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Determination of 11 Kinds of Organophosphorus Flame Retardants in
Baby Rice Cereal by Ultra-high Performance Liquid
Chromatography-tandem Mass Spectrometry

WANG Xi, LING Yingru, ZHANG Hao, JI Wenliang

(Jiangsu Provincial Center for Disease Control and Prevention, Nanjing 210009, China)

Abstract: A method for the determination of 11 organophosphorus flame retardants in baby rice flour was established by
ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The samples were extracted by 0.5%
formic acid acetonitrile solution by ultrasound. The extracted solution was purified by dispersive solid phase extraction
packing and filtered by polytetrafluoroethylene membrane and detected by UPLC-MS/MS. Gradient elution was carried out
with 5 mmol/L ammonium formate and acetonitrile. The target compounds were separated by ACQUITY UPLC® BEH Cjjq
column (100 mmx2.1 mm, 1.7 um), and multiple response monitoring (MRM) was conducted in the positive electrospray
ionization mode. The external standard method was used for quantification. By optimizing chromatographic conditions, all
the 11 kinds of organophosphorus flame retardants achieved baseline separation. The 11 kinds of organophosphorus flame
retardants had a good linear relationship in the range of 0.5~100 pg/L (Tris (2-ethylhexyl) phosphate 0.05~10 pg/L) with
correlation coefficient 7>0.994. The limits of detection (3S/N) were 0.003~0.926 pg/kg and the limits of quantitation
(10S/N) were 0.01~2.78 pg/kg. The average recoveries at three spiked levels (low, medium and high) were 63.2%~113.4%
with the relative standard deviations all less than 10% (n=6). Four kinds of baby rice cereal were analyzed by the

i EEE: 2021-11-19
HEEWH: 2T RANETAFHELANEE LR EF#RM (ETPHI-K-04 ) ;x5 8 EFE L5H8 (ZDXKA2016008 ) .
TEERIN: 2% (1990-) , %, Ald, FHIT, BT 6 R At db H 4 7 S22 AH 38, E-mail: wangxi_sanjia@163.com,


https://doi.org/10.13386/j.issn1002-0306.2021110236
https://doi.org/10.13386/j.issn1002-0306.2021110236
mailto:wangxi_sanjia@163.com

843 % 1T E OB, BT - BB ER S LR 11 R LB - 299 -

established method and the detection rate of triphenyl phosphate (TPhP) was up to 100%. Tributyl phosphate (TnBP) and
tris (2-chloroisopropyl) phosphate (TCPP) were also detected in one of the samples. The method could be used for the

determination of trace organophosphorus flame retardants in baby rice flour cereal with accurate and reliable results.

Key words: ultra-high performance liquid chromatography-tandem mass spectrometry; organophosphorus flame retardants;

baby rice cereal; trace amount.
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HERB AR, —18 C FR-AT S
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i) TEHP Arufir (B 5332 B 1.0 mg/mL TEP,
TiPP. TnPP. TiBP. TnBP. TCEP. TPhP. TCPP,
TBOEP. TDCPP #rfifiie¥#5#4% 0.1 mL F1 0.1 mg/mL
TEHP H[E[F# 0.1 mL, I FEEZ S 10 mL, 155
WA 10 pg/mL A PrUEP a1 W 1 (TEHP W E
b1 pg/mL) . BEURGIRAET MW 1 0.1 mL
FFEEER S 10 mL, 15 2H ) 100 ng/LIR A FrifE
HhfalyE 1T (TEHP ¥ 10 pg/L) . BBURGFRHE
FEAW 0.1 mL P EEERE 10 mL, 158 HBEE
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A 0.05.0.1,0.5,1,5,10 pg/L).
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B BILCK K, BT 50 mL &0, A
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1.2.3.1 fojgseft  (ai%H: Waters ACQUITY UPLC®
BEH C %4 (100 mm=2.1 mm, 1.7 pm); FishAH:
A MHRE 5 mmol/L H R /K S W, B AH M 21
W 0.3 mL/min; FER 40 °C; BEEAATH 5 pl; BREESE
BRI UL 1,

F 1 SRR EE DB RRFE

Table 1  Gradient elution program for mobile phase

P H] (min) AM(%) BAH(%)
0 80 20
8 35 65
9 0 100
12 0 100
13 80 20
14 80 20

1.2.3.2 Bt rmiss & YR (ESD s 34 5=

TE B TR A = 22 528 Wi (MRM) 5 lfif# <,
A, G B R 3.0 kV; Z2IEFRIIREE: 450 °C;
FPEFNFLIE : 800 L/Hr; HEFLILIEE: 150 L/Hr; 5516

0.1 ug/L), 4 C ¥RAT JE 772 7.0 bar; filf 8 “T L # - 0.15 mL/min. 11 Ff
1.2.1.3 BEIRMERER RS il BGR S iR ET OPFRs By HABTTIESELAE 2.
*2 A aviiEs8
Table 2 Mass spectrometry parameters for the target OPFRs
oty CAS% PREA ] (min) BB (m/z) FET (m/z) HEFLHE(V) L (eV)
TEP 78-40-0 2.92 183.1 99.07/127.0 20 16/12
TiPP 513-02-0 5.39 225.1 99.0/141.0 20 16/9
TnPP 513-08-6 6.11 225.1 99.0°/141.0 20 16/9
TiBP 126-71-6 8.86 267.1 99.0°/155.0 20 17/10
TnBP 126-73-8 8.98 267.1 99.07/155.0 20 17/10
TCEP 115-96-8 4.67 287.0 99.0°/124.9 20 22/22
TPhP 115-86-6 8.85 327.1 77.0/152.0 20 40/35
TCPP 13674-84-5 6.77 328.1 99.0°/174.9 20 18/12
TBOEP 78-51-3 9.49 399.3 199.0/299.0" 20 15/12
TDCPP 13674-87-8 8.47 431.0 98.7°/320.8 20 22/11
78-42-2 12.13 4353 99.0'/323.2 20 14/7
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Fig.1 Extracted ion chromatograms of 11 kinds of OPFRs standard solutions

