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ABSTRACT: A sensitive and reliable method for extraction and quantification of benzoylecgonine (BZE) and cocaine (COC) in urine is pre-
sented. Propyl-chloroformate was used as derivatizing agent, and it was directly added to the urine sample: the propyl derivative and COC were
then recovered by liquid–liquid extraction procedure. Gas chromatography–mass spectrometry was used to detect the analytes in selected ion
monitoring mode. The method proved to be precise for BZE and COC both in term of intraday and interday analysis, with a coefficient of vari-
ation (CV) <6%. Limits of detection (LOD) were 2.7 ng/mL for BZE and 1.4 ng/mL for COC. The calibration curve showed a linear relation-
ship for BZE and COC (r2 >0.999 and >0.997, respectively) within the range investigated. The method, applied to thirty authentic samples,
showed to be very simple, fast, and reliable, so it can be easily applied in routine analysis for the quantification of BZE and COC in urine sam-
ples.
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The use of illicit drugs still represents an important social med-
ical problem all over the world, and among them, cocaine (COC)
is one of the most used. This explains the interest in the develop-
ment and optimization of analytical rapid methodology, simple,
high reliability, and accuracy to quantify COC and its metabolites
on many biological specimens (1). In particular, is very important
the use of urine as matrix for its easy availability and for the non-
invasive nature of the test to evaluate recent intake of drugs. Fur-
thermore, drug concentrations are much higher than those
detected in other matrices and nonchromatographic methods can
be easily used (2). The current method of detection used by labo-
ratories that provide drug-testing services to employers is often a
two-level approach. The initial screening test for COC is usually
an immunoassay on urine to identify potential positive samples
that will be confirmed (on request) by gas chromatography–mass
spectrometry (GC-MS) (3). Benzoylecgonine (BZE), one of the
main metabolites of COC, which has a half-life six times longer
than COC, is of great toxicological and analytical interest (4),
and it may be detected in urine for several days following cessa-
tion of cocaine use (5). BZE is polar and hydrophilic and extrac-
tion procedures must address the problem of low recovery. One
of the most common procedure for the determination of BZE in
urine by GC-MS provides a cleanup steps (a solid phase extrac-
tion) to remove the interferences from the samples and concen-

trate the analyte before the final derivatization step (6). Usually,
acylation or trimethylsilylation is performed as a derivatization
procedure, while conflicting results are reported about aqueous
derivatization of BZE with chloroformates (7,8). This derivatizing
agent was first introduced in an earlier work by Husek and
Macek (9) and then widely investigated and developed for a
quantitative and reproducible derivatization of amino acids in dif-
ferent matrices (10–16). This procedure offers many experimental
advantages, including reacting in an aqueous medium and being
practically instantaneous.
Hall et al. described the aqueous alkyl-chloroformate derivatiza-

tion of BZE. In their method, BZE was directly derivatized in
urine, using hexyl-chloroformate and a mixture containing ace-
tonitrile: water: hexanol: 2-dimethylaminopyridine (5:2:2:1, v/v/v/
v) to yield hexyl-benzoylecgonine as the final product. Solid phase
microextraction (SPME) was used as extraction procedure prior to
GC-MS analysis, yielding an Limits of detection (LOD) of 30 ng/
mL while Limits of Quantification (LOQ) was not reported (10).
Another group tried to adapt this procedure to detect BZE in

human hair using butyl-chloroformate as the derivatization
reagent; however, they reported that the attempt to derivatize
BZE directly in the aqueous solution was unsuccessful, and
butyl-chloroformate was added after evaporation of the extrac-
tion solvent (methanol) directly to the residue obtained, using
acetonitrile as solvent (11).
The authors also attempted to apply the procedure used by

Hall et al. (11) for detection of BZE in urine human samples,
using liquid–liquid extraction or solid phase extraction instead of
SPME but unsuccessfully.
The aim of this work was to develop and validate a simple,

fast, and reliable procedure to directly derivatize BZE in aqueous
phase (urine) using propyl-chloroformate (PCF) as derivatizing
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agent and a liquid–liquid extraction step with dichloromethane:
n-propanol (6:4) before GC-MS analysis.

Materials and Methods

Chemicals and Reagents

Pure BZE-d3 and COC-d3 (internal standard) were purchased
from S.A.L.A.R.S. Spa (Como, Italy). Triethylamine (TEA) and
propyl-chloroformate (PCF) were purchased from Aldrich
(Sigma-Aldrich, Milan, Italy). All solvents and other reagents
were of analytical or HPLC grade and purchased from Carlo
Erba Analyticals (Milan, Italy).

