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ABSTRACT: A rapid gas-liquid chromatographic (GLC) method was developed for the confir- 
mation of benzoylecgonine (BE) positive urine samples screened by the enzyme multiplied immu- 
noassay technique (EMIT*) assay. The procedure is performed by solvent extraction of BE from 
0.1 or 0.2 mL of urine, followed by an aqueous wash of the solvent and evaporation. The dried 
residue was derivatized with S0/zL of pentafluoropropionic anhydride and 25/~L of pentafluoro- 
propropanol at 90~ for 15 min. The derivatizing reagents were evaporated to dryness, and the 
derivatized BE, and cocaine if present, were reconstituted and injected into the gas chromato- 
graph. The column was a 1S-m by 0.2-mm fused silica capillary column, coated with 0.25 #m of 
DB-1, terminating in a nitrogen phosphorus detector (NPD). Cocaine and the pentafluoro BE 
derivatives retention times were 3.2 and 2.6 min, respectively. Nalorphine was used as reference 
or internal standard with a retention time of 4.78 rain. The complete procedure can be performed 
in approximately 1.5 h. The EMIT cutoff between positive and negative urine samples is 300 
ng/mL of BE. The lower limit of sensitivity of this method is 25 ng of BE extracted from urine. 
Validation studies resulted in confirmation of 101 out of 121 EMIT cocaine positive urine sam- 
ples that could not be confirmed by thin-layer chromatography (TLC). This represents 84% con- 
firmation efficiency. 

KEYWORDS-" toxicology, urine, benzoylecgonine, cocaine, immunoassay, chromatographic 
analysis 

Cocaine abuse  is very common in all sections of the  populat ion [l].  Public safety may be 
endangered  when cocaine is used at the workplace.  For this  reason, drug abuse test ing is 
becoming widespread in private industry and  government .  Ident if icat ion of cocaine abusers  
is performed mostly by urinalysis [2]. Enzym e immunoassay  is a practical  and  objective 
method for benzoylecgonine (BE) screening. The  remote possibility tha t  cross-reacting sub- 
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stances cause false positive results by the immunoassays requires confirmation by a chro- 
matographic method. The enzyme multiplied immunoassay technique (EMIT~)-cocaine as- 
say cutoff for BE is 300 ng/mL between positive and negative results [3]. Thus, methods of 
confirmation should detect less than 300 ng/mL of BE. Chromatographic methods such as 
gas-liquid chromatography (GLC), high performance liquid chromatography (HPLC), and 
gas chromatography/mass spectrometry (GC/MS) are useful for BE confirmation because 
of their low nanogram sensitivity. The method of choice is GC/MS because specific identifi- 
cation is possible of BE or cocaine or both by fragmentation analysis. Some laboratories, 
however, do not have GC/MS capability or GC/MS testing is too expensive for the client. 
This method was developed for rapid, reliable, and inexpensive confirmation of BE positive 
urine samples. 

Experimental Procedure 

Materials 

Chloroform and ethyl acetate were purchased from J. T. Baker Chemical Co. Isopropanol 
was glass distilled, acquired from Burdick and Jackson Co. Reagent grade potassium car- 
bonate was purchased from Mallincrodt and sodium bicarbonate from J. T. Baker Chemical 
Co. Pentafluoro-propionic anhydride (PFPA) and 1H, IH pentafluoropropanol (PFPOL) 
were purchased from Pierce Chemicals and PCR/SCM Specialty Chemicals, Gainesville 
Florida, respectively. Only deionized water was used (Millipore Filtration System). 

Extraction of Benzoylecgonine.from Urine 

To 15 mL of centrifuge tubes 0.8 mL of deionized water containing 300 ng of nalorphine 
hydrochloric acid (HCI) and 0.2 mL of urine were added. The diluted urine samples were 
saturated with a mixture of solid crystals of sodium bicarbonate/potassium carbonate 
(NaHCO3/K2CO3) (2 : 1) pH 9.5 and extracted into S mL of chloroform/isopropanol (95 : S). 
The samples were shaken for 10 min in a mechanical shaker and centrifuged at 2000 rpm for 
S min, and the aqueous phase (top layer) was aspirated. One millilitre of deionized water was 
added; shaking, centrifugation, and aspiration of the aqueous wash was repeated. The or- 
ganic phases, containing BE, were transferred into clean centrifuge tubes and evaporated to 
dryness under the flow of N 2 at 48~ 

Derivat&ation 

To the residue containing BE, 50 txL of PFPA and 25 #L of PFPOL were added and heated 
at 90~ for 15 min. The BE derivatives formed were stable both in the reagent (for months) 
and after the evaporation of derivatizing reagents for at least 24 h. The derivatizing solvents 
and reagents were evaporated under the flow of N 2 at 48~ The samples were reconstituted 
with 25 #L of ethylacetate and 1 - to 2-/,L aliquots were injected into the gas chromatograph. 
Figure 1 shows chromatograms of three derivatizing conditions: Fig. la represents a tracing 
from the reaction of 200 ng of BE + 50 IxL of PFPA; Fig. lb shows a tracing of 200 ng of 
BE + SO t*L of PFPA + 50 ItL of ethylaeetate; and Fig. lc is 200 ng of BE + 50 #L of 
PFPA + 25 ~L of PFPOL. The results on the figure indicate that pure PFPA, or PFPA in 
solvent, did not react with BE to form halogenated BE. Derivatization occurred only in the 
presence of the pentafluoropropanol (Fig. lc). 

