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AW, S EAE P Z,0PEs FU Ik BEJE Bl 1.43—5.9 ng-g', TCPPIRE ki (WK E h{H A
2.13ng-g") , i OPEs M [ 58.8%. 7 fft OPEs [ TEHP 4, Hith OPEs ¥4 4 il . ZomOPEs ¥ &5
i}y 2.81—11.8 ng-g”, DPHP (MR = (2-5 N3 ) fis) I ETKHREK (WREPFEN 3 140gg") ,
e 5 BTAR 7 LN 54%. 9 Ff mOPEs %k BCEP ( —.-B, B-& L IEHEER ) A1 BCPP ( X- ( 1-5-2-H 3 ) B )

&h, HoAh mOPEs ¥ # 1.

KR WOHERE RS, AR, AOUEERER, RS, Rk

Simultaneous determination of organophosphate esters and their
specific metabolites in egg samples by solid-phase extraction
with LC-MS/MS

ZHOU Ying"? ZHU Yu*’ LI Zongrui* XU Senhao* ZHU Xiaohui’
CHEN Xichao*  XIANG Mingdeng’ YU Yunjiang® **

(1. Jinzhou Medical University, Jinzhou, 121000, China; 2. State Environmental Protection Key Laboratory of Environmental
Pollution Health Risk Assessment, South China Institute of Environmental Sciences, Ministry of Ecology and Environment,
Guangzhou, 510655, China; 3. Xi’an Polytechnic University, School of Environmental and Chemical Engineering, Xi’an,
710048, China)

2022 4 1 A 10 H Y&k (Received: January 10, 2022).

* EZEE AT TTRITE (2019YFC1803403 ) FIES FAARHESES: (42007347 ) HEBA.
Supported by the National Key R&D Program of China ( 2019YFC1803403 ) and the National Natural Science Foundation of
China (42007347 ) .

* * JB{EEK R A Corresponding author, Tel: 020-29119807, E-mail: yuyunjiang@scies.org


https://doi.org/10.7524/j.issn.0254-6108.2022011001

JEL A [ AR ZE B G I BT (LC-MS/MS ) [ 250 7 48 2 i v
6 14 AHLBERR IR KA 4 1971

Abstract An effective method was established for the analysis of organophosphorus flame
retardants and their diesters in organisms by liquid-liquid extraction and solid-phase extraction,
followed by triple quadrupole liquid chromatography-tandem mass spectrometry ( LC-MS/MS ) for
quantification. The organisms sample were extracted with mixed acetonitrile : Toluene ( 9:1, V/V)
and purified by Florisil-PR cartridges. The phase was loaded onto Z-Sep/C18 tube and Strata X-AW
cartridges for extraction and further clean-up, Then the extracts were analyzed by LC-MS/MS. Under
the optimized conditions, good linearities for both OPEs(organophosphate esters) and their
metabolites (mOPEs) were achieved as the analytes in the corresponding concentration
range(0.2 —500.0 ng'mL™") and the correlation coefficients ( R*) are 0.997 —0.999.The average
recoveries of OPEs and mOPEs in organisms range from 69.9% to 81.3% and 61.2% to 82.5%, with
RSDs of 7.9% to 20% and 11% to 24%, respectively. Sixteen OPEs and mOPEs in 12 egg samples
were detected synchronically using the method established. The concentration of ZOPEs in egg
samples ranged from 1.43 ng-g™' to 5.9 ng-g”', and the concentration of TCPP was the highest
(2.13ng-g", median concentration ) , accounting for 58.8% of total OPEs. All OPEs except TEHP
and EHDPP were detected. EmOPEs ranged from 2.81 ng-g™' to 11.8 ng-g™', and DPHP was the main
detected analyte ( 3.14 ng-g', median concentration ) , accounting for 54% of the concentration
contribution. Except BCEP and BCPP, all other mOPEs were detected.
Keywords liquid chromatography tandem mass spectrometry, biota sample, organophosphate

esters, metabolites, method.

