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WOE SCEEESL TN E A A R ROR €T — ER I R [ R A 2 TS AR K R 39 Bl 2 i RS A B A A3 AT O i
FEMZ HLB BAHAEBCIMEAEBUR | W4 B = S50R0H (35 - B B8 R G T 43T, LA Agilent PFP 354 (2. 1 mmx 100 mm,
2.7 pm) HEFTATES FEE-0. 19% F RR/KEE TR SN FIAS BV, R T 28 ATS B8 7R IE B 7 (ESD) B4, 22 5 g W A
o (MRM) FEATHRIN . 4558 R 139 Ah24 0 KA A B FLTE 0. 05~ 100 we/ L FOAN ()£ v B4 2 30 B UF AR PE S 2R (r=0.995 4~
0.999 9) , kK RN 0. 029~ 1. 300 ng/L, 39 Fi2h i Ko A~ A4 3 5 X AR 36 AR FH /K SEBR AR R AIG L vh  3 AN InAm /K S 9
FRIEC R 2 51 63. 0% ~ 123. 0% . 70. 1% ~ 126. 0% . 78. 7% ~ 122. 0% , A8 %] F5 HEAR 22 20 518 1. 4% ~ 19. 0% .0. 7% ~ 9. 3% .
0.6% ~9. 8% , ZAIM J73ES2 B0 T 3 o RCTRUAE (033 i (R A A2 39 i 24y it B A~ AP B L A T A2 1 s oA 400 2
WV, BAT PR RO o S0 A 38 A TR /K P 24 i S A B G
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Determination of 39 Pharmaceuticals and Personal Care Products in Drinking Water by Solid

Phase Extraction-High Performance Liquid Chromatography Tandem Mass Spectrometry
WU Mengli'*, ZHANG Qiyu"**, WU Yanlong'*>, ZENG Zhipeng'*, HU Yingbin'?, ZHANG Xianghan'’

(1. Zhuhai Monitoring Station of National Urban Drainage Monitoring Network, Zhuhai 519000, China;

2. Zhuhai Water Supply and Drainage Pollution Control Center, Zhuhai 519000, China)

Abstract An analytical method for the simultaneous determination of 39 pharmaceuticals and personal care products (PPCPs) in
drinking water using solid-phase extraction, high-performance liquid chromatography, and tandem mass spectrometry was established.
After being extracted by HLB solid phase extraction column, the sample was concentrated and directly sent to the high performance
liquid chromatography-mass spectrometer for analysis. The Agilent PFP column (2. 1 mmx100 mm, 2.7 wm) was used for separation.
Methanol-0. 1% formic acid aqueous solution was used as the mobile phase for gradient elution. The electrospray AJS ion source
positive ion ( ESI) mode was used for scanning, and the multi reaction monitoring mode (MRM) was used for detection. The results
showed that 39 PPCPs exhibit good linear relationships within different linear ranges of 0. 05~100 pg/L(r=0.9954~0.999 9) , and
the detection limit of the method was from 0. 029 to 1. 300 ng/L. The recovery rates of 39 PPCPs for actual samples of drinking water
at low, medium, and high spiking levels were 63. 0% ~ 123. 0%, 70. 1% ~126. 0%, and 78. 7% ~122. 0%, respectively, with relative
standard deviations of 1.4% ~ 19.0%, 0.7% ~ 9.3%, and 0.6% ~ 9.8%. This detection method achieves the simultaneous

determination of 39 PPCPs using a conventional high-performance liquid chromatography mass spectrometer, and can meet the precision
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and accuracy requirements of national standard. It has the advantages of simple operation and high sensitivity, and is suitable for the

detection of PPCPs in drinking water.
Keywords solid phase extraction

product

IR IREE S NS DAL A7 0 SE R R BE i 24 i 5
A AAEL G (PPCPs) J& A 28 A 16 BN A A7 1) 75
fntt . PPCPs fE A —JSB B 115 Yoy, I AF K 72 51
JEkdE, EEEARPAER HRZY R O
B RIA RGN B2 AR T E AN
Bk, FRE R —AS PPCPs A = A 2% 4
K, FEFRE FEZA P, AT EH L UL
PRYTAFSA A AN A B sy o s ey 3 2 R ] 32
B K IR, B K K %42 PPCPs fE7K
ISR A S — 232 B [ ) AR 1] 3
KIS Y, W R K RS b PPCPs f77E
(P B B KT, AR BUK 31858 H 45 2% PPCPs 113
Bl s el , eI A B T T AT s e A
FEILRD 255 Az R IS S 58 ek
AR, A TR A ) 3508 7 3l 2 B A HE T 42 2 A 38
NiV57K 22480, 140 A 47 BE & 0 B 3638 0 H W A3
Ve Ik S A e, A B S8 I S e M
WA FEAS S (35, B AT 2 i B B iR kA
KA, BEAKIRRY PPCPs 2538 it ik F K & ¥ e
ENE

PPCPs fEh— BB 5 Y A 25 32 2 AT X
., PPCPs PR 2 &R ER ATHMK
A AR BRI R 2 fEARZG IR | &
& G BNV A, 142 PPCPs 4143 HA 55
(ARG T ESEPE R P R LR SV A7 A T
Wagrp ) My R EZ  NEIR 25 LU
FAb i el F R ARREE A EE . Fix
) ST 2255 %) ) At 7 IR AN Ui M g 5 | 1 2R
Ferp , NTTRK AR R« PRt V5 Ye e .
V5 KR — B B U, A 3 G VRORs B R
FIK Y il FE A2 g K AR K R, R 2
PPCPs DAJFUIG 5l % A0 T CHE A 2175 K h B 5 7K
PEATGAKALTRT BRYH AL 36 #8854 SCrk'® ) i
FEI T V5 K AL B HE R 11 RS 0 5] — 22 ¥R B ) PPCPs
FIRIRMER R

