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Simultaneous determination of 10 phthalate metabolites in
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Abstract: Phthalates (PAEs) are widely employed as plasticizers in plastic products that are used
in industrial, agricultural, food, medical, and other fields. PAEs are relatively weakly bonded to
plastic products through non-covalent interactions. Consequently, PAEs can easily leak from the
product into the environment, which exposes the public to PAEs through food intake, skin
absorption from personal care products, and by inhaling air. Related studies have shown that PAEs
are endocrine-disrupting substances and that long-term exposure to PAEs may result in diseases of
the nervous, reproductive, cardiovascular and immune systems. In addition, excessive exposure
to PAEs may trigger inflammatory responses and induce tumors. Therefore, establishing a highly

sensitive assay for determining PAE levels in the human body following exposure is an important
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objective. PAEs generally have half-lives of less than 24 h; they are rapidly metabolized through
enzymatic hydrolysis after entering the human body and excreted through urine. Therefore, most
studies have focused on PAE metabolites as target compounds; hence, human body exposure to
PAEs can be assessed by analyzing the types and levels of these metabolites. Herein, we established
a method for simultaneously determining ten phthalate (PAE) metabolites in human urine using ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The ten PAE
metabolites in urine were separated using an ACQUITY UPLC BEH Phenyl column (50 mmx2.1 mm,
1.7 pm). Gradient elution was performed using 0.1% formic acid aqueous solution and 0.1% formic
acid in acetonitrile as the mobile phases, at a flow rate of 0.5 mL/min, a column temperature of
40 C, and a sample size of 20 L. Data were acquired in negative-ion electrospray ionization (ESI)
and multiple reaction monitoring (MRM ) modes, and quantified using the isotope internal standard
method. The method was found to be highly specific, with the ten PAE metabolites exhibiting good
linearities in their linear ranges, with limits of detection (LODs) and quantification (LOQs) of 0.03
-0.3 and 0.1-1 ng/mL, respectively. Under the four quality control (QC) levels, the intra-day and
inter-day precisions of the ten PAE metabolites were all <8.3%, and the accuracy ranged from —10.5%
to 7.3%. The method was used to assess the exposure levels of PAE metabolites in the urine samples
of 60 volunteers, with 1-6 kinds of PAE metabolites detected in the urine of each volunteer. This
method is sensitive, accurate, simple, efficient, and suitable for the large-scale biological monitoring
of PAE metabolites.

Key words: ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/

MS) ; phthalate metabolites; urine samples; plasticizer
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Fig. 1 Structural formulas of the 10 phthalate (PAE) metabolites
MMP: mono-methyl phthalate; MEP: mono-ethyl phthalate; MBzP: mono-benzyl phthalate; MnBP: mono-n-butyl phthalate;
MEOHP: mono-(2-ethyl-5-oxohexyl) phthalate; MiBP: mono-iso-butyl phthalate; MnOP: mono-n-octyl phthalate; MCHP: mono-
cyclohexyl phthalate ; MPP: mono-n-pentyl phthalate; cx-MINCH : cyclohexane-1,2-dicarboxylate-mono-carboxyisononyl ester.

W 5 25, TC TR A A 2% % W, o MMP  MEP
MBzP . MnBP . MnOP F1 MiBP fY Ji & ¥ & & 100
pg/mL, MEOHP . MPP . MCHP #1 cx-MINCH [ i
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A TC G B TR G N AR A T A A A R R B B O
i, IEAE-80 CF IR AT o
1.2.3 2 I R 6 bR vE R R A 3R I B 45 R
B B

BC11 iy 900 pL &= A A TR T 1.5 mL U5
PSS 1~11), g5 R 1~7 1305 2 50 m A
1.2.1 17 & 5 T &t ok B 0 TR A b T R (45100
pL), %115 10 Fl PAEs 1R i 4 i 5& 5 DT B 1R & s v
VW5 1 g5 ol 8~11 R TR A Al im A 1.2.1 75 4
AR BT TAE B W (45 100 pL) , il 73 10 Ff
PAEs 1814 1 5& 5t DT Jic o 45 7
1.3 #HAEraE

i %5 W L 200 WL 75 I PR VAR T 2 mL B O
B, alm A 50 wLiR A AR TAER W 10 pL
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Table 1 Retention times and MS parameters of the 10
PAE metabolites and their isotope internal stan-
dards

te/ Parent Daughter

CV/V  CE/N
ions (m/z)

