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Abstract: Drugs and their metabolites are ubiquitous in various environmental media, including
water bodies, soil, sediment, and air. These substances pose significant risks to human and animal
safety and have emerged as a new category of pollutants. Accurate detection of the content of drugs
in the environmental matrix can not only timely and objectively grasp the usage status, spatial
distribution characteristics and temporal change patterns of drugs in a certain area, but also precisely
assess the impact of long-term low-level exposure on the ecological environment. Currently,
monitoring domestic sewage has emerged as a significant tool for tracking drugs use in various
countries globally. Data obtained from domestic sewage samples for drugs detection can provide
an objective, real-time, accurate, and effective reflection of local drug use patterns. Mass spec-
trometry has the advantages such as high specificity, high sensitivity and high quantitation accuracy
and is mostly used for the analysis of domestic sewage samples. However, laboratory mass

spectrometry methods involve complicated and time-consuming sample preparation processes, along
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with stringent environmental requirements, making them impractical for on-site rapid analysis.
Consequently, there is an immediate need for the development of detection methods that are broad-
spectrum, rapid, and capable of high throughput. In recent years, direct ionization mass spec-
trometry technology has been widely applied in on-site rapid detection and analysis work due to its
characteristics such as avoiding complex chromatographic separation processes, fast analysis speed,
high matrix tolerance, the ability to directly ionize analytes in complex matrix samples, and no (or
only very little) sample pretreatment required. Direct ionization mass spectrometry is now playing
an essential role in scientific research, environmental monitoring and public security. Pulsed direct
current electrospray ionization mass spectrometry (pulsed-DC-ESI-MS) is a portable detection
platform, which can be used for the accurate, rapid, on-site, batch, and sensitive analysis of
picoliter level samples. In this research, a novelty method of pulsed-DC-ESI-MS was developed to
achieve rapid detection of 11 drugs in domestic sewage. The drugs analyzed include metham -
phetamine (MA) , amphetamine (AM) , 3, 4-methylenedioxymethylamphetamine (MDMA) ,
3,4-methylenedioxyamphetamine (MDA), morphine (MOR), 6-monoacetylmorphine (6-MAM),
ketamine (KET), norketamine (NKET) cocaine (COC), benzoylecgonine (BZE), and codeine
(COD). The sewage samples were extracted using the Oasis PRIME MCX solid-phase extraction
(SPE) column. The extraction solution was blowing to nearly dry with nitrogen and then redissolved
with 200 pL methanol and vortex for 0.5 min. The redissolved sample solution was filtered through
a 0.22 pm organic filter membrane and analyzed by pulsed-DC-ESI-MS. The methodological validation
results indicated that the 11 drugs had a good linear relationship within their respective linear ranges.
The correlation coefficients (7)) were all >0.998 6, the limits of detection (LODs) and quantification
(LOQs) were 0.01-0.5 wg/L and 0.05-5 pg/L, respectively. At three spiked levels, the recoveries of
11 drugs ranged from 88.0% to 107.6%, the intra- and inter-day precisions were both <8.5%. This
method has a fast detection speed, greatly improving the detection efficiency, and is suitable for
the rapid detection and analysis of common drugs in domestic sewage.

Key words: pulsed direct current electrospray ionization mass spectrometry (pulsed-DC-ESI-

MS); common drugs; domestic sewage; rapid detection
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Fig.1 Effects of three different solid-phase extraction
(SPE) columns on the recoveries of the 11 target
analytes (n=5)
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Table 1 MS parameters of the 11 target analytes and isotope internal standards

