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Abstract: in recent years, the global use of benzodiazepines (BZDs) and designer benzodiazepines (DBZDs) has significantly increased. In
order to effectively monitor and control the presence of benzodiazepines in specific regions, a method combining solid phase extraction
(SPE), ultra-performance liquid chromatography (UPLC), and triple quadrupole mass spectrometry (MS/MS) was developed. The
optimization process involved the pretreatment process and UPLC-MS/MS parameter adjustments. The pretreatment optimization included
the selection of appropriate SPE columns, flushing and elution conditions, and resolution conditions. Subsequently, this method was
applied to analyze the influent samples from six wastewater treatment plants in Beijing. The results showed that: (1) The most favorable
outcomes were achieved using the Cleanert PCX extraction column, along with 2 mL of 2% formic acid solution, 2 mL of methanol for
flushing, 4 mL of 5% methanol ammonia solution for elution, and 500 pL of a 50% methanol-water solution for residue redissolution after
evaporation. (2) By using these optimized conditions, the recovery rates of 25 target compounds in various concentration ranges were
between 85.7% and 115%. The matrix effect, limits of detection and quantification, linear relationship, precision, and other performance

indicators all met validation criteria. (3) The real influent samples showed the detection and quantification of 18 out of the 25 target
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compounds, with concentrations ranging from 0.03 to 22.4 ng/L. The results indicate that the developed method can detect both BZDs and

DBZDs in wastewater samples, which can serve as a valuable tool for further research on BZDs and DBZDs using wastewater-based

epidemiology.

Keywords: benzodiazepines (BZDs); metabolites; wastewater-based epidemiology; solid phase extraction (SPE); ultra performance liquid

chromatography-triple quadrupole mass spectrometry (LC-MS/MS)
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(f%[# Merck KGaA /A F]) #il#; Cleanert PEP Fl Cleanert
PCX(60 mg, 3 mL) [& A A< HOH: I I K 40 3R R
FHE A BRA R £ iR (1.0 pm, BEIEETF4E) 1 B
KA R R A Al B0 I8 (0.2 pm) 1
H 2 [E Costar /A H].
1.2 US4

TR PR SR 2 3% - £ B S 5 P (Triple Quad™
6500") T35 AB SCIEX /23l FEAHAERCE: B (SBEQ-
CG1416), A WAL (EFAA-DF24) Wy T I 5 4 1% 52 56
BHE AR A R |5 e 7 4% (VXMNDG) Iy T3
SEIALAS (M) A PR F]; 25001 (MiniMax17) 14T
8 B T AN AR I A A R 7D 5 KQ3200B Y 7 J1
Ve RIS S A RAE
1.3 LC-MS/MS &4i4k

HRAE B ATk B P 11 o a5 5 B8 1 U RN 5 1A A
3OV BE R 20 ng/mL (1) H brAb & Y br v i 100E 1o
B HETE  A BERE 7 20T ARG, PEER 2 AR H A
T B FlE N E m s FAE ST R—HZKR
7 W (MRM) 5 2P 6 45 R AE B8 7 19 25 0 L
(DP) Flfili f# G it (CE), fie ZAR 5 £ H ARG W i £
P B T 152 5 B SR A A 2 L S 0 e R 1 i 7 e . SR
H % $E42 InfinityLad Poroshell HPH C18 & #H {7 i #1:
(2.1 mmx100 mm, 2.7 pum), il i PEfL 3 shAH pH. @R
F VR B A 2k, SR H AR G W A R B
1.4 FEGETAEES
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B Pl UE 2, 78 BSI B T T 2 S E B T
G55 T W IE HL A7 () BE B 7 [MHH], B IGZ 9T i
BEAEIE B TR, SR MRM &0 BT A H bk
A YA TR, IR R (IS) 4 4 500 V, 2 IR
B (TEM) 2 450 °C, .75 A (CUR) H& 1 4 25 psi,
TS (GS1) 1M 65 psi, HiBNS (GS2) JE 1K 55 psi,
Hlf 18 b < (CAD) 4 6 psi. 4% H AR A 4 Je HoAH
MR TS S B R 1.

BZDs TERR M 551F T 2 T i1k, iz 5t ik
FH 10 mmol/L H R (% 0.1% FIR) /K W (Wi sh Al
A)IE (sl B) TE AT a IR R, Lidm HAnfk
B W E TR, T 280 BZDs 45 #4 F% B A 1,
HAE O TERE T (PR B I TN H23T, WOR FHBR 2 Vb
Ty AR A B RCR . R, 7ACZP. 7ANMZP 1 ZPM
AR MR, DRIk 5 AT LA P A FLAR A R 2
SRS A, AR AT 45 A BRAR ) U8 B8 I 1R). AL S Rk
JRRBEE: 0~0.5 min, 10% B #H; 0.5~5 min, 10%~90% B #H;
1435 90% B #H 0.4 min; 5.4~5.8 min, 10%~90% B A; {54
10% B #H 2.2 min. iR 40 °C, itk 0.4 mL/min,
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Table 1 Experimental conditions for mass spectrometry analysis

