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Abstract 
 
Background: Fentanyl is a potent, synthetic opioid at the centre of an 
international health crisis that has seen thousands of fatal overdoses. Most 
analytical methods focus on the detection of fentanyl in blood and/or urine (i.e., 
post-drug use). Harm reduction (including pre-screening before drug use) may be 
an effective strategy against fentanyl overdoses.  
Method: Paper spray-mass spectrometry (PS-MS) is an inexpensive, direct 
sampling strategy where a small volume of sample (<10 μL) is spotted onto a 
piece of paper that is then wetted and connected to high voltage. Ions are 
emitted from the paper and enter a mass spectrometer for sensitive and selective 
semi-quantitation using labeled internal standards.  
Results: We present the use of PS-MS for the direct measurement of fentanyl 
and norfentanyl using a custom PS interface, demonstrating that paper tip 
position and quality can significantly affect quantitative results. Furthermore, we 
observe comparable calibrations for fentanyl and norfentanyl (0.5 to 600 ng/mL) 
across a variety of complex matrices (methanol, diluted urine, analgesic slurry). 
Detection limits for fentanyl are as low as 0.049 ng/mL (0.4 pg total material) in 
methanol, and 0.66 ng/mL (5.3 pg total material) spiked in an analgesic slurry 
(illicit substance simulation). PS-MS was compared with liquid chromatography-
MS for the analyses of real urine samples, with satisfactory results.  
Conclusion: PS-MS shows potential as a sensitive and selective direct 
measurement strategy for use in fentanyl harm reduction strategies, and may 
also be used for pre-screening in advance of or in combination with more 
conventional (i.e., chromatographic) analyses. 
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1. Introduction 
 
 Fentanyl (N-(1-phenethyl-4-piperidyl) propionanilide) is a potent synthetic 
opioid at the center of an international health crisis. Originally synthesized by 
Paul Janssen in 1960, fentanyl is widely used in the health system for chronic 
pain relief, anesthesia, and pre-surgery due to low health risk (if correctly 
monitored), fast action, and high potency (50 to 100 times more effective than 
morphine).1-3 Unfortunately, it has also become increasingly attractive for illicit 
drug suppliers to lace fentanyl into other substances, notably heroin, oxycodone, 
and methylenedioxymethamphetamine (MDMA). This is largely due to fentanyl’s 
significantly cheaper production costs, availability, and higher potency compared 
to other illicit substances.1-2, 4 The high potency of fentanyl, along with the crude 
production methods and lack of precise dose control of street suppliers, results in 
a very high risk of fatal overdose for users. The fentanyl crisis is of particular 
concern in the province of British Columbia, Canada, where the percentage of 
overdoses in which fentanyl was detected has risen from 4% in 2012 to 81% in 
2017. In British Columbia, there were 12 fentanyl related deaths in 2012, 656 
deaths in 2016, and a record 1156 fentanyl related deaths in 2017.5 
 
 To date, most quantitative analytical methods for the detection of fentanyl 
are based on mass spectrometry (MS), with liquid chromatography (LC),3, 6-8 or 
gas chromatography (GC)9-11 introduction systems, focusing on analyses in blood 
and/or urine. While sensitive and selective, these techniques are typically used to 
detect fentanyl in a biological matrix after the drug has already been consumed. 
This may be too late for the patient, showing the need for measurements to be 
made in the street drugs themselves. Furthermore, conventional sample 
introduction methods (i.e. chromatography) are costly, time-consuming, and 
require highly trained professionals, making such methods unsuitable for point-of-
care testing. Conventional methods may therefore fail to effectively support a 
strategy aimed at harm reduction, which may be the best course of action to help 
prevent overdoses and save lives.2 The ideal analytical pre-screening technique 
for this approach should be sensitive (i.e. requiring minimal sample), selective, 
and capable of producing at least semi-quantitative results. In addition, the 
technique needs to be inexpensive and easy for untrained personnel to use.  
 