C d
ompoun min ion (m/z)

MMP 0.90 178.9 107.0", 77.0 20 10, 16
MEP 1.32 193.0 77.17, 121.1 32 14, 12
MiBP 2.76 221.0 134.1°, 77.1 42 10, 15
MnBP 2.87 221.0 71.07, 149.1 20 14, 10
MEOHP 3.04 291.1 143.17, 121.1 20 12, 20
MBzP 3.23 255.0 77.17, 104.6 22 18, 16
MCHP 3.34 247.1 97.1%, 77.1 12 14, 21
MPP 3.41 235.0 85.17, 77.1 22 14,18
cx-MINCH 3.45 327.1 173.17, 153 42 16, 24
MnOP 4.04 277.1 127.1°, 77.1 20 14,19
MMP-d4 0.88 183.0 81.0 30 16
MEP-d4 1.31 197.1 81.1 18 14
MiBP-d4 2.75 225.1 138.1 20 14
MnBP-d4 2.85 225.1 81.1 24 20
MEOHP-d4 3.02 295.1 143.1 20 12
MBzP-d4 3.21 259.1 187.1 36 12
MCHP-d4 3.32 251.0 97.0 20 14
MPP-d4 3.40 239.1 81.1 20 16
cx-MINCH-d8  3.44 335.1 173.1 16 14
MnOP-d4 4.02 281.1 127.1 20 18

RT: retention time; CV: cone voltage; CE: collision en-
ergy; * quantitative ion.
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i 1.2.3 1505, 64 P4 7KF- (LQC #1 HQC)
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Fig.2 MRM chromatogram of the 10 PAE metabolites
Peak identifications: 1. MMP; 2. MEP; 3. MiBP; 4. MnBP; 5.
MEOHP; 6. MBzP; 7. MCHP; 8. MPP; 9. cx-MINCH; 10. MnOP.
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TR URAAAE 20 d 5,10 Fl PAEs R4 & &1 RE
S} —9.5%~0.8%; £ Hif 4b H - 7F HE AR AR (4 °C) vl E:
24 h J5, 10 fl' PAEs fC¥f ¥ &% & 9 RE H-6.8%~
11.3%, SCH S5 R KW, 7 LR A&, 10 Ff
PAEs {4 BB 48 PR 155 B 4F 1Y Fa e 1k
23 AHEFWIE
231 L EM

B 200 pL 25 (I TR 4% 1.3 9 20 SR iE A7 A
Al A L H TR A N RS TR IR TR £ TR B v AR
B EIR S AR A E AR LS WA I REAS . R
1.4 71 % 0 E RE 5 B, T A5 B (5 1B B IR 1
(www.chrom-China.com) . H 200 uL %5 A T.JR%
W E i LLOQ 7K~ 1 25 Jot DT i B #E A AS 4% 1.3 719
AR EATRE AT AL B He 1.4 T S HERE AT L BT A
S i 1% DL BRI 2. S 2 AR BRI DR R R R
ST B AR A Y R, U8 B AR Oy T R R
B o
232 AMEERBHRSEER

F¢ 1.2.3 95 J5 A HE ) 8 90 0 v R 1% B 5 DG e
IR & bR % W, Ho b MMP . MEP ., MBzP . MnBP
MnOP F1 MiBP % 6 Fl PAEs 14 9 14 & 51 i 12 ik

BE 9K 5.10.50.100.250.500 ., 1000 ng/mL( A i
() N bR B ¥ E O 240 ng/mL) , MEOHP , MPP
MCHP . cx-MINCH % 4 # PAEs 1R ¥ 19 2 %) it
R4 1.2.10,20.50,100.200 ng/mL(AH 1
FR PN AT B ViR B2 R 48.0 ng/mL) , Fi IR 1.4 % Sk
AT o DL H BRGS0 BT Wk B2 Oy A AL A (e,
ng/mL) , H ARk A0 -5 %F 0 P9 AR 0 R 8 2 - 06 1 AR
Z WP AR (y) R FINAL BT R E0Ch (1/27) ) i
N bR el 2 ORI A I Oy R . AR
#* 2 fr /8 , MMP, MEP, MBzP , MnBP , MnOP Al
MiBP 7 5~1000 ng/mL & [l PN £k ¥ 6 & R 4,
MEOHP., MPP, MCHP #1 cx-MINCH 7£ 1~200
ng/mL W HF AL XRRI L HXEREG) B>
0.997 1. L 3 551 i34 H BR (LOD) (10 £ 15
M 145 PR (LOQ) , 10 ) PAEs fRifii ¥ 1) LOD
4 0.03~0.3 ng/mL,LOQ » 0.1~1 ng/mL.