2022 4F R ¢ A= 36 R R K A bR MEY (GB/T
5749—2022) "V I PPCPs ARSI 7 A, 1L
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HHFR [ XAk 7K R PPCPs 5 B i & 9T, /K i
R B TR Ok b R ) oK. H AT, A K
PPCPs 771K 22 107 FH R = 280 R 00 35 — B B o 3%
B, MCETR AR R 3 7 5 8 #43 . AHlL
YIHEH7) (GB/T 5750. 8—2023) "'V thi i) PPCPs #4:l]
J71% 90. 1 WAy S A AR (s R B B 18 45 T
A e SCUBORE €3 ) e A A, T A K 4 =7 PPCPs £
D) B E w3 A5 A 3 — B IR O S
KPEARE R ZH0 50 % R e A LA T
ROBORA A, T i 4% 1 T LA ik T R AR
AT AR5 AT P [ R A B — 1 RO A €3 — 53 I T
TEAS B TR K 39 Fl PPCPs 2468 35 2 FEl AR 7 v Y
R AR R, X RAT A —E S AR
R

1 e AEE

1.1 {4&

1o AR R €8 3 — B BT % X ( Agilent 1260-
6460Q0QQ) , AJS ESI & ¥ i ; [ #H £ B X ( Thermo
Scientific, Dionex Autotrace 280) ; &l "X ¥ ( organoma-
tion associates,Jnc. N-EVAP 112) ,

1.2 R F SFEH
1.2.1 k5]

FH s (BR, (agie i) R (R e, B 2 ) 5 2
K (Ji B G ZE 487K ) o 39 i PPCPs AR eI . XF &
P2 L (100 mg/L) A RE RS9 (100 mg/L) (1,7-
T LI (100 mg/L) i B IE (100 mg/L) |
ST (100 mg/L) il B ik e (100 mg/L) Skl
PIAE (100 mg/L) EFPEAR (100 mg/L) | H A 1E
(100 mg/L) e F L 1 0E (100 mg/L) itk fiig —
WANE (100 mg/L) 25K (100 mg/L) | fiffi iz f
SAMERE (100 mg/L) fifi e FH —- 1 (100 mg/L) | WE TR
R (100 mg/L) it it 5 MA R (100 mg/L) | fisf it 48 —
FH 4505 BE (100 mg/L) s i FH W (100 mg/L) |3k
fOMELL (100 mg/L) A B A<k (100 mg/L) | H %
Z (100 mg/L) .\ RV (100 mg/L) i iz s 2 b
(100 mg/L) FEI# V0 & (100 mg/L) i e 18] — F 4
WEIE (100 mg/L) | 5 H' 1 (100 mg/L) | 2K W5 78 Ak
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(100 mg/L) GAMEPE K (100 mg/L) | B LAl 4 H
(100 mg/L) . 2K i $7 B (100 mg/L) . A H ¥ 2
(100 mg/L) . B G ¥> 2 (100 mg/L) | Hi1 /R i =
(100 mg/L) . 3% W 2 (100 mg/L) . % 'k W &
(100 mg/L) . ¥» $7 ¥ B (100 mg/L) | 4 5 &
(100 mg/L) . % 78 7T (100 mg/L) | 3¢ $ii 41 % &
(100 mg/L)
1.2.2 ¥E#

BHLUEMR Ry PES JKAHZR ,FLA2M 0. 22 wm, HAZ
A 25 mm  SRFEIRA 1 000 mlL A6 R N, — Ik
PRSI B AR 10 mL; A B A B R 10,50,
100 mL; HLB [EAHZHUHE (200 mg,6 mL) ,
1.3 XBEH
1.3.1 a4t

WEH A B 5 mmol/L Z TR BV ; i B AH B

R USRSV
Tab. 1 Mobile Phase Gradient Elution Program
5} [H]/ min A B
0.0 90. 0% 10. 0%
5.0 0.0 100. 0%
12.0 0.0 100. 0%
12.5 90. 0% 10. 0%
19.0 90. 0% 10. 0%
1.3.2 Juifaft

J T A AR Ay TR TR AR B Dy 325 °C
THERIEHN 6 L/min; B SIREEH 350 °C B
HA 11 L/min; 55 4k45 K 120 0. 207 MPa; BAHEH
R 3500 VBB HL A 500 V, 45 BARE S PR
B R LS AR B ANER 2~ R 3 R,

