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Cie(2. 1 mmx100 mm, 1.7 pm) EREFE 1538y, Bt % (ESD LGS F RN . 2 R I (MRM) A5
TRERES, WFREEE., 30FEDCsE0. 10~80 we/L T ik BEJ I N P2 R R IF. R 300 H 300
IUFRIEDCZ 2 86. 9%~127%, H PSR A 1. 0%~8. 7%, H HPRESEEE A 1. 1%~8. 2%, i HFRE (LOD) 4 0. 003~
0.094 pg/L, &&= FHR(LOQ)H0.009~0.313 pe/Lo B HZIT 5% 150 Oy RAEFEATAZI , 245 i 23 P EDCs,
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Determination of 30 Endocrine Disrupting Chemicals in Urine by Solid
Supported Liquid—Liquid Extraction Coupled with Ultra-high
Performance Liquid Chromatography—Tandem Mass Spectrometry

ZHANG Yan, QU Liang-jiao, LING Li, LIANG Su-dan, WU He-yan, HUANG Wen-yan"
(Zhuhai Center for Disease Control and Prevention, Zhuhai 519060, China)

Abstract: A method was developed for simultaneous determination of 30 endocrine disrupting chemi-
cals(EDCs) in urine. The target compounds detected included 9 parabens, 9 bisphenols, 10 benzo-
phenones, and 2 antimicrobials. The method was based on solid supported liquid=liquid extraction
(SLE) and ultra-high performance liquid chromatography—tandem mass spectrometry(UPLC-MS/MS).
Urine sample was first treated with enzyme, then purified on a SLE column. The chromatographic
separation was performed on an Acquity UPLC BEH C (2. 1 mmx100 mm, 1.7 pm) column with
0. 05% acetic acid aqueous solution and methanol as the mobile phase. The electrospray ion source
(ESI) was operated in positive and negative ion switching scan. The detection was performed in multi-
ple reaction monitoring(MRM ) mode. Internal standard method was applied for quantitative analysis.
The method yielded good linearity in the range level of 0. 10-80 pg/L. The spiked recoveries of target
compounds ranged from 86. 9% to 127%. The relative standard deviations (RSDs) of intra-day and in-
ter-day were 1. 0%—-8. 7% and 1. 1%—8. 2%, respectively. The detection limits(LOD) and quantifica-
tion limits (LOQ) of the method were 0. 003-0. 094 pg/L and 0. 009-0. 313 we/L, respectively. The
proposed method was applied to detect the target EDCs in 150 urine samples, and a total of 23 EDCs
were detected, with a detection rate ranging from 0. 7% to 100%. Among them, the detection rate of
methylparaben (MeP) was the highest (100%) , followed by 4-hydroxybenzophenone (4-OHBP,
96. 7%) and bisphenol A (BPA, 94.7%). The developed method is easy to operate, sensitive, and

accurate, and is suitable for high-throughput screening and quantitative analysis of EDCs in human
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urine.
Key words: endocrine disrupting chemicals; ultra-high performance liquid chromatography—tan-
dem mass spectrometry (UPLC—-MS/MS) ; urine; solid supported liquid-liquid extraction (SLE)

W4T (EDCs ) & —ZRBE T IR IN /0 RGN SNEVED I WUy . W R REFE B RS |
IR HEZRAL S AP AR A EDCS™Y, T TSR, . BT . DAPE
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WAL N 23 . s . ARFE AR RGEThRE" ", HAE RIS T SR 7 2Bk Z . A AEAEY
FEa P ) EDCs BEAT WS R PR EDCs 285 M 2B i TR EDCs & 8] LU 2 Fh 55 1%
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HHT, EDCs BRI LSRR AR £, AR % - B 5 H (GC-MS) " IR AH 2 1% - R BTt
DA (LC-MS/MS) "7, RAE GC-MS HAGHERetaE . EE MRS . T IR St 0t (BAFAERT
A FREEAERT . RFE R L TSR L, JEAREH T R AP I . LC-MS/MS H ARG
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RSP 2. HET, ARSI PR BER F A WA (LLE) "™ i AH AL B (SPE) 77
A PO AE B (SLE) * > LML SRR A BUR B D LRt , 455 WA ARG IE R 5 F A B a0, R
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TR R H1 30 F EDCs, 45 9 FOW PR EE AR BRI . O MO 234k &5 . 10 Fh 2R Ak &4
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1 K3aERsy
1.1 LB 5iLH

