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Abstract A quantitative analysis method based on solid phase extraction-ultra performance liquid chromatography-
tandem mass spectrometry (SPE-UPLC-MS/MS) for simultaneous determination of illicit drugs and their metabo-
lites in wastewater was established. Samples filtered at pH of 2 and spiked with internal standard were loaded to
Oasis Prime MCX cartridges for solid-phase extraction. The samples were washed with 4 mL of methanol and
eluted with 4 mL of 5% ammonia in acetonitrile before reconstituting with 0. 1% formic acid/water solution.
ZORBAX Eclipse Plus C 4 column was used for chromatography, and gradient elution was performed with 0. 1%
formic acid/water solution and acetonitrile as mobile phase. The samples were then detected by electrospray ion-
ization (ESI) in positive ion mode, and multiple reaction monitoring mode (MRM) was adopted for quantitative
analysis. All analytes had a good linear relationship (r = 0. 993 2) within the range of their respective standard

curve; the limit of quantification was 1 ng/L. (except amphetamine at 2. 5 ng/L); the extraction recovery ranged
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from 82. 13% to 99. 96%; and the intra- and inter-day precisions were less than 9. 43%. The method is accurate,

reliable and reproducible, and is suitable for the quantitative determination of illicit drugs and their metabolites

in wastewater and can provide an analytical method for real-time monitoring of drug abuse.

Key words

illicit drugs; wastewater; solid phase extraction (SPE); ultra performance liquid chromatography-

tandem mass spectrometry (UPLC-MS/MS); content determination
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— I TG K GRA T 2 B 43 B 75 % B Daugh-
ton S5 2001 45 1 YA Y 38 0 E TS5 K 25
AR Al S B0 PR A AR AR, DA 5 7K
QbR U IR 45 N 8, R R A H AR A 1
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Mok 2 B 7 SRME R L3, 4-30 FP R AR R SR N I L3,
43 F AU R T e L 6- PR 2 IR RS ME R P
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1.1 &5
13 A I 4 Ko SR AR A b i 2 T A 1 32 [

Cerilliant 23 7 , A 45 6- 5. Z BEAS HE (6-MAM ) 2K TN
Jig (AM) ] %572 (COT) . o] K H (COC) 7 H it 2%
T (BZE) V& (KET) |3, 4-0 F 3k — 4K N
e (MDA ) |3, 4-37 F 480 3 H R R TR e (MDMA) |
LR i (MAM) | H R PG R (MC) (A iE(MOR) |
LG (NK) (AT ¢ Bl (COD) P f 6-MAM-D3
AM-D5,COT-D3,COC-D3,BZE-D3 KET-D4 , MDA-
D5. MDMA-D5, MAM-D5 . MC-D3. MOR-D3, NK-
D4 .COD-D6, ZJiF H BE (54l , 3¢ [E TEDIA 2
) ) s AT 34 R B 3 B 4l 5 R Atk e S
il %% o
1.2 B %

Agilent 1290 Infinity IT UPLC i /& 5 R A (4 1% &7
I 6470 Trip Quad LC-MS Jifi i 1% ( 3 & Agilent 2
A ) 5 ELAS B R 4 A (35 [ LABCONCO 23 7 ) 5 1%
TRV % B0 HL (Bt BioTool 23 ) ) 5 5256 28 #8 4l /K
ARG (B W 2 A FRHE A BRA A ) 5 24 057 [F AH
A P B (25 [# Supeleo 23 7] ) ; Oasis Prime MCX [#]
FHAEHURE (228 Waters A 1] ) 5 GF/C™ TG EE G 77 3% 3
21 2 JE 2% (95 [E Whatman 23 7] ) 5 Agela SPE Column
60 mL } Agela /M VS PCHE % (3 Agela A H]) .
2 F &
2.1 &g

6 3% #:  Agilent ZORBAX Eclipse Plus C,
(50 mmx2. 1 mm, 1. 8 wm) ; M aNAH A 4 0. 1% H R
I, T BNAH B A i s Ui 4 0. 3 mL/min; A7
H 40 C; HREZEIRE N 4 C HERE RN 5 wL; B E
VEMEAR 2 0~ 6 min, BA LB M 5% T+ = 25%;
6 ~ 6.2 min, B AH L )\ 25% F+ 2 100%; 6.2 ~
8 min, BAH HLWI{EF 100%; 8 ~ 8. 1 min, BAH L1
M 100% [ %2 5%;8. 1 ~ 11 min, BAH R FF 5%
DLPA (54
2.2 Fikst

