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Abstract: Assessing collective drug consumption based on the species and concentrations
of illicit drugs and their metabolites in wastewater is an objective, real-time, accurate,
convenient and effective monitoring technology. In order to establish a rapid screening

and confirmation method for the abuse of opioids, amphetamines and benzodiazepines in
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wastewater, solid phase extraction was used to pretreat the wastewater sample, and
ultra-high liquid chromatography-tandem high-resolution mass spectrometry was used to
screen and confirm 36 kinds of analytes. Moreover, the method was applied to real
wastewater samples collected from different wastewater treatment plants. Different
HPLC columns and mobile phases were tested for optimization of the method. The peak
shapes, retention time, separation and sensitivity of the chromatographic procedure
were evaluated. Finally, an Accucore Hypersil Gold column (100 mm X 2.1 mm X 1.9
pm) , and the mobile phases of ultrapure water with 2 mmol/L ammonium formate-
0.1% formic acid (A) and acetonitrile-methanol (1 : 1, V : V) with 2 mmol/L. ammoni-
um formate and 0. 1% formic acid were applied because of good peak shapes and separa-
tion. TraceFinder software was selected for rapid screening, and retention time,
molecular mass, fragment ions and isotope distribution were collected as the screening
basis. A substance could be judged as positive if it all met these 4 screening conditions.
Therefore, the results obtained were more authentic and reliable. The LLODs ranged
from 5 to 20 ng/L. The extraction recoveries were higher than 70% for all compounds
in wastewater, and the matrix effect ranged from — 24.4% to 21.2%. In the real
wastewater samples, 4 opioids of morphine, codeine, pethidine, tramadol, 1 ampheta-
mine of methamphetamine and 4 benzodiazepines of diazepam, nordazepam, estazolam,
alprazolam were detected, and the error of all compounds were less than 5 X107 ¢, There
are many kinds of abused substances in wastewater, and the regional prevalence is also
different. The method established in this article can be used for rapid and accurate
screening and confirmation abused substances in wastewater.

Key words: high-resolution mass spectrometry; wastewater; opioids; amphetamines;

benzodiazepines
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Table 1 HRMS database of 36 opioids, amphetamines and benzodiazepines in wastewater

e st [M+Hj< IR fE ] 2 o R

Compound Chemical formula Theoretical value {r/min Error/ X106 LOD/

(m/2) (ng/L)
ey e C17HyyNO; 286. 14377 1.4 —2.9 5
BALZ, Tk N e Cio Ha1 NO;, 328. 15433 4.9 —2.2 8
CIEGRES] Cis H21 NO; 300. 15881 3.7 —2.0 5
7% T Cyis Hzy NO, 316. 15433 4.3 —3.4 5
WR % I C15 Hyy NO, 248. 16451 8.9 —2.1 5
% Cis Ha5 NO, 264. 19581 8.0 —2.2 5
TR ME Cao Hiy NO, 468. 31084 10. 3 —2.1 5
I C15 Hys NO 272. 20089 10 —3.0 5
JFKIE Caz Hag Nao 337. 22744 9.8 —2.5 9
Bif 2% K Je Cy1 Hyo NG O 417. 26087 10 —3.0 5
Kii 75 K Je Cao Has N, O 377.20710 8.8 0.5 5
IR e Ca1 Has Ny 323. 21179 9.3 —2.4 5
FFIFRIE Cos Hyo N, 028 387.21008 10. 6 0.4 5
S PN C22 Hys N, O 335. 21179 9.7 —0.6 5
2- 25 K e Czz Har FN2 355. 21802 10 —1.8 9
BIFRJE Co2 H2 FN; O, 371.21293 9.2 —1.2 5
RIFRE Crs H3o N, Oy 395. 23292 10. 2 —2.6 5
CHET S 7514 CioHysN 150. 12773 4.9 —4.3 5
P ] il CoH;3N 136.11208 4.3 0.0 10
3,437 3 AR TR TN Cio Hi3NO, 180. 10191 4.6 0.0 20
3, 4-WF B 3k — 4 3E-N- 2 R TR N ke C12H17NO; 208. 13321 6.1 —0.8 5
3,437 FP R AR TP R R T e C11 HisNO, 194.11756 5.1 —1.9 5
AT CipHisFsN 232. 12982 9.5 —4.0 5
R P4 CioHi3NO 164. 10699 3.3 —0.5 5
K 7Y CoHy NO 150. 09134 8.3 —1.6 10
128 -2~ 4 3 1- G Ci12 Hi7 NO 192. 13829 7.7 —2.2 5
4-F A R P R Cii Hi5NO, 194. 11756 5.1 —2.0 5
3. 430 B 4 R G T Ci1 Hi3NO; 208. 09682 3.8 —1.4 5
3, 4-TF H 4L 2 R VS Ci2 Hi5NO; 222. 11247 1.6 —1.9 9
T S e A CiyHi5C Ny 309. 09015 11.2 —1.3 5
LT 2k C14 HyyBrN; O 316. 00800 10.1 —2.1 6
b7 CisH13CIN; O 285. 07892 11.8 —2.1 6
YRl CieH1 CIN, 295. 07450 10. 9 —1.8 5
T Cy1 Hys CIFN; O 388. 15864 10.1 —2.0 9
il 74 Cis Hi N3 Oy 282. 08732 10.7 —2.0 5
2= H g C1s Hy CIN; O 271. 06327 11.5 —2.1 5
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R2 TSk 36 MIERMRKRREKERSERBE(n=6)