ERET T
m/z DP/V CE/VN  m/z DP/V CE/V

Hbr  REN B+
&y

[6]/min  m/z

ALP 4.6 309.2 281.1 120 33 2051 120 46
ALP-Ds 4.9 276.1 140.1 50 39

OHALP 4.4 325.1 297 90 40 2162 90 58
OHALP-Ds 4.4 290.1 226.1 50 38

CZP 4.6 316 270.1 130 37 2412 130 45
TACZP 3.5 286.1 222 120 37 2502 120 28
Dzp 52 285.1 1932 90 45 2221 90 35

DZP-Ds 52 292.1 246.1 50 35
NDZP 4.9 271 140.1 100 39 208.1 100 39
NDZP-Ds 4.9 300.1 2722 50 36

TZP 4.9 301.2 2551 100 34 2831 100 21
ozp 45 287.1 241.1 50 35 2311 50 34
OZP-Ds 4.5 314 2349 100 49
EZM 4.5 295.1 267.1 110 30 205.1 110 47
EZM-Ds 4.6 3141 286.1 50 38
FNZP 4.8 314.1 268.1 110 35 239.1 110 42
LMZP 4.9 3352 289 60 30 262 60 37
Lzp 4.6 321 2752 80 34 229 80 39
LZP-Dy4 4.6 325.1 279.1 50 38
MZM 4.2 326.1 291.1 130 35 249.1 130 46
NMZpP 4.8 296.2 250.2 90 36 221 90 44
TANMZP 3.5 266.1 135.1 110 40 2082 110 44
NZpP 4.5 282.1 236.1 120 35 180.1 120 35
TZM 4.6 343 308 100 41 3151 100 38

CDZP 53 319.1 227.1 120 41 1542 120 41
DLZP 4.9 3052 140 70 36 206.1 70 45

ETM 4.8 343.1 314.1 50 40 259 50 47
ETM-D3 4.8 3462 2923 50 30

FBZP 4.9 333.1 226.1 100 43 1841 100 48
MCZP 4.9 3303 2842 70 38 2142 70 52

PZM 3.9 3541 206.1 110 44 167.1 110 49
QTP 4.1 3843 253 80 30 2792 80 40
ZPM 3.7 308.1 2352 100 39 263.1 100 26

ZPM-Dg 3.7 330.2 302.1 50 39

HEFERRR R 2 uL. B 1 R PiARE 25 #h B AR &9
kK, Z TR RS AE 5.4 min PN SEERXT BT A W R 1)
AR, WAL T A3 B R, TR B T AR R
Hirfb &Y REUE.
2.2 FIALEAAFILAL
22,1 [EAHAEHOH: AR

IR SPE £ AR XA i AT ¥ b 5 4R,
JF Lb#E Cleanert PCX 1 Cleanert PEP [ A1 A BUAE: (43
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Fig.1 Ultra-performance liquid chromatography chromatograms of all target compounds

IR AR “PEP AE” A “PCX 41" ) %t 25 Fh H btk &%
AR T SO A, 2 A AE T 3443 I8 1.4 35 7 ikt iE K
FESPEAT AT AL ER, BRI QR 2 FER . R AE H
FEXS R R I O M5/ —. LA 7K UKL, PEP A K 1fi 7]
I A SR R K P JE P, 4 2t L AR
JoT ELAG A Sy B4 A6 1 R R A P 5 PCXRE T Sife A BH 25 1

400

22 AR R A4 0 e 45 SR R B, PEP A
TJCILSEBAT OHALP RYRZE, XF FNZP, MCZP, MZM,
TANMZP %549 5t 1) [ CR AR T 60%, Xt OZP. PZM,
LMZP. NMZP %59 i 1) [RDSCR NGRS T 200%; PCX
FEXT 25 Folr B A 40 S5 350 A A - g WO o R e A RS0
%W FE e F PCX A 3284T SPE FifAbBE.

A PEPH:
B PCXAE
=2 80%~120%

A

NO\N\T

& 2

PZM
QTP
ZPM
ETM
LMZP
NMZP
7ANMZP
TZM

HbMb e

AN[E SPE ##5 BAr L SRR LA

Fig.2 Comparison of recoveries using different SPE columns

222 WBESRIFILAL

PCX H:7E 7 Ak 38 3 A% Hh 2 W Bk 7K 5 5T v i)
SRSy, PRI TE B AR UG A B ARG 3 o A 43 %)
W 52 R, BZDs 28 Hh &8 sl st M1k 5 9,
o THEE, CIEFIHN, Ao 7oKz RAEs
JKAE N8 58 MR B 4 mL 4K . 4 mL 2% H R
BV WA 2 mL 2% R K ¥ -2 mL HYBE 3 Bl ik it
ZAEIF e Hg AR O Gl 3 o, fif ] 4 mL 2k
KRBT 285 B ARl G Wi b, (B X R T
Yol o e AL RO AN ] 4 mL 2% W g s T
PRBERS X BT T2 o BRSO B, {H 33 FNZP,

