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Abstract:  The effects of different sample pretreatment methods on high performance liquid
chromatography tandem mass spectrometry (HPLC-MS/MS) for the determination of 52 kinds of
pharmaceutical and personal care products (PPCPs) in water were investigated to improve the accuracy
and stability of the determination method. HPLC-MS/MS was used to determine the concentration
difference of PPCPs in water samples after different pretreatment methods (transferring by different
materials of dropper, whether to avoid light, storage time, centrifugation and filtration by different filter
membranes), and then the pretreatment conditions of samples were optimized. The maximum loss ratio of
PPCPs in water caused by polyethylene plastic dropper transferring, avoiding light and without avoiding
light placing for 8 h was 36.4%, 51.7% and 60.2%, respectively. After centrifugation or filtration with
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three different materials (PTFE, NL66 and MCE), the recovery rates of 52 PPCPs were 0.0% to 114.2%.
The result of the the tap water spiked experiment revealed that the recovery rates of 46 PPCPs, except five

macrolides antibiotics and Virginiamycin S1, were all 273.3% after the filtration with the corresponding

best filter membranes. The results indicated that some PPCPs in water were easy to be adsorbed,

self-degraded or photodegraded, and the detection results of low concentration PPCPs were

underestimated by means of centrifugation and filtration. Therefore, the samples should be placed

avoiding light before determination, and the analysis should be completed within 8 h after sampling. In

addition, the use of plastic products such as polyethylene dropper and polypropylene centrifuge tube

should be avoided, and make sure that the filter membrane will not absorb the PPCPs to be tested.
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HPLC-MS/MS;

pretreatment

AB SCIEX /A1) 5 BROAL (S Sigma 23 7] ) ; ACQUITY
UPLC BEH C18 {i%#: (2. 1 mmx100 mm, 1.7 pm,
FE [E Waters A 7)) 5 IR iE 3R 15 7% 5 (0% B R L A& b4
SR RH A (R AR BT 22 A 5 R IU R £ 4 (PTFE) U8
JEE L JE T 66 (NL66) UK JEE 1R A £F 4E &= (MCE) U8 [
(13 mmx0. 22 wm, 3 [ PALL /A & ) ; MCT-150-C
1.5 mL SR 2508 (3L 18 Axygen A 7] ) ; BT224S
B K (d=0. 1 mg, f2[E SARTORIUS A H]) .
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4l (5 [E Merck 2] ) s G ERE K .
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3% 4% 5 ACQUITY UPLC BEH C18 ff ii% 4
(2.1 mmx100 mm, 1. 7 pm) , A : 40 °C; i E : 0. 3
mL/min; HFFETE 10 WL i shAHKAH A 24 0. 19% H R
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A+ EAE & HPLC-MS/MS | 52 7K WP 52 A 25 $o R AN AP 22 5

%39% %4

IR, A HLA B R 0. 1% W IR LN . BREEDE
i #2 7 : 0~0. 5 min, 90%A ; 0. 5~2. 0 min, 90%A—
70%A ;2. 0~7. 5 min, 70%A—25%A ; 7. 5~10. 0 min,
25%A—2%A; 10.0~11.5 min, 2%A; 11.5~11.6
min,2%A—90%A ;11. 6~13. 5 min,90%A .

Q@ kA

B IR W B IR (ESD , 1F 8 5]
A 5 W 5 X« 22 5y W (MR M) AR 5 2 7k
Hi e (1S) : 5 500 V5 .75 AL (CUR) : 35 psi (1 psi=
6 895 Pa) ; Mt 55 < (GaS1) : 55 psi; fili By hn #4 <
(GaS2) : 55 psi; 5+ il B2 (TEM) : 550 “C. 52 Ff
PPCPs [ ST S8 AR LR 1.

