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Determination of hexabromocyclododecanes and tetrabromobisphenol
a in water by high performance liquid chromatography — tandem mass
spectrometry

ZHU Chaofei' GUO Jing' YANG Wenlong' YIN Yezhu' YANG Xi'
FAN Hongli? LYU Meiling’ DU Bing' ™

(1. State Environmental Protection Key Laboratory of Dioxin Pollution Control, National Research Center for Environmental
Analysis and Measurement, Beijing, 100029, China; 2. Agilent Technologies (China) Ltd., Inc., Beijing, 100102, China)

Abstract A method for simultaneous determination of hexabromocyclododecanes (HBCDs) and
tetrabromobisphenol A (TBBPA) in waters was developed using LC-MS/MS. After being adjusted to
pH=2—4, the water sample was subjected to liquid—liquid extraction using dichloromethane, and the
extractant was then cleaned up by silica gel solid phase extraction (SPE) cartridge. The resultant
sample was analyzed using LC-MS/MS and quantified by isotope dilution method. The limits of
detection were in the range of 0.3—0.5 ng-L™', and spiking recoveries ranged from 91.8% to 117%,
with relative standard deviations of 3.1%—11.9%. The established method was reliable, sensitive and
was suitable for the determination of HBCDs and TBBPA in various types of water matrixes.

Keywords hexabromocyclododecane, tetrabromobisphenol A, LC-MS/MS, water.
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A, FEEAE 2021 4F 8 A T 1k /SR Zbg A9 42 7 M8 . HBCDs SRR L 54, 1l TBBPA HAT — & MR 1,
PP B9 23 BT 7 vk 22 2 AR (38 Bl o 32, (HUR [ A i oR % A1 /K 4 o [ 25 i€ HBCDs #1 TBBPA #7347 7
V5, T A B 28 05 1 2 AR TR B — A AR A SR . D DR A A FR I, R 55 3 i 240 M 0 A 5 2, A SR T A
IS 1 R 2 BB ) i b B AL i, 57 T ()25 0 7 7K o HBCDs Rl TBBPA. (14 (5 0B (04335 - R I T 335 /) 4o A R k.

1 L4 (Experimental section)
1.1 A5G

ol RCRHR €38 - R B B3 A% (1290 Infinity 11 — 6470 LC-MS/MS, 3£ [ Agilent 28 1), A LI I — 5 H B2 FIIE © 4
(a4, 92 E Honeywell A #]) . HEEAN 2 (i 44, 3¢ [ Fisher 28wl )5 K SPE /MVHE (1 ¢/6 mL, 32 [# Agilent 2
F ) 5 BRI S I A8 VR E ) BT A AR E A R (pg-mL ), B VR AR
1.2 AU &AM

4,4 ¥+ & RRHD Eclipse Plus Cg {43545 (2.1 mmx 100 mm, 1.8 um, 3% [# Agilent /A &) ) ; i sh 40 A 7K (A) Fl 2 iE
(B). I i S1AH 30%B, 2 min Z 70%B, 3 min % 80%B Jf-4E £ 2 min, 8 min &% 2 85%B, 9 min K Z ¥4 LB, 5 min
FEPAF I ). 3 0.3 mL-min™', #FFEEEY 5.0 pL, AEIR R 35 °C. R JHHE Ui L 25 25 1R (JetStream ESI), LA B %
SR W (MRM) 82 G AT I, B AR R L R 2K AR MRM SRR S 80 002 1. SR A (RIS 2830 R vk 1 1 3500 X i
W L B AR 2T B AT

3 1 HBCDs il TBBPA K[ 2 45 MRM SRS KL
Table 1 MRM mass spectrometric acquisition parameters of HBCDs and TBBPA

EY HIPRES F(m/z) FET/z) TR RV i ARV
Compound Precursor ion Product ion Fragmentor Collision energy
a-HBCD 640.6 79%/81 80 17/10
B-HBCD 640.6 79%/81 80 17/10
y-HBCD 640.6 79%/81 80 17/10
"*Cy,- a-HBCD 652.6 79%/81 80 11/21
"*Cy,-B-HBCD 652.6 79%/81 80 11/21
"Cy,-y-HBCD 652.6 79%/81 80 11/21
D,s-0-HBCD 658.6 79%/81 80 11/21
TBBPA 542.7 417.7%/291 200 46/47
°C1,-TBBPA 554.7 430.7%/296.7 200 40/40

T e T

1.3 HEATTAL R

U1 LKFEE T 1500 mL 40 WU =1 b, FH#R £8 BR /K I RO 5 pH<4, %8 il 20 ng 9 °C,-0-HBCD, "C,,-B-HBCD,
13C,,-y-HBCD F1C,,-TBBPA [Al i Z#ACH G, MIA 50 mL — 58 H e AT IO AR HL. 52 7% AL 5—10 min, #+% 10 min
Db, AU S KA 43408, WA HLAH. 2K 2—3 Ik, & A WL, A WU TR TR IRRMIBK, R4 s 2 F
Ot S i Pk g A RS BORE. i 10 mL 4 F e 5 1E O ke Ak, BE5h ERES, I 10 mL 5 H Be-1E S e iR R (v,
2/1) VM, VeI 45 5 4 %5 1 mL T, WS 20 ng D g-0-HBCD, £ 0.20 pum JE B ot 8, #6752 3R/ NS AL,

