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Abstract Cocaine is still one of the most abused drugs world-
wide and, as such, it is often screened for in driving-under-the-
influence or workplace drug - testing scenarios. A large num-
ber of samples have usually to be processed in those situa-
tions, and this requires fast and simple extraction procedures
for the detection and quantification of the drugs. The present
work describes an ultrafast and fully validated procedure for
the simultaneous detection and quantification of cocaine and
its two main metabolites, ecgonine methyl ester and
benzoylecgonine, in urine using microextraction by packed
sorbent and GC-MS. A small sample volume (200 μL) was
used, and a fast extraction procedure together with a
microwave-assisted derivatization (800 W, 2 min) allowed
the quantification of all analytes in a range of 25 to 1000 ng/
mL (r2 > 0.99). Inter-day precision revealed coefficients of
variation (CVs) lower than 10% for all analytes at the tested
concentration levels, with an accuracy within a ±7% interval,
with the exception of EME’s lowest calibrator (±17%). Intra-
day CVs were lower than 15% at the studied concentration
levels, with a mean relative error within a ±13% interval.

Recoveries ranged from 14.5 to 37.2% (EME), 67.0 to
83.3% (cocaine), and 24.6 to 43.5% (BEG), allowing the
limits of detection and quantification to be set at 25 ng/mL
for all compounds.
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Introduction

Cocaine is the most commonly used illicit stimulant drug in
Europe, and due to the popularity gained in recent years, it is
no longer considered an Belite drug.^ Cocaine consumption is
associated to numerous health problems, such as cardiovascu-
lar disorders, neurological impairment, as well as social prob-
lems and death [1, 2].

For human performance forensic toxicology purposes in
drivers, as well as in workplace drug testing schemes, urine
samples are frequently analyzed [3]. Its non-invasive collec-
tion procedure and detectable levels of the drugs over an ex-
tended period (and at much higher concentrations than those
measured in blood), make urine the preferred specimen for
regular drug testing analyses. Also, the higher levels of drug
metabolites can provide further evidence of drug use. One has
to consider, though, that most drug levels in urine do not
correlate well with levels in blood, and the relatively short
windows of detection (from 1 to 3 days for cocaine) [4].

Although proteins and cellular material are not present in
urine at high levels, allowing simple analysis, a sample pre-
treatment approach is usually deemed necessary and is consid-
ered the limiting step for a fast identification of the target
analytes. The described sample preparation methods for co-
caine identification and quantification in urine specimens in-
clude mainly the widely used solid-phase (SPE) [5–9] and
liquid-liquid extraction (LLE) [10–13] procedures, while
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molecularly imprinted polymers (MIPs) have also been used
[14] more recently. Miniaturization is the new trend on sample
preparation, and this may be due to the great amounts of sol-
vents and samples usually required for more traditional ap-
proaches (which are also more time-consuming).
Microextraction by packed sorbent (MEPS) is a miniaturized
SPE which reduces operating volumes, sample size, sample
processing time, and has been successfully applied for the
screening of cocaine and metabolites [15, 16], however, using
expensive equipment which is not available inmost laboratories
for routine analysis. This technique has been successfully ap-
plied in both clinical and forensic toxicology fields [17]. In fact,
our group has dedicated part of its research activity to this
miniaturized procedure, as well on its application to determine
a number of illicit drugs, such as cannabinoids [18], ketamine
[19], piperazine-type stimulants [20], and salvinorin A [21] in
biological samples. The different biological samples used to
determine the mentioned compounds, as well as the drugs’
chemical properties play an important role in method develop-
ment, and will influence the choice of the most adequate sor-
bent for extraction. Moreover, even if the best sorbent for the
target analyte is selected, this perhaps will not suffice unless the
whole process is previously optimized. In fact, parameters such
as conditioning, proper sample dilution in buffer, sorbent wash,
and elution have to be carefully studied in order to maximize
recovery, which will be determinant in what concerns the
method’s sensitivity [22]. The herein presented work is no dif-
ferent regarding the need for this optimization, since this is the
first time that this group of illicit drugs is determined in urine by
means of this miniaturized procedure.

Other miniaturized SPE approaches include for instance
μSPE procedures; although both can be considered as minia-
turized forms of the commonly used SPE, presenting as ad-
vantages their relatively low cost, minimized usage of sol-
vents and compatibility with different systems of analyte sep-
aration and detection, μSPE has a number of drawbacks,
namely the limited range of stationary phases selection, and
the possibility of carryover. Moreover, MEPS also involves
greater reductions in time and sample volume required to pre-
concentrate target analytes, but its overwhelming advantage is
the possibility of reusing the sorbent several times, significant-
ly minimizing the costs of the whole procedure [23].

Gas chromatography coupled to mass spectrometry (GC-
MS) is commonly used in forensic toxicology laboratories for
cocaine determination [5–7, 10, 24–27], despite the derivati-
zation process required to analyze its main metabolites, which
is usually time-consuming [7]. In order to accelerate this step,
microwave-assisted derivatization was studied and applied.
LC-MS-based methods have been used as well [14, 28–34].

