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ABSTRACT: A laboratory system of examination of illicit cocaine exhibits is described. Separa- 
tion and identification of many of the components in exhibits are achieved by the use of capillary 
column gas chromatography and a Finnigan ion trap detector. Further examination and quanti- 
tation of the components of exhibits is achieved using two high performance liquid chromato- 
graphic (HPLC) systems. Both of these systems use identical reverse phase C8 columns. System 1 
employs a solvent composed of 40% acetonitrile, 10% tetrahydrofuran and 50% 0.1% v/v aque- 
ous triethylamine. The eluant is monitored at 280 nm. This system is preferred for routine quan- 
titative analysis of cocaine and related alkaloids in exhibits. System 2 employs a solvent com- 
posed of 30% acetonitrile and 70% 0.05M phosphate buffer (pH --- 5.0). The eluant from this 
system is monitored at both 220 and 280 nm. This system offers advantages in sensitivity. The 
relative retention times of a number of relevant substances as determined with gas chromatogra- 
phy and the two HPLC systems are given. The utility of the methodology for the identification 
and comparison of exhibits is demonstrated. 

KEYWORDS: toxicology, cocaine, chromatographic analysis, high performance liquid chroma- 
tography 

The increase in recent years in the illicit use of cocaine in Canada is reflected both in the 
number of exhibits analyzed by the Health Protection Branch (4050 in 1983 to 1984, pro- 
jected 8160 in 1986 to 1987) at the request of enforcement agencies and in the number of 
court convictions associated with cocaine [1]. The increase in cocaine related enforcement 
activity has resulted in a disproportionate increase in resource demand as, in addition to 
standard qualitative analyses, an increasing number of requests for quantitative analyses in 
respect of exhibits containing cocaine are received. In addition, increasingly more interest 
has been expressed by enforcement agencies in the relationship or linkage of exhibits. 

For us to continue to provide the high level of service demanded by our client agencies in 
the face of this increased analytical demand, modifications to the analytical techniques em- 
ployed in our laboratory were required. 

Routine analytical procedures in our laboratory now comprise methodology involving a 
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spot test, two high performance liquid chromatography (HPLC) systems, and gas chroma- 
tography-mass spectrometry (GC-MS). 

The two most common spot tests used for presumptive identification of cocaine are those 
described by Young [2] and Scott. 4 The merits of these tests and other tests have recently 
been reviewed [3]. The recent introduction of a free base form of cocaine, commonly referred 
to as "crack," has presented an additional problem in the application of these tests. Modifi- 
cations to the Scott test have been described s that permit the identification of the base form 
of cocaine. 

HPLC has been employed extensively in studies related to cocaine. Reports [4-6] have 
appeared describing the analysis of cocaine and its metabolites in biological fluids using 
octadecylsilyl (C18) bonded reverse phase columns. Results of studies regarding the stability 
of cocaine [7-10], the separation of cocaine from possible isomers [11-13], and the determi- 
nation of cocaine in plant material [14] have been reported. The application of HPLC to the 
examination of forensic science exhibits has resulted in reports of systems applicable to a 
variety of drugs including cocaine [I5-20], as well as those designed specifically for the anal- 
ysis of cocaine and related alkaloids and compounds [21-26]. These reports describe the use 
of varied columns, solvent systems, and detection methods. However, note that four investi- 
gators considered that the use of ultraviolet (UV) detection systems more elaborate than the 
single wavelength type were useful. Dual wavelength detection at 254 and 280 nm [18, 23, 24] 
as well as collection and UV spectrum recording [25] have been reported. The variety of 
possible compounds encountered in cocaine exhibits argues for the use of such detection 
methods. 

Gas chromatography has similarly been employed extensively in the analysis of cocaine. 
Numerous reports have appeared describing the determination of cocaine, its metabolites, 
and related compounds in biological fluids [27-45], plant material [46, 47], and illicit drugs 
[48-53]. All methods with the exception of one [45] used packed columns. However, the 
variety of related alkaloids and other compounds [22-26, 48-50, 52] which can be anticipated 
in illicit cocaine exhibits, makes the high resolution power and efficiency of capillary 
columns desirable for the routine examination of such materials. 

Gas chromatography coupled with mass spectrometry has also been widely used in varied 
applications relative to the examination of cocaine containing materials. Extensive reports 
regarding the determination of cocaine and its metabolites in biological materials have ap- 
peared [54-65]. The utility of this method has also been demonstrated through a number of 
reports regarding its application to the examination of plant material [66-69] and illicit ex- 
hibits [70-72]. The resolution capabilities of open tubular capillary columns have been ap- 
plied in some of these studies [64, 68, 69]. 