Acquity UPLC I-CLASS-Plus %Y & 5 250 W AH €415 4% ( 38 [ Waters 23 7 ) ; SCIEX TRIPLE QUAD™
6500+ = HVUARAT T i (S Sciex 24 F] ) 5 Extrahera 42 H A S ATACEE R 45 (i i Biotage 22 7)) 5 40
¢ (Fi i Biotage 22 7)) ; Acquity UPLC BEH C (2. 1 mmx100 mm, 1.7 pm)fGi 4 (3£ Waters 23 7)) ;
ISOLUTE SLE 1 mL #% (At 52 ¢ AR B AR A 0] ) 5 B PR 7K I8 B8 (T2 18] Memmert 280 7)) 5 Milli-Q
Advantage A10 27K Bl ( 3€ [ Millipore 23 1)) 5 WA BEYR T v (2 IKA 22w ) 5 HLF K P ({2 [H Sartorius
NEIDE

30F AR &40 % O FhINFRIGEEAMZ BF T 1, brifsh (AR T 98%) W EifgaeilAn], H
B, ZHEMSZ, 8 Merck A7), LM ({aifal, fEE Merck 24W]); LMRAHR. ke, —&H
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B, = (Agal, 1 Merck A7), MR, B-Hi% MEREIREE (> 100 000 U/mL, b2 n]);
AN TR (AT R R ARG R A H])

RTS8 BRI B T s i OB B At (ki S BRIRIEMR B[ 2021 ]29)
1.2 kRS KRIECH

S3 MVERRFREGE 00 30 Fh EDC R INARARifES:, RS, 15301, 0 mg/mL B PRI . 505k
B B SRR &, I REIC % 5. 0 we/mL AR S bR v Ta) i o BRUAS P bR I B bR WS &
FHH BRI S. O pg/mL MRS AR B . B HEE-K (L 2 1, L) B, BRI RRE S
0.10, 0.50, 2.0, 5.0, 10, 20, 40, 80 pe/LHIbRHERFIEWL, HH PRI BT 2R E 410 pe/L.
1.3 H#marihig

JRFERSEIG T-80 CIRAFE, SCINATKIRIEEB E 4 CRREIEHR, REBURRE £, WiEIRS).
BO. 5 mLIRIE, MRIKMIN 20 wLiRA AR (250 pg/L) . 0. 3 mL ZEREREE M (1 mol/L, pH5.0) .
20 pL B-H%I ERSIRRG , BT ST 4 000 UmL JREE, WRIEIRA)G, BT 37 CKhEEEREfiRId 1R
SRIGIIN 0. 8 mL N AE- LR LEei (1 ¢ 3, RBIL), FE4riRs). BRI NZRE SLEAE |, [HEhli
EVIETE, FE S min, 22K S mL CERSERIHATVRME, & IFDeMEARIaa T i, k%=
T JHO0. 5 mLHEE-/K(L 2 1, RO S, WIER2, 7R,
1.4 BiEEH

3%k . Acquity UPLC BEH C 83845 (2. 1 mmx100 mm, 1.7 pm), FE#L 40 °C. FzhM: AR
0. 05% IR, B AHIRE, JEEO. 3 mL/min, BEEEBERE: 0~1.5 min, 10%~30% B; 1.5~14 min, 30%~
70% B; 14~17 min, 70%~95% B; 17~19 min, 95% B, 19. 1 min sl ZFIEEHH], PERER S pl.
1.5 [RiG&H

SR BTSSR (ESD . ORI . ORHE-3 . R HIE- 10 F =S RIPERH ESL+, Bi%E
HLHE 4 500 Vi H A4 26 Fp Hbrd ok FH ESI-, Wi HLE -4 500 Vi IR 3. 8x10° Pa; il 4. 6. 2x10
Pa; AR2.4x10° Pa; 22403, 8x10° Pa; i)¥ 550 °C; 2 W WM (MRM) A H . 30 F EDCs &
WA BTG S HOLEE 1

