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Abstract 

 

 Fentanyl and related psychoactive substances are at the forefront of the opioid 

overdose crisis, for which a complete solution is not immediately obvious.  Drug testing for 

harm reduction may be an effective approach to both reduce overdoses and importantly, 

engage people who use drugs (PWUD) with the medical system. Paper spray mass 

spectrometry (PS-MS) is an ambient ionization strategy that is uniquely suited to address this 

complicated analytical task. This perspectives article presents the merits of PS-MS, with a 

focus upon the current state of its use as a candidate drug checking strategy for harm 

reduction. PS-MS is inherently sensitive and selective, with detection limits in the picogram 

range. It requires small drug samples (~1 mg) for quantitative drug testing, critical to 

encourage pre-consumption measurements by PWUD in the context of a harm reduction 

strategy. Calibrations obtained in surrogate drug matrices containing highly concentrated 

primary drugs demonstrate comparable sensitivities, a wide calibration range, and minimal 

matrix effects. PS-MS can be interfaced with high-resolution MS for non-targeted analysis, 

allowing the identification of novel psychoactive substances as they appear in street drugs. 

Individual quantitative PS-MS measurements for drug testing can be done in 1 minute or less, 

resulting in high sample throughput. Significant advancement in mass spectrometer 

miniaturization and mobilization has concomitant benefits for direct, on-site drug checking, 

such as reduced cost, simplified maintenance and ease of use by less skilled operators. While 

PS-MS technology continues to rapidly advance, it is our opinion that PS-MS can be utilized 

as an effective tool for harm reduction in the opioid overdose crisis. 
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Introduction 

 

Fentanyl and related analog compounds are currently at the centre of an international 

health crisis. While fentanyl is used safely and effectively as an analgesic in clinical settings, 

it has recently seen an unprecedented rise in illicit use. Fentanyl is often used clandestinely to 

replace or is laced into other street drugs, such as heroin, oxycodone, and 

methylenedioxymethamphetamine (MDMA), due to its potency, availability, and low 

production costs. There are currently upwards of 1400 fentanyl analogues that have been 

synthesized to date1, adding further complexity to the crisis in terms of both their relative 

toxicity and detection (Figure 1). The current health situation, termed the ‘opioid crisis,’ has 

resulted in an astonishing and growing number of drug overdoses. In British Columbia, 

Canada alone, there were 1,514 reported deaths due to drug overdoses in 2018, with fentanyl 

detected in 87% of the cases2. The problem of the opioid crisis is complex, and the solutions 

are not immediately obvious. 

 

A number of strategies have been implemented to fight the opioid crisis, one of which 

is harm reduction. Broadly described, a harm reduction strategy takes a clinical, rather than 

punitive law enforcement strategy by aiming to reduce harm to the user as well as the 

surrounding community. A harm reduction strategy does not demand the immediate cessation 

of drug use by the user, but rather focuses on their education and providing improved 

available resources, promoting safety and ultimately better health outcomes3-4. Harm 

reduction is multi-faceted, and includes the supply of clean, safe needles and supervised 

consumption facilities, opiate replacement therapies, drug testing prior to consumption, and 

counseling services, amongst other provisions. It is important to emphasize that drug 

addiction is rarely an isolated challenge, as users may also struggle with mental illness, 

homelessness, marginalization, HIV-AIDS, and hepatitis C5. As a result, an emphasis on a 

criminal justice strategy may not be the most effective to combat the opioid crisis, and may 

further complicate the clinical needs of many drug users6. While critics of harm reduction 

strategies have suggested that there are accompanying increases in crime and drug use, recent 

data suggests that a harm reduction approach does not encourage consumption, and also 

results in improved safety for the user and community7-9. 