 Paper spray mass spectrometry (PS-MS) is an emerging ambient 
ionization technique, taking advantage of a simple direct sampling strategy in 
combination with the powerful analytical capabilities of mass spectrometry. 
Briefly, a strip of paper with a pointed tip is loaded with a small amount of sample 
(<10 μL), wetted with a solvent, and connected to high voltage (3-5 kV). Ions are 
directly generated from the tip of the paper by a mechanism akin to 
electrospray,12-13 and are subsequently detected by a mass spectrometer.13-18 
Results are produced in seconds, and detection limits have been reported in the 
low picograms of material.14 PS-MS has been used for a wide variety of analytes, 
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including illicit substances,14, 16, 18 therapeutic subtances,15 herbicides,19 and 
chemical warfare agents.20 Sampling may be accomplished by spotting the 
sample onto the paper, or by simply swabbing a contaminated substance with 
the paper itself, obviating the need for any sample pretreatment. While semi-
quantitative in nature, satisfactory measurements may be obtained using PS-MS 
through the use of an internal standard.14, 16 Due to the low cost of consumables, 
simple sampling protocols, small sample requirement, applicability to a wide 
variety of sample types and high sensitivity / selectivity, PS-MS has excellent 
potential for pre-screening street drugs for opioids such as fentanyl, as well as 
monitoring post-drug use in blood or urine. This is especially significant when 
combined with the growing availability of mass spectrometers intended for field 
use.21-24 
 
 Presented here is the development and characterization of a PS-MS 
method for the semi-quantitative measurement of fentanyl and norfentanyl in 
complex matrices such as urine and analgesic slurries that mimic street drug 
preparations. The analysis of whole blood samples was purposely not explored, 
as this would not be the route taken at a harm reduction clinic. We demonstrate 
the use and optimization of a custom PS interface, showing how interface 
position and paper strip quality can significantly affect quantitative results. 
Comparable calibrations across different matrices are presented, as well as data 
showing low picogram detection limits. 
 
 
2. Materials and Methods 
 
2.1 Standard Solution and Sample Preparation 
 Stock solutions of fentanyl (1.0 mg/mL), fentanyl-d5 (100 μg/mL), 
norfentanyl oxalate (1.0 mg/mL, as free base), and norfentanyl-d5 oxalate (100 
μg/mL, also as free base) in methanol were obtained from Cerilliant Corporation 
(Round Rock, TX, USA). Methanol samples were prepared by gravimetric dilution 
using HPLC grade methanol (Fisher Scientific, Ottawa, ON, Canada). Calibration 
samples in diluted urine were prepared by gravimetric dilution using a sample of 
clean, unfiltered human urine and 18 MΩ de-ionized (DI) water (Model MQ 
Synthesis A10, Millipore Corp., Billerica, MA, USA). These samples were 
prepared such that the urine comprised 10% of the final sample by mass. Care 
was also taken to ensure that urine calibrator samples were less than 0.1% 
methanol by mass. Anonymized patient urine samples (LifeLabs Medical 
Laboratories, Burnaby, BC, Canada) were gravimetrically diluted ten-fold with DI. 
A commercially available analgesic tablet containing several active 
(acetaminophen, guaifenesin, pseudoephedrine, dextromethorphan) and inactive 
(cellulose, corn starch) ingredients was ground to a powder with a mortar and 
pestle, and a slurry was prepared by suspending 50 mg of analgesic powder in 1 
mL of methanol spiked with fentanyl standard.  
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Paper strips were fashioned from Whatman #1 filter paper (Fisher 

Scientific, Ottawa, ON, Canada), manually cut into 2.6 cm  × 0.9 cm strips using a 
carbide razor blade (Fatmax® Carbide Utility Blades, Stanley Canada Inc., 
Mississauga, ON, Canada) and 3D printed cutting template. All 3D printed parts 
were made using a stereolithographic printer (Form 2, Formlabs Inc., New 
Castle, DE, USA). The paper was cut to have a tapered point 0.9 cm from the 
end of the strip, such that the tip formed a 60 degree angle (Fig. 1). Acetonitrile 
has previously been found to be an effective wash solvent for paper spray 
paper.19 Before analysis, cut paper strips were exhaustively cleaned with HPLC 
grade acetonitrile for a minimum of 2 hours by Soxhlet extraction to remove any 
contaminants.  