®2  FUSHME
Tab.2 Mass Spectrometry Scanning Mode

B W (0. 19% R ) 5 08 B Agilent PFP e i
2.7 pm, 21 mmx100 mm; HEEFEE 35 °C 5 N P MRM
0.4 mL/min; FEREREDY 2w, WROFH IR ShAHAR B2k AT AJS ESI
BN 1R, kGRS 400V
x3 HHMEBYET TR T RS
Tab.3 Mother lons, Daughter lons, and Mass Spectrometry Conditions of Each Target Compound
AL/ BN BT (m/2) FRF(m/2) BRI/ R /v flif#AE/ v BT
X LT B 151. 8 92.7 1.5 246 24 IERE
Xt 2 Tk R Ay 151.8 64.9 1.5 246 40 IERE
X Z WA B D3 155.1 92.9 1.5 150 22 IEAEE
X Z WA S D3 155. 1 64.9 1.5 150 28 IEAEK
E=R NN 350. 1 160 1.5 110 6 IR
AN 350. 1 106 1.5 110 12 IR
Ry 237.1 194. 1 1.5 146 16 A
LCTARE 237.1 193.1 1.5 146 36 IERE
kALRLE 350. 1 158 1.5 192 92 IEREIK
KAtahisE 350. 1 140 1.5 192 52 IR
KAhE 350. 1 105.8 1.5 192 20 IERE
KAmER 524 241 1.5 138 12 IEREIK
SRl SR 524 210 1.5 138 20 IEAEE
KAET 348 140 1.5 192 100 IERE
KA 348 106 1.5 192 100 IERE
KAER D5 353.1 179. 1 1.5 80 15 IEAEE
KR D5 353.1 110.9 1.5 80 22 IEREK
[z 263 245 1.5 263 12 IEREI
[ R 263 189 1.5 263 28 IEREIX
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&2 BB T (m/2) FEF(m/2) BB ] /s WHHE/V iR/ V [ERR 5N
WNTE 332.1 314. 1 1.5 138 16 IEAR
2 NISE 332.1 245 1.5 138 24 IEAR L
WNT & 332.1 231 1.5 138 36 IEAR R
WNT A 13C3-15 336. 1 245 1.5 138 28 IEAR
BN 13C3-15 336. 1 235 1.5 138 40 IEAR L
IEOEAR S 748.5 590. 4 1.5 160 18 IERLEC
GETEAR =S 748.5 158 1.5 160 30 IEARE
SAME PG AR 436 277 1.5 110 10 IEAR R
S P K 436 160 1.5 110 6 IEAREX
it U A b T 345 284 1.5 100 25 IEARE
It U 2 T 345 268 1.5 100 25 IEAR R
b IR 415.2 178 1.5 100 25 IEAR R
HuIR B 415.2 109 1.5 100 50 IEARRC
1,7-ZF FE B s 181 124 1.5 84 20 IEAR
1,7- P L s 181 69 1.5 84 36 IEAEX
1,7- R e s 256 167 1.5 100 10 IERE
ESiEz oL 256 167 1.5 100 10 IEAR R
g Stz 256 152 1.5 100 30 IEAR R
BT & 360 342.1 1.5 138 20 IERLEC
B 360 316.2 1.5 138 16 IEARE
AR 734.5 576.3 1.5 138 12 IEAR R
IR 734.5 158. 1 1.5 138 32 IEAR L
ARTS 734.5 82.6 1.5 138 76 IEAR R
L1553 13C-D3 738.3 162 1.5 300 40 IEAR
1% % 13C-D3 738.3 83 1.5 300 73 IEAR L
S, P e 262 244 1.5 84 16 AR
EG 262 202 1.5 84 36 IEAR
FEIT 310. 1 148 1.5 93 0 IEAR R
FPETT 310. 1 91 1.5 93 100 IEAEE
FVEYT D5 315. 1 153 1.5 84 0 IEARE
SAPETT DS 315.1 94.9 1.5 84 100 IEAR R
LESLYN 275 123 1.5 100 25 IERLE
U BSSLYIN 275 81 1.5 100 40 IEARE
R PG AR 402. 1 243. 1 1.5 100 8 IEAR R
LT R 402.1 160 1.5 100 12 IEAR L
WVERR 262 244 1.5 84 16 IEARE
AR 262 216 1.5 84 28 IEAR R
ALV IR 262 160 1.5 84 44 IEAR L
HHEEG 335.1 176 1.5 90 6 IEARRL
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&2 HEF (m/2) FEF(m/2) BERR ]/ WHHE/V iR/ V [ERR 5N

HER G 335.1 160 1.5 90 5 IEAR

YUz AU 386. 1 368. 1 1.5 138 20 IEAR L

VRIT A 386. 1 342.1 1.5 138 16 IEAR R

v R 386. 1 299. 1 1.5 138 28 IEAR

RV D8 394.2 303 1.5 138 28 IEAR L

WLV R D8 394.2 274 1.5 138 44 IERLE

Tt e Pt 215.1 156. 1 1.5 70 5 IEARE

T e 215.1 92 1.5 70 20 IEAR R

Tl iz Sk R 285 156 1.5 100 10 IERE

T e S 285 108 1.5 100 25 IEARE

i i s 251.1 156 1.5 100 10 IEAR R

i i s 251. 1 108 1.5 100 22 IEAR L

Tigh i ] — P S g e 311 156 1.5 130 20 IEARR

itk i 1] — PP 4 g 311 92 1.5 130 30 IEAR

it e 408 — P 42 s g 311.1 92 1.5 120 30 IEAE

it i Y B g e 265. 1 172 1.5 110 12 IERE

i i FFY e s g 265. 1 156 1.5 110 15 IEAR R

T e %ot Y 4R g I 281 156 1.5 110 15 IEAR R

T e X FH 4 M I 281 108 1.5 110 25 IERLEC

il i — Y s g 279. 1 186. 1 1.5 90 6 TR

ik iz — P g e 279. 1 92 1.5 90 6 IEAR R

fil e — H A IE 13C6 285 186 1.5 90 6 IEREIK

fitf e — H B IE 13C6 285 98 1.5 90 6 IEAR R

Tk e R g 271.3 156 1.5 100 10 IEAR R

ek Jrie FP s 271.3 108 1.5 100 22 IEAR L

T e FR 2 254. 1 156 1.5 100 10 IEARR

i i Y e 254. 1 108 1.5 100 25 IEAR

T iz P g 13C6 260 162 1.5 84 12 IEAR R

it i Y Bk 13C6 260 98 1.5 84 28 IEAR R

T e s 315 222 1.5 130 15 IEAR R

il e A it s 315 158 1.5 130 30 TEAR R

itk g i e 250. 1 184 1.5 110 15 IERLE

T i e 250. 1 156 1.5 110 10 IEAR

i i s S bR 301. 1 156 1.5 110 11 IEAR R

T g e bk 301. 1 108 1.5 110 22 IERE

T A R 202 174.9 1.5 130 36 IEARE

WEFR R 202 131 1.5 130 25 IEAR

WEP R D4 206 178.9 1.5 130 24 IEAR L

BER R D4 206 134.9 1.5 130 32 IEARR
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UASLEL HBF (m/z) FHET(m/z) Tk A I /s R /v flif#AE/V RS
A 291. 1 230 1.5 100 20 IERE
R 291. 1 123 1.5 100 20 IERIK
HAECIE 13C3 294 231 1.5 100 20 IERE
B 0E 1303 294 123 1.5 100 20 IERE
FIRHR 916.5 174 1.5 240 42 IEREI
FIRWE 916.5 101 1.5 240 54 IERE

1.3.3 FEECRESRAT

IKFER AR AR LB B SRR A A . %5 okt
J,0~4 CYIRIRAE  IRAERTTH N 7 d,
1.3.4  [EAHAEES B

1 L JKEE, A 5. 848 o BRS040 .3.8
ml BERR VAT pH LN 2, A 0.5 ¢ 2 —f& DY
R —ANIRAT, I HLB [E A A U 17 & S5k
EAERT 30 10 mL HEERT 10 mL 267K 3% - i
AHFEHAE , L 6 mL/min (3 ARG, H 10 mL 41
KRR, #E BR[O A BOHE T4 10 min J5,
10 mL HHEEFEA TR . ZKAEZE 0. 22 wm ZKAHEFFLUE
R85 B 1 mL 98T 2 mL SERRICH
1.3.5 TAEhsk