&1 52 PPCPs HyfRiL S
Tab.1 Mass spectrometric parameters of 52 PPCPs

o H BEE A (m/z) | FEF(mk) | EHEHIE/NV | RlifERE/eV | P& B B [E] /min
S o gnk: 524.3 241.1%/210.1 180 23/29 4.00
BAY (UL DA 350.0 175.9/157.9% 55 17/13 3.02
KR 348.0 157.9%/174.0 55 13/21 291
B P e A 2 /it%ﬂm 468.2 160.0%/178.0 50 23/39 5.72
£ AN 382.3 333.0%/160.0 20 22/27 3.17
IR P bR 434.2 160.0%/144.0 20 24/40 5.47
HEHZEGC 367.3 160.0/217.0% 30 21/28 4.58
HHERV 383.1 160.0/114.0% 50 23/54 4.94
FE AU 386.0 342.3%/299.0 80 25/38 3.31
AR E 362.2 318.1/261.1%* 80 26/38 2.95
IR A 320.1 276.1/233.1%* 80 26/35 2.93
KL 352.0 265.0%/308.1 80 33/28 3.06
M AT AE R R 2 360.0 316.1/245.1°* 80 25/35 3.12
SRS R 366.2 305.1/236.1°% 20 29/50 3.26
(U743 263.1 217.1%/189.0 60 30/37 4.05
WV R 332.1 288.1%/245.1 80 25/33 2.99
LT 262.0 216.1/160.0% 70 40/47 4.07
it JHe TS T 215.0 156.0%/108.0 52 17/29 2.40
itk Jlie S A R 285.1 156.0%/108.1 65 22/37 3.67
it frig s 251.1 156.0/92.0% 40 22/38 2.62
Tkl 2 ¢ 311.1 156.1%/108.2 70 30/37 3.78
it Jlde FP S e 265.2 156.1/172.1% 82 25/25 3.02
it i — T g e 279.1 186.1/156.0% 60 23/27 3.22
e, ﬁﬁﬂ%%‘:ﬂ% 271.0 156.1#/108.0 65 21/36 3.28
it Jie P TG el 254.1 156.0/108.0% 65 22/36 3.85
itk e 173.0 93.0/76.0% 60 28/52 1.55
ik Jeie bk e 250.1 156.1/108.0% 40 23/32 2.90
itk g 2 LR 301.1 156.0/108.0% 80 24/36 435
Tt g g e 256.0 156.0/108.0% 40 22/32 2.80
T JHE AR L s 315.0 156.0%/108.0 90 27/40 4.43
it JHe YT FR e s I 281.2 108.1/92.1% 120 37/37 3.33
HEX 734.5 576.4%/158.0 30 26/36 436
AR 5 837.6 679.5%/158.1 50 30/37 5.18
KIANEIIAER B 55 55 2% 749.6 591.6%/158.0 40 42/55 3.43
EE: S 748.5 590.4/158.0% 40 29/40 5.11
BIRW R 916.3 772.4%/174.1 40 41/49 4.52
AT A A 2 +4<ﬂ§% 407.3 126.1/359.2% 30 32/27 272
TEMREER 4253 126.1%/377.1 50 32/27 3.65
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ZE R 1 (Continued)
m H BEE () | FEF(mk) | EHEHIE/N | RlifERE/eV | Of B BT A /min
XF T 5 152.1 93.0% 76 31 1.86
R PG 237.0 193.9%/192.9 66 29/47 4.85
Al 300.2 215.0%/152.0 40 33/85 248
Gk 177.0 80.0/98.0* 70 33/28 1.30
It S A T 345.0 284.0%/268.0 91 41/41 5.90
Hh 3 391.2 355.2/337.2% 101 21/27 3.63
A2k PPCPs 1,7_:?3 FL BN 181.0 123.9/69.0%* 81 27/43 2.15
IR H 262.1 202.1%/174.0 77 42/49 5.05
LIS LN 275.2 259.1/123.0% 40 38/31 3.06
WETR R 202.2 175.0%/130.9 60 37/48 2.70
F &R I 291.1 230.1/123.1* 95 33/34 2.93
EiFTY vy | 824.3 205.0%/663.2 130 57/36 6.55
He e TR ML 526.2 508.3%/355.1 90 18/25 5.51
FH firgme 172.2 127.9%/82.0 50 20/37 2.16
H: OEREA

1.3 FREREEH

A HERRFRE LA 52 #0457 0. 010 0 g, FH H %
VS I 2 25 51 10 mL A €025 o R v G o Bk B Sy
1 000 mg/L {14 52 Fh PPCPs bR E VI, P43 3 W% i
3R 52 Fp PPCPs FLAREAS W 100 pL T 10 mL £ €5
55 R, O B e A RGO 10 mg/L () 52 Ff
PPCPs 1B &5 pr i 25 W, 7 B AR /NS & T
4 COKFRAT . F4E/KHE 10 mg/L 11 52 Fh PPCPs IR
B b U it 2% TR F 081 3% R R S T o) i R FE 43 )
$90.2.0.5.1.2.5.10.20 we/L BIFRME TAEW , #5252
55 SRR AR I, DA T B R AR bR A TRV
JE SRR AL B 22 il B o 1 2k
1.4 LIGETALIE
1041 FEHU R S5 144 PPCPs il 5 9 52 )

BN M B A AL B R 8 hikE G 5 A X
B fib B PPCPs ¥ B2 I (5200 o HERR RS B 10 me/L
52 Ff PPCPs IR 5 A5 HEAE 25 50 wL T 25 mL 45 &
bl 2L KRR B 2 20, I AR 20 we/L IR & bR
TAEW, 5 S EAT LA AL BRI 52 - DC, , R HEdR %
J5 FABE I8 A IR 0. 5 mL 4% 28 SERE /N RE
3 QC e » R SR BRHHE IR 0. 5 mL 5475
FHERE /NI E 3 B Cy i 1 C gy » TSI T
3 HLEIAR 20 pe/LIRA PRAE TAEW 5 mL T2 307
WP T, — S S A R R R R
PFiCE 8 h, 73— i BIRAEA RS 8 h e,
FHBEESR AL 0. 5 mL 2 HERE/ NS I E .

F— LR B AR

1.4.2 B0 (EUEHELTIEXT PPCPs T2 (1500

HERRFL L 10 mg/L 52 7 PPCPs 1R &b i i 25 1
50 pL T 25 mL 25 st {1 2l 7K 5 R 22 20 B, Tic
Tl 20 we/LIR G ARAE TAEWE , 7303647 LT Ab 3T
DFE : DC g, W TEHR G JE A i 2 TR DI SEORL 5.0
10 000 r/min 34 B0 10 min J7 I E 5 DC e »
3 e 4R 3 o A i 2 B B B0 48 4 000 v/min 38 2
0 10 min J5 EFEAE ;B Corpr+ Cage Cyice » W9 HEHR
JEHL0. 5 mL43 145 0. 22 wm PTFE .NL66 .MCE &
U8 A E

DL S i = A EATRE, thad U A VR
T84 PPCPs 1Y [RI 8 R AR XS Bk A 22 (RSD ) o
1.4.3 R

1L A koK MR A 1 TR A A A 56 7 vk
KB R E S A7) (GB/T 5750.2—2006) Jil A
0.020 0 g PLIRIMAR , LATHBR A kK bR x i R
D7 B35 ) 5 FHAZ KRR AR Ay 5 B Vs TR TR A5 s oA At
B YR LA 3 0 8 i 473 i) T o ok I A R Dy 1
5.15 wg/L AYTR G 3 T IBR VA 5 3 4 W BE I As 7K i
392 0. 22 wm PTFE \NL66 . MCE J& i i € 5 #E47
WSE , B MR BEA 6 AP ATHE
1044 SERREE S E