 

To complement its efficacy, harm reduction is also cost-effective. As mentioned 

earlier, the opioid crisis is often related to other challenges, such as the increased spread of 

blood-borne infection and disease (HIV-AIDS, hepatitis C). The estimated cost to treat an 

individual overdose (fatal or nonfatal) is approximately $75,000 USD10, while treating an 

average HIV-AIDS patient over the course of their lifetime is over $380,000 USD11. 

Education through substance testing and the minimization of contaminated needles through 

harm reduction may limit overdoses and the spread of disease. Harm reduction techniques 

may therefore have the potential for profound economic impacts in addition to obvious 

sociological benefits. 

 

 The use of drug checking as part of a harm reduction strategy has been growing in 

popularity. The concept originated in the Netherlands in 199212, and is now starting to gain 

acceptance in North America. A notable case includes ‘Insite’ in Vancouver, BC13. The basic 

concept surrounding drug checking involves point-of-use testing at a safe consumption site, 

including education and potential counseling regarding the information resulting from the 

tests. This has been observed to result in modified behaviors, such as reduction of drug 

quantities used or the discarding of dangerous or unknown substances13. Current drug testing 

services in the province of British Columbia include the ‘off-label’ use of immunoassay 
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urinalysis test strips to detect the presence of fentanyl and some of its analogs, as well as the 

recent addition of Fourier transform infrared (FT-IR) spectroscopic detection strategies13. 

While the use of test strips may provide qualitative, trace level detection of fentanyl, it is 

necessary to note that such strips are not specifically designed to test street drugs. These 

strips are instead intended for urine testing, may not cross react with the parent drug, and may 

not detect all of the toxic analogs of fentanyl, such as the higher potency carfentanil analog14. 

In addition, other psychoactive substances, such as benzodiazepines, are appearing in street 

drugs with increasing frequency, and can be missed by these strategies. As the drug supply 

continues to evolve, non-universal techniques, such as test strips, cannot be a long-term 

solution. FT-IR detection relies on library-matched spectra for identification and becomes 

problematic for complex samples, and for new, previously uncharacterized substances. This 

challenge is further exacerbated when attempting tests for high potency drugs laced in 

biological matrices (e.g. cannabis products) by FT-IR. For semi-quantitative composition 

estimates, FT-IR requires bulk components of street drugs to be present at ≥3-5% levels for 

detection13, which is not satisfactory, as fentanyl analogs such as carfentanil may cause a 

lethal overdose at significantly lower levels15-16.  

 

After conversations with those involved in harm reduction (now collaborators), 

including local health authorities and the British Columbia Centre on Substance Use, we 

began exploring direct, ambient ionization mass spectrometry options that might be suited to 

harm reduction drug checking in 2017.  This was in part based upon our longstanding success 

in mobilizing mass spectrometry for environmental measurements17, and the fact that mass 

spectrometry based methods would provide a sensitive and more universal drug testing 

approach.  In consideration of increasing the utility, effectiveness and ultimately uptake of 

any harm reduction drug testing strategy by people who use drugs (PWUD), any 

methodology must embody numerous characteristics. 

 

An ideal drug checking strategy for harm reduction is: 

 

1. Sensitive (detects substances that are highly toxic at low concentrations and in small, 

≤1mg samples) 

2. Quantitative (tells how much of each substance is present) 

3. Specific (accurately identifies and differentiates a wide range of different substances in 

the same sample) 

4. Adaptable (quickly adaptable to address drug supply changes) 

5. Free of sample-to-sample carryover or contamination 

6. Fast (PWUD must be provided with useful information before they use) 

7. Field-deployable (must be used at point-of-use harm reduction and overdose prevention 

sites) 

8. Easy to use and interpret the results (can be effectively used by minimally trained 

workers) 

 

With these criteria in mind, we critically evaluate our and others’ progress with paper 

spray mass spectrometry (PS-MS) as a candidate drug checking method for harm reduction. 

