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¥ OE: BM @ SONOE-PROTERENE R 8 M IRBOERE A . B FERCRAIEC b
AR (1:1, V:V)$RER, H 25 mg N-W%Z:ﬂﬂ(primary secondary amine, PSA). 150 mg MgSO, 4+, <&
- HR T AE 22 SO B WIS EA ARG, AR i, SRR 8 A IRBOREE AR R (DR T
0.99, J5 ik th BRYE IR 0.0001~0.0009 mg/kg . 78 3 PRI R 5t Hr 3 N8 In7k~F(0.005.0.020,0.200 mg/kg)
B EIBCR R 91.1%~114.0%, AXTFRMEM2Z A 1.7%~8.7%, &5 %y ERib I s . REUEs, A
A RAFHY ISR AR E M, 38 TSR RN EE S b 8 il 22 TR DR Tk i 7
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Determination of 8 kinds of polybrominated diphenyl ethers in vegetables by
gas chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an analytical method for the determination of 8 kinds of polybrominated
diphenyl ethers in vegetables by gas chromatography-tandem mass spectrometry. Methods The samples were
extracted with n-hexane: Acetone (1:1, V:V) and purified with 25 mg of primary secondary amine (PSA) and 150 mg
MgSO,. The samples were detected by gas chromatography-tandem mass spectrometry in multi-reaction ion
monitoring mode, and quantified by external standard method. Results The correlation coefficients (r) of the 8
kinds of polybrominated diphenyl ethers were greater than 0.99, and the limits of detection were 0.0001-0.0009
mg/kg. The average recoveries were 91.1%—-114.0% and the relative standard deviations were 1.7%-8.7% at the
3 kinds of levels (0.005, 0.020, 0.200 mg/kg) in 3 kinds of different vegetable matrices. Conclusions This method
is simple, rapid, sensitive, with good recovery and stability, and is suitable for the determination of 8 kinds of
polybrominated diphenyl ethers in different vegetables.
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Z IR fif (polybrominated diphenyl ethers, PBDEs) &
— A R AU I R R BEAR A, R AR SRy — A i 7 BELA 741
ez AR R T AR T B, 4581, A R AR
M, IR, FEIA R ARSKIET, 454577 1 t PBDESs
B 2310 2 1 K S HER Y 22 kg PBDEs®, ZIRIEAEREHA H
BeRp Atk . R | AR s SR E O E SRR, Xt
WA AT SRR RN . — L Bh IR B C R B,
TR P e K, FEBEMAE RS, WIEH 0.6~
0.8 mg/kg P B H BEME, YR TE 6.0~10.0 mg/kg B X 5 FCH
RIS PR R 1\ RIPCRRE B =2.0 mg/kg BFats
Xt LR B N, T IRIBOR R 80 mg/kg HH2x
SEORAS Y FRAR . RN RS AR 2sP] . PBDES i A
AR Bl Z R4 4, IR FRGS, SO MmgstE, Ba
A ZRES A EEEEM . KA KK H3ErP Y PBDEs 1]
I EYEEGEIOICR, Xt AN G P R il fe 5 o 5%
VRN H RN, TP HARSRS KA. K
. HHERRRI A AT REZ 8] PBDEs V53¢, IS
PBDEs 75 R BLEAF

I SCHk AT — S 2 TR IOR TR TR BT, £
SR ASHT 03 - R R A S5 AR S Y RS
PSS - B R A DO AR (- A R
PRI B T R - Y, R
PRSI H . K e APIRESL . KL B
AR SRR . LR AR, AN Sk O TR
S Z IR RN S IS A, PRSP N T
B P SR A 2 TR RGN )y vk . #i2%Hh PBDEs 5%
B RARAK, B ARF HIE, @7 ZF PBDEs [RIHH G
J5 e AR T A B L A FE X i B BT AL B A A s 4%
AT T Ak, R QUEChERS-"SHH (633 - 53 1 Jo R 1 %o
SEREAR R 8 B PBDEs iEATAGIN, LA AL 8 SR h £ Fh
PBDEs [A]f #EA 72T (R I =K o

1 #MR5RE%

1.1 EENEE

7000B SAH 15 - = B DU AT RS (SE [E Agilent 23 F]);
3-18K B & AR E B OHL(EE Sartorius-Sigma 23 ) );
TTL-DCI B Z T RE A MAL (b3 [RIZEBREH & A PR F)
1.2 EE#R5RT