H 5 W KA AP IR IR 5 15 min, B
1.5 mL b )20 WA LB AR WS B 4 o
2 #R53®
2.1 FERME ST PPCPs iUERIRME

FHBE RS IR 6 VB RH & 43 0 W B2 KK
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At B4R, S HPLC-MS/MS | & /K ¥ 52 FF 25 o B /S AP 32 5o
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TR, AR WA 1
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i
2100
3
7.5
5.0
2.5
s wasrauesseessn
HRAERNREE | HEIZRHEZE
g EEMEEBE X8 X%
B EERT B £ E X
= OB ' K g
c. BRI E &

2251 ERPEIEGHE ERENH Y 08 hill T8 h AN
20.0} ] - _
17.5H N 7 i
15.0f | i
T, 125)
50
2 10.0f]
S
7.5+
5.0
2.5
0 ‘
W @ W E & @
H & = % = =
N Y = ¥ £ =
d. RIFNFERZSRIMAT B bl %
225 W Y F T SR A leihﬁﬁ‘ﬁ I8 h ANk
2008 WL Khin K4 T a1 B
17.5 - I
15.0
T, 125
= 100
S
75
5.0
2.5
0
BEHEEREPEHEHERR G I
2 g DB E N E R g E
FIErERIEBERSE G
8w Z ® R’ BN
N lLN-\’ & I 4n
® = ] & &
e. HAthZE PPCPs
B 1 20 wg/L PPCPs i FA A B & IR BY & 88 5 | ANk S il

BONRETLER
Fig.1 Concentration change of 20 pg/L PPCPs solution
with different dropper and avoiding light or without
avoiding light for 8 h
H P 1T, 5 BB T A AR L, SR 0 SRR
EIICPPCPs W , VPPV B S D B2 T IR D
B BT RN YD B S Rl T IR T AR R R
FEAR 14. 0%~36. 4%, H 4% 47 T PPCPs i £ 34 2K %
A ] U, WY IR 0 VEDRLIRG 4 AT W RV R P 5
ol V470 A 2R DT 36 B K
SRR R IR R SRS RS SRR D B
—COOH [ZRIR LM FH R B Ik 54. 9% F169. 6%;
A BOR S B E K BRAE 7K o R U B A W A
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T8 R T8 g W E 5 Li S5 IR R 50 v R GO e
X 5 AT Az 2 B 0 T Sk B DS V0 S > ] 5 7 >
P A7 I > il i 85 I > DU B 2%, 4 35 B s s i 28
P F e HoAh 2 PPCPs HAT 4 w5 14 Bk 98 R W A
eI

PRIt , 7 S B T AR v gkt Al FH 2R 2 0 3 kL
I T s A T 2T A ZE R o BB i, DA
EIRZE

EZERBOEHE 8 hg , WWHivh & R A .
R R KRV E B E KR SR
LA 7 i v T 240 AR 2R R B IR AT 16. 0%0~51. 7%,
ANEESGHCE 8 h 5 Mk BEREAIR 30. 6%~60. 2% ; KIA P

ERMAERTARER PUABR whEZEMNER

P2 G T MR EEFRAIR 6. 9%~26. 8% , ANkt 5%
T B 13. 6%~27. 0% ; M ia B ZS i A= 2 v 1 Va1
R FUEVERR  B- NI R YT R B BUE R
MR e S i A 2R S FLAh2E PPCPs B G CE 8 h )&
Y 1A DL A S e A R RE G CE 8 h i e B X A%
TRRAG o Pl e ] DL 2 R O 8 7 ol i A 2 A 4
PRI N ER DA R 3 R AR R, HORN R
BEG SR T MR TR R A G, A R 28 Y PPCPs ¥R
JE A T A B S A 118 T PR T R S R Sy R i 2 3 4
LMt S RN IR SPTAE R K

Ge S5 OF 5T 2 B 8 b s i Bl 28 P A= FEAE ik
H R 2 M 15, 6~140. 9 min; F VS R B4
PRI BRE P R H O T 2k =
91. 1~314. 7 min; 2R PFAE" 25206 25 I 7R 10 Ffish i
FyrE R E WK, N 14, 7~115.5 h; 5 AR
5T 2 B4k v 8 Fhids i i 2 5 A4z R K B IO
T3 BO'G A 1 2F 38084 1. 25 min (ff &) ~58.0
min(f4) , #RF A META RS R IRINERZPTAEE

FI 98 T DR RO 4 A BSR4 v 1 HoAth PPCPs, [] A
52 Bl PPCPs 76 Ak 55 A VR BE 3 K A R R, 221
HREfRK P HUAE R ARERN T ERRZ —
PA_EARSE UK HRE 4 PPCPs 1T fie £ 9l 3 3 A5 BE I
BF, BRI 1 B o8 e Y o8 A A D DR A A 5 8 DA T 5% T
G B4 HE R o

H A AR 8 AR TN, A SE B TAE oy
TR ARG 0 235 SR 0 o M B T v U TR S RN R A Y

BRBUA Z AR, N AERE R AR S5 LR E 8 h

P HEA T E
2.2 B ZIEFETEST PPCPs U E RIS

YT RSB R B O AF B0, PTFE  NL66
I MCE 3 F 38 5 o 38 J5 I a2 40 7K 7K FE v 52 Fif
PPCPs ) [m] i RO 285 B, LR (000 7 445 2R 1 5% 2
JIi7R

2% 2 AT A1, R0 B O B0 I, 52 R PPCPs
B [ R 24 3k 5] 84. 8% LA |, R & A= B Ak s &
RN IR OB B0 G 52 Ff PPCPs H 1Y 39 it
A 2R TSR i RS %% B 47, LA 6 s v T 25t
AR SPRANEDAER 47 e &R S MY
JeFE R ML I3 IS B R 2% o B0 R
SRRSO B0 T TSR Y 22 5 2 B SR TN O 9 R
B0 A 2 R B ST 2 R IR N R S e A R R4
JEERESI MY e ®HE ML, HAAFENE, 45
JE B2 ST ANYET JE 55 2 M1 25 205 YE R Hi & W L
A LRI, P RE S R R AN ] 9 A S5 56t R Ak A
VIR A AE 25 5