1 30FMEDCs K PIFRIIT S 24
Table 1 ~MS parameters for 30 EDCs and the internal standards

Arsetbie Abb. i /min Pre‘z‘:;:; on Frag(ij:; on DPV  CE/eV ::Zg;ld

Methyl paraben (X35 328 F i i ) MeP 4.72 150.9 92.0°, 135.9 =70, =70 -27, -19 MeP-D,
Ethyl paraben (X F2 528 IR £, 18R ) EtP 6.78 165. 92.0", 137.0 -80, -80 -28, —-18 EiP-D,
Isopropyl paraben (X }2 378 R S N TR ) PP 8.71 179. 91.9%, 136.9 -75, -75 -35, -21 PP-D,
Propyl paraben (4] 52 H 28 R TR iR ) PrP 9.11 179. 91.9", 135.8 =75, =75 -20, =30 PrP-D,
Isobutyl paraben (X F2EER IR 5 TR ) IBP 11.10 193. 91.9%, 135.8 -75, =75 =33, -22 BzP-"C,
Butyl paraben (X 32K R T HR) BuP  11.30 193. 91.9", 135.8 =75, =75 -33, -22 BzP-"C,
Benzyl paraben(}({f?é%xqﬂmﬁil\tﬁﬁ) BzP 11.36 227. 92.0°, 135.9 -80, -80 -36, -20 BZP—I3C6

Methyl protocatechuuate (3, 4-—F2FEIRH R ) MPA 3.42 167.
Ethyl protocatechuuate (3, 4- 33K PR L Fg) EPA 5.06 181.

108.0°, 152.0 -60, =60 -27, -18 MeP-D,
107.9", 153.1 =75, =75 -31, -22 EP-D,

0

0

0

0

0

0

0

0
Bisphenol F (XU F) BPF 7.18 199.0 93.0°, 105.0 -90, -90 -28, -28 BPA-D,
Bisphenol A (X A ) BPA 9.80 227. 1 212.17, 133.0 -80, -80 —24, -33 BPA-D,
Bisphenol B (3L} B) BPB 11.42 241.0 212.0°, 147.0 -110, -110 -26, -36 BPA-D,
Bisphenol S (B S) BPS  4.05 248.9 108.0°, 91.9 -100, —-100 -37, -48 BPS-"C,
Bisphenol Z (X% Z) BPZ 13.28 267.0 173.1°, 223.0 -160, -160 -36, -41 BPA-D,
Bisphenol AP (i} AP) BPAP  12.48 288.9 274.2°, 195.2 -100, -100 -28, -38 BPA-D,
Bisphenol AF (X[} AF) BPAF  12.51 335.0 265.1°, 69.0 -85, -85 -31, -62 BPA-D,
Bisphenol P (X P) BPP 16. 04 345.1 330.0°, 132.9 -120, -120 -38, -40 BPA-D,
Tetrahr()m()bisphenolA(IEW%XX%A) TBBPA 16. 14 542. 6 445.6", 417.5 -130, -130 -53, -41 TCS-D,
Benzophenone ( — 2 I ) BP 11. 10 183.1 105.0°, 77.0 70, 70 22, 48 BP-1D;
4-Hydroxybenzophenone (4-525: — & HI i ) 4-OHBP 8.36 197.0 92.0°, 120.0 -106, -106 -39, -32 BP-1D,
Benzophenone—1 ( —ZKMi-1) BP-1  10.01 213.0 91.0°, 135.0  -90, —90 -34, -26 BP-1D,
Benzophenone—2 ( 2K iii-2) BP-2 5.91 245.0 135.0", 109.0 -70, -70 -20, —-28 BP-1D;
Benzophenone-3 ( K fii|-3) BP-3  13.13 229.0 151.2", 105.1 70, 70 27, 26 BP-3D;
Benzophenone—5 ( Z K [il-5) BP-5  5.93 307.0 211.0°, 227.0 -100, -100 -48, -31 BP-1D,
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(8:31)

Analyte Abb.  f/min P(“m/) o Fiz/; " DRV CEleV ‘f‘nd“d
Benzophenone—6 ( K[ -6) BP-6  12.49  273.1 123.17, 229.1 -80, -80 -23, —-18 BP-3 D,
Benzophenone—7 ( ZHil-7) BP-7  14.38  231.1, 121.0°, 121.0 -70, -80 -28, -28 BP-3 D,

