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ABSTRACT: Benzoytecgonine (BE) was detected in hair samples using nonproprietary ex- 
traction methodology and modifications of well-established radioimmunoassay (RIA) screen- 
ing/quantitative gas chromatography/mass spectrometry (GC/MS) confirmation procedures. 
Samples collected anonymously from a population of 48 jail detainees weighed between 5.3 
and 61.2 mg. All of the 22 hair samples which had RIA results indicating the presence of 
BE or immunologically similar substances above a cutoff amount of 1.25 ng/sample (50 ng/ 
mL) were confirmed by GC/MS. Several varieties of hair color and texture were tested, 
although in each general category there were samples which contained BE as well as other 
samples which did not reveal detectable amounts of BE. The range of concentrations in 22 
hair extracts that screened positive were 0.26 to 18 ng/mg hair as determined by GC/MS. In 
comparison with other reports of cocaine-related substances in hair, these data show consistent 
concentrations. 
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Ear ly  studies of hair as a toxicological sample showed that evidence of the ingestion 
of the control led substances phenobarbi tal  and d-amphetamine  was detectable  in animal 
hair using ultraviolet  spect rophotometry  [1] and radioactive tracer analyses [2]. Later ,  
the sensitivity of immunoassays permit ted smaller  quantit ies of drugs and drug metabol i tes  
to be detected from human hair samples [3-14]. More recently,  gas chromatography/  
mass spectrometry (GC/MS) [15-21] and tandem MS/MS [17-19] have been  used to 
confirm the presence of drugs and metabol i tes  in hair. 
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In this study, hair samples were anonymously collected from detainees at the Jefferson 
County Jail in Birmingham, Alabama, and were analyzed for the presence of benzoyl- 
ecgonine (BE), the primary metabolite of cocaine. All samples were screened using 
radioimmunoassay (RIA).  The presence of BE in each of the RIA-positive samples was 
confirmed by selected ion monitoring (SIM) GC/MS. 

Material and Methods 

Hair Extraction 

The hair samples, weighing from 5.3 to 61.2 mg, were obtained anonymously from 48 
detainees at the Jefferson County Jail and sealed in unmarked envelopes before they 
were analyzed later. No record was made or kept of the name or any other personal 
identification of the donors; and, therefore, no correlation of specific results with indi- 
viduals was sought or obtained. Individual hair samples were prepared as previously 
described [11]. The ethanolic extract was filtered into three equal aliquots using pasteur 
pipets packed with glass microfiber filter paper and dried in 12 by 75-mm round-bottom 
glass culture tubes. 

Immunoassay 

RIA was performed by reconstituting one of the three aliquots from hair extract in 25 
p-L of RIA-negative control urine which was obtained from and verified as negative by 
the commercial RIA kit. 3 The RIA procedure was then followed according to the di- 
rections included in the manufacturer 's instructions for urine testing. In addition, a 
standard concentration curve was prepared using dilutions of BE supplied in urine by 
the R I A  kit manufacturer. The sample results were extrapolated from a logic plot gen- 
erated from the standard curve data. Initially expressed in nanogram BE equivalents per 
millilitre (Table 1), the data were converted to nanogram BE equivalents per milligram 
hair by accounting for the 25-p-L sample volume of known concentration standards, the 
hair sample weight, and the separation of the hair extract into three equal aliquots. 

Electron-Impact GC/MS 

GC/MS confirmation was performed using a Hewlett Packard Model 5890 gas chro- 
matograph/Model 5970 mass spectrometer and modifications of well-established proce- 
dures [22-24] First, 150 ng of internal standard, d3-benzoylecgonine 4 (D3-BE), were 
added to the dried hair extract. The sample was then derivatized using 20 p-L 
bis(tfimethylsilyl)trifluoroacetamide (BSTFA) containing 1% trimethylchlorosilane ~ (TMS). 
The reaction was incubated at 65~ for 15 min. A sample (2 p.L) of the resulting solution 
was injected into the GC/MS using the split mode, a DB-5 capillary column 6 (/5 m, 0.25- 
mm inside diameter),  selectively monitoring the following ions: 240, 243,346,349, 36/, 
and 364. The injection port temperature was set at 250~ while the oven temperature 
remained at 230~ for the 5-rain run. The retention time was previously determined using 
a retention time standard of known BE, 7 following the same derivatization procedure as 
for hair samples. 