In developing an analytical regimen for the examination of cocaine exhibits, we consid- 
ered a number of factors. From an operational position, the large majority of exhibits are 
complex mixtures, and in most cases a confirmation of the presence of cocaine would satisfy 
the enforcement agency's requirements. Second, quantitative results with respect to the co- 
caine content must be able to be generated, often with little advance notice. Third, capabil- 
ity must exist for the generation of data useful in identifying, to the enforcement agency, 
similarities or conclusive links between particular exhibits. 

To meet these requirements, we have combined the individual advantages of the preceding 
technologies. A description of the GC-MS and HPLC systems employed in our laboratory 
follows. 

4L. J. Scott, Drug Enforcement Administration, personal communication, 1973. 
sj. Fasanello and P. Higgins, Drug Enforcement Administration, personal communication, 1986. 
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Experimental Procedure 

Instrumentation 

The two liquid chromatographs employed were Spectra Physics model 8100 units 
equipped with integral autosamplers and fitted with 10-/~L injection loops. Chromatograph 
1 was interfaced to a Kratos 773 detector operating at 280 nm and a Spectra Physics 4270 
computing integrator. Chromatograph 2 was interfaced to a Spectra Physics 8440 detector 
and a Spectra Physics 4200 computing integrator. Chromatograph 2 was used for dual wave- 
length detection at 220 and 280 nm. Each sample was introduced in duplicate autosampler 
vials, and two chromatograms of each exhibit were recorded with the instrument set to per- 
form wavelength selection automatically. The data systems of both units were intercon- 
nected using the Spectra Physics Labnet chromatography data system. 

The gas chromatograph was a Carlo Erba Vega Series 6000 equipped with a Grob-type 
split/splitless injector and a capillary column. The detector was a Finnigan Mat 700 ion 
trap. The gas chromatograph's column effluent was introduced to the detector by direct 
attachment of the column; no splitting occurred between the gas chromatograph and the 
detector. The ion trap was set to acquire data at 1 scan/s over a mass range of 40 to 
500 AMU. 

Materials and Supplies 

The HPLC columns employed in both liquid chromatographs were RP-8 Spheri 10, 250 by 
4.6 mm (Brownlee Labs, Santa Clara, CA). The gas chromatography capillary column was a 
15-m by 0.25-mm DB-S, 0.25-/~m film thickness (J & W Scientific Inc., Rancho Cordova, 
CA). All chemical standards were available from our house collection and had been either 
obtained from various pharmaceutical manufacturers or synthesized in our laboratories. All 
solvents employed were HPLC grade. 

Chromatographic Conditions 

The liquid chromatographs were used to mix the solvent systems from solvent reservoirs. 
Both systems were operated at a flow rate of 1.0 mL/min; the columns were operated at 
ambient temperature. System 1 was operated using a solvent composed of 40% acetonitrile, 
10% tetrahydrofuran, and 50%, 0.1% v/v aqueous triethylamine. System 2 was operated 
using a solvent composed of 30% aeetonitrile and 70% 0.0534 phosphate buffer (pH ---- 5.0). 

The gas chromatographic column was operated at a head pressure of 40 kPa of helium 
(linear velocity = 60 cm/s). The injector was maintained at 275~ The column oven was 
held at 100~ for 1 min and increased to 275~ at 20~ One-microlitre injections were 
made at a split ratio of 60 : 1. 

Sample Preparation 

Samples for injection on HPLC System 1 were prepared by dissolving a sufficient quantity 
of the exhibit in methanol to yield a concentration of 2 mg/mL. Samples for injection on 
HPLC System 2 were prepared by dissolving 10 mg of exhibit in 10.0 mL of mobile phase. 
Approximately 1 mL of the resulting solution was added to each autosampler vial. 

Samples were prepared for presentation to the GC-MS in two ways. To a culture tube 
approximately 70 by 10 mm in size was added 25 to S0 mg of sample followed by 1 mL of 
saturated aqueous sodium hydrogen carbonate and 3 mL of ethyl acetate. The tube was 
vigorously shaken, the contents allowed to settle, and the upper layer injected. To a culture 
tube was added approximately 25 mg or more of exhibit and 1 to 3 mL methanol. The tube 
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was shaken and any insoluble material allowed to settle. The clear methanolic solution was 
injected. 