BT IR A IS 5 B R (EST IR 5 & 5 =Xk
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ESI'; BN HLE R 3. 5 kV; B F-IE IE 4 300 °C;
Wi A AR BE R 250 °Cs A 33 R 11 Limin;
HEFLRWASRE R S Limin g [T i 500 SR R N, 5 il 4

SRR Ny 38 7 o MRM ; B 38 515 49 4l 45
78 45 R4 i) MRM Wi ELAR L6 1, 13 /b
R UPLC-MS/MS {238 B & 1 s

Table 1 MRM parameters of 12 illicit drugs and cotinine (COT) and their internal standards

ty/min - MRM/(m/%) Collision/kV  Dwell Compd. ty/min MRM/(m/%) Collision/kV  Dwell

6-MAM 2814 328.1-165.0 50 75 MDA-D5 2570 185.1—168.1 9 75
328.1-211.1 29 185.1110.1 25

6-MAM-D3 2805  331.2—165.0 29 75 MDMA 2.893  194.1-163.0 9 75
331.2-211.1 45 194.1105.1 25

AM 2290  136.1-91.1 20 75 MDMA-D5 2876  199.1—165.1 13 75
136.1—119.1 5 199.1—107.1 29

AM-D5 2265  141.1-93.1 17 75 MAM 2.663  150.091.1 20 75
141.1—124.1 7 150.1—119.1 9

COT 0595  177.2-98.1 21 75 MAM-D5 2.646 1551911 21 75
177.280.1 29 155.1>121.1 9

COT-D3 0.603  180.2—101.1 25 75 MC 1775 164.1—131.1 20 75
180.2—80.1 29 164.1146.1 13

coc 5205  304.1—182.1 22 75 MC-D3 1774 167.1—134.1 25 75
304.282.1 33 167.1—149.1 13

COC-D3 5204 307.2—185.1 21 75 MOR 0.825  286.1-201.0 35 75
307.285.1 33 286.1—165.0 50

BZE 3928  290.1—168.1 21 75 MOR-D3 0.824  289.1—201.2 35 75
290.1—105.0 33 289.1—165.0 50

BZE-D3 3928 293.1—171.1 21 75 NK 3.631 22411250 29 75
293.1—105 33 224.1-207.0 9

KET 3830  238.0—125.0 30 75 NK-D4 3.606  228.1—129.0 29 75
238.1207.1 12 228.1-211.1 9

KET-D4 3.804  242.1-129.0 33 7.5 CoD 2101 300.1—165.0 60 75
242.1-211.0 16 300.1—199.0 40

MDA 2595  180.0—163.0 10 75 COD-D6 2068  306.2—165.1 45 75
180.1—105.1 25 306.2202.1 30

6-MAM: 6-Monoacetylmorphine; AM: Amphetamine; COT: Cotinine; COC: Cocaine; BZE: Benzoylecognine; KET: Ketamine; MDA: 3, 4-Methylene-
dioxyamphetamine; MDMA: 3, 4-Methylenedioxymethamphetamine; MAM: Methamphetamine; MOR: Morphine; NK: Norketamine; COD: Codeine

cor
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Figure 1 Typical chromatogram of 12 illicit drugs and cotinine
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— A AW A B3 R AR ) 1 mg/mLL
FRUESHIAEW 1 mL T 10 mL A3, P el 2 )
VA AR TR R 2 20 B, T B A R4 100 pug/mL
) — At 45 T 0 B 13 R AR AR I AR Y 100 pg/mTL
PRUES R 1 mL T 10 mL g2, sl 2 0
VS O R 20, WO 13 RO AR Y
10 wg/mL 1) — At 45 T -
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SR, B A R A 20 195 45 AR 500 ng/mL
1) FH TR B A T

CIEIRE VS - BUMC-D3 .6-MAM-D3 F1 COC-
D3 () — Rt #5045 1 mLIRS A 20 mL IR,
LR R R ZIE 15 5 4 WARY) 500 ng/mL 1)
REW

TAE AR A U BR A R WA OISR &
VWA 1 mL, RS A 20 mL A, B R B 2
ZNE 15 25 ng/mL B TAE ARG -

COT-D3 N BRI - BL COT-D3 1) — G il 55 W
100 wL T 20 mL &, B BERR B 2 205, 15 500
ng/ml. COT-D3 NFRIF
2.4 HmIaa

T UK RE R BRI 22 pH2, —20 CA1F F 814
TAF o T B e Rl AL SR G HET T 0B o S BT i T
A IKBELZE GFIC™ TC R G 70 B B £ R D ARt 8 2 B
[ (A UL , 33 9 I (AR B B 100 mL, 43 30T
YENARE A COT-D3 AR K 200 WL, 7o 70 R F%
RG], e Wit , B4 50 mL.
2.5 EFER