A3 HIHE G RS OGS 2 Mok 22 ik 19y B e T T L 1,7 -
TGS R ENE KAl N g | Sk
PLE R VIAR RN IE Bl Y BRIl e —
WAIE | DR SE IR  Xo) F R E Bf FE e E TR
RGN R AR R S Sk
FOEIR ik e R e | 7 R 2 R YT R e v
NIRRT = 2 il NG Rl N i
7N N R W S S e O A I NP R 0=
BT B MR s BB RIRWER W HI A,
ARSI NN RAR: & N vl N AQ i3
J91 mg/L)0.5.1.0.2.0.5.0,10.0,20.0,50.0,
100.0,125.0,200.0.,250.0,400.0.500.0.1 000.0
pL T 10 mL 25 &0, ok e 45 2 20 B, 15 5
0.05.0.10,0.20,0.50, 1.00, 2.00. 5.00. 10. 00,
12.50,20. 00, 25. 00 ,40. 00 ,50. 00,100. 00 pg/L F5
HERTNEW
2 R
2.1 BiEFEFnRk

AR T A8 FH A v S I FH 4SO YRR e 3 3 A3l
T 1 SRR i T vy 2050 R A € i A A8 1 T

— 116 —

SRCRORR i, DRI LG 200 % 7 8 48 A 4% 14 LA % B A
WEYH RBE , AR OSSN T
WARATE 2% 1 36 FH 3 FH 138 38 e RIORCRE (3 1Y) £
TR, 0 S A S L RS C18 Ak A
120PFP (100 mmx2. 1 mm, 2.7 pm) , X5 T A 14k
FZKE F AR L HSST3 3% 4E (100 mmx2. 1 mm,
1.8 wm) , BE T & 76 /= RIOBORH €0 1% {30+ R 2%
T A A AR | I SRR A5 Pt 0 R 2R A T R Lk
D7 5 AN A5 5 325 19 0. 19% HY R 7K ¥ R HR
s JH# R 5 mmol/ L LR B K S W AN 0. 1% H1 iR H
B, B B F RO I B T4 5 B AR 5 1 5 1
N, FEREARFE R R4 TE K mREE
0.4 mL/min, filtR 454 1R E

TERBEEWRRFE P I, A 5 Bl bk e 46 B2 i 47 M
e LERRRERVERYET 5 min — EARF A 38 (5 mmol
PRV B HE A 2 90% ,5. 0~ 12. 5 min i & %%
B i iH (0. 1% W R B B W) L B R 4F 100% , 78
12.5~19.0 min f3¥ A i (5 mmol/L & R ¥4 %
W) LB 90% BN, 8 o 3 15 AN ] Bk ] B oY
ANTRI AR P R R 1) B 8], A B T s 4% B AR b &9
ORI INTOE Y=Y Sallll Y &I o e un L LR BN i E]
T SAH B IR BEAS BE | S B A DRAIE A B AR W) AE A )
WRBERY B i, s 4 i 1 D0 368 ok 9 B S A
E—2 ek, S, PERE R 2 pL i), & HARY
{14 e I L 27 R o A 25K 81 1 A 39 Ff PPCPs
TR N 25. 0 e/ L bRERE S (5% g 1A
2.2 FRILEHMMRK

H T O A1 i el AR | BT 5 2% 1 2R A7 AR i 1A
% TR T 8, T R TS A e AR,
oA ) FEANR B SRR 2 KRR 10 28 1
BS 8. TSR E N 230 C, THIIFEN
5 L/min; Z5 L %8 & 714 0. 103 MPa; & 24045 L 5N
2500 V; IR M 350 °C R 12 L/min, AR
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R TR S B R EE R 150 °C ;5 B 7R B
500 °C ;<N 1000 L/h, 4 HERY I BEES 7
F B F A i bR RIS 245 A A B A
TERI AN ) o 5 A e s B L, % B AR P
J7 it 2P Ak, BV i B i % R4 o P lf 4 g
FIRR S e DA 2 B T i 88, A R0 T4t
2.3 FHEFM
2.3. 1 FE&MES5KE IR

5 1R 25 H AR 1Y SR 7 B e bR o R 8, DL 45
H AR A (e BE 1 R 18 A s | el 7 A 9\ A s i
T E, & HisWr & CRE r YWKRT
0. 995 , 745 W B2 FBl NPk R A, ikt R R
E TR S % CERIRHK R R S ik 56 8

WAy A HLHITERRY (GB/T 5750. 8—2023) H1 90. 1
1) B ARG D 5 e B, 25 B 0 1 s 98 FH
AL gligK A7 e il e B A AR BORE P v 4 22 1
mL, KFEZE 0. 22 wm AKAHEFFLIE R 8 5 B HLIEAT
AT 7 UINE | THEAS B AR A 7 R R R
B AT AR I T R H BRAN T LV B 1 3 ~
5 A5 VA R X T o U B AT T > O T ol
K BTG CABE NI 5B 7 bR e 3T
FARSNY (HI 168—2020) K H BRI 2 ok, 56
FFAR AL AW G H R R 0. 029 ~ 1. 300 ng/L, BER
T 2 2B T TR KR v FERE A ARSI oK, 4% B A
T E YRR e 26 7 FE LR P A 56 R 80 LR T L
D7 A BRI 2 N RNk 4 % 5 s,

&4 39 F PPCPs RURHENZ 7 e ZeMEAHOC R BN AL

Tab.4 Calibration Curve Equations, Linear Correlation Coefficients and Linear Range of 39 PPCPs

