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A b s t r a c t  Hair samples taken from 850 individuals with 
presumed drug abuse were tested simultaneously for A 9- 
tetrahydrocannabinol (THC), cocaine, heroin, the primary 
heroin metabolite 6-monoacetylmorphine (6-MAM) and 
morphine. The drugs were extracted with methanol under 
sonication. Compared to other extraction procedures this 
solvent extraction technique provides high extraction yields 
and less experimental effort. The analyses were carried 
out using gas chromatography - mass spectrometry (GC- 
MS) in selected ion monitoring (SIM) mode. This proce- 
dure allows the simultaneous detection of amphetamine, 
methylenedioxyamphetamine (MDA), methylenedioxy- 
methamphetamine (MDMA) and methylenedioxyethy- 
lamphetamine (MDE). THC was found in 104 (12.2%), 
cocaine i n230  (27%) and 6-MAM in 141 (16.6%) sam- 
ples. In addition to 6-MAM, morphine was detected in 87 
(10.2%) and heroin in 38 samples (4.5%). The concentra- 
tions found were in a range 0.009-16.7 ng/mg for THC, 
0.037-129.68 ng/mg for cocaine, 0.028-79.82 ng/mg for 
6-MAM, 0.045-53.14 ng/mg for heroin and 0.011-7.800 
ng/mg for morphine. The statistical distribution of the 
drug concentrations compared with the self-reported con- 
sumption behaviour of the users may possibly lead to a 
better understanding of the relationship between drug 
dosage and corresponding concentrations in hair. 

Key words  GC-MS analysis - Drugs in hair - 
Simultaneous detection • TCH • Cocaine • Heroin • 
6-MAM • Morphine • Methanol sonication extraction • 
Consumption behaviour 

with legally available drugs such as codeine or methadone 
[1, 2]. Because of legal and ethical limitations which pre- 
vent human experiments, the pharmacokinetics of illicit 
drugs, wit h special focus on the hairs, have not yet been 
systematically explored. One still has to rely on empirical 
findings by comparing drug concentrations in hair with 
the drug consumption behaviour. In recent years the 
analysis of hair for illicit drugs has attracted growing at- 
tention and a number of analytical procedures have been 
established. But different isolation techniques often lead 
to varying results both qualitative and quantitative. This is 
one reason which renders it difficult to correlate drug lev- 
els in hair to a particular consumption behaviour. There is 
a lack of reliable statistical data, but an increasing amount 
of  data obtained from standardized hair analyses, which 
are correlated with information on drug consumption, 
may enable a better interpretation of drug concentrations 
in hair. 

In the present paper the results of 850 hair analyses 
for A9-tetrahydrocannabinol (THC),  cocaine, heroin, 6- 
monoacetylmorphine (6-MAM) and morphine were eval- 
uated. Since all data were obtained using the same analyt- 
ical procedure, a comparison of the results is possible. 
The drugs were extracted with methanol under sonication. 
This analytical technique allows the simultaneous extrac- 
tion of amphetamines (including the methylenedioxy-de- 
rivatives such as MDMA), cocaine, methadone, opiates 
(heroin, 6-MAM, morphine, codein and dihydrocodein) 
and THC. After derivatisation with propionic acid anhy- 
dride all compounds can be measured in one GC-MS run. 

Introduction 

Most investigations dealing with correlations of drug 
dosage and concentrations in hair are based on studies 

G. Kauert (NT]). J. R6hrich 
Zentrum der Rechtsmedizin, Universitfit Frankfurt, 
Kennedyallee 104, D-60596 Frankfurt, Germany 

Materials and methods 

Sample material 

Hair samples from 850 individuals with presumed drug abuse were 
analysed. Most of these persons had been required to provide an 
expertise such as hair analysis for reissueing the confiscated dri- 
ving licence. Some of the individuals were involved in crimes. The 
history of drug abuse was explored during the medical examina- 
tion, however, the reliability of the self-reported drug consumption 
behaviour is questionable. 
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A strand of hair about 5 mm in diameter was cut from the back 
of the head as close as possible to the skin. The hair was fixed with 
a string and enveloped in aluminium foil. The proximal and distal 
end of the hair were marked. The samples were stored under dry 
conditions at room temperature until analysis. 

Extraction procedure 

The total length of the hair samples was measured and special fea- 
tures such as colouring, bleaching etc. were noted. A segment of 
the hair (usually 6 cm if possible) was cut for analysis and washed 
for 5 min with water (5 mL), acetone (5 mL) and finally petrole- 
umether (5 mL) in a polypropylene vial. After drying, the hair was 
cut into small pieces of about l mm and 50-200 mg were used for 
analysis. The hair was transferred to a polypropylene vial and 4 ml 
methanol and 200 ng methaqnalone as internal standard (20 gL of 
a solution containing 10 ng/gL) were added. The closed vial was 
sonicated (120 W) for 5 at 50 ° C. The methanolic extract was then 
transferred to a silanized glass vial and the solvent was evaporated. 
For derivatisation 0.05 mL of propionic acid anhydride (PSA) was 
added and the mixture incubated at 100°C for 1 h. The excess pro- 
pionic acid anhydride was evaporated. For GC-MS analysis the 
residue was dissolved in 0.05 mL ethyl acetate containing 5% 
PSA. 
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hair control sample and also a drag-free hair sample was assayed. 
The precision of the method is presented in Table 1. The detection 
limit for all compounds was approximately 0.1 ng/mg if at least 50 
mg of hair was analysed. 