A UL TG (OPEs) HAT K AF A BHLBRAE FH, 38 38 B W OR, 7EdE b Tolk . st B2k =
PR AN 2 2L TP AR B T2 N . BE A 22 IR Tk A5 TR 2R BHBR A A0 88 A8 A ), VR D S
() OPEs , A= y= & Al FH & o 35 15 K. 2006 4F-, OPEs [ 4= BR{# & °h 46.5 J5 P, 2015 4% ik %]
68 JT I, 5Lk 7.9% B AR 30. YiAhit, o E A9 OPEs P& B4R BB I 15%4.OPEs LAY B 5 s+
AR, AR A2 B S5 A I X, Bl B ] A HE RS T AT 2 8 e 44 R RS L L B I T itE AR5
T, Aok Aa . HHE L R A YRS B, TS BN ARG i 2 FhiR 72 55 85 OPEs BAT W e A 1 BRI,
M2 57 T AR S0 AR ™= A AR RZ . KA W SE RS2, OPEs HA7 HUR AR AN 430 0 T AR FE 0
P2 BN RN A B EE PR, O H A BURES L T s E R, LA IR A R )
ZARTE, Hza 5 AT S L

HErE A KEMIFEIE T OPEs fE25 . EN KA . £33 KR FTDTRUY) 26 31 358 4 o Hp 19 A7
5 20 18 200 R AR W RE T, L R AR R, A A B O AR A X A, X AR
OPEs [IBFFEA LA BRE 5202, 5 i [alist, i T OPEs 78 4= ¥ N BEAS & AF Bk AR g4 1k > 29, i
AF R Bk B 2 14 B 98 T IR G TE OPEs B AR 7 ) (mOPEs) , I 44 H AR Jhy 5% 58 br il ) 0F 55 A AR XF
OPEs 1 2 2 f .2~ SR M7, Liu 8559 76 2% P9 K 22 v [/ B A5 T OPEs Al mOPESs, 2% B #8355 41 Jiii 1 []
iFf£7E OPEs Fll mOPEs. A t., mOPEs [l H AE#11A X% OPEs A% fb4h, d T ek B AME B A
JRE B B A BN Ay 2 A A 2 8 LA 39 (10 J B A2 B2, i (R BIF 2 78 A S8 I ARAS T AR 108 2B %) R 4R 3
FL 1 3400 T A DX S0 i r 4 S5 Gr  21) T — 2 B B2 9 OPEs. A3 WL R IR HL A pl 28 | AR FE B 1 S B0
YERC B iz 408, HHETAT OPEs MRFFRE £, 1M ¢ TACH ™ ¥ mOPEs MR FeAs /b, 5 R W1, #53
mOPEs [ #EEAR 7] 58 L HAE AL A 00 =, 40 Su 509 SR FIXS IR 40 Mg S5 56 % L, DPHP (B iR — TR )
X 2 G5 R B O E FE L R R AL A ) TPHP (B iR = 2518 ) o 3, 3t 3 /R TR 01175 2 0 i 2 1
mOPEs [ 8RR . H T X B2 —Fh s BR 7 & i i AR I RE AR, AT 4G XS 26 v OPEs 19 7 IL FE 2 L
AL I E S B A — AR, IAEBCRaifb i B 5 2%, H /A e A i AL H ., 4l Ak Fn i s X 2 v
OPEs 1 mOPEs 5 . P, # 37 BB W] i 2 XS 25 7 OPEs Fl mOPEs Y&k . 72 8. 6 1Y 3 A 12
XHIFSE OPEs #il mOPEs YAk 4 & 45 FI AR SR B PEAG # EA 0 B 1 7 X
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ARBFGTHE S T 3 T FEAHZE RO LC-MS/MS [F] A5 46 %8 265+ 16 Fl OPEs #1 mOPEs Y434 52, If
FIFH BT T 50T T 12 3855 v OPEs 1 mOPEs [ & K -, AT 5% 19 435 SR A v ot 0 52 755 G i 4
=4 WIRE TP %) OPEs 1 mOPEs 1 T 4 % iy 37 £

R 1 ATHIBERRER B LA™ P h SCRFR . JESCPR, TR & CAS
Table 1 Chinese name, English full name, abbreviation and CAS number of OPEs and their specific metabolites