The present work describes an ultra fast (for which ac-
counts the accelerated microwave-assisted derivatization),
sensitive, selective, accurate and fully validated procedure
for the simultaneous detection and quantification of cocaine

(COC) and its two main metabolites, ecgonine methyl ester
(EME) and benzoylecgonine (BEG) in low volume urine sam-
ples (200 μL) using MEPS-GC-MS. The described procedure
represents a good alternative for forensic toxicology purposes,
as well as in workplace drug testing situations, improving
laboratory throughput.

Materials and methods

Reagents and standards

The analytical standards of COC, EME, and BEG were pur-
chased from Sigma Aldrich, (St. Louis, MO, USA) as 1 mg/mL
solutions. The internal standards (IS) COC-d3, EME-d3 and
BEG-d3 were obtained from Sigma-Aldrich (Lisbon,
Portugal), also at 1 mg/mL. Methanol (Merck Co, Darmstadt,
Germany) and acetonitrile (Fisher Scientific, Leicestershire,
UK) were of HPLC grade. Deionized water was obtained from
aMilli-Q System (Millipore, Billerica,MA,USA). Ammonium
hydroxide was purchased from J.T. Baker (Deventer, Holland),
and Formic Acid was obtained from Merck (Darmstadt,
Germany). N-methyl-N-(trimethylsilyl) trifluoroacetamide
(MSTFA) and trimethylchlorosilane (TMCS) were acquired
from Macherey-Nagel (Düren, Germany). A MEPS syringe
(250 μL) was used and M1 cartridges (4 mg; 80% C8 and
20% SCX), both from SGE Analytical Science were purchased
from ILC (Porto, Portugal); the microwave oven used for the
derivatization process was purchased from Samsung (Lisbon,
Portugal). Working solutions were prepared by proper dilution
of the stock solutions with methanol to the final concentrations
of 10 and 2 μg/mL for COC, BEG, and EME, while a working
solution of all IS at 5μg/mLwas prepared also in methanol. All
those solutions were stored in the absence of light at 4 °C.

Biological specimens

Drug-free urine samples used in all experiments were provid-
ed by laboratory staff. Authentic urine samples used for anal-
ysis were kindly provided by volunteers, consumers of co-
caine, and provided by the emergency services of the
Hospital of Cova da Beira, Covilhã, Portugal. These samples
were stored frozen at −20 °C until analysis.

Gas chromatographic and mass spectrometric conditions

An HP 7890A gas chromatography system (Agilent
Technologies, Waldbronn, Germany), equipped with a model
5975C Inert XL MSD mass selective detector (Agilent
Technologies, Waldbronn, Germany), a MPS2 autosampler
and a PTV-injector from Gerstel (Mülheim an der Ruhr,
Germany) was used for the chromatographic analysis. The
Separation of the analytes was achieved using a capillary
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column (30 m × 0.25-mm I.D., 0.25-μm film thickness) with
5% phenylmethylsiloxane (HP-5 MS), supplied by J & W
Scientific (Folsom, CA, USA).

The oven temperature started at 90 °C for 2 min, followed
by an increase at the rate of 20 °C/min until 300 °C and held
for 3 min. Splitless modewas used and the inlet and ion source
temperatures were set at 220 and 280 °C, respectively. Carrier
gas (helium) was set at a constant flow rate of 0.8 mL/min and
data were acquired in the selected ion monitoring (SIM)
mode. The mass spectrometer was operated with a filament
current of 35 μA and electron energy of 70 eV in the positive
electron ionization mode. The ions were chosen based on
selectivity and abundance in order to maximize the signal-
to-noise ratio in matrix extracts. The selected ions were the
following (quantifying ions are italicized, and the respective
retention time is given between brackets): 82, 96, and 271 for
EME (8.25); 82, 182, and 303 for COC (11.70); and 82, 240,
and 361 for BEG (11.98). For the internal standards, the se-
lected ions were 85, 185, and 243 for EME-d3, COC-d3, and
BEG-d3, respectively.

Sample preparation

The extraction procedure was optimized previously (see
Results and discussion), and the final conditions were as
follows.

Frozen urine samples were allowed to thaw at room tem-
perature and were afterwards centrifuged at 4500 rpm during
15 min. The supernatant was transferred into 15-mL polypro-
pylene conical tubes. Urine samples (200 μL) were diluted
with 100 μL of 0.1 mM potassium phosphate buffer and
spiked with 20 μL of the IS working solution. The mixture
was homogenized by rotation/inversion movements during
15 min. The M1 MEPS cartridge was conditioned once with
250 μL of methanol and once with 250 μL of 0.1% formic
acid (in water). Sample loading was performed with 6 cycles
of 150 μL of the diluted urine sample (strokes). Endogenous
interferences were removed from the sorbent using 4 cycles of
50 μL of 0.1% formic acid in water followed by a drying step
of 4 strokes of air (50 μL) in order to remove all traces of
water. The retained analytes were eluted from the sorbent with
4 cycles of 100 μL of 1% ammonium hydroxide in methanol;
the extracts were transferred to borosilicate glass tubes and
were afterwards evaporated to dryness under a gentle stream
of nitrogen. The dry extracts were derivatized with 50 μL of
MSTFAwith 5% TMCS, the tubes were screw capped and the
process was conducted in a microwave oven for 2 min at
800 W. The derivatized extracts were transferred to
autosampler vials and a 2 μL aliquot of the resulting solution
was injected into the GC-MS system.

