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Simultaneous determination of organophosphate eater plasticizers used in beverage
by ultra high performance liquid chromatography-triple duadrupole tandem mass spectrometry
LING Yun', YONG Wei', HE Peixia"?, BI Jingbo'*, YAO Meiyi', YAO Guihong', ZHANG Feng'
(1. Chinese Academy of Inspection and Quarantine, Beijing 100176, China;
2. China Medical University, Liaoning Shenyang 110122, China)

Abstract; Objective A method was developed for the simultaneous determination of 11 organophosphate ester
plasticizers in beverage by ultra high performance liquid chromatography-triple duadrupole tandem mass spectrometry
(UPLC-MS/MS). Methods The sample was liquid-liquid extracted with acetonitrile, and purified by matrix solid
dispersion using primary secondary amine ( PSA). The compounds were separated on a C,; chromatographic column
(2.1 mmx100 mm, 2.5 wm) with the gradient elution of 0. 1% formic acid aqueous solution and methanol as mobile
phase. The analytes were detected by electrospray ionization source in the positive ion mode and multiple reactions
monitoring mode. Results The result showed that the limits of quantification were in the range of 2.5-50 wg/L, the
average spiked recoveries were in the range of 82.4%-113. 0%, and the relative standard deviations ( RSD) were in the
range of 3.8%-17.6%. Conclusion This method was simple, rapid, sensitive, accurate, and could be used for the

monitoring and supervision of organophosphates in beverage.
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Table 1 Gradient elution
[} [] / min A/ % B/ %
0. 00 95.0 5.0
2.00 95.0 5.0
6. 00 40.0 60. 0
15. 00 0.0 100.0
30. 00 0.0 100.0
31.00 95.0 5.0
35.00 5.0 5.0
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Figure 2 Chromatography of 11 compounds



T R VA (0 93 - = DU T R IR B k(D O 0 SE OB TR 11 R BRI R I R SR — R w5 —531—
2.3 FEALETAL BRI AL 273 9 U TR AR R DA B R B I R g/ L) A

YORMEE it P AR I PR L RSP T
Yy, R FLRC ZE B 7 X06F 11 B H AR ¥ 28 17 260
PAE BRI PR 5, it — 22 R ] PSA 47 i 2 B
WAE TR o A2 o TE A2 R P, 8 g i A NacCl
i ZIEAR 5K AR I3 2, N AR v B B AR .
2.4 RAERAR KD BRANE R

B 11 F bR 904 22 508 & bn I, LA H B

*3

BEAB PR AR IR . S5 AR W M OCRBU(R) B
KT 0.99, 4% H bx ¥ 15 i Bl 9 B AT B0 19 2 1 56
U HEE BB AR b AR 1. 2.2 BEATAE 5 AT AL
B, ARG L (S/N) 250 10 B B A5 -5 e AR
TG R, WK 3. iR EW 11 ALG Y E
HFRAE 2.5~ 50 we/L Z (8], 77 1% B AT B 9 R AR
JBE i S A A R

11 AP AL G i e O R RS B A DG ROy v S 1 PR

Table 3  Linear equation, linear, correlation coefficients and limits of quantification of 11 compounds

[aexy] RN/ (neg/L) LT R MXRE R R/ (ng/L)
TMP 0.25 ~500 y=8.63%x10°x+6.92x10? 0.999 2.5
TEP 1 ~100 y=5.46%x10°x+7. 89x10* 0.998 10
TnBP 0.25 ~125 y=5.98%x10°x+7. 96x10* 0.999 2.5
TiBP 0.5 ~50 y=5.74x10°x+8. 09%x10* 0. 999 5.0
TBEP 0.5 ~50 y=6.07x10°x+1.08x10° 0. 999 5.0
TCPP 5 ~1 000 y=6.96x10%x+1.39x10° 0.998 50
TCP 0.5 ~100 y=4.25x10°x+7. 92x10* 0. 999 5.0
CcDPP 2.5 ~500 y=1.93x10°x+8. 20x10* 0. 998 25
TPPO 50 ~500 y=3.24x10%x+1.93x10° 0.992 50
TEHP 5 ~250 y=1.98%x10*x+6. 50x10* 0.992 50
TCEP 2.5 ~500 y=1.69%x10%x+1. 02x10* 0.998 25
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Figure 3 Elimination of background
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Table 4