EEXC%*/’J’\ %i%ﬁ’\ f“u'"ﬁ/’J’\ ' CAS MR
Chinese name English full name Abbreviation Internal standard
A HLBERLTE (OPEs)
BERR =TI Tributyl Phosphate TBP 126-73-8 d,,-TBP
WER = (-5 L FE) R Tris(2-Chloroethyl) Phosphate TCEP 115-96-8 d,,-TCEP
iR = (2- L3055 R Tris(2-Ethylhexyl) Phosphate TEUP 78-42-2 d,-TBP
WAL = (1,3-50-2- N 1k ) R I Tris(1-Dichloro-2-propyl) Phosphate TDCPP  13674-87-8  d,s-TCPP
IR = 2K Triphenyl Phosphate TPHP 115-86-6 d,s-TPHP
R = (2- T 230 e Tris(2-Butoxyethyl) Phosphate TBOEP 78-51-3 d,~-TBOEP
BhiAR = (- I Tris( 1-Chloro-2-propyl) Phosphate TCPP 13674-84-5  d,-TCPP
A LSRR BRI ™ (mOPEs)
AR I T e Dibutyl Phosphate DBP 107-66-4  d;(-BDCIPP
B, B L SRR Di-B, B'-Chloroethylphosphoric Acid BCEP 3040-56-0 dg-BCEP
W - (1-58-2-TN 38 ) B 1R Bis-( 1-chloro-2-propyl) phosphate BCPP  789440-10-4  d,,-DPHP
WL, 3-Z 5 -2- TN ) R Bis(1, 3-dichloro-2-propyl) Phosphate BDCPP  72236-72-7  d;(-BDCIPP
WL — 2K Diphenyl phosphate DPHP 838-85-7 d,-DPHP

Bis(2-butoxyethyl) 2-Hydroxyethyl

STRIEZ ) 2RI 7 A
RO-TRELE) - RELEWR =T Phosphate Triester

BBOEHEP 1477494-86-2 d,-BBOEHEP

WCT 48 58 iR Tg Bis(butoxyethyl) Phosphate BBOEP  14260-97-0  dg-BBOEP

(- I R TR Di(2-ethylhexyl) phosphate BEHP 298-07-7 dg-BBOEP
WQ-THRIELI)2-(REL T H ) o4 Bis(2-butoxyethyl) 2-(3-Hydroxybutoxy)

R — TR ethyl Phosphate Triester OH-TBOEP 1477494-87-3  dy-BBOEP

1 MBLE )7 (Materials and methods)

1.1 AR 50K

(DAL HAS VR T ERL (IR B S i A, b0, TR e 4k % 4% (Troemner, [ ), B5.0:HL(Thermo
Fisher Scientific, 3% [E ), 2600TH 8 7 #L, H. 75 [& A %€ B & (Polytech, b 50 ), Milli-Q #8 4l /K & 4t
(Merck, {8 H ), & M AL (Organomation, 3 [F ), Agilent 1260 ¥ A {411 1 ( Agilent, € [#] ), HPLC-MS/MS
TR (533 H3 B = H DU AT B %A% (AB SCIEX 6500, 26 [# ), Sunergi™ Fusion-RP 100A {7, 44 (50 mmx
2.1 mm, 2.5 pm) (FEi# 35, L ).

(2)iX 7] 5 #1 B} Strata Florisil(FR-PR) /N | Strata X-AW /M (K% 26, 95 ), Supel ™ QuE Z-
Sep/C18 4lifb A (i Rl, £ E) Aigai oM . Akl o8 | (g aliiE O ke, ikl — 2 (TEA) (i
GE SRR, D, kol R (3R 5, f8[5) , OPEs 1k & ¥ 45 4 5 TBP. TCEP, TCPP., TDCPP,
TPHP., TBOEP. TEHP( AccuStandard, 3% & ), jiifX [F] {37 Z #r #E i d,,-TBOEP, d,s-TPHP. d,;-TBP. d4-
TCPP( CIL( Cambrige Isotope Laboratorie) 3 [¥ ), d,,-TCEP( TRC( Toronto Research Chemcals) f [#] ) |
OPEs 1%, it 7= ¥ 45 ¥ & DBP. BCEP., BCPP, BDCPP., DPHP. BBOEHEP, BBOEP, BEHP, OH-
TBOEP( Toronto Research Chemcals, £ [ ), A [F] {37 % 45 #fE &t d8-BBOEP. d4-BBOEHEP. d10-DPHP,
d8-BCEP. d10-BDCPP(Toronto Research Chemcals, 7% [ ) EAK W35 1.