233.0
Benzophenone—8 ( —%i-8) BP-8  11.00  243.0 123.0°, 93.0 =70, =70 -35, -24 BP-1D,
benzophenone-10 ( ZZKHi-10) BP-10 14.86  243.2 151.1°, 118.9 80, 80 27, 26 BP-3D;
Triclosan( =4542) TCS  16.04  287.0, 35.0°, 35.0  -70, -70 -37, -37 TCS-D,
289.0
Triclocarben (=4 R 3E) TCC  15.78  315.1 126.8", 92.9 100, 100 53, 53 TCS-D,
Internal standard MeP-D,  4.65 155.0 96.0 -60 =30 -
EP-D, 6.71 169. 0 96.0 -70 -33 -
PrP-D, 9.04 183.0 95.9 -60 -30 -
BP-"C, 11.34  233.0 98.0 -60 -34 -
BPA-D, 9.75 231.0 216.0 -80 -28 -
BPS-"C,, 4.04 261.0 114.0 -100 -36 -
BP-1D, 9.90 218.0 91.0 -100 -41 -
BP-3D, 13.05  234.0 151.2 60 27 -
TCS-D, 16.00  291.9 35.0 =70 -42 -

*: quantitative ion

2 GRS

2.1 FgE&EGMme

55 A2 SRR I T, S LR BLBP . BP-3. BP-10FI TCC {EIE & 755 F B0 B i+
FEs A, EORAIES TR, WA H AP A Ui N o B2 50, BR A A AR A
L/ SR R U oG Kt i ) o B B S 111 AWM B DTN 2 B Y, O 5 o S B o (1 e e A U (e 19 B v |
SefE . SEIR NS FURIREE (200, 250, 350, 450, 550 “C)HEIT THAL, &I TCS fhne ) Jekfi B m i
W, SRIG I, FE350 CF I B iy, HoAtZH o X n B RER TR E . IR AL T B RAEA
[F]5E 55 L HE (2 500, 3500, 4500 V) T Ma R, 2554 7R, 25 20 43 0 M Jo7 st 25 B, %) - e g 14 000
AP PR REEAS . AR WEEEARHE T T, B T S <1, 57 PR,

2.2 wEiEFRHMmL

BRI T Acquity UPLC BEH C (2. 1 mmx100 mm, 1.7 wm) . Acquity UPLC HSS T3(2. 1 mmx
100 mm, 1.8 wm)Hl Acquity UPLC CSH C,,(2. 1 mmx100 mm, 1.7 pum)3 5 WA 54X 30 fh EDCs 4
SrESPERE. BT IPP AT PeP | IBP A BuP Wikt [m] 73 S A4 s BATAH [R] A RRAE 25 F-%F . i 40 50 A SE I 1f
JE I CEE . 45 R, BEH C AERILN AN /B HER, HSS T34EIRZ, 1 CSH C FER 73 B3R
R, 7EBEH C 4F b, FRMPA. EPAFIBPAHIEA,, HA4x 27 FhaH 4335 o] 15 25 & i A 1% 4 59 3%
W MORH HSS T3FER, MPA, EPARIBPAHIRE, BP-5HBL 7 EA G IEIERTHY, TBPHIBuP /& A
564, HAR 24T 05 SRR R s MR CSH C AR, MPA | EPAJLF-JEIREE, IBPAIBuP 45
Aoed, ZRHEZEY B (lBP, BP-3. BP-6. BP-8FlIBP-10) ¥ 2, KEEMNMSWIEZF: LM
W /ARG T R PR (0 84 . i BEH C FEVE M A kE .