Average recoveries and relative standard deviations

of spiked test

waEY oK/ (pg/L) - # R/ % RSD/ %
2.50 90. 4 13.7
TMP 50.0 103.2 9.2
250.0 103.0 8.4
10.0 86.3 15.4
TEP 50.0 97.8 11.5
250.0 102.3 8.4
2.50 105.0 9.1
TnBP 50.0 106. 8 3.8
250.0 103. 4 3.9
5.00 103.9 10.6
TiBP 50.0 99.2 12.5
250.0 102. 4 5.6
5.00 90.2 12.0
TBEP 50.0 96.5 5.8
250.0 98.6 5.4
50.0 93.6 12.5
TCPP 250.0 107.0 10.3
500.0 108.0 .4
5.00 107.0 12.6
TCP 50.0 103.0 5.7
250.0 94.0 4.5
25.0 96.8 13.8
CDPP 50.0 96.5 3.8
250.0 99.7 3.9
25.0 83.4 15. 4
TPPO 50.0 90. 4 13.7
250.0 110.0 8.0
50.0 82.4 17.6
TEHP 250.0 105.0 12. 4
500.0 103.0 10.6
25.0 103.2 17.2
TCEP 50.0 113.0 9.2
250.0 99.9 6.9

2.8 SEPREE SO E
R HARTERD T B A 20 (3 UORE i, R A
BE ARG I S5 A I 11 Pl R TR S 48 28 7

3 Ihgs

ARG HE ST T R RO AR (3% - = IO R A Bk
Jo g 2 0 5 AJORE R 1L Rl B 1R TR 2K Y 0 R R
ILTTVE R DR GE, RO R, T S R A
AP R, T O B P 2R AR S W B XU
PEHEROR S

S % Uk

[ 1] BREZ 2. 2002/72/EC 56T 5 12 fh 42 foh 09 4 kLA 69
g4 [S] M % 5t 22,2002,

(2] AR NRILHEEZ DA LT ZE 2 i Z 2

=

4

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Bt £ 4 fih B4 ORE B 0 RT U 0 B R B k- GB9685—
2016 [S]. Jbat.: v = 4n o i p AL, 2016.

A ANREMERZ LA EEFER S AR ZE2EK
Tt £ it M A ek B ] T A% B 48E U : GB 31604, 1—2015
[S]. dbxt v [ A7 ofi i ht , 2015.

WEIG L, LI D Q, ZHOU M N, et al. Organophosphorus flame
retardants and plasticizers; sources, occurrence, toxicity and
human exposure [ J]. Environmental Pollution, 2015,196(9) .
29-46.

FARHAT A, CRUMP D, CHIU S, et al. In ovo effects of two
organophosphate flame retardants-TCPP and TDCPP-on pipping
success, development, mRNA expression, and thyroid hormone
levels in chicken embryos [ J]. Toxicological Sciences, 2013,134
(1):92-102.

MEEKER J D, STAPLETON H M. House dust concentrations of
organophosphate flame retardants in relation to hormone levels
and semen quality parameters [ J ]. Environmental Health
Perspectives, 2010,118(3) :318-323.

SN, 0w M, IR EL. o 3 AR A IR -SRI 2 25 2L
R RRER IS A [J]. 2299 ,2014,51(3) :29-33.

GARCIA M, RODRIGUEZ I, CELA R. Microwave-assisted
extraction of organophosphate flame retardants and plasticizers
from indoor dust samples [ J]. Talanta,2009,79(3) :824-829.
BT, T30, TRESC, A5 0 R A BRSO 3% - B i
D5 BRE R 7 FhA BB IR 196 2 LA R A 950 (0], 2 Al
%% ,2017,36(1) :109-113.

ARAGON M, MARCE R M, BORRULL F. Determination of
phthalates and organophosphate esters in particulated material
from harbour air samples by pressurised liquid extraction and gas
chromatography-mass spectrometry [ J ]. Talanta, 2012, 101
(1):473-478.

MA Y, HITES R A. Electron impact, electron capture negative
ionization and positive chemical ionization mass spectra of
organophosphorus flame retardants and plasticizers [ J]. Journal
of Mass Spectrometry, 2013, 48(8) :931-936.

ARG, BRSO RS 4. GC-MS 3k I s 48 FH A 2% 44 kL P
4B AR R [J]. f%E T/ ,2019, 40(9) :59-65.

A0, B RE D AR e, AR WROR (3 - A IO 3 2k 0 S DR
TRAHLBERR B S [T, 20 #rfk e, 2017, 45(11):
1648-1654.

CHEN D, LETCHER R J, CHU S G. Determination of non-
halogenated, chlorinated and brominated organophosphate flame
retardants in herring gull eggs based on liquid chromatography-
tandem quadrupole mass spectrometry [ J]. Journal of Chromato-
graphy A, 2012, 1220(11) :169-174.

kA, o, A 45 R R SRR B - B s A 25 2L
AT 9 P HLEE AR (1], 2 Hrik g &, 2015, 34
(12) :1411-1414.

PR, KRN 2 WA 2, A5 R A AR 3 - R vk T )L
BrlL o S R A MUBE TR S B R (1], 20 A i< 4%, 2013, 32
(12) :1507-1510.