Results and Discussion 

All exhibits submitted to our laboratory are contained in envelopes provided to enforce- 
ment agencies specifically for this purpose. There is an area on the envelope to permit the 
indication by the police officer of the suspected identity of the drug. This information is 
derived from the investigation surrounding the particular case and is useful operationally 
since it is the analyst's only information regarding the purported identity of the drug when 
commencing an analysis. A spot test is performed solely to confirm the suspicion regarding 
drug identity as indicated by the enforcement agency. Although spot tests are inherently 
inconclusive and are subject to interferences, the speed and ease with which they can be 
performed may provide an experienced analyst with useful information. We presently em- 
ploy the Young [2] version of the cocaine test. It may indicate a confirmation of the indica- 
tion by the enforcement agency, a negative result, or a weakly positive result. This informa- 
tion is useful in performing subsequent procedures leading to conclusive identification. For 
example, in the case of weakly positive results, the analyst is aware that significantly more 
material should be used or, in the case of negative tests, that the exhibit should be further 
examined by other standard spot tests for the presence of other drugs. It is not uncommon 
that enforcement agencies incorrectly identify a drug. Regardless of the spot test finding, the 
exhibit is examined by instrumental methods to confirm the conclusion. 

As conclusive identification is fundamental to an illicit drug laboratory, all cocaine ex- 
hibits presented to our laboratory are now subjected to GC-MS examination. 

The availability, in recent years, of simplified mass selective detectors of moderate cost 
has allowed for the introduction of these instruments to multi-user environments for the 
efficient performance of routine analysis. The Finnigan ion trap detector is one such 
instrument. 

The ion trap delivers a mass spectrum characteristic of the instrument and sometimes 
significantly different from the common quadrupole instruments in use. An example of an 
ion trap spectrum of cocaine in comparison with that obtained on a Finnigan 4610B is shown 
in Fig. 1. 

Although the sensitivity of the ion trap is not in the range of more expensive instruments, 
such as the Finnigan 4610B, for most purposes involving illicit drug work, sensitivity is not a 
limiting factor. In evaluating the limit of detection of this instrument for the task it per- 
forms, we employ a criterion that specifies that the background subtracted spectrum of a 
given amount of a substance contains all of the major fragment ions in the spectrum of that 
substance when determined with greater amounts. That is, the spectra are visually consis- 
tent. In the case of cocaine we have found the detection limit of the instrument to be 1.6 ng. 

Since our acquisition of the ion trap, more than S00 cocaine exhibits have been examined. 
None has contained diluents or excipients which co-elute with cocaine. Table 1 lists sub- 
stances which we have found to be incorporated in illicit cocaine, other related substances, 
and their respective relative retention times. Sugars which are normal constituents of ex- 
hibits are not detected. Two sample preparation techniques were used: the bicarbonate ex- 
traction for routine analysis and the simpler methanol dissolution when a more comprehen- 
sive analytical examination of the exhibit is desired. The bicarbonate extraction has the 
advantage of eliminating acidic and polar aqueous soluble components such as benzoyl 
ecgonine and sugars and thereby presenting a cleaner sample to the chromatograph. We 
prefer this method because at present we do not use a guard column. 

The routine use of GC-MS for the identification of cocaine exhibits provides simultane- 
ous, useful, ancillary information. Enforcement agencies are interested in the similarities 
between two or more exhibits. Although other methods are available (including those HPLC 
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FIG. l--Comparison of  mass spectra of  cocaine between a Finnegan 46IOB quadrupole instrument 
and a Finnegan Mat  700 ion trap. 

methods described below) that are applicable in carrying out such determinations, the use of 
the GC-MS system described here may often be sufficient at least to determine nonsimilarity 
of exhibits. For example, the detection of eis- and trans-cinnamoylmethylecgonines in one 
exhibit and not in another is certainly sufficient to determine that the exhibits are derived 
from different sources. Similarly, the detection of ephedrine or lidocaine in one exhibit and 
not in another at least is indicative that the materials are not identical. The temperature 
range employed in the column ramp program is sufficient to elute effectively the most com- 
monly found compounds in cocaine exhibits. 