 
For all PS-MS measurements presented, 10 μL unfiltered samples were 

spotted on individual paper strips 0.7 cm from the tip using a micropipettor. 
Spotting location on the paper was kept consistent across samples through the 
use of a 3D printed guide (Supplemental Information, Fig. S-1). Deuterated 
fentanyl and norfentanyl internal standard solutions (in methanol) were 
subsequently spotted on the paper strips in a similar fashion (1.3 ng and 3.0 ng 
of internal standard, respectively, for each analysis). For the urine standard 
addition experiments, 85 pg of fentanyl and 690 pg of norfentanyl were also 
spiked on the strips with the sample. Internal standards and standard additions 
were spiked separately on the paper to simplify the analysis, consistent with PS-
MS methodology employed by others.19 To minimize sample preparation time, a 
forced air heat gun (Jobmate, Waterloo, ON, Canada) was used to gently 
evaporate water/solvent from the paper until dry (approximately 30 s). The paper 
temperature reached 90 °C, as measured by an infrared thermometer (TG165 
Spot Thermal Camera, FLIR Systems, Wilsonville, OR, USA). As a control to 
investigate any possible analyte loss due to volatility, paper strips were left to air 
dry (3 hours) and then compared to identical samples dried by the forced air heat 
gun. Similar quantitative results were obtained for both drying methods.  
 
2.2 Paper Spray Mass Spectrometry (PS-MS) System  
 A triple quadrupole mass spectrometer (Micromass Quattro Ultima LC, 
Waters-Micromass, Altrincham, UK) fitted with an in-house constructed paper 
spray source was used for all work presented (Fig. S-2, S-3, S-4). The MS inlet 
design was a second-generation Z-Spray geometry (Waters-Micromass). No 
nitrogen curtain gas flow at the inlet cones was used, as there was no significant 
effect upon signal intensity. Argon (UHP grade, Praxair, Nanaimo, Canada) was 
maintained at approximately 3 mTorr in the collision cell for tandem mass 
spectrometry (MS/MS) experiments. Positive ion mode was used for all analyses. 
The MS dwell time was set to 50 msec for all analytes, and the appropriate 
MS/MS parameters are given in Table S-1. 
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When sample loading was complete, the paper strips were mounted on an 
in-house constructed paper spray interface (Fig.1, S-2, S-3, S-4) consisting of an 
aluminum clamping block (electrical conductor) and a 3D printed mounting arm 
(electrical insulator), which was then mounted on a three-axis translational stage. 
High voltage (+4.5 kV), supplied by the mass spectrometer ESI power supply, 
was connected to the clamping block of the interface, which in turn contacted the 
paper strip. A methanol/water/formic acid (90:10:0.1 v/v) solvent mix was 
continuously supplied at 20 μL/min to the top of the paper strip behind the 
sample spot via a short length of 22 gauge stainless steel hypodermic stock (Vita 
Needle Co., Needham, MA, USA). Solvent delivery was achieved using a syringe 
pump (Harvard Apparatus Pump 11 Elite, St. Laurent, QC, Canada) and gastight 
syringe (10 mL, Hamilton Corporation, Reno, NV, USA). For all analyses, the 
pointed tip of the paper was maintained at an optimized distance of 0.7 cm from 
the MS inlet cone. A new strip of paper was used for each analysis. All analyses 
were performed at ambient temperatures and pressures (~25 °C and ~101 kPa). 
 