ER AL I T, B 5 T CEM B EEPI A A AL R, DU EIKAE (47K . 0. 05% B |
0.05% LI . 5 mmol/L ZIREZR) R H AR 73 BRI . SEIR AR, PR BLIE R 0 5T il e iz
SREEART, (HHEEE R TR CRE BRI, X5 St R i) o SRR B . 24 R Ak AR A /KA
MPA 1 EPA W) @ iB A e R RIS, HEARZH 43 34 v] 45 B0 B W A T il e i o 47K AH A 0. 05% HITR
i, BPF. BPA. BPB. BPZ. BPAP TGN, BPPHITBBPA MM 55, HEENHE: BPS Fl BPAF 4 AL
AL G HAT W R B A IE 5 AR 5 3] AR B 0 ol 23 s AT vl e 2 . 4R A 0. 05%
CTRAVER/KAHNT, i 2053 YT A 2 FRAS B @ ibid,  HSTiEne i 58 . MPA Fl EPA 7£ 5 mmol/L %
IR R TF IR . 3E— 25 5N 6] Z TR (0. 025%. 0. 05% F1 0. 19%) %6 543 B B 52 & B0, 0. 05%
TR K VAT 1 45 5 50 ST 57 548 B BH S0 T 0. 025% ZBR/KIEWE, (BREE C TR EE T, BRI i
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GRS PR, HIF S SR SEEREAR, wREZ T B H T B e S s
TR, FRR e HECIEEE L REAIT R, SEUTERCRAE . IR 0. 05% LR -
BEOMFEA . FERAR IS A0E T, 30FHEDCs(10. 0 pg/L) B fa iR WL 1,

MeP BzP
12 BP-5
BPS 15 PP pp_
2 5] s 2 Lo 4-0HBP g
S ES _
E EPA 2 BP-2 EtP PP
g g
E 41 J\ E 5
0 T T T 0 T T T
3.0 4.0 5.0 6.0 6 8 10 12
t/min t/min
6_
< 3.0 ; i 2 .
g fip BPAF BP-3 BP-10 g o BP-8 BPAP BPP
Zz BuP =)
£15 £
= s 2
- TCC -
0 T T T T T Kl 0 T T
11 12 13 14 15 16 10 12 14 16
t/min t/min
2_
BPZ L
o BP—6 BP-7
= &
s 3 spa  BPB
E 1
,_E 3 E BPF TBBPA
TCS
0 T T T Il\ 0 T T T T T
12 13 14 15 16 8 10 12 14 16
t/min t/min

BT 30 EDCs #95E B8 7@k
Fig. 1  Quantitative ion charomatograms of 30 EDCs

2.3 HFmErtEMRL
SLE 2B BRI &3 R R A U %, SRR 8 . BRI RS & . FE S R R X 25
BOCR B RE R, AR EHEAE LRI AL MR 2 LA B o o Bk . 7Rk
SLE FOPRIEEFINS , Fofem A~ e n 3. — RV 5K B, —RE R B ARk & i iR ae
Jo HETLMRLER. —FWht. =& Wi, RO 4FERIXT B AR S RTEises, SEReH
BYEEEHEEHE (S mL), W R BRSSP BRSO . X T IIARIR R 10 pe/L 1Y
PREE, ZTROPR . W ke, =M E . D EAE BRI 30 Fh EDCs (4 [ 28 43 531 24 75. 2%~
112%., 34.3%~104%. 27.4%~108% 1 22. 7%~107% ( WLIE2), £ LM% 4 H bk &5 91 6 R BUSCR Bt
i, FEEEFIRPER S, RN PERSR 2 TR, R R IR O ext & B bR i BEE AR
Hfik. BP-5. MPAFIEPA SZYERUERIN 2 K, JEAFET MPAFI EPA STERIEFI 2 M FREE, IR aatk it
Wikt AERRPEROER OB PRI ACRAR, T BP-5 STRAFR RE AR AL, Rk, (UAE Z R 2 e Be
TR, K, EFEOTROERVEATEMIER . #2735, 8 mL 3FPEMIATRER
S ZRNEOR, 3 mLLMRABRTGIESEISEABENE, HB5r HARPH) AL 60%; 15 mLAI8 mL Bk
W AR B A AT FAR ) LSRR, 30 FP EDCs 1) IR ¥ i 70%, H ETRBisR A Y . A2k
R, R S mLoEAEEBUAT . oAb, SCIRR I, FEVRMUA R — @ MIEN T, 4 2 KIMAR