2 ZR5he
2.0 AW

AHIFFE 8 PO I, LUIRR i 50 ng- L7 A 2 /K o BIFSE0F 52, 25 %€ pH (B FIAE BOOCRO ISR B 2 . (4]
1 JRIR YRR, pH2—4 I, HARY DGRBS . J3 50, R AR 2 YO 3 U4 [T ARANAT A . 35 22 5. b ik D 51
THFE L L 1 o b BRAGR, AT P AR HOR KO 2 .
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Fig.1 Extraction results of HBCDs and TBBPA in different pH
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22 WeMEFIA DL

P @ e-1E CREIRAE RN (V1Y, 2/1) R s, 25 2800 0t & (452 0. 38 1 437 TBBPA 2 HBCDs 136 ith £k

(K 2), 5 mL B HERE AP IR FEATR T 100%. 25 FEAS [ HE K FAHZEBUMER) 22 5, L 10 mL R PeBAARER, SE47 00
R ISR AE 91.1%—107% 22 [].
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Fig.2 Elution curve of TBBPA and HBCDs

the solvent was dichloromethane/hexane (V/V, 2/1)

23 ZMEREL KRS T TR
HRYE HI 168-2020 25 [ S246 i A Ky 1 H AR T 0K Hh BRI 78 57325, LA 2 ng- L' (97K 8V S s e BRI 2 1) e
B, BEl 7 6y FATKRE, JF IR A T AR o A I ik, TH AR 25, T L 3.143 15 3 J5 At B, A R Ry R A i R 11
4 f%. TBBPA }% o-HBCD. B-HBCD F1 y-HBCD 77 3k i FR 43518 0.4, 0.3, 0.5, 0.5 ng' L' ( 2).
% 2 HBCDs # TBBPA [WiE C e/ — S e gt 56 & S i fR L 2 =R
Table 2 R?, LOD, LOQ and linear range of HBCDs and TBBPA different types of environmental water matries

wEY) AN (pg L) LR X 0 17 DA 5 AR 137 PR~ A AR X A v i 22/ % . .
. LOD/(ng'L"") LOQ/(ng-L™")
Compound Linear range Average RRF RSD of average RRF
TBBPA 0.5—100 1.85 6.76 0.4 1.2
a-HBCD 0.5—100 1.21 11.5 0.3 1.2
B-HBCD 0.5—100 1.13 7.05 0.5 2.0
v-HBCD 0.5—100 1.19 5.64 0.5 2.0

2.4 5K B IET L AR
RN 3 fr s R RIK AR FE T, 490 1) 1 L K ARSE R H a0 5 ng L', 20 ng'L™" 3§ 100 ng- L™ BYFRAER R, 4
LA T AT IAREE (AR R AT AL R, LC-MS/MS HEATINE . b 3R Iy vE AT HE i BE SO AR S 46, FTA 45 2R I 3. 3R 3 7T
A, 4 R EARYI A TR 91.8%—117% 2 [i], 052 45 5 A RN o i 25 76 3.1%—11.9% Z [, W% 5 % IE W
JEE N B v, RE RS A2 YR S B A0 K.
R 3 NTE] KB AR A 8] i 5 FORS 5 B2 Kl
Table 3 Recoveries and RSD of HBCDs and TBBPA in different types of environmental water matrixes

S VIR /(ng L) a-HBCD pf-HBCD y-HBCD TBBPA
Matrixes Spiking levels mie#/%  RSD/  MCE/%  RSD/ WIMEH/%  RSD/ ME/%  RSD/
Recovery % Recovery % Recovery % Recovery %
5 108 5.5 112 8.3 111 8.6 110 11.9
IKZSH 20 94.0 9.6 97.0 7.4 96.1 10.2 96.5 6.1
100 99.5 10.7 104 8.7 99.3 9.5 100 6.8
5 112 8.6 117 4.9 115 6.5 114 10.4
i:
b ok 20 100 10.1 103 8.4 100 9.6 97.5 6.7
. 5 117 6.0 115 6.4 111 7.8 110 11.9
13
K 20 91.8 6.4 96.5 6.3 93.9 8.8 93.3 35
- 20 103 4.5 100 5.0 97.4 5.6 98.4 3.1
2 “l‘/
AT 100 103 6.9 104 5.0 103 5.7 103 5.2
20 94.7 4.0 95.8 4.9 93.8 6.6 92.4 3.9
k%,
ek 100 102 4.6 107 5.5 104 5.7 104 3.6
e 5 107 7.7 106 35 109 6.5 102 6.7
K 20 105 5.5 111 6.4 109 6.0 115 7.8
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3 %5 (Conclusion)

AT R T T A7 28 i T 0k 45 A R 2SS0V A €20 i R BB B I B T B B B R, ST T TR] B 43 Bt K R e HBCDs Al
TBBPA R ACBHBAF A4 i K ik, %0 vk B RO = L e . PP a9 e, BAmT4/0, o] T 452K 5
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