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Abstract: The aim of this study is to solve the problems of complicated pretreatment and high
analytical cost in the detection technology of trace drug toxicants in municipal wastewater. A high-
performance magnetic sorbent was synthesized for enrichment of trace drug substances in
wastewater to develop magnetic solid-phase extraction pretreatment combined with the acoustic
ejection mass spectrometry (AEMS) analytical methods for the molecules in wastewater drug
toxicants. The magnetic nanospheres was successfully prepared by magnetic nanoparticles
modified with divinylbenzene and vinyl pyrrolidone.The results showed that the linear dynamic
range of 17 drugs was 1-500 ng/L, the recovery was 43%-105%, the matrix effect was more than 67%,
the limit of quantitative detection was 1-2 ng/L, and the detection time of each sample was 2.98s. It
can be seen that the developed magnetic solid-phase extraction (MSPE) method is a good solution
to the problem of complicated pre-treatment and analytical cost in the detection of drugs in
wastewater. The developed magnetic material and acoustic excitation coupled mass spectrometry
analysis method can realize the low-cost, efficient enrichment and fast analysis of different kinds of
drug molecules in urban sewage.

Keywords: detection technology of drugs in urban sewage; magnetic solid phase extraction;
acoustic ejection mass spectrometry analysis method; fast detection

1. Introduction

The analysis of drugs in waste water can be used to assess the drug consumption of specific
populations (workplaces, schools, prisons, etc.) in large regions (cities or countries) and small regions,
and can be used to obtain trends in the types of drugs consumed or information on new types of
drugs through short-term or long-term sampling and testing. The results of the monitoring are of
high reference value for the investigation and seizure of drug manufacturing laboratories, the fight
against drug crimes and the early warning of new psychoactive substances [1-5].

Most of the current research on illegal drugs and its metabolites uses active sampling methods,
and then the collected water samples are brought back to the laboratory for pre-treatment and
instrumental analysis [6-9]. In various laboratories, the most widely used method is solid-phase
extraction (SPE) to extract and enrich the drugs in water samples, and then analyze them by Liquid
Chromatography-Mass Spectrometry. In the process of solid-phase extraction, due to the variance in
the physical and chemical properties of drugs, different types of solid-phase extraction columns are
used. The solid-phase extraction columns are those with high recovery rate and wider application
include hydrophilic lipophilic reversed-phase adsorption column Oasis HLB™ and cation-exchange
solid-phase extraction column Oasis MCX™. However, this technique takes 2-4 hours to manually
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process a sample with low reproducibility, time-consuming and costly when dealing with urban
wastewater with multiple large samples, low levels of drug toxins and complex matrix interferences.
Especially in the case of a large number of sewage samples to be tested, the column method inevitably
requires activation, buffer activation, drenching, drying, elution, nitrogen blowing and volume fixing
before entering the chromatographic analysis, which is a considerable consumption of time and
economic costs. Therefore, it is difficult for the current conventional pretreatment methods to meet
the actual needs of rapid analysis of trace or ultra-trace drug toxins in urban wastewater, and there
is an urgent need to use scientific and efficient pretreatment methods and highly sensitive detection
instruments to establish a rapid analytical method for the determination of drug toxins in the
wastewater environment, so as to provide the necessary auxiliary tools for the prevention and
combating of drug-related crimes [10-16].

In recent years, magnetic solid-phase extraction(MSPE) has been more and more applied to the
pretreatment of complex samples in the fields of environment, food and biomedicine. Due to its
advantages of simple operation, short extraction time, low use of organic reagents, strong adsorption
capacity and easy automation, MSPE has attracted the attention of many analytical researchers and
has achieved very good application results [17-20]. MSPE has three main advantages: first, it makes
the extraction process simple, for it does not require expensive equipment, and the magnetic sorbents
can be separated in a short time to absorb trace targets in a large volume; second, the amount of
chemical substances used in MSPE is greatly reduced, and there is no secondary pollution; third, it
can not only extract the target analytes in solution, but also can absorb targets in suspension. Because
the impurities in the sample are generally antimagnetic substances, it can effectively avoid the
interference of impurities. Therefore, MSPE is widely applied to the separation and enrichment of
samples in the fields of environment, food, biology, medicine and so on. This study will develop
magnetic materials and establish pre-treatment and analytical methods for common drug toxins in
wastewater.

