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Abstract . Bisphenols ( BPs) and parabens ( PBs) are of great concern for environmental pollu-

tion and human health because of their endocrine-disrupting effects and potential health haz-
ards. Urinary biomonitoring of BPs and PBs can provide basic data for human internal exposure
evaluation, which is a prerequisite for accurately assessing their health risks. In this study, we
developed a new pretreatment procedure based on solid supported liquid-liquid extraction
(SLE) for the simultaneous separation of ten BPs and five PBs in human urine, followed by
high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS) analysis.
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In the instrumental analysis, the HPLC conditions and MS/MS parameters were comprehensive-
ly optimized. Accurate qualitative and quantitative determination of ten BPs and five PBs was
achieved by introducing a ternary gradient elution system of water, methanol, and acetonitrile
for LC separation. During sample pretreatment, the extraction solvent and elution volume were
optimized. Specifically, urine samples were held at room temperature and centrifuged at 3 000
r/min for 10 min. The supernatant (2 mL) was then transferred to a glass tube, and the pH was
adjusted to 5. 0 using HCI (0.5 mL; 0. 1 mol/L) and NaAc-HAc buffer (1. 5 mL). Thereafter, 3-
glucuronidase-arylsulfatase (20 pL) and surrogate standard solutions (10 ng;"”C,,-BPS, “C,,-
BPAF, "C,-MeP, and "C,-BuP) were added, and the mixture was incubated in a shaker bath in
the dark at 37 C for 16 h. After incubation, the hydrolyzed sample (4 mL) was loaded onto an
SLE cartridge and equilibrated for a minimum of 5 min to ensure the solution was completely
absorbed by the packing material. Subsequently, the target chemicals were eluted with a mixed
ethyl acetate/n-hexane solution (3:7, v/v; 15 mL). Separation of the targets was performed on
a ZORBAX SB-C18 reversed-phase column (250 mmx4.6 mm, 5 wm) using an acetonitrile-
methanol-water system as the mobile phase. The method was verified by spiking mixed urine
samples at three levels (1, 5, and 50 pg/L), with the recoveries ranging from 84.3% to
119. 8%. Except for bisphenols ( BPS) , whose matrix effect was calculated as -21. 8%, the ma-
trix effects of other analytes were lower than 20%, indicating low matrix interference. The line-
ar ranges of the analytes varied from 0. 1-500 pg/L to 1-500 wg/L, with correlation coefficients
higher than 0. 995. The method limits of quantification for target chemicals ranged from 0. 03 to
0.30 pg/L, and the relative standard deviations of intra- and inter-day experiments were 1. 4%—
8.4% and 5. 7%—-14. 6% , respectively, suggesting high stability and reproducibility. The method
was successfully applied to the determination of ten BPs and five PBs in 10 urine samples from
a general population. The concentrations of target chemicals in the human urine samples varied.
Methylparaben (MeP) , ethylparaben ( EtP), propylparaben ( PrP), and bisphenol A ( BPA)
were detected in all samples, with median mass concentrations of 1. 10, 0. 60, 0.21, and 0. 55
wg/L, respectively. The detection rates of the other chemicals were less than 50%, which may
be related to the production and use of specific chemicals, their bioavailability, and biological
metabolism in humans.

Key words: solid supported liquid-liquid extraction ( SLE); liquid chromatography-tandem
mass spectrometry ( LC-MS/MS) ; bisphenols (BPs) ; parabens (PBs) ; urine
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(bisphenol B, BPB) . ¥} AF ( bisphenol AF,
BPAF) #{f§} AP (bisphenol AP, BPAP) X f C
( bisphenol C, BPC) . ¥ By E ( bisphenol E,
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BEPE YR 55 S A6 ARG (H R R 25T RS,
PBs 5 Z M A 4 A OC, L an PBs %55 Al 48
2 Mk LR R K e R ORI A O M 2R RO &
et Ok, F N AMNRF SR IZ K PBs FUFREE
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B A WO A B (liquid-liquid  extraction,
LLE) 7' | [ #H #% B ¥ ( solid-phase extraction,
SPE) " /WU W i A% B ( dispersive liquid-lig-
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30%) W b il 2 3% S5 B AR A R A Al LR



