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W OE AL REHE A SR 1SRRI L R A R R A4 R A E- R e SR € 3 - £ I
FEJ7 ¥ (SPE-UPLC-MS/MS). 2k I ImL FR IR £ B~ 4 B4 & R g1 % A % J5 . LA Oasis HLB(3 cc/60 mg)
FAEBAEHATH 5, R Acquity BEH Cig (100 mm x 2.1 mm, 1.7 pm) (K AT 8, s THIE
2 S MM A SR, N AR TR E k. Z5 SRR, 1S Bl AT W A A R BN A OC R B () IR T
0.9949, it R4 0.005—0.24 ng-mL™", FikE RS 0.017—0.8 ngmL™". ZEE &R . 1.0 ngmL™" I
5.0 ng-mL™ {3 NINFRHEIE T, [ER N 80.0%—121%, H YA H [EKE 3 B4 30 1.3%—7.7% (n=6)
M 3.7%—14% (n=6) , 4453k N H T 95 44 di I8 B AL PRI 5, 45 5% 17 4-0% 308 B e WP g
(MeP), 4-F2 3R T (BtP), 4-F B HRINER (PrP). =54 (TCS) Fl =4 R PE (TCC), i ilh#4y
A1 100%. 100%. 100%. 92.5% F1 87.1%, AL 43510 4.11, 0.69. 0.52, 5.12, 1.95 ng'mL™".
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Simultaneous determination of 15 personal care products in human
urine samples by using solid-phase exaction ultra-performance
liquid chromatography tandem mass spectrometry

ZHONG Xiuhua' DENG Jing' ZHU Pan' LU Lin' SU Guangning' QU Yabin'
LIAN Xiaowen' LONG Chaoyang' GUO Lingchuan® ™ YU Shengbing' ™

(1. Guangdong Provincial Center for Disease Control and Prevention, Guangzhou, 511430, China; 2. Chinese Research Academy

of Environmental Sciences, Beijing, 100012, China)

Abstract A method for simultaneous determination of 15 personal care products in human urine by
solid-phase exaction ultra-performance liquid chromatography tandem mass spectrometry (SPE-
UPLC-MS/MS) was established. The conditions for concentration of personal care products were
optimized by investigating the extraction column, wash condition and elution condition. A volumne

of ImL urine was digested overnight by S-glucuronidase. The digested urine was loaded to Waters
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HLB (3cc/60 mg) solid phase extraction column. The sample was then washed by 1 mL of 25%
(VIW) acetonitrile solution and eluted by 1.0 mL methanol twice. The elution solvent was blown to
near dryness by nitrogen, and redissolved with 20% (V/W) acetonitrile solution with a final volumne
of 1 mL. The purified sample was subjected to UPLC-MS/MS for analysis. Waters Acquity BEH
C18 column (100 mm x 2.1 mm, 1.7 u m) was used for separation. The internal standard was used
for quantification. The linear correlation coefficients of the 15 analytes were greater than 0.995, the
limits of determination and the limits of quantification were within 0.005 —0.24 ng-mL™" and
0.017—0.8 ng-mL™", respectively.The recoveries of the spiked samples were 80.0%—121%. The
inter-day and intra-day relative standard deviations (RSDs) were 1.3% —7.7% and 3.7% —14%
respectively. This method was applied to 95 urine samples collected from volunteers. The results
revealed that methyl paraben (MeP), ethyl paraben (EtP), triclosan (TCS), and Triclocarban (TCC)
had the highest detection rates (96%, 56%, 100%, and 100%, respectively). The mean detection
concentrations were 4.11, 0.69, 0.52, 5.12 and 1.95 ng-mL™" respectively. The result was consistent
with the reported literatures. The method established in this article has been verified by inter-
laboratory and actual sample testing, and it is accurate, reliable, stable, easy to operate, and easy to
promote in different laboratories.

Keywords  personal care products, solid-phase extraction, ultra performance liquid

chromatography-tandem mass spectrometry, urine.