& FH Oasis Prime MCX [ AH %€ BURE SEAT 454 .
FE b 50 mL LA 4 mL/min 5938 B b AE BAE; L AESE R
JE S FH VB 4 mL bkt 5 B S H 5% 280K - S 3
W 4 mL PEE (3 1 mL/min) 550 “C 450 T 7E B3
e 27 i 240 ASC P 4% 22 9 A% 24 20 L, FH 0. 1% H iR 7K
VAW 80 wL E ¥, W BE 3 min; 4 °C, 13 000 r/min &

PR BB VG UPLC-MS/MS 4317
2.6 FrikiiE
2.6.1 AREWMKHEREERL TR BI3H
FoF I 1) — SR At B VRS i, FH PP Bt A e, T o
AL E LM 0. 5 ~ 250 ng/mL A bR AE M £ IR 5%
(5 AM ¥k V5 Bl 1. 25 ~ 625 ng/mL) Al B 7
FEl 4 0. 5 ~ 2 500 ng/mL i COT bR I £R AT . B
AN TRL e FE b v 1 2 TR A5 1 W COT b v ith 2 %%
W TAE N BRI . COT-D3 NFRIE 45 100 L, 5
S EE7K 50 mL BC il B FURE i, $4 2. 57T T 4
VEJG SEFE 3BT, AR 40 R FE (ng/mL) S B A A
(X)), FF Py g T B R AR (), P IIAS e /N —
ek (R Z80: /Y BT M IR B 5, SR AR 1
ANERNA DT R AR e 27 FE . 45 SRR AM
TE2.5~ 1250 ng/LIB BN ZE & R R4f, COTHE
10 ~ 5 000 ng/L 35 [ N 4t ¢ R R A7, oAb ) i 7e
1 ~ 500 ng/L i F N ZPE G FR R A

B 0. 5 ng/mL 1) b 1 #h 2618 AV W (AM T
WeE M 1. 25 ng/mL) 0. 5 ng/mL [ COT Fp if fH 28 %
W TAENFRIE T .COT-D3 INARIEI A 100 wl, 43
S 27K 50 mL e il B iR PR (LLOQ) A LA
a, F5% 2. 5T I AR IS R T SRR, Y
fHEWE L SN KT 108, AM A2 & FBR M 2. 5 ng/L.,
HAbY R € R BR M 1 ng/L. RIS 180 0 ik
2 D 22 15 4% 45 RN 42 ARG BIR (LOD) il i R
(LOQ) , &5 W5k 2,

Table 2 Linear ranges, correlation coefficients, lower limit of quantitation (LLOQ), limit of detection (LOD) and limit of quantitation (LOQ) of 12

illicit drugs and cotinine

Analyte Linear range/ Correlation LLOQ/ LOD/ LOQ/

(ng/L) coefficient () (ng/L) (ng/L) (ng/L)
cor 10-5 000 0.999 4 1 8.69 28.98
MOR 1-500 0.997 4 1 2.99 9.98
MC 1-500 0.999 6 1 2.73 9.09
COD 1-500 0.993 6 1 4.03 13.45
AM 2.5-1250 0.997 2 25 11.82 39.40
MDA 1-500 0.996 2 1 3.01 10.05
MAM 1-500 0.993 2 1 5.47 18.23
6-MAM 1-500 0.999 5 1 3.86 12.85
MDMA 1-500 0.999 7 1 2.66 8.86
NK 1-500 0.995 3 1 3.58 11.93
KET 1-500 0.998 8 1 4.13 13.77
BZE 1-500 0.999 2 1 1.45 4.82
coc 1-500 0.994 6 1 2.83 9.44
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2.6.2 ARICEMCE B3 FIREI 0 —
VI T, FH B O R TG ) ST VA B 0
1,25,200 ng/mL PR A Aiff £ 1 (BR AM 5T &4k B A3
k2.5, 62.5, 500 ng/mL) I 5 5 He 3 ) A
25, 200,2 000 ng/mL i COT i & . B ik A []
WS IR A5 4 W COT i £ T TAE N ARTR T
COT-D3 NFRIATR A 100 L, 73 5 FHIR A 15 7K JE
50 mL C il WA Hp R R Y AR R S 2. 57
TN ERAE B VR AT 6 FEAR AT, A5 A I
F4) 0 T AR 5 X BB A1 55 BT K 3 5 50 miL, B P9 AR
W5 LU S AR S AR A, e 2. 57 IR 45
VB, ) BRA A 1 35 W ol AR 7 v B TR B A
W COT i #8 WE  TAE AR AT COT-D3 AR %
W, IRFEIE ST, 43 i) il B B 5 b 3 e B A [R] A AR
o AR . RN AE , B UR B 3R AT L 1R A
O 4y ) e T AR o L — R T oAb By 06 T
FRZ PR B BRI 38 50K 45 3 vk 2 19 P 341
RIS,

