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W OE ARSCE T RPN E SR AR 1S Fif 55 G 00 A0 57 ) 4 v A e S AR A - e AR A
T - B S %E )7 ¥k (automatic SPE-UPLC-MS/MS ) . AR 2 -7 % WS FR B e WA J5 . LA Waters
HLB 96-well Plate ( 30 mg, 30 pm) AR, A4 A3 EAHRERSE B HITATAIE, 2 25% JIEH KK
Ye, WEE-ZBEEW (vr=1:1) W, EWEET, 20% CEHE WA %G, KA Waters Acquity BEH
Cig % HE (100 mmx2.1 mm, 1.7 pum) . ZJoBRERM RS (WM AShK, Fsht B o) 17
B, s T R FHZ OB I ( MRM) R H I 250 Hi 28 671 8 A RN AR A A7 38 I bk idE A T4
it SR AL TN 143 HT . 15 o0 BT 00 2 R I 2 M 9 L P P 2R ME AR OC R B () BIRF 0,999, 3 M IAw /K F- 1)
JAR ISR K 89.1%—110%,  H PIFTH [0 25 5 50 5118 0.9%—13% 1 3.1%—14%, FEARRGEM . 21K
kA ENE | R R IR A S AR VR R R R P AR o o D 22 38 7E 10% 22 9. K5 AR D i 1 T 300 44 7
JEH BEDLIR I M5, 455 R 2 AT R B 2R ol 4 R BB R, e AR R (MP) |
R CHR (EP) . BIEAER (PP) FIxd&E] KB (PCMX) , Kt &40 100% . 92%. 82% Al
64%, FAIHRREST A 11,5, 0.53. 0.65. 2.09 ng-mL™. £ [+, AR5 ¥l B T A SR 15 F 55 I 7710 155
JEFIR PR BRI, b e /AT, BOAEAERIME . REBUE S . 2R . A MG @R E L,
T FH A A it ARSI 7

@I 96 FLAREFIFEE, B SOR A (- = UGAT PR, SRR, B, B
FESES X-1;06 XEFFRIEAE A
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chromatography-tandem mass spectrometry (Automatic SPE-UPLC-MS/MS) method was developed
for the simultaneous and rapid determination of 15 UV absorbers and preservatives in human urine.
After overnight digestion by S-glucuronidase, human urine was extracted with a Waters HLB 96-well
Plate (30 mg, 30 um) using a fully automated solid-phase extraction device. The sample was washed
with 25% acetonitrile solution and eluted with methanol: acetonitrile (V:/=1:1) solution. The eluate
was evaporated to dryness under a gentle stream of nitrogen and reconstituted with 20% acetonitrile
solution. The chromatographic separation was performed on a Waters Acquity BEH C,g3 column
(100 mmx2.1 mm, 1.7 pm) with a binary gradient elution system (water as mobile phase A and
acetonitrile as mobile phase B). The mass spectrometry was operated in multiple reaction monitoring
(MRM) mode and negative electrospray ionization mode. Stable isotope internal standard was
adopted for quantification. The linear correlation coefficients () of 15 target analytes were all greater
than 0.999 in the corresponding linear ranges. The recovery rates at three spiked levels ranged from
89.1% to 110%. The intra-day and inter-day precisions were 0.9% —13% and 3.1% —14%,
respectively. The deviations of sample stability, extract stability, auto-sampler stability, and freeze-
thaw stability were found to be within 10%. This method was applied to 300 urine samples collected
from volunteers, and found methyl paraben (MP), ethyl paraben (EP), propyl paraben (PP), and
chloroxylenol (PCMX) had the highest detection rates (100%, 92%, 82%, and 64%, respectively).
The median concentrations were 11.5, 0.53, 0.65, and 2.09 ng-mL" for MP, EP, PP, and PCMX,
respectively. In conclusion, this method can be applied to the rapid extraction, purification, and
quantitative of 15 UV absorbers and preservatives in human urine. The method had the advantages of
easy operation, high sensitivity, high efficiency, personnel-friendly, and eco-friendly. It is suitable for
the application of detecting samples on a large scale.

Keywords 96-well plate solid phase extraction, ultra performance liquid chromatography-triple

quadrupole tandem mass spectrometry, urine, UV absorbers, preservatives.