- 830 - 1,

i FH2E

(HAc, 99.97%) W H 2 & Tedia 2\ Wl ; B-F5 25 M
MR- 5 FEAR R ER IR A 1 (B2 H % 122 400 FA7 B-H
WEH FRRAEFN 3 610 A 55 H A BR R i ) 1 H 3¢ 1=
Aldrich-Sigma 1t %% i I 28 ®]; 10 #' BPs 45
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EtP .PrP .BuP 5 BeP, 41i /% >98% ) ¥4I H 3£ [& Ac-
cuStandard A ], 4 Ff IR $E /9 P C,,-BPS ( 4l
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Fig. 1 Chemical structures of the ten bisphenols (BPs) and the five parabens ( PBs)
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R Bk 500 wg/ L IR A8 R iR G dn ke e
FIA 0.5 mL 0.1 mol/L HCl ¥5 ¥ %5 JR ¥ pH &
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L B- T2 H T R0 S 4 R 15 il , 103 e 7 A TR 50 I
BT HEEIR S % T 37 C F#HLRE# 16 h,
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20 wL; 30 T Wi shAH 97 4R i 3 400 wL/min;
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C;MWi%5 K . -4 500 V; Hi B <% ) :414 kPa; 51k
KT :344 kPa; A5 A% J7.207 kPa, 15 F HAsH
Ko 4 PRl ZARIC A DR S 78 9 0 fee I W 5 7
Xof | A L A R R A T S AL 2,
1.6 REEHESRERIE

SRyt G SC I AR I T, S0 A A 3 5 A 1L
fdf FHR E AR TRAFVE VL, T 450 C Dy dr b | fi
FHRT T f 0L A 4l K R 45 i e W ol , 4 6 >
FESh— AT AL BE , B RE S P as I — R 28
FIRE A, R W4 S 6 28 A B 2 P VB e () T TS
Yoo 4 FPIEIBCRIS R Y T8 7 IR B AR B4
HOOR . FEF 25 (A 2 mL R Sl sk 1 25 5, HoAth
Ab PR AR 5 IRFE B, AR TR B 10 MRS Z

F1 15 HERMTMNR IR EERER

Table 1 Gradient elution program of mobile phases for the
analysis of the 15 targets

Time/  Flow rate/ Volume fractions/%

min (wL/min) Water Methanol Acetonitrile
0 400 35 55 10
5 400 35 55 10

10 400 30 60 10

20 600 10 70 20

22 600 0 70 30

28 600 0 70 30

31 400 35 55 10

40 400 35 55 10

(A A > s R DL 0 (e 1 5
2 GRS

21 WHEBE-FRIEEENMRL
211 FESHR A

A5 BPs 5 PBs B9 5 1% 2 50 AL H5 n
IR B SETE AT (full scan) BT B E
JFfaf FE (m/z) 95 LR 50 ~ 400, #1254~ BPs 5
PBs HHFES T U6 (— B MEAT T35 76 ) |, Bl S 01T
T B FIEHIH (MS® scan) |, 1 € BAML & W 0 E 1
FE 1 B 70 7E DL Al ok MRM, Xt 4516 &9
FEPE 5 B R AR S BT, 2 Ak
LR IR 2,
212 EEFENMmA

M FAWFFE 15 F H bR E A e AR R b
AR B 2 S K, SR BT Ik B Ak 5 0 8 23 B R
B IR AR R T 6 4G 250 I, TS 6 3k T AR 25
K Zorbax SB-C18 S AH (3 4 (250 mm x
4.6 mm, 5 pm) VER BAREA Y0 BrkE I8
T SHAH A6 52 0 J5E 0 350 3R 190 A Ak 2 A5 i A €0 3 4%
4, MeOH Fil ACN &% HAHLI s, ) 2 HF
SR AR 3 h S5 AR AL G W o B8 . ARE
T ,MeOH BN BT 1A R, ol B8 = kA4 14 5% i)
i, 1T ACN 7EAH Rt~ HA EAR A A R DA S
SREGVEERE T, TR B AR ), 10 B BPs |5

R2 15 TERME 4 T [E ISR B 4R BB B 1) RS S 4

Table 2 Retention times and MS parameters of the 15 targets and 4 recovery indicators