1.2 HEREER
AU FE R F ) 12 B0 SR i 3 [ AR Mok B2 T 3. SR RS AR i FH T AR f 4R 4, &
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T PP & B A4S iz [l 5256 % . IS VR G AT 0k, A R A AEE S TR IR S I R, B E T
=20 C W UKFE 8 RORAE.
1.3 A ECH

HERGFR F: OPEs AR ifE i, ¥ M 16 F P ; mOPEs Fl AR FUARE S, VIR AE LG vh, 158 i v 7
10 mg L' IR A U, Bt A7 T°-20 °C VKA. K B N Br i 2 VL 100 uL T4 MO, W InCIEMBE 2 1 mL,
FR I BT 1 mg L NARIR G W, A7 120 °C UK48.
1.4 FEah b

FEA AL BE S 2 Xu G0 [ D IR AT AR AL WS AR T 28 48 h IR VR TS, FRAT IS M B SRR
1.5 g TEAMBA 15 mL 808 %, A 20 uL NFRIRA RS, S mL BB 9:1 20 - H2RIR
B 7R 75 HEH 30 min, 4000 r-min”' &0 10 min J5 B VSR, A RE R WK, 5 LEBRT 15mL
BLOAETLTE 40 C MR- BOR AR 208 T, TR R S 4 TE O e, Bl LA Florisil-PR [ AH #< HUR: ¥
FERE S, B SE A 6 mL IE O btk v 91 3 45, FE A 8 mL Y U EOF UL 46, K & A B AR IR R & Z-
Sep/C18 FEFRIR G, oK H Strata X-AW #EiE— 2534k, FIRFRLE R 5% — O Me: CIE I MVEN, AR 2k
TJa, A 100 pL ARFREE A 1: 1 BAiK: ZIEHWE 4, i HPLC-MS/MS #4753
1.5 AR A5

WM A3 25182 16 Fh B FR1k &4 (7 Fh OPEs F1 9 A mOPEs ) fdi i Sunergi™ Fusion-RP 100A {7343
(50x2.1 mm, 2.5 pm), 7E 1E /B 8 AT [ 25 20 8. 1 8 3 3 AH J 3 2 500 uL-min™', 3 20 AH 41 5 R
0.1% LR EE : K (5: 95, V)R (A) F0.1% LB A EE : /K (9505, W) IR (B), JEREE N
5L, KRR E K 45 °C. PRES EE W3 2.

F2 VSV E

Table 2 Gradient elution of mobile phase

P 1) min (A% (B)/% LI/ (pLmin™)
Time ’ ’ Velocity
0 99 1 500
7.5 1 99 500
11.5 1 99 500
15.0 99 1 500

T S5 P 25 L B VR (ESD), B 1 TR IR BE 550 °C; B T U L B A o 1 A B IR, Hodh 7 A
OPEs Ll 2 BBOEHEP, OH-TBOEP W ' mOPEs I i 1% K I 7€ 1F 25+ #15X (ESI+) N #E47, 5348 7 %
mOPEs () Jit % K6 1 76 1 85 T A X (EST-) F kA7, BN L R 4500 VAS A 201 o8 22 ) 1y Wi i A =X
(MRM), 20 40 /U, 3RE N 550 °C; A TTHLE-10 V; RiffiE % H T ELE-15 V; B FIE5 LR
4 4500 V.

1.6 ik eEsr

FH R BERG B 16 B B AR Ak G 19 b HE 5 Aif £ W, B4 7 # OPEs( TBP. TCEP. TCPP. TDCPP,
TPHP. TBOEP. TEHP) #l 9 #f mOPEs( DBP, BCEP. BCPP. BDCPP. DPHP. BBOEHEP, BBOEP,
BEHP, OH-TBOEP), M /N2 RAK K B i 10 4~¥ (0.2, 0.5, 1.0, 5.0, 10.0, 20.0, 50.0, 100.0, 200.0,
500.0 ng'mL ") AL A WIR GV, INA 1 mg L NARIR AV, S 245 2 [F0 2 INAR 4 100 ng-mL !
B AN ) s B8 A TR 5 s 14 V8 . 85 [A) 32 2 B 30 B9 OPEs(d27-TBOEP, d15-TPHP, d27-TBP. d18-TCPP,
d12-TCEP) #l mOPEs(d8-BBOEP. d4-BBOEHEP. d10-DPHP. d8-BCEP. d10-BDCPP) 1E & 4 1 ¥y 1) &
S BR. DL AT ) 0% 5 e B R R AR bR, DA M A %) 06 T AR H X 7 ) P s ) 06 TR B (B AL
ABFR, N7 AR TR

SR RS B AR R 6 00T, o 48 i I INARAE b 3 15 4300 ) 8 25 FUBRAE & 3 4, 28 FUR bR AR & 3 4
OMAPRHEEE 20 ng-g™). F M8 1.4 1A 5 L EAT AT AL 38, B ATLRS I, 31530 s [mliic .