TORERAZEA A Y E VRS NP BR S A 0 B ) LR AR B R Ak e T sz SR AN R, A B A
SRRL TV 2 v ) 58 AR AL AT T LASE Ak R PR R TR A A 21 S B W 7], BF 5 2 BH A il
FH & A 2K 00-3(BP-3) BB LIS 10 h N, RAA 1%—2% 19 BP-3 1] 2815 3% {2 5t B Ik A Il v 2.
Y S g R B ORI 2E AL G W B 28R A0, Horh Z2RER-1(BP-1) A1 BP-3 HAG 00 (1) ME B A4t
HERRZR RN, BP-3 i HAT 355 AR R4 AT i /) R B9 5 240 e 4 ok G 00 (A 5 46 R e £ AR AR 1. SRR R4k
GO SRR R BN R 1 e B R, BT AR . JE SRR L R PR SR OL ALY, R RS T Ak L 24
st AR it R 7 7). AR 22 () Tl 3R I, X SE Ak 5 AT LTI R 15 i %, BT Ve 1 BT RN
WAAE D, I Hk nl B8 5 22 R AR 58 | G AR 2 28 G800 AH DG, 2 i A1 2L g © 100 45, XoF A SIS 1 fik
AR B, — S A4 (TCS) Al =S R PE(TCC) # B a8 in T A9 B s ob, VERT S PU A #, vk +
W FIEEER L VR KRR 8 55, (E L 35080 e B 2 B 40 B (0 BT PR SR TR A R, 18
() TCS!™ F TCC!™ 258 AT AB R B4 B R TR SRR B 092 LA SN TR 17 IR 52 15 2l B 022 . i S Y
WHFE R, ToiJ& TCS! i J2& TCCM, #R TG A RO/ 5 LI T B A TR AR . 70 T 545 b, 3 PR A 5
A 0 DA R0 E 28 M A Y TR 2 L 5 R B, A A TE AR RS, anx 4] — H 2R (PCMX) . F
A B S BB R —FF, PCMX WA SR 2 2 TET . H A, T 5045 b (8 77 e D K7 o
= BE Y PCMX, INAFSY s, SRR R PCMX A2 M 22 88 23 5| KoK AE A et YL IR N S 58 R, 182
PEZEEE T PCMX £ 438 s 41 il 56 L5 e R 6l £ (%) SB7 A, 35 MR AR T L TS IGIE , 52 B %38, Jf i
ALZT 40 M DNA 50405 FIRE 2 B 0819 e, li T 2019 4R GR35 B9 KA T RO 1 3R BT E ™= b
YT Bt DT KR 3G I N 2842 filk PCMIX (%) 43 58 R AR JEE

N ZEHE fih 3 2 A 2 ) Jo 1Y) 3 S A AR A 3 R A BB JER A2 i, e S ) R IR B Y A B
piln 20221, 330 B A 2 A I ) AR A AR 2 Bl Ak PRV HE R AR AR, ERI I, 388 (8 FH PRI v AT il i 8 A b
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S HEAT N B BRI AL . R AW W DN B2 R T KU A A b, 2 I A AN A AR RO A )
SRR F KB D5 1, JUHOR e R R AR IR T F, B R G L MEFIORAR A SRR AIE, BRL A
NARERIE 5 Yy e B A ) < s . DRIk, 5 22 s A ) i 20 7 Ak 853 R B i il I AR 2R
Py M T ] A A A A ARG 5 5K

AN PRAA S 1 [ A A 3B - e A TBORH €5 3 - Tk R) 00 52 A PR R 12 A 4P B O A0 759,
BT T TS HEA, AT I T H G OCTE SR bR, Bl K -6(BP-6) . PCMX MK PEfli (HepP), 7]
WML T HTAL R 7V, ST 96 FLAR B A IR AE, 96 FLAR 4 [ 2l 15 AR A& B 25 38 5 2 AR HT AL #1775
55 SCHRARTE 1 735207 A FOAE, AR D5 1 RBORE dh e SR A, 0 B8 1 mL BRI, MR 4500 1A% Airdd
PR o> AR AT 96 FLAR B T 4% B Sl [TAH A I, AR RIAOR R, REAE I L AL F AR AS A AGL N, (] P
AT RGN N 5% 55 A BILPA R B S, X BRI MRS B3 S A 45 T3 A H PR (LOD) A, 2R A0 8E TG 5 JEE
B WAN, B AR o3 B PCMX, AR S AU BT 0] 9 6 AE e n, B R WTHO AR 2005, N
T FEZ ) B ) B R DA 2 A3 5%, AR Tk g etk — IR AT B I J5 vk 2 SCHE.

1 LR ( Experimental section)

L1 AR i S5 48

TQ-XS ¥ AH £ 3% - £ 1 ot 135 4 (3 B Waters 22w ) 5 42 [ 2 [ 4 A< B k¢ & (18 [F Biotage /A H] ) ;
NDK200-1A 96 FLAR Z WAL (T K BRALER 28 71 ) 5 96 FLAR ES DAL (b 5 dh RV RH A R A 7)) 5 fH K
BFEIR (H [E SR 2B AR B A BR 2> 7] ) 3 Oasis HLB 96 L4k (30 mg, 32 € Waters /A ] ).

