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H

M OE @ TP E AR A R O - B K TS v ( SPE-UPLC-MS/MS ) Al [] Hif A i £ % 75 7K v DU &
KRR . N MEFI LR DT e 16 Fhag 5 B AR, i Fl WATERS Oasis HLB ( 60 mg, 3CC) [EAAZEEU/ME
X HERY AT R, R Z R ( MRM) #£30, WATERS ACQUITY UPLC BEH Cg ( 2.1 mmx
100 mmx1.7 um ) @354, iR 40 C, LL0.1% HER/K-5 mmol- L™ H ERELHN 0.1% £ M A it sl AHHE4 T3 e
Oy B R IE, WMHE . OB Z B ME | R fE R AT R R AE 5—250 ng LT IR E G R RAF, L
fs bR & WI7E 1—250 ng- L R R R (R>0.998) , H PR #EAE 0.89%—8.23% (i), H A
TR 1.47%—15.7% Z 18], [ 3RTE 94.4%—111% Z [A]. SPE-UPLC-MS/MS :BE#4TE 15 min P [F] i 58
JK 16 BRI FIRR L B H AR ARSI, I ey i FH A 3 3 s K .

AR EIRH AR I A - R L, RN TSR, FR .

FESES X-1; 06 XEAFRIRAD A

Simultaneous detection of 16 drugs including THC-COOH in
wastewater using SPE-UPLC-MS/MS

WANG Rui' ZHENG Hanghang' JIAO Ying' FANG Xiuying® ZHOU Xiao' ™

(1. National Narcotics Laboratory Shaanxi Regional Center, The Narcotics Control Technical Center of Shaanxi Provincial Public
Security Department, Key Laboratory of Drugs analysis & intelligent-Monitoring, Xi'an, 712046, China; 2. Yunnan Minzu
University School of Chemistry and Environment, Kunming, 650500, China)

Abstract This study presents the development of a Solid-Phase Extraction-Ultra High Liquid
Chromatography-Tandem Mass Spectrometry (SPE-UPLC-MS/MS) method for the simultaneous
detection of 16 target substances in domestic wastewater. These include Tetrahydrocannabinol acid
(THC-COOH), morphine, methamphetamine, and others. The target substances were extracted using
a solid-phase extraction column (WATERS Oasis® HLB 60 mg 3CC) and analyzed via Multiple
Reaction Monitoring (MRM) mode in MS. The sample was separated on a column (WATERS
ACQUITY UPLC"BEH C;g 2.1 mm x 100 mm x1.7 pm), with the column temperature maintained at

40°C. A gradient elution was performed using a mobile phase consisting of 0.1% (volume fraction)
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formic acid-5 mmol-L™" ammonium formate aqueous solution and 0.1% (volume fraction) acetonitrile
solution. The method's validity was confirmed through experimental results. Notably, drugs such as
morphine, O6-monoacetylmorphine, codeine, and cocaine demonstrated a strong linear relationship
within the range of 5—250 ng'L™'. The remaining 13 targets also showed a strong linear relationship
in the range of 1—250 ng-L™" (R*>>0.998). The intra-day precision ranged from 0.89% to 8.23%,
while the inter-day precision varied between 1.47% and 15.7%. The recoveries ranged from 94.4% to
111%. The SPE-UPLC-MS/MS method can simultaneously detect 16 types of acidic and alkaline
drugs in wastewater within a 15-minute timeframe, demonstrating its potential for successful
application in urban wastewater monitoring in China.

Keywords solid-phase extraction ultra-high liquid chromatography-tandem mass spectrometry
(SPE-UPLC-MS/MS), domestic wastewater, drugs.

