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Abstract ; Objective To establish a method for the determination of 18 phthalates ( PAEs) metabolites in urine by ultra —
performance liquid chromatography — tandem mass spectrometry ( UPLC — MS/MS) based on solid — phase support liquid —
liquid extraction (SLE) technology. Methods Urine sample spiked with internal standards was first hydrolyzed by enzyme,
then purified on a SLE column. The separation was performed on a BEH C18 column. The detection was performed in multi —
reaction monitoring scan under negative mode. Internal standard method was applied for quantitative analysis. Results The 18
PAEs metabolites showed good linear relationships in the range of 0. 10 =80 ng/ml (r >0.999). The average recoveries of 18
PAEs metabolites ranged from 84.0% - 113.0% with relative standard deviations between 1. 1% and 9.5% . The limits of
detection and quantitation of the method were 0. 001 - 0. 07ng/ml and 0. 002 — 0. 2 ng/ml, respectively. The intra — day and
the inter — day precisions were 1.3% —7.0% and 1.0% —-8.1% , respectively. 160 urine samples were analyzed with this
method. Except for 3 PAEs metabolites that were not detected, the detection rates of the remaining 15 PAEs metabolites ranged
from 1.9% to 100% , and the detection rates of 8 PAEs metabolites were 100% . Among them, mono — n — butyl phthalate had
the highest concentrations with a median concentration of 126 ng/ml. Conclusion This method is simple, sensitive, and
accurate, and it is suitable for the determination of 18 PAEs metabolites in large batchs of urine samples.
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Table 1 Mass spectrometric parameters of 18 PAEs metabolites and internal standards

A/ E2 T ER e ] BEr FEF DP CE

(#H5) (min) (m/z) (m/z) (V) (eV)
A% ZH R B H R (MMP) 3.56 179.0 77.0%,106.9 40 22,15
A — B R . Z, i ( MEP) 5.03 193.0 77.0*,121.0 50 22,15
AB7R PR B N TR (MiPrP) 6.71 207.1 77.0*,57.0 45 28,17
PR R T 18 (MiBP) 9.07 221.1 77.0*,71.0 50 25,17
SRR IR (2 - 23 -5 - /L 3) iR (MEOHP) 9.10 291.1 77.0%,141.0 70 40,22
A~ H R S E TS (MnBP) 9.30 221.1 77.0,133.9 50 25,18
A H R PR IE R iR ( MBzP) 9.55 255.1 77.0*,105.1 50 30,20
AROE T HIRIL(2 - 23 -5 - ¥R JL 3t ) g (MECPP) 9.75 307.0 159.1%,113.0 40 16,38
AP T R (2 - 23 -5 - RILC KL fig (MEHHP) 10.08 293.1 145.0*,120.8 65 19,24
AR R - (2 - RIEF B EE) P (MCMHP) 10.73 307.2 158.9%,113.0 40 18,42
AB7R Z R A O iR (MCHP) 10.96 247.0 97.1*,77.0 57 19,33
AR — H iR B IE TR (MnPeP) 11.38 235.0 77.0*,85.1 55 27,17
AR T IR B (2 - 2L 058 ik (MEHP) 15.52 277.1 134.0,127.0 60 21,21
LR8I BR BRLIE iR (MOP) 15.95 277.1 77.0%,127.0 60 33,21
LK — HT R PR -8R ( MINP) 15.96 291.1 77.0%,141.0 70 32,22
&K Z H R B IE -1 (MNP) 16.63 291.1 141.0*,77.0 70 22,32
A5 — iR B 54 G ( MEDP) 16.85 305.0 77.0,155.0 80 39,23
LB Z H R PAE BE R (MDP) 17.14 305. 1 155.0*,77.0 60 23,29
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Fig.1 Chromatograms of 18 PAEs metabolites spiked at a concentration of 10. 0 ng/ml
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Fig.2  The recoveries of 18 PAEs metabolites with different

elution solvent
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(11, v/ v) PR

2.5 M&ARaE  BUS HIRFEGEAE AL B, X e

U B2 FEEBUINA 10 ng/ml B G HRUEFH , [R] LA
FHSE — 7K (151, v/v) SR 00 e ) Tl e B 1) T ARV, 38
o EEGZ PR AR AR B3 vh 45 5 o T T R o
BN, 25 W, Bk MnBP (938 53500 R 1. 40, R BN
H S8 T BRSO A , FLAR A 43 R KON 7E 0. 99 ~
1. 13 Z[a], B3R 30 R 55 3L RN . 56T I, AR 7ok
FHPIBRIE AT R 1, DAREAR L T 3500 5 o

2.6 Gkt LMILE AERRAEFR RS
MrS40T , W e R 0, DAAR BE B [a) FN s+ 3=
FELENE, DL BARd 5 NARIY & f B I m AR L
HCAH R Y T v B LU AR IR, A5 B AR dfE it 2. 18 R
PAEs fRI#17E 0. 10 ~ 80 ng/ml Z [al 23 T R 4FAZk
PR FHE R B R T 0.999, HUES [ PR AE AT SR B
A& SR A INARAE , L™ A= 5 W LA 3 608 Wi g B X6F
(R B Rt B, A5 M8 L oy 10 5% o7 8 vk 3R e B FR
18 A PAEs fCif ¥4 th B 4 0. 001 ~0. 07ng/ml, 5&
HHE 4 0.002 ~0. 2 ng/ml,

