 640. 7>78. 9;b HE B F X m/z 640. 7>78. 9 Ml m/z 640. 7>80. 9
B 5 ZTA#&mER 400.0 pg/kg a,p,y-AR¥F+Z1RH MRM E
Fig. 5 MRM chromatograms of blank sample spiked(400. 0 pg/kg) HBCDs
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x10° %10’
3 3F
a TBBP-A b
2.5r 2.5F
2F 2}
1.5 1.5
0] 0
—0.1F —0.1F

3

2 2.4 2.8 3.2 3.6

Time/min

2 24 28 32 36

Time/min

H:a NERBETX m/z 640. 7>78. 9;b R BB T X m/z 640. 7—>78. 9 Fl m/z 640. 7>80. 9
6 #& MRM
Fig. 6 MRM chromatogram of sample
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