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Determination of hydroxylated polybrominated diphenyl ethers in human
blood by using solid-phase extraction and ultra performance liquid
chromatography-tandem mass spectrometry
Shi Yuquan, Wen Sheng, Li Jingguang, Zhao Yunfeng, Wu Yongning
( College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract. Objective A simplified analytical method comprised of solid-phase extraction (SPE) and ultra performance
liquid chromatography coupled with negative electrospray ion source tandem mass spectrometry ( UPLC-ESI™ -MS/MS) has
been developed for the determination of eleven hydroxylated polybrominated diphenyl ethers (OH-PBDEs) in human blood.
Methods The solvent for the mobile phase and the SPE conditions were optimized. Results The recoveries of the OH-
PBDEs spiked in human blood relative to internal standards were in the range of 53.2% -117. 9% at three spiked levels.
The relative standard deviations (RSD) were 4. 71% -18. 85% . The limits of detection (LOD, S/N =3) was in the range
of 0.00886-0.058 9 ng/ml. Conclusion The proposed method is sensitive, accurate, fast, simple, low solvent
consumption and suitable for the determination of OH-PBDEs in human serum without derivatization.

Key words: SPE; UPLC-ESI~-MS/MS; OH-PBDEs; human blood
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OH-PBDEs J&— 2% BA A 43 W6 T 30 1 5% ) 1y 2%
e & Wy, HoZE W 7 P 1L £ 00 I ik ( PBDEs) B
AT R VR BT R BT AE 0 5 R[], PBDEs
A 209 FlE 2, BB A G, D% L AT T 5] A 2
TR A gk g 14 405 L TR) AN X467 -, Rk, 209 # PBDEs 4k
BRIEIE R4 BT AR RS LE Y, T
JRT — Xt AR RSO 2 2 e 5 . B R OH-
PBDEs £ 28 7F A= Wk b (b ek g A i) |
TR ) A0 R (e e EL 3h
RN LB < o LN 9 N 187 5 <
FUIE 3 ot 9 4 Y 4 OH-PBDEs'®™°' . OH-PBDEs
U 20 8 1 00 2 1, Q0 2 M O 25 FE 0 DM N 2
T ORI M RS R Mg
PEU SR A A S ORI B R 5 R %
LA AR 5 0 S R, T 5 5 RO IR A R 52 8 57 1K
TRal #1 TRB1 zk & 0 OH-PBDEs Kt st 35 v 5 &= 8
it PBDEs BR{EA &1

F R385 A0 A W0k b o OH-PBDEs 40 #7 (9 4 i
R AL T 3 B SR P - B A R L R AR
B i R R A D s BRI A A I
W E A UM G- TR R R I8 (GC-
ECD) "™ s S M 0 3% -H T 4 3% 7 B9 T i ( GC-
ECNI-MS) """ S € 3% -/ 7 55 o -3 3% ( GC-EI-
MS) P00 S - Sy B T 3 d-RE (GC-
HREI-MS) """ i A 5 335 -k SR Ak 27 FL B -5 33 -
s (LC-APCI-MS/MS) ™' | i AR {0 3-8 7 W %5 -k
-5 1% (LC-ISP-MS/MS) | 8 125 25 ¥ A 1 3% - Fht 155
%58 T UR-HP 6 3% (UPLC-ESI-MS/MS) % 72
Horr GC-MS Xf OH-PBDEs 347 Kl 47 2 G 5 , i
PR B S A, (EL 20 B IR (] K, R AT AT
HE AR AR BT AT AR A R R FE 4, RIS A T4
SR 5 5 A, R TR A T AU b BRI
W R O mRERFEY RS RH T
NIOES SN

LT, A CHFSE T OH-PBDEs f#) SPE-UPLC-
ESI™-MS/MS 43 #7 J7 8, S~ 3k — 4 JF & OH-PBDEs
SR YR K B 4 5 B BE S HR A 7 R 2 0 S A

1 #R5FEE
L1 AAS )

Multi-Blok Heater & W ¥ ( 3 Lab-Line 7%
) 5 i RO AH 0 35 - H T 55 B - IR B (3
Waters) ; {0, i A% (C,, X A#HAE,100 mm x2. 1 mm,
1.7 pm, 3E[E Waters ) ; 5% 9 — 5 H k¢ (DCM) | IE
CBE (n-hexane ) s RERIL M5 BT ; (435 2 1 R (46
& 96% ) ; Oasis MAX Z£ B #: (60 mg/6 ml, ZE