VEMESCR I T 1 IR 45
TESLE W, AR5 pH 200 B AR S A BUSCR ) S8R IR 25, FEPRFEH N GE 2 028 th VT
i EAE, wTDER: HbRO AT T 53 T35 2T pH 4.0, 5.0, 6. 5F19. 01 LTREEZZ M0 30 Fp
EDCs [ R 52 m . i 3 s, 30F EDCs £ pH 4.0, 5.0, 6.5F19. 0 44 T 0 [l e 2 53 3 A
32.5%~99. 4%, 75.2%~112%. 52.0%~111% Fll27. 0%~102%, K 2% Hbrtb &9 pH ) 245N,
{H BP-57E pH 4. 0Fl pH 9. 0 554 T B DS 53 AN Ry 32. 5% F1 27. 0%, W] RE 5 H 42544 v 1) B RE ]
FRIE AT ARG . BP-5 S BEIR AL, TEAR pHAE 55 -1k, T &8 il R R AE i pH BN 55 & 4
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firEs, SECRIT. % HARMEEYEpH 5. OB EY IR e, BORH pH 5. 0H) CRREEZZMM I -

120 [ Ethyl acetate [E Dichloromethane [ Chloroform [ Cyclohexane

L f

Recovery/%
o ©
(=} (=} (=]
MpA e

T T T
A R A AR A Tt E D ONA R A~ MO N0 Ny
L R SO = = I o e e =~ M = ~ Wi~y ="= ==t A A Y A A B o B 0 Y 25
BELEEZES oA Moo
= = e - gmmmﬁmmmEFF
B3
Analyte
B2 AEEFIEE T 30 F EDCs (1) i 28
Fig. 2 The recoveries of 30 EDCs with different elution solvents
120-| Dt 40RO SOETpH 65T pi 90
£ 80
=
z
(=}
<
<
= 40
On.n.n.n-n.m.n. B DN A B A <A A — © £
< <@ 9N < —~ almn oo &)
L S e = = S o e e~ <~ Wiy~ Wiy == = Rt Y I Y KU A I I & B a5 |
BEELBEES - A -
= RASaAmmAms Mg %mmmammmgH*
E 3
Analyte

&3 AE pH{E T 30 Fh EDCs By [l
Fig. 3 The recoveries of 30 EDCs at different pH values

PSP R VR ERS , — R 5o i s A A IR, DL BRI . AR, Yk
FIHEE-K (1 2 OIS, WRREAE, B EW, SEE WK, B REEE
G B EEAG LR, & B R 5 v 50% LA LR, HARA YIRS B e A, B R4
5 (HREE B EE BB IN, 5y BARr idAs 22 e 2 B W RE - K (1 + DAE D bRIEERC I
RS IR
2.4 BRI

FEIE “1.37 BEFPRESHATAR RIS 2 A PRI EOR , ARG IINTR A AR B, #3300 Sk
310 e/l B FE DT ECAREATR, Rl A EE-K (1 2 1) Bl i) )3 BE PRI T . DL H PR/ AEFE
DG AR VA TR SRR A VBT IO i o7 ) EL (B R PPA JE R . R 2 4580, 30FP EDCs B FE iRk
N A70. 82~1. 11, )@ T 395E R o
2.5 Z4eE. KHREEE TR

FEER “1.47 R0 “1.57 ZMR e IR S b TAEWL, DLW EDCs ¥R EE R EDCs 5 HX 3 P bR
s T AR L 2 bR 28, SR FRIEEATE B . 45 REW), 30FEDCs7E0. 10~80 we/L BN R E
IFRZMER R, MRRE(HDIRT 0,999, FE%5 APRAESEIOR s bR AT, Dl &8 1)
3 FE A MR b PR A 7 VAR A BR (LOD) , 10 F5 (5 MR bk PRAh & & FRR (LOQ) . 30 # EDCs [ LOD 7 0. 003~
0. 094 pg/L, LOQ 40.009~0.313 we/L(F2),
2.6 HEMERBEE

KA ARG, A NME. B, 51,00, 10.0, 50.0 png/L)3 MRERIRASRERG, F
FFE 6 K, THERINCE . FER— RPN [l —REEBEAT 6 CFATINE , TH3 H R 826 d il
I —PRPE, THEEH R . i 20150, 30 Fl EDCs B9l W 2Ky 86. 9%~127%,  H PR3 %
1.0%~8. 7%, HIEREHEE A 1. 1%~8. 2%, SLInZE KM, A J7 ik BAT v 520 DS 20 R UF A2 e 1
A PRI A B AR BLR
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2 30FFEDCSHITOD. LOQ. FEFRLN . InIWr R A XS hnifl i 22
Table 2 LODs, LOQs, matrix effect, recoveries and RSDs of 30 EDCs