&Y Rt i 25 r RVERWRIE/ (pg - L7Y)
T e P ok y=5.476 604x 0.999 6 0. 05~100. 00
1,7- IS g y=10 582.217 625x 0.998 9 0.5~50. 00
i i e y=5.657 461« 0.998 9 0.5~25.00
itk e i B y=7.287 931x 0.998 4 0.2~20. 00
KA E y=187. 048 388« 0.997 9 1. 00~ 100. 00
£l LN y=2182.783 012« 0.999 7 10. 0~ 100. 00
H AR IE y=38 583. 882 987x 0.999 6 0.20~25.00
i i H S g g y=3.254 725x 0.997 4 0.20~20. 00
it e — R y=10 613.916 774x 0.998 4 0.20~40. 00
LIS SN y=69 202. 049 809x 0.999 7 0.50~25.00
T % H S y=2.744 028 0.999 7 0.20~25.00
T R y=9 388.901 240x 0.997 9 0. 05~20. 00
WETH A y=32 270. 083 723x 0.999 9 0. 05~100. 00
Tt e Sk IR y=1.835 823x 0.998 4 0.10~20.00
it Jiie 48 — 4 s e y=17.003 582« 0.999 6 0.20~50. 00
ik e PP S s y=1.541 494x 0.998 9 0. 05~20. 00
it e R it y=13 325.803 188« 0.998 9 0.20~50. 00
gk y=1131.577 041x—1 512. 525 874 0.996 9 1.00~50. 00
REPGF y=85 324.327 810« 0.999 8 0. 05~20. 00
i e s I B y=6 945. 985 022x 0.998 9 0.20~20. 00
[y 7y y=2 302. 382 982x 0. 996 4 1. 00~40. 00
it i [ia] — P 4 e y=50 182. 475 586x+1 199. 404 568 0.999 8 0. 05~50. 00
J A AR y=37 037. 524 271« 0.997 9 0. 05~50. 00
WR A y=23 531. 553 583x—26 149. 993 509 0.997 9 1.00~50. 00
pR6E AL y=155 042. 525 804x 0.996 9 0. 50~ 100. 00
B A y=19 245.104 778« 0.999 7 0. 50~100. 00
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&Y Rl r LRPETREWR T/ (pg - L7Y)
X} & A H y=891. 597 188x—130. 632 330 0.996 9 0. 50~20. 00
H /R 5 y=140 141.914 579x 0.998 9 0. 05~ 100. 00
R y=122 887. 652 298x—4 153. 511 851 0.999 7 0.05~25.00
U y=232 712. 682 280x 0.998 4 0.05~25.00
BNy y=8 087.316 885« 0.999 5 0. 50~50. 00
Vv A y=31 891.733 453« 0.9959 0.50~25.00
AR y=964. 542 497x 0.995 4 2.00~50. 00
T y=16 237. 005 884« 0.998 4 1.00~50. 00
GIETEARTS 3 y=91 351. 800 011« 0.999 7 0. 05~ 100. 00
KAER y=93.019 5x-9. 019 472 0.997 9 0. 50~50. 00
HER y=431.728 576x+112. 570 094 0.997 9 0. 50~50. 00
TR PG AR y=321. 664 715x-34. 200 281 0.999 6 0. 50~50. 00
ELLTLp N y=150. 205 732x-10.232 178 0.998 9 0. 50~ 100. 00
5 39 % PPCPs A H BRI E T PR
Tab.5 Detection Limit, and Lower Limit of Determination for 39 PPCPs
Lo Kt KE?)HUE%JJ&?E% ﬁrkmﬂi@ﬂ 4 ﬂ%ﬂ)ﬁiﬂlﬂiﬁ?ﬁ%ﬁ/ ﬁJHJLH 7% 'UHHTETFE/
W/ (ng L") (ng-L") (ng-L™") (ng-L™") (ng-L™")
i 2 S 1 1 1.01 0.5 0.18 0.8
1,7- i IEEns 0.2 0.039 0.5 0.14 0.6
T e g 0.4 / / 0.11 0.5
il g 0.1 / / 0. 044 0.2
S E A 1 0.14 5 0. 81 4
E=R NN 4 / / 1.3 6
AR E 0.5 0.078 1 0.24 1
i i P L e 0.2 0.033 0.5 0.15 0.6
itk e — P s I 0.2 0. 085 0.5 0.16 0.7
RS 0.5 / / 0. 14 0.6
Tl e X Y 4 0.2 0.036 0.5 0.15 0.6
Tl e Y s 0.1 0.019 0.2 0. 041 0.2
WE TR R 0.5 / / 0.17 0.7
T e S kR 0.1 0.011 0.2 0. 064 0.3
T i 08— Y 4 s i 0.2 0.026 0.5 0.11 0.5
i i H s 0.1 0.018 0.3 0.083 0.4
il e A i s 0.1 0.011 0.5 0.071 0.3
S VR 1 0.17 1.5 0. 44 2
L TIRE 0.2 / / 0. 042 0.2
i i s 0 0.2 0. 038 0.3 0. 084 0.4
[Nz U 1 / / 0.32 2
itk [i1) — V4 e g 0.1 0.019 0.2 0. 041 0.2
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o Kt KE%}HIJZEW?E% ﬁ?&:‘iﬂﬂi@ﬂ 2% ﬂﬁﬂ}ﬁiﬂlﬂiﬁ?ﬁ%ﬁ{/ ﬁlﬂﬁ‘ﬂ R/ iﬂﬂf&?ﬁﬁﬁ/
W/ (ng-L7") (ng-L7") (ng-L7") (ng-L™") (ng-L™")
JIt SR b T 0.1 / / 0.033 0.2
WHi R 1 0.49 0.4 0. 089 0.4
ESiEzoLll 0.2 / / 0. 059 0.3
BEE 0.4 0.15 0.3 0.14 0.6
X 2 M 0.2 / / 0.043 0.2
HBIR A L 0.1 0.043 0.05 0.014 0.06
IR 0.5 0. 092 0.8 0.19 0.8
U g 0.1 / / 0. 029 0.2
FIRHE 1 0. 40 0.5 0.16 0.7
VR A 0.4 0.071 0.6 0.16 0.7
AR S 1 0.15 2 0. 66 3
FIETT 1 / / 0.26 2
R R 0.2 0.038 0.3 0.079 0.4
SXEARS 0.5 / / 0.13 0.6
HHR 0.5 / / 0.13 0.6
R PG BR 1 0.18 2 0.51 3
S B 4 1.78 1 0. 347 2