A liquid chromatographic system for the routine quantitation of illicit drug exhibits must 
be both dependable and durable. System failure is unacceptable in an environment requir- 
ing emergency quantitations. Liquid chromatography System 1 is employed for this purpose. 
It offers the advantages over System 2 of simplicity of solvent preparation, ability to store the 
column in the solvent, fast column equilibration, and extended column life. The reproduc- 
ibility at a cocaine concentration of 2 m g / m L  (coefficient of variation of peak areas = 0.7%, 
9 injections) and linearity (coefficient of correlation = 0.999, 0.5 to 6.0 mg/mL)  of this 
system are excellent. Table 2 gives the relative retention times for a number of related mate- 
rials that have been found in cocaine exhibits. 

It may be seen from Table 2 that not all related substances are resolved from each other 
and that iidocaine, a common adulterant in exhibits, is only marginally resolved from co- 
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TABLE 1--Relative retention times of  substances 
by gas chromatography. ~ 

Substance 

Relative 
Retention 

Time 

Methyl benzoate 0.19 
Benzoic acid 0.23 
Acetylsalicylic acid 0.26 
Phenylpropanolamine 0.39 
Methylecgonidine 0.41 
Nicotinamide 0.41 
Ephedrine 0.42 
Methylecgonine 0.49 
P-aminobenzoic acid 0.55 
Benzocaine 0.56 
Acetaminophen 0.66 
Dyclonine 0,67 
Caffeine 0.75 
Prilocaine 0, 76 
Lidoeaine 0.79 
Tropacocaine 0.84 
Procaine 0.89 
Cocaine 1.00 b 
Tetracaine 1.02 
Cis-cinnamoylmethylecgonine 1,11 
Trans-einnamoylmethylecgonine 1.18 
Benzoyl ecgonine 1.22 

"For chromatographic  conditions see Experimental  
Procedure section. 

bRetention time of cocaine = 8.2 min. 
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TABLE 2--Relative retention times of  substances 
by HPLC System I. ~ 

Substance 

Relative 
Retention 

Time 

Acetaminophen 0,38 
Acetylsalicylic acid 0.22 
Benzocaine 0.66 
Benzoyl ecgonine 0,42 
Caffeine 0.42 
Cocaine 1.00 b 
Ephedrine ~ 2.34 
Lidocaine c 0.99 
Nicotinamide c 0.42 
Phenylpropanolamine c 0.66 
Prilocaine 0.84 
Procaine 0.86 
Tetracaine 2.09 
Trans-cinnamoylmethylecgonine 1.26 
Cis-cinnamoylmethylecgonine 1,13 

~See Experimental Procedure section for a complete 
description of the system. 

s Retention time of cocaine approximately 8.5 min. 
c Substances not detectable at 280 nm. 
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caine. This lack of resolution dictates the use of 280 nm as the detection wavelength. Lido- 
caine is almost transparent to light of this wavelength. Experimentally, the nullification of 
any effective interference from lidocaine was verified by the injection of mixed cocaine-lido- 
eaine standards under the described experimental conditions. Even at a concentration of 
1.S mg/mL of lidocaine in 2 mg/mL of cocaine, no effect could be observed. 

The detection of other exhibit adjuvants may be beneficial but is unnecessary when devel- 
oping quantitative data. Not all substances were detected at the wavelength used (280 rim); 
the relative retention times of the other substances indicated by an asterisk were determined 
using a detection wavelength of 254 nm. 

A routine method of analysis of cocaine exhibits should be able both to detect and to 
separate the related coca alkaloids cis- and trans-cinnamoylmcthylecgonines. These compo- 
nents are frequently encountered in exhibits; if they are present, their detection provides 
gratuitous information regarding exhibits. Liquid chromatography System 1 both detects 
and separates these alkaloids. It can be seen from Table 2 that none of the other related 
substances co-elute with these alkaloids. In the course of examining hundreds of exhibits 
over a number of years, no exhibit ingredient has interfered in the quantitation of the 
cocaine. 

Moreover, at a detection wavelength of 280 nm the cis- and trans-cinnamoylmethyl- 
ecgonines are approximately 8 and 19 times more absorbent than cocaine. Therefore, al- 
though these alkaloids frequently constitute only a small percentage of an exhibit, they may 
be readily detected, and their area counts in relation to that for the cocaine peak may be used 
to develop useful sample linking information. The generation of this data is of course inci- 
dental to that required to develop quantitative estimates of the amount of cocaine present in 
a sample. 