After each extraction, the sorbent was washed sequentially
with 4 cycles (100 μL) of each of the following solvents: 1%

ammonia in methanol:acetonitrile (50:50, v/v) and 1% formic
acid in 2-propanol, in order to decrease carryover.

Validation procedure

The described method was fully validated according to the
guiding principles of the Food and Drug Administration
(FDA) [35], International Conference on Harmonization
(ICH) [36] and the Scientific Working Group for Forensic
Toxicology (SWGTOX) [37]. A 5-day validation protocol
was followed, and the studied parameters included selectivity,
linearity and limits, intra- and inter-day precision and accura-
cy, efficiency, stability, and dilution integrity.

Selectivity

The method’s selectivity was evaluated by analyzing 10 pools
of blank urine samples, each pool containing 3 urine samples
from different origins, in order to investigate eventual inter-
ferences at the retention times and selected ions of the studied
compounds. Identification criteria for positivity included an
absolute retention time within 2% or ±0.1 min of the retention
time of the same analyte in the control sample and the pres-
ence of at least three ions per compound. To guarantee a suit-
able confidence in identification, the maximum allowed toler-
ances for the relative ion intensities between the three ions (as
a percentage of the base peak) were as follows [19].
Considering the relative ion intensity in the control sample,
if the relative ion intensity was higher than 50%, then an
absolute tolerance of ±10% was accepted; if this value was
between 25 and 50%, a relative tolerance of ±20% was
allowed; if it was between 5 and 25%, an absolute tolerance
of ±5% was accepted and finally, for relative ion intensities of
5% or less, a relative tolerance of ±50% was used [38]. The
method would be considered selective if no analyte could be
identified in the blank samples by means of those criteria.

Calibration curves and limits

Linearity of the method was established on spiked urine sam-
ples prepared and analyzed using the described extraction
procedure in the range of 25–1000 ng/mL for all target
analytes (five replicates). Calibration curves were obtained
by plotting the peak area ratio between each analyte and the
IS against analyte concentration. The acceptance criteria in-
cluded a determination coefficient (R2) value of at least 0.99
and the calibrators’ accuracy within a ±15% (except at the
lower limit of quantification (LLOQ), where ±20% was con-
sidered acceptable). Together with each calibration curve, a
zero sample (blank sample with IS) and QC samples at 50,
100, 500, and 1000 ng/mL (n = 3) were also analyzed. The
LLOQ was defined as the lowest concentration which could
be measured with adequate precision and accuracy, i.e., with a
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coefficient of variation (CV,%) lower than 20% and a relative
error (RE,%) within ±20% of the nominal concentration [19].

Intra- and inter-day precision and accuracy

Intra-day precision was evaluated by analyzing in the same
day 6 replicates of blank urine samples spiked with the studied
analytes at 6 concentration levels. Inter-day precision was
evaluated at a minimum of six concentrations within a 5-day
period. Intermediate precision was evaluated as well. This
precision refers to as run-to-run, analyst-to-analyst, or day-
to-day precision. In this work, we have studied day-to-day
precision only. This parameter was calculated using the QC
samples prepared and analyzed simultaneously with the cali-
bration curves on 5 different days (n = 15). The accuracy of
the method was characterized in terms of the mean RE
between the concentrations measured using the calibration
equation and the spiked concentrations; the accepted limit
was 15% for all concentrations, except at the LLOQ,
where 20% was accepted.

Extraction efficiency

For the analysis of absolute recovery, two sets of samples
(n = 3) were prepared at 4 concentration levels (50, 100,
500, and 1000 ng/mL). Set 1 represented spiked analytes after
extraction of a blank sample (representing 100% recovery),
and set 2 consisted of spiked analytes in a blank sample before
extraction. The IS was added to the two sets of sample only
after elution. The recovery results were obtained by comparison
of the relative peak areas of sample set 2 with those of the corre-
sponding analytes in sample set 1.

Stability

The stability of COC, BEG, and EME was studied at the
abovementioned concentrations applying the MEPS proce-
dure (n = 3) under specific conditions and time intervals (proc-
essed samples, short-term and freeze/thaw stability). To study
stability in processed samples, the extracts that were previous-
ly analyzed were re-analyzed after stored at room temperature
in the autosampler for 24 h. This way the target analytes and
the internal standard were assessed over the anticipated run
time for the batch size, and their concentrations were deter-
mined on the basis of the original calibration curve. Short-
term stability was evaluated at the same concentration levels
(n = 3). Blank samples were spiked and were left at room
temperature for 24 h. To study freeze and thaw stability, urine
samples were spiked at the previously described concentra-
tions, and were stored at −20 °C for 24 h. After this period,
they were thawed unassisted at room temperature, and then
refrozen for 12–24 h under the same conditions. This freeze/
thaw cycle was repeated twice more, and the samples were

analyzed after the third cycle. During the entire stability pro-
cedure, the analyzed samples were compared to samples
freshly prepared and analyzed in the same day (both sets of
samples were quantified in the same calibration curve, the
obtained concentrations were compared and the respective
RE was calculated relatively to the theoretical concentrations;
the CVs between the two sets of samples were calculated as
well). The analytes were considered stable if both the CV
between the two sets of samples and the calculated REs were
in accordance with the abovementioned criteria for precision
and accuracy (CVs below 15% and REs within a ±15%
interval).