Liquid Chromatography-Mass Spectrometry has high specificity and sensitivity and can meet
the requirements of scientific applications, especially for samples with limited amount of samples
and low concentration of targets [21]. However, Conventional liquid chromatography-mass
spectrometry analytical techniques usually use gradient elution, which is time-consuming, and the
analysis time of one injection may exceed 10 min. In the actual detection the illegal drugs in sewage,
the sample volume is usually very large, and there are great difficulties in the rapid detection of
hundreds or thousands of actual samples. The traditional method requires the consumption of
chromatographic columns (which need to be replaced after thousands of injections), and the
reproducibility of the mobile phase configuration is required to be high.

The Echo®MS system (Figure 1), Acoustic Ejection Mass Spectrometry (AEMS), is a integrated
system consisting of acoustic droplet ejection technology (ADE), an open-port probe sampling
interface (OPI), and a powerful quantitative SCIEX Triple Quad™ 6500+ system (with electrospray
ionization source,).The Echo® MS system is optimized for rapid sampling and analysis at 1 sample
per second, which is hundreds of times faster per sample than conventional liquid chromatography-
mass spectrometry(10min per sample). The Echo® MS system is compatible with standard 384-well
or 1536-well injection plates, which are suitable for rapid, large-volume sample testing. The Echo®
MS system eliminates the need for conventional liquid chromatography consumables such as
columns and pre-columns [22,23].
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Figure 1. Echo® MS equipment(a) and Schematic diagram of the instrument(b).

In this study, magnetic solid-phase extraction (MSPE) technology was combined with Echo® MS
system detection technology to establish pre-treatment and analytical methods for the rapid detection
of drug toxins in wastewater.

The conventional Echo® MS could deliver the high analytical throughput. Although it meets the
requirement of many drug discovery and synthetic biology assays, it is still challenging to meet the
requirement of this particular assay. Combining conventional Echo® MS with high-throughput
magnetic solid-phase extraction technology, not only does it save preprocessing time, but it also saves
detection time. This study is the first report of integrate the magnetic solid-phase sample pre-
concentration with the Echo® MS system, to achieve both high-throughput and high-sensitivity
simultaneously.

2. Materials and Methods
2.1. Material and Reagents

Standards and internal standards were obtained from the Third Institute of the Ministry of
Public Security. Synthetic magnetic bead reagents were purchased from Beijing Chemical Industry
Co Ltd. (Beijing, China). All chemicals can be used directly without further purification.

2.2. Test Instruments and Analytical Methods

The AEMS system was an Echo®MS system with pure water as the coupling fluid, methanol +
0.1% formic acid as the mobile phase, a flow rate of 360 uL/min, and SP mode (i.e., the sample
viscosity is less than that of water) as the injection mode. The injection volume was 2.5 nL and the
mass spectrometer was a SCIEX Triple Quad™ 6500+ system. The curtain gas was 20psi, CAD gas
was 9 unit, ionspray voltage was 5500V, the source temperature was 300°C, the ion source gasl was
90psi, and the ion source gas2 was 45psi. MRM ion pair information was shown in Table 1. Scanning
electron  mircrographs(SEM) were obtained with a S3400N  scanning electron
microscope(Hitachi,Japan). Infared spectra were recorded by a Nicolet 6700 FT-IR
spectrophotometer(Nicolet, USA). The magnetic properties were analyzed through a vibrating
sample magnetometer(VSM, PPMS-9) made by Quantum Design, Ltd.,USA.
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Table 1. MRM Ion Pair Information of 17 kinds of drugs and their deuterium compounds.

No. Drugs Q1 Q3 DP CE
. 136.1 119.1 20 13
1 amphetamine 136.1 91.1 20 23
amphetamine-D5 141.1 124.1 20 13
. 150.1 119.1 25 16
5 methamphetamine 1501 911 05 o7
methamphetamine-D5 155.2 121.1 25 16
Os-monoacetylmorphine 3282 2111 120 34
3 328.2 165.1 120 50
Os-monoacetylmorphine-D3 331.2 211.1 120 34
. 286.1 201.1 110 36
4 morphine 286.1 165.1 110 57
morphine-D3 289.2 201.1 110 36
. 238.1 207.1 35 19
5 ketamine 238.1 125 35 35
ketamine-D4 2421 211.1 35 19
Norketamine 224.1 207.1 30 18
6 224.1 125 30 35
Norketamine-D4 228.1 211.1 30 18
. 304.2 182.1 80 27
7 Cocaine 304.2 150.1 80 32
Cocaine-D3 307.2 185.1 80 27
. 290.1 168.1 70 26
3 Benzoylecgonine 290.1 105 70 36
Benzoylecgonine-D3 293.1 171.1 70 26
9 3,4-Methylenedioxyamphetamine 1281 1321 1: ;g
3,4-Methylenedioxyamphetamine-D4 184 167 15 16
. . 194.1 163.1 30 16
o 3,4—methylened'loxymethamphetam'me 1941 1051 30 3
3,4-methylenedioxymethamphetamine- 198.1 1671 30 16