1974 B78 5% 1t 42 %

3

2 25 E 54718 (Results and discussion)

2.1 Fiik%E
B 16 Fhife B2 ¥4k 200 ng-mL ™" A9 HERAL-E WL 5 pl-min ' 17 &3 A S TR, 456 58 TR F R
TR BB E AR 00 BB A B8 1, I3 sk o A 0 E— 25O Ak 2 e R DL iR BB 16 B H AR Ak
%%B"J%ﬁ?ﬁ&ﬁ]ﬁiﬁ%ﬂ?@ 3, bR b e i [ LA 1.

%3 ESI-MS/MS &%
Table 3 ESI-MS/MS Parameter

S8 REggr FET At /] /min R IV HE# g/ vV
Analytes Precursor ion(m/z) Product ion(m/z) Time DP CE
TEB PR
TBP 267.3 98.7/154.9 9.29 92/90 20/15
TCEP 289. 0 65.1 7.06 78 46
TCPP 327. 0 99.8/250.9 8,36 33/66 42/13
TDCPP 421.4 147.2/221.1 9.47 123/113 31/31
TPHP 3274 152.4/215.0 9.03 93/112 45/33
TBOEP 399.2 299.2/199.3 9.13 115/75 19/21
TEHP 435.4 99.2/211.1 12.15 116/116 17/11
BBOEHEP 3429 243.1/101.1 8.15 75/59 16/21
OH-TBOEP 415.1 199.1/243.1 8.57 82/85 21/23
BB F A
DBP 209 153/79 7.6 =70/-70 —20/-45
BCEP 221.1 35 4.53 -39 —24
BCPP 249.0/250.9 35.1/37.1 6.57 -30/-13 =21/-21
BDCPP 316.8 35.1 7.94 —42 =31
DPHP 249.2/265.1 93.1/96.7 7.05 —87/-97 -36/-38
BBOEP 296.9 182.5 8.3 -76 —46
BEHP 321.1 209.2/79 13.39 -97/-102 —28/—45
2800000 = TBOEP
L OH;;T;B7OEP 945
2400000 |- ¥
& 2000000
E‘ i DPHP
Z 1600000 [~ 7
E [ DBP
1200000 p= 7.61
L TCPH
8.36. TBP
800000 [ beoeup| 929
L \Sh }?]f}}g
400000 L BCEP BCPP 705 BDCPP"‘ T?DOCJPP TEHP
¢ 0 2 4 6 8 12 14 16

t/min
BT HERA bR
Fig.1 Ion chromatograms obtained with analyte standards
22 HisbFRpLAE
Z:7% Xul* SERIFSE, XEIBR A SRR S AT A 3. bAss T JLAIAS [R) A6 B 350 1) b BRASCR, 2330l &
LR 9:1 MR HOR L RBREE 9:1 I RE - FOR, 28 FUINAR IR N 3% 4. S5 R SRR BN
9:1 B LM« AR B AL MR e A X i 105 & B 95 v A AR DR ot , A R B A o R X6 T A R o T4
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RO B AT H B, A SCH I d-SPE(S- BT AR 250 89751, R Z-Sep F1 DSC-18 PIFNEURE X 8 2
FEAEATERAG. HLAh, Dy T R mOPEs Y WD, AIFFE 8 1 55 B 88 1 S etk StrataX AW X X8 A i
PE— 2B, D T B BT R ORIE T AR A P A [T

R4 ARFFHE R FOIER R (%)

Table 4 Blank standard recovery of different extraction solvents(%)

SN Extrﬁigjrﬁ(}ifluvents
Analytes I HEE . R LM R
OPEs
TCEP 65 66 67
TCPP 90 88 88
TDCPP 48 50 51
TBP 41 48 52
TBOEP 105 111 109
TEHP 31 57 90
TPHP 89 88 90
mOPEs
DBP 61 10 98
BCEP 88 83 94
BCPP 86 118 50
BDCPP 88 91 94
DPHP 74 80 80
BBOEHEP 73 75 75
BBOEP 110 103 130
BEHP 60 16 88
OH-TBOEP 81 80 82