3Abuscreen~ Radioimmunoassay for Cocaine Metabolite package insert, Roche Diagnostics Sys- 
tems, Nutley, NJ 07110-1199, Dec. 1988. 

4Obtained from Radian Corporation, 8501 Mo-Pac Blvd., P.O. Box 201088, Austin. TX 78720- 
1088. 

sObtained from Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178. 
6Obtained from J & W Scientific, 91 Blue Ravine Rd., Folsom, CA 95630. 
7Obtained from Radian Corporation (see footnote 4). 
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Results and Discussion 

The results reported in Table 1 show concentrations of 0.26 to 18 ng BE/mg hair in 
22 of 48 samples. 

For the purposes of this study, a RIA cutoff of 1.25 ng/5.3 to 61.2 mg hair extract 
aliquot (50 ng/mL by 25 Ixl/1 mL) was chosen, compared with 0.85 ng/10 mg hair proposed 
by Baumgartner [20]. (The total sample weight varied from 5.3 to 61.2 mg; the entire 
sample was extracted; a one-third aliquot was analyzed in each test.) This particular R I A  
exhibited high specificity for BE. Cocaine, which has been detected at high concentra- 
tions, up to ten times greater than BE in hair [17,19,20], was cross-reactive at only 
approximately 1% with the BE-specific antiserum in this RIA kit. Thus, even at the 
maximum of ten times the BE concentration, cocaine would have contributed only 10% 
of the RIA result. Because BE is the major metabolite of cocaine in humans, its presence 
in hair is significant as a check against cocaine from external contamination, as opposed 
to in vivo sources. All  RIA results above 1.25 ng/sample were confirmed for BE by 
GC/MS. 

BE quantitation results by GC/MS ranged from 0.26 to 18 ng BE/mg hair, as given in 
Table 1. In most instances, these concentrations exceeded RIA results. Cocaine-related 
substances, dried to the R I A  reaction tube wall, most likely accounted for lower amounts 
detected. GC/MS derivatization provided chemical conditions (solvent and elevated tem- 
peratures) conducive to greater BE solubility and therefore to larger apparent concen- 
trations. Forensic toxicologists may find the individual data points useful when conducting 
reproducibility studies. Consistent with an earlier report by Baumgartner et al. [9], factors 
such as hair color and degree of curl did not appear  to interfere with the assay in that 
BE was both detected and not detected in samples from each general hair-type category. 

The results in this report  are consistent with those of other published accounts of 
concentrations of cocaine substances in hair. For example, Baumgartner et al. reported 
detecting a concentration range of 0.007 to 6.38 ng "benzoylecgonine equivalents"/mg 
hair [9] and, later, between 0.8 and 50 ng "cocaine metaboli te"/mg hair [20] in R I A  tests 
conducted on the hair from patients, probationers,  and parolees [20]. Balabanova and 
co-workers [16] found 7.3 ng "cocaine"/mg hair from RIA tests on the postmortem hair 
sample of a cocaine user and 0.6 to 6.4 ng/mg hair from living cocaine addicts [25]. 
Somewhat higher concentrations were reported by Martz [17], who found 80 to 90 ng 
cocaine/mg hair using GC/MS. In a study on the use of hair to determine gestational 
cocaine exposure, Graham et al. found 0.032 to 29.089 ng "benzoylecgonine"/mg hair 
from adult cocaine users when a highly BE-specific R I A  was used as the sole detection 
method. Most of these authors pointed out that the specificity of R I A  can affect the 
reliability of quantitative results, particularly when an unknown, heterogenous sample 
such as a hair extract is analyzed. This underscores the usefulness of GC/MS for detection 
of drugs in hair. 

Conclusions 

The analysis of hair for drugs of abuse has recently been the subject of much discussion 
in order to determine its appropriateness as an analytical technique. Its advantages over 
the more widely used urinalysis methods, summarized elsewhere [11,12,20,26], warrant 
continued research and independent confirmation of methods and results. 

In this study, screening tests show that nearly half of all hair samples from a jail 
population contained compounds that were immunologically reactive with cocaine me- 
tabolite (BE) antiserum in a commercially supplied RIA. A GC/MS procedure confirmed 
the presence of BE in each of the 22 hair samples on which confirmation was indicated. 
These data not only substantiate that BE can be detected and confirmed in hair, but 
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provide quantitative information that may be useful to forensic toxicologists interested 
in comparing the amounts of BE found in hair. 
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