Dilution integrity

This parameter was studied in order to investigate the possi-
bility of sample dilution in the event that the analytes were
present at concentrations higher than the method’s upper limit
of quantification. The study was performed for all analytes at
three levels of concentration (n = 3), which needed three dif-
ferent levels of sample dilution (with blank urine) to fit within
the calibration range (1:10, 1:5 and 1:2). Sample dilution
would be acceptable if the calculated concentrations after mul-
tiplying by the dilution factor were within a ±15% interval
from the spiked value.

Results and discussion

Optimization of the sample extraction process

This optimization was performed using spiked urine samples
from 5 different origins.

Selection of the extraction procedure

This study was initially carried out in order to find the most
suitable extraction procedure that would result in a greater
recovery of the target analytes. The most common extraction
technique for the analysis of COC and metabolites by GC-MS
appears to be SPE using a mixed mode sorbent, and most of
the referenced methods using this type of SPE sorbent report-
ed extraction recoveries of at least 70% [39]. For this reason,
we have used a mixed mode sorbent (M1) in our 250-μL
MEPS syringe. Table 1 resumes five different procedures
using this type of sorbent. One can observe that the washing
and eluting steps were different for each extraction technique,
considering several MEPS protocols parameters [16]. The sor-
bent conditioning step was the same for all procedures, and
consisted on 250 μL of methanol followed by the same vol-
ume of 0.1% aqueous formic acid; the sample was aspirated 8
times (150 μL) through the device in all tested procedures
[16].
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Figure 1 shows the obtained results by application of the
five extraction procedures in blank urines previously spiked
with COC, EME and BEG (0.5 μg/mL). The respective IS
were added after the extraction process. Each extraction pro-
cedure (n = 3) was evaluated using one-way ANOVA in order
to observe the presence of statistical differences within and
between groups. EME is the only analyte revealing no signif-
icant differences in the absolute peak area [F(4,10) = 1.20,
p < 0.05] when the different procedures were applied; howev-
er, one can observe greater responses for techniques 1 and 5.
The latter procedures were the only that combined 0.1%
formic acid with 1% ammonium hydroxide, and this combi-
nation revealed a greater effect on the recovery of EME, still
with no significant deviation from that obtained when other
techniques were used.

A significant difference in absolute peak areas when the
five procedures were performed [F(4,10) = 5.21, p < 0.05]
was however observed for COC. Although lower absolute
peak areas were observed in general for this analyte, greater
recoveries were still observed for techniques 1, 4, and 5
(best for 4 and 5). A significant greater absolute peak area
[F(1,4) = 8.18, p < 0.05] as well as a lower coefficient of
variation (CV) were observed for technique 5 when com-
pared to technique 4.

BEG reveals similar results to those obtained for COC. The
study of the five procedures also resulted in a significant dif-
ference [F(4,10) = 64.69, p < 0.05] between them. The abso-
lute peak areas also suggest that techniques 4 and 5 allow
better recoveries; however, recovery is significantly higher
for technique 5 [F(1,4) = 185.20, p < 0.05], presenting also a
lower CV when compared to technique 4. Therefore, tech-
nique 5 was considered the most suitable extraction procedure
for the target analytes, and hence, it was adopted for further
analysis.

Number of strokes

The number of extraction cycles (strokes) during the sample
loading step is a parameter that should be optimized, hence
leading to higher recoveries of the target analytes [16]. Given
the previous extraction procedure evaluation, the selected
technique was subjected to a study of the number of strokes,
regarding the present method application. The number of

extraction cycles was the only parameter which was modified,
ranging from 6 to 12 strokes (n = 3), while all the remaining
MEPS parameters were kept constant. The IS was added only
after the extraction process, in order to use peak areas ratio to
compare different method conditions.

Figure 2 shows the obtained results. One can observe that 8
strokes would result in greater recovery, but also in a larger CV
for EME. COC and BEG present better recoveries with an
acceptable CV (<12%) when 10 extraction cycles were per-
formed. However, no significant statistical difference is ob-
served for EME [F(3,8) = 0.61, p < 0.05], COC [F(3,8) = 0.67,
p < 0.05] or BEG [F(3,8) = 1.55, p < 0.05] when the number of
extraction cycles varied in the range of 6 to 12.

One of the main goals of present method development is a
fast determination of COC and metabolites with the use of a
minimal sample volume and a simple analyte pre concentra-
tion. Therefore, 6 cycles of extraction seemed a reasonable
option for a simple MEPS procedure, since no statistically
significant difference was observed when higher number of
strokes was applied.