8 fi PBDE #51fE i (PBDE2 . PBDE3 , PBDE7, PBDEI0,
PBDEI2. PBDE13, PBDE15, PBDE25) (50 pg/mL, &4
TSR YA R A WD, 2. R, IEC k. 2R
BE(faigal) . $REGERfU: Cleanert MAS-Q (4 g MgSO,. 1 g
NaCl, 1 g NaAC), ¥4 Cleanert MAS-Q [75 mg N-P§ %
£ —H&(primary secondary amine, PSA). 150 mg MgSO,] (K

B AR REH A B F]); ProElut QUE EN Extraction
Salt [4 g MgSO,. 1 g NaCl, 1 g f B4 (citrate sodium,
TSCD). 0.5 g #FE RS 4 (disodium hydrogen citrate,
DHS)](dt 5t 38 & Bl 7 A B /> 7] ); QuEChERS Extraction
Pouch EN Method (4 g MgSO,. 1 g NaCl, 1 g FrEFmRem .
0.5 g =/KETHFBRR 4. 5021 (25 mg PSA. 150 mg
MgSO,). 5321 [25 mg PSA. 7.5 mg {15548 (graphite
carbon black, GCB), 150 mg MgSO,]. 5121 (25 mg PSA.
25mg Cyg. 150 mg MgSO,)(GEE 2T,

BRSNS, SR WKL AT S FNESE 20 fREE
ik H B
1.3 PR RREC S

A3 B R 8 Rk 25 AR E R 4% 100 pL F 5.0 mL B a2
WO, PIEE 2, FoBUR A ARMERS SV | pg/mL, 43
BB ARMEREAS o 3. R 3 FhE A LR
VEWORRE, TC 7 AR IR B TR A R R, 4352
0.001, 0.002, 0.005, 0.010, 0.050, 0.100, 0.200, 0.400
pg/mL PEEFR A RE LA
1.4 {UERFMH
141 A8 &EgLt

{O3EF:: DB-5SMS GREFE(30 mx0.25 mm, 0.25 pm);
FEFETHE: IR 60 °C, 4% 1 min, 40 °C/min J}3
170 °C, FELL 10 °C/min FF3] 260 °C, 50 °C/min 13 310 °C,
{45 1 min; BERE IRy 280 °C; HEAEE: 1 uL; dEkEJy
o AN IEEE; FEdE: 1.1 mL/min,
142 JFigdtt

BFIRIREE N 300 °C; UL RN 280 °C;
FEFIGEIRISHE] A 3.917 min; PUMATEIE R 150 °C; flfE~<,
HASR(N,), FiiE N 1.5 mL/min; K5 NS (He), Hik
>4 2.25 mL/min,
1.5 HmaraE

H 0 SR T G AT R 0, MERRFRBUR 5 35
A 5.0 g T 50 mL &0, AIA 10 mL IE ke AR (L:1,
Vi), BHERA, A 4 g MgSO,. 1 gNaCl, 1 g TSCD,
0.5 g DHS, #&% 1 min, X 10000 t/min &.0> 5 min; WHX F
HW 3 mL T 15 mL .08, ARERET, BREEBEA
&7 25 mg PSA. 150 mg MgSO, 1 2 mL ¥k, 7843
Y849, L 10000 r/min B0 5 min, W IS, 28 0.22 pm
PR UE 2 T R D, L SUR - BRI BT AL A BT

2 HR55%

2.1 FRIESHMMRL

FE Scan AL FAfE 8 Fh Z IR Bk i) U B3 B i,
K 22 58 Wi (multiple reaction monitoring, MRM)#RZ
PEALRERE R L . B FRE T, e TS S,
FLRDLER 1, 8 B BRI ik B 85 T B L 1
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Table 1 Retention time and characteristic ions of 8 kinds of polybrominated diphenyl ethers

e k& CAS 5 {5 B2 ) 8] /min FFE T (m/2) FEF(m/z) TEERE /e V

248.0 168.9% 5
1 PBDE2 6876-00-1 7.552

248.0 141.1 10

248.0 168.9 10
2 PBDE3 101-55-3 7.702

248.0 140.8* 5

328.0 168.1 10
3 PBDEI10 51930-04-2 9.214

168.0 139.2% 20

328.0 168.1 15
4 PBDE7 171977-44-9 9.720

168.1 139.1% 20

327.8 167.7 25
5 PBDEI2 189084-59-1 10.137

168.0 139.2% 25

327.9 220.8 15
6 PBDEI3 83694-71-7 10.177

327.8 167.6* 15

327.6 218.6 15
7 PBDEIS 2050-47-7 10.387

168.1 139.0% 20

407.8 247.7 10
8 PBDE25 147217-77-4 12.210

245.9 138.7* 15

W 07 5% JBE

—_—

0.3
0.2
HYY) ] v

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1
75 77 79 81 83 85 87 89 91 93 95 97 99 101 103 105 10.7 109 11.1 113 115 11.7 11.9 121
SRARMFE]/min