MCZP. NZP ¥ it R 3 22, [l AT 80%; i
Fi 2 mL 2% B R /K %5 -2 mL B Bk sk iF, 25 A0 H
FrAk & ¥y R TE 80%~120% 22 18], Hr Ak S
S HRAR. FEGX 25 R R S B R OK e R i B bR
AW Ak, (A5 A2 BN 25 09 £ B A B AR
S, T B R A 2B TP S, B e it o i
2 mL 2% FP R 7K 95 W -2 mL PP AR A i Ak 3 6 9k ok
V.
2.2.3 PR AR AR

BZDs 2 F i JIN#8 5 AT T A T8 20 BT 26 B
FE, BRI Z Ry 5516654, 26 55 14 T 8 5 e vk
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15 14 13 12

(c) 2 mL 2%H! k-2 mL i

1¥: 1—ALP; 2—OHALP; 3—CZP; 4—7ACZP; 5—CDZP; 6—DLZP; 7—DZP; 8—NDZP; 9—TZP; 10—0ZP; 11—EZM; 12—FBZP;
13—FNZP; 14—LZP; 15—MCZP; 16—MZM; 17—NZP; 18—PZM; 19—QTP; 20—ZPM; 21—ETM; 22—LMZP; 23—NMZP;
24—7ANMZP; 25—TZM. F .
B3 ARIHEEG TENB RS9 R R E

Fig.3 Comparison of recoveries using different flushing conditions

IR TR BRI I R A Y I R A K R
IBEIEA A pH, LLSE e HARE S P B BE R . 45
REW], ST 1 mL AEE BRI, 1
FL L R 22 B0 SR I R R T 40%, Bl BB
PRERAEE N, 7E55 4. 55 5 SR VEBLIR kb 240 H
A S WG RN T 1%, PG 5E L $E 4 mL 5%
FA P G WA Ve IOV X T S e A, 9 40 3l

12 I5 14 13
(b) 80%H K

15 14 13
(2) 30% 1 K

HELT 30%., 50%. 80% 3 FAS[RIAFL 43 H0 H B K i
TR RACR. 455 WoR, 78 30% W /KA IR 3 %
4 CDZP, MZM, QTP %54 Jii A RE S BB 14 [mT i
RO, T B FR BN 80% WP 55 2.3.2 T bk vk
AR A BORE 1 e A D28, A 50% W BSK 2
VBB RS CRAUE H AR 254 00 78 50 S 1R AL RICR, R
ZHGE I 50% B KA TRAE N A (UL 4).

B LV SR |
— <80%
— 80%~120%
— >120%

15 14 13 12

(c) 50%H Bk

4 TEEBFRFHTHNERUEIHEEERLR

Fig.4 Comparison of recoveries using different re-solvents

2.3 BRI IRTES
2.3.1 ISR AL BRI
3 2 froR, & PCX A B AHAE U, 25 F HAn
b G W E R R R BEBR B T 1 [RDSCR BI7E 809%~120%
ZJ8], F TN (ME) 75 —20%~20% 22 18], i /2 46 i
232 KRR, R BRI R | (AR
W3 3 R, 25 B EARE AR 5 A H R A7
FEPRTE 0.02~3.7 ng/L ZJal, ARfEIZEAE 10~10 000 ng/L
70 Bl N 2o R B R A (R7>0.99), A [) ¢ J3 A ERE

E B ET ETE 80%~120% 2 [6]. e 4h, A4 H N AT H
] k5 % B RSD(n=4) 1£ 1%~13% Z 1], ¥J/N T 15%,
A ES AR M T IR B R, R, W TR
BT T L RERS N 2 £ R BZDs Fll DBZDs 1[5 & ft
G3HT.
2.4 AT AR SEBR TS KRR A P A