2.3 Liquid Chromatography-Mass Spectrometry 

Fentanyl in patient urine samples was determined at LifeLabs by 
screening with immunoassay (Enzyme Multiplied Immunoassay Technique, 
Thermo Scientific, Waltham, MA, USA; cut-off 1 ng/mL) run on a high volume 
chemistry analyzer (Cobas Integra 800, Roche Diagnostics, Mannheim, 
Germany) followed by confirmation of positive results by salt-assisted liquid-liquid 
extraction, followed by LC-MS.  Fentanyl is eliminated in the urine primarily as 
norfentanyl and the unchanged free drug.25-26 Enzyme hydrolysis is not strictly 
necessary, but was performed as the LC-MS assay included other drugs (e.g. 
buprenorphine) where glucuronide hydrolysis is required. In brief, 125 μL urine 
was hydrolyzed with 250 μL of abalone enzyme (KURA Biotec, Los Angeles, CA, 
USA) in 10 mM pH 5 sodium acetate buffer containing fentanyl-d5 and 
norfentanyl-d5 for 15 min at 60 °C, following which brine (100 μL) and acetonitrile 
(700 μL) were added. The mixture was vortexed and centrifuged. The 
supernatant was decanted and evaporated to dryness prior to reconstitution with 
0.2% formic acid in methanol-water (1:9, v/v, 200 μL), analyzed using a 2.1 × 50 
mm Kinetex Biphenyl column (Phenomenex, Torrance, CA, USA) used with a 
binary liquid chromatographic system (1200 Series, Agilent Technologies, Santa 
Clara, CA, USA) interfaced to a triple quadrupole mass spectrometer (Model 
6410, Agilent Technologies). The same MRM transitions as listed in Table S-1 
were used. The analytical measurement range was 0.5 to 40 ng/mL for both 
fentanyl and norfentanyl. 
 
2.4 Data Analysis 

Microscopic images were obtained using a dissection microscope (Model 
MDG 17, Wild Heerbrugg, Switzerland) equipped with a digital camera imaging 
system (Model MD500, Amscope, Irvine, CA, USA). For the presentation of data 
only, four-point moving boxcar smoothing was applied to the signal chronograms.  
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Signal intensities were processed as peak heights from the raw, unsmoothed 
data. All signals for PS-MS were normalized to that of the corresponding internal 
standard. Signal ratios of the quantifier to qualifier ions for all urine sample 
analyses are presented in Table S-2. All measurements were conducted in 
triplicate, with uncertainties/error bars given as standard deviations unless 
otherwise noted. Detection limits were estimated as the concentration needed to 
produce a signal 3 times that of the standard deviation of the signals obtained 
from blank, clean paper strips (6 replicates). 
 
 
 3. Results and Discussion 
 
3.1 Paper Strip Position Optimization 

It has previously been shown that satisfactory analytical performance for 
cocaine analysis by PS-MS is not strongly dependent on positioning of the PS 
interface in front of the MS inlet.14 However, there do not appear to be many 
other positional PS optimization studies published for different analytes in the 
literature. Rather, PS interfaces are typically fixed at a single distance from the 
MS inlet for the analyses of multiple compounds.20, 27-28 Figure 2 shows an 
optimization of the distance between the MS entrance cone and tip of the paper 
strip along the x-axis (see Fig. 1) for the simultaneous measurement of 10 μL 
samples containing 85 pg fentanyl and 970 pg norfentanyl. Figure 2 shows a 
strong dependence of paper tip position (linear distance from the cone over the 
range of 0 to 1.5 cm) on analytical sensitivity for norfentanyl but not fentanyl. This 
suggests that optimal PS interface positioning may have a dramatic impact on 
signal intensity and that optimum distances may be analyte-specific. All analyses 
described here were conducted with a distance of 0.7 cm between MS cone and 
paper tip, the best position for both fentanyl and norfentanyl measurements (Fig. 
2). 
 