T TEHP RN 2 pg/L, HATHRAERHRE N 20 pg/L.
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TR TR I S B AR e FL 55 2 TR
EAFAETES R P . LIS OPFRs HYZ LK KA
MES HIER, $71.2.2 Y TRER RTAR B IRAS 45 3
SRR, 3 SAE S 3L RSO 80% FREE R JIn AR
LYk )3 (10 Ff' OPFRs 10 pg/L, TEHP 1 ng/L) IR S
FRUEZS I, BF OPFRs 7E4S A HL i W Hh ao e il B
80% M PRI AT ARUEA T g, ERAE KT 100% 103
FETHEGH, J 2 ARFIETNHIPY . 45583800, B T TnBP
L TP IRV 558 (61.6%) b, Hidx 10 B HAR
FLFRINTE 85.9%~125.3%, AL LKy £ AR A
AR TSR0 LB . 58RI OPFRs
FRIEL RS IAITE 80%~120% JLEIPY, IRIHATISRH 80%
FH ISP R PR T R 2R 50 AT A v 3 A K

ANEIEE I OPFRs BN

25 FEFEY

AR BT AR BB e v, SMRkE .
2 1.2.1 ECRIPRHER TR R | ANEF TAESMIE, LA
WETHT A A FIIXE R PR TR R AT C il brife
HHEE, B TEHP 224k HeAx 10 Ff OPFRs 7E 0.5~100 pg/L
JUFE N ARG AT, AHOCFR AL 7>0.996, T TEHP 1Y
i )0 AR 58, Ve B A R bR v R AR S HH B B, B 2
& TEHP (L8 PETEF N 0.05~10 pg/L, AHIE R 5L~
0.994. LUMZEMELL S/N=3 il S/N=10 #AsZ 11 F OPFRs
M 7 B A BR(Limit of detection, LOD )4 0.003~
0.926 pg/kg, & 2[R (Limit of quantitation, LOQ) &
0.01~2.78 pg/kg. 11 Ff OPFRs ik HfR ., & &
BR . £RPEAAE R B R 4. 43 BIHEZ LR A
. =, 7 3 DR R RTR B AR RS, s ik
R 63.2%~113.4%, FHXIHRERZE (Relative standard
deviation, RSD)M/NTF 10%., 7B F45 B i .
NOARILIG AR UL 5.

#* 3 AFFHH OPFRs HML
Table 3 Response of OPFRs in different solvents

RER TEP TiPP TnPP TiBP TnBP TCEP TPhP TCPP TBOEP TDCPP TEHP
FH 4.9x10° 2.3x10° 6.0x10° 3.2x10° 4.0x10° 9.0x10° 3.0x10* 8.5x10° 1.7x10° 620.2 8.5%x10°
80% HH it 4.7x10° 3.1x10° 9.7x10° 3.4x10° 4.9x10° 1.0x10* 4.6x10* 1.1x10* 2.1x10° 839.1 1.2x10°
4 11 7 OPFRs MR R . 8 BERR . AR BB LN 1R
Table 4 LOD, LOQ, linear correlation coefficient and linear equation of 11 kinds of OPFRs
i 2tk Fl (pg/L) LT MR E LOD(ug/kg) LOQ(ug/kg)
TEP 0.5~100 y=384599.2x+257374.6 0.9997 0.667 2.00
TiPP 0.5~100 y=347665.9x-33966.8 0.9999 0.111 0.33
TnPP 0.5~100 y=598665.0x+38063.0 0.9997 0.074 0.22
TiBP 0.5~100 y=335398.2x+218614.4 0.9993 0.042 0.13
TnBP 0.5~100 y=467942.4x+188062.6 0.9999 0.035 0.10
TCEP 0.5~100 y=7415.2x+971.5 0.9998 0.926 2.78
TPhP 0.5~100 y=41675.4x+1812.3 0.9995 0.093 0.28
TCPP 0.5~100 y=8378.9x+16408.4 0.9991 0.667 2.00
TBOEP 0.5~100 y=177095.2x+55890.3 0.9998 0.010 0.03
TDCPP 0.5~100 y=737.7x+1667.8 0.9964 0.556 1.67
TEHP 0.05~10 y=1621194.8x+415578.8 0.9947 0.003 0.01
5 ZJLKKH OPFRs (Y finkr M KoAH bR i 25 (n=6)
Table 5 Recovery rate and relative standard deviation of OPFRs in babyrice cereal (n=6)
Jindri (pg/kg)
Bt 10 100 500
Ml (%) RSD(%) IR (%) RSD(%) I (%) RSD(%)
TEP 65.5 5.6 85.8 2.1 92.4 6.9
TiPP 63.2 2.4 87.7 3.6 97.8 1.7
TnPP 68.8 6.3 94.0 3.8 100.8 4.5
TiBP 86.8 7.2 99.8 34 103.2 4.4
TnBP 81.3 9.8 99.5 5.1 106.0 5.9
TCEP 74.6 8.6 91.3 34 97.9 3.6
TPhP 95.4 8.3 93.7 9.2 95.2 7.4
TCPP 81.4 3.2 94.1 6.9 100.4 6.3
TBOEP 101.2 8.4 105.5 7.7 1134 3.6
TDCPP 79.4 4.1 99.7 9.4 102.8 6.1
0.1 10 50
(%) RSD(%) I (%) RSD(%) K (%) RSD(%)
TEHP 69.0 7.5 76.4 3.8 74.3 3.8
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