AW 5, B b o I M R AR ) 23 B DR R B 2 A 8 SN HE R Bk T Vs K A E
30 2 A A= 3 ¥ K 45 g o RN A B v B, RIREAS S B 2 48 DX R AT T H A 2R A AR AR, DL
B i 280 R B HE AR A 1 TS K A R - B R TN B (methamphetamine, MA) (143 41 S K
N % (amphetamine, AM ), Z % HH (ketamine, K) ) iR 4 A 25 H & BZ R (norketamine, NK), 3, 4-3F F —
S FE B L OK TN B (. methylenedioxymethamphetamine, MDMA ) f9 X 18 9 & 3,4-\0 B — 48 B K 75 B
(methylenedioxyamphetamine, MDA ), 7] 55 [A (cocaine, Coc) i1t 154 4 4% H it 22 Bl “T° (benzoylecgonine,
BZE), i 1% A /A i 97 4 5 HE (morphine, Mor) 1 O°-H. Z, it i E ( 6- monoacetylmorphine, O°-Mor) , 7%
K JE ( fentanyl, Fen) 1 1% i ¥ & 22 2K £, 3£ 5% K JE (norfentanyl) , Kk 194X 35 47 R DU & K K 1R
(tetrahydrocannabinic acid, THC-COOH ) ~*1. 2% SC R b iR 48 21 (9 55 fh S A4 Ak, [R] By 100 7™ 26 70 i
(methadone ), FE I ER (F-ketamine, F-K) Fil 4-H 48 5k FY FL 28 TN % (4-methoxymethylamphetamine, PMMA ) .
VDR w BT SZ AR BB, 25505 M MESS B, (H L 25 AR P A ARG, PRI o 9l AR BT 7 28 245 4 7
24 R, A FRARRY , AN EE oo T R ke A o) X G e B 4 ) A A T A AR ) — o Y B A, 2021 4F
7 H eI S CE 24 FH 2 BRI 24 5 AU A 24 48 ) A b B SO 48 B 5. PMMA 2 —Flopoig
MG ERI T, T8 T AR AT AR, VR O XU TR, o i 2 T 3504 B o M s SE AR IR .

IR SCHRARE B £ 35 75 K ARSI iy Ak B 5725 A0 Y- 2 JLi2: (Liquid-Liquid Extraction ) 71 [ AH £ it
12 (Solid Phase Extraction) . - & JOZ: Hif &b BRAE I AL, HMK I W b 42 HUH Br A& H 4 h PRIHE. [
AHZE B T 0 BRUG3 AY SEDRE i AT DA AR S e 8] P4 52 B B A A5 0 B A€ B, 454 17 5. F T [ AR A L)
FESDRLAS [F], X T8t A 0 AR Ak & 0 FE AT L O B8 18 0 WUAS [R). 65 1R 0 28 43 v [] B 25 A i £k
G R YEAC A P75 R T AN [ 2 A8 1 -1 AF 2 B N XA DU 28 53 AT 53 5, A A AR ) s i)
R AT ASE I 253, 8 RN A . A SCHR A S 4 B AR T s K b 2 SR vk 2 X i B bRk A
Yy, e = [RGB AR A5 4 (DU RRIR ) 175 7K HH g i 2 B k.

AR5 R FH [ R A I8 75 VA - B3 BK 0 % 75 ( SPE-UPLC-MS/MSS) £ 37 1 [f] B A6 0 A= 7% 75 K
16 B PR FNRRPE 25 5 H PR 08 Pk« 8t o3 5 1, A TS KRR AS G I 43 BT st ), 15 2 A, DA EE 47
MR 55 T e B8 3 TAE.

1 #MRLE )7 (Materials and methods)

1.1 XE 5
111 f%gs

Waters TQ-S micro ¥ 5t B 4% ( € [E waters 23 /] ), Fotector Plus 4= [ #f [8 4 A BUY (p E &R
7)) ; Mili-Q # 2l /K H1 (26 [ MILLIPORE /7] ) ; Auto EVA 80 i3l 4 A 31 FAT M 45 I (b F & R4
#)); Oasis® HLB 3CC (60 mg) F1 Oasis® PRIME HLB 3CC (60 mg) [&4H% BN (32 [F waters 23 ) ).
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1.1.2 5

1 mg-mL™" [ JEE T e . SR 25 TSR . MDMA, MDA, 2 F 22 Fie 5, al - [, i
OS-PALZ, R, SR K JE . DUSUKBRIR . I FF 1A . JBUICER . PMMA, SEVDHER, KK LIS KJE. WhRfe &
%) 100 pg-mL™ 9 P FEH T -y, FMEEA-D,. 25 H S M -D, . MDMA-Ds, MDA-Ds, 2 1B 22 77 -
D;. WK H-D;, MHE-D;, OB Z Wi HE-D;, W] R¢[H-Dy. 25 K Je-Ds. MU KR -D;. £V H-D;. %
WIS Dy, PMMA-D;, W T8 23055 = HF5E T

HEE A2 (B3 4t 35 Merck A A]), HeERER (/rpr4l, dbaifb 1), MUK (Orbrat, e 1),
R B (fr it KHERFRIK) , YRR (5348, 3 [ Honeywell 24 7]).