 

Overview of PS-MS Technique 

 

The method of PS-MS, a direct, ambient ionization method that is relatively new, 

evolved from initial work by Cooks and Ouyang at Purdue University in 201018-19. Its 

applications are broad and continually growing, extending to environmental, forensic, 
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biological, and industrial areas, amongst others20. In PS-MS, laborious sample preparations 

are largely obviated, as raw sample is simply deposited directly onto a triangular piece of 

paper by swiping, micropipetting, etc. A small quantity of spray solvent is applied to the back 

of the paper, wicking analytes in the sample towards the paper tip. The paper is connected to 

high voltage (3-5 kV), allowing for Taylor cone formation at the paper’s pointed tip (similar 

to electrospray), resulting in gas-phase ion production and subsequent mass spectrometry 

detection. Because there is no chromatographic separation, increased selectivity is frequently 

achieved by tandem mass spectrometry (MS/MS). Isotopically labeled internal standards are 

spiked onto the paper along with the sample(s) and are used to correct for matrix effects and 

other sample variability. Further information on the mechanism of ion formation in PS-MS 

and other details are available elsewhere18-19, 21. 

 

A general schematic and suggested sample workflow for the use of PS-MS is 

presented in Figure 2, emphasizing its potential application in drug testing for harm 

reduction. 

 

Sensitivity and Quantitative Capabilities 

 

 With respect to sensitivity, the use of mass spectrometry is a logical choice for drug 

testing strategies. Numerous groups have demonstrated low picogram to nanogram level 

detection limits with PS-MS for a wide variety of analyte and matrix combinations, such as 

drugs, pharmaceuticals and metabolites in blood19, 22-24 and urine25-26, various contaminants in 

foodstuffs27-28, and chemical warfare agents29, amongst many others. It is worth again noting 

that PS-MS is a direct method, unlike other drug analysis procedures, which often require 

extraction or enrichment steps. Recent literature has focused on the quantitation of illicit 

substances in simulated street drug samples. As examples, we have reported detection limits 

as low as 5 picograms of absolute material of fentanyl from an analgesic slurry matrix25, and 

Almeida de Paula et al. demonstrated cocaine detection at 0.1% levels from street drug 

simulations made using wheat flour, boric acid, and sodium bicarbonate30. 

 

 Despite the excellent sensitivity of PS-MS, street drugs samples pose a quantitation 

challenge. Frequently, these samples are a diverse cocktail of compounds with vastly 

different concentrations because of varying potencies. PS-MS must therefore be able to 

provide quantitative results in a variety of different, highly complex matrices to be effective 

in harm reduction settings. To address this concern, we evaluated the performance of PS-MS 

for trace fentanyl detection by simulating street drug sample measurements: 10 mg of 

powdered analgesic tablet (Tylenol Day Cold Medication, Johnson & Johnson Inc., Guelph, 

Canada) was slurried in a series of 1 mL methanolic fentanyl standards spiked with high 

concentrations (12 μg/mL each) of illicit drug standards (registered test kit standards, 

Cerrilliant Corporation, Round Rock, TX, USA). These samples, along with the internal 

standard (24 ng/mL fentanyl-d5), were both spotted (10 μL each) on individual paper spray 

cartridges (Prosolia Inc., Indianapolis, IN, USA) in triplicate and dried with a heat gun. 

Samples were subsequently analyzed by tandem mass spectrometry utilizing a bespoke 

cartridge interface (Prosolia), mounted on the inlet of a triple quadrupole mass spectrometer 

(Micromass Quattro Ultima LC, Waters-Micromass, Altrincham, UK). 