Calibrators and Quality Control Samples

Stock solution of BZE-d3 (0.1 mg/mL) and COC-d3 (1 mg/
mL) were diluted to working concentration (10 lg/mL) with
methanol and stored at 4°C. Working calibrator solutions at 25,
50, 100, 200, and 500 ng/mL were prepared by fortifying
0.5 mL of drug-free urine, with BZE and COC. In the same
way, control samples were prepared adding all analytes (50, 100,
and 150 ng/mL) into drug-free urine. BZE-d3 and COC-d3
(100 ng/mL) were added as internal standards. Each point was
repeated three times.

Sample Derivatization and Extraction

Calibration standards, quality controls, and collected samples
(0.5 mL) were transferred to glass tubes, and 1 mL of distilled
water was added to each tube, followed to 1 mL of a saturated
solution of Na2CO3. The derivatization was performed under agi-
tation adding 30 lL of TEA and 30 lL of PCF to each tube. The
extraction of BZE derivative and COC (Fig. 1) was performed by
liquid–liquid extraction with 1 mL of dichloromethane/n-propanol
(6:4 v/v). After centrifugation, the organic phase was evaporated
under a gentle stream of nitrogen and the residue was reconsti-
tuted with 50 lL of ethyl acetate and analyzed by GC-MS.

Instruments and GC-MS Conditions

All samples were analyzed using a Shimadzu GC-MS QP2010
Ultra coupled to an AOC-20i autosampler (Shimadzu, Milan,

Italy). Analyte separation was achieved using a 15 m Rtx� -
5MS column (Crossbond� 5% diphenyl/95% polysiloxane,
0.25 mm internal diameter, and 0.25 lm film thickness) from
Restek (Bellefonte, PA).
The injection port was set at 270°C (injection volume 1 lL in

splitless mode); the initial oven temperature was 100°C held for
1.5 min and then increased at 17°C/min to reach 320°C held for
1 min. The transfer line was set at 250°C, and helium at
1.5 mL/min was used as carrier gas.
Electron ionization (EI) was used as ionization mode with a

temperature of the ion source set at 200°C (emission current
250 lA). The ions monitored in SIM mode were (m/z) as fol-
lows: 331 (27%), 272 (24%), and 210 (100%) for BZE; 82, 182,
and 303 for COC; 334 (27%), 275 (24%), and 213 (100%) for
BZE-d3; 85, 185, and 306 for COC-d3 with quantification ion
being underlined (Fig. 2).

Validation Procedure

Method Linearity—Working calibrators at 25, 50, 100, 200,
and 500 ng/mL for BZE and COC were analyzed in triplicate,
injecting three different extracts and using BZE-d3 and COC-d3
at 100 ng/mL as internal standard. The linearity was determined
evaluating the regression curve and expressed by the squared
determination coefficient (R2).

Limits of Detection and Quantification—The LOD, the lowest
analyte concentration that can be detected, was calculated pro-
gressively diluting with blank urine at 10 ng/mL working solu-
tion containing BZE and COC, and deuterated internal standard
until signal-to-noise ratio of 3 was reached. Similarly, a signal-
to-noise ratio of 10 was considered acceptable to determine the
lowest LOQ for all components. The values of LOD and LOQ
were reported as mean of three different extracts. The acceptable
criteria followed for the determination of these parameters were
both the retention time within 2% and ion ratio within 20% of
calibrator as reported by Ambruster et al. (17).

Precision and Accuracy—Intraday precision expressed as
coefficient of variation (CV%) was determined by evaluating the
repeatability of the method to three different concentration levels
of 50, 100, and 150 ng/mL for a total of six repetitions at each
concentration (n = 18) in the same day. The same concentrations
were assessed in six replicates and conducted on three different
days for interday precision evaluation. Every sample was
injected once. The accuracy of the method (A%) was determined
using the formula A% = (mean calculated concentration/nominal
concentration) 9 100. Both precision and accuracy were consid-
ered acceptable when the CVs and A% were <15%.

