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Determination of hexabromocyclododecanes in infant formula by ultra high performance liquid
chromatography-tandem mass spectrometry
SHEN Fei, WANG Xi, ZHU Feng, ZHANG Lihui, GU Jing, JI Wenliang

(Jiangsu Provincial Center for Disease Control and Prevention, Jiangsu Nanjing 210009, China)

Abstract: Objective To establish a method for the determination of hexabromocyclododecanes in infant formula using
ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The samples were
dissolved in water, extracted with acetonitrile, and purified with enhanced matix removal lipid (EMR-Lipid) combined
with QuEChERS dispersed adsorbent. The analytes were separated on an ACQUITY UPLC BEH C,, column (2. 1x100 mm,
1.7 pm) with water and methanol/acetonitrile (50: 50, V/V) as mobile phases. The target compounds were analyzed by
multiple reaction monitoring mode(MRM) and quantified by isotope dilution internal standard method in negative scanning
mode. Results The correlation coefficients (r) of three hexabromocyclododecanes were above 0. 999 in the range of 0. 5-
50 wg/L. The detection limits and quantitative limits were in the range of 0. 01-0. 04 pg/kg and 0. 03-0. 13 pg/kg, respectively.
The recoveries ranged from 92. 1% to 100. 2%, and the relative standard deviation were 1.2%-3. 8%. Conclusion The

method is simple, accurate and sensitive, and can be used to detect hexabromocyclododecanes in infant formula.
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Table 1 Gradient elution program for mobile phase
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PERER Y 10 WL B VR Y L3R 1. B 2.
#2 kS
Table 2 Mass spectrometry parameters
E £ B8 B 8] /min REF/(m/2)  FEF/(m/z2) FEHEE/V SRV
«,B,y-HBCD 2.86,3.02,3.32 640.5 80.9%,78.9 24 15
“C,-a-HBCD, ®C,,-B-HBCD, °C ,-y-HBCD 2.86,3.02,3.32 652.6 80.9%,78.9 24 15
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Figure 1  Extracted ion chromatogram of hexabromocyclododecanes
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Figure 2 Effects of different solvents on recovery rate

SEH T AN IRl 4 O O HBCDs 14 2 AL
J 38 7E 2 FRE A PO AR 25 pe/ke, 43 BIOR
710 min JRFE 10 min 75 10 min 255 #RFE 10 min
HEATRE S B, L B He IR 1. 2.2 Ab 3 AR 4
Xl e, g 3 B, 3 BT 20Ok PR B8 RO B
U o dE— 22 R 0 (A X HBCDs $2 BRI 1 5%
W, 0 B PR #% 5,10, 15,20 min, 3158 46 X%F 8] g % .
WE 4 s, $2 B a1 T B-HBCD W52 Mm%k,
Wi 25 5 RS (0] A9 JE K, B-HBCD #1545 R %L ik
PEFE 10 min Sy U A]



B2 LT J5 Wy vh 7S U B b B g RR 3 — S TR B kI E —— A 4

—435—

= it
100 - = R o
R AR
S 80
£ oor
E 4ol
E 40
NV 20 L
0 : a
CD B-HBCD y-HBCD
I3 Iy =00 A1 1 52 i
Figure 3 Effects of extraction methods on recovery rate
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Figure 4  Effects of extraction times on recovery rate
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Figure 5 Effects of EMR dosages on recovery rate
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Figure 6 Effects of purifying agents on recovery rate
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Table 3 Linear equations, LODs and LOQs of HBCDs

&Y ZE P/ (pg/L) 27 e R B G B/ (pg/kg) IR/ (pg/kg)
a-HBCD 0.5~50 ¥=0.186 6x-0.005 0 0.999 9 0.04 0.13
B-HBCD 0.5~50 ¥=0.183 4x-0.006 6 0.999 9 0.01 0.03
vy-HBCD 0.5~50 ¥=0.187 7x-0.006 2 0.999 9 0.03 0.10
2.5 [EDfSCR 5 A X A o i 22 1.5%10" -
N -HBCD
525 4IRS WP R S AR (2. 5 g/kg) ¢
(25 pg/kg) (125 we/kg) 3 Ak BE AR G A5 M
. - N 1x10*
VW IR 1 2.2 WAL RS SR AT 1. 2.3 AR EEAT 2> 2
M, BEAMRE EE LI 6 Wk, [ B Bk 2 /. %
LE VLI 4, J7 1 0 R R FORS 9% 8 R 4 5%10' F
# 4  HBCDs By s ml e Ok %
Table 4 Recoveries and relative standard deviations of HBCDs | h I !l!

(AR AR/ (ng/kg) SEH R/ % RSD/%
2.5 98.5 3.8
a-HBCD 25 93.6 1.4
125 100.2 2.7
25 97.1 2.8
B-HBCD 25 92.9 1.2
125 97.9 2.9
2.5 97.2 25
~y-HBCD 25 92.1 2.0
125 98.5 3.0
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Figure 8 Extracted ion chromatogram of positive sample
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