Methanol/water/formic acid (90/10/0.1%) spray solvent was continuously delivered to the 

cartridge at 30 µL/min via a syringe pump, and high voltage (4 kV) applied to the cartridge 

using the mass spectrometer power supply. Figure 3 illustrates typical results, demonstrating 

that sensitive, linear calibrations for fentanyl can be achieved in the presence of a variety of 

highly concentrated primary drugs and high sample matrix mass loadings. The slopes from 
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these calibrations demonstrate an average 6.9% percent difference from that obtained with 

clean methanol control standards, suggesting minimal matrix effects. In unpublished work, 

we have observed linear drug detection calibrations that would correspond to 0.00001 to 

0.1% fentanyl by mass in an original solid sample, and the calibration range could readily be 

extended to higher levels if greater initial sample dilutions are performed.  This combined 

level of sensitivity, selectivity and quantitative capacity surpasses all instrumental harm drug 

checking strategies for harm reduction that are currently in use. 

 

 In addition to minimized matrix effects for complex samples over wide concentration 

ranges, PS-MS routinely achieves picogram level detection limits20, 25. This level of 

sensitivity may initially seem unnecessary for drug checking, given that typical lethal human 

doses of fentanyl and related analogs occur at micro to milligram levels15-16. However, the 

afforded sensitivity of PS-MS has a highly important benefit pertinent to drug checking in a 

harm reduction setting: minimal sample amounts are required for individual tests (e.g. 1 mg 

or less). Small sample requirements increase the probably that PWUD will be willing to 

surrender a portion of their substance for drug testing in a harm reduction scenario. 

 

Specificity and Non-targeted Analyses 

 

The lack of specificity in currently used harm drug checking methodologies is of 

significant concern, particularly since many of the fentanyl analogs have very similar 

structures (i.e., potential for errors with library spectra matching are possible for 

spectroscopic techniques such as FT-IR), yet vary widely in their toxicity. Tandem mass 

spectrometry (MS/MS) allows for a significant selectivity improvement when compared to 

conventional techniques, and extensive validation tests have been conducted for multiple PS-

MS studies. Using PS-MS/MS, McKenna et al. screened over 130 drugs and metabolites 

from blood in 2.5 minutes, with a true positive rate of 92% and a true negative of 98%24. 

Furthermore, their results agreed well with those from high performance liquid 

chromatography-MS/MS (correlation slope = 1.17, Pearson’s r = 0.996). Costa et al. screened 

fingerprint samples (n = 239) for cocaine, benzoylecgonine, and methylecgonine with PS-

MS/MS for a 99% true positive rate and a 2.5% false-positive rate31. O’Leary et al. used PS-

MS/MS with a portable mass spectrometry system for the analysis of drugs of abuse from 

powdered samples, obtaining accurate identification for all positive controls (n = 25) and no 

false positives for all negative controls (n = 4)32. Therefore, targeted PS-MS experiments may 

be highly applicable to drug screening tests with respect to both sensitivity and selectivity. 

 

A significant challenge that is emerging in the ongoing opioid overdose crisis is the 

constant evolution of the street drug supply composition. Novel psychoactive substances, 

with widely varied toxicities constantly appear in street drug samples, and cannot be easily 

identified or quantified by currently used rapid screening technologies. To address this 

shortcoming, PS-MS may be easily interfaced with a high-resolution mass spectrometer, such 

as an Orbitrap24, 26 or Fourier transform ion cyclotron resonance (FT-ICR)33, in combination 

with tandem mass spectrometry to allow for non-targeted unknown analysis and more 

definitive sample characterization. As a result, PS-MS combines ease of sampling with 

powerful instrumentation to quickly identify novel substances and metabolites in urine 

samples, or substances from raw drug samples. As a proof of concept, in a recent 

collaboration, we published the use of PS-MS for the non-targeted analysis of opioids and 

other psychoactive drugs in substance use disorder patient urine samples, demonstrating the 

detection of fentanyl and other illicit substances as well as their metabolites (Figure 4). 

Identities were confirmed by both accurate mass and data dependent tandem mass 
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spectrometry fragmentation spectra in a one minute scan. Figure 4 also highlights 

representative MS/MS data for trace detection of fentanyl and norfentanyl: additional MS/MS 

data for methamphetamine, EDDP, and methadone is available elsewhere26. These studies 

suggest that a similar approach could also be applied to street drug testing for the rapid 

identification of new and unknown components. After an unknown compound is identified, it 

may later be incorporated into targeted, quantitative drug testing methods by using the 

appropriate standard/internal standards. 