Derivatization procedure

Most GC-MS methods for the analysis of COC and metabo-
lites require a derivatization process to increase volatility, de-
tectability or stability, and to facilitate chromatographic sepa-
ration. The most common agents described in the literature for
the target analytes are MSTFA [5, 10, 24], N,O-
Bis(trimethylsilyl) trifluoroacetamide (BSTFA) [6, 40],
pentafluoropropionic anhydride (PFPA) [26, 27], and
pentafluoropropanol (PFPOH) [26, 27]. TMCS (1%) can of-
ten be combined as a catalyst to increase TMS donor potential
[10, 40], and we increased its concentration to 5% combined
with MSTFA as a derivatization agent in the present work.

However, derivatization procedures using heating blocks
are usually time-consuming [7]. In order to accelerate this
analytical step, Brunetto et al. [7] made an extensive study
on microwave-assisted derivatization of COC and BEG with
BSTFA after SPE in urine samples. The authors reported a
higher increase on the signal of BEG derivative after exposure
to 700Wup to 90 s. The study of the level of irradiation made
by the same authors revealed, however, greater signals for

Table 1 Extraction procedures
EP Washing Eluting

1 1 × 50 μL 0.1% HCOOH in H2O 4 × 100 μL 1% NH4OH in MeOH

2 4 × 50 μL 0.1% HCOOH in H2O 4 × 100 μL 2% NH4OH in MeOH

3 1 × 50 μL 0.1% HCOOH in H2O 4 × 100 μL 2% NH4OH in MeOH

4 4 × 50 μL 1% HCOOH in H2O 4 × 100 μL 1% NH4OH in MeOH

5 4 × 50 μL 0.1% HCOOH in H2O 4 × 100 μL 1% NH4OH in MeOH

EP extraction procedure
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BEG and reproducible measurements when 630 W were
applied [7].

In the present work, we have used microwave-assisted de-
rivatization (800 W) with MSTFA and 5% TMCS during
120 s, a period of time considered a critical limit for safety
reasons [7]. The greater level of irradiation applied with these
agents during this period of exposure gave reproducible mea-
surements for all three analytes, and CVs lower than 15%.

A comparison was made between microwave assisted de-
rivatization applied under our conditions and using a heating
block at 85 °C for 45 min. Peak areas for EME were greater
when the derivatization reaction was microwave-assisted, re-
vealing an increase of the reaction rate for this analyte.
Different results are observed for COC and BEG, as a greater
peak area was observed using a heating block. The results

obtained for BEG differ from the previously mentioned study
[7]. The authors report greater peak areas for BEG when a
microwave assisted derivatization is applied comparing this
process with a common thermostated bath. The present work
uses a different agent (MSTFA) and different microwave con-
ditions (800 W, 120 s) which could have caused these results.
Under our conditions, no significant difference is observed for
COC peak area, since this compound does not derivatize, and
these results are also in agreement with the previous study [7].

Method validation

The present method was fully validated according to the guid-
ing principles of the Food and Drug Administration (FDA)
[35], International Conference on Harmonization (ICH) [36]

Fig. 1 Absolute peak areas and
SDs obtained for different
extraction procedures

Fig. 2 Absolute peak areas and
SDs obtained when different
number of strokes were applied
on MEPS loading step

2056 T. Rosado et al.



and those of the Scientific Working Group for Forensic
Toxicology (SWGTOX) [37]. The parameters included selec-
tivity, efficiency, linearity and calibration model, limits, intra-
and interday precision and trueness, stability and dilution in-
tegrity. All validation experiments were studied using blank
urine samples from 5 different origins (except, selectivity, for
which 30 different origins were used).

Selectivity

Selectivity of the methodology was evaluated as previously
described, and it was checked for interferences at the reten-
tion times and selected ions of the studied analytes. No in-
terferences from endogenous substances were observed at
the retention times and selected ions for each analyte
(Fig. 3).

Calibration curves and limits

The present method was considered linear within the adopted
calibration ranges for all analytes, yet weighted least squares
regressions had to be adopted in order to compensate for
heterocedasticity. For each target analyte, six weighting fac-
tors were evaluated (1/√x, 1/x, 1/x2, 1/√y, 1/y, 1/y2), and that
revealing the best results was selected, given the data obtained
during the assessment of the inter-day precision and accuracy
[35, 36]. The choice was made by calculating the mean rela-
tive error (RE) for each factor, and summing the absolute
value. The factor that revealed the lowest sum of errors and
simultaneously presented a mean R2 value of at least 0.99 was
chosen. Aweighting factor of 1/x2 was deemed necessary for
cocaine analysis. The calibrators’ accuracy [mean relative er-
ror (bias) between the measured and spiked concentrations]
was within a ±15% interval for all concentrations, except at
the LLOQ, for which a ±20% interval was accepted. Table 2
shows calibration data.