JER . PRAF . A H . FAREGRESIEANDTZ R A AR T S, R R — A B R e
LHNF L BB LA RS AR, GRS AP ER AL ( PCPs) ! AATTHE AR 7= | AR 3 v R A 5 1) il
FH PCPs, PCPs W] Fifi ity i FH 2 A SIS E A 0T, H AT ARG HIZROK . H 7K 15K AR 3 ) ik ok . 35
RAAEN I Z RSN, LA A2, KA s g 5 20 23 b S5 47 22 28 00 Jo 1) 5% B 20, A 2 850
(1) PCPs g ik PG | K JTRA% fih, 0 2 4 15 YL i 2 S5 4 BT 2 IR NP Ok B2 ik gs 1, 32
KA G W™ 0] LA R A5 50 5, A B AE B A e S, OF BaA il ge 5 2 M A g | e
I 22 G052 9 AH G, g i R L g~ &5, f AN B B A JJg ol . — 2R 28405 0 FAEAS A9
B 1 B S R A AR B TR Sk T 37 SR AN R, 3 e AR SR T A 2 ) R A R R O,
YL R RIS A A Y A ZEE 0N, H 2,4- 85 R HER (BP-1) Fl 2-58 5k -4-H1 A —
2% R (BP-3) A 50 50 11k e 22 N0 e ik 28 2050 1Y, BP-3 38 JEL A B30 5 A8 2000 vl i /) B B 55 400 it 4
Yoo (R 28 0 A0 G €0 PRI A SRA TR 2E AT o, 18 M =R (TCS) M (=& R HF) TCC™ Z2 5% n]
e B AETR TR, BIRRE WU NIRRT RS ESeAE . 5T PCPs )2 i 8 8| AR IFFELE
Z ROV, W] PR A O 2 PCPs PN 2 58 1 2 2 B DA% JH 2 8 XU 1) S . el 1 PRI mT JE A
ViR e H 5 T34, Ik L2055 © IR PCPs & 5Ok ZEG 1T AR PCPs ) 272 XK.

H i [ P9 A% R PCPs 19 43 B A 32 2 1y AS0AH €835 53 ( GC-MS) FIVEAH £4 3% 5 3% (LC-MS)
PIRN B, X T 5L T2 4% (R i, B 5 A5OR AR €835 - B R T 1% (UPLC-MS /MIS ) R i 4L T vy 4 ofs 285 s 1),
J& BT PRE H PCPs % fe 5 FH ) 43 87 =B A0 PRV A 2% 0 T P, A0 A 7 2 SR FH [ AR 46
B, WO AR TS T AL B A e 45 0~ 17 A e AR S8 VRO A B R, [ A A2 L (SPE ) 4 K AT [R] B S 3 H
BRI e SRR, IF B 5 T A sk, SR HE S T RE S DU 0 . TR AR AU SR [ AH A -
BT i T I R R T AR R R 4-F8 3 0K B IR TR 25 45 6 Bl PCPs, i Mk 2% % >k Al UPLC-MS /
MS 52 A PR H 12 B S 78 A A4 B LR T 4-58 3808 B R S N TR (TPP) | 4-F2 32K H1 i 53 T iR (1BP)
F4-F2 5K W R G (AmP) )12 (D, AR AR N i 2 87 58 i 5 /0.

ARSCHFFE T 15 P PCPs(8 FhFEAERIS B I 0] . S Fh R 248 58 SR WS A 2 AT B 7)) Sk T
Al HEAE AR PN 1 2 58 XU . 38 %o [T AR 2 B, 60335 BT 3% A5 F i DAk, ST 1 — UG A [R] s 5 15 b
PCPs J7ik. 207 ik HA BRI 8 | 8 |l . M H T FEA i/ | A AL RIS RE D | xR A
GARNIREE B AT T SR 05, RIS B R IR VBORE & AR . Sy akt B AS [R] DR V1% 5 R 7 1Y)
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MR, AR R T AR EE X B AR PCPs $EA7 58 1, REG IR PH:, B il S A T 50
1 i?ﬁ%ﬁﬁj\(Experimental section)