 

High Throughput Advantages 
 

 To ensure overall efficacy and high probability that PWUD will choose to use drug 

testing, the entire analytical process must be rapid. Furthermore, because street drugs vary 

widely in composition and concentration levels, there must not be any carryover between 

samples, particularly because fentanyl and related analogs are highly potent, even at trace 

concentrations. To demonstrate the high throughput capabilities of PS-MS, Shen et al. 

analyzed both sunitinib and nicotine from bovine blood samples (Figure 5)34. Six separate 

100 ng/mL replicates were conducted for separate 1-μL samples. Each sample was analyzed 

for only 7 seconds via an automated process, resulting in remarkably high throughput. 

Despite the highly complex blood matrix, they observed no sample carryover effects. Analyte 

signals are closely mirrored by the internal standard signals, allowing signal correction to 

compensate for any sample-to-sample variability. The entire sample introduction interface 

(i.e. the paper sample strip) is replaced for each measurement, and unlike chromatographic or 

FT-IR drug testing methods, there is no shared plumbing or other analytical hardware 

exposed to the sample. The principles of high throughput and minimal carryover as presented 

in Figure 5 are typical of PS-MS, and are therefore applicable to the prospective use of PS-

MS in drug checking for harm reduction.  

 

 The rapid computing power associated with mass spectrometry-based techniques 

provides PS-MS with another throughput advantage: multiple compounds may be rapidly 

quantified within the same experiment. This is therefore a distinct advantage over other 

highly specific techniques, such as single-use test strips that target individual or classes of 

analytes. Multiple mass transitions, specific to individual compounds, may all be built into 

the same mass spectrometry method. Because many fentanyl analogues possess similar 

functional groups (see Figure 1), the possibility of using precursor ion scan(s) to detect a 

wide variety of analogues could further simplify analyses35. We are currently developing PS-

MS drug testing methods for harm reduction that successfully incorporate hundreds of MRMs 

in a one minute measurement (unpublished results), allowing a large number of rapid 

quantitative measurements with both qualifying and quantifying ion signals. 

 

Mobilization and Ease of Use 

 

 A potential criticism of mass spectrometry for point of care use may be the high cost 

of instrumentation, as individual systems currently available for routine opioid detection may 

cost $300,000 or more. Furthermore, an effective harm strategy requires on-site 

measurements with PWUD present, making many current mass spectrometry systems too 

cumbersome and unfeasible. In order for PS-MS to be considered a practical harm reduction 

technique, the necessary instrumentation must be reasonably affordable and transportable. To 

address this need, there are significant continuing advancements being made in mass 

spectrometry system miniaturization36-39. 
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 Aside from size minimization, concomitant benefits of instrument miniaturization 

include reduced power requirements, increased instrumental simplicity, ease of operation and 

affordability. For PS-MS, MS/MS capability is highly desirable to ensure analyte specificity 

in the absence of chromatographic separation. Both ion traps and linear quadrupole mass 

analyzers are obvious choices. Quadrupole ion traps are advantageous as they operate at 

higher base pressures, requiring less stringent vacuum (and therefore less power), and can be 

more readily downsized. The Cooks and Ouyang groups in particular have done extensive 

work on the miniaturization and mobilization of ion trap mass spectrometers, notably the 

‘Mini’ series ion traps. A variety of field work has already been demonstrated with this mass 

spectrometer series, including point of care tissue analysis40, synthetic cannabinoid 

screening41, real-time food authentication42, and chemical warfare agent and illicit substance 

detection using a mass spectrometer worn as a backpack43. The most recent system in the 

series, the Mini 12, weighs 25 lb, has the option of battery power, and was successfully 

interfaced with PS-MS for low level amitriptyline detection in blood (7.5 ng/mL LOD)36. In 

addition to the ‘Mini’ series, several other manufacturers have also commercialized small, 

transportable mass spectrometers. O’Leary et al. used a different portable ion trap mass 

spectrometer in combination with PS-MS for qualitative analysis of authentic street drugs32. 