The obtained LLOQs were 25 ng/mL for all compounds
and can be considered quite satisfactory, especially when com-
pared to analytical methods published by other authors for the
same analytes. Among those applied to urine samples, many
published methods presented greater LLOQs, namely for EME
[9, 15, 27], COC [7, 13, 15, 27, 41, 42] and BEG [5, 10, 14].
Greater LLOQs were also obtained when analysis were carried
out using a GC-MS systems [5, 7, 10, 27], similarly to the
present work, but also with systems presenting higher selectiv-
ity, such as LC-MS [14] or LC-MS/MS [9]. So far, only
Jagerdeo and Abdel-Rehim [15] have developed an analytical
method utilizing MEPS as a preconcentration procedure with
the main goal of screening COC and metabolites in human
urine samples, reporting LLOQS of 65 ng/mL (EME), 75 ng/
mL (BEG) and 95 ng/mL (COC). However, the present meth-
od reaches lower LLOQs (25 ng/mL) with a simple and fast
derivatization process, using only 200 μL of sample, making it

Fig. 3 Chromatograms of urine sample spiked at the LLOQ (25 ng/mL)
and one pool of blank urine in SIM mode
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an excellent option for routine application in a forensic toxi-
cology laboratory. Another application of MEPS has demon-
strated its efficiency when applied to pre-concentrate the target
analytes of the present work, as well as other illicit drugs, but in
oral fluid [33]. The authors of the mentioned work coupled
MEPS with a highly sensitive separation and detection equip-
ment, LC-MS/MS, which resulted in lower quantification
limits, although with lower recoveries for BEG and EME.
The method’s limits of detection were not evaluated

systematically, since positive results below the LLOQ are not
reported, and therefore were considered to be 25 ng/mL.

Intra- and inter-day precision and accuracy

Intra-day precision and accuracy were evaluated by analyzing
6 replicates of blank urine spikedwith COC andmetabolites at
6 concentration levels on the same day. The obtained coeffi-
cients of variation (CVs) were lower than 15% at the studied

Table 2 Linearity data (n = 5)
Compound Weight Linear

range
(ng/mL)

Linearity R2 LLOQ
(ng/
mL)Slope Intercept

EME – 25–1000 0.0028 ± 0.0006 0.1000 ± 0.1337 0.9943 ± 0.0032 25
COC 1/x2 2.0 × 10−5 ± 2.2 × 10−6 0.0026 ± 0.0011 0.9975 ± 0.0012

BEG – 0.0018 ± 0.0003 0.0639 ± 0.0680 0.9979 ± 0.0015

Table 3 Precision and accuracy

Intra-day (n = 6) Inter-day (n = 5) Combined intra & inter-day (n = 15)

Compound Spiked Measured CV (%) RE (%) Measured CV (%) RE (%) Measured CV (%) RE (%)

EME 25 23.29 ± 3.35 14.38 −6.84 20.78 ± 0.59 2.84 −16.87
50 49.73 ± 4.49 9.02 −0,53
100 87.71 ± 3.06 3.49 −12.29 94.92 ± 10.85 11.43 −5,08
200 200.48 ± 24.03 11.98 0.24 204.24 ± 11.29 5.53 2.12

400 409.41 ± 16.89 4.13 2.35 399.37 ± 23.19 5.81 −0.16
500 488.26 ± 41.65 8.53 −2,35
600 597.63 ± 56.55 9.46 −0.40 572.99 ± 24.24 4.23 −4.50
800 773.74 ± 34.13 4.41 −3.28
1000 1019.33 ± 61.82 6.06 1.93 1012.15 ± 23.89 2.36 1.22 1016.90 ± 71.26 7.01 1.69

COC 25 24.73 ± 3.47 14.03 −1.09 25.03 ± 0.12 0.48 0.13

50 50.76 ± 3.49 6.88 1.51

100 111.26 ± 4.03 3.62 11.26 102.11 ± 8.44 8.26 2.11

200 210.45 ± 17.09 8.12 5.22 194.99 ± 8.47 4.34 −2.73
400 407.45 ± 21.54 5.29 1.85 404.74 ± 15.02 3.71 1.07

500 511.63 ± 27.50 5.37 2.33

600 626.35 ± 18.27 2.92 4.39 624.39 ± 17.76 2.84 3.84

800 812.56 ± 38.01 4.68 1.38

1000 983.24 ± 23.34 2.37 −9.93 955.53 ± 39.09 4.09 −4.79 1012.38 ± 81.56 8.06 1.24

BEG 25 25.25 ± 1.96 7.79 0.58 26.62 ± 2.51 9.44 6.49

50 50.33 ± 5.30 10.54 0.66

100 110.18 ± 3.67 3.33 10.18 202.96 ± 17.61 8.68 1.48 103.28 ± 8.86 8.58 3.28

200 191.98 ± 15.59 8.12 −4.01 397.18 ± 21.31 5.36 −0.71
400 412.44 ± 11.69 2.84 3.11 596.25 ± 24.72 4.15 −0.63
500 501.72 ± 26.29 5.24 0.34

600 642.47 ± 6.70 1.09 7.08 800.22 ± 35.39 4.42 0.03

800 1004.76 ± 38.64 3.85 0.48

1000 981.37 ± 21.49 2.19 −1.86 202.96 ± 17.61 8.68 1.48 981.19 ± 49.56 5.05 −1,88

All concentrations in ng/mL; CV –Coefficient of variation, RE – Relative error [(measured concentration-spiked concentration/spiked concentration)] ×
100; *Mean values ± standard deviation
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concentration levels, with a mean relative error within a ±13%
interval (Table 3). The evaluation of the inter-day precision
and accuracy was made within a 5-day period at 6 concentra-
tion levels. The obtained CVs were lower than 10% for all
analytes at the tested concentration levels, with an accuracy
within a ±7% interval, with the exception of EME’s lowest
calibrator (±17%) (Table 3).