PRI, 2 A T 552 B 7k A v 18 s o T 288 R BRI

BB R ML e R E S M e B E ML,

T LA FH R TR SERL 004 DA B st BRI 45 SR A
kAl o

FR2 2B JEETEAIEG PPCPs I E R K A5 E (n=3)

Tab.2 Recovery rates and precisions of PPCPs after centrifugation and filtration (n=3) %

% H PRS0 | RV .04 | PTFE JBRE NL66 JE i MCE J it
m% | RSD EfgZ  |RSD| Mg |RSD| [EWg# | RSD | [ | RSD
S Al gEnk: 97.5¢3.9 | 4.1 | 100.8+1.7 | 1.7|101.7+1.3| 1.2] 0.4+0.1 | 11.7|106.8+2.6| 2.4
AR E 100.7£3.9 | 3.9 | 105.623.7 | 3.5| 86.4+1.8 | 2.1| 85.4+52 | 6.0/100.9+5.8| 5.7
KR 96.3+7.3 | 7.6 98.6+3.3 34| 97.4+3.1 | 3.2|88.8+14.6| 16.4|106.4x5.7| 5.4
BB IEHT S P AR 972463 | 6.5 | 103.0£1.5 | 1.5/ 99.0+1.0 | 1.0| 13.7+2.2 | 16.3| 84.3+2.8 | 3.4
i 3 EER NN 105.323.7 | 3.6 | 1024263 | 62| 958+1.9 | 2.0| 98.3x2.8 | 2.9/110.3x2.4| 2.2
IR PG R 96.7¢5.8 | 6.0 | 103.4x1.5 1.5(100.1£2.7 | 2.7| 13.5£2.0 | 15.0| 84.1x2.0 | 2.3
HFEXG 95.7+7.0 | 7.3 | 104.3%2.4 | 23|100.7+1.2| 1.2]102.2+1.0| 1.0| 94.6+1.2 | 1.3
HEEV 99.4+6.0 | 6.0 | 105.2+27 | 2.6|100.7+2.2| 2.2|93.5+0.8 | 09| 88.7+1.6 | 1.8
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43R 2 (Continued)

9 P ELOE | RIVGYERE0AE | PTRE SRR NL66 T I MCE J& it

Ml | RSD [l |RSD| [AlWg® |RSD| [Yg# | RSD | [ | RSD

bR UYL 96.7+73 | 1.5 77.7+82 [10.5|70.1£10.1|14.4| 742+1.7 | 23| 0.020.0 | 0.0

AR R 94473 | 1.7 71.0£4.0 5.7059.1+13.9|23.5| 63.0£3.2 | 5.1| 2.1+3.6 [173.2

Wi ib R 88.7+0.9 | 1.0 51.326.0 |11.7| 35.0£9.0 |25.6| 47.4+1.8 | 3.7| 6.1x10.5 |173.2

W RSB /%%{JEE' 94.7+0.7 | 0.8 86.3+6.4 7.5| 86.2+8.6 |10.0| 96.4+5.8 | 6.1[13.3+23.0{173.2

Bk B 84.8¢13 | 1.5 58.7+3.2 5.4146.5£18.8|40.4| 67.3+4.4 | 6.5| 0.0£0.0 | 0.0

= XN 94.2+1.1 | 12 77.2¢8.8 [11.4]69.5£10.8|15.6| 82.0«1.1 | 1.3| 2.1£3.7 [173.2

(i3 95.6+5.7 | 5.9 | 99.8+114 |11.4| 952433 | 3.5|92.4+3.6| 3.9/ 5.829.8 [170.0

BN 94.3+0.3 | 0.4 59.0+4.0 6.8/50.5+19.0|37.6| 64.0+0.7 | 1.2| 4.2+7.3 |173.2

MR 99.8+5.2 | 5.2 | 97.9+10.5 |10.7|100.4+1.3| 1.3| 87.3+4.5| 52| 55+8.7 |156.7

it R s 1 100.6+6.2 | 6.1 105.9+6.5 | 6.1|101.8£1.3| 12| 96.7+32 | 3.3| 65.4+9.9 | 152

Tl e A mh g 98.7+5.8 | 5.9 | 102.5+52 | 5.1|102.4+2.1| 2.0] 9.6+1.1 | 11.4|41.2+39.6| 96.1

it g e 100.1£7.0 | 7.0 | 104.5+42 | 4.0| 95.7+3.8 | 3.9|95.2+2.9 | 3.0(/82.9+20.0| 24.2

fifi e 222 98.3+5.4 | 55 | 100.6£1.2 | 1.2/103.1x1.7| 1.7] 932+2.0 | 2.2|68.2+44.6| 65.4

B EmEnE | 95.7+41.0 | 1.1 | 103.044.5 | 4.3|106.2+3.9| 3.7|102.3+4.8| 4.7/96.9+24.7| 25.4

i —HBELE | 98.1¢6.2 | 6.3 104.2+2.4 | 2.3|101.2+2.6| 2.6| 98.6+1.2 | 1.3/95.9+19.5| 20.4

U 2 ﬁ%ﬂ%Eﬁ:% 103.5+£3.6 | 3.5 95.8+1.1 1.1/102.8+3.8| 3.7| 0.4+0.2 | 36.1|53.6+32.3| 60.3

it i HH e 98.8+2.8 | 2.8 | 105.1+1.6 | 1.5/100.4+2.8| 2.8| 78.4+3.1 | 4.0|45.8+38.2| 83.3