ST T 2020 4 12 H—2021 4 1 A XFE i
6 F T EUG KAL) (WWTP-1~-WWTP-6) fi4 33 7K 3
F1RHFE (24 hIRA KAE), AT 157K B 8 T 90%,
FLREITERE WL 4. R B Py e X B i 2k A
RIALBR A3 H I 22
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Table 2 Recoveries and matrix effects of all target compounds using optimization method
[l LR
Hisb &%)
1 ng/mL 5 ng/mL 10 ng/mL 1 ng/mL 5 ng/mL 10 ng/mL
ALP 92.9%+8.4% 91.8%+3.5% 95.4%+4.2% —9.1%=+3.2% —9.3%+7.0% —12.6%+7.2%
OHALP 91.8%+11.9% 87.5%+11.9% 93.9%=+12.5% —15.4%+20.8% —5.3%+6.3% —9.4%+14.3%
CDZP 105.6%+13.6% 104.4%+12.9% 90.5%=+7.5% 10.5%=+7.0% 6.5%+4.1% 2.3%+3.9%
CZP 95.6%=+7.7% 114.4%+4.5% 105.0%+5.4% 17.0%+4.5% 12.5%+7.7% 12.1%+4.1%
TACZP 97.7%+1.1% 100.4%+2.3% 98.7%+8.4% 11.7%=+8.9% 8.0%+2.3% 8.0%+10.7%
DLZP 102.3%+11.9% 92.0%+14.4% 95.6%+4.1% —2.1%+12.4% —20.9%+8.6% —10.6%+1.5%
DZP 111.0%+6.4% 101.8%+4.6% 102.19%+4.7% —10.0%+5.5% —14.6%+6.1% —21.3%+3.5%
NDZP 92.4%+13.4% 93.2%+5.1% 94.6%=+3.6% —14.4%+23.0% —19.0%+4.6% —27.5%+7.0%
TZP 107.7%+9.8% 94.3%+4.2% 91.1%+6.8% 2.4%=+13.7% 9.0%+6.6% —1.9%+2.2%
ozp 106.8%+10.8% 94.5%+14.2% 93.5%+7.2% 14.9%=+7.9% 5.0%+16.1% 5.4%+7.2%
EZM 113.3%+14.4% 98.4%=+1.7% 95.5%=+3.0% 2.1%+4.5% 4.2%+13.4% 7.2%+3.8%
ETM 100.9%+4.3% 97.5%+17.8% 89.1%+7.0% —17.2%+10.8% —14.6%+8.6% —10.7%+5.8%
FBZP 89.2%=+1.7% 107.6%+12.5% 97.4%+16.2% —3.4%=+12.5% —18.0%+5.7% —22.1%+2.2%
FNZP 116.5%+9.9% 100.1%+9.1% 91.7%+8.3% =9.7%+12.1% —8.6%+5.6% —15.4%+3.5%
LMZP 113.4%+12.4% 107.6%+0.5% 89.6%+11.2% —16.7%+7.5% —20.2%+7.8% —17.9%+5.9%
LZP 100.5%+7.8% 95.7%=+5.4% 97.1%+4.2% —14.2%+2.8% —2.7%+£2.7% —9.3%+4.8%
MCzp 87.3%+13.4% 113.7%+10.1% 111.7%+16.7% —1.7%=+8.5% —10.7%+8.0% —12.6%+2.0%
MZM 93.5%+2.5% 104.0%+6% 96.7%+10.3% —6.5%+6.5% —10.9%+9.4% —18.5%+2.2%
NMZPp 97.6%+10.4% 98.2%+2.7% 94.9%+2.8% —10.0%+12.7% —3.4%+9.4% —7.3%+3.0%
TANMZP 103.6%+1.1% 104.1%+12% 98.4%=+1.9% 20.0%+1.7% 12.0%+15.1% 17.0%=+11.7%
NZP 115.0%+16.1% 95.3%+6.4% 97.9%+6.5% —7.8%=+11.5% —11.6%+9.0% —16.9%+4.1%
PZM 103.5%+10.6% 97.8%+5.6% 102.0%+7.2% 4.8%+10.1% 6.3%+10.1% 1.6%+3.0%
TZM 100.6%+8.2% 95.8%+10.7% 91.1%=+5.3% =9.9%=+7.2% —11.5%*11.1% —9.4%+7.1%
QTP 102.6%+8.3% 102.8%+11.0% 85.7%+8.1% —3.3%+8.2% —4.1%+6.3% —18.4%+3.3%
ZPM 101.0%+8.6% 111.4%+9.0% 108.6%+5.5% —8.9%=+7.5% —12.9%+5.4% —13.6%+3.3%
F3 MAFEREERLEMNEHR E2R. LMECERIGHE
Table 3 MLOD, MLOQ, linearity and precision of all target compounds using optimization method
— NN HEB L (n=4)
Hirfb a4 o H BR/(ng/L) E R /(ng/L) R P (i) LMEVE ]/ (ng/L) B e
ALP 0.02 0.1 0.998 10 ~ 10 000 107.3%+5.0% 104.3%+1.0%
OHALP 0.8 1.7 0.988 100 ~ 10 000 107.1%+12.0% 103.5%+10.0%
CDZP 0.03 0.1 0.998 10 ~ 10 000 103.6%+1.0% 112.29%+9.0%
CzZP 0.3 1 0.999 10 ~ 10 000 104.0%+1.0% 98.0%=+5.0%
TACZP 0.09 0.3 0.997 10 ~ 10 000 104.0%+4.0% 101.0%+4.0%
DLZP 0.1 0.3 0.998 20 ~ 10 000 103.5%+3.0% 88.9%+9.0%
DzP 0.03 0.1 0.999 10 ~ 10 000 103.0%+1.0% 99.9%=3.0%
NDZP 0.2 0.3 0.997 10 ~ 10 000 103.0%+2.0% 99.8%+1.0%
TZP 0.3 1 0.997 20 ~ 10 000 103.6%+2.0% 110.7%+4.0%
ozp 0.1 0.4 0.998 10 ~ 10 000 101.9%+1.0% 102.3%+5.0%
EZM 0.2 0.6 0.997 10 ~ 10 000 106.3%+3.0% 101.5%+3.0%
ETM 0.1 0.3 0.992 10 ~ 10 000 100.7%+2.0% 96.6%=+8.0%
FBZP 0.2 0.9 0.994 80 ~ 10 000 102.7%+6.0% 78.2%+13.0%
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A " L (n=4)