Waters 23 1] ) 3 BT JE ik (MTBE ) ; #8 4li K 48 5
[l Millipore 2 7] 8 4li 7K % %t Ab B 5 I A 5] 27 Oy £
Fali ;s Al AR AR AR VAR

1.2 ARifEdh

OH-PBDEs #5 #fi: i #2428 & [ Accustandards 2y
# 4 7. 4 tHO-BDE-17; 2 “HO-BDE-28 , 3-HO-BDE-
47, 5-HO-BDE-47 # 2 <HO-BDE-68 & J& K
50 pg/ml;4-HO-BDE-42,4<HO-BDE-49 ,6-HO-BDE-
47,6-HO-BDE-85, 5 “HO-BDE-99 fI 6 “HO-BDE-99
W R 10 pg/ml; [F 7 % N k& M PHBDE,, Al
M,PHBDE o, & & 3k 50 pg/ml,

1.3 KA AL 3

£ 15 ml HZE P A (MR 43500 FH N I, —
AW LE . IE O ke vE, BT o A A AR B BT
M PHBDE,, (1 ng) #il M({PHBDE (5 ng) .0.5 ml §
Fifi I BETR AT 1 min JEAIA 1 ml 4 0fn, I BER 21 ,
JCE 4 °CYKFRVE O E 29 10 h, U B 7y &
WA 3 ml ¥ ERER RN 3 ml Z 75 5 min J5, 00
A 5 ml MTBE : n-hexane (1: 1) #8 /& 20 min J5 2.0
5 min(3 000 r/min) , B 5@ Tl B i (EE
PR3 W) o EARWMTRES ml, A6 ml 1%
KCL A vk i i , 3 0 B 2 T k4s ¢ b o
3 ml n-hexane/MTBE(9: 1) Fi 4 B /K& W " 7142
B i A C IR AE AR R IR, i 0.5 ml
FH B 35 Jin 7K a2 25 %1 6 ml,

SPE 4b ¥ 2 : i 3 ml DCM Fiyk SPE 4, fiJ&
AT, 3 ml HEE A3 ml B Ak, K
iR 6 ml BE S AR, KR 4 B 2 ml 5%
NH,H,0 2 ml 7K .2 ml 0.5% HCOOH (MeOH: H,0
4:1 V/V)Wk sk, T & Nl H %5 30 min, H & SPE
FER M B E 4 T . i J5 H 14 ml 2% H R R 3ok
o VR AE A R T ,200 pl ZJF: H,0(6: 4
V/V)EE, T,

1.4 Jrikimuk
L4 1 ZePEsig 56 RR

e b o R 4 95 i 26, o f OH-PBDEs ) ¥k
B4y 0.5.2.5,10,25.50 ng/ml, Y by i JE
M,PHBDE,, & 10 ng/ml. M,PHBDE,,, 50 ng/ml,
W Bm o R B0 W0 42 o3 ) HE 3 603 T A
HEAT 5T, LA B ARAL A 95 X I8 P8 A B A B 1 b B
Ae b, H bRk G 5 xR P9 A g TR Y L (R R 2 A
PR il Am v i e o TR] B0 T 2 1, n b Dl
55 DL 3 A5 A M Ll T IO 1 VR R A A B
14,2 YE6f B FORS 2 B A0

SR 4 o 1 A7 B (8] A 56 56 I 9k o A
FURG %5 B, 76 100 43 4= 1 A b By B 1 ml IR &
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1 R fy A8 IR 9 iy, 5 07K SF- 23531052 0. 4.1.0.2..0
ng/ml, $% [ IRGCHE 7 1 R AT RE S AL B S E . T
SN [R1 % K RH X b AR 25 (RSD)