Tk e 99.0+5.7 | 5.8 | 101.2+5.1 | 5.0|107.0+4.1| 3.9]103.5£3.9| 3.8| 79.842.6 | 3.2

it iz i e 103.9+6.4 | 6.1 | 114.2+12.6 |11.1|101.0£9.3| 9.2/100.2+4.8| 4.7|75.0+29.3| 39.0

ilf e s 1 98.8+6.0 | 6.0 | 102.7+1.4 | 1.4|101.2+1.3| 1.3| 0.1+0.0 | 22.1|11.5+19.5|169.9

it 1 1B A 101.0+6.6 | 6.6 99.9+9.2 9.3] 99.740.6 | 0.6] 89.1+6.8 | 7.6(59.4+35.2| 59.2

it e A i e 97.326.6 | 6.8 | 1004+4.1 | 4.1]|101.1+2.8| 2.8| 0.0£0.0 |173.2|28.3x41.4|146.3

T et AR s | 98.8+6.3 | 6.4 | 102.4+4.7 | 4.6]103.8+2.8| 2.7| 99.1+1.6 | 1.6]55.1+47.8| 86.7

AR 98.6+2.5 | 2.5 | 43.8+13.6 |31.0| 58.9+7.2 |12.3| 94.2+6.6 | 7.0(10.1+11.8|117.5

S FR B R;”él%z% 102.844.5 | 4.4 13.945.6 |40.2| 35.5+2.5 | 7.0| 71.9+9.5 | 13.2| 3.5+0.0 | 0.2

Bl A A5 2 101.0+8.2 | 8.1 | 48.1+22.6 [46.9| 52.0+9.6 |18.5| 87.6+8.0 | 9.2| 3.8+0.0 | 0.4

R RVA S 103.4+4.1 | 4.0 | 27.5+10.8 |39.3| 41.84+4.5 |10.7| 79.4£9.4 | 11.8| 3.7£0.9 | 25.0

FIRWE 100.4£3.7 | 3.7 152+4.6 |30.4| 323225 | 7.7|73.4+13.8| 18.7| 3.520.0 | 0.2

MAT IR 2 He AT 104.1£7.1 | 6.8 | 104.8+8.2 | 7.8[100.7+1.8| 1.8[103.126.1| 5.9[102.5+3.8| 3.7

R TR 97.4+6.7 | 6.8 86.8+7.4 8.6| 84.4+92 [10.9] 94.2+1.6 | 1.7|51.2+30.3| 59.2

X WEE SRy | 98.4+6.0 | 6.1 98.6+1.1 1.1] 99.0£2.5 | 2.5]99.4+0.7 | 0.7[111.5+2.3| 2.1

R pEF 97.9+33 | 3.4 99.8+2.8 2.8]99.3+1.6 | 1.6|99.0+0.3 | 0.3]63.7+52.1| 81.9

AffE A 97.1+2.6 | 2.7 | 103.5£0.7 | 0.7|102.1+2.3| 2.2|103.0+0.6| 0.5|71.8+46.4| 64.6

CIE=Sx 1002+5.1 | 5.1 | 104.5x4.8 | 4.6]101.0+3.2| 3.1]100.9+1.2| 1.2/90.2+31.8| 35.3

AR MY | 98.8+5.6 | 5.6 | 100.7£1.6 | 1.5| 97.7+1.5 | 1.5/100.3£0.9| 0.9| 0.9+1.0 [111.0

i =E 95.7+4.8 | 5.0 | 100.6£2.0 | 2.0|104.5+4.5| 4.3|101.3£3.8| 3.7/109.9£7.6| 6.9

. 1,7- WIS | 97.0+2.7 | 2.8 103.2+3.1 3.0 106.2+4.0| 3.8|104.6+3.4| 3.3|71.7+13.8| 19.3
HAh2 PPCPs —

S 96.2+5.5 | 5.7 93.1+9.0 9.7]97.2#29 | 3.0]93.9+0.3 | 03| 5.9+7.8 |133.4

LIESON 1052455 | 5.2 | 105.7+7.6 | 7.2| 93.5+3.0 | 3.3| 95.3x1.9 | 1.9|25.7+44.5[173.2

WE TR 7 96.4+5.1 | 5.3 99.6+1.5 1.5105.4+2.2| 2.1| 68.2+4.1 | 59[15.7+27.2|173.2

H A 100.0+4.6 | 4.6 | 102.4+7.7 | 7.5| 86.5+7.5 | 8.6| 72.4+7.4 | 10.3|29.4+51.0(173.2

HEHBTTESL | 963275 | 7.8 475+8.0 |16.8| 58.3x3.4 | 58| 712229 | 4.1| 0400 | 7.3

HeH R REML | 95.9+63 | 6.6 72.425.4 7.5] 72.246.6 | 9.1] 928443 | 4.6| 1.1x1.2 |103.0

FH fifg s 98.7+6.1 | 6.2 | 100.7#2.7 | 2.7| 97.4243 | 4.4|98.9+2.1 | 2.2|75.5x13.9| 18.4

gk WO OR , 48 0 B = AP [W] #4 % (PTFE . FEAE IR i 22 5, Hod S [R)AE S5 308 B PPCPs B W o
NL66 . MCE) 3E JIE F € 5, 52 i PPCPs 19 [0] it %Ky HA— 0 vk i 2 RININ RSP &R
0.0%~114.2% ., —FPJERXT 52 Fl PPCPs [ [ Y5 >% 2 NL66 18 5 121 JE J5 19 [P i % e PTFE F MCE 8 i
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U, D ER BN Bk g 25 5 il e S 0 2k 3R 28 NL66 JE i
1 U8 J5 NSRS 22 5 K 73 PPCPs 28 MCE 1 8 J5 11
ISR 2, 0 B- N L 2504 2 0 IRl S FORG %5
JERAT o W B 0 AT DL VA 25 O 8 A T R
A i 5T K PR AR B, PPCPs 2 28 2R K
HALE W, A% 5 5 R ) (PTFE) & A G K M
W BHVE R, TR G 41 4 25 B (MCE ) BT KAR I SEK
Y, 25 5 5 25K P PPCPs T it P — W P AR B4R
W2 B PPCPs, T3S i T MCE 38 B i 38 J5 45t 2%
[F) s B3 A% R [R) B8 A6 5 P 25 e T HROPR 8 B A 22
St A A Y5 D8 TR A ELAE AN TR, 40 e AR
FIEM MR R 7-0 BRI E UG A
BT A R BE 0 2R K L U T, (H 2208