F2 10MPAEsKEYHEIIEFE EAXRH QHRFESR

Table 2 Regression equations, correlation coefficients
(r?), LODs, and LOQs of the 10 PAE metabolites

Regression equa- ) LOD/ LOQ/

Compound tion " (ng/mL) (ng/mL)
MMP y=0.0162+0.0074 0.9996 0.3 1
MEP y=0.01952+0.0051  0.9979 0.2 0.5
MiBP y=0.0097x+0.005 0.9980 0.3 1
MnBP y=0.00912+0.011 0.9971 0.3 1
MEOHP y=0.04852+0.0017  0.9999 0.03 0.1
MBzP y=0.0078x+0.0008  0.9995 0.03 0.1
MCHP y=0.11532-0.0083  0.9989 0.03 0.1
MPP y=0.093x+0.0028 0.9987 0.2 0.5
cx-MINCH ¥=0.09352-0.0036  0.9995 0.03 0.1
MnOP y=0.01552-0.0026  0.9989 0.03 0.1

y: peak area ratio of the target compound to the correspond-
ing interal standard; x: mass concentration, ng/mL.
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Fie 1.2.3 15 2.3.1 795, 23 0 BE ) &R 900 Jo A vk B
(1% 35 J5T DG Fic VR B b 9 TR TRORD S B N bR B B bR Ak A
PR RLZS FUREAS 4 1.3 T r ikl AT R b 3. BEJS
N A1 T A B T Gy, K K R R A O R )
Jo VG TC VR A5 A o V5 VR, 7 i o IO o R ) O VAR A
SEIE L B OR AR — AT B I RE A . SR 1
WS FAREAS 2% H AR Ak G P it e T AR o e I T o
e B REAS X R H AR AR A 0 T B 0~17.3%, 1
AN ek IR T VA R A 0 1T FHLAY) 20965 [ B, RS
P AR A T 2% P e ) 0 TR o o A1 T VA B R AR
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i %43 %

Xof I87 P A 0 T R B 0~0.06% , 34 AS 8 3 e fI% o UK
JEREAS BRI TE R 5%, X —SC 90 25 B U0RH | 7E iF
B R R AR S, PAEs R K H AR TE &
G rp e A (8RB A PR R 2 0 e S RS G o T 2
TR M, A A A R S BT I A DGR SR Y
234 HEHEAMEBN . BERBEE

¥ 1.2.3 351l & 4 4K F (LLOQ . LQC . MQC
HQC) (14 J& 57 T e 7 #%8 FE A | B A 7K1 B A S 47 1l
60, i 1.3 Wy kAT R AL, 4% 1.4 5 SRRk
FEAHT TSR X AR AR 25 (RSD) , 15 21 H RS % %
(intra-day RSD) ; #E 2: ¥E#E 3 4,115 H 8] K % &
(inter-day RSD) ; it % 10 F' PAEs X #f ) /K °F- 1)
RE,# 115 3 d W& B &0 RE B K%
ZLF W ER R . 3 3 R, 10 Fh PAEs Uiy
H P L H [RDRE %5 B2 Y A 2 8.3%, #fE 1 20— 10.5%~
7.3% ., 756 LE PR o3 BT A DGR SR
2.3.5 EREM

PR 50T g 23 b H AR Ak G i o 1
A T, R ARG 3L B 248 (matrix effect, ME) , A 52
5 ok WAL R AR ik 0 AT 5 ik o O iE— B R UEAR
J7 V5 S M, % 58 T RN 10 Fl PAEs AR 4 19
RN o 4B 200 pL A ] 3238 & ok 95 (3L 6 f37)
49 S B R (B SRR A SR IR AT AR B8 3 453 ) 1] ] —
R 3 ASFEA P A3 AR b w3 AR
(LQC.MQC .HQC) My i #% TAE W . #% 1.3 5
PR AT AR B RS RS> BT, A5 2] H AR LA 1
T AR 5 P9 A e 1 ALY B AE (A 5 [T, DL 200 L
2l 7K AR S B PR, 4 BEAH [ T 4R | Bl 2 B
G3AT A5 2 H AR A A 4 06 1 AR PN A g T AR Y LA
(B). R ME=A/Bx100% 1% 3 5 %)% , IF 3155
FEFAY 1) RSD(n=6) . Z5REW 78 3 K
FF, 10 # PAEs R 9 ME 5 86.5%~113.7%,
RSD #J AN 3 15% , 7 G A= P RE d 43 A7 19 4 5GBS
FR Y RS T 10 #h PAEs 1359 69 Wi I 52 .
2.3.6 [Ek &