D4
. 150.4 117.2 30 31
11 Cathinone 150.4 1322 30 17
Cathinone-D5 155.3 122 40 31
. 164.1 105.1 70 31
12 Methcathinone 164.1 131.1 70 26
Methcathinone-D5 169.1 136.1 70 31
Fentanyl 337.2 188.3 90 31
13 337.2 105.2 90 45
Fentanyl-D5 342.2 105 90 45
Diazepam 285.1 193 125 44
14 285.1 154 125 35
Diazepam-D5 290 198 125 44
Estazolam 295.2 267.3 130 32
15 295.1 205.2 130 54
Estazolam-D5 300 272 130 34
310.2 265.2 40 21
16 methadone 310.2 105.1 40 34
methadone-D10 320 275 40 21

17 377 232 110 20
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N-(1-methoxy-3,3-dimethyl-1-
oxobutan-2-yl)-1-(5-fluoropentyl)- 1H-

indole-3- carboxamide(5F-MDMB- 377 144 10 >4
PICA)
N-(1-methoxy-3,3-dimethyl-1-
oxobutan-2-yl)-1-(5-fluoropentyl)- 381 236 110 20

1H-indole- 3-carboxamide-D4

2.3. Synthesis of Magnetic Adsorbents

1 g of ferric chloride hexahydrate, 3 g of sodium acetate, and 0.2 g of sodium citrate were added
to 100 mL of ethylene glycol and stirred to dissolve for 30 minutes, then added to a 200 mL
polytetrafluoroethylene reactor and placed in an oven at 200°C for 12 hours. After being cooled to
room temperature, the magnetic separation was washed three times repeatedly using ethanol and
deionized water to obtain magnetic tetraferric oxide particles(FesO4). 1 g of 400 nm FesOs: was
dispersed in 200 mL of ethanol in ultrasonic treatment, and then 50 mL of water was added to the
above dispersion by ultrasonic treatment for 5 minutes. After stirring for 30 minutes, 2mL
concentrated ammonia was added to the solution and mixed thoroughly for 20 minutes, then 5mL
tetraethyl orthosilicate and 1.5mL methacrylic acid-3-(trimethoxymethylsilyl) propyl ester were
added drop by drop, and the reaction was continued for 12 hours at room temperature to obtain
double-bond modified magnetic silica microspheres(Fes0:@SiO>-MA).The magnetic separation was
cleaned three times with ethanol and deionized water repeatedly, and then the products were placed
in a vacuum at 60°C. The magnetic separation was washed three times with ethanol and deionized
water and particles were dried in a vacuum oven at 60°C. 2g of the above particles were dispersed in
a 1000mL round-bottomed flask and added to 500mL of acetonitrile, and then 3.6mL of
divinylbenzene, 7.2mL of vinylpyrrolidone and 0.4g of 2,2-azobisisobutyronitrile were added to the
solution. The mixture was allowed to react for 1 hour with mechanical stirring under nitrogen
protection. Then, the temperature was set to 75°C and the mixture was allowed to continue to react
at that temperature for 8 hours. The magnetic separation was washed three times with deionized
water and ethanol and finally, the product(Fes04@SiO>-MA@PLS) was dried at room temperature.