2.6.3 EMESMHEE F12.6. 27T N L
e G b 3 VR BE Y B REAE  #R2. 5T IR
BelE B — R AT 6 FEAR 0 B, SR 2 3 d, K
1525 E I P 00 o B SR 0 B . S5 R L
4, 25 RIS TR B 0 - 35 H P B H TRDAS 2%
FERRSD YL A 1. 70% ~ 9. 43% .

2.6.4 FERzLE F2.6.27 IR By R IRZH 7k
A BV EE 3FEAR AT, A5 A RN ) B W TR
[Fi] sk 3 JBCAH I V4 B ) TR 5 i 25V, COT A 25T . T
YENAREE U COT-D3 BRI TR A 100 pL i T 5%
QK-CHEHEW A mL b IR EIR ST, 50 CA&AF T 7E
25 G MR A A TP BRI AT ZY 20 wl, 0. 1% H
Fif 7K 5 80 WL &2 ¥ , IR TE 3 min; 4 °C, 13 000 r/min
2 P B OB SR E UPLC-MS/MS 4347, 45—
BE 3REAR GBI AR S E Y (s A . DA — IR
TRl Ak P i i T L B (B3 S A 1y SR A5
SEYE, AR WK 4,

2.6.5 A HL2.6. 27T F Y 3 Fhifk JE AR
Bt W COT A & TAE AR .COT-D3 P
PRIFTAS 100 WL, FH4l7K 50 mL BE R, o &
MR EE R QCHE M o J3WIHE 4 CHEFEZ S 24 b
F R E 24 h FIZR 3 IR RRRE A 5, 42 57T
BelE B — VR IEAT 3REAR T, 45 R BRAIK
e JEE N I R EE RE 2R R A1 LA R T A K R o

Table 3  Extraction recoveries at three concentrations and average

recoveries of 12 illicit drugs and cotinine (n=3)

Added/ Extraction Average

Analyte o) recovery/%  recoveryl% 10D

coT 25 52.34215.89
400 104.63:5.98  82.13:2690  14.14
4000 89.41+5.67

MOR 2 89.16:13.23
50 105.72:1274  94.08:10.12 1232
400 87.37+8.82

MC 2 95.22+5.57
50 03.74:1.48  97.07+4.55 440
400 102.26£591

coD 2 99.98+7.97
50 95.99:3.15  95.41+4.88  5.67
400 90.27+5.20

AM 5 108.09:8.75
125 92.05:3.19 97241940  6.06
1000 91.59:6.06

MDA 2 10452:2.62
50 10217258 98311879  3.54
400 88.25+4.93

MAM 2 119.57:8.59
50 91.79:2.81  99.51x17.53  5.63
400 87.17+5.80

6-MAM 2 100.40+3.20
50 97.14:358  96.64x4.03  3.90
400 92.38:4.47

MDMA 2 104.644.75
50 100.88+2.14  99.96:520  4.05
400 94.37+5.18

NK 2 95.42+2.75
50 04.42:1.82  94.02:¢1.64 371
400 92.22+5.81

KET 2 98.98+5.87
50 91.61:2.49 9477379 493
400 93.74+5.76

BZE 2 97.19+4.72
50 98.02+4.35  94.76:4.95  5.19
400 89.07:5.59

coc 2 92.63+2.98
50 04.65:2.13  93.13x1.33  3.64
400 92.13+5.02

4 CHAF TS 24 h B AE 5 BRIk B2 FBE 8 DY Jie
A1, FAAR ) AR it 7 330 2 AR T i 24 h AR
€ H 23 YRR R ARE o
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Table4 Average precisions , accuracies and matrix effects of 12 illicit drugs and cotinine (n=3)
Average precision (RSD, %) Average Average
Analyte RSD/%
Intra-day Inter-day accuracy/% matrix effect/%
COoT 5.37 5.13 98.77 57.25+£29.25 16.02
MOR 6.63 8.67 102.93 38.56+7.63 15.88
MC 5.50 5.87 100.03 226.35+25.12 6.48
COD 4.50 8.07 95.97 87.43+7.14 6.18
AM 6.00 9.43 100.73 294.64+21.19 9.44
MDA 5.93 7.13 101.23 138.28+10.24 6.36
MAM 4.47 9.67 99.97 250.47+13.44 9.42
6-MAM 3.73 8.47 98.47 91.29+4.51 5.14
MDMA 3.00 8.83 100.80 113.63+11.19 6.15
NK 3.00 1.93 97.60 124.57+12.61 5.10
KET 4.00 5.30 97.14 142.63+28.21 7.10
BZE 4.43 3.07 98.80 94.44+4.05 3.84
COC 1.70 1.90 96.94 116.51+10.20 4.09
226.6 EZEHER W26 1"WUNFRWE N BIRAAE T B A for I e Dz RS T
250 ng/mL AR AE 2R TR G 68 25 W (B AM BT sb vl 1 BRAS 1R D0 40 e 1 1 79 20% , 15 W 5% 7R mmwm