] 25 PN BRI P 43 00 s Al L L 3 4K
F(LQC . MQC .HQC) iy it 4% AW WL, #% 1.3 7 )5
TR AEAT R AL B A AN BT KOS AT E 6 Wk, IR
SR A RSD. SEEG 45 5 B, 10 Ff PAEs R
WIAE 3 AR K R R IR A 91.7%~102.9%,
RSD 4 1.0%~6.4%, Ut W JIT 2 43 A1 777 325 14 [l i 25 il
K% 35 BT, BB A5 R X S PR R AR Y K 56 43 BT
BoR

F3 10MPAEsKRFMEANRIERFTHEREMBN.BHE
Table 3 Accuracies, intra- and inter-day RSDs of the 10
PAE metabolites under four quality control (QC)

levels

Compound ?fgi:ii/ mf:;?)i’zy mf:;i)izy riz;/l;;
(n=6) (n=18) (n=18)

MMP 5 4.3 4.8 -0.4
15 2.4 3.3 3.6

200 0.7 1.7 3.4

800 2.3 3.2 1.7

MEP 5 2.8 8.2 2.1

15 1.6 4.9 4.9

200 1.0 4.2 6.1

800 1.7 5.4 0.3

MiBP 5 3.6 5.0 2.0
15 2.1 2.4 4.6

200 0.3 1.6 5.4

800 1.4 2.5 -1.1

MnBP 5 2.2 3.8 -2.3
15 2.5 4.3 -1.0

200 2.3 3.4 -2.4

800 2.0 3.4 -6.3

MEOHP 1 5.0 4.2 -1.2

3 2.6 34 3.8

40 1.5 1.8 33

160 1.4 1.7 0.1

MBzP 5 6.3 7.3 -3.3
15 1.5 2.4 4.0

200 3.2 3.0 4.8

800 1.4 2.4 0.6

MCHP 1 6.1 8.3 -6.1

3 2.9 4.7 1.9

40 2.5 2.9 0.9

160 2.3 34 0.4

MPP 1 6.6 5.3 -10.5
3 5.5 4.9 -2.2

40 2.7 3.3 -1.4

160 3.6 3.3 0.5

cx-MINCH 1 3.1 3.9 -4.9

3 1.6 2.2 1.3

40 2.6 2.4 0.5

160 1.5 1.8 -1.1

MnOP 5 2.9 4.0 1.8

15 1.3 2.6 7.1

200 1.4 3.1 7.3

800 1.7 34 7.2
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2.4 ZERHESUE ¥yl &t 1~6 A PAEs Ui 4 , £ & MEOHP,

PeHE 60 4 KWL il EEE S S5AN  MnBP . MMP Il MiBP 24 8% WHIK B %, &
o WEXEEREARLRS HE 8 AWM E T 09 4t 2= 4% B R 100%. 97%. 75% F1 60%; T
PREEAS B 4% 1.3 5 Jr i AT A Ab 3, 4% 1.4 15 5% MBzP .MnOP MPP #l MCHP 7& 60 % & & % 1Y IR
PERERE M o SR04 R R B G R A B R T Wb R R . HARGE R LR 4,

X4 OZBEEERBEDI0F PAEsREMHEHEE
Table 4 Detectable contents of the 10 PAE metabolites in the urine of 60 volunteers

