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ABSTRACT: The concentrations of morphine and codeine were investigated in hair from the 
head, axillary and pubic regions obtained from 12 fatal heroin cases. Hair preparation involves 
a decontamination procedure in dichloromethane at 37~ for 15 mira solubilization in sodium 
hydroxyde at 100~ for 5 rain, neutralization with hydrochloric acid and centrifugation. After 
extraction in chloroform-isopropanol-n-heptane (50:17:33; v/v) at pH 9.2, drugs were deri- 
vatized with BSTFA + 1% TMCS and separated on a 12-m BP-5 capillary column. Quan- 
tification was done by GC/MS using selected ion monitoring. The highest morphine concen, 
trations were found in pubic hair (0.80 to 41.34 ng/mg), followed by hair of the head (0.62 
to 27.10 ng/mg), and axillary hair (0.40 to 24.20 ng/mg). Codeine was also detected in all 
samples, and the codeine-to-morphine ratios ranged from 0.069 to 0.273. The differences 
observed in drug concentration in the 3 types of hair are discussed in the light of the existing 
literature. 
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Although it has been a long time since the evidence first appeared in the literature, 
only recently has particular attention been devoted to the use of hair as a sample for 
detection of illicit drugs. 

For example, morphine can be easily detected in biological fluids only within a few 
days of heroin intake, and the morphine levels determined are strongly influenced by 
the dose and the time of the last injection. In contrast, hair appears to be a particularly 
interesting substrate for the investigation of chronic drug abuse. The drug passes from 
the circulating fluids into the hair and remains firmly bound there. For identifying and 
quantifying opiates in human hair, several analytical methods have been successfully 
employed, including fluorescence polarization immunoassay [1, 2], radioimmunoassay 
[3-7], liquid chromatography [81 and gas chromatography coupled to mass spectrometry 
[9-12]. 

However, data on the occurrence of the drugs in axillary and pubic hair are not yet 
available. 

In this study, we investigated the presence of morphine and codeine in hair of the 
head, axillary and pubic regions obtained from 12 fatal heroin overdose cases. 
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Materials and Methods 

Materials for Examination 

Simultaneously collected hair samples from the head, axillae and pubes were obtained 
from 12 male subjects, aged 19 to 34 years, deceased from fatal heroin overdose. 

Hair samples, weighing at least 30 rag, were cut as close as possible to the skin (from 
the posterior vertex in case of hair of the head). In cases of long hair, only 6 cm of the 
proximal end (near the root) were analyzed. The hair was decontaminated by washing 
the specimen one time in 5 mL dichloromethane for 15 min at 37~ This procedure was 
enough to remove external contamination. In the fact, the GC/MS analysis of a second 
wash remained negative, although the former was positive. 

Sample Extraction 

The protein matrix of the hair was destroyed by incubation in 1 mL of 1 M sodium 
hydroxide solution for 5 rain at 100~ After neutralization with 1 mL of 1 M hydrochloric 
acid and centrifugation, the homogenate was extracted with 10 mL of chloroform/iso- 
propanol/n-heptane (50:17:33; v/v) under alkaline conditions (1 mL of phosphate buffer 
at 1 mol/k and pH 9.2) with levallorphan (10 rag/L) as an internal standard. After agitation 
and centrifugation, the organic phase was purified by an additional acid extraction (5 
mL of 0.2 M hydrochloric acid) and aqueous layer was re-extracted with 2 mk phosphate 
buffer, 0.5 mL concentrated ammonia solution, and 5 mL chloroform. After agitation 
and centrifugation, the organic phase was taken off and evaporated to dryness at 45~ 
in a Speed Vac Concentrator. N,O,-bis(trimethylsily)trifluoroacetamide (BSTFA) + 1% 
trimethylchlorosilane (TMCS) (40 p.L) was added to the dry extract, which was sealed 
and heated at 70~ for 20 rain. A 4 p,L portion of the derivatized extract was injected 
into the GC column [13]. Blood, urine and liver samples were analyzed using the same 
procedure, previously described [13]. 

GC/MS Method 

The GC system consisted of a Perkin Elmer (8500) chromatograph with an Ion Trap 
Detector (ITD), operated at 70 eV with an ion source temperature of 210~ The electron 
multiplier voltage was set at 1350 V. 