Analyte Retention time/min Ton pairs (m/z) Declustering potentials/V Collision energies/eV
BPS 7.7 249.1>108.0* , 249.1>156.0 -60, -60 -30, -29
BPF 11.1 198.9>92.90 * , 198.9>105.0 -73, -69 -35, -24
BPE 13.1 213.0>198.0 , 213.0>197.0 -45, -80 -26, —40
BPA 15.4 226.9>212.0 , 226.9>132.9 =72, =71 -32, -22
BPB 18.6 241.0>211.1% , 241.0>225.9 -74, -83 -29, -29
BPAF 19.3 335.0>265.1% , 335.0>315.0 -57, -60 -30, -27
BPAP 19.9 289.1>273.8 , 289.1>194.6 =77, =79 -30, -27
BPC 20.4 255.3>147.0* , 255.3>240.0 -52, -58 =35, =35
BPZ 21.9 267.2>173.2% , 267.2>223.1 -60, -59 -39, -38
BPP 25.7 344.9>330.3* , 344.9>132.7 -65, -63 -35, -34
13¢,,-BPS 7.2 262.9>113.9% | 262.9>164.1 -65, -60 -40, -40
13C,,-BPAF 19.3 346.1>276.1% , 346.1>69.2 -60, -60 =50, -50
MeP 8.6 151.1>91.8* , 151.1>135.9 -55, =55 -40, -40
EtP 10.4 165.1>91.8* , 165.1>135.9 -62, -59 -36, -36
PrP 14.0 179.1>91.8* , 179.1>135.9 -56, -50 -28, -24
BuP 19.6 193.1>91.8* | 193.1>135.9 -62, -52 -32, =30
BeP 18.8 227.1>91.8* , 227.1>135.9 -60, -62 -40, -34
13C4-MeP 8.6 155.9597.0* , 155.9>140.9 -64, —-60 -42, -32
3C,-BuP 19.5 198.8>97.4 " , 198.8>142.8 -57, =50 -34, -30

* Quantitative ion pair.
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IZH BN 10% 2218 4 T+ 31 30% , AT SE B 15 Fl H b
Y A (R 1), T ACN 11 38 i 58 77 8¢
MeOH 5 5 HHAK, I EH ACN 7E —Joik &
H B B I AN BRI, — 7 T 55 AR I A T 4
TR CTEAE b AR O B I 1] 5 55— 5 Ti ACN 11
FIA TR A 3 e F 7 748 Ak, BAIG €0335 0 2 0 4
it SR P-4 IS TE] DT 7 PR AIE 53 A 7 2 B2 1 Y
ENEF SR i

ARWFFEIRIE— 252 T 16 s A A Thods in &
RGBT ROR o AR A 4 2R R | 7R /KAl
HER AN 0. 5% H BRI, 5 Fff PBs M i A — & 42 1 , 15
SRS 0. 5%0 FH R 2 i 4 i % BPS 5 BPAF Z b
HAth BPs 198 FA0% LGP R B ET
Ref 5 18 FH AN [ 3k 2 FR R e - /K A Sy Tk sl AH K R 1 22
PhER i, 235 BPS HBLOUG , HL  (E R A PRtk
T2k K R T s A KA XS 15 FhAb & P k1743
Mo IRGWHER TS G EEEILE 2,
2.2 ETF SLE MIETAbIB &1L

JITIE K SLE AR F T 485k T2 25 Ab 385 9 ik
et T A A i PR I R 75 5N IR
VT BRI E AR 100 5 ik R P S5 Bk P
I, % FAER ML A, nT B B b ki 5 Hex 4
VL, X T AR S, W >R F MTBE . DCM
¢ EtAc %5, A#F55, BPs ) pK, N 7.64 ~
10.31, PBs fJ pK, fH M 8. 17 ~8.59, BA 55 1k,
& BPS LASE, oAt B ARE G4 0 7 i 2 SA) A AT 358

ik, % B Hex \DCM ,EtAc 5 MTBE 4 FlHEH,
s 0 B PAT 5256 3 Uk, ATV BA R A1, 9F:
WL 15 F G P ey BISCR AT Y, T T
AR TR A PRAE TP AEAE — 8 2 I AR IC(EL, i Ak 34
[7] it 2% ( recovery, Rec) Fl & i % i ( matrix
effect, ME) 7Bl (1) FARK(2) P4

1 _Ao

Rec= x100% (1)

2 0

Hrp A, AR FETAEHL S AR AR TR & IR A R b & Y
WA A AERATAEFEFT AR AR A IRE AL & 1)
(TR A, AR AL HS Inbr TR & FREE 4L &
/0] TR
A,-A,-A,
S22 0 T % 100% (2)

A3
Horpr, Ay AR 207 0] v (] vk B A o o 9 0 T AR
ME>0, F/R A B BT iR a3 ; ME<O, s A HE i
RN s ME = 0, 7 JHE RN

