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Determination of 12 organophosphate esters in honey by ultra-high-performance liquid
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Abstract: Objective To develop a method for the determination of 12 organophosphate esters (OPEs) fire retardants

in honey by ultra-high-performance liquid chromatography-high-resolution mass spectrometry. Methods The samples
were enriched, extracted and cleaned-up by a sugar-induced acetonitrile-water liquid-liquid extraction system, eluted with
a gradient of methanol-formic acid-water, and then separated on a HSS T3 chromatographic column (2. 1 mmx100 mm,
1.8 wm). The analytes were determined by high-resolution mass spectrometry in the targeted single-ion monitoring mode,
with the quantification by isotope internal standard method. Results The linearity of the 12 OPEs, with R>>0. 99, was
observed from 0.2 to 20 pg/L, while the range of the LODs and the LOQs were 0. 05-0. 3 wg/kg and 0. 1-0. 9 wg/kg,
respectively. Recoveries of the 12 OPEs at three different spiked levels ranged from 86.2% to 119.5%, with RSDs
ranging from 1.24% to 8. 16%. Analysis of 16 honey samples revealed 100% detection of TPhP at concentrations ranging
from 1.7 to 11.8 pg/kg and 50% detection of TEP at levels from LOD to 1.5 pg/kg. Conclusion The method is
convenient, reproducible, sensitive and suitable for the trace determination of OPEs in honey.

Key words: Organophosphate esters; sugar-induced liquid-liquid extraction; honey; ultra-high- performance liquid
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Figure 1  Effect of different ratios of formic acid in methanol-water as a mobile phase on the response strength of 12 OPEs
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Figure 2 Extracted ion chromatograms of 12 OPEs in tSIM mode
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Figure 3 Enrichment factor and absolute recovery of 12 OPEs in acetonitrile-water mixtures of different ratios
#1127 OPEs WY BRANR IS B
Table 1 Detailed detection information for 12 OPEs
ST A At PR R A /min - BB T /(m/2) FEF/(m/z)  WhE/(pg/kg) PR/ (ug/kg) R’ B Yigse
TEP TEP-D 4 5.31 183.079 4 155.055 1 0.3 0.9 0.9957 0.86
TCEP TCEP-D,, 6.27 284.960 1 160.984 3 0.1 0.3 0.998 8 0.96
TPP TPP-D,, 8.26 225.126 7 165.065 8 0.05 0.1 0.997 2 0.89
TCIPP TCIPP-D, 8.3 327.079 0 175.003 5 0.1 0.3 0.993 4 1.16
Vo6 TCIPP-D, 8.53 582.901 1 234.850 4 0.2 0.6 0.993 5 0.88
TDCPP TDCPP-D, 4 9.33 428.890 4 198.883 7 0.05 0.2 0.998 4 0.89
TPhP TPhP-D 9.43 327.078 5 215.054 8 0.05 0.2 0.993 7 0.98
CDPP TPhP-D 9.89 341.052 1 152.117 3 0.05 0.1 0.997 3 1.03
TBP TBP-D,, 9.96 267.173 3 211.108 5 0.05 0.1 0.998 1 0.92
TBOEP TCIPP-D, 10.23 399.2513 199.079 5 0.1 0.3 0.990 5 1.19
RDP TPhP-D, 10.48 575.100 9 419.104 7 0.05 0.1 0.9919 0.89
BABP TPhP-D, 12.35 693.105 5 367.089 2 0.2 0.6 0.996 0 1.09
86.2%~119.5%,RSD H 1.51%~10.23%, X—45%  OPEs TEMEEREA P RK .
FWT AKG I 7 1 A B 1) TR R RO 25
2.5 SEBRRESN I E 3 &g

AU AT 38 16 43 1156 e B AR A BEAT 01
Hoh TEP WK R 50% , He B 3 [ ok A A 1l ~
1.5 pg/kg, TPhP i T4 UL L & 7™ & 09 R 1 9 7T fiE
i 3 2 M A 2R W PR N R AR BT T B R A
100% K il , W BEYE IR Ry 1. 7~11. 8 pg/kgo HAR 10 Fif

AT 5T 8 1 B A SU-LLE $5 R | 45 4 3 % FE 0
H &Rk, I & T — R g X e T 12 Fl OPEs
14 1o RORE il AL B VR A T — e A R R
WO MR MG . TR ERAE R R, B
5T 3 RGN X OPEs A6 0 o 5 M %) 95 7 5% i, [+)
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2 1250 OPEs 78 34 2 Hh it [ i 42 AR X A v i 22 (n=3)
Table 2 Spiked recoveries and relative standard deviations of 12 OPEs in honey (n=3)
I _ hnfﬁi E R . Jm@?i 2 pg/kg _ ﬁnﬁﬁi 10 pg/kg
Jn s a1 e 2 /9% RSD/% s 1 e/ % RSD/% I (a1 /9% RSD/%

TEP 106.8 6.52 117.0 8.16 103.0 4.67
TCEP 103.0 4.35 107.7 7.68 101.1 291
TPP 119.5 8.15 104.4 6.55 98.4 3.44
TCIPP 103.0 7.06 89.6 6.99 97.6 491
Vo6 87.6 6.82 97.5 5.54 106.8 7.95
TDCPP 108.1 2.65 114.2 6.49 105.8 7.43
TPhP 86.2 8.00 96.3 3.66 103.5 1.51
CDPP 100.1 3.89 92.6 4.79 104.9 5.42
TBP 1143 10.23 105.2 5.58 96.2 4.97
TBOEP 94.6 2.29 97.3 1.58 94.5 3.61
RDP 103.6 6.40 87.8 5.31 97.1 5.15
BABP 88.8 6.55 88.2 3.88 106.1 2.46

If R B0 i 5 Y RO VA I RORS B R L A Y
ALy 8 % B OPEs By F AU IR 4 A ) T A,
WA A A OPEs K i3 AR 1 iF— 2 9 &
FISE FHBERE 1 1 52 14 H AR FE il
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