2.4. Wastewater Pre-Treatment Method

As shown in Figure 2, 20 mg of MSPE sorbent was added to a centrifuge tube containing 50 mL
of wastewater samples (including internal standards), sonicated for 1 min to fully disperse, and then
vortexed at room temperature for 10 min. Subsequently, a magnet was placed on the side of the
centrifuge tube in order to separate the MSPE sorbent from the solution. The solution became clear
after about 60 seconds and the supernatant was carefully removed. The target was eluted from the
magnetic solid phase extraction adsorbent by ultrasonic washing for 5 minutes with 3 mL of
acetonitrile solution, the eluate was quickly blown dry using nitrogen at 60 °C, re-solubilized using
200 uL of methanol solution (methanol: water = 2:8, v/v) and passed through a 0.22 um filter
membrane to remove impurities, and finally injected into the sample for analysis.
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(d)

Figure 2. MSPE process of weighing of magnetic materials (a) ultrasonic dispersion(b) rotary
mixing(c) magnetic separation(d).

2.5. Method Validation

Mixed standard solutions were sequentially diluted with methanol water (methanol: water =2:8,
v/v) as the solvent to configure standard curves at concentrations of 1, 2, 5, 10, 20, 50, 100, 250, and
500 ng/mL, respectively, (the concentration of the internal standard contained in each standard curve
was 250 ng/mL). Linear regression was performed with the mean value of the quantitative ion-pair
peak area ratio of the target and the corresponding deuterium internal standard in the extract of the
added sample as the vertical coordinate, and the content of the target in the added sample as the
horizontal coordinate, and a linear equation was obtained. Based on the quantitative ion-pair peak
area values of the target and the corresponding deuterated internal standard in the extract of the
sample, the content of the target in the sample was calculated. The method was evaluated by linearity,
LOD and LOQ, precision and accuracy and the limit of detection (LOD) and limit of quantification
(LOQ) based on signal-to-noise ratios of 3 (S/N=3) and 10 (S/N=10) was determined. Three validation
batches were tested to assess the accuracy and precision of the method.

Experiments were conducted to examine matrix sample reproducibility. Effluent blank samples
were spiked with 17 drugs (spiked at a concentration of 250 ng/mL) after pre-treatment of the
samples, and 3 parallel samples were examined (i.e., sample-5, sample-6, and sample-7), with 6
consecutive injections of each sample, respectively. The matrix effect (in %) of the method was
investigated. Effluent blank samples were pre-treated and spiked with 17 drugs (spiked at a
concentration of 250 ng/mL), and double-parallel samples were examined (i.e., sample-3, sample-4),
with the concentration of each sample calculated under a standard curve and divided by 250
(theoretical spiked concentration). The recovery (in %) of the method was examined. The effluent
blank samples were spiked with 17 drugs (added concentration 250 ng/mL) after pre-treatment of the
samples, where 3 parallel samples were examined (i.e,, sample-5, sample-6, sample-7), and the
concentration of each sample was calculated under the standard curve and then divided by 250 (the
theoretical added concentration).
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3. Results

3.1. Magnetic Solid Phase Extraction Technique and Characterization of Magnetic Materials

Magnetic solid phase extraction is a kind of adsorption coating with magnetic particles as the
core and the outer surface modified to have strong adsorption effect on the target. In the magnetic
solid phase extraction process, the magnetic adsorbent is not directly filled into the adsorption
column, but is added to the solution or suspension of the sample, the target analyte is adsorbed to
the dispersed magnetic adsorbent surface, and under the action of an external magnetic field, the
target analyte can be separated from the sample matrix.

Figure.3 shows the hysteresis curve of FesOs, Fes04@SiO>-MA and Fe;04@SiO.-MA@PLS at room
temperature. As can be seen, the three curves have a similar shape and symmetry about the origin.
The saturation magnetization value was found to be 52.6 emu-g-'for Fes04@SiO>-MA and 67.4 emu-g-
1 for FesOs. This difference might be attributed to the non-magnetic SiO>-MA shell surrounding the
magnetite particles. After divinylbenzene and Vinyl pyrrolidone were grafted on Fes0.«@SiO>-MA,
saturation magnetization value for Fe:0s@SiO»-MA@PLS was 38.7 emu-g’. This indicated the
formation of PLS shell on the surface of SiO-MA shell.
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Figure 3. vibrating sample magnetometer analysis.

