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Determination of nine monophthalates in urine by liquid - liquid
extraction — high performance liquid chromatography -
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Abstract: Objective To develop a liquid — liquid extraction combined with ultra — high performance liquid chromatography —
tandem triple quadrupole mass spectrometry ( LLE — UHPLC — MS/MS) method for simultaneous determination of nine
monoester phthalate metabolites (mPAEs) in urine. Methods 1 ml urine sample was subjected to enzymatic hydrolysis by the
addition of ammonium acetate solution and B — glucuronidase at 37 °C on a shaker for 16 h. Subsequently, 20 pl of formic acid
was added and thoroughly mixed. Liquid — liquid extraction was performed with 3 ml of ethyl acetate, then the mixture was
centrifuged and the supernatant was concentrated under nitrogen flow. The residue was reconstituted with 0. 20 ml of acetonitrile
— water solution (50: 50, v/v). Chromatographic separation was performed on a BEH C18 column (2.1 mm x 100 mm, 1.7
pm) using a mobile phase of 0. 10% acetic acid in acetonitrile and 0. 10% aqueous acetic acid. Analytes were ionized via
electrospray ionization (ESI) in negative ion mode and detected by multiple reaction monitoring (MRM) , and quantification
was achieved through the internal standard curves. Results Good linear relationship was obtained for the analytes within 0. 50
to 200 ng/ml, with correlation coefficients greater than 0.999. When 1 ml of urine sample was utilized for analysis, the
detection limits and the quantitation limits of the method were 1.5 x 10 ™ t0 0.29 ng/ml and 4.9 x 10~ to 0.98 ng/ml,
respectively. The recovery rates of the method ranged from 87. 05% to 111. 5% , with intra — day relative standard deviations of

0.31% to 3.05% , and inter — day relative standard deviations of 0. 59% to 3.46% . The nine monophthalates in 277 urine
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samples from healthy individuals were determined by the proposed method. Except for mono — benzyl phthalate (MBzP) , which

had a detection rate of 87. 73% , the detection rates of other monophthalates were 100% . Mono — butyl phthalate (MnBP) had

the highest median concentration of 194. 10 pg/g creatinine, while MBzP had the lowest median concentration of 3.7 x 10~

pg/g creatinine. Conclusion

The established method for simultaneous determination of 9 monophthalates in urine samples

was simple, sensitive, and accurate, which is suitable for the accurate exposure assessment of these substances in urine.

Keywords : Urine; Monophthalates; Ulira — high performance liquid chromatography — tandem triple quadrupole mass

spectrometry ; Liquid - liquid extraction
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F) T ( Mono (2 - carboxymethylhexyl ) Phthalate,
MCMHP) 482 —HIERH.(2 - Z3E -5 - RILIL) TR
(Mono (2 - ethyl — 5 — carboxypentyl ) Phthalate,
MECPP) AF% —HRM (2 - 2,5 -5 - I 0 1) g
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C oAt (2. 1 mm x 100 mm,1.7 pm,3E[E Waters ) ,
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150C, BANE TN 2.5 kV HEFLHLE N 26 V, Bl
7T HESL R SR 23 0 1000 L/h (150 Lk
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Table 1  Gradientelution program for HPLC

it i1] (min ) HEAE A(%) B B(% )
0. 00 70 30
4.00 70 30
9.00 5.00 95
10. 00 5.00 95
10. 10 70 30
15. 00 70 30

