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Determination of seven organophosphate esters in milk by ultra-high-performance liquid
chromatography-high-resolution mass spectrometry
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Abstract: Objective An analytical method was established to determine seven organophosphate esters (OPEs) flame
retardant residues in milk by ultra-high-performance liquid chromatography-high-resolution mass spectrometry. Methods
Samples were extracted, cleaned up, and enriched using an acetonitrile-water cold-induced liquid-liquid extraction ( CI-LLE)
technique. The chromatographic separation of OPEs was performed on an HSS T3 column (2. 1 mm X 100 mm, 1.8 wm) by
gradient elution using methanol-water as mobile phases. The analytes were detected by high-resolution mass spectrometry
using targeted single-ion monitoring mode, and the internal standard method was used for quantitative analysis. Results
The determination of seven OPEs showed a good linear relationship ranging from 0. 2 to 20 pwg/L (R*> >0.99). The limits of
detection and quantitation were in the ranges of 0.01-0.21 pg/L and 0. 04-1. 72 pg/L, respectively. At three different
spiked levels, the recoveries for pesticides in blank samples ranged from 88. 4% to 118% , with relative standard deviation
of 1. 15-7.15%. Conclusion This method is simple, reproducible, and sensitive and can be applied to determine trace

OPEs in milk.
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Figure 1 Extracted ion chromatograms of tSIM of seven OPEs (2 pg/L)
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Table 1  Retention time and information for precursor and

fragment ions of seven OPEs

i/l REE S B /min BB T /(m/z) EMWET/(m/2)
TCEP 6.57 284.961 2 160.976 7,222.909 0
TCPP 9.68 327.008 1 116.9952,174.992 3
TDCP 5.63 428.891 2 158.963 9, 198.861 9
TEP 10.33 183.078 0 127.015 7, 155.046 8
TPrP 8.67 225.1250 141.031 3, 165.054 9
TnBP 9.76 267.172 0 155.048 7,211.133 8
TPhP 8.63 327.078 1 215.0257,233.036 8
TCEP-D,, 6.55 297.036 5 130.030 1, 167.013 7
TCPP-D18 9.66 345.121 1 183.041 8,264.177 9
TDCP-D 4 5.61 4439853 215.996 4, 385.177 9
TEP-D 4 10.31 198.172 2 134.059 2, 166.115 4
TPrP -D,, 8.65 246.256 8 150.087 2, 198.171 6
TnBP -D,, 9.75 2043414 123.0240,183.173 9
TPhP—D15 8.63 342.1722 183.1739.221.116 6
1207 L
£ £ = [ TE
i
= -

§

X

[m

=

8

4 TCEP TCPP TDCP TEP TPrP TnBP TPhP
2 OPEsTE60% Llig-/KIREY P LIEMTIRE
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Figure 2 Absolute recoveries of OPEs in the upper and lower

layers of 60% acetonitrile-water mixtures
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Figure 3 Enrichment factor and absolute recovery of seven

OPEs at different proportion of acetonitrile-water mixture

deviation, RSD) . W3 2 fros , Wik S b 7 Fb
OPEs “F-XJ I %y 88. 4%~118%,RSD Jy 1. 15%~
7.15% . LA b 85 B Wz R i 75 2 2 AT 54 1) o
JE FIORS %5 B

2 TR OPEs 97 B F5HE
Table 2 Method validation results of seven OPEs

LR/ LM/ (pg/L) R’ Kb PR/ (pg/L)  EEFR/(pg/L) Az ECR /% RSD/% AU
TCEP 0.2~20 0.995 6 0.150 0.61 101.0~113.0 2.75 1.13
TCPP 0.2~20 0.994 3 0.210 0.84 90.3~104.0 4.32 0.92
TDCP 0.2~20 0.9959 0.030 0.12 88.4~107.0 6.88 1.17
TEP 0.2~20 0.994 6 0.430 1.72 94.3~114.0 7.15 1.11
TPrP 0.2~20 0.996 2 0.015 0.061 97.0~115.0 2.27 1.14
TnBP 0.2~20 0.996 7 0.046 0.18 90.6~117.0 1.15 1.08
TPhP 0.2~20 0.9953 0.012 0.048 107.0~118.0 3.98 1.13
2.5 SEPRRE L B E 7.0x10° TEP
A5 R ] C ST i vE X 12 s 8 4R 05

NI . S )
OPEs HEATINE , 45 2R & I, Bk — O #E S R G T TEP é
WePE R 0. 23 we/L A0, 12 0y 4= W e f b R 4G ) Hee %
OPEs. &l 4 R SZBReah rhAs s 19 TEP 79 638 5] =

0.0t : L .

3 &g 4 § 12

AW R CI-LLE £ AR AE Ry 48 W RE & 14 i Ak
PREE R # AL T AW kR S b 7 Fh OPEs A9 & 40 9% it

i ] /min
B4 AWhRE AR TEP (35
Figure 4 The Chromatogram of TEP detected from milk sample
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