Screening for Drugs of Abuse in Urine by using Solid Phase
Microextraction (SPE-itTM) Fibers and a Novel Reverse Library Search
Introduction
Urine has long been the sample of choice
for drug screening of employers and law
enforcement investigators. When urine is
analyzed directly by Direct Analysis in Real
Time – Mass Spectrometry (DART®-MS),
significant matrix effects is encountered and
the mass spectrum is dominated by
creatinine and urea. In order to minimize the
urine matrix effect, C18-coated solid phase
microextraction tips (SPE-it tips) were
utilized to extract and separate the drugs of
interest from the matrix.
In a simplified sample handling process,
after extraction the sample laden SPE-it tips
are positioned in the ionization region of a
DART source for analysis. Analysis of one
sample is rapid with the extraction process
requiring 15 minutes and the DART analysis
requiring seconds. Utilizing a 96-well plate
and loading 12 SPE-itTM fibers into a multitip holder, the extraction can be completed
in parallel followed by rapid analysis to
improve sample throughput.
Although the spectrum is simplified by using
the extraction to isolate drug and drug
related molecules from urea and creatinine,
which are two common components in
urine, the data interpretation can still be
complex, particularly if multiple drug
components are present. In order to simplify
this process and increase the confidence in
drug ID we have developed a novel reverse
library search based program to
automatically interrogate the DART-MS
data. This new program is called PIMISATM.
All data were acquired utilizing a multi-cone
voltage protocol to generate a library initially
containing 170

drug compounds. With PIMISA
characteristic ions of each library compound
are matched to the sample spectrum. The
resulting answers are reported in a simple
display.

Figure 1: SPE-itTM Kit place mat showing the sampling
protocol.

Experimental
Synthetic urines were spiked with cocaine,
heroin, 6-monoacetylmorphine (6-MAM),
THC and LSD. These analytes were spiked
into the synthetic urines at 10 ppm. C18-tips
were utilized for the extraction following the
protocol shown in Figure 1.
A DART-SVP coupled to a Waters
ACQUITY® QDa was employed to perform
the analysis. The DART gas temperature
was set at 300 °C and a rail speed of 0.5
mm/s was used to transport the tips through
the ionization region. The voltage of the
sample cone was varied between +15, 30,
50 and 70 V for each sample, resulting in a
set of four spectra per sample. Each set of
four spectra were processed with PIMISATM
using a matching factor of 90%.
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Results
When the urine samples were analyzed
directly, there was strong ion suppression
from the creatinine. As a result, only
cocaine and heroin was detected in the
mixture sample, as shown below in the top
spectrum of Figure 2. LSD and THC were
also detected, but with low signal intensity
while the creatinine was the base peak in
the spectrum.

Figure 2: +15 V spectrum of 1:1:1 cocaine:heroin:6-MAM in
urine when analyzed directly (top) and when extracted using
C18 SPE-its (bottom).

After a 15 minute extraction of the spiked
urine with the C18 SPE-itTM tips, each of the
drugs, including 6-MAM, were detected with
improved S/N as the creatinine was not
recovered (Figure 2 bottom). The resulting
spectrum for each sample contained
predominantly the precursor ions of the
drugs.

All drugs were identified by PIMISATM with
match factors of greater than 90% and no
false positive or false negative results when
searched against 170 different compounds.
The results are reported in a simple display
where the size of the circles reflects the
signal intensity of the precursor ion for each
drug (Figure 3).

Figure 4: SPE-itTM fibers guided through the DART
ionization gas stream via a module attached to an
automated linear rail.

Conclusion
Screening urine samples can be simplified
by eliminating matrix ion suppression by
using SPE-itTM extraction. In this study, the
C-18 tips enhanced the analyte signal for
drugs of abuse in synthetic urine.
Simultaneous extraction of up to 12
samples in a single analysis is possible
using the SPE-itTM module (Figure 4).
Combining the analysis with parallel data
processing using PIMISATM reverse library
search program can permit rapid and simple
detection of drugs of abuse in urine.
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Figure 3: Main monitor page of PIMISATM which reports all
detected drugs in a simple display.
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