TG IKAEA AT T4, SR A F P b Hh X KA 5 K b BT
1.2 LRIk
1.2.1 RS TAESRME

WA TAE S JEFE R 1 pl; —J0%E A #H 0.1% B iR 7K -5 mmol/H iR 8%, B A 0.1% £ IE; Bh FE R A
iz 1.

F1 BB

Table 1 Gradient elution conditions

T e
0 0.4 95 5
0.5 0.4 95 5
3 0.4 77 23
10 0.4 50 50
10.75 0.4 5 95
12.25 0.4 5 95
12.50 0.4 95 5
15 0.4 95 5

{3 4 1. i+ WATERS ACQUITY UPLC*BEH Cig (2.1 mmx100 mmx1.7 um) ; £ 40 °C;
B TR ESI BANEHLIE 0.7 KV; BIAFHIREE 500 °C; REFERE MR 22 R0 W (MRM);; 16 il H 5
Yy i BT SRR B I 1) DL G 2 .

R2 HARYIBOE S BON R B 1]

Table 2 Mass spectrometry parameters and retention time of drug targets

T T T BRI i ALY HERAE Y
Drug targets Parent-ion (m/z) Daughter-ion (m/z) Time Collision Cone

201.1%* 24

Mor 286.1 1.38 66
165.1 33
211.1%* 28

O°-Mor 328.2 2.69 58
165.1 40
91.1* 13

MA 150.1 2.83 30
119.1 22
207.1%* 16

K 238.1 3.31 4
125.0 36
207.1* 32

NK 224.1 3.18 20
125.0 15
165.1* 45

Cod 300.1 2.34 30
199.1 27
163.1* 15

MDMA 194.1 2.88 30
105.1 30
163.1* 22

MDA 180.1 2.69 20

133.1 20
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ey
b b BT FRT (R ] min HEALAL REFRAE BV
Drug targets Parent-ion (m/z) Daughter-ion (m/z) Time Collision Cone
182.1* 18
Coc 304.2 4.13 24
150.1 26
168.1* 20
BZE 290.1 3.12 36
105.05 30
265.2* 32.
methadone 310.2 7.44 50
105.0 15
149.2* 20
PMMA 180.1 3.02 25
121.2 10
163.2* 26
F-K 222.1 2.96 10
109.1 17
84.1% 25
Norfentanyl 232.2 3.36 45
56.0 20
188.1* 43
Fen 337.2 5.41 50
105.1 25
299.2% 32
THC-COOH 343.2 11.41 68
245.2 22
201.1%* 26
Mor-Dy 289.2 1.38 62
165.1 37
. 211.1%* 24
O°-Mor-Ds 331.2 2.70 52
165.1 36
121.1* 14
MA-D;s 155.2 2.80 18
92.1 10
211.1% 12
K-D, 242.1 3.29 10
129.0 30
211.1%* 10
NK-D, 228.1 3.19 20
129.0 24
199.1* 40
Cod-Ds 303.1 40 2.33
165.1 30
165.1* 12
MDMA-D; 199.1 2.86 30
107.1 22
138.1* 20
MDA-Ds 185.1 2.70 30
110.1 24
185.1* 16
Coc-D3 307.2 4.13 34
153.1 25
171.1* 17
BZE-D; 293.1 3.12 50
105.0 28
105.0 36
methadone-D3 3133 7.42 20
268.2 15
149.1* 20
PMMA-D; 183.1 3.02 25
121.0 10
167.2% 30
F-K-D, 226.1 2.95 30
113.1 17
188.1* 45
Fen-Djs 3433 5.38 20
105.1 30
84.1%* 30
Norfentanyl-Ds 238.2 3.34 50
56.0 20
302.2% 30
THC-COOH-D; 346.2 11.40 50
194.2 20

*E I B F. *quantitative ion.
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122 [EFAEHR

W55 KRR S R TS0 FE 2 )5, (8 0.45 wm FLAR (10 B B8 2T 2 8 3ot 3, HCE 9 50 mL, fin A 100 pL
25 ng-mL IR A SR PIBR AR W, #8508 FH T AH 2 550/ I I B IO, PR P67 38 2 mL-min ', S HfEE T
J5, 1 4 mL WP BRI, RIS M e A0, P RS, 0.22 pm GFL B S g, A AL

2 25 5478 (Results and discussion)
2.1 IS ERCR
BOAE 36 R H K B8 v 2 Sk 50 ng L' 1R A bR ME TAE W LA S 50 ng- L IR & W TAEE W, #E17

“1.227°8E NG, #E4T LC-MS/MS HERE T, 45 B3R, 16 Fhs dh LA I Y 43 B U8 KA, P/ B As ] an
2% 2 Pis, g E i 1 pis.