L1 AR 53R

R 1o O AR 635 - B B 5 3% X FH A (BSM-TQS, € [E Waters 23 7] ). B0 #HL (3K15, S5 Sigma 2y
A ). ARV 45 {3 (32 [E Organomation 23 ] ). fH LK VA48 R (VA S . 1R € PR ¥ #% (IKA) . Oasis HLB
C18 (3 cc/60 mg) . 4-F2 FL 2K iR i (Methyl Paraben, MeP) | 4-¥2 LK H ik Z 5 ( Ethyl Paraben, EtP) |
4-F2FEIR IR IETNEE (Propyl Paraben, PrP) | 4- ¥£3E 78 H iR 53 I i (Isopropyl Paraben, IPP) | 4-F£3E 7% H
2 1F T g (Butyl Paraben, BuP) | 4-¥2 37K iR 53 T g (Isobutyl Paraben, IBP) | 4-¥£ 37K H iR “K i ( Benzyl
Paraben, BzP) . 4-72 37K R 1%l (Amyl Paraben, AmP) | 2,4- —F35k — K i (2,4-Dihydroxybenzopheone,
BP-1) . 2,24 4-PU¥3 5 — KB i (2,2'-4,4'-Tetrahydroxybenzophenone, BP-2) | 2-F% 3 -4-H & 3 — 2K H fifd
(Oxybenzone/2-Hydroxy-4-methoxybenzophenone, BP-3) | 2,2'- 3% Jt -4-F 48 JL 2K HI ifi] ( 2,2'-dihydroxy-4-
methoxybenzophenone/Dioxybenzone, BP-8) | 4-#% %k 2 K JL i (4-Hydroxybenzophenone, 4-OHBP) . — &
H: (Triclosan, TCS) #l =&k ¥F (Triclocarban , TCC) 4 H FirstStandard 2\ . 14 Fia € |2 Z N AR B
FirstStandard 23 ] , v BP-3 X} i §& 22 [7] 37 2 b BzP-1Cq. 25 . H B 45 4 WLk 7] 35 HPLC %%
( Burdick Jackson, 3£ [# ). £ R fl Z FR % ¥}y MS 2 ( 3% [&] Thermo Fisher 28 ®] ) ; f-55 24 B 5 iR if
(>100000 units-mL"", %3 ); NIST SRM 3672 (32 [H [H Zbr ik 5 H A BT ).
1.2 AR AAF

{015 54 Waters Acquity UPLC BEH C,g (035 4%, #:7& 40 °C, #EFE 5 10 pL, % 300 pL-min™', ¥
A A CHEE TshH B 7K. BB EEA: 0 min, 20% A; 2 min, 20% A; 14 min, 75% A; 15 min, 20% A; Ji
T R ) RIS 25 8 U S 22 S TN (MRMD) $39 415 B 40 HL R : 2.50 kV; &5 FURIREE : 150 °C;
ZU R (DT): 500 °C; R (DF): 1000 L-h's #EFLE#E (CF): 150 L-h'; 554648 /£ J): 7.0 Bar,
filf 58 <37 1 (CGF ) : 0.25 mL-min™'; 3 HF 8] 100 ms; £ B B [A] . 257 %, lf 4 e, e AN 2o v s DL 3% 1.

F 1 15 Fh PCPs fL & WA 14 Fi R 57 R AR B9 LR BE I TE] L 287X K i S 4%

Table 1 The retention time, ion pairs and mass spectrum parameters of 15 PCPs compounds and 14 isotopic internal standard