Recovery 

To each of four test tubes 25 ng of BE were added, and the samples were derivatized and 
chromatographed as described. A comparative set of four test tubes with 25 ng of BE and 0.2 
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FIG. 1--Chromatographic tracings of the substances formed under various conditions for the deriva- 
tization of benzoylecgonine (BE): (a) BE 200 n g +  PFPA 50 #L at 90~ for 15 min, (b) BE 200 ng + 
PFPA: ethylacetate (50 #L:50 #L) at 90~ for 15 rain, and (c) BE 200 n g +  PFPA + PFPOL 
(50 #L:25 #L) 90~ for 15 rain. 

mL of blank urine were also extracted, derivatized, and chromatographed. The comparison 
of the absolute and the extracted BE concentration resulted in the calculated recovery of 
56.4 + 3.1% BE. 

Ins trumenta t ion  and  Chromatography 

Analysis of BE derivatives was performed on a Hewlett Packard GLC 5880A, equipped 
with a 15-m by 0.2-mm inside diameter (id) wall-coated open tubular (WCOT) fused silica 
capillary column with 0.25-#m DB-1 coating and a NPD detector. The injection port and 
detector temperatures were 220 and 300~ respectively. The instrument was operated in the 
splitless mode. The column temperature was programed from 190~ for 0.7 min and 30~ 
min to the final temperature of 220~ Helium was the carrier gas, flowing at 1.5 mL per 
min, H 2 at 3 mL/min, and air at 90 mL/min. The retention times for the pentafluoro deriva- 
tive of benzoylecgonine and cocaine were 2.6 and 3.2 min, respectively (Fig. 2). Figure 3 
shows a nalorphine standard in the first panel and BE and na|orphine in BE positive urine 
samples in the second and third panels. 

Discussion 

A quick and sensitive confirmation method for BE positive urines has been described. 
Although other GLC methods for BE in urine have been published, the sensitivity was not 
sufficient in five out of six methods and most were not practical for routine toxicological 
confirmation [4-10]. In Table 1 a summary is presented comparing six published methods 
with this one. The following categories were compared: substance detected (BE/cocaine or 
both), sensitivity of the method (ng/mL), internal standard (if used), volume of sample 
needed for analysis, number of manipulative steps for extraction and derivatization proce- 
dures, type of derivatization, GLC columns and detectors, and the relative GLC retention 
times. This method requires the least number of preparation steps among the methods 
listed. 
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F I G .  2--Benzoylecgonine (BE) and coeaine (Coc) PFPA derivatives." (a) benzoylecgonine standard, 
(b) blank urine, arrow at benzoylecgonine retention time, (c) sample with benzoyleegonine, and (d) 
sample containing benzoylecgonine and a large cocaine peak. 
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F I G .  3--Nalorphine standard (4.78 min) and two BE positive urine samples (BE 2.54 rain and na- 
Iorphine 4. 78 min). 
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BE analysis presents two main obstacles: the recovery of BE from urine and the formation 
of stable BE derivative. Organic extraction of polar metabolites, such as BE, from urine 
often is a problem. As the polarity of the extracting solvent increases, the recovery of BE also 
increases along with the recovery of unwanted contaminants.  Chloroform : isopropano195 : 5 
was chosen for extraction of BE [5]. At higher alcohol content BE recovery increased but the 
background became too dirty for proper chromatographic presentation and interpretation. 
At the 95:5 polarity BE recovery was only 56.4% but the blank urine chromatograms were 
clean in the area of BE elution, see arrow (Fig. 2b). 

Cocaine when present is also detected by this method. Only about 4 to 10% of unchanged 
cocaine is excreted into the urine, mainly during the first few hours after the dose [9]. Thus 
the presence of cocaine in urine is indicative of recent use. An example when both BE and 
cocaine was present in a urine sample is shown in Fig. 2d. 

Underivatized BE has poor chromatographic properties and very low detector response. 
For this reason derivatization is necessary. Sylilation was unreliable, confirming the observa- 
tion of Jain et al. [5]. Methylation of BE to convert it back to cocaine was better and stable, 
but it confirms the presence of cocaine not BE, and the EMIT assay is for BE detection. The 
combined use of an anhydride and an alcohol for BE derivatization was described by Javaid 
et al. [4]. We have adopted a similar derivatization system and found it extremely reliable, 
forming stable derivatives. When the anhydride, PFPA alone, was mixed with BE and 
heated, no halogenated derivatives formed, indicating that an acidic condition is a prerequi- 
site for derivatization of BE. This was achieved by the combined use of PFPA and PFPOL. 
Figure lc shows the pentafluoro-BE peak at 2.66 rain. Greater detection sensitivity of halo- 
genated BE can be attained by the use of electron capture (EC) detectors. However, the EC 
detectors are very sensitive to contaminants and routine injections of urine extracts would 
require frequent cleaning of the EC detectors. 

The method reported here has been used for the confirmation of 121 EMIT-BE positive 
urine samples. The samples received for confirmation could not be confirmed by TLC, indi- 
cating BE concentrations below 1000 n g / m L  Out of 121 tests, 101 were confirmed positive 
by the capillary GLC system, representing 84% confirmation efficiency. Of the samples 16% 
were not confirmed. In many of these samples (which were ultimately judged negative) a 
small peak appeared on the GLC tracing and the recorder printed out the correct retention 
time for the BE derivative, but the background was too "noisy" to call them positive. 

In summary, this capillary GLC assay is quick and practical to confirm the presence of BE 
in EMIT-BE positive urine samples. The simplicity of the assay allows confirmation within 
1.S h after sample receipt. 
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