2.7 mAFeDkEEBAEEE ESHRETIAML,
H (1. 00,10.0.50. 0 ng/ml)3 KL, FieA 1k Ak 21
Jo , BEMRBE KT 38T 6 IR o A5G T3R 2, IR AE
84.0% ~113.0% . [a] , FiXHFR1EMR2Z (RSD) 7€ 1. 1%
~9.5% Z ], i [E—REEFEAT B RS 2% H
()RG5 BE 4, B R HNKE S E N 1.3% ~7.0% , H
B E N 1.0% ~8. 1% , LERFH %7k meR
FERE PR, BB A& A= WA SRl 28K

R2 R I8 Bl PAEs AU DGR ARG B (n = 6)
Table 2 Recoveries and precision of 18 PAEs metabolites (n =6)

P . 1:00 ng/ml . 10.0 ng/ml . 50.0 ng/ml H a2 H IR 2
I 5E (8 (ng/ml) I {H (ng/ml) 7 {5 (ng/ml) RSD(% ) RSD(% )
MMP 1.03 +£0.05 10.4 +0.44 50.6 +1.68 6.1 3.6
MEP 1.02 £0.05 11.3 £0.37 50.8 +0. 80 4.6 4.2
MiPrP 1.00 +0.06 11.0 £0.45 51.0+1.07 2.2 4.3
MiBP 0.84 +0.04 10.4 +0.31 49.9 +1.57 3.7 2.7
MEOHP 0.97 +0.05 10.4 £0.34 50.1 0. 80 3.7 3.5
MnBP 1.03 £0.07 9.57 £0.79 49.6 +2.09 3.2 1.0
MBzP 1.00 +0.05 10.6 +0.19 50.6 +1.86 1.3 1.9
MECPP 1.03 +0.05 10.6 +0.38 50.9 £0.77 1.8 1.2
MEHHP 0.98 +0.03 10.3 £0.32 50.4 +0.80 2.9 3.3
MCMHP 0.89 £0.02 10.1 £0.69 52.4 £2.27 7.0 8.1
MCHP 1.03 +0.03 10.2 +0.53 50.2 +0. 60 3.0 2.0
MnPeP 0.98 +0.04 10.0 +0.32 49.7 +1.49 3.3 3.0
MEHP 1.04 £0.10 10.4 +£0.65 49.5 +2.01 4.3 4.2
MOP 1.00 £0.03 10.7 £0.11 50.0 £1.19 1.9 3.6
MiNP 0.96 +0.04 10.1+0.18 48.5+1.57 4.1 3.7
MNP 1.05 +0. 02 10.7 +£0.32 50.0+1.18 2.1 2.9
MiDP 1.01 £0.03 10.2 £0.51 49.5+1.58 2.9 3.9
MDP 0.98 +0.05 9.81 +0.31 49.0 +0.92 1.6 1.9

2.8 H&manE

KA 160 iy NREIRIBHE A, 45 BEA
IEHEATINGE , 18 Fh PAEs A E SRS T3 3.,

ZEHL R, BR MiPrP MnPeP \MiNP A4 H 4k, Higy 15
P PAEs fRIH) 00K H2RTE 1. 9% & 100% Z 1], Hor
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8 Flt PAEs fUif ¥y O K SR Ry 100% K HA A0 21 43 4% MMP MECPP MEP MiBP MnBP, 7 MiBP #1 MnBP
7 MK /s B K HE 514K Yl MNP MCHP | MDP | A E ST 3R 116 ng/ml F1 126 ng/ml, & 4 4
MOP MBzP MiDP MCMHP MEOHP MEHP MEHHP — BRI PRABE Y o ]

FR3 AR 18 i PAEs FUIIH 00 5 45

Table 3 Determination results of the 18 PAEs metabolites in human urines

L) FHE 03 5 PR (% ) /M (ng/ml) R fH (ng/ml) I (ng/ml) Tz {E (ng/ml)
MMP 158 98.8 1.44 88.20 13.80 10.20
MEP 160 100.0 0.94 290. 00 35.60 15.50
MiPrP 0 0.0 / / / /
MiBP 160 100.0 76.10 264.00 121.00 116.00
MEOHP 160 100.0 0.50 289.00 10.70 5.82
MnBP 160 100.0 25.90 645.00 148.00 126.00
MBzP 5 3.1 0.11 0.79 0.51 0.56
MECPP 160 100.0 0.72 481.00 19.20 11.70
MEHHP 160 100.0 0.78 529.00 18.40 10. 10
MCMHP 160 100.0 0.35 120.00 7.42 4.74
MCHP 4 2.5 0.10 0.30 0.22 0.25
MnPeP 0 0.0 / / / /
MEHP 160 100.0 3.65 90.50 9.86 8.05
MOP 3 1.9 0.26 0.38 0.31 0.29
MiNP 0 0.0 / / / /
MNP 153 95.6 0.10 0.54 0.21 0.19
MiDP 20 12.5 0.37 5.30 2.18 2.02
MDP 4 2.5 0.11 0.44 0.27 0.26
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Fig.4 Chromatograms of one typical urine sample
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