UAssyES G WATR EWRE  REBE/mn BT (m/z) HERLR/V REERE RV
Type of compound The name of the compound Abbreviation R Ion pair Cone voltage Collision energy
o 151.2>91.86 20 20
4- R HR P i MeP 3.63
151.2>135.87 20 12
. e 157.0>98.24 1 20
4-FR R TR TP I A MeP-""Cy 3.64
157.0>141.96 1 15
St [ i 165.14>92.13" 20 20
4- R HIR L EtP 5.48
165.14>137.15 20 15
e B 171>98.18" 12 20
4-FER TR LR b EtP-"C 5.47
. 171>143.31 12 15
73 J 741
I 179.1>92.10° 25 20
4-J2 R R AE N R PrP 7.15
179.1>136.0 25 15
i ~ 179.1>92.9° 20 20
4- PRI R E TN TR AR PrP-"C 7.15
179.1>136.9 20 15
e ) 185.0>98.0° 1 22
4-FEHIE T R S N I IPP 6.92
185.0>143.0 1 15
. e o 186.0>92.0" 30 20
4-FRER PR T DT BR AR IPP-D, 6.85

186.0>138 30 16
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2R
SRS [(aL AN AWHE  REEE/min TR (m/z) HEFLE/V AR R /eV
Type of compound The name of the compound Abbreviation R Ton pair Cone voltage Collision energy
o 193.1>92.0" 20 22
A-FFIRPRIE T R BuP 8.59
193.1>136.0 20 15
e B 199.0>98.0" 18 25
IR RRIE T BRI AR BuP-"Cq 8.58
199.0>142.0 18 15
o 193.17>91.86" 20 25
4-FRFOR RS T iR IBP 8.46
193.17>136.0 20 16
i - 202.0>92.0" 16 23
4-FHIE IR T T ER AR IBP-D, 8.38
- 202.0>136.0 16 19
75 164 5%
e 227.0>91.98" 1 20
A-FRHOR PR TR BzP 8.73
227.0>136.1 1 15
e 233.2>98.0" 2 20
ARG N bR BzP-"Cy 8.74
233.2>142.0 2 15
o 207.2>92.12° 25 25
4-FRFEOR F R N B AmP 9.86
207.2>137.07 25 16
. B 211.0>96.0" 17 28
4-FRFOR R BRI AR AmP-D, 9.83
211.0>141.0 17 15
N 213.20>91.30 20 25
2,4-—F2 A — R FR BP-1 7.98 .
213.20>135.14 20 20
N B 218.00>91.00" 35 28
2,4- "I TR bR BP-1-Dj 7.93
218.00>135.00 35 19
, N 245.00>91.19 20 25
2,2°4,4°- UL R i BP-2 5.01 .
245.00>135.20 20 15
, ) B 249.00>93.00" 15 28
2,274.4°-PUFRIE — H P ER AR BP-2-D, 4.96
249.00>137.00 15 15
) " 227.00>92.00 10 20
2-FR - 4--H A SR R BP-3 8.74 .
I G 571 227.00>136.00 10 15
I - ) 233.2>98.0" 2 20
4RI R RN BzP-"Cq 8.74
233.2>142.0 2 15
L n 244.22>93.04 10 20
2,2 - R AL 4-H A SR BP-8 8.99 .
244.22>123.91 10 15
o . B 246.10>93.00" 18 21
22- TR A-HEIIRH AR BP-8-D, 8.95
246.10>126.00 18 20
o 196.98>92.00 10 30
4-FRHEAIR LN 4-OHBP 6.79 .
196.98>120.00 10 25
A-FR LRI TR AR 4-OHBP-D; 6.75 201.00>96.00" 12 31
- 287.00>35.00" 20 5
= TCS 13.34
289.00>37.00 20 5
ZEENR TCS-"Cy 12.33 293.00>35.00" 20 5
LA - 315.00>159.74 10 30
=R TCC 12.13 .
315.00>162.00 10 30
s B 319.00>132.00" 15 26
A RYEAR TCC-"Cq 12.13
319.00>160.00 15 15

*

€ B 7. Quantitation ion.
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1.3 ARAER WA T

MR B EEAN A B 6% Wi 7 83 S VR RS G B 69 15 FhbR i 28 10 mL 25500, WP s 25, T0 TR
B RS AL BUR A PR AERE 25 100 pL, FH A B2 E 25 % 10 mL, Be pUR A e TAEE ) BOILETA
W T M BE ) MeP., EtP, BP-3, 4-OHBP Jy 10 ng-mL"', PrP, IPP, BuP. IBP, AmP & 5 ng'mL"', BzP,
BP-1, BP-2 25 2 ng'mL "', BP-8 24 40 ng'mL"', TCS 2} 100 ng'mL"', TCC } 20 ng'-mL™"). LA B4R IE W T
=20 °C {RAFFH.