7£: 1: PBDE2; 2: PBDE3; 3: PBDE10; 4: PBDE7; 5: PBDEI12; 6: PBDEI13; 7: PBDE15; 8: PBDE25,
1 8 il Z IR Bk 1) 5 B 10
Fig.l Total ion chromatogram of 8 kinds of polybrominated diphenyl ethers
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2.2 REUATIRIER

AR N SR, R 3 RS, 4
FEETIECKE N NG LR LR AE C ke (L1,
ViV) 5 R0 R SR IR, A R TR S i AR
0.020 mg/kg Y 8 Fl Z IRIR R G bR ik, 455
AFONSE 3 WK, JE 3 F A 2L - A TR A 3 o de A4
A 255 R, 3 MBS L b i S5 1E L e A (1: 1,
ViV) 2 FEFI R BOICR I BAR 22 AR, SF34 s [ i
A 90.0%~104.0%2 1], HiAth 3 Fhis | B3R BCHCRE RN HAE,
SERIINFR FTBCRAE 81.0%~91.0%2 7], FIBCRRAR; {H
FOIERE AR — G F, WA S 28 86 1 O be N
B (1:1, V:VPE R R EA )
23 RHEBERERE

ABPFEREE b B3R, HER 3 FERSEAR, 4
= CleanertMAS-Q. ProElut QUE EN Extraction Salt.
QuEChERS Extraction Pouch EN Method 3 FlEh 4 iR R
B, FEIRE S IAMRE R 0.02.0 mg/kg #Y 8 P2 IREBRAK
Bk S AR R, AR SCI A TN A 3 K, i A AL
SERTIIAR R R E ARG . S5 IREIR, 3 Rt
JEH CleanertMAS-Q “F-3IHIAR EICRAE 109.0%~122.0%2
[a], B % R, ProElut QUE EN Extraction Salt *F-X4 N
PRIV RTE 90.0%~97.0% 2 [7], M1 FR 454, QUEChERS
Extraction Pouch EN Method “F 3 i #& [0 U & 1F
91.0%~113.0% Z [i], H [ 3 d PBDEI2 [al 4% & ik
113.0%, 33 PBDE12 BISCRES 112.0%. A5 E, A
WF5¥ 1% ProElut QUE EN Extraction Salt {F #E M BiALEE
R EERA
24 AUFIBTK

QuEChERS J5 % H 0 A 74 PSA. GCB.
Cys PP PEEALERZE . PSA XPRESE TP IO HLIR . SR .
Wi, AR A RIS baCr; GCB fERFREE; Cpy
F2 BT IR B U b I SR S AR M TR P A AR

KR, HRBEEEMEIEEEHEEY.

AL b 3R, 3 3 R SRR, 43
%% Cleanert MAS-Q., 5021, 5321, 5121 4 Fjng+fb 7| it
AR . FEREBTRE f I AR BE R 0.020 mg/kg 1Y 8 R &
RPORBHR S PR AT, BB EATE 3 WK, @tk
A% 2H T X b Il S 28 e ARk . AR 45 R
N, PRI 5021 bR Ay, AR ik 2
94.0%~109.0%, [FIZYTFF Cleanert MAS-Q. 5121, 5321;
S NI, 5021 M A RCR A, SEI AR EICE
92.0%~107.0%, IR LFF Cleanert MAS-Q. 5121, 5321;
WESRILT R, 5021 3 IMAR BIECE R 101.0%~106.0%, 5321
SEXIHIRR FEEEH 94.0%~112.0%, P 1Y 1EI R8s, #
ZARZ, ItF Cleanert MAS-Q. 5321, I FHAZEFHE b
FEiH 5021 HARRCR AR, A HIEAM R R LRI
5021 fE gkl
25 FHAEFWIE
251 HKMWTEE. ZEARRS T ER

P 3 A5 {505 LI AS & A & 0 1 7 1A H PR, 10 AT
A e PR o AR ST AR AR SE R ER(r) . Kz HE PR (limit
of detection, LOD). & & BR(limit of quantitation, LOQ)%%
W 2, W3R 2 AT LU 45 443 AR BL A v JEE T 1R P 4%
P RAF, HARREII KT 0.99, LIBURE 5 g 4%, 8 Fli
TR B Y 5 246 H FRTE 0.0001~0.0009 mg/kg 22 [, SE it
FRFE 0.0004~0.0030 mg/kg Z[f]
252 MmAFEIM R 5 EE