I — BRI I 52— 1, 7— P R IEng s 3— il e Mg e 5 4—K fL 30 S— R ML I ; 6— 20N PE Ak 7T— 4R
HERE 3 8—iff i FH I 5 O— Sk FLRL 502 5 10— Tk Jig - FFY WA e 5 11— S 2 6K 12— e ko Y S W e 5 13— g e Y
T 14—WE T R 1S—RR AR ; 16— e 48 L F S0 I 5 17— Y Mk 5 18—k R mE k5 19— e PR ik
W s 20— T P ;21— ik P s S 5 22— P U A 5 23— Tt i 7] — P SRS 5 24— P s 5 25— T SR A MO
26— NVD 1L ;27— 85 3 5 28— R HI A ; 20— IR ; 30— LI VD 2 5 31— Hb /R Bk w5 32— S M W 5 33—
R LW s 34—RME PUAK ;35— Z AR TR R ;36— 1D FLYD B ;37— 5 ;38— HUHTT ;39— 4l &,

B 1 39 Ff PPCPs Ty 25. 0 pg/L ARyt i (3 BT /51
Fig. 1 Chromatograms of Standard Samples with Mass Concentration of 25. 0 pg/L for 39 PPCPs

2.3.2 M M,2.20 .80 wL fift BB mE, 1,15.30 pl 1,7- " H 3
AMERRAZEL 2.5.8.0.15.0 pL XF L WE& 3 PN 1.10.20 pL ffEAEMERE,1.5.20 pL Sk
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T, 1.5.10 L fEEIERE, 1.15.50 pL Skflbise, s,
15,40 L 2R PEHK,1.,10.,20 pL HARIE, 1,10,20
WL B fH R BE M E 1 15,25 L BB T E L
1525 pl BIEFEMK,1.10.25 Wl fiff i X F 4 i e
1.8.15 pL Bl g i —mk , 1.25 .50 wL BER R ,1.8.15

L i e GAmk R 1 .25 .50 ol i e 4 — F AR s g 1,
10,20 L Al B S 2 (15 .40 wl SkAIBERL  1.20
40 pL AL 1.5 20 pl HEER,1,10,15 pL
FIPEF, 1,10 15 pL w5k, 1,10,30 pL 7§
WPRL, 1,15 .35 L B i) — AU E 1 8 (15 pL
S, 1.5.20 uL 2RI PG AR, 1.5,20 pL 0 g
R, 1.20.,40 L B 200 417, 1,25 .50 pL 4

F187,1.5.10.50 pL VAR, 1,20.50 pL B
YA ,1.25 .50 pL HE/RBR ., 1.15.25 pL R,
1.15.25 pL &R HE %,0.5.15.0.50. 0 pL ik
A,10.15 .40 L 0% %, 1,15 .30 pL JEIT, 1,
20,40 L 5L 208 R bn o W (0T B
1 mg/L) A1 L) kel ad [ A A BUE B 2
1 ml, %8 0.22 wm AKAHEFFLUE BT U85 _E AL E
1% P R R A BN E 6 Uk, T 4% A T AR K
TR S 1 ARG A o O 22 (3R 6) , FE b Ik 5
FRAAXT PR AE DN 22 4 1. 4% ~ 19. 0% , o #e B Jinbn 41
SIFRAEIR 22 ] 0. 7% ~9. 3% , f&5 e B AR A % b v
22N 0.6% ~9. 8%,

R6 KRS HARE AR b R R B IR AR o i 22
Tab. 6 Relative Standard Deviation of Low, Medium, and High Concentration Spiked Target Compounds in Finished Water