3.2 Paper Preparation Optimization 
 In addition to paper position and paper cleaning (to reduce background19), 
the precision of the paper’s cut was found to significantly affect analytical 
performance of PS-MS. Figure 3 shows a comparison of the raw signals obtained 
for a loading of 85 pg fentanyl and 1.3 ng fentanyl-d5 using ‘good’ and ‘poorly’ cut 
paper (Fig. 3 panels A and B, respectively). For ‘poor’ cuts (intentionally made 
using an older carbide razor blade), ions may be emitted and lost from sharp 
defects along the frayed edges, reducing the number available at the tip of the 
paper for transfer to the mass spectrometer, resulting in the reduction or even 
absence of analytical signals. Cutting via a sharp carbide razor blade was found 
to be effective, and all paper strips were visually inspected for quality of cut 
before use in all presented studies. Future studies will employ a more precise 
and consistent method of making PS strips, such as laser cutting. While Figure 3 
shows data collection for approximately 5 minutes, it should be noted that 
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quantitative results are obtained in the first few seconds of a measurement, and 
all results were based upon the maximum observed signal intensities. 
 
3.3 Internal Standard Correction for Matrix Effects 

 Figure 3 also illustrates how closely the PS-MS internal standard signal 
mirrors the analyte signal, and the internal standard is therefore appropriate for 
signal correction. Furthermore, Figure S-5 shows a constant and nearly identical 
signal response (i.e. signal per unit concentration ratio of fentanyl to internal 
standard) for the PS-MS analysis of similar concentrations of fentanyl in three 
different matrices (methanol, analgesic slurry, and diluted urine) over time. The 
constant response across the different complex matrices indicates that any 
possible matrix effects in this study are mitigated by the use of the internal 
standard. Inter-day variability is also minimized by internal standard correction. 
 
3.4 Quantitation in Complex Samples 
 To simulate fentanyl added to a street drug, 50 mg of over-the-counter 
analgesic tablet powder was suspended in 1 mL of fentanyl-spiked methanol for 
each individual calibration standard as described above. Calibration results are 
presented in Figure 4, demonstrating a linear range of 30 to 600 ng/mL fentanyl. 
Remarkably, Figure 4 also shows that the least squares fit of the calibration data 
for analgesic slurry samples is very similar to the data obtained using methanol 
standards (0.5 to 600 ng/mL; calibration slopes for methanol and analgesic slurry 
samples are only 6.6% different, presented in Table S-3). Detection limits for 
fentanyl in all the complex matrices studied are given in Table 1. In the context of 
this study and for the measurement of fentanyl in illicit substances, Figure 4 
illustrates that it is not strictly necessary for the calibrator matrix to match that of 
complex samples, suggesting that the same calibration, obtained using clean 
analytical standards (i.e., methanol instead of a slurry), may be applied to semi-
quantitative measurements made in a variety of complex matrices. Instead of 
freshly preparing new calibrators on a regular basis, the calibration may be 
stored and recalled for some time because normalization with an internal 
standard corrects for matrix effects and reduces inter-replicate and inter-day 
variability. These features provide the operational simplicity that is crucial for the 
use of PS-MS (or any other technique) in clinical harm reduction strategies. 
Lastly, a few milligrams of sample is required for each analysis. This is an 
important issue and essential for harm reduction, as the typical patient will not 
willingly part with a large fraction of a street drug they have just purchased.2  
 
 When distinguishing recent from remote drug use, it is not sufficient to 
detect the presence of fentanyl alone. This distinction may, however, be provided 
by the relative levels of fentanyl’s principal metabolite, norfentanyl, produced by 
hepatic and intestinal cytochrome P450 3A4.25-26, 29 A low metabolite 
(norfentanyl) to parent (fentanyl) ratio in the urine suggests a shorter residence 
time for fentanyl in the human body.30 Combined with high levels of both 
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compounds, a low ratio indicates recent use, or a higher likelihood that any 
observed symptoms are due to fentanyl. 30 As fentanyl may be detected in urine 
for well over a week since last ingestion (LifeLabs, unpublished data), the 
concentration ratio of fentanyl to norfentanyl is also important for overdose 
assessment. Direct calibrations obtained for fentanyl and norfentanyl in ten-fold 
diluted urine are presented in Figure 4. As before, analytical calibration in dilute 
urine is comparable to that obtained for methanol standards (11% different for 
fentanyl, 2.6% different for norfentanyl, see Fig. 4 , Table S-3). As emphasized 
earlier, the internal standard correction therefore adequately corrects for matrix 
effects across the complex matrices studied here. Norfentanyl detection limits are 
given in Table 1. In summary, PS-MS appears to be a satisfactory direct, semi-
quantitative measurement technique for both fentanyl and norfentanyl in urine. 
 