Given the literature precedent and expansion in instrumentation production, extending the use 

of such mass spectrometer systems to harm reduction techniques with quantitative 

information is clearly feasible.  

 

 The miniaturization of mass spectrometer instrumentation may also result in 

simplified maintenance and software control, allowing minimally trained operators to use 

such a system for harm reduction strategies. MS methods may also be developed and updated 

by highly qualified personal prior to in-field use, eliminating the need for on-site method 

development by the less trained operators. In this manner, a sample measurement could be as 

simple as spotting a small sample on a paper strip (in a disposable cartridge) and loading it in 

the PS-MS system. While the exact paper cartridge position in front of the MS inlet has an 

effect on instrument performance, Liu et al. demonstrated with cocaine analysis (200 ng/mL) 

that highly precise placement is not strictly necessary for satisfactory analytical performance 

(Figure 6). Thus, PS-MS operation is acceptably robust with respect to both instrument 

operation and sample handling, making the technique amenable to a wide range of less 

skilled operators. 

 

Future Forecast 

 

 While it is our belief that the current state of PS-MS is adequate for immediate use in 

drug testing strategies for harm reduction, PS-MS technology continues to rapidly advance in 

the interim. Aside from efforts to downscale technology size, current developments in PS-MS 

include improvements in isobar/isomer resolution through pairings with both orthogonal 

detection techniques and separation strategies. Numerous studies have modified the 

paper/sampling substrate to improve sensitivity and reduce potential matrix effects44-47. 

Specific examples include the use of a paraffin barrier added to the paper by Colletes et al. to 

reduce sample spreading44, and Bills et al. investigated in detail the effects of different paper 

substrates for drug measurements45. Fedick et al. used the same paper substrate for both PS-

MS and surface enhanced Raman spectroscopy as identification and confirmation techniques, 

respectively48. De Carvalho et al. used thin layer chromatography in advance of PS-MS for 

the analysis of cocaine and its adulterants49, while Wang et al. have conducted 

chromatography for dye separation on the paper substrate itself that is subsequently used for 

PS-MS analysis19.  
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For isomer resolution, Manicke et al. demonstrated PS coupled to high-field field 

asymmetric waveform ion mobility spectrometry (FAIMS) in advance of analysis by mass 

spectrometry to resolve the closely related structural isomers of morphine, hydromorphone, 

and norcodeine50. While the authors acknowledge that signal intensity and stability of the PS-

MS results obtained need further improvement for pairing with FAIMS, the rapidity of 

FAIMS separations (~50 ms) suggests that specificity may be significantly improved without 

compromising sample throughput. Therefore, FAIMS as a rapid isomer resolution strategy 

appears to be suited for ambient ionization mass spectrometry techniques such as PS-MS. 

 

 While the information provided from PS-MS in a harm reduction setting should be 

simple and readily interpretable (i.e. reporting drug identity and amount), PS-MS data could 

also be used in concert with advanced statistical treatments to uncover less obvious drug 

sample information. As an example, Teodoro et al. combined PS-MS with chemometrics for 

the rapid identification of counterfeit blended Scottish whiskies51. A similar data treatment 

could be applied to street drug testing for further sample characterization with the aim of 

identifying common group production origins and supply chains, which in turn could prove 

valuable in preventing overdose outbreaks related to specific street drug products. This data 

treatment would extend beyond the individual drug test level; applications such as cloud-

based data sharing and rapid public distribution regarding new threats could be implemented. 