HEFAFL L TCS-"Cy 500 pL, LAY 13 FARIEM AAR4S 50 pL, FIH B2 25 2 10 mL, BB R 2 bR
VST MR B R 500 ng-mL (i TCS-"Cy 19 T &9 B 28 5000 ng'mL™"). F 4 °C fRAFFEH.
1.4 FE S ETALEE

MA-80 °C IR VK AR B PRAE, T 4 °C vKAE i VR aod 05 0 2 5 il IR BETR 205, BB 1 mL JR
FEZ 15 mL RGBT, A 500 uL £ B - 22 1% W (500 unitsmL ™) F1 15 pL IRA WA TAE
W (7.5 ng) . WHEIR SIS, £F 37 °C HRFE R T KV Bt 5. FF b INTE R R I, CE 2 =R 5 B0
(4000 r'min™") 10 min, FHA% IR A5 W 175 0 28 26 IBORE R4 T [ A 2 L

YRR 3.0 mL HEEAT 2.0 mL /K% A6 -7 Oasis HLB [ AH 2 WU, 22 )5 40 W0 YR B8 BBURE | 1
B A AU, FEAS IR 1 B 261 T AREE A AR TE 13 A, 1.0 mL 25% B K IR TPtk vk, 25 S+
3 min. 55 ] 2.0 mL B BSR4 2 IR B A8 Ve 2 min. ZEHUCE UG, B T AU RS ZEE T, H
20%(V-V) G KRR E 2 0.5 mL, ZK eI g5 AL E.
1.5 R

SEBRAEAS G I L FE AR 2, 2 ANl FE A4S (AR B, 2 1 NIST SRM 3672 B kf, S B i it
PEAT AT, B 10 BT 1 EFRRAERE, HHSCPRAEAR B 1Y 10% 1 G111 B B AT RE i s R 28 (1 A 52
(BN AR T 773546 H B (LOD), NIST 454 4 40 B i D e (6 5 0E B S H (8 19 LU R A 0.8—1.2 2
6], B3 AT RE (n=2) 25 R AR 22 (RD) #E A7 PFAl, RD WAR T 5%, B 45 FE (n>2) 25 5% F AR
X hRHEN 25 (RSD) P4, RSD WA T 10%.

2 ZEE 5918 (Results and discussion)

2.1 kA e

ZET 3 Fh g%+ Waters Acquity UPLC BEH C,g (100 mmx2.1mm, 1.7 um) , Waters Cortecs C,g"
(2.1 mmx100 mm, 1.6 um) F1 Waters Acquity UPLC HSS T5 (100 mmx2.1 mm, 1.8 um) X} 15 #jt PCPs Jz H:
WFRY 7> BRSO . 45 R R BUAEAR T IS AN SE PR A b, H AR 28 2% (35 1 23 125 1Y R B0 A e L 226
PN BEH Cjg H: B Z 1T Cortecs C 4 A1 HSS T 41, H. BuP il IBP [7] 43 #HI A LE BEH C g 43 25 3%
i, % 83 BEH C g oS0 50 % 8 FLEEHE, Ptk $% BEH C g AR A 0940 Bk, sl sh 55
PFT 15 B oA iy a0 & UL IE 1.