2 #R5iE
2.1 ARG BTG A AL
2,11 WAHSRE A

WA T o W NG WEE(L: 1 v/
V) (O (41 V/V) K CEUK B R B IR 4
WAl A G R BE(K) (I OK) (O BB
(L1 V/V)(OK) SO RBE(4:1 V/V) (k) JH S
(5 mM NH,AC) .ZJf (5 mM NH,AC) W (K pH
=7.5 &K) HE0.1% WiR). 2 0.1% H
M) M WEE(1:1 V/V) (2 mM .5 mM NH,AC) |
Mg HEL(4:1 V/V) (2 mM .5 mM NH,AC) %, [t
BT AR HE0.1.0.15.0.2.0.3.0.4 ml/min F Ay
3 B AH L 5 [ I 38 LU T A [A) A iR (30,35 40 °C) Al
AFEEERE (Cy A Cp) BB AL, B J5 B 4% C (a3
FE AR BCE N 35 °C Ji i 0.3 ml/min Y ) AH N
CHEFUK HBEE (WK 1) .

# 1 11 Fl OH-PBDEs il 1= 3 €035 73 B 19 il sh AR A6 &

Table 1  Eluent gradient for the separation of eleven OH-PBDEs

with ultra performance liquid chromatography

I [1] W (ml/min) % A(ZHE) % BOK) Hh £k
0. 300 60.0 40.0 T

1.00 0. 300 60.0 40.0 B

8. 00 0. 300 75.0 25.0 B
9.00 0. 300 100.0 0 B
10. 00 0. 300 100.0 0 B
11.00 0. 300 60. 0 40.0 B
14.00 0. 300 60. 0 40.0 B

2.2 JRigFAMA

Bk S8 i A ESTT s B4 R 3.5 kV;
B IR BE 115 °C 5 BV 7 B 600 °C 5 4 LA ik
50 L/h B 5 A0 it 600 L/h g 22 A6 IRk H 2
NLAG I AL (MRM) |, WL3R 2,
2.2 SPE ZAF (R UEFITE LA ) A4k

H Tk B AR A W b e e R A
PERE LA T AR L 5% NH,H,0(0.1.2,
3 ml) RS R (ULE 1) o iy T I iR i LE 3T, 7
TR A — a2 E B R R R (oK) Rk
ZEAWRTE, g AR RN ] R e S5 ¥R 2 ml 0.5%
R F s 7K (421 V/V) ke . Wk B ik 72 L 34 )
AN e B R R R (2% 3% (4% 5% ) VB 4
(W 2) o BEAHZEBRAHMR KA 1.1.2.2.4 14 ml
2% VPR P G , AC 4R 25 A 4 43 Wk A O BE BT 43
Mt , 21 OH-PBDEs 7E1%H: L UE i i £ (WL 3) o

2 11 f OH-PBDEs i i f£ i il 5 44
Table 2 Mass parameters for the analysis of eleven OH-PBDEs

1G4 B BEF->FET #HAEE Eak
42HO-BDE-17(3001) 421.00—78. 70 38.00  32.00
421.00-186.00  38.00  32.00
22HO-BDE-28 (3003 ) 423.0078. 70 25.00  16.00
423.0081. 00 25.00  16.00
4-HO-BDE-42 (4001) 500. 80—80. 80 25.00  35.00
500.80-265.50  25.00  25.00
42HO-BDE-49 (4002) 500.80 >265.50  38.00  35.00
500. 80—80. 80 38.00  35.00
3-HO-BDE-47(4003) 500.80—251.20  38.00  35.00
500. 80—80. 80 38.00  35.00
5-HO-BDE-47 (4004) 500.80>251.20  38.00  35.00
500. 80—80. 80 38.00  35.00
6-HO-BDE47 (4005) 500. 80—80. 80 25.00  35.00
M, PHBDE,, 513.0079. 00 25.00  35.00
513. 0080 80 25.00  35.00
2<HO-BDE-68 (4006) 500. 80—80. 80 25.00  32.00
6-HO-BDE-85(5002) 578. 80-78. 70 3200 25.00
578. 8080. 80 3200 25.00
M, PHBDE 592. 80>80. 80 18.00  14.00
592. 80—79. 00 18.00  14.00
5<HO-BDE-99 (5006) 579. 80—80. 80 15.00  20.00
578. 8078. 70 15.00  20.00
6<HO-BDE-99 (5007) 579. 80—80. 80 38.00  42.00
579.80—331.00  38.00  42.00
1600
1400
E}ggg ‘ =0ml 5%NH H,0
= 800 = Iml 5%NH.H,0
& 600 2ml 5%NH,H,0
m 400 =3ml 5%NH H.0
CIR | [1 e
SONA AT AT
PP IRR LRI