6 Flt IR I 2 Ak & W bR M b, b BP-1, R -2(BP-2) . K il -8( BP-8) Fll 4-2 Jt — 2% H il
(4-OHBP) Ity [ 42K TRC 23], 45 34 4 98%, BP-3 4 [ 25 [E CIL /AW, 41 25 T 98%, BP-6 It [ 1%
S5 TR AR A PR B, W B2 1 mg-mL . 6 B2 AR 28 B 700 A o o, 048 2R H R (MP) | 20K
LBR(EP), BHRNER (PP) . 28 T HR (BP) . F22K K1k (BzP) Fll HepP, 4 H &K TRC A H], 40
98%. 3 FPHTEFIbRE S, P TCS 1 H 5% [ Accustandard 23 7, 41 &y 99.5%, TCC 1 PCMX g A il
K TRC 2w, 4 B 528 98%. 14 Fhks i [F] 2 2 M A5 (MP-"Cy. EP-"Cy. PP-"C4. BP-"C4. BzP-D;.
HepP-D,. BP-1-Ds, BP-2-D,, BP-3-D;. BP-8-D;, 4-OHBP-D,, TCC-D,. TCS-"Cy. PCMX-Dy) 1l H Jinl
K TRC 2~ A, 46 & T 97%, Hid BP-6 o W £5 % 1 A2 22 [A] v 2% N bk, % i& 31 FL AR B4 At [a] 55 TCC-
D, LR B3 B[] 230, PRI e 4 TCC-Dy 1 HE i A

HlE, OHEY 8 MS 2% (75 [E Merck 23 7)) ; £ TR F £ TR %34 MS 2% (3 [E Thermo Fisher 23 ] ) ;
[ 2 AT TR T8 (>85000 units-mL~", 3% [# Sigma aldrich 23 7] ) ; NIST SRM 3672 #il NIST SRM 3673 (5 [#
AR E S HARAH TR BT ).

1.2 A s 2

ATy s W RN B S 25 F ] 2 BEOSCHR O 1R, 26 1o BP-6, PCMX Ml HepP S Ho A% 5 [Rl 7 M b

TR BT 240

& 1 BP-6. HepP Fll PCMX S HAa @ [RI 2 bR 14 5 1% S 8K
Table 1 Mass spectrometric parameters of BP-6, HepP, PCMX and their stable isotope internal standards

= PREE B/ (ny/ EfL LR/ V it g/eV T
P e il BT () FEF/(m/z)  Hifld l&fisb‘e AR
S min . Product Cone Collision Internal
Analyte Abbreviation Precursor ion .
R ions voltage energy Standard
2.2-Dihydroxy-4.4- BP-6 11.28 27297 122.94% 10791 14 18, 38 TCC-D,
dimethoxybenzophenone
Heptyl paraben HepP 13.83 235.05 92.13*,136.32 6 26, 20 HepP-D,
Chloroxylenol PCMX 9.70 154.88,157.10  34.90*,37.10 4 18,24 PCMX-Dg
HepP-Dy — 13.83 239.17 95.88 14 28 —
PCMX-Dg — 9.66 160.85 3491 8 16 —

*Quantitative ionZ M) i & 1 B 1.
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1.3 L

FH H B FE ) v B2 A 10 pg-mL!' A1 0.5 pg-mL! B9 bR R N B g A W, H AR ME MP., BP-3 Al
PCMX M9 Tt ¥R 0 40 pg-mL ", IR O AE. AR A TR IS A B 2 0.1 pg-mL ™ /E MR A PR
TAEW. 2 BESCHR [25] J7 B0 44 BE ly 400, 200, 100, 50, 20, 10, 5. 2 ng-mL™" i R 5 brifE TAEE K
(MP. BP-3 Fll PCMX NiZHFERY 4 17%5).
1.4 FE S ETALEE

AR IR VKRS B R B, T 4 CvkAA TP R i I 5 UCE Z =0 IWIEIR A1 )5, B 1 mL JRFE =
96 FLAR AL 1, fITA 500 pL Z 2% - 2% % W (500 units-mL ™) F1 75 pL V&4 AR TAEWE (7.5 ng), F15
P o5 3% B IRIEIR 215, 78 37 °C T /KA Bl 7. A i 2008 2 %R 5 250> (4000 r'min') 10 min,
FH 2238 5 WA W B 38 W S R S b, R T4 A sl AR IS, AT B A AR, 2RO R
9 MUCR A 1.5 mL B AT 1 mL 7K 35 46 -4 Oasis HLB 96 FL [ AH 2% BUKE, 22 )5 43 W0 Uk B BURE 5 |- 3%
W2 B A ZE B, 15 B S 86 8 (0.8 bar 2 min—2 bar 30 s—35 bar 30 s){#i HIF A4, 1 mL 25% 257K
VSV T R v, A R (S bar) R UE R S8 st B . S 1S mL FEE-ZE (V=100 EERr
2 K2 PN (0.6 bar) 2min. ZEHSE U, B T AT AN R EIE T, H 20% I KIEREE %
0.5 mL, £.0>(4000 r-min”") 10 min J5 % UPLC-MS/MS il % .
1.5