Additionally, intermediate (combined intra- and inter-day)
precision and accuracy was also evaluated using the QC sam-
ples prepared and analyzed simultaneously with the calibration
curves on 5 different days, and CVs lower than 12% and ac-
curacywithin ±6% interval were obtained. This evaluationwas
made by analysis of the quality control samples (4 concentra-
tion levels related to the linearity range) which were analyzed
in triplicate over the same 5-day period (n = 15) (Table 3).

Stability

The study of stability in processed samples was carried out at
the same QC concentration levels (n = 3), in which previously
analyzed samples were re-analyzed after 24 h in the

autosampler. COC and metabolites concentrations were deter-
mined on the basis of the original calibration curve, obtaining
CVs lower than 11% and mean relative errors within a ±14%
interval. The obtained results demonstrate the possibility of
performing sample re-analysis after 24 h in the autosampler
with no significant change in the target analytes’ concentration.

Short-term stability evaluation was carried out for blank
urine samples spiked with the same concentration levels, also
analyzed in triplicate. For this study, samples were spiked and
left at room temperature for 24 h. These samples were then
compared to freshly prepared ones. The CVs obtained were
lower than 12% for all target analytes, while mean relative
error was within a ±15% interval.

Freeze/thaw stability was also studied in samples at the
same 4 concentration levels (n = 3). This evaluation was made
by freezing the spiked samples at −20 °C for 24 h, after which
they were thawed unassisted at room temperature. When
completely thawed, the samples were re-frozen for 24 h. In
total, three cycles of freeze/thaw were performed, after which
samples were reanalyzed and subsequently compared to sam-
ples prepared and analyzed on the same day. One can also

Table 4 Processed samples-, short-term-, and freeze/thaw stabilities (n = 3)

Processed samples Short-term Freeze/Thaw

Spiked Measured CV% RE% Measured CV% RE% Measured CV% RE%

EME 50 45.43 ± 1.48 3.25 −9.15 49.40 ± 5.74 11.62 −1.20 46.70 ± 5.78 12.37 −6.60
100 106.66 ± 1.30 1.22 6.66 99.32 ± 8.32 8.38 0.68 96.07 ± 9.88 10.28 3.93

500 480.04 ± 35.66 7.43 −3.99 480.79 ± 19.50 4.06 −3.84 463.85 ± 57.91 12.48 −7.23
1000 1110.78 ± 31.50 2.84 11.08 1124.00 ± 30.37 2.70 12.40 1014.70 ± 33.91 3.34 1.47

COC 50 52.43 ± 1.06 2.02 4.86 52.77 ± 1.85 3.51 5.55 43.73 ± 2.09 4.77 −12.53
100 106.69 ± 7.46 6.99 6.69 102.54 ± 2.71 2.64 2.54 88.85 ± 3.32 3.74 −11.15
500 520.04 ± 12.26 2.36 4.01 478.62 ± 6.42 1.34 −4.28 489.54 ± 29.53 6.03 −2.09
1000 1071.15 ± 29.74 2.78 7.11 945.46 ± 48.97 5.18 −5.45 915.00 ± 16.46 1.80 −8.50

BEG 50 46.50 ± 4.69 10.08 −6.99 47.30 ± 2.62 5.54 −5.39 51.09 ± 5.06 9.90 2.18

100 88.59 ± 5.44 6.14 −11.41 89.40 ± 3.32 3.72 −10.60 95.07 ± 5.44 5.73 −4.93
500 430.68 ± 6.80 1.58 −13.86 460.97 ± 41.24 8.95 −7.81 469.92 ± 56.49 12.02 −6.02
1000 876.13 ± 24.37 2.78 −12.39 856.82 ± 0.93 0.11 −14.32 982.49 ± 26.02 2.65 −1.75

All concentrations in ng/mL;. *Mean values ± standard deviation

CV coefficient of variation, RE relative error ((measured concentration-spiked concentration/spiked concentration)) × 100

Fig. 4 Chromatogram of an authentic urine sample (EME: 962 ng/mL; COC: 44 ng/mL; BEG: 3350 ng/mL)
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observe that COC and metabolites were also stable after 3
freeze/thaw cycles, resulting in CVs lower than 13% and
mean relative errors within ±13%. All stability data is shown
in Table 4.

Extraction efficiency

For the study of extraction efficiency, two sets of samples
(n = 3) were prepared by spiking blank urine with the target

analytes at four concentration levels (50, 100, 500, and
1000 ng/mL).