23 A S e s RR
AR AR 22 1, 16 B4 M vk B e i 5 0.2, 0.5, 1.0, 5.0, 10.0, 20.0, 50.0, 100.0, 200.0.
500.0 ng-mL™" 1 10 BB, S AnuEZ. EALKIN IS LA B bRk & 4 i i i AR5 6 1) 22 5 AR Y
U TATRR Y X LB ok B X R AT MLUE AT, 4% 20 A () ek ml 05 5 B R OC RO R 5.
x5 HinAEWRSAEEIRI R MR T ke 2R

Table 5 Linear regression equations, correlation coefficients and method detection limit of quantification for analyte

compounds

v LMWl R HHIRFEL 25 U/ (ng g ™) Tk e ER/ (ng-g)
Analytes Linear regression equations Correlation coefficient Blank MDL

OPEs

TBP Y=0.07186x+0.00179 0.99716 0.044 £ 0.007 0.063

TCEP ¥=0.33848x+0.00347 0.99928 0.044 + 0.006 0.060

TCPP Y=2.01067x+0.03463 0.99875 0.22 +£0.04 0.33
TDCPP Y=0.55785x+8.20943 0.99761 0.033 £ 0.006 0.051

TPHP Y=1.00853x+0.01098 0.99971 nd 0.0040
TBOEP ¥=0.49885x+8.77055 0.99830 nd 0.045

TEHP Y=0.04196x+1.39158 0.99814 nd 0.0040
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ik 5
SRt/ BB dqE)E iy BT Y FTHWE/(ng-g!)  ikEER/(ngg?)
Analytes Linear regression equations Correlation coefficient Blank MDL
mOPEs
DBP Y=34.50089x+0.02457 0.99871 0.0088+0.003 0.016
BCEP ¥=0.38345x+0.00182 0.99942 nd 0.0040
BCPP ¥=0.07190x+9.45927 0.99849 nd. 0.040
BDCPP Y=1.83710x+0.00469 0.99837 nd 0.0040
DPHP ¥=0.72931x+7.46303 0.99945 0.018 +0.004 0.028
BBOEHEP ¥Y=1.70772x+0.01410 0.99909 0.23+0.03 0.33
BBOEP ¥=0.45782x+0.01208 0.99659 nd 0.0040
BEHP ¥=1.20436x+0.00717 0.99931 0.00089 + 0.0002 0.0015
OH-TBOEP Y=31.84854x+0.02318 0.99878 0.041 + 0.004 0.054

VY, WAL LR x, R, ng-g s nd, KA. Note: Y, peak area ratio; x, concentration, ng-g '; nd, not detected.

VRS PR S ISP Bk B 3 A b 22, e o BAR AL & 0 S BR (LOQ) . #5725 AR & b i B A
PIAK e, 10 F5A5 M b (S/ND (AR I il 26 S AR VR B2 S A 131530 ik B AR LOQ.45 i i/, 48 (A
i h K 4 T TCEP. TCPP. TDCPP. TBP % 4 fift OPEs, DBP. DPHP. BBOEHEP, BEHP, OH-TBOEP %
5 # mOPEs, HARLA W0 2s 11 F i A5 e i BRI 5.

2.4 kR ENCE

Sy MIAEXS R RSN 16 Ff H AR G W bs o 5 R A e SR EE N 100 ng-g ) R 2 N A il 45 5
T INBRAE S FEE A AR f 25 1 41, B 3 AN FATRE S, DAtRAT Dl o . 2 A3 ASr I J5 TH md
IR A SE g0 45 R ANER 6 R, 3 BUINARFE & ' OPEs Al mOPEs [ 53 5 7E 69.9%—81.3% Fll
61.2%—82.5% Z [], AT HE A X AR i f 22 (RSD) 43 54 F 7.9%—20% FI 11%—24%, & BHi% fij 4b #
T5 R AT 4 E T 2 16 B BARE A P k.