i B8 CSCHR O v R AT S5 A 4 0 O, AL S AU RE R A AL B 2 A ad R A R, 14 NIST SRM
3672 Ml 1 4~ NIST SRM 3673 FiHEFERT 3 AFATRE. I 2 T 225X Br v & RN R B8 o o7 (8 2E 4 7 0F A, PRIE
M IO AL AN F 1 8 (B 50%. 33 A2 11 A (B AR T 5 120K H BR (LOD), NIST a5 b i 4543 BT 1)
D (B S5 UEF S % (H 0 LB R AE 0.8—1.2 Z ). SEATHE (n=2) 25 J R AR 22 (RD) #4774k, RD 17
8T 5%, “FATHE (n>2) 45 5L R AR X AR i 22 (RSD) #F4, RSD W fIK T 10%.

2 ZEE 5918 (Results and discussion)

2.1 SEERAMILL
2.1.1 B RAHRAL

R B R AT AL BHARCR, AR T VR SR 96 FLARIEA T A T AR ST AR TR 43 0 X B R R | il
i X | AR () R pH B S A5 R R T AR AR, FEIE IR b, AR 7 it — 20 LUKV RN 23 A Vs T
TRy X Tl it 5803 () 52 0], >R TN [0S 3R PP A . S5 R 6B, 15 Fh o3 B W 7K i A a5 00 ) 8 6k [l g
FRHZEAK(50%—T70%), TENARIYEEVE R, AX RTSCR AT E 7R 80%—120%. fHZ, =5 R 41
T, 25 R EE AWK, RSD RBELRUETE 10% LA, 13X 3B 25 S8 1T RE TG 1A PR IE 96 FLAR IS 2) %
A BRI D7 R Bk i A,
2,12 [EAHAE R Y e

AR T7 553 B S o R e R o R L IR R VR R R TV, 3 A B [ A S 5 4 SR A A [
AR ZE JRURE X5 43 T 400 1) £ B8 R A 80, . i S0 B 90 rh AR BRAZE 43 9] T Waters Oasis HLB., Agilent
Bond Elut NEXUS Fil Waters Sep-Pak C g %5 3 Ft [ A 2 HUH: 2, fz 200 22 e A6 [ A0 25 BUHE 4 Waters
Oasis HLB. Z< 7 i1 tb B ail [, ok — 25 H ¢ Waters Oasis HLB A1 Prime HLB #%. 45 2 8, & Prime
HLB A4 5 1 38 W P o] 46 29 40% 1 MP, 2% 8] Prime HLB A Xt MP B {4 B R 42 2%, HLB A X 437
YA BB B, HEWTE BT HLB A% Lt Prime HLB #1438 47 it MEAL S0 PR B R RE. R 25% 2B
IRV W ATk BE, HLB Al Prime HLB A1 48 0T DAAR 4 b R B 43 A7 0. e 2, VP 79 o A UK 1 1% o v
Sy HT g IR, e B HLB AL AR [T 8] DLES 3 PR 4F7E 90%—110%, 1] Prime HLB A X AE ik 2
70%. £55 7% i HLB A (1) 75 O B s et , A B 9% de 226 $% HLB A4 Ay [ AH %< Bk
2.1.3  BEMAIELA

ZET W R BA R . ZHE A EE- 206 (7 =1:1) B PERSOER . 45 5 BoR, 3 Fhis 0 46 %t [Tk
NP - (Vo y=1:1)>H B>, Hrh i 5O HE (50%—80%) , #HE— 20 UM L (S/N), 45
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R, AL PP A BP 254N 514 5 26 B R HYERCRN - 2018 (71 =101 AH 25 R K Ah, HAed o /R -2 0
(Vv =1:1) ¥ 5 A EW I, HIEE R4
25 00 AR 0 T AU 8 8 U B B 2 . 43 )k FH R B . RS R - B (72 =1:1) 43 4 IRk
J A, BAUR DR R R 750 uL, F3t 3 mL, 42 I8 3 (D) T8 AR B ACR . 45 R & 1 iR, Pe
TN A 2 5 38 TE TR ARIE 45 e T 7E 1.5 mL( 750 plx2) P I TR IR R 90% LA I, 1 fiff FH P -
(Vi =1:1) 1}, B BP-2, TCC 1 TCS #b, H AL &9 fli ] 750 pL YEE, YEBECR BN AT 15 90% LU |,
1.5 mL VEB SR g 98% LA . %F T BP-2, TCC il TCS, ZEVEMIAF A 1.5 mL i, PER R A AE 90% LA
b, A e e B -G (Ve =1 DA U, 1.5 mL PRI 70 IR 218 Ve i
o BB H BRI 5 B B U T AR
A = G e B PRI

x 100% (D

1% elution 3 2% elution 3%elution [ 4™ elution
A B C
PCMX mmmmﬂ ;