251 o 8f ¥
2 4
20 £ ol
" ‘ 0 o -
=] 15 i ] 2224 262830323436 1136 1140 1144 1148
X P o H i #/min #min
:\E’ c
a
g 1.0 - d ‘
0.5 | ‘
a ) [ ©
0L - . e S
1 1 1 L 1 1
0 2 4 6 8 10 12
t/min

B 116 Fhdh HARY (&l
Fig.1 Chromatographic spectrum of 16 drug targets
a:Mor; b:Coc; c:Fen; d:methadone; e: THC-COOH; f:Cod; h:0°-Mor; i:MDA; j:MA; k:MDMA; 1:F-K; m:PMMA; n:BZE; O:NK; p:K;
q:Norfentanyl

2.2 [EIAMZEIUNER PR

T B AR Y AR H AR IRl BAT A RO B, PR e AT SR KGR R P URL . X B 14 A
AR 1 0y T 3 A R T R P B HILB [ AR AR UM, U T 16 R il H AR 7E Oasis® HLB 3CC
(60 mg) [ AHAE HL/IMHEEFT Oasis® PRIME HLB 3CC (60 mg) [ AH A /N 4 BT ISc e i X3 6 £33
50 mL A& PROAIRFZ IR <1.2. 27 A7 AR, o 3 (3 fE AT AL BERTAS N 100 L 25 ng-mL™'16 A H AR 1R
BRRERI, B A 3 Y AEVE B R A 100 pL 25 ng-mL 116 F H ERY) BOTRA BRI 0, AR AR SR BT IR
TN B 945 ) e i AR L S B BRI R SR 2SR AN 3 i Oasis™ HLB 3CC (60 mg) [ A%<
O N HEBURICRAE 72.41%—116.5% ZZ[7], Oasis® PRIME HLB 3CC (60 mg) 4148 B/ M HE R
RAE 57.18%—96.38% Z[H], Oasis® HLB 3CC (60 mg) 45 H #7547 [ AH A B/ i BRI 5 F Oasis®
PRIME HLB 3CC (60 mg) FEM# B/ ME, H Oasis® PRIME HLB 3CC (60 mg) [l AHAEBU/IME XS PU & K
JRRTER 1) $ IR I SO 3R 55 22, ARG M2 SE 96 25K, P 64 Oasis™ HLB 3CC (60 mg) [AIFHAS IV

%3 HAsWHYTE Oasis® HLB 3CC (60 mg) Fil Oasis® PRIME HLB 3CC (60 mg) H1 A 42 B[] i 2%
Table 3 Extraction recoveries of drug targets in Oasis® HLB 3CC (60 mg) and Oasis® PRIME HLB 3CC (60 mg)
PEEC TR %

i HER9 Extraction recovery

Drug targets Oasis™ HLB 3CC (60 mg) Oasis® PRIME HLB 3CC (60 mg)
Mor 107.08 79.22
BZE 103.51 87.19

O°-Mor 113.33 96.38




1104 7 A A 44 %
B3R 3
I PRI /%
ik HRY) Extraction recovery
Drug targets Oasis® HLB 3CC (60 mg) Oasis® PRIME HLB 3CC (60 mg)
Coc 88.99 78.84
MA 93.65 80.55
MDA 80.15 81.99
MDMA 86.26 78.20
NK 96.94 89.07
K 99.55 84.93
Cod 93.21 80.22
F-K 99.32 87.05
Fen 81.46 71.40
Methadone 72.41 67.34
PMMA 116.46 81.06
Norfentanyl 86.30 79.31
THC-COOH 78.85 57.18