Bl 3a 25 T 4 FPEEBLEE R (20 mL) X [ 3
(52, NIl 3a Ha] LI 4 A FI4 T BPs 5
PBs 1Y% BURIUR 22 K, o rp AR (G BIL 7
Hex X #5 H ARG ¥ 19 B8 B0 A80R S 5 AR, RSy
0.1%~17.9%; DCM MTBE 5 EtAc #1414 40 1
5, TSR AR X A, o EtAc X5 4% HAR 1Y
PEBUSCR B AR MNSCR G 81. 5% ~121. 1%,
A i A 5 P85 R AR P 1) i v, ORI s 1 R AR R o
SAHINIE 2 3 BT B BE RO . B 3b AT LU
2R F 7 EtAc Fi1 MTBE 1 3 i 75 77
B, 25 B bk G S B 1) B8 S I il 500z, 1 >R FH
Hex 1l DCM Ay I 5 77 Bt 58 40 il 28007 45 55 , 356
g3 BRGS0 —E B FE T R A

ME =

120

100 4
] EiP BPE

80 PrP

] BPF
60 -

40

Relative intensity / %

20

BPA

_ BPAF
“C,-BPAF
BeB”| BPZ

BPP

10 12 14

18

t/ min

E 2 B&WRERES 10 7 BPs(100 pg/L) .5 # PBs(50 pg/L) 1 4 FhERIETRY (5 pg/L, B L) HRIEE
Fig. 2 Chromatograms of 10 PBs (100 pg/L), 5 BPs (50 pg/L) and 4 recovery indicators
(5 pg/L, dotted lines) in mixed standard solution



FEER L, 25 - [T AR SZ P H-JB0AR - H 6 i PR

9 1) 10 F RGP S TR LA T RS + 833 -
120{ . T Hex ZZ DCM ?EtAc ZZ MTBE %E

0 M @ %E 7 / A 5 b W e 0 8 7‘7
. m e F %;E 2 W 1 B 7
é ;: P a r
g ]

10-2 7

0: F = r &d .|

BPS BPF BPE BPA BPB BPAF BPAP BPC BPZ BPP MEP E(P PP  BuP  BeP

60

] T Hex [ZZ1DCM _ B2 EtAc 223 MTBE

403 b r% ’JEL% |{§

20

0:m I HL T — &lT T [ESha ﬂ @ % f@
< i i Tﬁ—? \]f 1@ i B \’% I LF
5 20
= 1

40

-60 ]