Fragment ions Fragmentation

Analyte M /Da Parent ion (m/z) (m/z) voltage/V
Methamphetamine (MA) 149.23 150.08 119.007, 91.00 2.5
3,4-Methylene-dioxymethylamphetamine (MDMA ) 193.24 194.14 163.08", 58.15 3.0
3,4-Methylene-dioxyamphetamine (MDA ) 179.22 180.29 163.06", 149.00 2.0
Amphetamine (AM) 135.21 136.19 119.00%, 91.00 2.0
Ketamine (KET) 237.72 238.10 220.10°, 207.10 2.0
Morphine (MOR) 285.30 286.20 201.00°, 211.00 2.5
Codeine (COD) 299.40 300.30 215.207, 183.10 3.0
6-Monoacetylmorphine (6-MAM ) 327.40 328.10 193.10, 211.10" 3.0
Cocaine (COC) 303.35 304.30 182.10", 150.00 2.0
Norketamine (NKET) 223.70 224.20 207.00°, 125.10 2.5
Benzoylecgonine (BZE) 289.33 290.13 105.12, 168.11° 2.5
D5-MA 154.23 155.08 121.00" 2.5
D4-MDMA 233.70 198.14 167.07" 2.0
D4-MDA 183.22 184.20 167.11° 2.0
D5-AM 140.21 141.20 124.10" 2.0
D4-KET 241.75 242.00 224.00" 3.5
D3-MOR 288.30 289.20 211.00" 2.5
D3-COD 302.40 303.10 215.10" 3.0
D3-6-MAM 330.40 331.00 211.00" 3.0
D3-COC 306.37 307.00 185.00 2.5
D4-NKET 227.68 228.20 211.10° 3.0
D3-BZE 292.33 293.13 171.12° 2.5

* Quantitative ion.
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Fig.2 Response values of the 11 target analytes under dif-
ferent pH conditions (n=3)
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Table 2 Linear equations, correlation coefficients (r*), linear ranges, LODs and LOQs of the 11 target analytes

Analyte Linear equation 7 Linear range/( pug/L) LOD/(pg/L) LOQ/(wg/L)
MA =0.20042-0.0086 0.9992 0.5-50 0.1 0.5
MDMA y=0.21922-0.0046 0.9988 0.5-50 0.1 0.5
MDA y=0.21112-0.0072 0.9998 0.5-50 0.1 0.5
AM y=0.19442+0.0054 0.9986 0.5-50 0.05 0.5
KET ¥=0.21712-0.0016 0.9998 0.5-50 0.1 0.5
NKET ¥=0.20572+0.0005 0.9998 0.5-50 0.1 0.5
COC y=2.8152x+0.0355 0.9994 0.05-2 0.01 0.05
y=2.7739x-1.0047 0.9998 2-50
COD y=0.10152-0.0031 0.9995 1.0-100 0.2 1
MOR y=0.23012-0.0127 0.9997 5.0-100 0.5 5
6-MAM y=0.0858x-0.0025 0.9987 2.0-100 0.5 2
BZE y=0.23722-0.0027 0.9994 0.5-50 0.1 0.5

y: the ratio of the response value of the target analyte to the corresponding internal standard ; x: mass concentration, pg/L.
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Table3 Recoveries, intra- and inter-day RSDs of the 11 tar-

get analytes
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i B (LOD) Al it B (LOQ) 43 HI38 i 3 5 1 10 £ - e -
{5 M L (S/N) 3R AT o MR 4l S o 25 R A5 51 11 A 5 102.3 4.9 5.8
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. MDMA 0.5 99.0 4.3 4.7
B B IR P R 3 AN K TR A A o S 075 s i
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., ¥ M GA/T 2059-2023'#% % HPLC-MS/MS #) 10 104.4 6.6 8.5
{SCER A5 SEBR AR 2 R I 25 R an 3 4 iR . RHA 100 102.9 70 >2
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Table 4 Results of the two methods in the detection of actual sewage samples wng/L
HPLC-MS/MS pulsed-DC-ESI-MS

Analyte S1 S2 S3 S4 S5 S6 S1 S2 S3 S4 S5 S6

MA ND ND ND 0.0026 0.0537 ND ND ND ND 0.0023 0.0506 ND

MOR 0.1237 ND ND 0.0478 0.0314 ND 0.1026 ND ND 0.0493 0.0297 ND

KET ND ND 0.0065 ND ND ND ND ND 0.0063 ND ND ND

CcOoC ND ND ND ND ND 0.0487 ND ND ND ND ND 0.0512
BZE 0.0061 0.0082 ND ND ND ND 0.0057 0.0078 ND ND ND ND
MDMA ND ND ND 0.0546 ND ND ND ND ND 0.0617 ND ND

pulsed-DC-ESI-MS: pulsed direct current electrospray ionization mass spectrometry; ND: not detected.
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