2.3 JNEEIENY
231 LMETRE KBRS E R R

PO 003 50 ml AR RGP, 73 5SS A [ BE R & pr il TARIR WO 100 pl 25 ng-mL™" AR5 N
bR AR, (4338 5 AR 1. 5. 10,50, 100, 150, 200, 250 ng-L™". Z553K 0], gufk, O°-H
CTBERE I | ] A ARG SRR FE 5—250 ng L' Z[AIMESC R R4F, HAR#E i HARYE 1—250 ng L™
LMK AR RAF, R7>0.998. FXF 16 H Y BRANE REFRBEAT 1% %8, (ARG K BC] 0.25 L 0.5
1. 2.5, 5ng L™ (43T FE i, B AW BE AT 22 10 WK, 2 BERR A 5 PR PP A v ) U0 LA BH PR 4G 1S 22
100% F4 5T v BEAT O e ARt BR, ARE RS 2 5 1005 b il ) e /NI BE 3 RSD<15% iy i EFR. 45 2R 3%
B O R JRR R RN RN AT R PR B G S BRA 5 ng LY, A OS- 5 £ Wt i i | AT 45 PRLAG: HY BR A 2.5 ng' L,
MDA, 2% F G B 40 Fgt e B Szt BR A Ing- LY, HeAx AR ARG H 308 0.5 ng- L', 4% H AR HLAR S5 R
WA 4, y RN EE S H AR BE, x S5 2 H AR v B2 5 i 88 7 0 e T AR LA QN v 2 R LA
AR AR A ft 5 1 0 g THT AR

R4 16 M ORI RILAIETE L K Y BRAFTE BERR
Table 4 Linear equations,limits of detection (LOD) and limits of quantification (LOQ) of thel6 drug targets

2 HEY LMEVER (ng L) Bt I i B/ (ng L") PR/ (ng' L")
Drug targets Linear Standard curve LOD LOQ

Mor 5—250 y=1.0599x-0.6780 0.9983 2.5 5.0
BZE 1—250 »=1.1010x-0.0584 0.9983 0.5 1.0
O°-Mor 5—250 1=0.9126x-0.1249 0.9981 2.5 5.0
Coc 5—250 »=0.1030x+0.0496 0.9992 5.0 5.0
MA 1—250 1=3.361x+0.3159 0.9983 0.5 1.0
MDA 1—250 y=2.2725x-0.1666 0.9984 1.0 1.0
MDMA 1—250 y=0.6445x-0.0044 0.9983 0.5 1.0
NK 1—250 »=0.4491x-0.0582 0.9984 1.0 1.0
K 1—250 1=0.9298x-0.0212 0.9986 0.5 1.0
Cod 5—250 y=1.022x+0.2440 0.9981 2.5 5.0
F-K 1—250 y=0.8732x+0.1473 0.9986 1.0 1.0

Fen 1—250 y=1.391x+1.071 0.9997 0.5 1.0
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5% 4
i Hiryy LM (ng L) A iiiERS e K th R/ (ng- L) FE =B/ (ng' L)
Drug targets Linear Standard curve LOD LOQ
Methadone 1—250 y=0.7092x+0.089 0.9986 0.5 1.0
PMMA 1—250 y=1.178x+0.0707 0.9992 0.5 1.0
Norfentanyl 1—250 y=1.022x+0.0383 0.9986 0.5 1.0
THC-COOH 5—250 1=2.283x-0.0794 0.9982 5.0 5.0

232 KEEERERIMERR B
i 28 P15 7K R RE i (BT A, P oA & A A R I A B A4 Bie il 10, 50, 150 ng L™ #4943
BrRE U, $ B 1. 2.2 FAT AR, BN BT 6 IR, ELEIAE 3 d, THEAS [R) o 42t vk B 1) 734 H [
WM H NAEHEE. 45 R WK SR, HNK % B 0.89%—8.23%, H MM % B 1.47%—
15.74%, [HL# R 94.40%—111.4%.
F 516 BRI IR | 0 HE AR B

Table 5 Precisions, accuracies, and matrix effects of 16 drug targets

K% HERBE/% BN %%
~ ., Precision Accurac Matrix effects
e ) i s W R b
(n=6) (n=6) (ng'L", n=6) (%, n=6) Internal standard
Intra-day precision Inter-day precision Result Recovery method

10.0 3.67 6.87 9.80 97.95

Mor 50.0 2.89 3.75 55.72 111.44 113.9545.52
150.0 1.91 4.00 164.07 109.38
10.0 2.56 4.55 9.44 94.40

