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Abstract: According to the Report of Drug Situation in China (2020), the growth rate of the
number of drug abusers in China has decreased, but the number of drug abusers is still large.

An efficient screening method is necessary for controlling drug abuse. As an important type of
biological sample, urine is widely used for the rapid screening of drug addicts. However,
because of the complex composition, low content, and strong interference from the body’ s
metabolism, the detection of drugs in urine remains a challenge. Traditional rapid screening
techniques such as immunocolloidal gold analysis have a high false positive rate and insufficient
quantitative capability. In addition, laboratory mass spectrometry methods require complicated
time-consuming sample pre-processing and strict environmental conditions, and hence, are un-
suitable for on-site rapid analysis. In recent years, various direct ionization mass spectrometry
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techniques such as direct analysis in real time ( DART), desorption electrospray ionization
(DESI), and dielectric barrier discharge ionization ( DBDI) have advanced rapidly. These tech-
niques have been applied to public safety, food safety, environmental detection, etc. In con-
trast to traditional ionization mass spectrometry methods, these direct ionization techniques
allow for the in situ analysis of samples with simple or no pretreatment; moreover, they have
the advantages of high analytical efficiency and sensitivity. In particular, pulsed electrospray
ionization has the characteristics of less sample demand, compact, lightweight equipment, and
no carrier gas. This paper presents a rapid method based on pulsed electrospray ionization mass
spectrometry for the detection of urine samples. A rapid detection platform comprising a probe
electrospray ionization source, a portable linear ion trap mass spectrometer ( MS), and their
coupling interface is adopted. The probe electrospray ion source includes a conducting metal
wire, plastic handle, and silica glass capillary, whose tip has an inner diameter of 50 pm. The
guide rail at the coupling interface is used to align the probe with the sample inlet of the porta-
ble mass spectrometer and maintain a distance of 10 mm between the probe tip and the sample
inlet of the MS. The spray voltage of the probe electrospray ion source and the temperature of
the MS inlet capillary are optimized at 1. 8 kV and 205 C, respectively. In addition, rapid and
efficient pretreatment techniques for urine samples have been developed. Buffer salts used for
PH regulation and liquid-liquid extraction based on ethyl acetate were adopted for the pretreat-
ment process. The linearity of the detection ability and the linear ranges of various drug-spiked
solutions were also investigated. The results showed that the correlation coefficients for the
quantitative detection of methamphetamine, ketamine, methylenedioxymethamphetamine
(MDMA) , and cocaine were greater than 0. 99 at concentrations ranging from 1 to 100 ng/mL.
Moreover, the limits of detection (LODs) for the five conventional drug-spiked urine were 0. 5
—-30 ng/mL. The spiked recoveries ranged from 56. 1% to 103. 7%, with relative standard devia-
tions (RSDs) of 9. 0% —27. 8%, implying that the combination of the instruments and the pre-
treatment method can lead to good accuracy. To validate the performance of the rapid detection
method, 40 positive and 110 negative urine samples were tested and analyzed. The overall accu-
racy was over 99%, and the five conventional drugs in urine samples could be detected within
20 s. The research findings of this work could promote the development of rapid detection tech-
nology, accelerate the popularization and application of ambient direct ionization mass spec-
trometry, and improve the services of on-site law enforcement.

Key words: ambient direct ionization; portable mass spectrometer; drug; urine; rapid
detection
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Fig. 1 Setup of the probe type electrospray ion source
and portable mass spectrometer system

III: direct ionization source probe
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Table 1 MS? analysis parameters for each drug
Dru Parent ion Daughter ions Isolation Fragmentation Ion injection
& (m/z) (m/z) voltage/V voltage/V time/ms
Methamphetamine 150 91", 119 2.5 0.40 2 50
Methylenedioxymethamphetamine ( MDMA ) 194 163", 135, 105 3.0 0.40 3 50
Ketamine 238 220*, 179, 125 3.0 0.35 3 50
Cocaine 304 182*, 150 3.0 0.35 3 50
6-Monoacetylmorphine 328 2117, 165 4.0 0.40 4 50
* Quantitative ion; ¢ trapping parameter of ion trap.
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Fig. 2 (a) Relative ion intensities and (b) relative spray time versus spray voltage, (c) ion intensity over time at a spray

voltage of 1.8 kV, and (d) relationship between relative ion intensities and transport capillary temperatures (n=>5)
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Table 2 Linear ranges, correlation coefficients (R*), and RSDs of the five common drugs in urine matrix (n=>5)

Drug Regression equation R? Linear range/ (ng/mL) RSDs/%
Methamphetamine y=0.16212+0.6399 0.9983 4-50 6.9-17.8
MDMA y=1.57342-5.5052 0.9969 10-100 10.7-27.9
Ketamine y=0.38112+0.9830 0.9983 10-100 8.8-22.5
Cocaine y=0.4079x+1.1997 0.9929 10-100 10.6-31.4
6-Monoacetylmorphine y=0.03172+0.4315 0.9891 20-100 28.3-45.7

y: ion intensity; x: mass concentration, ng/mL.
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Fig. 3 MS' and MS? spectra of the five common drug standard solutions
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Table 3 Recoveries, RSDs, and limits of detection (LODs) of the five drugs spiked in urine samples

Compound Spiked at 10 ng/mL Spiked at 50 ng/mL Spiked at 100 ng/mL LOD/
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% (ng/mL)
Methamphetamine 56.1 27.8 77.4 17.3 94.4 9.0 0.5
MDMA 62.4 24.3 91.0 12.6 103.7 10.3 10
Ketamine 73.7 27.2 84.5 17.8 95.5 8.9 10
Cocaine 67.2 27.0 85.2 14.9 92.1 10.6 10
6-Monoacetylmorphine - - 60.7 24.6 81.4 15.8 30

—. Data are not available.
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