TCC ER AN -
TCSE
4-OHBP:
BP- 8 T e -
BP0 A A £
BP-3 R )
BP-2 g e
BP- ] R e -
HepPR
BzP iBR

BP-2 [ Z
BP-1 \\\\\\\\\\‘.\\\\\\“&\\\Mﬁl
HepP e e e
BzP R, 7
B P T e 2
P A

- m\\\\\\\\\{\\\\\‘\\\\\\\\\\\‘&\\\\‘sm,’//ﬂllll

s 1

EP EPR
M MP R \\ BEREE M
0 20 40 60 80 IOO 0 20 40 60 80 100 0 20 40 60 80 I 00

Elution efficiency/% Elution efficiency/% Elution efficiency/%

B 1 AV RRIEBE BN 15 Fh PCPs BEILBCR 1521
(A)WEE, (B) 2, (O W -2 (7r=1:1)
Fig.1 Effects of different eluents and elution times on the elution efficiency of 15 PCPs
(A) methanol, (B) acetonitrile, (C) methanol-acetonitrile (V:V=1:1)

2.1.4  IEHA SR

HIIABEIEXT C g A1 Ty AT HUER, S5 5R BR & W I FE Cig A LI TE R4 LA B B[R] 45 4
PLHA G C g A RIZ T IR I O TEAE, AR5 IR TE B SERE T — 252 48 T AN [A] S R C g A X 0 AT ) (3
WA FE 144 B I B] A 520, €045 Acquity BEH Cig 43 (100 mmx2.1 mm, 1.7 pm) . Poroshell 120 EC-C,g ¥
(100 mmx4.6 mm, 2.7 pum) Fll Accucore C,g (100 mmx4.6 mm, 2.6 um) . %% 5 57, 76 bR E VORI 52 bR
FE f R A3 BT 0 28 A5 (TS AR 43 1 SR MR RN M EE (S/ND) 2 K B Poroshell 120 EC-Cg 1 i E KT
Accucore C g #1: 1 Acquity BEH C,g ¥, Hir, & EP. BP-1 25459 B 4h Acquity BEH C g A3: 0 13 {7 44 %
=T Accucore Cg #E. XF LM OIETE, = BAHERE IS, {2 Accucore Cg A4 B /™, HAESE
Prdfdb b B 404, anf&l 2 Firs, PR L2R & 25 JE R A e $E Acquity BEH C g FEVE AT L1097 5 4.

750 A 10F g L4r
Target peak 12F
_ 6.0 % 08 )/Target peak _ Target peak
.,\2 ‘92 CS 1.0+ e
x 4.5F X 0.6r X o8k
= =4 20
g 3.0F g 04 | Interference peal é’ 06k
v - Q
E = E 04F
L5k tnterference peak 0.2r )IBterference peak 02}
v
0 Nl I 1 1 ] [(] P I L I J 0 ol 1 Al 1 I J
70 75 80 85 90 95 100 25 30 35 40 45 50 55 30 35 40 45 50 55 60 65
t/min t/min t/min
B2 SEPREE S MP A2 i B F7E (A ) Poroshell 120 EC-C g #1:. (B) Accucore Cyg #1:#1(C) Acquity BEH C,g
AR @5

Fig.2 Chromatogram of MP quantification ion in a real urine sample on (A) Poroshell 120 EC-C,g column, (B) Accucore

C,g column and (C) Acquity BEH C,¢ column
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2.2 FREEIEMN
221 REHMEEE

A=A i B SR 3 R AN AN T — UORE S, PRI I T 2 B L i R R ) R . PR BRE
TEA-20 °C ¥, B2 8 Uk 3 Uk, I E 45 A0 R 26 2 FIt/R. 4550 R, PRIBRE & B2 Rl 3 YRS 4% BP-6
[ RSD 4 18%(<20%) A4, HAx 14 Fl 43014 RSD ¥R T 10%, B WAKE 5 28 5 52 R 3 IRIEAS 52 485
R, B IR RS e T R AF