Where a more comprehensive examination of exhibits is required, System 2 is employed. 
The 220-nm detection wavelength provides for greater sensitivity in relation to most sub- 
stances and the dual detection wavelengths provide for the calculation and use of response 
ratios for particular substances. This methodology has been applied previously using 254 
and 280 nm [17,23,24] in the examination of cocaine exhibits. It is invaluable in providing 
evidence, in addition to retention time, regarding the identity of substances because the re- 
tention times of the various components are similar due to the large number of materials that 
may be incorporated into exhibits. We have used 220 nm as the lower of the wavelengths 
because many of the compounds of interest, in particular benzoyl ecgonine, absorb more 
strongly in this region, thereby permitting the detection of smaller amounts of each 
component. 

Table 3 lists the relative retention times of these substances, their relative responses at 220 
versus 280 nm, and their minimum detectabilities. The system, moreover, yields quantita- 
tive results in which an analyst may have more confidence because the correspondence of the 
quantitative determinations at the two wavelengths is further confirmation of the integrity of 
the peak due to cocaine. The linearity of the system was confirmed over the concentration 
range of 0.25 to 2 mg/mL for cocaine at both 220 nm (coefficient of correlation = 0.999) and 
at 280 nm (coefficient of correlation = 0.999). 

During routine analytical screening of cocaine exhibits using this system, we found it con- 
venient to prepare three standard solutions each containing cocaine and four or five of the 
other components listed in Table 3. The routine injection of these standard mixtures ensured 
adequate system resolution and reproducibility of the dual wavelength response ratios. 

To illustrate more clearly the usefulness of each of these systems, some actual exhibit 
examinations are presented below. 

The practical advantages of employing GC-MS systems for routine analysis are readily 
recognized. Lukaszewski [ 71] in particular was able to demonstrate the utility of this method 
when applied to illicit exhibits. An example of the ability of the system to differentiate ex- 
hibits easily is illustrated in Fig. 2. Exhibits A, B, and C were recent submissions to our 
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"I A'BL~ 3--/-/PLC data: cocaine and re~ated substances using 1-1PLC 5):stem 2?' 

A220 Minimum 
Relative Detectability 

Substance Retention time A280 (ng on column) 

Acetaminophen 0.39 2.54 15 
Acetylsalicylic acid 0.34 21,20 15 
Benzocaine 1.50 0.48 10 
Benzoylecgonine 0.56 12.07 10 
Caffeine 0.45 0.97 10 
Cocaine 1.00 b 8.50 c 
Ephedrine 0.41 large 200 
Lidocaine 0.74 large 20 
Nicotinamide 0.35 14.76 10 
Phenylpropanolamine 0.32 6.01 15 
Prilocaine 0.62 27.10 20 
Procaine 0.52 0.51 15 
Tetracaine 2.13 0.64 30 
Cis-cinnamoylmethylecgonine 1.78 0.81 
Trans-cinnamoylmethylecgonine 2.05 0.50 15 

"See Experimental Procedure section for a complete description of the system. 
b Retention time of cocaine approximately 12.5 min. 
CNot determined. 

laboratory. The total ion chromatogram resulting from the injection of the ethyl acetate ex- 
tract of each is shown in Fig. 2. The identity of each of the components as determined from 
their respective mass spectra is indicated. Exhibit A is not typical of cocaine exhibits ana- 
lyzed in our laboratory. The presence of tropacocaine is not particularly common (less than 
2% of the exhibits). However, this particular example illustrates the detection of other coca 
derived alkaloids such as methylecgonine which may be useful in linking exhibits. Exhibits B 
and C are more typical of our exhibits especially since they contained lidocaine which we and 
others [21,22,24-26,52,69, 71] have found to be one of the most common adulterants in co- 
caine, undoubtedly because of its ability to mock the local anaesthetic effect of cocaine. The 
presence of the other coca unrelated adjuvants in these latter two examples is not 
uncommon. 