BZE 50.0 2.32 2.65 50.11 100.22 111.5443.74
150.0 1.92 3.24 148.10 98.73
10.0 4.42 483 9.58 95.75

O°-Mor 50.0 4.29 4.53 47.50 95.00 106.83+2.72
150.0 2.67 2.67 148.21 98.81
10.0 3.91 2.80 9.59 95.85

Coc 50.0 1.20 1.87 51.00 102.00 116.29+13.40
150.0 1.06 1.47 151.09 100.73
10.0 1.79 4.16 10.21 102.10

MA 50.0 3.06 4.39 52.60 105.19 100.15+2.00
150.0 3.39 2.52 151.91 101.27
10.0 3.74 4.64 10.03 100.33

MDA 50.0 2.24 3.20 51.17 102.33 103.00+3.60
150.0 1.28 2.14 147.70 98.47
10.0 2.88 3.31 9.75 97.45

MDMA 50.0 3.58 2.84 49.43 98.86 94.35+1.49
150.0 1.16 1.84 143.24 95.49
10.0 4.36 3.88 9.59 95.85

NK 50.0 4.40 3.70 48.02 96.04 105.10+1.39
150.0 1.12 2.55 142.97 95.31
10.0 5.78 4.63 10.11 101.05

K 50.0 4.22 3.66 49.67 99.33 115.49+3.17

150.0 1.28 1.81 151.25 100.83




1106 woooBE b % 44 4
ik s
K% HER /% FET/ %
- —, Precision Accurac Matrix effects
R R T T R WHE R b
(n=6) (n=6) (ng-L™", n=6) (%, n=6) Internal standard
Intra-day precision Inter-day precision Result Recovery method

10.0 5.82 6.25 9.81 98.05

Cod 50.0 3.08 4.08 49.82 99.64 111.70+0.66
150.0 2.62 2.01 148.44 98.96
10.0 3.81 3.08 9.75 97.52

F-K 50.0 3.02 3.00 49.41 98.81 108.65+6.66
150.0 1.88 2.06 147.63 98.42
10.0 1.81 4.01 9.71 97.10

Fen 50.0 0.93 2.47 51.74 103.49 103.96+4.93
150.0 1.44 2.38 152.28 101.52
10.0 2.79 5.36 9.57 95.65

Methadone 50.0 2.54 3.20 53.66 107.32 111.64+2.01
150.0 0.89 2.61 157.79 105.19
10.0 5.50 4.55 9.55 95.52

PMMA 50.0 4.65 4.69 47.27 94.54 94.57+2.02
150.0 2.01 2.17 144.74 96.49
10.0 4.28 3.10 9.98 99.78

Norfentanyl 50.0 1.90 2.62 51.31 102.61 104.32+1.96
150.0 1.80 1.84 153.97 102.65
10.0 8.10 15.74 10.02 100.18

THC-COOH 50.0 8.23 13.02 53.69 107.39 104.48+3.50
150.0 2.15 7.45 147.79 98.53

233 LR

BRI 5 Fh AR 3 5 A9 75 AR i BRGNS 7 AR I B B AR . 43 01 B 50 mL #9357k
FETFRE S IR 1.2.27 0047 V5 K T AR B, (R R ANAT AT AR v IR 98, 18] 4 mL PR M6 P A 25 ng L™ 19N
FRIB A PRSI, DL & 5, 25, 75 ng L WOTR & PR E IR, T A5 S B2 24 10, 50, 150 ng'L'(b ).
BT 50 mL A= I AR /K IS b 4LAH R vk B BOTR A b E VS TR R I bR TR S R vV TR R 1.2.27 1 47
FIALEE (2 2H) . FETRALN 5T b 4145 H bW it B 7 5% 06 1 AR5 P b i 06 1 B LU (BB DA a 4148 H AR
JE T B ) W T AR O A e T RR LG AL SEER A5 R AN SR 5 T, PN AR ik R KON Vi LR 94.35% —
116.3%, 1t B 38 223 AR 1E 7T oA 5 o 6 o880 7 1) 52 i
2.3.4 FafkpE

ALY BT R FE N 50 ng L™ AYINFRAE A TE R IR L 4°C . —20°C 5 430l & 12 h, 24 h F1 48 h
JE EREAT T, SEIRZE R ANER 6 FTn: 16 F H AR & W F e AR X 4 RSD<10%, b U & K pRR 11
HARY RSD 4 9.13%. HAY HFRY) RSD=5.37%, ULHIFE S 7E 48 h N LA FA E .