215 Fh EBROHTI A R R A
Table 2 Repeated freeze-thaw stability assessment of 15 target analytes
M E{H/(ng-mL™)

ST Experimental result AR FRAEG 22/ %
Analyte R 21k H3R RSD
1 2" 3

BP-1 14.0 14.0 13.7 1.2
BP-2 20.2 19.0 19.3 3.0
BP-3 5.83 5.76 5.62 1.9
BP-6 3.11 4.45 4.03 18
BP-8 12.7 12.0 10.7 9.0
4-OHBP 14.2 14.7 14.0 2.6
MP 66.3 62.3 64.7 3.1
EP 21.8 21.3 223 2.4
PP 233 23.5 23.2 0.65
BP 18.8 19.6 19.3 2.2
BzP 16.3 15.9 16.3 1.5
HepP 9.31 8.84 7.69 9.7
TCS 6.83 6.36 6.02 6.3
TCC 7.24 7.15 7.00 1.7
PCMX 205 202 212 2.5

222 EBORREM

A S (AR i T B2 DR R BN ] e DR 2 0 ik 7 BV R A T 5, 5 X ORI T AR A7 PRI, 5 an e
PEAG B IBOR A 8 55 AN AR k. A58 0] [R]— S BRAE i i E A TR AL B, WO ER SR IBOR 53-8 B 5 19, Tl
T4 CUKFBAE, B4 1.2, 3,50 7 KA, 38 32 b AN 8] B 1) 00 445 08 20 M 40 2 1 1 1 TR
N 25 P b 0 T R A Bk AL, A AR e P 45 SR S, 06 T R v A7 B 1] ) B K S 7 i R 8
(R AR AT E (RSD 7E 10%—20% Z[8]). PRI IE 5, SEBRAE & BE(ELR) RSD 7E 1.0%—8.9% i [
DY, BRI T R AE 5% LAY, RBIRBOR AR A T (4 COIRAE 1 AR 4
223 FEEI RS E T

H T 96 FLAR I FEFE T RIS, 5 25 TEAE SR & SR D R rh A AR S b B 7 BRI ERE 43
Mr, TERCE AR P 30 h 25 TR E A UEAE 1 Uk, LA ORI 19 i 5 0 T BRI AT 0 Wk S (L, %5
G S A . 25 RN 3R 3 IR, 15 PR BT e SE AR R B v O R T A ) I R A, 5 AR
2.3 LN PEHY

VEFH 5 AN FSRIERY REE (B 1 IRA TREE), 4% 1.4 5 HEATRTAL BRI U SE VRO B 5 103 IRAE BRI
VRORT R BV VROV Ry LT, 2 1.3 W9 O 6 A5 FE bR VA VAL AL A . e B SR Dy v B TR A B KN
SERANE 3A BoR, 28T IE T 55 3L F AN, X MP, EP Al BP-2 & Bl A 3 3 F RN, . SR FH AR A2 [R) 437
R NBRALIE ST, J 500 A5 B4 SA T (i 3B iR,
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R 315 P HAR ) LA (30 h) 2 1k
Table 3 Stability of the 15 target analytes at sampling intervals (30 h)

JE TR I T R M5%E{E/(ng'mL™)
VXX Peak area ratio of quantitative ion Experimental result
Analyt X 2 /%
nayie 0h 30h 0h 30h FEXHRE %
Relative deviation
BP-1 7.29x10° 7.65x10° 15.4 14.8 2.1
BP-2 1.14x10° 1.19x10° 21.0 21.7 1.6
BP-3 7.44x10° 7.58x10° 10.2 9.80 2.1
BP-6 1.80x10° 1.95x10° 19.8 21.7 4.5
BP-8 9.86x10° 1.02x10* 12.8 12.1 2.7
4-OHBP 3.57x10° 3.74x10? 15.5 15.7 0.7
MP 2.60x10° 2.48x10° 64.8 64.5 0.2
EP 5.87x10° 5.95x10° 22.5 22.6 0.3
PP 1.04x10° 1.11x10° 25.0 254 0.8
BP 1.00x107 1.04x10° 20.2 20.7 1.0
BzP 6.70x10° 7.03x10° 16.1 16.5 1.1
HepP 3.46x10° 3.11x10° 12.6 12.3 1.2
TCS 1.65x10% 2.82x10? 8.11 7.89 1.4
TCC 3.94x10° 3.38x10° 8.83 8.10 43
PCMX 1.12x10° 1.26x10° 206 205 0.02
[ A B
PCMX
TCC - _Urme 1
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Fig.3 Matrix effects of fifteen PCPs (A) before and (B) after correction by stable isotopic internal standardization.
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DL A ) 5 ek B - W D AR5 A B 8 I TR AR 2 L () 5 00 o7 o e Vi B2 Cox, mgemL ") 22 1) A T 2k