BEFEHEE b 3. SR 3 MBS AR [ I SE 5,
ST ST (0 N e S 2 B FRILAS FIRE D S g, AP SIS
i1 0.005, 0.020. 0.200 mg/kg 3 K- IR BEE S
FRUEVATR, % 1.5 T TRTANELS EA T SA - SR B
S3HT, W AE 5 TR 24 [ 0 S R0 A X A o f 22 (relative
standard deviation, RSD). 8 Fi £ IR BXFE ik i - 347 [RT ISR
91.1%~114.0%, RSD } 1.7%~8.7%, 13875 1 0 i BE
R R, EIELT, SR 3.

®2 ST REABMIOBEXAN. RHERSERIR

Table 2 Correlation coefficients, detection limits and quantitation limits of 8 kinds of polybrominated diphenyl ethers

ey ; LOD/(mg/kg) LOQ/(mg/kg)

ZEAN I3 fiE 2 W b EES 2R
PBDE2 0.9982 0.0006 0.0001 0.0002 0.0020 0.0005 0.0008
PBDE3 0.9979 0.0007 0.0002 0.0004 0.0020 0.0007 0.0010
PBDEI10 0.9979 0.0005 0.0002 0.0002 0.0020 0.0006 0.0006
PBDE7 0.9974 0.0006 0.0001 0.0003 0.0020 0.0004 0.0010
PBDE12 0.9976 0.0009 0.0009 0.0006 0.0030 0.0030 0.0020
PBDE13 0.9968 0.0007 0.0004 0.0002 0.0020 0.0010 0.0008
PBDEI1S5 0.9970 0.0009 0.0004 0.0002 0.0030 0.0010 0.0005
PBDE25 0.9962 0.0004 0.0004 0.0003 0.0010 0.0010 0.0010
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Table 3 Average recoveries and RSDs of carrot, cabbage and spinach
e T HIE N 3% fiEd
[(mg/kg) SR 0% RSD/% P % RSD/% S L% /% RSD/%
0.005 99.3 6.9 97.7 4.2 112.0 5.3
PBDE2 0.020 97.8 5.3 99.9 8.0 96.1 42
0.200 97.0 2.3 95.1 3.5 103.0 2.6
0.005 101.0 4.4 103.0 5.9 112.0 3.1
PBDE3 0.020 98.5 3.9 95.8 4.5 98.2 3.6
0.200 95.8 6.3 98.7 22 91.5 3.4
0.005 113.0 33 104.0 5.9 112.0 1.7
PBDEI10 0.020 104.0 6.7 97.4 2.7 99.8 4.5
0.200 94.4 4.5 101.0 4.7 91.9 4.8
0.005 113.0 4.8 99.7 7.9 112.0 3.4
PBDE7 0.020 98.9 6.8 94.8 6.9 98.3 3.4
0.200 96.2 4.7 97.9 4.8 95.7 22
0.005 111.0 4.9 98.0 8.6 110.0 6.4
PBDEI2 0.020 103.0 6.5 103.0 3.8 99.7 3.7
0.200 99.1 4.6 101.0 8.1 101.0 7.6
0.005 106.0 3.8 108.0 6.7 110.0 8.7
PBDEI13 0.020 94.3 6.3 109.0 7.6 94.2 3.3
0.200 94.2 4.2 102.0 4.0 94.9 4.7
0.005 107.0 7.2 91.3 6.7 96.0 5.9
PBDEI15 0.020 104.0 3.5 99.5 7.5 96.8 3.1
0.200 98.7 6.2 105.0 7.2 96.3 42
0.005 113.0 4.0 98.7 7.7 114.0 3.1
PBDE25 0.020 104.0 6.6 96.8 7.8 95.8 44
0.200 102.0 5.2 101.0 3.9 91.1 44

2.6 SEPREERNE

S e VA5 TR N0 NN & B > )
FiiF 5 FIERSE 20 PFRE A AT T IR A A, FERAE b1 PG
Hf PBDE7, &4 0.0007 mg/kg, 3% 3 k& H PBDE7,
Fr RN 0.0003 mg/kg, oAt 18 {FR S AK H .

3 4 1

ABEFEESL TG 8 Fh 2 Bk 9 U
- R IR TOEL, R A BTAL BT 3 A PR, %75 vA R
o, R A R A, POARBTTHLRE DR, &S T
[ o B8 35 H 22 i 22 1L DA TR 14 i 2 ARG 6

EE P
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