53k 1 J PR T B 2K EL S ARER R 1 ImLSOR Ry, oAk
51 PPCPs 125 H B L [ SCR A TRl 5 150 o HL A
_EARTRIZEN B PPCPs A7 P ELA AR [R] A R A% 2546
HAE 1 U85 PIBCR A 22 R Ko 1A 35 ¥ Wb
PPCPs i 2 5 U JE % PPCPs Ft 1 B RE 7 52 1EAH X 56
2, B2 5 6 W B 1Y) PPCPs 7 28 3 5 [T 5 T A1,
JHLC e g s T 218 RO A P I 28 0 A 2R LA AR A I
BEFAE 7, B0 i 8 S UL fky Ak B X 0 S e
W BB PPCPs 1 B , (RGN 45 SR 1K A1k o
2.3 [EgRZ®

W SR AKOKFE SR I AMR I a2 5, DL W I (1)
o R R R R A A 6 T AEUA N A R 1A TR [T
IFIHRARC R B A5 R F 3,

&3 527h PPCPs HyZk it 75 12 18X RELFNAE H PR

Tab.3 Linear equations, correlation coefficients and detection limits of 52 PPCPs

Wi H LA MHREREG?) | KR/ (g L)
Sk ook y =14 665.848 2 x - 335.760 8 0.999 0.025
S fu b e y=11348.798 9 x + 400.926 2 0.997 0.064
SUE S y=16215.770 9 x - 46.619 3 0.999 0.007
B P B 2 ?ﬂfﬁﬁi y=67498.9839x - 10027.2395 0.999 0.021
ZRPIAR y=16100.658 8 x — 4709.070 5 0.998 0.028
ARG AR y=760122533x - 14263.4576 0.999 0.018
HHEREG y=53923.5569x - 2154.521 8 0.998 0.010
HEEV y=54380.1645x - 2480.0522 0.999 0.014
TR A y=61571.5590x - 17 118.476 3 0.999 0.057
AR R y=251898.6262x — 119599.547 9 0.998 0.024
TERID R y=18139.896 4x - 8842.570 1 0.996 0.066
KR E y=141805.247 6 x - 54 309.011 8 0.994 0.023
ME AT A R Bgib B y =42 102.760 6 x — 24 642.691 0 0.996 0.028
SEARVD R y=28874.486 1 x — 14 342.373 3 0.997 0.031
[z y=3666.032 3 x - 87.535 8 0.999 0.106
NS A y=328882516x - 134224768 0.997 0.049
WRWETR y=124379.0335x - 11226.9422 0.999 0.018
ik JHe TS T y=28602.141 1x - 2062.8372 0.999 0.044
it JHe S A 15 y=64375.0955x - 1876.599 5 0.999 0.020
i fg o e y=40404.483 4 x - 1447.5009 0.999 0.020
Tk e 2% y=108761.4124 x - 17 263.808 7 0.999 0.007
it il H L s y =29 860.200 2 x + 5 059.178 7 0.996 0.012
ilf e — VP e y=42216.0864x - 25283635 0.999 0.014
e it 1 FRY e y=102716.5137x - 4975.5830 0.999 0.023
it g HH e y=62590.109 9 x + 3 627.535 2 0.999 0.014
itk file y=5498.898 0 x + 1 478.664 2 0.998 0.069
Tk JRe e e y=45118.2689x - 18638.8579 0.997 0.042
itk e s TR y=45889.5660x - 6171.172 1 0.999 0.018
ik i W s y=36456.0514x - 3640.3128 0.999 0.026
T JHe A< I el y=37329.949 7 x +2267.849 6 0.999 0.013
Tl JYe Yo FH A s I y=57050.678 8 x - 18 306.467 3 0.998 0.027
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453K 3 (Continued)

Wi H LRAE MR EG?) | KR/ (g L)
UH/E y=21007.0620x - 11696.328 6 0.998 0.006
LRSS y=165174.363 8 x - 122 706.696 9 0.996 0.011
KIANEIATA R B 23 55 y=9339.960 8 x - 5910.783 3 0.997 0.024
TR y =249 2758673 x - 159 256.580 7 0.998 0.017
REER y=11803.5944x - 6721.9719 0.999 0.036
AT b 22 Mﬂ;ﬁi% y=3552.048 9 x - 98.856 0 0.998 0.115
TEMRE R y=1638283263x - 16019.461 0 0.998 0.009
Xf 2 ke B y=28013.621 2 x + 609.980 1 0.999 0.042
R ETF y=350428.383 2 x — 48 799.775 6 0.999 0.007
Al fE A y=36351.3459x - 5190.1550 0.999 0.013
AT y =34 587.607 6 x + 38 984.226 6 0.995 0.022
JI U 2R y=91535.579 9 x — 8 782.420 3 0.999 0.004
Hb o y=7535.8629 x +206.443 8 0.999 0.028
LA PPCPs 1,7—::}3 FEENENS y=2896.649 5 x +245.509 0 0.999 0.152
L HT e y=219106.2326x - 16 137.3143 0.999 0.016
LSSLEN y=317528.142 0 x + 90 262.986 3 0.999 0.031
5 P R y =558239.3670x — 91233577 0.999 0.005
H AR g y=176281.2689x - 55105.0153 0.997 0.020
A e # 3 Sl y=2745.379 7 x — 462.828 0 0.999 0.019
i e w#E M1 y=5279.822 7 x - 204.019 5 0.999 0.055
FH i y=95617.2905x - 2188.448 8 0.999 0.009