The flow of carrier gas (helium, purity grade N55) through the column (BP-5 capillary 
column, SGE, 5% phenyl-95% methyl siloxane, 12 m x 0.22 mm i.d.) was 1,8 mL/min. 
The column oven temperature was programmed to rise from an initial temperature of 
60~ to 280~ at 30~ and kept at 280~ for the final 3 rain. Splitless injection with 
a split valve off-time of 1 rain was employed. The ions monitored for levallorphan, 
codeine, morphine, and 6-monoacetylmorphine along with their respective retention 
times were as follows: levallorphan, m/z 355, 9.24 min; codeine, m/z 371, 9.58 min; 
morphine, m/z 429, 10.22 rain; 6-monoacetylmorphine, m/z 399, 10.37 min. The assay 
had a > 75% extraction efficiency for all components: the limit of detection was ap- 
proximately 0.1 ng/mg with a signal/noise > I0 for each analyte. Calibration curves were 
prepared with homogenates of hair of drug-free controlled subjects, collected among 
laboratory personnel. Quantification was done by plotting peak area ratios (drug/IS) 
against the concentration of standards to produce standard curves and by comparing the 
results for the case samples with the curves. The linearity of the method was established 
with 6 single standards of a hair mixture of codeine and morphine (0.1, 0.5, 1.0, 5.0, 
10.0 and 50.0 ng/mg). The correlation coefficients were 0.997 and 0.996 for codeine and 
morphine, respectively. The interday precision (expressed as the relative standard de- 
viation at 1.0 and 10.0 ng/mg) was in the range 4.7 to 9.2% for both drugs. 
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Results and Discussion 

In the 12 cases, fatal heroin overdose was clearly confirmed by the presence of 6- 
monoacetylmorphine in the urine (Table 1) which is generally considered to be specific 
of heroin exposure [12,13]. Morphine and codeine were detected in all hair samples. In 
each case the highest opiate concentrations were found in pubic hair, followed by hair 
of the head and axillary hair. The concentrations measured are reported Table 2. The 
morphine and codeine values found in the different kinds of hair of each subject are 
presented in Fig. 1. Concentrations measured in hair of the head were in the range of 
previous reports [1-12]. No correlation between blood and hair concentrations could be 
established. This is not surprising, since the blood concentration represents a measure 
at the present moment, and hair concentration, chronic accumulation. Nevertheless, the 
presence of drugs in hair was particularly interesting for the medical examiner as it was 
possible for him to rule the cause of death to be an overdose occurring in a chronic drug 
abuse situation. These findings were also suitable for criminal inquiries. 

A particular problem in the detection of opiates is evaluating whether morphine has 
resulted from heroin or morphine consumption or from a misuse of medication containing 
codeine. Small amounts of morphine (about 5 to 10%) are produced from codeine by 
metabolic demethylation, but almost all illegally sold heroin contains acetylcodeine as 
an impurity of opium which is quickly deacetylated to codeine after intake. In both cases, 
codeine and morphine co-exist. It is generally admitted that if the morphine level is 
clearly higher than the codeine level in the examined hair sample, heroin or morphine 
abuse is highly probable [10]. In the 12 reported cases, codeine to morphine ratios in 
hair of the head ranged from 0.069 to 0.273. 

Recently, the differentiation of heroin users from individuals exposed to other sources 
of morphine alkaloids, was achieved by identifying directly heroin and 6-monoacetyl- 
morphine [12]. These findings are particularly important for justice applications. Since 
a strong alkaline procedure for homogenization was used, no mono-acetylmorphine or 
heroin were identified, probably due to hydrolysis. 

The axillary and pubic hair grows at a rate of up to 0.37 mm per day [14] and measures 
between 1 and 60 mm in length. In order to compare concentrations, we chose to analyze 
only 6 cm of the head hair. The head hair grows 0.39 to 0.44 mm per day [15] and, if 
left uncut, can grow more than I00 cm. 

TABLE 1--Levels of morphine, codeine, 6-monoacetvlmorphine in blood, urine, and liver in the 
12 fatal heroin overdoses. 