Of course not all exhibits are as easily differentiated. However, the utility of HPLC System 
1 in the linking of exhibits was demonstrated in a recent case where a number of exhibits 
were submitted. Eight identical white powders suspected of being cocaine were received. 
GC-MS analysis indicated that only Exhibits 1 to 7 contained cocaine; Exhibit 8 was shown 
to contain ephedrine and dyclonine. Exhibits 5 to 7 contained cocaine, ephedrine, and dy- 
clonine. This evidence alone implied a manufacturing operation to cut the cocaine may have 
existed. Quantitation using System 1 of the seven cocaine containing exhibits yielded cocaine 
hydrochloride contents of 98, 91, 89, 91, 61, 70, and 71%, respectively. It appeared from 
this data that  Exhibits 1, 2, 3, and 4 were high quality cocaine; Exhibits 2, 3, and 4 may have 
been identical; Exhibits 5, 6, and 7 had been adulterated (as the GC-MS had indicated); 
Exhibits 6 and 7 may have been identical; and these latter exhibits were different from Ex- 
hibit 5. Analysis of the ratios of the area counts of the cocaine peak to that of the area of the 
cis- and trans-cinnamoylmethylecgonines present in each exhibit was able to indicate more 
clearly the relationship of the various exhibits. Table 4 shows the "alkaloid ratios" for each 
exhibit. These results indicate that of the four high quality cocaine exhibits, only Numbers 2 
and 3 were identical and that the three "cu t"  cocaine exhibits, Numbers 5 to 7, had been 
prepared from cocaine identical to Exhibits 2 and 3. Since the percentage of cocaine differed 
in Exhibits 5, 6, and 7, the cocaine had been "cut"  at least on two occasions. 
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FIG. 2 - - T o t a l  ion chromatograms o f  three exhibits.  Peak  identif ication: 1 = phenylpropanolamine;  
2 = ephedrine; 3 ---- methylecgonine:  4 = lidocaine; 5 = tropacocaine; 6 = procaine; 7 ----- cocaine," 8 ---- 
tetracaine; 9 = cis-cinnamoylmethylecgonine;  10 = trans-cinnamoylmethylecgonine.  

TABLE 4 - - D a t a  used in the comparison o f  seven exhibi ts  containing cocaine. 

Alkaloid Ratios 
Drug Content % Cocaine 

Exhibit (GC-MS) (as HCI) Cocaine/Cis- Cocaine/Trans- 

cocaine 
cocaine 
cocaine 
cocaine 
cocaine +" 
cocaine + 
cocaine + 

98 32.7 26.4 
91 1.48 0.78 
89 1.51 0,78 
91 2.00 1.06 
61 1_51 0.78 
70 1.51 0,78 
71 1.50 0,79 

" +  indicates ephedrine and dyclonine also present. 
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Not all cocaine exhibits contain significant amounts of these alkaloids. They may be re- 
moved oxidatively during the preparation of cocaine from the coca leaves. A random sample 
of 100 cocaine exhibits from our laboratory indicated that 30% of these exhibits contained 
the cinnamoyl alkaloids. However, we have found the presence of these substances in cocaine 
to have varied from month to month, which may be a reflection of the variability of sources of 
illicit materials seized in our area. 

The absence of these coca alkaloids generally precludes the use of HPLC System 1 for the 
generation of definitive sample linking information. When such a situation arises, HPLC 
System 2 may be useful in developing conclusions in this regard. Although a number of 
substances have been chromatographed on this system (Table 3), it is not always possible to 
identify positively all of the chromatographic peaks. Figure 3 shows the chromatograms of 
two exhibits at both 280 and 220 nm. At 280 rim, the chromatogram of Exhibit D indicates 
the presence of procaine, cocaine, benzocaine and cis- and trans-cinnamoylmethyl- 
ecgonines. However, at 220 nm, the chromatogram indicates the further presence of both 
ephedrine and benzoylecgonine. Both chromatograms of Exhibit E indicate the presence of 
caffeine, procaine, cocaine, and benzocaine. An unknown component eluting at approxi- 
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FIG. 3 - - H P L C  chromatograms  o f  two exhibits,  D and  E at 220 and  280 nm.  Peak  identi f ication: 
1,3 : unknown;  2 : acetylsalieylie acid: 4 : ephedrine;  5 : caffeine; 6 = procaine; 7 = benzo-  
ylecgonine; 8 = cocaine: 9 : benzocaine;  10 = cis-e innamoylmethylecgonine;  11 = trans-cinnamo- 
y lmethylecgonine .  
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mately 3 min is also detected at both wavelengths as well as one at 4.5 min at 280 nm. Ace- 
tylsalicylic acid also appears to be contained in the exhibit, as evidenced by the peaks at 
approximately 4 min in both chromatograms. The positive identification of all substances in 
any of these chromatograms, of course, is not necessary for the effective comparison of 
exhibits. 

Conclusion 

The analytical method presented herein forms the foundation of a solid analytical system. 
Requirements for identification, quantitation, and sample linking are encompassed. The ef- 
ficient use of GC-MS for the separation and identification of illicit cocaine exhibit compo- 
nents has been described. The usefulness of a routine quantitative HPLC system for the 
examination of such exhibits which may also provide ancillary analytical data has been dem- 
onstrated. The use of a HPLC system providing superior sensitivity for sample linking data  
has also been described. 
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