B 1 R BE AR R OH-PBDEs Y [ i
Figure 1  Effects of different elution volume on the

recoveries of OH-PBDEs congeners

& 1400
5 1200
£ 1000 #2%HCOOH
‘;g 800 =3%HCOOH
& 000 4%HCOOH
2 400 | I =5%HCOOH
& 200
= oM wi o it M
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5 o° ¥’ 9 9
RN RATIEIE N NN
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B2 ASE BN 7% OH-PBDEs [y [l 5 i
Figure 2 Effects of different eluents on the

recoveries of OH-PBDEs congeners
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120.0% V/V 4 1) kv 7E U T fil B 2s 2 /N 2 SPE FE IR
100.0% o o SN v %
1000 “im) Se4e T, P10 ml 20 51 R BB vk I 61 U R
~ N "4m
# 60.0% w2ml g
= 40.0% “2ml o
20.0% =Iml 2.3 HiEHEE
0.0% =lml TN
A ® N0 @d D P 2.3.1 RMExRAR
NASASESASAAN A i Aol AL
SR D D DD S 0.5 ~50 pg/L Yol 11 N0 BHA R
PR XL/ LJL IR/ STIOgR, > ¥
8RR T ST HHELR(MFE3) MERE(R) KT 0.984 (I
723 S —
F3) A3 AEEMREL (S/N) X R bRk AL B T
B3 HbRfea okt & TR (L 3) .
Figure 3 The elution curves of target compounds
3 11 i B 20 VR HR SR 0 ] 09 J7 B ek IXC ) RO L R
Table 3  Regression equations, linear range and limits of eleven HO-PBDEs
Yook 22 VL IR R Tk LAETE 2 b T LR AH S J7 B BR
(OH-PBDEs) (pg/L) - R? (ng/ml)
4-HO-BDE-17 0.5~50 y =2.918x-0. 252 0.997 0.0151
2-:HO-BDE-28 0.5~50 y =0. 824x-0. 259 0.987 0. 0200
4-HO-BDE-42 0.5~50 y =3.750x-0. 0935 0. 996 0.0137
4-HO-BDE-49 0.5 ~50 y =10. 464x + 1. 459 0. 996 0.0117
3-HO-BDE-47 0.5~50 y =1.040x +0. 0832 0.998 0.0218
5-HO-BDE-47 0.5~50 y=1.183x +0. 187 0. 994 0. 0206
6-HO-BDE-47 0.5 ~50 y =0.228x +0. 0229 0.984 0.0173
2-HO-BDE-68 0.5 ~50 y =0.485x —0.0515 0. 995 0. 00886
6-HO-BDE-85 0.5~50 y=17.764x — 6. 943 0. 990 0.0179
5:HO-BDE-99 0.5~50 y=18.633x +2.301 0. 996 0.0390
6-HO-BDE-99 0.5 ~50 y=20.197x +1.452 0.998 0. 0589
2.3.2 ‘{Eﬁﬁ}_gﬂ] *%’u’:g»g [ 2] UENO D, DARLING C. Hydroxylated polybrominated diphenyl

WAt 3 A IR B AR 5, X bR K CSF 43 03
AT 3 AT O . H Rl i ol 53.2% ~
117.9% (100 ppb 4 wl) .64.9% ~115.1% (100 ppb
10 wl ) il 66.2% ~109.7% (100 ppb 20 wl) ; RSD
4351 :8.73% ~18.85% (100 ppb 4 pl) .6.81% ~
18.2% (100 ppb 10 wl ) Fl 4.71% ~ 16.8% ( 100
ppb 20 wl) o 45 5 2 W% 7 v 1 T i 2 5 G
I FRE AT EE

3 &k

ASzg sy T ALH 11 OH-PBDEs iy SPE-
UPLC-ESI ™ -MS/MS Kl J5 3% o [ AH & B i) £ sk
T B HLE TR 4 B EOR A B ]
ASCWRRR 2 1 B A R 4 1 R D B TR] 9 HL G 200 X A
mn T AL AL T AL B A R . AR k] it — 4
J¥ ¢ OH-PBDEs Il S AH B 4 0 R A 58 S 4t 5 vk
SR

5% 3k
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