£ R 625 ng/mL) Fl 5 5 JE h 2 500 ng/mL ) COT
PRUEN IR A 100 L, FHAIK 50 mL e sibrifE
M 28 die e SRR S, F 2. ST TR B AR, BUREAR AT

M 3K, RIS EC ] 6 125 F i shAHFE &L . 1 ek

RS R T A I 2 1) s e o] L 2208 T
2.7 FEEA

AW ST 8 57 1Y SPE-UPLC-MS/MS 32 ) i T
SRR i ARG, DA 4 R 10 4 38 T 2R 4R 14 75 K R

I v 2 e v Rt 2 3, FLUCRE 23 LT Sl AR AR AR 2. 47 T2, 5T IHRAE S o 2 o A fri

S PRI R S SURREA BT . 7K USRI e S .

Table 5 Concentrations of 12 illicit drugs and cotinine in wastewater samples (S1-S10)
Analyte o/l

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

CoT 707.82 617.65 639.96 864.44 466.37 1258.74 1494.61 1200.06 771.96 561.02
MOR 14.61 2.07 17.49 8.89 3.17 10.76 12.68 9.61 15.02 3.88
MC 1.17 1.44 - 2.70 - 3.85 2.21 1.30 2.86 -
CoD 4.61 2.58 4.40 3.56 18.31 5.84 13.72 2.52 11.70 -
AM 8.02 - 6.35 5.90 2.00 6.41 7.87 3.49 1.48 2.44
MDA - - - - - - - - - -
MAM 18.69 15.02 9.45 8.00 9.80 7.83 27.43 8.51 16.80 6.84
6-MAM - - - - - - - - - -
MDMA - - - - - - - - - -
NK 1.54 4.72 - - - - 1.17 1.84 - -
KET 7.25 11.40 - 4.70 1.53 - 5.82 10.87 - -
BZE - - - - - - - - - -
Coc - - - - - - - - - -

S1-S10: 10 wastewater samples from different cities
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3.1 &AL

3.1.1 &agaeyieddE RHIBACRF IS ST
HE 43 ) R % FE 1. Shiseido Capeell PAK C,q
(2.0 mmx150 mm, 5 wm) ; 4§ 44 2: Shiseido Cap-
cell PAK Cyq (3.0 mmx75 mm, 3 pm) Fl 4,54 3.
Agilent ZORBAX Eclipse Plus C; (2. 1 mmx50 mm,
1.8 pm) . SEIREER R @G 1 AR B A
[ o 85 R 8 2% 8 7 BB B[R] A B S8 4 Ve, HL
S T A5 e P 3 5 €00 2 18 RS 0 o T 4 g 0 T
B A, AT 7 A e B T PN 58 145 Ak 5 1 1) 0 B VR
BRI Z — 1 COT B HATAR bR 3 943 )T
P H TG AR 5 iR 3 (0 T A R I 1 16T R
U, AT AE R TA) N 98 s A D A B TR . i
(AT PEH% Agilent ZORBAX Eclipse Plus C,q0
3.1.2 makeyie# RAJ0.25,0.3,0.35410.4
mL/min 4 FpAS R 3EEE E AT % 458 . SCHR A5 SRR
SR 0. 25 mL/min B, £ R 0090 (4 W6 0E 2% H. 4%
Bt e s 24 308 R 0. 3 mL/min B, W TEAE , fEAE
AR S T) PR L 4 G 0K Y AL 0. 35 mL/min
0. 4 mL/min B, 555375 00 499 FE sF (1] H 06 80 350
0. 3 ml/min,

3.2 HESATALZE Gy sk AL

3.2.1 BEAFERAEZEMERNGEE HIEL
RN 9 PE B & pK,, R SEP-PAK VAC C,. Oasis
Prime HLB  Oasis Prime MCX 3 Fh AS [q] [ #f £ B
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