H 30 UL, 52 Ff PPCPs IR B ARMEMRAE 0. 2~20  F PPCPs IR A JEFUINAR A 42 PTFE \NL66 Fil MCE3
pe/L MO B N AR O R B2 320, 994, J5 ikt BB U8, A5 5 — 28 PPCPs e L SRR 1y Il
FR9<0.152 pe/le B 1.5.15 pg/L = DIREE 52 R RS% 45 R Wk 4,

R4 BRKEFRNR L B R B (1=6)

Tab.4 Recovery rates and precisions of tap water samples spiked experiments (n=6) %
W A 1 pg/L 5 pg/L 15 pg/LL 2
A RSD [l g = RSD [l = RSD
Sk Ao mEnk 109.4+3.0 27 | 98.5%5.5 5.6 | 102.0+4.1 4.0 MCE
Sk 94.1+8.5 11.4 92.5+7.7 83 | 100.6x8.4 8.4 MCE
BIE=RS 94.3+6.1 64 | 105.4+6.3 6.0 | 96.1x52 5.4 MCE
B P B 2 /;:(%@Mt 99.4+1.9 1.9 | 95.643.1 33 | 94.9+1.1 11 | MCE
ZRTIM 85.8+15.2 17.7 | 977127 | 13.0 | 94.2+17 1.8 MCE
I P 103.4+4.0 3.8 08.2+2.4 2.4 91.5+2.6 2.8 MCE
BHRERG 102.0£2.9 2.8 98.2+3.9 4.0 94.2+3.1 3.3 MCE
HHEV 103.9+4.9 47 | 941222 24 | 925+1.3 1.4 MCE
v R 92.9+45 49 78.6+4.0 5.1 88.8+2.6 3.0 NL66
AR 2 102.5+5.6 54 | 102.5+5.2 50 | 97.4+59 6.0 | NL66
D A 90.8+10.4 11.5 | 113.9+9.8 8.6 | 104.8+5.3 5.0 NL66
KR E 125.7+11.1 8.8 91.1+8.8 9.7 96.8+4.5 4.6 NL66
ME AT A R Rk 5 91.7+4.4 4.7 98.3+3.4 3.5 | 100.2+6.1 6.1 NL66
oKD 82.4+5.4 6.5 | 120.9+6.8 56 | 85.3+4.1 48 | NL66
[iN7 300 86.2+27.0 31.3 73.3+8.9 122 | 98.1x13.3 | 13.6 NL66
BN 08.4+6.8 6.9 | 113.5+7.8 6.9 95.4+8.9 9.3 NL66
BB IR 90.7+7.0 7.7 84.8+4.8 5.6 93.6+3.5 3.8 NL66
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43R 4 (Continued)

W A 1 pg/L S pg/L 15 pg/L TR
ElE S RSD [ i RSD [ i RSD
ik e s 1 95.8+5.2 54 | 102.13.1 3.1 99.4+3.0 3.0 | PTFE
itk e Sl Wk 92.6+6.7 72 | 92.0+34 3.7 | 98.8+2.5 26 | PTFE
i g o e 96.2+2.8 2.9 | 104.1x6.0 5.8 | 100.7+5.8 5.8 PTFE
Tkl 2 97.743.3 3.3 97.7+3.8 3.9 94.5+6.2 6.6 MCE
it 1% Y L I e 98.5+6.4 6.5 | 101.7+8.6 8.4 93.525.0 5.4 PTFE
it g — Y g I 97.0+7.6 7.8 | 113.6%5.8 5.1 | 101.4%6.5 64 | PTFE
i 2 ﬁﬁﬂ%ﬁﬂzuﬂé 91.7+5.0 5.4 93.2+5.0 5.4 95.2+8.1 8.5 PTFE
A 90.6+5.1 5.7 87.5+4.5 5.2 92.7+3.6 3.9 PTFE
fif e 109.8+5.9 54 | 982427 28 | 97.3+32 3.3 PTFE
itk iz ke g 100.8+7.7 7.6 93.4+5.3 5.6 99.3+5.0 5.1 PTFE
i iz s T b 91.5+2.6 2.9 93.6+3.2 3.4 98.5+2.6 2.7 PTFE
it g e 108.0+10.0 9.3 92.5+2.6 2.8 | 96.6+6.9 7.2 | PTFE
it fe s i e 100.5+4.6 4.6 96.8+2.8 2.9 89.6+5.5 6.1 PTFE
il e X} Y 4 o 97.1£5.7 5.9 | 100.2+5.6 5.6 | 101.4+42 4.1 PTFE
FARS 44.8+4.0 8.9 32.5+5.2 16.0 45.1+7.8 17.2 PTFE
BUHER 46.9+3.9 8.3 23.1+3.9 170 | 25.0+82 | 329 | PTFE
KPR E R By a5 % 32.3+6.4 19.7 18.5+5.5 299 | 23.4+6.8 29.2 | PTFE
VP 46.9+2.9 6.2 | 26654 | 202 | 344+72 | 21.0 | PTFE
BIRWE 43.75.4 124 | 23.3z4.1 17.6 | 243297 39.8 | PTFE
L Mﬂi% 81.9+8.1 9.9 93.6+4.5 4.8 91.8+7.6 8.3 MCE
TMEE R 84.7+4.0 47 76.6+6.7 8.7 82.3+4.3 5.2 NL66
X} TR S Wy 08.2+5.2 5.3 94.7+0.6 0.6 98.9+2.1 2.1 PTFE
iR 92.246.1 6.6 | 942438 40 | 97.9+4.1 42 | PTFE
EIEES| 85.5+2.8 3.3 96.0+4.8 50 | 111.3+3.9 3.5 NL66
AT 98.0£1.9 1.9 | 102.2+3.2 3.1 | 102.0£2.0 20 | NL66
Jt SR R b T 90.9+1.3 14 | 91.9+3.0 32 | 88.0£1.9 2.1 PTFE
Hh 85.2+6.9 8.1 96.2+6.9 72 | 90.4+4.9 54 | NL66
JEbK PPCPs 1,7—:33 F s 99.0+10.0 10.1 | 106.5+2.8 2.6 | 108.0+3.3 3.1 NL66
o HH v 96.7+5.3 5.5 | 101.5+3.7 3.6 | 98.7+4.7 47 | PTFE
LIS SN 97.7+12.8 13.1 97.5+7.6 7.8 98.3+5.1 5.2 PTFE
WE TR R 99.3+4.0 40 | 87.5+3.8 44 | 99.7+4.9 49 | PTFE
A B 91.6+1.8 2.0 95.1+5.8 6.1 | 105.2+5.6 5.3 PTFE
e e HEK S1 454457 12.6 40.4+8.5 21.1 45.1+8.6 19.1 NL66
He e R MI 84.7+9.5 112 82.7+8.9 10.8 82.4+4.5 5.5 NL66
FH fiEgm 101.1+1.8 1.7 | 101.2+1.5 1.5 99.1+4.2 42 | PTFE
4 TS, 46 Fh PPCPs L0 PRUE I IR 1] 2.4 SRERAEGG

