
Introduction

Drugs of abuse are typically screened by immunoassay techniques 
(EMIT) and confirmed by GC/MS or LC/MS/MS assays.1-3 We present an 
alternative route for analysis, quantitation and confirmation of these 
drugs using a Time-of-flight (TOF) mass spectrometer. The PerkinElmer® 
AxION® 2 TOF MS, fitted with ADC detector technology, provides a 
wide dynamic range and is suitable for quantitative analysis of target 
drugs. In contrast to quadrupole instruments that are not very sensitive 
in the scanning mode, TOF can be used for qualitative screening of 
unknown compounds. The accurate mass and isotope ratios provided 
by the AxION 2 TOF MS along with retention time matching is used to 
identify and confirm the presence of both known and unknown target 
analytes without the need for fragmentation information. The AxION 2 

TOF MS fitted with the dual-probe Ultraspray™ 2 ESI source allows for simultaneous infusion 
of both internal calibrant mixture and the LC effluent so the mass accuracy is maintained 
throughout the analysis at low ppm level with continuous lock mass correction. 
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Table 1.  LODs of some representative drugs of abuse in 
human urine.

Drug LOD in urine (ng/mL or ppb)

Methamphetamine 1

Amphetamine 5

Diazepam 1

Haloperidol 4

Alpralozam 1

Fluorazepam 5

Codeine 5

Morphine 5

Doxepine 1

Haloperidol 4

Cocaine 1

Benzoylecognine 1

Methadone 1

3, 4 MDA 1

MDEA 1

Oxycodone 1

The linearity of a representative drug, oxycodone, is shown 
in Figure 2. The analysis showed regression values (r2 = 0.999) 
over ~4 orders of dynamic range thereby emphasizing the 
quantitative capabilities of the AxION 2 TOF MS. 

Experimental

SPE extraction: Blank urine samples were spiked with varying 
concentrations of analyte drugs (1-10,000 ppb) and with 
internal standards (d5-diazepam and d3-doxepine at 50 ng/
mL each). Urine (300 µL) was extracted over PerkinElmer HLB 
solid phase cartridges (30 mg/1 mL cartridges, 30 micron 
particle size, Part Number N9306650). The cartridges were 
conditioned with methanol (1 mL) followed by water (1 mL). 
The urine samples were then loaded on the cartridges and 
extracted at a flow rate of 1 mL/min. The cartridges were 
washed with 5% methanol in water (1 mL) dried under 
vacuum for ~ 1 min and eluted with methanol (1 mL). The 
eluate was dried and reconstituted to 300 µL with water. 

LC conditions: 

Pump: PerkinElmer Flexar™ FX-10 pump

Flow: 0.4 mL/min

Mobile phase A: Water containing 0.1% formic acid

Mobile phase B: Acetonitrile containing 0.1% formic acid

Gradient conditions: 95% A/5% B for 1 min., followed by  
 95% A/5% B to 10% A/90% B in 5 min.  
 (linear gradient), maintained at  
 10% A/90% B for next 1.5 min. 

Injection volume: 4 μL in partial fill mode

Column used: PerkinElmer Brownlee™ SPP C-18,  
 2x50 mm, 2.7 μm, 25 °C

MS conditions:

Mass spectrometer: PerkinElmer AxION 2 TOF MS

Ionization source: PerkinElmer Ultraspray™ 2  
 (Dual ESI source)

Ionization mode: Positive

Spectral acquisition rate: 3 spectra/sec

Capillary exit voltage: 100 V

TrapPulse™ mode: 100-1000 m/z (D7:68, D8:91)

Internal calibration was performed using m/z 118.08625 and 
622.02896 as lock mass ions.

Results

The separation and analysis of 21 drugs of abuse belonging 
to several classes including opiates, benzodiazepines, 
amphetamines and cannabinoids was achieved within 7 min 
(Figure 1). The recovery of the drugs over SPE cartridges 
was estimated to be ≥ 80% for nearly all of the analytes 
(determined at 20 ppb concentration spiked in urine). Using 
the proprietary TrapPulse technology of the AxION 2 TOF 
MS, we observed excellent limits of detection (LODs, based 
on S/N ≥ 3) for a majority of the drugs (1-5 ppb, Table 1). In 
the TrapPulse mode of operation, the duty cycle of the TOF 
increases, resulting in significant improvement in signal. The 
LODs measured by the AxION 2 TOF MS were 100-400 times 
lower than the required cut-off levels by the EMIT assays 
for most classes of drugs of abuse showing the excellent 
sensitivity provided by the instrument. 

Figure 1.  Analysis of different classes of drugs of abuse within 7 min.

Figure 2.  Calibration curve of oxycodone over a concentration range of 
1-10,000 ppb (d3 doxepine used as internal standard).
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Table 2.  Shows  theoretical mass, observed mass and mass error of representative drugs of abuse. 