A5 R HK VAR AR Yo 4 o Al 22

L&) ik i ke TR EE
AR I FE ARk AL bR 75 12 A b7 s
T 2 S T 3.4% 2.2%~11.0% 2.7% 3.5%~17.0% 1.4% 3.0%~13.0%
1,7- T HI L Ing 4.7% 1.4%~11. 0% 2.9% 3.1%~16.0% 2.0% 1.1%~14.0%
i i 15 2.3% 2.0%~11.0% 3.2% 3.5%~17.0% 3.1% 3.7%~12.0%
ik FHie i g 3.4% 2.6%~8.7% 3.6% 2.2%~17.0% 2.4% 2. 9% ~20. 0%
kApE 7.3% 5.2%~27.0% 9.3% 3.0%~15.0% 5.5% 2.6%~11.0%
eI 7.4% 5. 0%~ 16. 0% 5.1% 4.1%~17.0% 2.4% 0. 40% ~ 14. 00%
H AR IE 5.1% 1.9% ~8. 5% 0.7% 2.0%~12.0% 1.0% 1. 7% ~6. 8%
i i HY S ms e 4.9% 3.1%~9.2% 4. 6% 2.2%~8. 0% 4.1% 2.6%~16. 0%
Tk iz — T s g 8.5% 1.9%~9.3% 2.7% 1. 7% ~16. 0% 1.8% 1. 0% ~13. 0%
LSS bR 2.1% 2.4%~8. 0% 0.8% 3.5%~15.0% 1.1% 2.1%~8.3%
il P Xof Y 4 s g 7.1% 2.7%~12. 0% 5.6% 3.9%~16. 0% 4.7% 2.1%~12.0%
i i R e 7.4% 5.3%~9. 8% 3.1% 3.5%~18.0% 1.3% 1.9%~14.0%
WETH R 7. 4% 3.6%~9. 1% 1.1% 2. 4% ~14. 0% 0. 8% 1. 0% ~6. 2%
it e S ik 1 11.0% 3.8%~11.0% 7.1% 2.6%~18.0% 3.5% 1.0%~11.0%
fitl e 405 — F S Mg e 5.1% 2.5%~10. 0% 4.1% 1.8%~17.0% 4.3% 1.7%~13. 0%
i iz F e 6. 8% 1. 6% ~6. 9% 3.4% 3.3%~12.0% 3.2% 1.2%~5. 6%
il e AR it s 7.9% 3.4%~9.2% 1.8% 1.7%~16.0% 0.9% 2.7%~8. 8%
kg 9.0% 5.4%~15.0% 4.3% 4.0%~16. 0% 4.4% 3.1%~7.9%
RS 2.2% 2.0%~7.3% 2.2% 2.8%~17.0% 0.9% 3.5%~6.0%
il Y P S 8.0% 3.5%~11.0% 2.6% 1. 7% ~16. 0% 2.5% 3.5%~12.0%
[Nz 0= 12. 0% 1.8%~9. 8% 7.3% 3.7%~25.0% 9.8% 0.7% ~18. 0%
itk i (1] — FY S e 4.0% 2.8%~8. 1% 1.3% 1.4%~18.0% 1.4% 3.5%~12.0%
Bt SR A T 3.5% 1.8%~8.1% 1.1% 1.4%~12. 0% 0. 6% 1.2%~6.5%
TR R 2.3% 6.0% ~8.2% 5.9% 6.8%~15.0% 2.9% 2.7%~14. 0%
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(#£5%0)
A TR KA X i o AR 2
&Y v ik R
ENEi LIRS AR [ b5 ik A FE b5 7
RAFRLE 1.4% 2.2%~20. 0% 0.8% 2.8%~19. 0% 1.5% 2.9%~17.0%
BEvE 9.0% 1. 9% ~20. 0% 5.6% 4.1%~16.0% 6.5% 1. 6% ~12. 0%
Xf Lt A S B 19. 0% 2.1%~14.0% 5.9% 7. 7% ~14. 0% 6.0% 2.7%~12.0%
iR B 3.1% 2.2%~11.0% 1.0% 1.7% ~16. 0% 0.8% 3.4%~12. 0%
LWETR 1.4% 1.4%~9. 5% 6.4% 4.1%~14.0% 4.9% 1. 9% ~14. 0%
L 2.8% 1.1%~10. 0% 6.3% 3.5%~16.0% 6. 4% 2. 1% ~13. 0%
FIRHE 6.3% 4. 0% ~10. 0% 2.1% 4.7%~27.0% 2.9% 3.9%~14. 0%
Sz AL DS 9.1% 1.7%~13. 0% 7.2% 4.4% ~16. 0% 4.2% 1.7%~7. 8%
AR 9.3% 1.2% ~6.9% 7.2% 3.5%~12.0% 7.8% 2.5%~16.0%
FGTT 8.9% 2.7%~11.0% 2.6% 1.7%~13.0% 2.4% 4.6%~11.0%
WHIZER 2.5% 2.8%~7.7% 1.2% 1.8%~17.0% 0.7% 5.6%~8.3%
S(EZ S 7.1% 1. 1% ~14. 0% 4.2% 3.4%~11.0% 2.2% 4.9%~17.0%
HHEEG 8. 4% 5.8%~15.0% 9.2% 4.8%~17.0% 5.3% 4.4%~16.0%
AR PG AR 3.6% 4.0%~17.0% 2.3% 3.1%~15.0% 1.6% 1. 4% ~16. 0%
SR 8.0% 0. 60% ~26. 0% 2.6% 4.5.0%~14. 0% 1.2% 3.9%~18. 0%

2.3.3  SEBRZKEEFNEISR
Fi2 IR 2. 3.2 /NN 3 I o 1 ) O s AR Ak

FHKBYIMAR SRR (R 7) o 25 HARY) R B2 inbs
[l % 63. 0% ~ 123. 0% , H # B Jinbr [ i %
PRI AR SRR T S K KBRS AT P T 70, 1% ~ 126. 0% , 1 1 BE I b 18] Ui R oy 78. 7% ~
W INFR | S IARRE L2 BN E 6 U0, THEE A AR 122, 0%,

x7 HTOKPE BEEE PG R R bR EeR

Tab.7 Standard Recovery Rates of Low, Medium, and High Concentrations of Target Compounds in Finished Water
A T AR KR [

&) A v B2 ik g 0 TR
e A FEbR Ak A bRk A5 bR 7 ik

T e S T ND  102%~111%  91.9%~107.0%  99%~106%  92.7%~116.0%  103%~108%  89.3%~120. 0%
1,7- LIS ND 85.7%~98.3% 91.4%~114.0%  83.3%~89.3%  73.4%~118.0% 96.0%~102.0% 77.5% ~100. 0%
Tl e s e ND  98.0%~105.0% 74.8%~115.0% 71.3%~77.7% 76.9%~103.0% 88.5%~96.5% 87.8%~109. 0%
ik Bz ik e ND  96.8%~106.0%  101% ~109% 112%~122%  87.2%~115.0%  114%~122%  93.2%~111.0%
LALRLE ND  99.1%~123.0% 63.2%~114.0% 86.0%~109.0% 87.8%~120.0%  82.6%~95.8% 86. 4% ~120. 0%
E= RN ND  82.8%~102.0% 78.3%~118.0% 78.6%~88.0% 67.6%~114.0% 93.0%~98.8% 80.8%~109. 0%
FA e ND  88.4%~102.0% 75.0%~112.0%  109%~111%  80.0%~110.0%  110%~114%  95.7%~116.0%
Tk e R JE e ND  96.7%~111.0% 72.0%~114.0% 84.7%~97.9%  65.9%~114.0% 83.5%~94.0% 64.2%~119. 0%
ik e — e ND  93.8%~113.0% 94.7%~110.0% 84.0%~90.7% 82.8%~113.0%  105%~110%  94.9%~112.0%
VST ND  98.3%~104.0% 80.3%~103.0% 76.7%~78.0% 67.9%~107.0%  90.4%~93.2% 72.0%~105. 0%
iR Y Xof Y 4 s ND  96.4%~119.0% 90.7%~117.0%  104%~120%  84.7%~116.0% 86.4%~97.6% 90.8% ~109. 0%
T e FY g ND  92.1%~111.0% 75.0%~117.0% 83.8%~90.5% 82.2%~104.0% 95.3%~98.0% 86.9% ~112. 0%
WE B R ND  84.8%~99.1% 61.0%~110.0% 90.0%~92.4% 77.5%~110.0% 87.2%~88.6% 72.8%~109. 0%
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AT IR FH K s el e
a&Y AN i B ik e
W AR FE b5 7 A [ b3 05 v AR LIRS