Morphine Codeine 6-monoacetylcodeine 
Sample (mg/L or mg/kg) (mg/L or mg/kg) mg/L 

Blood 0.06-0.81 0.0l -0.24 ND 
Urine 0.04-13.21 0.0l -3.44 0.11-2.47 
Liver 0.08-1.37 0.02-0.56 ND 

ND: not detected. 

TABLE 2--Opiate concentrations in hair of the head, axillary and 
pubic regions. 

Sample Morphine (ng/mg) Codeine (ng/mg) 

Head 0.62-27.10 0.15-1.87 
Axillae 0.40-24.20 0.12-1.56 
Pubis 0.80-41.34 0.22-2.34 
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FIG. l--Opiate concentrations in hair of the head, axillary and pubic regions; A: morphine; 
B: codeine. 

In the literature, comparison of the concentrations in different kinds of hair provides 
controversial results: for methadone, cocaine, phenobarbital and morphine the highest 
values were found in the axillary hair, followed by the pubic hair and the head hair [16, 
17] and for cotinine, in the pubic hair, the axillary hair and the hair of the head [18]. 
Our findings are not in accordance with these results. The significant differences of the 
drug concentrations in axillary hair and head hair were probably the result of a better 
blood circulation in the axillae, a greater number of  apocrine glands, and a reabsorption 
into the skin of the drug secreted by perspiration [16,17]. To the best of our knowledge, 
it is well admitted that drugs are present in the sweat [19] but their reabsorption and 
their transfer in the axillary hair are hypothesis to be investigated. 

In our experience the difference between the opiate concentrations found in the hair 
of the head, axillary and pubic region could be explained by different growth rates of 
the hair. Pubic hair, with a low growth rate, may be able to concentrate drugs more than 
hair from the head. Moreover, it is possible that morphine secreted in perspiration and 
sweat may be incorporated in hair, or on the other hand, eliminated by absorption onto 
clothing. Similarly high levels of drug present in urine may contaminate pubic hair. 
( N o t e - - i t  was demonstrated that after incubation during four days at room temperature 
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in a highly concentrated solution of cocaine and methadone,  200 mg/mL that no drug 
was found in drug laced hair samples [20]). The decontaminat ion procedure is absolutely 
necessary and replicate wash procedures were shown sufficient to remove  external con- 

tamination,  
In conclusion, our results suggest that the concentrat ion of drugs in the hair of the 

head collected from the posterior  vertex provides a good historical record of  drug ex- 
posure. In comparison with hair from the head, concentrat ions of drug can be overes- 
t imated by using pubic hair and under evaluated by using axillary hair. Al though we 
offer some explanation,  these are intuitive and not based on extensive research. Other  
explanations may be equally valid. 

References 

[1] Franceschin, A., Morosini, L,, and Dell'Anna, L., "Detection of Morphine in Hair with the 
Abbott TDx," Clinical Chemistry, Vol. 33, No. 11, 1987, p. 2125. 

[2] Kintz, P., Ludes, B., and Mangin, P., "Detection of Drugs in Human Hair with the Abbott 
ADx--Confirmation by GC/MS," Journal of Forensic Sciences, Vol. 37, No. 1, January 1992, 
pp. 328-331. 

[3] Baumgartner, A. M., Jones, P. F., Baumgartner, W. A., and Black, C. T., "Radioimmunoassay 
of Hair for Determining Opiate-Abuse Histories," The Journal of Nuclear Medich~e, Vol. 20, 
No. 7, 1979, pp. 748-752. 

[4] Valente, D., Cassini, M., Pizliapochi, M., and Vansetti, G., "Hair as the Sample in Assessing 
Morphine and Cocaine Addiction," Clinical Chemistry, Vol. 27, No. 11, 1981, pp. 1952-1953. 

[5] Piischel, K., Thomasch, P., and Arnold, W., "Opiate Levels in Hair," Forensic Science Inter- 
national, Vol. 21, No. 2, 1983, pp. 181-186. 

[6] Arnold, W., "Radioimmunological Hair Analysis for Narcotics and Substitutes," Journal of 
Clinical Chemistry and Clinical Biochemistry, Vol. 25, No. 10, 1987, pp. 753-757. 

