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Abstract: In this study, an analytical method for the determination of 15 organophosphate esters (OPEs) in meat
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products was established based on dispersive solid phase extraction-gas chromatography-triple quadrupole tandem mass
spectrometry (GC-MS/MS). The organophosphates in the sample was extracted with acetonitrile, purified with enhanced matrix
removal adsorbent (enhanced matrix removal-lipid, EMR-Lipid), separated by HP-5MS column, determined by GC-MS/MS
dynamic multi-reaction ion monitoring (dAMRM) mode, and quantified by the matrix matching external standard method.
The results showed that chromatographic separation and analysis of 15 OPEs were completed within 21 min, and good linear
relationship of the target substances was obtained in the range of 0.01~100 ng/mL, with the correlation coefficients greater
than 0.999. The average spike recoveries of 15 kinds of organic phosphate esters at different spiking levels (1.25,
12.5 and 25 ng/g) were 72.8%~123.8%, with the relative standard deviations (RSDs) (n=6) being1.6%~14.7%, the detection
limit (LOD) of the method being 0.25~0.40 ng/g and the limit of quantification (LOQ) being 0.80~1.25 ng/g. The method
was applied to 70 commercial meat products samples. The results showed that 7 organophosphate esters were detected in 58
samples with a detection rate of 82.8%. Among which, the three organophosphate esters with higher detection rates were tri
(2-chloro-1 -(chloromethyl) ethyl) phosphate, tri (2-chloro-ethyl) phosphate and triphenyl phosphate. The method established
in this study has the advantages of simple operation, high speed and good purification effect, and can be used for the rapid
detection of 15 organophosphate esters in meat products.
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Table 1 Information and mass spectrometry parameters of 15 kinds of organic phosphate esters
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Fig.1 Effect of different dispersive solid phase extractants on total ion flow chromatograms purified by 15 organophosphate

esters (a) and effect of different adsorbents on recovery rate of 15 kinds of organophosphate esters (b)
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Fig.2 Effect of different solvents on total ion flow
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Table 2 Linear equations, correlation coefficient, detection limit, quantification limit and matrix effects of 15 kinds of

organophosphate esters

] KM A2 X FEH ARR/(ngg) EEMR/(nglg) HAABIL/%

By = 5 B Y=7780233X+43 113 0.999 3 0.25 0.80 1.1

BhER = TBg Y=6 749 217X+43 609  0.999 3 0.25 0.80 1.3

BRER = v g Y=13 930 677X+78 968 0.999 5 0.25 0.80 1.7
BRER = 5 T B ¥=15 560 090X+598 247  0.999 8 0.25 0.80 2.0
Bhg = T g Y=16378 616X+7 696  0.999 9 0.25 0.80 2.8
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BEBRZ (2- A -1-(RAFHA) ¢X) B Y=1 157 967X+694 0.999 9 0.40 1.25 4.9
BRER = (2- TRM LK) B ¥=971 403X-6 460 0.999 5 0.40 1.25 16.6
BB = KBS Y=2221516X+2 714 0.999 9 0.40 1.25 23

3 e Y=7 031 853X-12423  0.9999 0.40 1.25 9.4
RERZ (2- THATA ) B Y=15401 822X-46 520  0.999 9 0.25 0.80 10.8
BRBR Z A7 F R B Y=1 632 314X+983 0.999 9 0.40 1.25 2.1
BRER = 7] F K g Y=770 635X-840 0.999 9 0.40 1.25 3.2

BEBR = 3t 9 K g Y=701 769X-1 228 0.999 8 0.40 1.25 2.9

& 3 W @P1STHAVBREENRMEKENEZE (%)

Table 3 Average recoveries and RSDs of 15 kinds of organophosphate esters in meat sample matrices (n=6)

1.25 ng/g 12.5 ng/g 25 ng/g
o4
Epi&ES RSDs Epi&ES RSDs B Rl &S RSDs
B g = 9 g 86.4 11.2 88.3 10.6 85.8 5.8
b N 86.0 3.8 75.5 8.3 119.5 8.9
BRER = R g 92.8 14.2 92.8 6.0 1233 5.5
BRER = T B 107.4 14.7 80.0 7.1 123.8 4.7
Bg = T Bg 109.4 72 100.8 2.7 119.0 3.0
BB = (2- AT ) By 117.8 7.9 119.6 5.5 121.7 42
BRER = iE X, B% 98.0 1.9 1023 3.4 101.2 3.4
BB = (2- R -1-(ATA) Ti) B 89.8 7.4 95.4 42 108.2 53
BRER = (2- TRMTHK) B 86.2 4.9 101.5 3.0 77.2 9.4
B g = g 93.7 5.2 110.0 53 110.5 4.8
BRER — R B 89.5 1.9 102.7 2.7 94.5 7.3
BRER = (2- LA T A ) B 89.2 42 86.1 4.3 72.8 10.0
B BR = AT 9 K Bg 99.6 1.6 107.3 7.0 100.5 43
BRER = 18] T KA 100.1 5.2 105.6 5.4 100.3 53
FRBR = X 9 KBS 105.6 7.2 108.5 5.6 99.7 5.6
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Table 4 Determination results of 15 kinds of organophosphate esters in actual samples and comparison with

data from other literatures

A UL R

iyl Raftx Uni
TCEP TMP TEP TiBP TPhP TDCP DPOP
. se (I, EAEM.
KRR Al ( i; 5 RAE ng/gww  2.3~50.9 1.6 6.2~220.7 1.7~274 2.5~324 1.1~3757 1.4~6.8
FEA)
[37] P SI ng/glw 33.7~162  ND* ND — ND-209 — —
HA 11.1~116  0.69~50.0 ND-8.02 20.1~141 2.64~36.4 — —
[38] X 1) ng/glw  9.31~135 1.59~15.6 0.94~9.52 28.6~262 3.76~92.1 — —
4 15.3~123 ND-18.2 2.39~14.8 23.9~370 3.82~444 — —
JE: *ND: &bk, *ww: BE. *lw: JFZ.
3 g 4] BRI S s, 5 A HLBEREE (OPEs) [
a7 Biig YeRpAE S BT3B 7 VAR TRE SR (1] AL,
. 2022,41(4):1193-1215.
WEFTIR 1 —Fpill 2 P 15 Ff OPEs )
Z!K‘ sLved T £ ?EJP””\ f v [S] AN J, HU J W, SHANG Y, et al. The cytotoxicity of
I ITE . AZITIRAE S B R A B AR AE B, R
. ; " organophosphate flame retardants on hepg2, a549 and caco-2
= N Y 3t A o 4 S
P @ - = EPUZT s BRI AT E . & cells [J]. Journal of Environmental Science and Health. Part A,
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