Atre ey Rz HiBR/(ng/L) SE it B/ (ng/L) RUEM AR R AR LA (ng/L) m -
FNZP 0.2 0.6 0.997 20 ~ 10 000 102.7%+2.0% 91.3%=+10.0%
LMZP 0.2 0.7 0.998 10 ~ 10 000 99.6%3.0% 115.7%6.0%

LZP 0.3 3.7 0.996 20 ~ 10 000 99.5%=4.0% 98.206+2.0%
MCZP 0.2 0.5 0.997 10 ~ 10 000 104.6%+3.0% 97.3%+4.0%
MZM 0.03 0.1 0.993 10 ~ 10 000 102.6%%2.0% 106.1%1.0%
NMZP 0.2 0.5 0.998 10~ 10 000 102.8%3.0% 88.1%+6.0%

7ANMZP 0.03 0.1 0.997 10 ~ 10 000 104.3%+1.0% 116.9%+4.0%

NZP 0.3 12 0.998 10 ~ 10 000 104.39%:5.0% 90.9%=11.0%

PZM 0.1 0.5 0.997 10 ~ 10 000 103.0%1.0% 103.8%11.0%

TZM 0.2 0.5 0.994 10 ~ 10 000 103.6%+2.0% 103.29%+1.0%

QTP 0.03 0.1 0.987 10 ~ 10 000 104.5%+4.0% 103.3%6.0%

ZPM 0.1 0.1 0.996 10 ~ 10 000 103.3%=+1.0% 101.5%5.0%

F4 JEEH 6 RKiTIKLE MEKRIER
Table 4 Basic information on the six WWTPs in Beijing

15 KA B SRR /(m/d) I INEE: ¢ IN)]
WWTP-1 210 000 68.5
WWTP-2 650 000 333.9
WWTP-3 550 000 152.0
WWTP-4 910 000 3572
WWTP-5 100 000 28.5
WWTP-6 20 000 18.6

il 45 5 o, KA AL 18 B H AR IL & Pk
. ALP. DZP, NDZP, OZP. EZM. NMZP. MZM,
QTP. ZPM #& 1% 100%, TZP ¥ 2 T 90%, %
W] BZDs fEdt 5t H X 8 3z ffH . o OZP 78 6 1~
157K HE K P SARG Ve B S e, YR (15.121.4)~
(22.4+3.8) ng/L, H: ¥k A QTP (10.1£1.4)~(18.5+1.5)
ng/L) . NMZP[ (7.5+1.9)~(16.8+1.8) ng/L) . DZP
((2.9+£0.2)~(7.122.0) ng/L]) . EZM[ (2.6:0.8)~(4.9+0.7)
ng/L)fl LZP( (3.1£3.9)~(8.8+7.4) ng/L], H:4x H#¥r 1tk
BYIREY/NT 4 ng/L(WLF 5). (TR RIS, 18 Fl
KW b A 4 FhE T DBZDs(W3E 5), 4351k CDZP,
ETM. FBZP fl MCZP, H:y i i [F >~ (0.03+0.1) ng/L
(ETM) ~ (0.3+0.7) ng/L (MCZP). 7£F% [, DBZDs 415
SN WA TR A= 8 FVF AT, ok i B ikis i
FEH. AN, BT LA 4 Ff DBZDs 2544 sl B0 5 A1 Ay
FRik e, o it A BZDs AR ek e A . R,
SRAETS K AR R 55 X AT BEAEAE DBZDs i FH 3
G, IR T S 245 A 5 A .