g5 % R, MP, BP-3 fll PCMX £ 8.00— 1600 ng-mL"', TCS ££ 5.00—400 ng-mL"', 3 4 5 47 ¥ 78
2.00—400 ng-mL" i Bl N AL FR RAF, MR B (r) KT 0.999, XTI BE AL &, >R 815 75 72
TR F) 5 12 A A A 00 248 58 B A Aff . AR 75125 R JH 26 [ BR (4 28 (USEPA) 9 A6t BIR I 7 7% P S5 — i
(EPA 821-R-16-006) ®" 35577 1% LOD Il LOQ. H TS B ik 2 ™ A% 42 il SL 38 25 1, 15 R34 p AL
MP Fl PCMX FE1E%5 F T XA 28 BT IR 2 Ry e 7 UG e s B S, TH3ad R s F Y-
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Table 4 Linear range, correlation coefficient, limit of detection(LOD), and limit of quantification(LOQ) for
15 kinds of target analytes

s AMAEFE/ (ng-mL ™) LSS K/ (ng'mL™) FE R/ (ng'mL™")

Analyte Linear range Correlation coefficient(r) LOD LOQ
BP-1 2—400 0.9994 0.01 0.04
BP-2 2—400 0.9994 0.01 0.04
BP-3 8—1600 0.9998 0.08 0.26
BP-6 2—400 0.9997 0.02 0.05
BP-8 2—400 0.9997 0.04 0.12
4-OHBP 2—400 0.9994 0.01 0.04
MP 8—1600 0.9995 0.35 0.72
EP 2—400 0.9998 0.02 0.05
PP 2—400 0.9996 0.01 0.04
BP 2—400 0.9998 0.01 0.02
BzP 2—400 0.9998 0.01 0.02
HepP 2—400 0.9996 0.01 0.02
TCS 5—400 0.9992 0.21 0.69
TCC 2—400 0.9992 0.03 0.10
PCMX 8—1600 0.9991 1.20 2.50

, peak area ratio of quantitative ion and isotope internal standard &t 25 15 [F){3; 2 PIARAY I TET R LE; x, mass concentration J5i &k &
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J5 5 B T R 3 FIOAS 5 B2 43 )T AR GE [T e 26 A RSD 367, 45 S an e 5 o, 7e1% . . & 3 M nds
WeFET, FEA AT i s B3R h 89.1%—110%, H P FI H [8)kS %5 B2 43514 0.9%—13% F1 3.1%—
14%. [EISCR AN RSD Y478 il 4252 Y [ .
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Table 5 Spiked recoveries, relative standard deviations (RSD) of intra-day and inter-day for 15 kinds of target analytes at
low, medium and high concentrations

ST AR [T %% IR IR/ % P VIR JEE T %/ % AP % ISR %

Analyte Low concentration recovery Medium concentration recovery High concentration recovery  Intra-day RSD Inter-day RSD
BP-1 89.5 99.5 101 1.1 42
BP-2 99.7 105 97.1 3.9 3.9
BP-3 89.8 91.0 99.0 24 7.1
BP-6 108 110 108 3.1 3.1
BP-8 105 101 104 2.8 7.1
4-OHBP 100 103 106 3.0 3.7
MP 93.2 101 107 2.1 49
EP 95.4 97.8 104 23 3.7
PP 97.1 97.1 104 4.6 44
BP 94.7 100 102 2.0 3.8
BzP 104 105 108 2.3 4.2
HepP 89.1 94.5 97.0 0.9 4.6

TCS 94.8 99.9 101 13 14




3314 »oom ok = 43 %
Bk S

/% TR AR/ % %1% N,

e AR MU/ % EP'(Z?)XI_ILBZK o 5 VR S A% H RS % H DR 51E/%

Low concentration Medium concentration High concentration
Analyte Intra-day RSD Inter-day RSD
recovery recovery recovery

TCC 99.7 95.1 98.0 32 43
PCMX 98.6 103 102 4.7 5.8

e IR /K 0.5, 10, 50 ng'mL™" (MP,, BP-3HIPCMX 42, 40, 200 ng'mL™).
Note: the spiked concentration at three levels are 0.5, 10, 50 ng'mL™" (2, 40, 200 ng'mL"" for MP, BP-3 and PCMX).
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Table 6 Comparison of experimental results and reference values of NIST SRM 3672 and 3673 (n=7)

NIST SRM 3672 NIST SRM 3673
AXIL] SRR kR
Analyte B/ (ngke)  WE(/ (pgke ) *{% g’% /ﬁg‘ B/ (ngkg")  WE/ (pgkg ") *1% gﬁ /ﬁg‘
Reference value Experimental result RSD ? Reference value Experimental result RSD ?
BP-3 186—196 200+10 2.0 267—281 299+8 2.1
MP 111—115 106+4 2.7 77.4—81.6 78.0+1.3 1.1
EP 7.92—8.32 8.09+0.18 3.1 10.0—10.6 9.9+0.4 2.9
PP 17.3—17.9 17.1£0.6 2.5 21.0—22.2 21.1+0.7 2.2
BP 10.9—11.3 10.9+£0.2 3.3 1.08—1.14 1.14+0.05 2.8
TCS 17.2—18.2 16.0£0.9 8.1 5.95—6.59 5.86+0.73 12