[7] Offidani, C., Cannevale, A., and Chiarotti, M., "Drugs in Hair: A New Extraction Procedure," 
Forensic Science International, Vol. 41, No. l, 1989, pp. 35-39. 

[8] Marigo, M., Tagliaro, F., Poiesi, C., Lafisca, S., and Neri, C., "Determination of Morphine 
in the Hair of Heroin Addicts by HPLC with Fluorimetric Detection," Journal of Analytical 
Toxicology, Vol. 10, No. 4, 1986, pp. 158-161. 

[9] Baumgartner, W. A., Hill, V. A., and Blahd, W. H., "Hair Analysis for Drugs of Abuse," 
Journal of Forensic Sciences, Vol. 34, No. 6, 1989, pp. 1433-1453. 

[10] Sachs, H. and Arnold, W., "Results of Comparative Determination of Morphine in Human 
Hair Using RIA and GC/MS," Journal of Clinical Chemistry and Clinical Biochemistry, Vol. 
27, No. 11, 1989, pp. 873-877. 

[11] Cone, E. W., "Testing Human Hair for Drugs of Abuse. I. Individual Dose and Time Profiles 
of Morphine and Codeine in Plasma, Saliva, Urine, and Beard Compared to Drug-Induced 
Effects on Pupils and Behavior," Journal of Analytical Toxicology, Vol. 14, No. 1, 1990, 
pp. 1-7. 

[12] Goldberger, B. A., Caplan, Y. H., Maguire, T., and Cone, E. W., "Testing Human Hair for 
Drugs of Abuse. III. Identification of Heroin and 6-Monoacetylmorphine as Indicators of 
Heroin Use," Journal of Analytical Toxicology, Vol. 15, No. 5, 1991, pp. 226-23l. 

[13] Kintz, P., Mangin, P., Lugnier, A. A., and Chaumont, A. J., "Identification by GC/MS of 6- 
Monoacetylmorphine As an Indicator of Heroin Abuse," European Journal of Clinical Phar- 
macology, Vol. 37, No. 4, 1987, pp. 531-532. 

[14] Trotter, M., "The Hair," Special Cytology. The Form and Functions of the Cell in Health and 
Disease, Hasner Publishing Company, New York-Cadon, 1963, pp. 53-56. 

[15] Saitoh, M., Uzuka, M., and Sakamoto, M., "'Rate of Hair Growth," Advances in Biology of 
Skin: Hair Growth, Vol. 9, 1967, pp. 183-194. 

[16] Balabanova, S. and Wolf, H. U., "Methadone Concentrations in Human Hair of the Head, 
Axillary and Pubic Hair," Zeitschrififfir Rechtsmedizin, Vol. 102, 1989, pp. 293-296. 

[17] Balabanova, S. and Wolf, H. U., "Bestimmungen von Cocain, Morphin, Phenobarbital and 
Methadon in Kopf, Achsel-und Schamhaar,'" Laboratorr Medicine, Vol. 13, No. 1, 1989, pp. 
46-47. 

[18] Balabanova, S. and Schneider, E., "Detection of Cotinine in Human Hair," Bulletin de la 
Soci#t~ des Sciences M~dicales du Grand-Duch# de Luxembourg. Proceedings of the Lux Tox'90, 
Vol. 127, 1990, p. 531. 



662 JOURNAL OF FORENSIC SCIENCES 

[19] Balabanova, S., Schneider, E., Biihler, G., and Krause, H., "'Das Varhandensein yon Meth- 
adon im apokrinen Schwei[3 beim Menschen," Zeitschrift fiir Rechtsmedizin, Vol. 103, 1990, 
pp. 323-327. 

[20] Balabanova, S., "Investigation of the Cocaine and Methadone Transfer In and Out the Hair 
In Vitro," Proceedings of the 29th international meeting of the TIAFT, 24-27 June 1991, 
Copenhagen, Denmark, B. Kaempe, Ed., p. 27. 

Address requests for reprints or additional information to 
Pascal Kintz, Ph.D. 
Institut de M6decine L6gale 
11 rue Humann 
67000 Strasbourg, France 