Figure.4 shows The Fourier transform infrared spectroscopy was used to characterize the
chemical interaction between FesOs and functional groups. As can be seen from Figure. 2, the
adsorption band of Fe-O is at 567 cm? (Figure la), which is the characteristic peak of FesOs
nanoparticles. The two bands at 952 and 1091 cm™ (Figure 2b) are the stretching vibration of Si-O
bonds of the SiO2 shell. These proves that the SiOzshell is linked to the surface of the magnetic Fe3sOa.
In Figure 4c, the peak of 1091 cm™ has been almost invisible. And peaks in the region of 1100-1400
cm! are attributed to C-H and C-C stretching vibrations from divinylbenzene and Vinyl pyrrolidone.
These results indicate that the divinylbenzene and Vinyl pyrrolidone are successful chemisorbed on
the surface of FesO:@S5iO-MA@PLS nanoparticles.
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Figure 4. Fourier transform infrared spectroscopy.

The detailed morphological and structural features of the prepared Fes0s@SiO-MA@PLS
nanoparticles were characterized using SEM. Figure 5 indicates that nanoparticles particles are well-
dispersed with the average size of 200 nm.
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Figure 5. Microstructure of magnetic materials.

3.2. Method Validation

The ion flow chromatogram of XIC extraction for 17 drugs of spiked blank water was shown in
Figure 6, which suggests that the Echo® MS system can detect the target molecules.
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Figure 6. The ion flow chromatogram of XIC extraction for 17 drugs of spiked blank water.
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The linear range and the LOQs are shown in Table 2, which demonstrated that the linear range
of 17 drugs was 1-500 ng/L,and the limit of quantitative detection was 1-2 ng/L.

Table 2. Linear range and limit of quantification for 17 drugs.

No Drugs Linear range (ng/mL) (n]:g(/)n?L)
1 Amphetamine 2-500 2
2 Methamphetamine 1-250 1
3 O6-monoacetylmorphine 2-500 2
4 Morphine 2-500 2
5 Ketamine 1-500 1
6 Norketamine 2-500 2
7 Cocaine 1-500 1
8 Benzoylecgonine 1-500 1
9 3,4-Methylenedioxyamphetamine 2-500 2
10 o . 2-500 2

methylenedioxymethamphetamine
11 Cathinone 1-500 1
12 Methcathinone 1-500 1
13 Fentanyl 1-500 1
14 Diazepam 1-500 1
15 Estazolam 1-500 2
16 Methadone 1-500 2
N-(1-methoxy-3,3-dimethyl-1-
17 oxobutan-2-yl)-1-(5-fluoropentyl)-1H- 1-500 2
indole- 3-carboxamide
2. Results
This se

The reproducibility of spiked samples indicated that the RSD values of the peak areas of the 17
drugs were less than 5%, and the detailed data were shown in Table 3 below. Figure 7a were tipical
chromatograms of Methamphetamine-D5 and Methamphetamine in Sample 5, Sample 6, Sample 7
for 6 consecutive injections.
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Table 3. The preicion of 17drugs of 3 different sample with sames piked samples by MSPE.

Compound Peak Are RSD % (6 consecutive

No. Drugs injections)
sample-5 sample-6  sample-7
1 Amphetamine 3.4 2.3 2.5
2 Methamphetamine 3.4 3.8 4.5
3 O6-monoacetylmorphine 2.7 3.4 3.4
4 Morphine 1.6 4.9 4.7
5 Ketamine 2.6 2.7 3.7
6 Norketamine 4.0 0.8 4.8
7 Cocaine 4.8 4.8 3.6
8 Benzoylecgonine 14 2.5 2.7
9 3,4-Methylenedioxyamphetamine 2.3 3.4 41
10 3,4-methylenedioxymethamphetamine 4.4 3.4 3.6
11 Cathinone 1.9 4.3 3.7
12 Methcathinone 2.5 41 29
13 Fentanyl 4.2 4.6 49
14 Diazepam 3.3 44 4.5
15 Estazolam 2.1 3.3 1.9
16 Methadone 5.0 49 2.3
N-(1-methoxy-3,3-dimethyl-1-oxobutan-2-
17 yl)-1-(5-fluoropentyl)-1H-indole- 3- 1.1 3.7 2.0
carboxamide

@ )

Figure 7. Chromatograms of methamphetamine-D5(a) and methamphetamine in Sample 5, Sample
6, Sample 7 (6 consecutive injections)(b).

The examination of matrix effects and extraction recovery in wastewater blank samples pre-
treated with the addition of 17 drugs were listed in Table 4, which showed that the matrix effects of
the method were all greater than 67% with less matrix interference and the extraction recoveries were
above 80 % (except for mechlorethamine and cathinone).

Table 4. Matrix effects and recoveries for 17 drugs.