R2 BN DR B I ) AN SR

Table 2 The retention times and mass spectrometric parameters of the analytes

L] TR B I i) BT FET BF: BB I [A] HEfLHL T MR BN )
('min) (m/z) (m/z) (s) (V) (eV) ('min)
MEP 2.22 193.03 76.97° 0.22x10"! 6.0 14 0~4
120.94 10
MEP - 13C4 2.22 197.03 78.98¢ 0.22x107" 12 18 0~4
123.20 8
MECPP 5.62 307.03 159.02° 0.50 x10 72 2.0 10 5~8
113.05 28
MECPP - *C, 5.62 311.03 159.01* 0.50 x 102 24 10 5~8
113.05 32
MEHHP 6.13 293.03 145.04* 0.50 x10 2 2.0 12 5~7.5
120.92 18
MEHHP - B¢, 6.15 296.97 123.98* 0.50 x10 2 6.0 20 5~7.5
78.98 30
144.99 14
MiBP 6.23 221.10 76.97¢ 0.50 x 10 =2 20 16 4~7
134.00 14
70.98 14
MiBP - *C, 6.20 225.10 78.98* 0.50 x 10 =2 20 16 4~7
136.98 14
MEOHP 6.33 291.03 143.03° 0.50 x10 2 6.0 12 5~7.5
120.92 18
MEOHP - ¢, 6.33 295.10 143.02° 0.50 x10 =2 22 12 5~7.5
123.97 16
78.98 30
MNBP 6.41 221.10 76.97° 0.50 x10 72 10 16 4-~7
70.98 12
MNBP - B¢, 6.40 225.10 78.98° 0.50 x10 2 10 16 4~7
151.02 12
MCMHP 6.62 307.03 159.02° 2.50 x 10 ~2 20 12 4-~7
112.99 24
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(8ek)
By TR B I i) B FEF Cieding i) HefLHL R M RE: S B ]
('min) (m/z) (m/z) (s) (V) (eV) min)

MCMHP - 13C4 6.62 311.03 159.01° 0.50 x10 72 20 14 4-~7
113.05 26

MBZP 6.71 255.10 76.97° 0.50 x10 =2 2.0 18 5~7.5
107.33 14

MBZP - ¢, 6.71 259.03 107.00° 0.50 x10 72 24 12 5~7.5
79.43 16

MEHP 8.79 276.97 133.98° 3.50 x10 2 2.0 14 7~9.5
127.06 14

MEHP - *C, 8.79 281.03 136.98* 3.50 x10 72 16 16 7~9.5
78.92 16
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B A TE 5 min BEATIRORAEEL, LA 1 274 g B3R BE B30
5 min, B IS W 2. 50 ml,40 CRBE WIS i T,
JA 200 pl 50% Z G , IR 15 2L 29 703 g
B0 5 min, R IE W TR 8. JREEH mPAEs
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Je EHUREI 5 2 RAEAETS g%, 5 S 4R R R OFHERR 4%
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FUINR PRIAE ity , AR A 00 4 45 85— %o (1) €0 3k e 3 5
TR e v A7 490 R i P i A e 1Y
FE B MR HE P AR S R . TE bR IR A
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o Pt MEHHP - P C, Ay i P B 1 JBr ik 5
Wi 1 VAR A 124. 00 F179. 05, iS50 2,

2.2 &Lttt RAH Cy k2 AE mPAEs 43



PRACTR R B 27 2025 4757 52 455 12 #]  Modern Preventive Medicine, 2025, Vol. 52, NO. 12

- 2253 -

B I @G5 AL R4S G Cpy EIEAE | T g
RN S A G . ARSI PR C s R 0 R
o VB R BE A LA N P B 25 Y LR
L O RIS R, 225 BE A SCk 9 i 3l
M7 AT 10 ng/ml R4 b i 7 9 L I R
WRENAR AR AE 0. 10% LR - ZNEH - 0. 10% &
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Bl R LR RN S 48 SR R, 25 S R, I A G oh
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Fig.1 The chromatogram of mPAEs and their quantitative ions

with isotope — labeled internal standards

2.3 GRIRFBREMKAL R mPAEs % 5 A0
R AL A LN &5 A, I I, PR BHE 26 BUA AL F 2
T W, TR Y R R S IR A Y B
FE L R T A AL, R e 10
ng/ml JITFRAFE ff (1) [T REAE 0 T

2.3.1 FERULAFIF LR 9 MR log P A
JEREIR 1,66 ~4. 66, R RH 4~ i &M, BOR T
2 Bl B R AR E A ML L8R TR (log P =
0.71) FI S &E (log P = 1. 19) 1 Ry AU 547 5
5o WU ZHER PRI FEA T 318 A FRAE I I AR &
FRUEAE R B INARAE S o BURFE T ml, 230515k H & R
R AW BE 3ml HEAT IR AL, B LT I 40 CoK
R ZE R WA ZI T, A 200 pl 50% 252 %,
VW RS s i, 45 51 i 2 i X F
mPAEs , 70§ ] 2 82 R AE Ry 2 BGRB[0 i 22 1 Jd
TS H e, B MEP 76 4 FH G0 B 2K B L7

