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Abstract A comprehensive analytical method based on high performance liquid chromatogra-

phy-tandem mass spectrometry HPLC-MS/MS was developed for measuring 6 exogenous
endocrine disruptors — bisphenol diglycidyl ethers including bisphenol A diglycidyl ether

BADGE  bisphenol A glycidyl 2 3-dihydroxypropyl ether BADGE: H,O0  bisphenol A
glycidyl  3-chloro-2-hydroxypropyl ether @ BADGE - HCI bisphenol A  3-chloro-2-
hydroxypropyl 2 3-dihydroxypropyl ether BADGE- H,O- HCl Dbisphenol F diglycidyl
ether BFDGE and bisphenol F bis 3-chloro-2-hydroxypropyl ether BFDGE: 2HCI . The
samples were extracted with methyl tert-butyl ether MTBE by ultrasonic wave assistant
extraction. The extracts were cleaned up and concentrated on multi-walled carbon nanotubes

MWCNTs . The target compounds were analyzed by HPLC-MS/MS under positive ion mode
using a COSMOSIL C ; column as analytical column. Under the optimal conditions the calibra-
tion curves showed a good linearity in the concentration range of 1.0 - 100. 0 wg/L for 6 target

compounds. The correlation coefficients 1° were higher than 0.999 1. Recoveries of 6
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analytes at three spiked levels ranged from 78. 6% to 89.9%
less than 10%. The detection limits of the method ranged from 0.5 to 1.5 pg/L. The

RSDs

with relative standard deviations

method is sensitive and simple and is suitable for the rapid determination of the migration of

bisphenol diglycidyl ethers from food contact materials.

Key words high performance liquid chromatography-tandem mass spectrometry HPLC-MS/

MS multi-walled carbon nanotubes solid-phase extraction SPE bisphenol diglycidyl
ethers migration food contact materials
H,0 A 3- -2- BADGE -
A HC1 A 3- -2- 2 3-
BADGE F BFDGE BADGE- H,0- HCl BFDGE F 3- -
‘ BADGE BFDGE 2- BFDGE- 2HCI =95%
Sigma =
2-4
A 1.2
10. 0 mg
> 10 mL 1.0 g/L 4 C
100 mg/L
4 C
MWCNTSs 1.0 mg/L
MWCNTSs 1.3 MWCNTs SPE
MWCNTs SPE
SPE o7
- 0.25 g MWCNTs SPE
HPLC *° - MWCNTs
LC-MS " GC- 1.8 cm 5 mL 5 mL
Ms " - LC-MS/
MSs MWCNTs SPE 1.4
HPLC-MS/MS - 1.4.1
2.0 g 50 mL 15
mL MTBE 1 min 20 min
1 7 500 r/min 5 min
1.1 5 mL MTBE
APT 4000 ABI
SPE 40 C 5 mL - 50:50 wv/v
Supelco Sigma 2 mL
1.4.2
MTBE MWCNTs SPE
Merck 1 mL/min 5
mL 5 mL -
MWCNTSs 20 ~30 nm 5~10 pm 60:40 v/v
- 40 C -
BADGE A 2 3- BADGE- 50:50 v/v 1 mL 0.45 pm
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HPLC-MS/MS 1.6
1.5 ESI
COSMOSIL C, 150 mm x2 mm 413 kPa
2.5 pm 30 C A B 448 kPa 5500.00 V
0.1% 5 mmol/L 137 kPa 500 C
0 ~10 min 40%B ~5%B 10 ~15 min 5%B MRM 6 -
15 ~16 min 5%B ~40%B 16 ~20 min 40%B
0.25 mL/min 10 pL 1

1 6 -
Table 1 MS parameters for multiple reaction monitoring detection of 6 exogenous endocrine disruptors

Compound Precursor ion m/z Product ion m/z Collision energy/eV Declustering potential/V
BFDGE 330.4 133.2° 163.2 22 18 52
BADGE 358.4 191.2° 135.2 21 40 52
BADGE: H,0 376.5 208.2% 135.2 20 40 56
BADGE:- HCI 394.1 227.2% 135.4 20 40 55
BADGE: H,0- HCl 412.2 209.3° 199.2 25 22 57
BFDGE- 2HCI 402.2 199.2° 181.2 22 30 56
# quantitative ion.
2.2
2
2.1 MTBE
100 pg/L - -
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15 min
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t/min Fig. 2 Recoveries of bisphenol diglycidyl ethers
s in canned foodstuffs by different extrac-
. tion solvents
5 pg/L MRM
Fig. 1 MRM chromatograms of 6 bisphenol
diglycidyl ethers 5 pg/L 2.3 MWCNTs
Peaks 1. BADGE:- H,O0 2. BFDGE 3. BADGE:- H,O- MWCNTs