DL Bk AR s A = WV S A s iR, R
1.6 152X (3)(4) i B b 5 b XA H 2558 w3 1) J LR 3

# 5 B#x BZDs 1 DBZDs 7E4L RS KIE
KRB EIRE
Table 5 Concentrations of target BZDs and DBZDs in influences

of Beijing wastewater treatment plants

Hif #il 157K BSR4 R P /(ng/L)
WEY 3% WWTP-1 WWTP-2 WWTP-3 WWTP-4 WWTP-5 WWTP-6

0.7+£0.3  0.7+0.1
1.542.9 <MLOD

0.6£0.3 0.9+0.1
1.542.9 3.3£6.5
0.1+£0.1 <MLOD
0.3+0.5 <MLOD

0.8+0.1
1.5+£2.9
0.1+0.2
0.3+0.6

ALP 100.0 1.0+0.1
OHALP 16.7 <MLOD
CDZP 8.3 <MLOD <MLOD <MLOD
7ACZP 37.5 0.2+0.3 1.0+0.7 0.5+0.3
DZP 100.0 3.8+0.6 3.8£0.2 2.9+0.2 3.2+0.2 7.1£2.0 3.1%0.6
NDZP 100.0 0.7+0.1 1.1+0.3 0.6+0.1 1.1+0.3 1.0+0.1 0.7%0.1
OZP 100.0 16.0+5.7 22.4+£3.8 15.7+3.8 18.2+6.1 15.1x1.4 20.6+7.8
TZP 91.7 0.8+0.7 1.4+0.1 0.9£0.5 1.5+0.7 1.5£0.3 1.0£0.9
EZM 100.0 3.8+1.1 4.9+0.7 2.6+0.8 3.7£0.3 4.2+0.7
ETM 42 0.03£0.1 <MLOD <MLOD <MLOD <MLOD <MLOD
FBZP 42 <MLOD 0.1+0.2 <MLOD <MLOD <MLOD <MLOD
LZP 20.1 <MLOD 8.8+7.4 3.1+3.9 <MLOD <MLOD <MLOD
MCZP 42 <MLOD <MLOD 0.3+0.7 <MLOD <MLOD <MLOD
MZM 100.0 0.3£0.1 0.5+0.1
NMZP 100.0 10.8+3.1 8.9+0.9 10.7+2.7 9.7+3.1 16.8+1.8
NZP 42 <MLOD <MLOD
QTP 100.0 10.1+1.4 17.4+£3.1 13.0+1.5 18.5£1.5 17.7+10.5 18.0+4.2
ZPM 100.0 0.8+0.2 1.0£0.1 0.7+0.1 1.2+0.1 1.3+0.3 1.1+0.1

4.4+1.2

0.2£0.1 0.7£0.2 0.3+0.1  0.6+0.2
7.5£1.9

0.1£0.3 <MLOD <MLOD <MLOD

BZDs HOffiFH . 4558 5K, QTP((401.8+198.7) mg/(1 000
inh-d)]. NMZP((301.1£177.0) mg/(1 000 inh-d)), MZM
((68.0+32.6) mg/(1 000 inh-d)) . ZPM[ (36.0+14.9)
mg/(1 000 inh-d)) X EZM[(24.7£9.1) mg/(1 000 inh-d))
f A 4 I = T 0ZP( (7.4+2.5) mg/(1 000 inh-d)] .
ALP( (4.0£4.9) mg/(1 000 inh-d)) A DZP[ (3.5+1.5)
mg/(1 000 inh-d)]. IZWFFEEERMLT 2014 4F Wang 0"
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=

XAt st X DZP it 5 A EAE(7.6~10.6) mg/(1 000
inh-d)J, X A] AE5 25 W) LE WU bR S DO e | e R Y
2B A D AT K.
3 &g

a) IS X 15 KA il /T A BT VA AN S AR 1t
17 Tk, 45 R R Wb Hld F2 W % Cleanert PCX
REAE, U 2 mL 2% H K #8 . 2 mL B
WRPEHCRL, T 4 mL 5% R Ve B ARiL &
Y1, BWRJE FH 500 L 50% BRI 2 7R 5% BB W)

b) AL T L B UE LS SRR, 25 B HARfL &9
TE I A8 BEFURONE | At PR A5 f R | PV 45
T AT A IR EOR , 107 A RENS S URR B A AR
PR | R ORI

¢) WAL HUTT 6 ZT5 K AL 3T HE KA i I E 15
B30T 15 BE % i 2 552 PR il 9 20 Al 7 23K BZDs
FEAL BT ARG 157K T2 AP, 9K DBZDs it 48
B, (E AT REAF AR BLGE, S s X 2 245 W A e