R 6 FEAMFETUINAR DR
Table 6 Recovery rate of substrate

FEF AR Spiked substrate

s —
Analytes I/ % AEXIHRUER 25 /%
Recovery rate RSD
TCEP 75.4 19
TCPP 69.9 12
TDCPP 81.3 17
OPEs TBP 75.0 20
TBOEP 71.9 17
TEHP 78.4 7.9
TPHP 78.1 10
DBP 71.9 23
BCEP 61.4 13
BCPP 62.1 15
BDCPP 61.8 18
mOPEs DPHP 73.1 20
BBOEHEP 61.2 17
BBOEP 82.5 24
BEHP 75.9 16
OH-TBOEP 76.9 11
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2.5 XGEFEMH

FI AR SCHE ST B 20 7 7 6 12 A XS B RE S Y 16 Bl B AR AL & B 547 6] A5 4G 00, X 26 w7 A
OPEs [ & & A1 9 Ff mOPEs [ % & N3 7 Ur7n . X9 & FE & ' OPEs B TEHP 4b, HAth OPEs ¥4 £,
TCEP F1 TCPP 45 i %A 100%, TBP 1 TBOEP 45 i %4 75%, 1fii TDCPP 1 TPHP [ 4 Hi 3R A5
25%. XOPEs 1) ¢ & YU [l & 1.43—5.9 ng-g!, TCPP ¥ J¥ fix =, i OPEs Jjil 12 1Y) 58.8%. % & k£ i
mOPEs [(t BCEP il BCPP 4, H fth mOPEs 34 A £ i , DBP. DPHP fl BEHP (1Y & i1} % 25 100%,
BBOEP 4 ¥ 1 3 Jy 83%, BDCPP ) £ Hi & 75%, ifii OH-TBOEP I BBOEHEP ) 4 it 73 il LA
25% F1 8%. EmOPEs [ ¥k FE 5 [F hy 2.81—11.8 ng-g™', DPHP & = 2k4 H BLAA, ¥k BE BTk 5 L oh 54%.
X252 v e W UL ) 22—, X RS B A 118 i B XU, R AT 3 Ao H ) AT N RS B T 2
%7 OPEs MmOPEs [¥ffiit HHE AR (EDIs, ng-g ' 1A/ K). 29mOPEs Fl £70PEs /] EDIs 43l 0.67ng-g !
132 ng-g ! RHE/K, il i & Y FE R 78 OPEs Ml mOPEs [ 78 78 fidt B XU #211%.

7 XM P OPEs fl mOPEs (¥ ¥ (ng-g™)
Table 7 Concentration of OPEs and mOPEs in egg samples(ng-g™)

e OPEs
No. TCEP TCPP TDCPP TBP TBOEP TEHP TPHP ¥,0PEs
1 0.126 2.14 0.152 0.891 0.134 nd nd 3.45
2 0.0972 1.93 nd 0.612 0.123 nd 1.46 422
3 0.208 2.72 nd 0.786 0.126 nd nd 3.84
4 0.078 1.66 nd nd 0.101 nd nd 1.84
5 0.139 1.63 nd 0.630 nd nd 1.54 3.95
6 0.142 2.90 0.141 1.01 0.104 nd nd 429
7 0.112 2.16 0.201 0.967 nd nd nd 3.45
8 0.170 2.84 nd nd 0.108 nd nd 3.12
9 0.171 2.81 nd 0.664 0.150 nd nd 3.79
10 0.147 2.11 nd 0.734 0.485 nd 2.41 5.90
11 0.101 1.74 nd 0.447 nd nd nd 2.28
12 0.192 0.988 nd nd 0.249 nd nd 1.43
¥fH 0.140 2.14 0.165 0.748 0.176 — 1.81 3.46
HE 0.141 2.13 0.152 0.734 0.126 — 1.54 3.62
K th%/% 100 100 25 75 75 0 25 —
e mOPEs
No. DBP BCEP BCPP BDCPP DPHP BBOEHEP BBOEP BEHP OH-TBOEP ZomOPEs
1 0.0241 nd nd 1.05 1.13 nd 0.235 1.54 0.0278 4.01
2 0.102 nd nd 0.369 3.38 0.116 0.0762 1.03 nd 5.08
3 0.137 nd nd 5.62 3.32 nd 0.171 2.41 nd 117
4 0.0411 nd nd nd 1.97 nd 0.119 1.98 nd 4.11
5 0.0733 nd nd 0.726 439 nd 0.133 1.47 nd 6.80
6 0.0370 nd nd 0.0639 2.95 nd 0.272 6.27 nd 9.59
7 0.0291 nd nd 0.0409 2.17 nd 0.177 0.788 0.0487 3.25
8 0.0586 nd nd nd 1.61 nd nd 1.15 nd 2.81
9 0.0235 nd nd 0.562 1.63 nd 0.150 0.641 0.0973 3.10
10 0.153 nd nd 3.21 4.04 nd 0.187 2.34 nd 9.94
11 0.506 nd nd 0.0486 11.1 nd nd 0.149 nd 11.8
12 0.148 nd nd nd 6.90 nd 0.122 2.86 nd 10.0
SFEE 0.111 — — 1.30 3.72 0.116 0.164 1.89 0.0579 6.85
e 0.0660 — — 0.562 3.14 0.116 0.160 1.51 0.0487 5.94
ot /% 100 0 0 75 100 8.3 83.3 100 25 —