HCl1 4. BFDGE: 2HC1 5. BADGE 6. BADGE:- HCL
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MWCNTs SPE MWCNTs 150 mg
400 mg 2.0 g 20
ng/g 1.4.1
SPE 1.0
mL/min 6 mL - 50:50 v/v
3 3 250 mg MWC-
NTs 6
MWCNTSs 250 mg
100
g0 -
- I
‘f: 60 |- ——BFDGE
3 [ —O—BADGE
& I —¥—BADGE-H,0
40 —2— BADGE-HCI
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[ —0— BFDGE-2HCI
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Fig. 3 Effect of MWCNTSs dosage on recoveries
2.4
20 ng/g MWC-
NTs SPE
6 mL
1.0 mL/min
BFDGE BFDGE- 2HCI
4 80%
BFDGE BFDGE
2HCI1 80% 4
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3
4
60:40
- 60:40 v/v
1. 0 mL/min
3 -
5 mL

5 mL

1097-
90 [
X 80
F
“g —&— BFDGE
3 70 —C—BADGE
~ —¥— BADGE'H,0
—4—BADGE-HCI
t —*— BADGE-H,0-HC1
60 —0— BFDGE-2HCI
| L L L L | L L L L Lo v | L L L L |
30 40 50 60 70
¢ (Methanol) / %
4
Fig. 4 Effect of methanol volume proportion
on recoveries
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Fig. 5 Effect of eluent volume on recoveries
2.5

6 = 1.4

1.0 2.0 5.0 10.0 20.0
1 mL

100.0 pg/L

HPLC-MS/MS
MRM Y

X pg/L 6
LOD S/N=3 2

S/N =3
Table 2 Regression equations correlation coefficients

r* and LODs S/N =3 for 6 target com-
pounds
Compound Regression 2 LOD/
equation * wng/L
BFDGE Y =1700X +225 0.9993 1.0
BADGE Y =4200X + 107 0.9997 0.5
BADGE- H,0 Y =2100X -112 0.9991 1.5
BADGE:- HCl Y =2400X + 103 0.9995 1
BADGE- H,0- HCI Y =1124X +246 0.9997 1
BFDGE- 2HCl Y =1420X +253 0.9994 1.5

# Y peak area X mass concentration wg/L.
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2.6 40000
2g & -
B - 30000 |
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10000 -
78.6% ~89.9% I
RSD 10%
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3R 6 - 4000
n=6 r
Table 3 Average recoveries and relative standard r b BADGE-H,0-HCI
deviations RSDs of 6 bisphenol diglyci- 3000 -~ l
dyl ethers in a garlic sample n =6 2 [
5 [
RSD/% >
Spiked/ Recovery/ —————— 2 2000 -
Compound Inter- Intra- Z [
ng/kg % 3 r
day day = r
BFDGE 5 84.6 4.3 2.6 1000
10 86.3 5.5 3.2
20 89.9 7.3 5.6 0
BADGE 5 83.5 3.9 2.9 0
10 79.5 6.8 5.4 ¢/min
20 87.6 4.6 2.7 6 MRM
BADGE- H,0 5 89.9 6.1 4.5 Fig. 6 MRM chromatograms of real samples
10 82.4 7.5 6.3 a. fish canned foodstuff b. garlic canned foodstuff.
20 87.3 4.7 2.5
BADGE: HCl 5 86. 1 5.8 5.6
10 82.6 5.9 4.3
20 85.5 4.6 2.4
BADGE- H,0- HCI 5 85.5 5.9 36 1 Pardo O Yusa V Leon N et al. J Chromatogr A 2006
10 87.8 6.3 4.2 1107270
20 79.6 71 59 2 Cabado A G Aldea S Porro C et al. J Agric Food Chem
BFDGE- 2HCI 5 83.7 8.3 6.1 2008 46 1674
10 89.7 5.9 3.3 3 Luo SL WuSL Zhang CH etal. Food Science
20 78.6 6.5 4.7 : 200930 752
4 Leepipatpiboon N Sae-Khow O Jayanta S. J Chromatogr
2.7 A 2005 1073 1/2 331
5 Hu X W Zhang WD LiuY Q. Food Science
. 2006 27 4 264
6 1 BADGE - 6 Min G WangS Zhu H etal. SciTotal Environ 2008 396
H,0 3.02 pg/kg 1 L7
7 Zhou Q X Xiao J P Wang W D. J Chromatogr A 2006
BADGE:- H,O0- HCI 2.23 /k
2 8/ K8 1125 2 152
3 8 Nerin C Philo M R Salafranca J et al. J Chromatogr A
2002 963 1/2 375
9 Sun C L Leong L P Barlow P J et al. J Chromatogr A
2006 1129 1 145
6 - 10 Garcia R S Losada P P. J Chromatogr A 2004 1032 1/
MWCNTSs-SPE-HPLC-MS/MS 2 37
MWCNTSs 11 Vilchez J L. Zafra A Gonzdalez-Casado A et al. Anal Chim
Acta 2001 431 1 31
SPE 12 Zhang CH Luo SL Wu SL etal Journal of Instrumen-

tal Analysis
2009 28 6 714