Table 2 Extraction recovery and matrix effect of 36 abused substances in wastewater (n=6)

o BEARIICR e o BRENCE R
Compound Extraction Matrix Compound Extraction Matrix
recovery/ % effect/ % recovery/ % effect/ %
g i 88. 2 —24.4 N 98. 2 —4.2
o1 7, ik N 74.5 —18.0 3 431 PR 4 R T e 97. 1 —2.5
GIEEAL| 83. 1 —16.8 3, 4-3F B 3k A - N- 2 - T i 88.5 4.1
¥ 2% T 92.7 —9.0 3, 4-31F HY AR R T SR Y M 91. 4 —1.9
WR 5 g 95. 6 —9.8 AT 97.8 10. 6
th =% 95. 8 —0.7 FH 4 75 i 99.0 —5.2
TP E 101.4 —11.0 £ 75 94. 3 —10.7
FEIHoR 98. 3 19. 1 1= - 2- R 4R B 1- G 93.0 —14. 1
PNy N2 101. 1 14.1 4-FR 48 35 Y R 7 96. 2 —10.6
B 2% K e 97.0 19.8 35 4= B AR R T T 86. 2 —7.3
i 75 K8 101.5 —16.2 3. 4-E A AL 2 R P T 98. 2 —18.4
IR JE 97. 6 —12.6 ] 3 s 85. 2 1.1
(S N 93. 8 21.2 LT 2k 88. 8 —12.9
P25 K e 98. 2 18.6 Hb P P 93.7 —19.4
2-IFKIE 97.0 19. 8 Bl 87.7 —8.1
BB 104. 1 —6.7 ST 100. 9 2.3
RIEKE 99.0 19.0 T V4 80. 1 —1.6
PR 5 7 i 101. 1 —0.1 2 L 99. 9 15. 1
x3 SARERAMEER
Table 3 Screening results of wastewater samples
e e [M+H]" BLERTA ] [M-+H]" Sa0(E Japon .
Analytc Compound Theoretical value Measured value 1o /min Error/ X 106
(m/2) (m/z)
BEM 1 b v 285. 07892 285. 07810 11. 8 —2.8
KN 2 Hb PG PF 285. 07892 285. 07813 11. 8 —2.7
g 300. 15942 300. 15891 3.6 —1.7
e e 286. 14377 286. 14267 1.4 —3.8
FH 5 1 i 150. 12773 150. 12724 4.8 —3.2
BE 3 Hb G 285. 07892 285. 07806 11.9 —3.0
GRS 300. 15942 300. 15860 3.6 —2.7
i 286. 14377 286. 14269 1.4 —4.4
it o % 264. 19581 264.19537 8.1 —1.6
RS 4 PG PR 285. 07892 285. 07822 11.8 —2.4
R 300. 15942 300. 15875 3.6 —2.2
e PG 271. 06327 271. 06271 11.5 —2.0
FH 35 2 T 150. 12773 150. 12701 4.8 —4.7
R 5 I 248. 16451 248. 16385 8.9 —2.6
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Analyte Compound Theoretical value Measured value e /min Error/X 10-5
(m/2) (m/=z)
Kb 5 oG PR 285. 07892 285. 07822 11.8 —2.4
BIRErs| 300. 15942 300. 15872 3.6 —2.3
g i 286. 14377 286. 14285 1.3 —3.2
2 g 271. 06327 271. 06256 1.5 —2.6
R A 295. 07450 295. 07358 10. 9 —3.1
FESL 6 Hh VG P 285. 07892 285. 07797 11. 8 —3.3
2 g 271. 06327 271. 06293 11.5 —1.2
Fedh 7 VG PR 285. 07892 285. 07828 11.8 —2.2
Wf 1 A 300. 15942 300. 15897 3.6 —1.5
g i 286. 14377 286. 14270 1.4 —3.7
2 H g 271. 06327 271. 06281 11.5 —1.7
o 32 e 4> 309. 09015 309. 08948 11.1 —2.1
3w 295. 07450 295. 07385 10. 9 —2.2
FE& 8 P 285. 07892 285. 07825 11. 8 —2.3
g 286. 14377 286. 14166 1.4 —4.3
2 H g P 271. 06327 271. 06247 11.5 —2.9
P 5 5 7 i 150. 12773 150. 12762 4.8 —0.7
Kb 9 PG PR 285. 07892 285. 07803 11.8 —3.1
R 300. 15942 300. 15869 3.6 —2.4
i s 286. 14377 286. 14206 1.4 —4.9
FES 10 VG 285. 07892 285. 07822 11.9 —2.4
GRS 300. 15942 300. 15848 3.7 —3.1
e s 286. 14377 286. 14270 1.3 —3.7
2 Fpg P 271. 06327 271. 06229 11.6 —3.6
< e 309. 09015 309. 08926 11.2 —2.9
3w 295. 07450 295. 07385 10. 9 —2.2
WR 5 I 248.16451 248. 16388 8.9 —2.5
FE&L 11 VG 285. 07892 285. 07816 11. 8 —2.6
3w 295. 07450 295. 07404 10. 9 —1.5
Feah 12 PG PR 285. 07892 285.07813 11.8 —2.7
Bl 295. 07450 295. 07358 10. 9 —3.1

PIFP 2 o 3R AR R R R 2y B .

s A R AEAE TG V5 K R b A7 0 2 . A5 FERE S 2.4.8 Wk s F R R Y i, HE MS?
FEREG 3 R T S 2 B 5 4 F 10 Pk SRR TR 3. Besh. dbat B L e 22 L R 4 4%
TR BE . AR, X PRGBS KR S e A R . R
J7UZ s B DR A FH A o i 2 9t 3 DR 5 AE G iz e Gl 1 5% o P s A B om0 L IR L
AR EENEN T S U WA YAE w555,
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MS? spectra of four benzodiazepines
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Fig.2 MS’ spectra of four opioids
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