H: nd, KA Z,0PEs, 7ROPEsfY S F1. ZomOPEs, 9F OPEsi 4 f4 s .
Note: nd, not detected; £,0PEs, sum of 7 OPEs. £gqmOPEs, sum of 9 OPEs metabolites.
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12 4> X8 ZE #E 5 b OPEs 4 ¥k B {4 3.62 ngrg ™', 5 Chen %5 P i 19 4t 35 #b X 48 N9 &
(6.83—13.61 ng-g ™) H* OPEs [ & ft AHIE, (H I AR T TR i X AR G 2 ((14.8 £ 2.4) ng-g™) 7 Al 3k
TR (4.76— 760 ng-g )P, LI EPY R VT HL X RS | b /N B 8 (48 ngrg !,
Hi{H ) ) OPEs 1Y 7 f . X #& ' OPEs i & &t W& = T Lt A B 17 B 48 25 (0.39 ngrg !, Wl ) 1,
TP A B2 iy AN E B R R, B WIOR IR 4%, OPEs (1) 2 88 AR il GBI & T A TI SR A
&, F¥mEh OPEs M & mAFTE R K 22 5. B i E N AR 2530 # 5 85 H OPEs #1 mOPEs WY 5%+ 43
AR, AW RS mOPEs 1Y ¥k FE AV 3 A 5.94 ng'g”', K IR Il T Stubbings & H
A8 A AL 55 L X P Sk VR 2R A A i (2743.0) ng-g !, 55 OPEs B9 RLAEEZSRL, W] g i 5 07 A 2K 58 R A A
BB A Yk I5 S5 R A K.

AW ' mOPEs A 5 2 & T OPEs AU & (Paired t test, P < 0.01). f1 T OPEs 7£ 4= ¥ {&
W25 ke A AL AL, BTG T mOPEs (958 K 244 HAE S OPEs B Z& B b ik, (HIE4E K Y58 &
UK 212 55 B85 A BT OPEs Ml mOPEs [7] B #7278, 32 BH A= 914 P9 19 mOPEs 1R 1] g A & 4ok B T XF
OPEs R4 4k, A 7] BEAF7E X} mOPEs ) EL 2 #5. [N IL, A58 49 2 1) mOPEs [ £: 3% X} OPEs )
FBHVE R AL, W] REAEAE BEXG @ 2 1Dk .+ HEAE IR A2 % mOPEs 1Y FLIEHA.

3 %515 (Conclusion)

ARHFFEAERE A [ P9 AN BT SCHRHRTE (4 LAtk L, X2 4% i b OPEs A1 mOPEs 14 Hif b BE AR 43 Mt
FAFHATIAL, EET T REAS R ER I AR o3 A e A 7 B AR WA L b 16 A OPEs Fl mOPEs Yy
W77 . Z 07 R FHARFRLE N 9 0 1 B Z I AR 2RI AV I EA T4 L, SR F d-SPE BRJR, Jfil i Strata X-
AW FEE— 254k, 5o 38 ad TR €3 B 6 = B DUAR AT 5% (LC-MS/MS) R 45 22 H 437, A4 16 Fh
H br AL & 9 5 IR 5 BLE 61.2%—82.5% Z [0]. AR BF5T 12 A 38 254 5 v #4468 H T £ Fh OPEs il
mOPEs, ¥ & H i 73 %4 3.62 ng-g #1 5.94 ng-g”', mOPEs 1Y% & i & & T OPEs 1 & &, AWF5Y 4%
L HERATEAL =5 08 107 & B 2E W RE S v OPEs Fll mOPEs 19 & R H (it 74 R it S 4%, [ml i ey T 2 —
RELENEYRIE, RSB RNTFE S — 2P Xl &Y AN mOPEs K H VB fa B XU
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