-804
_lo0 1l ==

BPZ

BPS BPF BPE BPA BPB BPAF  BPAP

BPC BPP MEP EtP PrP BuP BeP

B3 FEERAFNXBREEME(a) EENK (b) ERME (n=3)
Fig. 3 (a) Recoveries and (b) matrix effects (MEs) of the target chemicals eluted by different solvents (n=3)
Hex: hexane; DCM. dichloromethane; EtAc: ethyl acetate; MTBE: methyl tert-butyl ether.
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Table 3 Linear relationships, method limits of detection (MLD), method limits of quantification (MLQ) ,
and precisions for the ten BPs and the five PBs
Compound Linear range/ Regression equation Correlation MLD/ MLQ/ Precisions/% (n=6)
(ng/L) coefficient (R?) (ng/L) (ng/L) Intra-day Inter-day
BPS 0.1-500 Y =5415152+35600 0.9990 0.01 0.04 2.9 5.9
BPAF 0.1-500 Yy =942480x+12202 0.9955 0.01 0.03 4.6 8.2
BPF 1-500 y=17450x-3820 0.9993 0.09 0.30 6.2 11.6
BPAP 0.5-500 y=112907x-4067 0.9990 0.03 0.08 3.7 9.3
BPZ 0.5-500 y=60166x-5078 0.9992 0.05 0.12 8.4 14.6
BPA 1-500 Yy =24993x-7973 0.9986 0.06 0.20 6.1 12.9
BPB 1-500 y=18558x-4143 0.9992 0.05 0.18 4.3 8.0
BPE 1-500 Y =65503x-15277 0.9994 0.09 0.30 3.9 10.1
BPC 1-500 y=14458x-2714 0.9993 0.10 0.30 6.7 12.9
BPP 0.5-500 Yy =53449x+8589 0.9976 0.10 0.20 3.5 9.4
MeP 0.1-500 Y =348826x+61668 0.9989 0.01 0.03 2.9 6.5
EtP 0.1-500 y=380128x+63576 0.9990 0.01 0.04 2.3 5.7
PrP 0.1-500 y=4137022+40933 0.9997 0.01 0.03 1.9 9.7
BuP 0.1-500 Yy =448783x+62501 0.9995 0.01 0.03 3.0 10.3
BeP 0.1-500 y=503662x+12123 0.9998 0.01 0.03 1.4 8.6
y: peak area of the quantitative ion of the analytes; x: mass concentration, wg/L.
2.4 TJiiERA %4 3AMEKET BPs 55 PBs MEMERIRERE (n=6)
%JEHZ'K}T% Xj— 10 @J ﬁ({@—lﬁ zlgjﬂ:ﬁ? BPs ﬂ] PBs Table 4 Re:l:o;]f;riei :]I:d stan.(:(ar‘;lldevilations‘sof the BP;
an s at three spiked levels (n= o
MR 4 FFR R FREI ORI R °C BPS,  —go e S e e I
13C12-BPAF\”Cﬁ-MeP %HBC(,-BuP A ] WA R 435 BPS 90.5£10.7  94.6x4.6 93.3+7.5
(85. 1+10. 1)%\(92.91_9. 1)%\ (93.4i7. 1)% %ﬂ BPF 101.3£12.5 99.3+4.8 105.8+12.4
BPE 103.1£13.2 84.3+7.4 88.9+7.9
(96.3£9.6)%, XKW 445 LAl dE, R 5 WIR, BPA 106.216.3  101.3x12.1 101.2+13.8
MeP EtP .PrP £ BPA 7£ AAK R FE v 3 3 A6 | H: BPB 96.6+9.3  105.113.6 101.1x7.3
RICABBIILT o RRECHEARRE T e e
%ﬁmﬂziﬂﬂﬁ%%%,ﬁﬂﬁﬁ%{t%%ﬂ‘]%i‘%{& BPC 101.1+£5.4 101.5+£13.2 87.1+10.1
B DA N A peAdi A A Ot 56 &m0 2B W a] A BPZ 104.7+11.7  108.8+13.9 103.2+4.9
JURY ST TPN N BPP 88.5+16.9 101.0+7.1 89.4+11.2
P LA A A 1 A= AR RE JJ AHOG . MeP (EtP NP 1079558 989423 03.824.9
PrP 1 BPA 9 51 f& ¥k &2 {H 23 %1 1. 10,0. 60, EtP 101.4+10.8  100.5+11.3 88.4+7.9
0.21 F10.55 pg/L. WF5E4s AU, A Jr ik al i F PrP 101.5£5.9  96.7:8.4 85.9+5.2
e N . o BuP 119.8+13.2 107.9+£12.7 92.6+2.7
Aﬁgﬁ’({&qﬂ BPs ﬂeﬂ PBs E{M;ﬁ{)[luo Fﬁ%ﬂi;ﬁﬁﬁﬁqﬂ BeP 108.7+£6.9 96.5+4.8 99.6+3.9
FEA PRI R, AR Dy gk ] 4% L i A L [R) [mDiic
®5 10 HIEEANB RS PBs 71 BPs A8
Table 5 Contents of PBs and BPs in 10 urine samples from a general population ng/L
Sample 5 PBs 10 BPs
No. MeP EtP PrP BuP BeP BPS BPAF BPP BPC BPE BPB BPF BPAP BPZ BPA
S1 0.74 0.12 0.03 <MLQ <MLQ 0.05 0.05 <MLQ 0.65 0.35 - - - - 0.24
S2 1.15 1.68 035 <MLQ - 0.13 <MLQ <MLQ - - - <MLQ <MLQ - 0.54
S3 1.12 146  0.15 <MLQ 0.05 - 0.04 <MLQ <MLQ <MLQ - - 0.08 <MLQ 0.25
S4 0.53 0.20 0.05 <MLQ - - <MLQ - <MLQ <MLQ - <MLQ <MLQ <MLQ 0.32
S5 6.94 0.12  12.21 1.12 - - <MLQ <MLQ <MLQ - - <MLQ - - 0.44
S6 0.66 0.15 0.03 <MLQ - 0.04 0.05 <MLQ <MLQ - - <MLQ  0.08 - 1.12
S7 1.08 0.55 0.19 <MLQ 0.05 - <MLQ <MLQ 0.58 <MLQ - <MLQ  0.09 - 1.44
S8 0.66 0.26 0.03 0.04 - - <MLQ <MLQ <MLQ - - <MLQ - <MLQ 0.48
S9 9.23 14.13 0.23 <MLQ - 0.05 0.06 - <MLQ - - <MLQ <MLQ - 0.56
S10 6.56 0.66 0.25 <MLQ - - <MLQ <MLQ <MLQ <MLQ - 6.54  <MLQ - 0.33

—: not detected.
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