R 6 16 M EARYITE 12 /NS 24 /N A 48 /N F- RS ek JEE
Table 6 Robustness of 16 drug targets at 12, 24, and 48 hours

e 2k 2 " RSDI%
- - - A
Drug targets i 4C -20C i 4¢ 20 i 4C 20
Normal temperature Normal temperature Normal temperature
Mor 59.64 54.19 55.86 58.82 53.72  52.05 58.82 53.72 52.05 5.37

BZE 53.64 48.67 50.14 52.23 4943 4851 52.23 4943 4851 3.80
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2k 6
R 12h 24h 48h
Drug targets =il 4C —20C EiR 20 =ik 4T —20C RSD/%
Normal temperature Normal temperature Normal temperature
O°-Mor 56.11 53.07 56.41 55.98 5511 54.27 55.98 5511 5427 2.00
Coc 53.19 47.83 51.29 52.82 4736 50.68 52.82 4736 50.68 4.73
MA 54.81 51.85 50.28 55.43 48.63 51.21 55.43 48.63 51.21 520
MDA 52.32 4397 46.57 49.92 4945 47.33 49.92 4945 4733  5.02
MDMA 50.13 46.16 47.39 50.91 45.59 4740 50.91 4559 4740 4.52
NK 49.96 4527 4843 49.98 45.01 46.39 49.98 4501 4639 4.65
K 52.06 49.20 50.35 50.30 47.62 4781 50.30 47.62 4781 327
Cod 51.40 4796 49.03 52.21 46.88 49.64 52.21 46.88 49.64 4.20
F-K 50.32 4451 48.60 51.11 4585 47.63 51.11 4585 47.63 5.03
Fen 56.81 53.02 54.16 56.91 51.46 54.50 56.91 51.46 5450 3.99
methadone 58.27 52.83 56.45 60.31 55.35 58.79 60.31 5535 5879 443
PMMA 50.82 47.65 49.54 50.59 47.17 53.71 50.59 47.17 5371 5.02
Norfentanyl 51.45 48.47 49.58 53.20 48.82 49.21 53.20 48.82 4921 377
THC-COOH 51.04 39.57 51.23 52.13 4740 53.13 5291 4724 5419 9.13

23.5 SEBRFES T

P AR S 6y e e ORI 8 AN K ALY5 /K AR BT HEAT V5 K 16 Bl i B bR iR I S, 45 SR
27 PR, BT A E RS B AR O ME | EOR TN . R R DR DL B SE VDR F e v B
Fil 4 9.05—23.44 ng L', F IR i i) vk B2 3 [ o ND—23.29 ng L', SE VD[ E@?&E?ﬁlﬂ%ﬂ ND—
4.18 ng-L " HAx HAr B AR .

xRT SHIEKEER T 16 R BARAG TS R (ng L)

Table 7 Detection results of 16 drug targets in 8 wastewater samples (ng-L™")

Sgiv]{:;%\}f)}r;s B C D E F G 1 J K
Mor 19.91 15.53 13.01 14.57 19.86 16.94 9.05 16.13 15.19 23.44
BZE ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.

O°-Mor ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
Coc ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
MA 3.13 4.37 1.99 1.91 3.38 3.27 ND. 7.01 ND. 23.29

MDA ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
MDMA ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
NK ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
K ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
COD 14.87 11.42 7.31 9.46 13.47 12.33 6.56 5.14 6.87 11.37
F-K ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
Fen ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
Methadone 2.97 2.55 2.58 1.8 4.18 3.36 1.18 ND. ND. 3.11
PMMA ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
Norfentanyl ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
THC-COOH ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.

ND., A4 . ND., no detected.
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3 %518 (Conclusion)

ARSI i OB TR T AH 28 UM XS 16 HR 3 it H AR 52 B DR 9520, Sz 7 — b BE (] i A
A 15 7K H e AR PR 25 H AR BRI 23 M 70k, IR BEAT T 5838 005 1 ik, AR T7 Al Oasis®
HLB 3CC (60 mg) [l AH A< O/ S T Wi A ey | BE BB 2 i/ . BAT RAF RO e £ | B 1
HHLPEAAER P, BEAS LN T3k T A 75 75 7K A RH DG RE i B HA Qi g 2
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