NI, MECPP, MCMHP 7 — 58 F 4 i 18 A% B[R] i
RIKT 5% o WA, LR L RZE U, 757 0 ) 9 26
Wz BRATHLA, T S e A G TERE T 2=, PR
FH 2 181 B ZH SR 8 2 IR M U S v A M
SEE IR LA SARAEE R ] SR SR AU

20 0O ZB7 B
20 [ B_FRiE
70
_ 60
sl
¥ 40
CETRE
20 |
10 F
NI nl
MEP MECPP MEHHP MiBP MEOHP MNBP MOMHP MBZIP MEHP
EEa A=t
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Fig.2 The recovery rates of mPAEs for different extractants
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A S50, UH] T 28 S 107 ) 4 4 1 2 L BRI
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A BEATROBZE I, e R e OB B O AT i
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F18 e 7 R TR AR KT 3 1o HP P AR P , 23 B Dt PR 2
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Fig.3 Effect of sample solution pH on the recovery of mPAEs
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TE LR TR 7 BRI 0 3 A Rk B i FR R — 7K
PR pH EL, fF H B2 B 0% 0. 01% 2. 00% |
20% (v/v) , 4% B TP R MR B2 A A=A 58 pHL AL, 2351l
JypH=~1.pH=2 pH=~4 pH=6, [& 4 ] Ui, %t F
mPAEs, fill A W2 7] £ & Jn A [l i R, W2 1 X B
MEHP M) mPAEs # JUR{CR 42 55 578 &, pH =~ 2 B
Jirf mPAEs B R R T HoA pH, e &% 2%
R (pH=2) fE RN ZE U R JEE

IEETD (CPS=108)

ALY

c.co U2

MEF  MECFF MENHF MiEF MEOQHP

Birib&®

ALY

O pH=1
[ pH=2
O pH=4
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4 FEWE pH X mPAEs W i B (4 5

Fig. 4

2.3.3  ZEHGH

wRIELAL

Effect of sample solution pH on the peak area of mPAEs

HE (2 ~5 ml) XJAEHGSCRAGRZ M, 25 58 N 5. 3 ml
54 ml WAERGCES G GEF R, 3 ml 4RO
it FH T PR VGRE & B A B

2.4 FiEFRAREE

K T LR LA TR

200 ng/ml ¥ B i Fl ] R Mk R4, M R B KT
0.999, J5¥E LODs F1 LOQs (19515 43 5 g 3 £ 155 e
AT 10 f5 {5 e b, 25 2R W% 3. HOREME 1 ml $EA 73T
& PAEs 254k 4 ¥ ) LODs F1 LOQs 43531y 1.5 x
10 7% ~0.29 ng/ml F14.9 x10 ° ~0. 98 ng/ml,

2.4.2 MEMRERRSRE B TIRFEIR G S, 5351
A, . 5 (2.00,4.00,20.00 ng/ml, MBzP
0.20.2.00 4. 00 ng/ml) =K TR A #r HE T WL,
PRI Y 4. 00 ng/ml, B HEE 3 R, %EL3 K
PEATREIN , 15 BT AR 2 e SR, T H 58 H RS % 3
FH DRG BE 25 5 L3R 3, SEIR BTl 9 Ff mPAEs
HA X L RS 2 DI B , TAR O S8 v A R 25
FETTRON A R AR . JRe 9 Bl mPAEs (1) = A~k
[k 87.05% ~111.50% , H N kS35 4 0. 31%
~3.05% , H[APKE %54 0. 59% ~3.46%

120

) O 2ml

100 | Iy 7N @ 3ml

O4ml

.80 | & Smi
=
e 60
=
[l 40 |

20

MEF MECFF MWEHHF MWiEF MEOHF MNEF MCMHE  MBZF MEHP
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Fig.5 Effect of extractant volume on the recovery rates of mPAEs

f8br(n=3)

Table 3 The performance parameters of the method (n=3)
e KIRME  rkE mpeEs RSD(% ) I 7 M ZREL LOD LOQ
(ng/ml)  (ng/ml) (%) HHN H i) (r) (ng/ml) (ng/ml)

2.00 105.21 £0.33  0.31 1.41

MEP 8.25 4.00 111.53 +1.22 1.09 0.96 y=5.79%x1072x+2.70 x1073  0.999 7 0.28 x10 72 0.95x107"
20. 00 109.12 £0.99  0.91 1.45
2.00 100.21 £0.51 0.51 1.64