EME presented the lowest extraction efficiencies, ranging
from 14.5 to 37.2%; however, it could be considered adequate
when compared to previous publications [12, 14]. BEG ex-
traction efficiencies ranged from 24.6 to 43.5%, also consid-
ered appropriate considering other authors’ results using LLE
[10, 14] or SPE [5] in urine samples. Greater recoveries were
obtained for COC, ranging from 67.0 to 83.3%. Similar ex-
traction efficiencies were reported when LLE [10, 12, 14] or

Table 5 Identification of the
compounds in an authentic urine
sample

EME

Control Ion (m/z) Area Relative area (%) Tolerance Lower limit (%) Upper limit (%)

1st ion 82 87342 100.0

2nd ion 96 33182 38.0 20% rel. 30.4 45.6

3rd ion 271 3070 3.5 50% rel. 1.8 5.3

RT (min) 8.27 ±0.1 min. 8.174 8.374

IS RT (min) 8.27 RRT 1.000 ±1% rel. 0.990 1.010

Sample Ion (m/z) Area Relative area (%) Identification

1st ion 82 162491 100.0 Positive

2nd ion 96 71253 43.9 Positive

3rd ion 271 6202 3.8 Positive

RT (min) 8.27 Positive

IS RT (min) 8.27 RRT 1.001

COC

Control Ion (m/z) Area Relative area (%) Tolerance Lower limit (%) Upper limit (%)

1st ion 82 4307 100.0

2nd ion 182 4292 99.7 10 abs. 89.7 109.7

3rd ion 303 471 10.9 5 abs. 5.9 15.9

RT (min) 11.72 ±0.1 min. 11.623 11.823

IS RT (min) 11.72 RRT 1.001 ±1% rel. 0.991 1.011

Sample Ion (m/z) Area Relative area (%) Identification

1st ion 82 68534 100.0 Positive

2nd ion 182 61639 89.9 Positive

3rd ion 303 7270 10.6 Positive

RT (min) 11.72 Positive

IS RT (min) 11.71 RRT 1.001

BEG

Control Ion (m/z) Area Relative area (%) Tolerance Lower limit (%) Upper limit (%)

1st ion 82 120743 100.0

2nd ion 240 46632 38.6 20% rel. 30.9 46.3

3rd ion 361 14319 11.9 5 abs. 6.9 16.9

RT (min) 12.00 ±0.1 min. 11.899 11.099

IS RT (min) 11.99 RRT 1.000 ±1% rel. 0.990 1.010

Sample Ion (m/z) Area Relative area (%) Identification

1st ion 82 3551308 100.0 Positive

2nd ion 240 1639916 46.2 Positive

3rd ion 361 562195 15.8 Positive

RT (min) 12.00 Positive

IS RT (min) 11.99 RRT 1.001

IS internal standard, min minutes, rel. relative, abs absolute, RRT relative retention time, RT retention time
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SPE [43] were applied to detect this drug of abuse. According
to the present extraction procedure,MEPS can be considered a
powerful technique, resulting in a fast and efficient extraction
of the target analytes with lower sample and solvent
consumption.

Dilution integrity

To evaluate this parameter, urine samples were spiked with
analyte concentrations which would need proper dilution in
order to fit within the calibration range. Three different con-
centrations were used (1600, 4000 and 8000 ng/mL) which
were diluted respectively by 1:2, 1:5 and 1:10with blank urine
prior to analysis. The calculated concentrations, after multi-
plied by the dilution factor, were within a ±15% interval from
the spiked value. Therefore, too concentrated samples can be
adequately analysed after proper dilution.

Method applicability

Subsequent to the analytical method validation, this was suc-
cessfully applied to a routine analysis of COC and its main
metabolites (EME and BEG) in urine samples. Ten authentic
urine samples were kindly provided by volunteers, consumers
of cocaine, and as well provided by the emergency services of
the Hospital of Cova da Beira, Covilhã, Portugal to outwit
cocaine consumption in patients. The concentrations of
analytes ranged from 113 to 962 ng/mL (EME), 40 to
377 ng/mL (COC), and 530 to 3350 ng/mL (BEG). Figure 4
is an example of a positive result, and the obtained concentra-
tions were 962, 44 and 3350 ng/mL for EME, COC and BEG,
respectively. Table 5 shows the ion ratios for each analyte in
this sample, and their comparison with the control sample,
allowing the positive identification of the compounds.

Conclusions

An ultrafast (15 min), sensitive, selective, accurate, and fully
validated procedure is described for the simultaneous detec-
tion and quantification of COC and its two main metabolites
(EME and BEG) in urine using MEPS-GC-MS. This analyt-
ical method has shown to be linear within the adopted ranges
for all target analytes with a LLOQ of 25 ng/mL.

The analyses were carried out using small sample volumes
(0.2 mL of urine) and the method was successfully applied to
authentic samples, proving its usefulness in routine drug
testing.

The microwave-assisted derivatization process (800 W)
withMSTFA and 5% TMCS for 120 s was considered a better
approach, substituting the commonly used and more time-
consuming heating block. The herein presented derivatization
procedure takes only 2 min, improving laboratory throughput.

This is the first report on the useMEPS combinedwith GC-
MS for quantification of COC and metabolites in urine sam-
ples. MEPS was considered a better alternative to the tradi-
tionally used pre-concentration techniques, resulting in a low-
er sample and solvents consumption. The cartridge was effi-
ciently reutilized for more than 200 extractions in urine
samples.
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