Selectivity—To evaluate peak purity and selectivity, ten differ-
ent blank samples (no analyte or internal standard added) were
analyzed to check for peaks that might interfere with detection
of the analyte or internal standard (IS). Also, the same negative
samples (blank samples + IS) were analyzed, to verify the
absence of native analytes in the IS solution. Absence of inter-
fering components is accepted where the response is <20% of
the lower limit of quantification for the analyte and 5% for the
internal standard.

Stability—Short-term and long-term stability of BZE-propyl
ester was assessed. The short-term stability was studied by anal-
ysis of QC sample (cutoff value) being left at room temperatureFIG 1––Chemical structure of benzoylecgonine-propyl ester.
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for 24 h and the long-term stability by analysis of QC (cutoff
value) sample 7 days after storage at �20°C.

Results

Method Validation

Linearity and Range—The linear range in urine was
25–500 ng/mL for both BZE and COC. The calibration curves
and correlation coefficients were as follows: y = 1.0130X

FIG 2––Mass Spectra for benzoylecgonine-propyl ester (A) and benzoylecgonine-d3-propyl ester (B).

TABLE 1––Validation data for benzoylecgonine (BZE) and cocaine (COC)
in urine.

Analyte
LOD

(ng/mL)
LOQ

(ng/mL) Accuracy* (%)

CV* (%)

Intraday Interday

Urine
BZE 2.7 � 0.4 8.9 � 1.3 107.8 � 4.7 2.1 � 0.9 3.3 � 2.2
COC 1.4 � 0.3 4.7 � 0.8 100.8 � 7.2 4.1 � 1.8 5.2 � 2.5

*Mean of three levels of control.
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(SD � 0.0073) � 0.0087 (SD � 0.0164), R2 = 0.999 (BZE)
and y = 0.6819X (SD � 0.0105) � 0.0546 (SD � 0.0236),
R2 = 0.997 (COC) indicating a good linear relationship from
five-point calibration curves (three replicates for each level of
concentration).

Limits of detection and LOQ—Limits of detections were
2.7 � 0.4 ng/mL for BZE and 1.4 � 0.3 ng/mL for COC, while
LOQs were 8.9 � 1.3 ng/mL for BZE and 4.7 � 0.8 ng/mL for
COC (Table 1).

Precision and Accuracy—Intraday precision (CV%) was 2.1%
(SD � 0.9) for BZE and 3.3% (SD � 2.2) for COC, whereas
the interday precision, determined after injection of six replicates
at three concentrations in three different days, was 4.1%
(SD � 1.8) and 5.2% (SD � 2.5) for BZE and COC, respec-
tively (Table 1).
The accuracy was 107.8% (SD � 4.7) for BZE and was

100.8% (SD � 7.2) for COC. The acceptance limits for these
parameters were within 15%, so the method showed satisfactory
CV% and accuracy (Table 1).

Selectivity—Ten different blank urines were analyzed to evalu-
ate interferences from the biological matrix; no peaks were
detected at the retention time of BZE and COC.

Stability—Five samples analyzed after 24 h and 7 days
showed no differences compared to the first determination (CV
% < 5), and this confirmed that BZE-propyl ester was stable
under the storage condition used.

Analysis of Forensic Case Samples

After validation, the procedure was applied to thirty forensic
urine samples, which were found positives to the immunoassay

screening (cutoff = 300 ng/mL) and already confirmed by
GC-MS by derivation with pentafluoropropionic anhydride (cut-
off = 100 ng/mL). Figure 3 shows a typical chromatogram of an
authentic sample.

Conclusions

The use of urine in forensic toxicology laboratories is useful
because of its easy availability and the noninvasive nature of the
collection. Cocaine and metabolites appeared in urine rapidly fol-
lowing administration of single doses of cocaine. In this study, a
new method for direct aqueous derivatization of BZE using pro-
pyl-chloroformate as derivatizing agent was proposed. The main
benefits obtained from the use of alkyl-chloroformate, in addiction
of the negligible reagent cost, are the instantaneous reaction which
course does not require the exclusion of water and therefore reduc-
ing the loss of analytes due from the extraction phase before the
derivatization, as is the case of SPE. The proposed method, in our
opinion, is much more advantageous for simplicity, rapidity
besides giving a LOD about ten times lower than the one reported
in a previous work where aqueous alkyl-chloroformate derivatiza-
tion of BZE and SPME extraction were used. Also, the method
shows to be reliable with both precision and accuracy lower than
15% showing a very good specificity and sensitivity too. These
results, combined with the simplicity of the protocol, indicate that
this optimized method can be widely applied to routine analyses.
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