d) i TR & BZDs 7E 15K 8 M s e v,
AR 5E X G 5 X, BZDs il F Al 5 AR 7E — 8 A
B 5 . Ak T I J BZDs e MEAH e 5, M ik
7 b e AN A R A e .
SE 3k (References):
[ 1] BRREDF. 2R il B0 e BEAE 2347 LD I R 45 BRI 2y
Z435,2018,11(31):9-11.
CHEN Z F.Application analysis and rationality evaluation of the
second class of psychotropic drugs[J].Chinese Journal of Clinical
Rational Drug Use,2018,11(31):9-11.
VIR T ARG BT SE 5 T R 1R s (0] b [ 25 Wtk 2 2%
,2021,31(6):460-469.
RUI M,HAN N.A brief history of hypnotics' research and discovery
[J].Chinese Journal of Medicinal Chemistry,2021,31(6):460-469.
F—fE R T2 TR AT SR A B T S 305 (1] G382 T,
2023(1):47-52.
WANG Y H.Difficulties and countermeasures of using rape drugs
in sexual assault crime[J] .Journal of Western,2023(1):47-52.
XK, B G 2 A I RE N DL JRRRE 24 it T FH R F
53 701 25 95%51%,2020,17(11):828-832.
LIU B,LV J L,YIN R Y,et al.Risk of narcotics and psychotropic
substances abuse among drug abusers[J].Chinese Journal of
Pharmacovigilance,2020,17(11):828-832.
TR A0 R P R T X Bk AR (D)0 R A A 2021,
37(4):453-458.
SHEN M.The response and challenge of new psychoactive
substances [J].Journal of Forensic Medicine,2021,37(4):453-458.
CERVENY D,BRODIN T,CISAR P,et al.Bioconcentration and
behavioral effects of four benzodiazepines and their environmentally

relevant mixture in wild fish[J].Science of the Total Environment,

[11]

[14]

[15]

2020,702:134780.

RS, 0 ¥, 8 R B4 % S K (R T 2 i B AP B TS
GERFAE B XA (1] FRETREFEE,2021,34(4):902-909.
CHEN Y,WANG Y T,HUANG T Y,et al.Pollution characteristics
and risk assessment of pharmaceuticals and personal care products
(PPCPs) in Luoma Lake[J].Research of Environmental Sciences,
2021,34(4):902-909.

WU M H,XIANG J J,QUE C J,et al.Occurrence and fate of
psychiatric pharmaceuticals in the urban water system of Shanghai,
China[J].Chemosphere,2015,138:486-493.

A8 T AR K R R A2 AR B TS B L) 1]
PG AR (,2010,24(7):60-62.

LI X,JJANG K X.Research status of benzodiazepines residues in
drinking water[J].Chinese Primary Health Care,2010,24(7):60-
62.

TR, T VL i 55 36 T Y W e e XU 2 M A5l e 1
WF5E L] AR5, 2022,35(11):2608-2617.

WEN Y Y,YU Y J,SUN Q,et al.Study of construction of health
risk and toxicity database of pollutants in China[J].Research of
Environmental Sciences,2022,35(11):2608-2617.

5 IE [ A 85 2 5 R AT TS A R B A BREOR i 5
B[] HETRIETE,2022,35(2):443-451.

WEI Z Z,XIANG Y J,GUO Y,et al.Analysis and suggestions of
environmental management policies of new pollutants at home
and abroad[J].Research of Environmental Sciences,2022,35(2):
443-451.

ZUCCATO E,CHIABRANDO C,CASTIGLIONI S,et al.Cocaine
in surface waters:a new evidence-based tool to monitor
community drug abuse[J].Environmental Health:a Global Access
Science Source,2005,4:14.

ZUCCATO E,CHIABRANDO C,CASTIGLIONI S.et al.
Estimating community drug abuse by wastewater analysis[J].
Environmental Health Perspectives,2008,116(8):1027-1032.
ASFHI B B e, 1 A A T A S 2 K Ak B
TR TS YA AR 2 KUK ()] R AL 24152, 2020,33(3) :659-
667.

GU D M,GUO C S,FENG Q Y,et al.Occurrence and ecological
risk of psychoactive substances in a wastewater treatment plant in
Beijing [J].Research of Environmental Sciences,2020,33(3):659-
667.

DU P,ZHOU Z L,BAI Y.et al.Estimating heroin abuse in major
Chinese cities through wastewater-based epidemiology [J].Science
of the Total Environment,2017,605/606:158-165.

CAUSANILLES A,BAZ-LOMBA J A,BURGARD D At al.
Improving wastewater-based epidemiology to estimate cannabis
use:focus on the initial aspects of the analytical procedure[J].
Analytica Chimica Acta,2017,988:27-33.

European Monitoring Centre for Drugs and Drug Addiction.
Wastewater analysis and drugs:a European multi-city study[R].
Brussels:Publications Office of the European Union,2023.

GAO J F.BURGARD D A,TSCHARKE B J,et al.Refining the


https://doi.org/10.1016/j.scitotenv.2019.134780
https://doi.org/10.1016/j.chemosphere.2015.07.002
https://doi.org/10.1289/ehp.11022
https://doi.org/10.1016/j.scitotenv.2017.05.262
https://doi.org/10.1016/j.scitotenv.2017.05.262
https://doi.org/10.1016/j.aca.2017.08.011

H U

TRAF: LRI 15K rp R R 2 B R B S ) 245 3 A D R A A B

1563

[19]

[20]

[21]

[22]

[23]

[24]

[25]

estimation of amphetamine consumption by wastewater-based
epidemiology [J].Water Research,2022,225:119182.
LAIMOU-GERANIOU M,HEATH D,HEATH E.Analytical
methods for the determination of antidepressants,antipsychotics,
benzodiazepines and their metabolites through wastewater-based
epidemiology [J].Trends in Environmental Analytical Chemistry,
2023,37:¢00192.