 Due to its low cost, simplicity, and potential high sample throughput, PS-
MS may be used as a point-of-care screening tool in advance of or in 
combination with more conventional analytical techniques (i.e., LC-MS). Table 2 
summarizes the measurement of fentanyl and norfentanyl in real urine samples 
by both LC-MS and PS-MS, where both standard addition and direct calibration 
quantitation techniques were used with PS-MS. Acceptable quantifier to qualifier 
ion ratio agreement was observed using PS-MS (≤20% for 9 of 10 urine samples 
tested) for both fentanyl and norfentanyl measurements in urine (Table S-2). As 
indicated by Table 2, the comparison of direct sampling PS-MS methods with LC-
MS results shows a negative bias. Many of the LC-MS values exceed the upper 
limit of quantitation (40 ng/mL) and should be viewed as approximate only. 
Therefore, these results appear satisfactory in the context of a semi-quantitative 
analysis for harm reduction applications. As a negative control, no fentanyl or 
norfentanyl was detected by either PS-MS and LC-MS in 25 additional human 
urine samples. 
 
 To examine if a statistical difference exists between the PS-MS results 
obtained using standard addition and direct calibration, a paired t-test was 
conducted. The calculated t values for fentanyl and norfentanyl analyses were 
1.13 and 0.827, respectively. Both are below the tabulated t value of 2.262 (95% 
confidence), indicating that the two PS-MS measurement methods do not 
produce significantly different results. While both quantitation strategies (standard 
addition and direction calibration) are feasible, it is more likely that direct 
calibration would be the route taken for a harm reduction setting as discussed 
earlier. Furthermore, we believe the magnitude of bias for PS-MS measurements 
compared with LC-MS results (Table 2) is acceptable given the cost, speed, and 
simplicity of PS-MS, and because many of the reported LC-MS results are above 
the analytical measurement range.  While the discrepancies for some samples 
would not be acceptable for a candidate quantitative method, we believe the 
clinical need in harm reduction is for semi-quantitative analysis only: in that 



10 
 

context, the performance of PS-MS is more than sufficient, especially when 
combined with its speed and simplicity. 
 
 
4. Conclusions 
 
 Fentanyl and norfentanyl were analyzed in complex sample matrices by 
both PS-MS and LC-MS. The results demonstrate that PS-MS is a sensitive and 
selective direct detection method for trace levels in a variety of complex matrices, 
including urine and an analgesic tablet slurry. Because of its simplicity, selectivity 
and sensitivity, PS-MS is a promising candidate analytical technique for 
implementation in point-of-care opioid harm reduction strategies. It is important to 
note that PS-MS may also be of equal value for use in enforcement as well as 
emergency room scenarios where rapid, specific results can provide life-saving 
information. PS-MS also shows high potential as a rapid semi-quantitative pre-
screening technique in advance of more comprehensive (and regulated) LC-MS 
or GC-MS methods. Current and future work is focused on expanding the suite of 
opioids and metabolites detected (including a wide range of fentanyl analogs), 
system and data handling automation, and incorporating PS with portable and 
field operable mass spectrometer systems for on-site use. 
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Tables 
 
Table 1: Estimated detection limits (concentrations and absolute amounts) for 
fentanyl and norfentanyl in complex matrices. 
 
Target analyte Methanol Diluted urine Analgesic slurry 

 (pg/mL) (pg) (pg/mL) (pg) (pg/mL) (pg) 
Fentanyl 49 0.4 270 3.5 660 5.3 
Norfentanyl 610 4.9 9200 72 - - 
Detection limits estimated as the concentration needed to produce a signal 3 times that of the 
standard deviation of signals obtained from blank, clean paper strips (6 replicates). 
 