W3 (273. 3% ) FIRSD (<13. 1%) ¥ #5547, R 47
JEBER S1 L SF RN BRI HUA: 3R 48 3 Fh i it v
Je [EHSCR A RSD ¥4 2%, T RE 52 285 RARE A
IR N iR 0 1) e [ 2549 4 56, AN T8 F ik 3 Rl
JEE 3k i s KA N RIS HLAE o Lt 59, 43
o e BB 3 D i L A KR v ) Rl K RSD 2
2T Ak 5 L3R 2 fZE 4) , nT g2 R In BT am i iz
(B NE 2N 1R S /WA o N I Y Vg T G

XF 9 103 A8 IR R AW K RE SEAT R I, A5 1 52 F
PPCPs [ B 34 /N 5 ekt B, 3% B 3l i R
AR PANEA L3R 52 F PPCPs.

2.5 BIEZESH

TS e T 2 B A R 4 TR 20 SRR A T
Je B AHEBUR s A6 B A T CE: 8 h S 43 1 s
Ky Z AR IF N EL PR 2 & A Bk BoREDE
ZAE T P AR B T K (W] B A A B AR 8 b
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At B4R, S HPLC-MS/MS | & /K ¥ 52 FF 25 o B /S AP 32 5o

#39K FH4H

J&i , 52 Fl PPCPs ¥R J3 35 % A5 6l ik, 3 1 B AR i A7
S 5 B R G ORAE , X FR7 1 (1) PPCPs TEAE i 6 B
I 5 B2 3B G FH SRRk o

afi 7K KA 28 SR T M Sk B0 A B 0 S R v
RSP AE 2 Y LSRN 3] 80% , K 3R N i 25414
FRYE s e % S1 R ISR A 2] 50%; 4 PTFE 3§
B 38 08 I 308 4 W i T 2 A 2 A DR AN B 75%
RIF N R0 AE 2 A4 Je 8 2 ST Y IBCR AN H]
60% ; 25 NL66 JE 5% 15 % 5 45 43 B — PN o Jie % 1l i %
ANEN15% , 53 il e JE 0 A 2R MIBCR AN B 10% 5 48
MCE 8 [ 1 98 J5 M 45 B 2 40 24 25 09 T g % 5
15% , KEB ok e 2804 2 0 IR AR T 80% , KR
P R AE 210 NBCRAR T 15% | e MBS 28 19 Tl
AN 55% , K 2 5 H A2 PPCPs 1 [ IR A 5]
80%.

o K EE MR 5285, K43 PPCPs 8 5 L
DR L U8 5 TSR A . Hoh BN R R AE
A FH PTFE \MCE 8B HEA T 320 08 5 W R 2 40 A= ]
FH NL66 U8 JE 47 2 108 5 it eSS b 28 25 0 FH PTFE U8
FRE A7 3 0k (Rt e 222t n] F MCE S8 AR F 73 0 )
MR P B 2 Bt A= 3R bR T 45 K W PTFE L NL66
MCE = F i B i 47 525 08, 5 bR 25 1T FH NL66 g
PEAT I 38 s HoAth & PPCPs 19 %E £ %4 nT ] PTFE .
NL66 &I HEAT 308 , AT LA ARAS 0 A v B Pk R
PEo HA S BRI RSP AE R 4E 5 e F &K S1
28 = P R U S ISR YR B 50% , 1R 3 Rl
NS FH

AN [ i Ak B0 5 5 SR ) 2 Sk s, T A
H b5 Py i) 5 ZEAR A AL G W 0 Fh S 155 38 19 i Ak
By 2, A0 A I 1 ke R T Ak S i 1 451 2 D) i
% JE R 2R AR IE S5 3 R TE T B B AR I
SR ARAG AR EE .

3 &%

AR5 38 2 AN [ i Ak B 5 5 OAS TR 4 o i
ERE HOL S A ] O R R IR E)
Jei 7K H 52 Filt PPCPs (14 % i 2 5 A 5 b A6 0y 125 4
B P R P P T IR 22, e 0 2 F S FE R R
T lECLRAE , FE I AR AL ST 8 h S8 BRI o X g
R A CIR N e S b2k 25, i Ak B v s G HH 9
JBHH] S Ab B 5 S [ 2K 1) B PPCPs Iy 6 485 1] 050 % Fi
T P 5 G 1 e 10 0 T AN 2 8 R [) 1 I S, 6 A7

TS B KR R BH B Ak 90 B i O A PR N A X
TR FR 2 1Y PPCPs 18 3 2% .

SE
(1] BER, ok, B, 5. KIS ok By A R il
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