Contents/(ng/mL)
Sample
MMP MEP MiBP MnBP MEOHP MBzP MCHP MPP cx-MINCH MnOP
1 14.3 7.6 9.7 28.5 6.2 ND ND ND ND ND
2 ND 32.0 ND 8.8 60.0 ND ND ND ND ND
3 ND ND ND 25.1 3.2 ND ND ND ND ND
4 9.4 ND 8.0 48.8 4.2 ND ND ND ND ND
5 10.7 7.7 14.7 95.5 7.5 ND ND ND ND ND
6 9.9 16.7 7.8 36.4 1.5 ND ND ND ND ND
7 14.8 ND 16.3 53.9 6.3 ND ND ND ND ND
8 5.7 455.9 6.7 34.6 51.7 ND ND ND 94.8 ND
9 7.7 44.7 ND 12.1 4.6 ND ND ND ND ND
10 88.7 8.1 5.5 22.8 5.5 ND ND ND ND ND
11 ND 48.3 ND 11.9 1.5 ND ND ND ND ND
12 5.3 101.8 ND 31.7 39.1 ND ND ND 208.3 ND
13 10.7 11.7 10.7 95.8 5.5 ND ND ND ND ND
14 12.4 ND 9.6 49.5 6.2 ND ND ND ND ND
15 ND ND ND 8.6 6.9 ND ND ND ND ND
16 ND ND ND 17.9 3.7 ND ND ND ND ND
17 10.1 14.2 16.2 55.6 5.9 ND ND ND ND ND
18 8.8 ND ND 11.8 1.3 ND ND ND 1.5 ND
19 8.6 6.6 ND 7.5 1.9 ND ND ND ND ND
20 12.3 5.3 8.9 55.9 5.5 ND ND ND ND ND
21 5.6 69.1 7.4 24.3 3.2 ND ND ND ND ND
22 9.3 ND 5.5 13.1 2.0 ND ND ND ND ND
23 10.0 ND 5.4 25.3 6.1 ND ND ND ND ND
24 ND 133.6 ND 17.3 1.7 ND ND ND ND ND
25 7.9 ND 12.8 26.8 6.1 ND ND ND ND ND
26 ND ND 8.0 27.8 6.7 ND ND ND ND ND
27 14.1 ND ND 20.8 6.1 ND ND ND ND ND
28 ND 1371.1 ND 12.9 3.0 ND ND ND ND ND
29 ND ND ND 22.6 4.1 ND ND ND ND ND
30 ND ND ND ND 23.7 ND ND ND ND ND
31 5.9 ND 7.5 27.3 6.2 ND ND ND ND ND
32 ND 8.9 ND 64.1 3.9 ND ND ND ND ND
33 9.0 162.4 ND 30.4 3.7 ND ND ND ND ND
34 8.9 22.2 ND 36.6 3.4 ND ND ND ND ND
35 7.5 ND ND 24.6 2.6 ND ND ND ND ND
36 ND ND ND 21.6 3.2 ND ND ND ND ND
37 5.5 392.4 11.6 39.2 12.8 ND ND ND ND ND
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Table 4 (Continued)
Contents/(ng/mL)
Sample
MMP MEP MiBP MnBP MEOHP MBzP MCHP MPP cx-MINCH MnOP
38 12.8 7.1 180.5 71.2 12.7 ND ND ND ND ND
39 9.6 ND 11.8 79.7 5.0 ND ND ND ND ND
40 9.8 ND 7.6 27.5 36.3 ND ND ND ND ND
41 5.3 ND ND 22.0 4.0 ND ND ND ND ND
42 11.9 13.8 7.3 23.7 11.6 ND ND ND ND ND
43 5.0 ND 7.1 7.5 4.2 ND ND ND ND ND
44 9.5 ND 7.5 259 3.7 ND ND ND ND ND
45 7.2 11.5 10.6 89.5 6.8 ND ND ND ND ND
46 22.1 ND 10.4 62.3 4.1 ND ND ND ND ND
47 5.4 ND 7.7 9.6 4.8 ND ND ND ND ND
48 13.3 7.2 7.9 56.0 24.4 ND ND ND ND ND
49 9.3 ND 6.1 63.7 2.4 ND ND ND ND ND
50 9.4 ND 7.0 23.7 4.0 ND ND ND ND ND
51 8.4 6.6 21.5 87.3 9.9 ND ND ND ND ND
52 8.7 8.8 9.9 63.0 3.9 ND ND ND ND ND
53 ND ND ND 39.9 4.9 ND ND ND 1.8 ND
54 ND ND ND 25.4 1.7 ND ND ND ND ND
55 ND ND ND ND 101.6 ND ND ND ND ND
56 17.3 49.1 30.8 91.7 11.6 ND ND ND ND ND
57 31.6 ND 15.9 15.0 6.8 ND ND ND ND ND
58 5.5 1087.6 ND 18.3 3.7 ND ND ND ND ND
59 7.1 ND 5.6 24.6 4.2 ND ND ND ND ND
60 10.7 ND 6.4 23.4 8.5 ND ND ND ND ND
ND: not detected.
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