 
 
Table 2: Comparison of the measurement of fentanyl and norfentanyl in urine by 
liquid chromatography-mass spectrometry and paper spray-mass spectrometry. 
 
Sample Target 

analyte 
LC-MS PS-MS 

   Standard additiona Direct calibrationb 
  (ng/mL) (ng/mL) %  Biasc (ng/mL) % Biasc 

1 Fentanyl 49d 30 ± 10 -32 34 ± 19 -30 
 Norfentanyl 2275d 1200 ± 340 -45 2200 ± 390 -4 
2 Fentanyl 323d 910 ± 240 +181 200 ± 47 -38 
 Norfentanyl 1464d 1400 ± 320 -3 1600 ± 200 +13 
3 Fentanyl 12 7 ± 1 -44 9 ± 9 -28 
 Norfentanyl 458d 430 ± 100 -7 420 ± 20 -8 
4 Fentanyl 149d 70 ± 10 -48 53 ± 17 -65 
 Norfentanyl 5654d 2300 ± 490 -59 6000 ± 30 +7 
5 Fentanyl 81d 120 ± 50 +48 71 ± 31 -13 
 Norfentanyl 758d 700 ± 190 -7 700 ± 150 -7 
6 Fentanyl 11 7 ± 1 -40 10 ± 10 -9 
 Norfentanyl 59d 83 ± 19 +41 120 ± 30 +111 
7 Fentanyl 5.0 4 ± 1 -21 8 ± 8 +51 
 Norfentanyl 42d 32 ± 12 -24 32 ± 23 -24 
8 Fentanyl 37 27 ± 4 -28 24 ± 12 -36 
 Norfentanyl 354d 250 ± 30 -29 360 ± 20 +2 
9 Fentanyl 135d 110 ± 16 -18 90 ± 11 -33 
 Norfentanyl 1873d 1100 ± 180 -41 1400 ± 20 -24 
10 Fentanyl 99d 47 ± 16 -53 38 ± 12 -62 
 Norfentanyl 1756d 3400 ± 500 +94 1700 ± 20 -6 
       
    Average   Average 
    % Bias  % Bias 
 Fentanyl   -6 ± 72e  -31 ± 31e 

 Norfentanyl   -8 ± 45e  +6 ± 39e 

a Mean ± standard deviation (n = 3)  
b Uncertainties calculated by the method of least squares (n = 3) 
c % Bias calculated as (PS result - LC result)/LC result ×100% 
d Above the analytical measurement range for the LC-MS assay (0.5–40 ng/mL) 
e Uncertainties represent standard deviations in the % Biases  
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Figures and Legends 
 

 
 
Figure 1: Photographic details of the custom PS-MS interface, illustrating the 
positioning of the paper strip and solvent delivery line. 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2: Paper strip position optimization for the analyses of fentanyl and 
norfentanyl in a methanol standard by PS-MS. When the paper tip is positioned 
within 0.2 cm of the MS entrance cones, arcing is observed. All measurements 
were made in triplicate, and error bars represent two standard deviations. 
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Figure 3: Comparison of the raw signal traces for the PS-MS measurement of 
trace levels of fentanyl and fentanyl-d5 (data scaled as noted for clarity) with 
‘good’ (panel A) and ‘poor’ (panel B) quality paper cuts.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4: Direct calibration data for fentanyl and norfentanyl in methanol, diluted 
urine, and an analgesic slurry.  Signal ratio is calculated by dividing the analyte 
signal by its respective labeled internal standard signal.  All measurements were 
made in triplicate, and error bars represent two standard deviations. 
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Table S-1: MS scan parameters 
 
Target analyte Molar mass 

(g/mol) 
MS transition 

m/z 
Inlet cone 

(V) 
Collision energy 

(eV) 
Fentanyl 336.47 337→188a 40 25 
  337→105b 40 40 
Fentanyl-d5 341.51 342→188 40 25 
Norfentanyl 232.33 233→84a 35 20 
  233→55b 35 35 
Norfentanyl-d5 237.36 238→84 35 20 
a Quantifier ion 
b Qualifier ion 
 