 

Conclusions 

 

 The rapid advancement of PS-MS has led to an abundance of intriguing new ambient 

mass spectrometry applications. Given the concurrent societal progression towards harm 

reduction techniques in many countries, we speculate that PS-MS presents a simple yet 

effective analytical drug-testing tool to aid in combatting the opioid overdose crisis. 

Continued development of PS-MS in key areas, such as instrumentation miniaturization, 

matrix effect mitigation, isomer differentiation, sensitivity, sample throughput and (perhaps 

especially) simplified user interfaces will further increase its versatility. As smaller and easier 

to use PS-MS systems continue to become available, it is anticipated that this approach will 

evolve into use for much broader applications. This could include medical diagnostics, first 

responder testing, emergency room scenarios, and a plethora of applications that demand 

rapid, sensitive and selective chemical analysis results on-site to inform immediate decisions. 

We are currently engaged in drug testing field trials for harm reduction at supervised drug 

consumption sites in Vancouver, British Columbia, where we will further refine our current 

methodologies to best suit the needs of those on the front lines of the opioid overdose crisis. 
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Figure 1: Chemical structures of 12 representatives of the more than 1400 fentanyl 

analogues. 
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Figure 2: General experimental schematic and drug checking for harm reduction workflow 

utilizing paper spray mass spectrometry. 
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Figure 3:  Trace level calibrations for fentanyl in slurries representing surrogate street drug 

formulations, demonstrating comparable calibrations from 2 to 150 ng/mL. Each calibration 

sample additionally contained 10 mg/mL analgesic tablet powder and 12 μg/mL of different 

primary drugs in methanol. PS-MS analysis utilized 10 μL aliquots for each determination 

(n=3), and MRMs were used for all measurements. Any signal variability was corrected using 

fentanyl-d5 internal standard (10 μL of 24 ng/mL in methanol), spotted and dried on the paper 

spray strips in advance of sample deposition. A control calibration obtained for clean 

methanol standards is also presented. 
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Figure 4: High-resolution mass spectrum for the PS-MS measurement of a urine sample 

from a substance-use disorder patient, demonstrating the potential for multiple substance 

characterization by paper spray mass spectrometry (upper panel). Drug identities were also 

confirmed using data dependent MS/MS conducted in the same 1 minute measurement (lower 

panel). Adapted and reprinted with permission from Kennedy, J. H.; Palaty, J.; Gill, C. G.; 

Wiseman, J. M. Rapid analysis of fentanyls and other novel psychoactive substances in 

substance use disorder patient urine using paper spray mass spectrometry. Rapid Commun. 

Mass Spectrom., 2018, 32, 1280-1286. Copyright 2018 John Wiley and Sons26. 
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Figure 5: Signal intensities for 100 ng/mL each of sunitinib (m/z 339283), sunitinib-d10 

(m/z 409-283), nicotine (m/z 163130), and nicotine-d3 (m/z 166130) obtained during the 

automated analysis of dried blood spots that alternately contain sunitinib/sunitinib-d10 and 

nicotine/nicotine-d3. Reprinted with permission from Shen, L.; Zhang, J.; Yang, Q.; Manicke, 

N. E.; Ouyang, Z. High throughput paper spray mass spectrometry analysis. Clin. Chim. Acta, 

2013, 420, 28-33. Copyright 2013 Elsevier34. 
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Figure 6: Characterization of the tolerance of paper spray strip position relative to the mass 

spectrometer inlet for the ionization of cocaine (10 μL of 200 ng/mL in methanol/water). (a) 

Schematic illustration of the spatial movement of the paper spray strip tip. (b) 2D contour 

plot showing the relative intensity of m/z 304 as a function of the paper tip location on the x-y 

plane. Adapted and reprinted with permission from Liu, J.; Wang, H.; Manicke, N. E.; Lin, J.; 

Cooks, R. G.; Ouyang, Z. Development, Characterization, and Application of Paper Spray 

Ionization. Anal. Chem., 2010, 82, 2463-2471. Copyright 2010 American Chemical Society18. 
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