1.4X107
BP-1
12X107F
1.0X 107
0.8X107F

0.6X107F

Response signal

EtP
MeP

0.4Xx107F
IPP B
A prp || Bl p AmP

OHBP
= L AM U%ZRBWS ke
P8
{\ . Ll . j\TCS ,

2 4 6 8 10 12 14
#/min

B 1w 15 R HARY Y @ik 1Al

Fig.1 The chromatograms of 15 target compounds under the optimal mobile phase conditions
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15 Fl PCPs [/ %€ B

T Waters Oasis HLB(60 mg) . CNW HLB(60 mg) . CNW LC-C,4(200 mg) #1 Supelco ENVI-

LRI &

Fig.3 The elution efficiency diagram of different proportion of elution solvent on some target substances
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30% ) XF A3 AT Pk BEBCR B SE A . R IR LA 2 7K WA Rk e W T, MeP HLAG B g 1 B3 o B A5 5, A
PEE AT R, AR SCI0 B KSR AE R PRV . [RIEE, 2558 T A HLAH Lo s e, & B AL
FH AT R 25% 53 B 0 10 2 o 25— 6 1 RS 81 e DR AR v A AT L A9 g 185 el A R A bk ke
TR P, DT AT 2880 25 3% PR VR 5 T v ) T I, IR AT R 8
2.3 FERN P

Ve 5 AR JRAE, $42 <1.4 35347 AT AL BRI AR VR K5 5 003 PRAE TR MG V0 R FEY s o 0
) BE ) B 0.05. 0.10, 0.15. 0.25. 0.50, 1.0, 2.5 ng'-mL"'( MeP. EtP. BP-3 #l 4-OHBP & 0.10. 0.20.
0.30. 0.50. 1.0, 2.0, 5.0 ng'mL"'; BzP, BP-1 il BP-2 Jy 0.02, 0.04, 0.06. 0.10, 0.20, 0.40. 1.0 ng'mL"};
BP-8 24 0.40. 0.80. 1.2, 2.0, 40, 8.0, 20 ng'mL"'; TCS 1.0, 2.0, 3.0, 5.0, 10, 20, 50 ng'mL"'; TCC H
0.20. 0.40. 0.60. 1.0, 2.0, 4.0, 10 ng'mL ") 6 &4 il 2 AL AE . 4% B SCHR™ 19 5 3k, i FE R IR A
i 1 il e 5 P A o it e R 8 0 bE(E DT Ak R BT AR (UL 1AL 4a) . 4 IME[>0, 2% B Ay JE BT 3G 5 0,
IME|<O I, & B Ay 35 5 400 161 2% 07, 4 0<|ME[<20% B, 6 B 35 5t % 15 5 TR 84K, 7l Z 8% A, 24
20%<|ME|<50% i, 230 Ay rfr 45 5 J3 1% 36 8500, T 24 [ME[=50% B, WU S 5if 3 Jo 14, &5 SR WA 4a
7, 15 Fft PCPs SR RS R 2R PN AR 2 ORI 138 D0 47 1 e B RN A5 0 0 5 P s 0 i 2 155 1) B A 225 Wl A
HEHZR, T BR o3 A2k A v (1) — S 58 2 AR S e ) R I T 2 80 B X g 1 v A RN, [ MeP ., EtP Al
BP-2 B Ay 98 6 RO . SR FHAR E Rl R ARG IR, 45 SR 4b SR, 15 B o #r 4  3 JiR Rl g 45
FE P05 HE OV (88.0%—120.8%).
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Fig.4 The matrix effects of 15 PCPs before and after correction by stable isotopic internal standardization.
2.4 JPIEENMEVE RIS R R R

W 2 s, LA B s i 1 AR5 P bR 25 I8 T AR 22 LU () 5 60 7 o kB (x, ng-mL ™) 22
AL e 2R, MeP. EtP, BP-3, 4-OHBP 7£ 0.10. 0.20., 0.30, 0.50. 1.0, 2.0, 5.0, 10 ng'mL"', BzP, BP-1,
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BP-2 7 0.02, 0.04, 0.06. 0.10, 0.20, 0.40, 1.0, 2.0 ng'-mL"', BP-8 7 0.40, 0.80, 1.2, 2.0, 4.0, 8.0, 10,
20, 40 ng'-mL™', TCS 7£ 1.0, 2.0, 3.0, 5.0, 10, 20, 50, 100 ng'mL™"', TCC 7£ 0.20, 0.40., 0.60. 1.0, 2.0,
4.0, 10, 20 ng'mL™", HAMHr#I7E 0.05. 0.10, 0.15, 0.25, 0.50, 1.0, 2.5, 5.0 ng-mL"™" {78 Fil £ 11 56
FRELE, MR () KT 0.996. 5K FHAR A A9 FRAE, (b5 v (8 Jin b v J88 43 51l Ay s v it 28 e A1 A
1/3, Fi BT Ak B 5 ke v 4, 0 S A 20 B 00 BOAEL, S AT I 7 W, TTERE 3 A AR 22 S A BR (LOD),
10 f5 bR dm 22 R 5 FR (LOQ) , L3k 2.