 
Table S-2: Signal ratios for quantifier to qualifier ions for fentanyl and norfentanyl  
 

 Fentanyl Signals Norfentanyl Signals 
 337→188 337→105 Ratiob  233→84 233→55 Ratiob  

Analytical 
standarda 

        

Trial 1 8.7×103 7.9×103 1.1  4.7×104 8.8×103 5.4  
Trial 2 1.3×105 1.2×105 1.1  2.0×105 4.0×104 5.0  
Trial 3 4.2×104 3.7×104 1.1  2.2×105 3.6×104 6.1  
Trial 4 1.3×105 1.3×105 0.99  2.6×105 4.6×104 5.5  
Trial 5 1.2×104 1.3×104 0.95  2.2×105 3.3×104 6.6  
Trial 6 6.1×104 5.2×104 1.2  2.9×105 5.3×103 5.5  

Average   1.1    5.7  
% RSD   7.6    10  

         
 337→188 337→105 Ratiob % Diff.c 233→84 233→55 Ratiob % Diff.c 

Urine 
samples 

        

1 1.6×104 1.3×104 1.2 9.3 4.8×104 8.6×103 6.0 6.1 
2 1.9×104 1.5×104 1.3 16 1.6×104 2.7×103 5.9 4.3 
3 5.5×102 5.5×102 1.0 7.5 3.6×103 6.6×102 5.4 5.6 
4 1.1×103 1.0×103 1.1 5.0 1.3×105 2.2×104 6.0 6.1 
5 4.4×103 4.2×103 1.0 2.6 1.0×104 2.2×103 4.6 21 
6 1.7×102 3.0×102 0.59d 59 2.7×103 8.2×102 3.3 d 54 
7 8.7×102 1.0×103 0.88 20 1.4×104 6.5×102 5.4 5.6 
8 1.9×103 2.1×103 0.93 15 3.3×103 6.4×102 5.1 12 
9 4.9×103 4.1×103 1.2 10 2.1×104 3.5×103 5.9 4.3 

10 5.2×103 5.5×103 0.95 12 4.3×104 6.8×103 6.2 9.4 
a Mixed standard containing 11 ng/mL fentanyl and 123 ng/mL norfentanyl in methanol 
b Calculated as the ratio of signal from the quantifier ion to that of the qualifier ion 
c Percent difference between the ion ratio for a particular urine sample and the average analytical 
standard ion ratio 
d Excessive deviation the combined result of possible isobaric interference (complex sample) and 
low signal intensities 
 
 
 



 
 
Table S-3: Percent differences of calibration curve slopes in complex matrices 
relative to calibration curve slopes in methanol 
 
Target analyte Diluted Urine Analgesic Slurry 
 % Difference % Difference 
Fentanyl 11 6.6 
Norfentanyl 2.6 - 
 
 
 

 
 
Figure S-1: Schematic diagram of 3D printed guide for consistent sample spotting 
on paper strips. The guide is placed over top of a paper strip. The bottom of the 
paper strip is aligned with the ‘paper strip guide,’ while the micropipettor tip is 
aligned with the ‘micropipettor tip guide’ while spotting the sample. 
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Figure S-2: Schematic diagram of the aluminum paper spray sample mount. 
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Figure S-3: Schematic of 3D printed mounting arm for the paper spray sample 
mount. 
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Figure S-4: Photograph of PS-MS interface mounted on the mass spectrometer 
system. 
 
 
 
 
 
 
 



 
 
Figure S-5: Relative fentanyl response plots for continuous measurements made 
in complex matrices using PS-MS. The similar relative response over time 
indicates that pre-spiking the paper strip with internal standard (10 µL of 169 
ng/mL fentanyl-d5) sufficiently corrects for any matrix effects for the complex 
matrices examined. Relative response is calculated as [(fentanyl signal)/(fentanyl 
concentration)]/[(fentanyl-d5 signal)/(fentanyl-d5 concentration)]. 
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