GAO J F,ZHENG Q D,LAI F Y.,et al.Using wastewater-based
epidemiology to estimate consumption of alcohol and nicotine in
major cities of China in 2014 and 2016[J].Environment
International,2020,136:105492.

TOMSONE L E,PERKONS I, SUKAJEVA Vet al.Consumption
trends of pharmaceuticals and psychoactive drugs in Latvia
determined by the analysis of wastewater[J].Water Research,2022,
221:118800.

DU P,ZHOU Z L,WANG Z L.t al.Analysing wastewater to
estimate fentanyl and tramadol use in major Chinese cities[J].
Science of the Total Environment,2021,795:148838.

HAN S,LI X Y,HUANG H M,et al.Simultaneous determination of
seven antibiotics and five of their metabolites in municipal
wastewater and evaluation of their stability under laboratory
conditions [J].International Journal of Environmental Research
and Public Health,2021,18(20):10640.

ZHENG Q D,DU P,WANG Z,et al.Nation-wide wastewater-based
epidemiology assessment in China:
2014-2020[J].ACS ES&T Water,2023,3(1):195-202.

HOU C Z,ZHONG Y L,ZHANG L,et al.Estimating the prevalence

of metformin usage

of hypertension in 164 cities in China by wastewater-based

epidemiology [J].Journal of Hazardous Materials,2023,443:

[26]

130147.

AHMED W, ANGEL N,EDSON J.et al.First confirmed detection
of SARS-CoV-2 in untreated wastewater in Australia:a proof of
concept for the wastewater surveillance of COVID-19 in the
community [J].Science of the Total Environment,2020,728:
138764.

B R, B A 0 A S OB R R 1 W I T S a J K
7 1) FREEREFE,2022,35(12):2647-2656.

HOU MXIE Y WMAO Y X,et al.Research progress and
implication of wastewater surveillance of SARS-CoV-2[J].
Research of Environmental Sciences,2022,35(12):2647-2656.
BAKER D R,BARRON L,KASPRZYK-HORDERN B.Illicit and
pharmaceutical drug consumption estimated via wastewater
analysis.Part A:chemical analysis and drug use estimates[J].
Science of the Total Environment,2014,487:629-641.

YUAN S LJIANG X M,XIA X H,et al.Detection,occurrence and
fate of 22 psychiatric pharmaceuticals in psychiatric hospital and
municipal wastewater treatment plants in Beijing,China[J].
Chemosphere,2013,90(10):2520-2525.

LOPEZ-GARCIA E,MASTROIANNI N,PONSA-BORAU N,et al.
Drugs of abuse and their metabolites in river sediments:analysis,
occurrence in four Spanish River Basins and environmental risk
assessment [J].Journal of Hazardous Materials,2021,401:123312.
WANG C C,HOU L L,LI J,et al.Occurrence of diazepam and its
metabolites in wastewater and surface waters in Beijing[J].
Environmental Science and Pollution Research,2017,24(18):

15379-15389.
(Frixrspst. 5k &


https://doi.org/10.1016/j.watres.2022.119182
https://doi.org/10.1016/j.teac.2022.e00192
https://doi.org/10.1016/j.envint.2020.105492
https://doi.org/10.1016/j.envint.2020.105492
https://doi.org/10.1016/j.watres.2022.118800
https://doi.org/10.1016/j.scitotenv.2021.148838
https://doi.org/10.3390/ijerph182010640
https://doi.org/10.3390/ijerph182010640
https://doi.org/10.1016/j.jhazmat.2022.130147
https://doi.org/10.1016/j.scitotenv.2020.138764
https://doi.org/10.1016/j.scitotenv.2013.11.107
https://doi.org/10.1016/j.chemosphere.2012.10.089
https://doi.org/10.1016/j.jhazmat.2020.123312
https://doi.org/10.1007/s11356-017-8922-8

	1 材料与方法
	1.1 试剂与耗材
	1.2 仪器与设备
	1.3 LC-MS/MS条件优化
	1.4 样品前处理方法
	1.5 质量控制
	1.5.1 回收率
	1.5.2 基质效应
	1.5.3 检出限和定量限
	1.5.4 标准曲线的线性及范围
	1.5.5 精密度

	1.6 使用量估算

	2 结果与讨论
	2.1 优化后的LC-MS/MS条件
	2.2 前处理条件的优化
	2.2.1 固相萃取柱的选择
	2.2.2 淋洗条件的优化
	2.2.3 洗脱和复溶条件的优化

	2.3 已优化方法的评价
	2.3.1 回收率和基质效应
	2.3.2 检出限、定量限、标准曲线线性、仪器准确度及精密度

	2.4 分析方法在实际污水样品中的应用

	3 结论
	参考文献