2.5 SEBRAE I

SR A J7 5 %8 300 3 RIGAEAS SFEA7 00 22, &5 Fan 3¢ 7 o . LRt R 88 Y B R O BP-1
(53%) 11 BP-3(47%) , H i o7 ¥ & 47 0.02 ng-mL™" FI<LOD, 5 Hi 245 75 9 B ) 7 49 4% MP(100%) .
EP(92%) . PP(82%) Fl PCMX(64%) , " i fH 4 %A 11.5, 0.53. 0.65. 2.09 ng-mL". {F 15 5 1 1Y &,
MP FI PCMX %55 95 A 4357 B0t Wk 2 7T 38 375 ng-mL™" 1 459 ng-mL*, SR YR EE B LA, T
D HINFEAEAE MP Fl PCMX 1 (5 2 85 15 00, T i — 20 FF @ KAEA ST b 47 UE 5K
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Table 7 Concentrations of 15 endocrine disruptors in human urine

R/ (ng-mL™)

ST T 1 4%/% (anM;ii{ilfl)/ Concentrations
Analyte DF gGM SESEAMAE ST HESom ik HBTSHAE  HISH AL
Ps Pys Pso Pss Pos
BP-1 53 0.05 ND ND 0.02 0.26 2.50
BP-2 1.3 ND ND ND ND ND ND
BP-3 47 0.26 ND ND ND 1.03 10.2
BP-6 27 0.03 ND ND ND 0.04 0.86
BP-8 0.0 ND ND ND ND ND ND
4-OHBP 21 ND ND ND ND ND 0.26
MP 100 16.6 1.81 4.63 11.5 51.08 375
EP 92 0.67 ND 0.12 0.53 3.82 58.8
PP 82 0.64 ND 0.05 0.65 5.98 99.4
BP 2.8 ND ND ND ND ND ND
BzP 0.0 ND ND ND ND ND ND

HepP 0.0 ND ND ND ND ND ND
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23k 7
- WE{E/ (ng-mL™")
I T %1% (Iuﬁ.ﬁ?jj,i)/ Concentrations
Analyte DF nan;/[ ESEAMUEL  HSTAMUEL  EESOTAMAL  SETSTAMUEL  H9STH 4K
Ps Pys Py Pss Pos
TCS 48 0.44 ND ND ND 0.95 11.8
TCC 9.8 ND ND ND ND ND 0.17
PCMX 64 3.95 ND ND 2.09 8.30 459

DF., detection frequency£i; i1 #¢; ND., no detectable ki ti; Ps, Pys, Psg, P75 and Py . , the mass concentration of targeted analytes of 5th,
25th, 50th, 75th and 95th percentileZ55. 25, 50, 75F195 1 4%k,

5 JUAE E N AR WF R T LA, & SO Y L PEB2 AR Y Y PBs 2 B8 (B & T A WF 5T, MP. EP,
PP F1 BP () (7 46 4 e B 43 501 A 5195, 2502, 3320, 3700 ng-mL™". B[ J& 4 B3 {K Py i MP #il PP Ay 5%
T2 Y B TR TASHFSE, 439108 108 ng-mL™" 1 37.1 ng-mL", 1fj EP (1) 552 4 & fp (7 {E(0.11 ng-mL™")
FLA AR, 723 EHE R, — TR AR A 5200 R, B MP [ 5% 28 ¥R B P ({8 (5.78 ng-mL™") B AIK
A, A 2 GRS E S AR S FE— T AR AR SR h, B EP TR 5 ARG AR S A1,
HAY R A TAWISE, H BP-6. TCS Fl TCC 23 H1A 92%. 94% H1 92% ks %, —1idb 5t B
PERYAHF 5T 7, MP., EP Fl PP (B34 = T AR5, 730510 15.4, 2.08, 5.87 ng'mL™". X PCMX Z#& 1Y
C ik 4> A BR, Tan 45 BT IE 9 ) ML 2 22 0 PCMIX R 9 GM 43 il R 21.6 ng-mL' Al
31.9 ng'mL, 3 & FA WS PCMX ¥k & (GM: 3.95 ng'mL ™). Z545 Al UL, PCPs 7E 28k AHFTh B2 8812,
RGMETE R AT P i 28 VEAS TR A BB S, AR R IR T AR ) 1 H AR O .

3 458 (Conclusion)
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