Analyte LOD/(pg L") LOQ/(pg-L™)  Matrix effect Recovery®(nz6) RSD/%(n=6)
Low Medium High Intra-day  Inter-day

MeP 0. 022 0.072 1.03 97.9 104 98.2 3.0 1.1
EtP 0.012 0. 040 1. 04 99.2 106 99.6 2.3 1.8
PP 0.011 0. 036 1.01 96. 8 105 99.9 3.5 2.4
PrP 0.013 0. 044 1.02 101 110 102 2.4 2.1
IBP 0. 004 0.013 0.96 101 104 100 2.3 1.7
BuP 0. 007 0.022 1.03 101 104 101 1.0 3.0
BzP 0. 009 0.031 1.01 102 106 101 2.9 3.8
MPA 0.025 0.082 1.04 115 113 123 4.5 2.3
EPA 0. 028 0.093 1. 11 107 115 127 3.0 4.1
BPF 0. 094 0.313 1. 05 95.6 101 94.8 8.7 8.2
BPA 0.033 0.110 1.08 102 103 102 7.9 3.7
BPB 0.015 0. 050 0.95 99. 1 110 100 6.1 5.2
BPS 0. 004 0.013 1.04 99.1 101 99.5 3.0 1.1
BPZ 0.071 0.238 1.03 99.7 108 105 4.1 5.2
BPAP 0. 005 0.016 1.02 106 112 101 3.0 3.0
BPAF 0. 004 0.012 0.99 101 109 104 2.3 1.4
BPP 0. 008 0.028 1.07 122 112 102 6.8 4.8
TBBPA 0. 058 0.192 1.01 108 114 104 5.0 5.9
BP 0.008 0. 027 0.99 98.5 106 99.0 6.9 7.8
4-OHBP 0.003 0. 009 1.07 100 107 101 3.9 1.9
BP-1 0.008 0.025 1.05 109 113 110 3.3 1.3
BP-2 0.018 0. 060 1.07 102 101 108 5.4 2.6
BP-3 0.017 0. 056 0.82 105 108 100 4.1 2.1
BP-5 0.012 0. 040 1. 06 101 105 98.9 6.3 4.5
BP-6 0. 006 0.022 1.01 102 106 113 4.0 3.2
BP-7 0.032 0. 106 1.01 108 112 108 3.8 6.1
BP-8 0.015 0. 050 1. 04 107 113 109 3.3 5.1
BP-10 0. 008 0.027 0.95 110 119 103 2.9 4.9
TCS 0.031 0.102 1. 11 96.3 99.1 88.5 7.3 6.6
TCC 0.016 0. 052 0.92 104 105 86.9 4.6 5.0

2.7 KBREE RN

SRHZ TR E 150 6y NBEREE, 25 R UL 3, R Bk BPB, BPZ, BPP, BP-5. BP-6,
BP-7 1 BP-8 ARk /b, H AT 23 Fh EDCs B9AE 24 0. 7%~100%, Ak A& 9 vl e 5 AHE 2 #5 KF
RETT AR A e . 9 RN REK R IR A S AE 150 AR B R Y, 83 50% B4 S Pk L
T MeP, MPAFIPP, “FXHG RS> 449, 60, 7.61, 12.56 wg/l, MeP BYK:HIE A 100%, A
M B 47 936. 3 wg/L, BT WA HEOR HIR R A AL = ARG T N ) 2, HoMeP s o ZERI 28
Wb, BPA L9479 9K AR FEE L ke Rk 164. 2 we/Lo BPSIRGH R 38. 7%, oA 7Fh
XUy 2 B A Y AT 5. 0%, T UL BPA T304 T Mk Al A de ) 2 BB 280 . AE 10 e 2 HI 2%
Hbr#H, 4-0HBP, BP-1, BP. BP-3. BP-2. BP-10 (% th % 43 il b 96. 7%, 60.7%. 53.3%.
35.3%. 2. 0%F12. 0%, AFAS HRAGIN E T2 B T4 B S i TCS R TCC, A 2845 ] A 42. 0% Fl
12. 7%, ke B BE/r 514 239. 5 pg/L AN 11, 8 wg/L.  FIREESRFEHW EDCs FENIE R TEAE, HA
NBEFAE EDCs @ WS, 755 e L,