MECPP 5.32 4.00 103.94 +1.04 1.00 0.68 y:5.21>(10’2X+1.60><10’l 0.999 7 0.38 x10 7! 0.13
20.00 105.72 +0.75 0.71 0.59
2.00 97.23 £2.45 2.52 1.83

MEHHP 5.90 4.00 103.87 +2.02 1.94 3.46  y=5.76 x102x+8.74 x107%2  0.999 9 0.93x1072 0.31 x107"
20.00 107.61 £3.10 2.88 2.82
2.00 91.35+1.37 1.50 1.53

MiBP 3.65 4.00 96.78 +1.48  1.53 1.06  y=1.30x10""x-6.40x107% 0.9990 0.14x10""  0.47x10"!
20.00 99.89 +1.14 1.14 1.87
2.00 95.98 +1.68 1.75 2.28

MEOHP 8.96 4.00 98.18 £1.71 1.74 2.17 y:3.61><10_2x+2.52><10_l 0.999 4 0.18 x10 72 0.60 x10 2
20.00 102.42 £1.64 1.60 2.18
2.00 87.05 £0.54 0.62 1.71

MNBP 2.53 4.00 110.91 £0.89  0.80 1.61 y:8.73><10’2x+3.00><10’3 0.999 8 0.26 x10 ! 0.86x107!
20. 00 111.41 £2.18 1.96 1.52
2.00 96.24 +0. 64 0.66 2.33

MCMHP  45.20 4.00 100.52 +1.72 1.71 1.33 y:9.20><10’2X—8.4-0><1073 0.999 8 0.29 0.98
20. 00 106.74 +0.41 0.38 2.94
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N 7!<Fr€{ﬁ Iz T &S RSD(% ) o *ﬁa@% LOD LOQ
EW (hg/ml)  (ng/ml) (%) 0 B R ™ (ng/ml) (ng/ml)
0.20 96.38 +2.94  3.05 1.61
MBZP 0.16 2.00 97.12+1.78 1.83 2,92 y=6.43x10"2x+4.00x10"* 0.9997  0.24x107? 0.79 x 102
4.00 99.03 +1.81  1.83 1.76
2.00 99.82+0.79  0.79 1.53
MEHP 4.52 4.00 105.51 £0.50  0.47 2.33  y=3.92x10"2x-9.40x10"% 0.9998  0.15x107%  0.49x10?
20.00 107.41+1.08 1.0l 0.89
2.5 kb mPAEs g ieml WK FETTRBEEEEIL  87.73% Kyt KT 0.037 pg/gyy (IR o 5

KRy 277 A IEH ASREESEAT TR, S5R R 4, T
Bl s, R TP 8 8 b F o B AT 42
AR, 9 F mPAEs 5 MBzP LLAh, H 4 8 Fh
mPAEs {16 R34 100% . MBzP {9 K H 5

£ 4 JRFEH mPAEs (86

B/~ ,PAEs I NBEZRER &) 12 1,
HZ MnBP, 5

B3 S DX M 0 R ) b

RHAFANE,
SREES TR
PRSP

TSy Gt

R (e gy )

Table 4 Detection results of mPAEs metabolites in urine samples (ug/g creatinine)

HEY Kt FEME Kt F (%) 5525 H oA LIRS 575 H i
MEP 0.56 ~1.38 x10° 100. 00 5.69 9.80 19.87
MEHP 0.12 ~55.25 100. 00 2.30 3.34 5.88
MEHHP 2.37 ~85.92 100. 00 5.14 7.48 10.97
MEOHP 0.62 ~24.92 100. 00 1.72 2.53 3.70
MECPP 3.21 ~83.15 100. 00 8.89 12.91 18.20
MCMHP 0.43 ~24.61 100. 00 2.34 3.57 5.06
MnBP 19.17 ~1. 66 x 10° 100. 00 125.30 194.10 294.30
MiBP 2.87 ~199.63 100. 00 13.49 21.46 31.71
MBzP ND ~3.40 87.73 0.03 0.04 0.08
73 :ND, not detected , A4 H .
51 B3 KU . 0 AR A 25 T B3

ARG T IR 9 Fh mPAEs 98 i A B -
B RSO A — BRI, IR T N 277 A

EH A JRAEH B mPAEs BRI, AR J5 ik ] oy A HE
PAEs 2§58 7K ¥ KA S o R AR S0 s o
MEMRER AR AR 25 02
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