215 Bl ERRYI RGO LR R B | MG R T H A R R

Table 2 Linear range, correlation coefficient, limit of detection(LOD), and limit of quantification(LOQ) for
15 kinds of target analytes

3T LA/ (ng-mL™) LB fr iR/ (ng-mL™) T HBR/(ng-mL™)
Analyte Linear range Correlation coefficient(r) LOD LOQ
MeP 0.1—10 0.9991 0.028 0.09
EtP 0.1—10 0.9995 0.028 0.09
PrP 0.05—5.0 0.9994 0.014 0.047
IPP 0.05—5.0 0.9998 0.011 0.037
BuP 0.05—5.0 0.9979 0.015 0.050
IBP 0.05—5.0 0.9977 0.014 0.047
BzP 0.02—2.0 0.9996 0.006 0.02
AmP 0.05—35.0 0.9997 0.013 0.044
BP-1 0.02—2.0 0.9949 0.005 0.017
Bp-2 0.02—2.0 0.9975 0.006 0.02
BP-3 0.1—10 0.9981 0.020 0.067
BP-8 0.4—40 0.9961 0.10 0.34
4-OHBP 0.1—10 0.9976 0.028 0.094
TCS 1.0—100 0.9979 0.24 0.80
TCC 0.2—20 0.9997 0.06 0.20

2.5 Jrikny ISR RO 2 B

KPR 22 1 05 B ISR RIS 25 B, 25 R 4035 3 R, 7EE 3R | 1.0 ng'mL ™" 1 5.0 ng'mL""!
3AIARHEREE R, A 20 B 9 69 inbs [BLIBCRAE 80.0%—121% Z 18], H K% N 1.3%—7.7%(n=6),
H [B)RE % B2 3.7%—14%(n=6) . ISR 1 RSD Y78 Al #2532 Ju [ .

R3S FEARYAINAR R H SR A AR (n=6)
Table 3 Spiked recoveries, relative standard deviations (RSD) of intra-day and inter-day for 15 kinds of target analytes

ST IR 2 [T/ % rh B IR % i VIR BE ISR % HRE® % HIRRE %%
Analyte Low concentration recovery Medium concentration recovery High concentration recovery  Intra-day RSD Inter-day RSD
MeP 110 104 110 34 4.5
EtP 933 96.3 121 2.7 3.9
PrP 82.3 82.3 106 33 6.1
IPP 80.0 106 111 2.5 5.1
BuP 102 104 105 3.2 6.6
IBP 84.8 91.1 90.1 22 3.7
BzP 103 112 113 1.3 4.9
AmP 104 109 108 1.5 3.7
BP-1 100 109 113 7.7 12
Bp-2 118 106 118 3.0 7.6

BP-3 95.5 112 116 2.5 42
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i3
T VR I [P 4/ % HIRJEE [T/ % 1R VR JEE 44/ % AP % ISR %
Analyte Low concentration recovery Medium concentration recovery High concentration recovery  Intra-day RSD Inter-day RSD
BP-8 91.1 108 108 2.2 4.6
4-OHBP 97.5 108 111 1.6 5.9
TCS 104 108 107 7.6 14
TCC 94.3 106 111 2.7 5.8