  Monoisotopic Mass 
Analyte Formula [M+H]+ Observed Mass Mass Error (ppm)

Methamphetamine C10H15N 150.1277 150.1273 -2.66

Amidarone C25H29I2NO3 646.0310 646.0312 0.39

Amphetamine C19H13N 136.1121 136.1113 -5.88

Codeine C18H21NO3 300.1594 300.1594 -0.07

Diazepam C16H13ClN2O 285.0789 285.0792 0.98

Doxepine C19H21NO 280.1696 280.1695 -0.36

Haloperidol C21H23ClFNO2 376.1474 376.1474 0.00

Morphine C17H19NO3 286.1438 286.1434 -1.40

Flurazepam C21H23ClFN3O 388.1586 388.1593 1.80

Alprolazam C17H13ClN4 309.0902 309.0900 -0.65

Cocaine C17H21NO4 304.1543 304.1550 2.30

EDDP perchlorate  C20H24ClNO4 278.1903 278.1906 1.08 
(fragment, [M-O4Cl]+) 

Benzoylecognine C16H19NO4 290.1387 290.1394 2.41

Methadone C21H27NO 310.2165 310.2171 1.93

3,4 MDA C10H13NO2 180.1019 180.1016 -1.67

MDEA C12H17NO2 208.1332 208.1326 -2.88

MDMA C11H15NO2 194.1176 194.1169 -3.61

Phenylpropylamine C9H13NO 152.1069 152.1060 -5.92

Oxycodone C18H21NO4 316.1543 316.1545 0.54

Figure 3.  (a-c) Shows the effect of narrowing the extracted ion mass window 
on the S/N of 1 ppb of alpralozam in urine. Blue trace is of control urine and 
the black trace is of spiked urine.

The major advantage of TOF MS is the accurate mass 
capability for confirming the presence of a given analyte. 
Table 2 shows examples of accurate mass of the drugs 
of abuse provided by AxION 2 TOF MS in comparison to 
the corresponding theoretical mass. The accurate mass, 
isotope ratios and retention time is used as confirmation 
of the presence of a given analyte. Analyte detection in 
urine at low parts-per-billion level is significantly improved 
by narrowing the extracted ion mass window as shown 
in Figure 3 (a-c) for alpralozam. The noise is reduced 
considerably with a narrower mass window improving 
overall S/N and thereby providing more confidence in 
analysis of a given compound. 



software searches against a database and provides a ranked 
summary of the potential target compounds for a given 
elemental composition. The compound was determined to be 
caffeine, one of the most commonly consumed stimulants. 
Similar analysis using AxION EC ID software suggested the 
unknown peaks eluting at Rt ~1 and ~1.8 mins were most 
likely theobromine/theophylline/paraxanthine, which are all 
isomer metabolites of caffeine. The presence of caffeine and 
its metabolites in urine was further confirmed by retention 
time matching with standards. 

In addition to the federally mandated workplace testing, 
which involves analysis of known compounds, forensic 
toxicologists have the challenge of often looking for 
unknown compounds in samples. TOF MS technology 
provides the user the ability to re-mine already acquired 
data for presence of these “unknown” compounds. As an 
example, we analyzed an unknown compound eluting at 
retention time (Rt) of ~2.5 mins (Figure 4). The identity of 
this unknown peak was determined with the AxION EC 
ID software using accurate mass and isotope ratios. The 
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Figure 4.  Panel a: shows the elution profile of unknown targets that were identified as caffeine and metabolites of caffeine using accurate mass and isotope ratio 
obtained from the AxION 2 TOF MS along with the AxION EC ID software; Panel b: with the AxION EC ID software, the elemental composition C7H8N4O2 
was the first hit for m/z 181.0718; Panel c: upon sorting for decreasing AIDS (chemical listed for most number of assays), the first possible candidate for 
C7H8N4O2 was theophylline and the second choice was paraxanthine, both of which are metabolites of caffeine.



Conclusions

The study of drugs of abuse in urine presented in this 
application note shows the exceptional capabilities of 
the AxION 2 TOF MS for both quantitative analysis and 
for screening of additional components present in urine. 
The detection limits of several classes of drugs of abuse 
analyzed by the TOF were 100-400 times lower than those 
required by non-specific immunoassays. Besides the wide 
quantitative dynamic range of the AxION 2 TOF MS, which 
rivals capabilities of the triple quadrupole instruments, the 
TOF also provides full spectrum information which allows 
for screening of non-target compounds. This application 
note was developed for 21 drugs of abuse; however, it 
can easily be extended to a wider range of drugs of abuse 
used in screening analysis with the help of the easy to use 
quantitation and reporting software package provided with 
the instrument.

References

1. Moeller, K.E., Lee, K.C., Kissack, J.C., Mayo Clin. Proc. 83 
(2008) 66.

2. Thevis, M., Schanzer, W., Mass Spectrom. Rev. 26 (2007) 
79.

3. Gallardo E., Barroso, M., Queiroz, J.A., Drug Test Anal.  
1 (2009) 109.

For a complete listing of our global offices, visit www.perkinelmer.com/ContactUs

Copyright ©2012, PerkinElmer, Inc. All rights reserved. PerkinElmer® is a registered trademark of PerkinElmer, Inc. All other trademarks are the property of their respective owners.
 
010198_01

PerkinElmer, Inc. 
940 Winter Street 
Waltham, MA 02451 USA 
P: (800) 762-4000 or 
(+1) 203-925-4602
www.perkinelmer.com