Matrix effects % recoveries%
No. Drugs
sample3 sample4 sample5 sample6 sample?
1 Amphetamine 81 95 88 100 96
2 Methamphetamine 90 100 93 91 91
3 Os-monoacetylmorphine 97 102 105 95 97
4 Morphine 96 91 92 101 97
5 Ketamine 89 92 101 93 96
6 Norketamine 67 70 68 70 67
7 Cocaine 93 98 94 93 92
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8 Benzoylecgonine 84 98 94 92 99
9 3,4-Methylenedioxyamphetamine 89 94 97 96 97
10 o . 93 89 82 95 88
methylenedioxymethamphetamine
11 Cathinone 71 30 46 43 44
12 Methcathinone 111 102 95 98 93
13 Fentanyl 86 82 93 88 90
14 Diazepam 97 104 97 94 95
15 Estazolam 87 90 95 88 89
16 Methadone 92 82 96 87 92
N-(1-methoxy-3,3-dimethyl-1-
17 oxobutan-2-yl)-1-(5-fluoropentyl)- 86 80 99 93 96

1H-indole- 3-carboxamide

5. Conclusions

In this study, magnetic adsorbents were prepared for the enrichment of drugs and toxins in
wastewater, and the magnetic dispersive solid-phase extraction (MSPE) pre-treatment combined
with direct injection mass spectrometry (MS) analysis was established to realize the rapid pre-
treatment and detection of the target drug and toxin molecules. In this study, magnetic nanomaterials
were used as adsorbents, which were mixed with water, and then concentrated by magnetic
separation and elution. It is fast, more economical, less time-consuming, and easier to be high
throughput than those of the traditional solid-phase extraction. Currently, high-throughput pre-
treatment with magnetic solid-phase extraction is common for small-volume samples, such as nucleic
acid extraction. High-throughput equipment for large-volume samples (~5 ml) is not common, but is
achievable. The magnetic solid phase extraction high throughput preprocessor developed by our
team is in the final stages of testing. Once a high-throughput pre-processing instrument is available,
its coupling with high-throughput direct-injection mass spectrometry will dramatically reduce
detection time.

The Echo® MS system is equipped with ADE technology, which uses acoustic energy to excite
the sample from a very small sample volume (2.5 nL) in the sample plate, and the small droplets of
sample are transported to the SCIEX Triple Quad™ 6500+ system for analysis and detection via OPI
technology, eliminating the need for conventional liquid chromatography consumables, such as
columns and pre-columns, in the entire process. The injection volume of the system is 2.5nL, which
is 1/1000th of that of a conventional LC-MS/MS. Such a small injection volume is very favorable for
complex matrices such as wastewater as the negative effects of matrix effects are greatly diluted; at
the same time, it is extremely favorable for the detection of target drugs adsorbed on the surface of
the magnetic particles in mass spectrometry, because in the comparison experiments with the
conventional LC-MS/MS,we found that the surface of the magnetic beads was enriched with other
substances in the wastewater, which would interfere with the detection of the target in the mass
spectrometry, but when the injection volume was reduced to 2.5 nl, these interferences were
negligible.

The Echo® MS system is equipped with ultra-fast injection speed, 1 sample per second for rapid
sampling and analysis, and standard 384-well or 1536-well injection plate, which is suitable for rapid
and large-volume sample detection. In our experiment, 127 samples can be completed in 6.3 min,
while 1,397 min is needed compared with the traditional sewage drug testing liquid-mass
spectrometry detection method. The Echo® MS system analyzes the same samples at a rate of at least
220 times faster than conventional liquid-mass spectrometry methods. The Echo® MS system
equipped with the SCIEX Triple Quad™ 6500+ system also possesses powerful quantification
capability, and the data showed that the limit of quantification (LOQ) for the 17 drugs could reach 1-
2 ng/mL.In the reproducibility study, the Echo® MS system was able to achieve the RSD of matrix
samples of <5%. In addition, the data of matrix effect study of the method showed that all 17 drugs
could achieve more than 70%. In addition, the matrix effect data of the method showed that all 17
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drugs could achieve more than 70%, which indicated that the method had a strong ability to resist
matrix interference. The extraction recovery of all 17 drugs could reach more than 80% (except
methcathinone and cathinone) in the investigation experiment. The methodological data showed that
the method developed by the Echo® MS system for the detection of drugs in wastewater was suitable.
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