2.6 SHRES T L

KA T % SRM 3672 #4700 %, H &M% 6 YK, NIST SRM 3672 UEf5 41 1) 6 F PCPs 434
YA AR R 22 259/ T 9%, SUEAS 15 5 (H Ho e 245 SR 76 ] 1232 Y B P, U WA O ok o 2 0 4 A
SR, AT LA T S92 bR AR PRI & 00 5
2.7 SEBRAEAI E

KA T IEXT 93 1 PRIBFEAS AT I A, &5 SR 4 4 iR, HAr B i 7] MeP. EtP #l PrP ¥4 100% £
A E v B Rk 411, 0.69. 0.52 ng-mL", BuP K H %y 18.3%, [ Il 5146 ) %5 =5 1Y 4 BP-3
(98.9%) . 4-OHBP (98.9% ) Fll BP-8(64.5% ), H:r i/ ¥ &k 4353l 24 0.03 ng'-mL™", <LOD HI<LOD, $i i
7 TCS(92.5%) A1 TCC(87.1% ) 3 Z8 555 /&, Horb iR EE 43518 5,12 1.95 ng-mL ™" {HA5 G IERE,
MeP i1 EtP A4/ 51146 H v B2 7T 35 1184 ng-mL™" 1 567.8 ng-mL™", 1] UL/ 3] A BEFEAE MeP Hil EtP i 52 5%
SRR , e 2355 V] £ 0] A 2 — 25 43 7 2% 6 1) D IR IR A A 00V AR M T LB A2 I PR R 1 6 b 4-7%
FEOR B R TR PCPs, i H RN 43.3%—100%, JCig JLEEIA 242 1H, MeP100% 4 i, SAHFFE A Y, JL3E
FZR A ) 2 v B T B 43 98 7.24. 103 ng-mL™", EASHF ST R &5 EtP. PrP Fll TCS FOAG H Zts 34 15
T 80%, JL 2 F1Z2 0 1) 2 @R Wk B TR 2 B4 9 M 078, 1.21. 1.26 ng'mL™" 1 0.51, 0.44. 1.10 ng'-mL"", [%
TCS H i & T A 5T 41, Ho AW I 5% 52 e B v 7 (5 -5 AR B 55 4024 . Engel 2520 X 1T 100 43 7 R
(Y PRBGEEAT T A, P R AE v HE P R DR I 1) JL AR S 220 B2 21.1 ng-mL™" 1 2.54 ng-mL™", Ik FA
WF5T, X 0] RER IR T BT 2 5 B BE AR IR A 25 5. 7T WL PCPs 78 AN BEH R 58 )12, AP %t T 0 B AR
PCPs 7 % Vil S PR fat R o A o S it T R S ¢

=4 15F PCPs 1E AR P B 5 (H
Table 4 Concentrations of 15 PCPs in human urine

WA/ (ng-mL™")

SIHTH) K 1 #/% ﬁ{u}ﬂé)/ Concentrations
Analyte DF gGM SBSEME SSTAMUEL  SESOT MR HTSEAMVEL  SROST MK
Ps Pas Pso Pss Pos
MeP 100 47.96 0.85 2.29 4.11 11.41 195.2
EtP 100 20.55 0.16 0.34 0.69 2.49 115.9
PrP 100 13.15 0.10 0.28 0.52 1.85 79.24
IPP 4.30 0.019 ND ND ND ND ND
BuP 18.28 0.036 ND ND ND ND 0.12
IBP 8.60 0.022 ND ND ND ND 0.06
BzP 7.53 ND ND ND ND ND 0.01
AmP 0 ND ND ND ND ND ND
BP-1 45.2 0.060 ND ND ND ND 0.16
BP-2 44.1 0.052 ND ND ND 0.02 0.2
BP-3 98.9 0.052 0.03 0.03 0.03 0.04 0.15
BP-8 64.5 0.12 ND ND ND 0.14 0.35
4-OHBP 98.9 0.63 ND ND ND 0.89 1.66
TCS 92.5 26.92 ND 1.30 5.12 15.18 114.6

TCC 87.1 9.56 ND 0.81 1.95 4.78 35.98
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