ik e 5 ik g ND  89.9%~118.0% 62.3%~116.0% 70.1%~83.6%  60.0%~103.0%  80.7%~88.0% 63.2%~111.0%
WA —FAEMEE ND 99.4%~114.0% 97.1%~120.0%  89.2%~99.6%  88.3%~120.0%  87.0%~97.8%  96. 3% ~120. 0%
i e R ST ND  85.7%~104.0% 73.0%~112.0%  91.8%~101%  86.2%~111.0%  94.0%~100%  85.9%~114. 0%
i Y 2 i e ND  88.9%~112.0% 77.6%~111.0% 82.5%~86.0% 82.5%~116.0% 85.5%~87.8% 76.1%~119.0%
L FEmEIk ND  68.0%~82.0% 68.1%~115.0% 84.0%~92.0% 78.3%~117.0%  83.5%~94.0% 75.9%~114.0%
LIRS ND  102%~109%  91.0%~102.0% 84.8%~89.1% 82.8%~109.0%  104%~107%  81.1%~103.0%

T g s T ND  86.0%~106.0% 80.9%~114.0% 72.3%~76.7% 82.0%~111.0%  97.3%~105%  86.8%~119. 0%
PETD A ND  78.9%~105.0%  109%~120% 96.5%~121%  64.7%~114.0%  92.0%~117%  86.4%~110. 0%
] A mEE ND 91.3%-~99.6% 94.3%~115.0%  103%~107%  87.9%~118.0% 94.0%~96.0%  101% ~120. 0%
B8 SR A T ND  111%~122%  92.3%~119.0%  102%~105%  93.8%~104.0% 95.8%~97.2% 93.4%~105.0%
WA ND  85.3%~87.3% 97.3%~117.0% 73.5%~85.2% 83.7%~118.0% 84.0%~91.0% 73.9%~113.0%
g6 ND  110%~113%  79.7%~104.0%  101%~102%  77.9%~103.0%  99.2%~103%  76.1%~113.0%
R & ND  71.0%~92.8% 81.2%~108.0% 80.0%~94.5% 69.3%~103.0%  91.8%~105%  83.0%~120. 0%

Xf L R AL ND  73.2%~119.0% 96.7%~116.0% 73.9%~86.5% 87.6%~116.0% 78.7%~94.7% 87.1%~111.0%
Hb IR A ND  92.8%~102.0% 91.0%~117.0%  103%~106%  95.1%~108.0%  102%~103%  87.1%~103.0%
R ND  94.5%~98.4% 76.3%~124.0% 76.7%~92.7%  66.3%~104.0% 79.6%~91.2% 73.1%~106. 0%

S FH ND  84.1%~91.3% 85.7%~115.0% 72.5%~84.0% 71.5%~105.0% 80.0%~91.3% 81.2%~114.0%

E S ND  77.9%~92.5% 76.1%~112.0%  96.7%~103%  62.5%~123.0%  94.0%~101%  80.2% ~124. 0%

(UE ORUE ND  83.6%~103.0% 90.0%~115.0% 75.3%~93.3%  75.9%~98.9% 94.6%~107  67.7%~119. 0%
FARES ND  72.7%~90.8%  103%~120% 103% ~126%  89.7%~120.0%  84.5%~103%  98.7%~120. 0%
FPETT ND  84.6%~108.0% 84.7%~122.0% 86% ~92% 81.9%~108.0% 86.0%~91.3% 87.0%~113.0%
GENRAR: £ ND  92.7%~99.1% 81.6%~113.0%  108%~112%  67.4%~118.0%  100%~102%  69.9%~98. 4%
KA ND  96.6%~117.0% 78.4%~120.0% 85.6%~95.2% 83.8%~120.0%  97.0%~102% 81.2%~112.0%
HEZG ND  72.7%~92.0% 71.6%~101.0%  87.4%~110%  68.0%~79.0%  103%~117%  66.7% ~80. 8%

I P ND  84.0%-~92.0% 83.5%~117.0%  107%~114%  76.1%~113.0%  105%~110%  81.4%~110.0%
BTN ND  63.0%~77.2% 69.7%~120.0% 83.5%~88.8% 80.9%~116.0%  109%~112%  65.3%~109. 0%
3 4ig RGP PESR R (r=0.995 4~0.999 9) , J7 46

AR 7 VA T AH 2 B~ SO 0,3 — BRI BT
T ] B R A 3R AR K T 39 i PPCPs B 22 HLB
[ AH A IO/ IR 2 U, W 4 B2 1 VA €3 - T
BEFHAGHAT 4387, DA Agilent PFP 835 4 (2. 1 mmx
100 mm, 2.7 pm) #4758, L 5 mmol/L £ FREE K
VRN 0. 19% W2 P T 0 WA ik s A Ve e, SR
FHHLIEZS AJS ESI B+ U8 1F 5 RS, 2 =
Wi 5 5X (MRM ) 47 R, 25 2R Wos . 39 F
PPCPs 7E 0. 05~ 100. 00 pg/L HYAS [a] 2k M7 [l 24 5

— 122 —

HFR 4 0. 029~1. 300 ng/L, 39 Ft PPCPs Xf 4= 1% ik
FHIKSEBRAE AR P 85 3 AN AR AT 8 i [l
RN 63.0% ~ 123.0% . 70.1% ~ 126.0% .
78.7% ~ 122. 0% , A1 XF A5 e i 22 50 9 4 1. 4% ~
19. 0% .0. 7% ~9.3% 0. 6% ~9. 8% ., %Kil J5 55k
BT 3 e 280 AR 55 5T i A TR s E 39 A
PPCPs H.fgHEA W J2 [ ZZAm 1 1RG5 B2 R B
BRI R MUE &S0 S T AT O K
v PPCPs FAGT
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