£3 AR 30Fh EDCs B9 R BE (n=150)

Table 3 Detected concentration of 30 EDCs in human urine samples(n=150)

Analyte  Detection frequency/% Minimum/(pg-L™") Maximum/(pg-L™") Arithmetic mean/(ug*L™"')  Median value/(pg-L™")

MeP 100 0.22 936.3 49. 60 3.19
EtP 31.3 = 257.2 5.31 -
PP 0.7 TR, BTy 0. 20 pe/L

PrP 54.0 - 195. 4 12.56 0.22
IBP 1.3 - 0.22 - -
BuP 5.3 - 1.36 0. 02 -

BzP 3.3 - 0. 49 0.01 -
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(8:33)

Analyte  Detection frequency/% Minimum/(pg-L™") Maximum/(pg-L™") Arithmetic mean/(ug-L™")  Median value/(pg-L™")
MPA 63.3 - 404.5 7.61 1.20
EPA 19.3 - 346. 1 2. 60 -
BPF 0.7 {1, HeE S, 30 pg/LL
BPA 94.7 - 164.2 4.33 0. 68
BPB 0 - - - -
BPS 38.7 - 23. 64 0.27 -
BPZ 0 - - - -
BPAP 2.0 - 0.32 0.01 -

BPAF 4.0 - 0.61 0.02 -
BPP 0 - - - -
TBBPA 0.7 LV BIRGE Y, R 0. 34 pg/L
BP 53.3 - 17.75 0.96 0.17

4-OHBP 96.7 - 1.69 0. 89 0.87
BP-1 60. 7 - 20. 82 0.71 0.10
BP-2 2.0 - 1.43 0.02 -
BP-3 35.3 - 23.90 0.61 -
BP-5 0 - - - -
BP-6 0 - - - -
BP-7 0 - - - -
BP-8 0 - - - -

BP-10 2.0 - 0.77 0.011 -
TCS 42.0 - 239.5 6.17 -
TCC 12.7 - 11.8 0.19 -

*: not detected

2.8 HELR
H i AR 228 EDCs [m) BRI 00 77 AT R, B VAR SOk, XA v 5 SOk AT T e (36
4) o AT7iENT RIS RGI 4 A28 30 Fhor b, R R ST R 2T AR RIEH =X 0. 5
mL, ETF KIS T i, Moh, AIFERIETROVAL, B% T LLE P WA FLALBLS:, 5SPEMIH,
SLE LT il AL BE 3R, IR b
Fe4 AT 5SRO AR EDCs Rl 7 00 Ho e

Table 4 Comparison of the proposed method with other reported methods for the determination of EDCs in human urine

- EDCs — n  Sample volume/mL.  Method Recovery/%  LOD/(pg-L™") Ref.
Paraben  Bisphenol = Benzophenone  Antiseptic
N N N N 21 1.0 LLE  73.0~111 0.01~0. 20 [20]
N N N N 18 0.2 LLE  76.7~116  0.0001~0. 08 [21]
/ J / / 6 2.0 SPE 81.4~112 0. 05~0. 60 [24]
v / N N 12 1.0 SPE 89.5~112 0.06~1. 09 [26]
v / N N 15 1.0 SPE  89.1~110 0.01~1.20 [27]
N N / / 15 2.0 SLE 84.3~120 0.01~0. 10 [30]
v J N J 30 0.5 SLE  86.9~127  0.003~0.094  This study

n: the number of studied analytes in the method; /: not mentioned; \/: detected

3 & it

ASCE I Pk SLE 54 UPLC-MS/MS 28, S2BL 7R H 30 Fh EDCs [ [R1B 4341 o T i8R T
i, RE[FIRE I R HOR I IRER . WE2E . IRHEZML S RPUA R 2SN, R
FibriEih e &, B RN . faa tER R B0, S0 T IR EDCs 00 il SR, Sk KR
BRI T 8 EDCs I 5E 77 %
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