Instrumentation and reagents 

For GC-MS, an HP 5890 gas chromatograph (Hewlett Packard) 
with an HP 5970 mass selective detector and HP 7673 A autosam- 
pier was used. For sonication the Bransonic 220 ultrasonic bath (1 
phase, 120 W, frequency: 50 Kc) was used. Polypropylene vials 
(30 mL) with screw caps were purchased from Sarstaedt. The fol- 
lowing reagents were used: methanol prep. solv., acetone p.a., pe- 
troleumether 40°C p.a., ethyl acetate p.a. were purchased from 
Merck. Propionic acid anhydride p.a. (PSA) from Fluka., cocaine- 
HC1, methaqualone, A9-tetrahydrocannabinol, morphine-HC1, 
from Sigma. 6-monoacetylmorphine was synthesized according to 
Derks et al. [3]. 

Results and discussion 

Methanol  sonication extraction procedure 

GC-MS analysis 

For GC-MS analysis the following conditions were applied: a DB 
1 capillary column (methyl silicone, 20 m x 0.25 mm i.d., 0.25 gm 
fihn thickness) was used. The carrier gas was helium with a flow 
rate of 1 mL/min. The injection temperature was 280°C and the 
transfer line temperature was 300 ° C. The temperature programme 
was started at 140 ° C, increased to 300°C at 20°/min and remained 
isothermal at 300°C for 8 rain. The injection volume was 1 ~tL 
(splitless injection). El (70 eV) was used for ionisation. The fol- 
lowing ions were measured in the selected ion monitoring (SIM) 
mode: 

THC (propionyl) 
Cocaine 
Heroin 
6-MAM (propionyl) 
Morphine (dipropionyl) 
Methaqualone 

(internal standard) 

m/z = 297,313,370 
m/z = 82,182,303 
m r  = 310,327,369 
m r =  268,327, 383 
m/z = 268,341,397 
m/z = 235,250 

(ret. time: 7.8 min) 
(ret. time: 8.3 min) 
(ret. time: 8.2 min) 
(ret. time: 8.6 min) 
(ret. time: 9.0 min) 
(ret. time: 6.2 min) 

Quantification of THC, cocaine, 6-MAM and morphine was based 
on peak area ratios. A four-point calibration curve was established 
for each drug by measuring hair samples (200 mg) which were 
spiked with four different drug concentrations (0.1 ng/mg, 0.25 
ng/mg, 0.5 ng/mg and 1 ng/mg). Heroin was quantified by using 
the 6-MAM calibration. In each series of hair analyses a spiked 

Table 1 Drug concentrations found in multiple analyses of au- 
thentic hair samples 

THC Cocaine 6-MAM Morphine 
[ng/mg] [ng/mg] [ng/mg] [ng/mg] 

Run 1 3.24 6.79 7.64 1.33 
Run 2 3.10 6.67 7.99 1.29 
Run 3 3.07 6.52 8.58 1.24 
Run 4 3.18 6.58 8.44 1.24 
Run 5 6.64 8.02 1.22 
Mean 3.15 6.64 8.13 1.26 
Standard deviation 0.08 0.10 0.38 0.05 
Coefficient of variation 2.54 1.51 4.67 3.97 

The methanol  sonication extraction of hair enables the si- 
mul taneous analysis of heroin, 6-monoacetylmorphine,  
morphine,  cocaine and THC. Amphe tamine  and its deriv- 
atives, as well as dihydrocodeine and codeine, were also 
reliably detected (these results will be presented later). 
Compared to other extraction procedures this technique 
provides high yields for all these analytes and not produce 
artefacts of the parent drugs. Ion chromatograms of au- 
thentic hair samples containing heroin, 6 - MA M and mor- 
phine as well as cocaine and THC are presented in Figs. 1 
and 2. Unl ike  other hair extraction procedures using basic 
or acidic conditions,  the methanol-sonicat ion technique 
prevents hydrolysis of heroin and 6 - MA M to morphine.  
Although heroin can be detected in hair by using other ex- 
traction techniques as reported by Goldberger  et al. [4], 
Cone et al. [5] and Tagliaro et al. [6], the sonication ex- 
traction procedure with methanol  seems to provide opti- 
mal recovery of heroin as well as its primary metaboli te  6- 
MAM. Recent  results from a comparison of different sol- 
vents used in a sonication hair extraction procedure indi- 
cated that methanol  provides the best extraction yields for 
morphine,  6 - MA M and heroin [7], which confirm our 
findings. Cocaine and the relatively non-polar  THC were 
also readily extracted with the methanolsonicat ion proce- 
dure. 

The addition of even small amounts  of acid to the sol- 
vent  leads to an enhanced hydrolysis of heroin and 6- 
M A M  to morphine and the extraction rate for THC was 
considerably decreased. This effect could be demon-  
strated by extracting a hair sample from a heroin addict 
with both pure methanol  and methanol  containing a small 
amount  of HC1 (see Fig. 3). The use of acidified methanol  
was established by Nakahara et al. [8] for the detection of 
amphetamines in hair and is very similar to our extraction 
procedure. However,  using acidified methanol  neither 
heroin nor  acetylcodeine could be detected and most  of 6- 
M A M  was decomposed to morphine.  The codeine de- 



296 

1.4E+5= 

] a n  ~ 9 . B [ ~  a i n u .  # ' r a m  ORTFI:I3grt~ !4R, O 
lo~ 327.BB a i n u .  ? t o m  BRTR:~gB3~ !4R_0 

. £ E ~-~, , 

. aE ~5 Heroin 

19 ng/mg 

$ 

- :  
, . - ,  . j ? - Q - ~ -  , - ,  z -  : - ,  ~ , , - . .  . , ~ . .  . , 

7 . 5  B.B B. 9 .~  9 . 5  
r I ~'~e ( r n l n . )  

m u ~t. ~E t-4 " 

E 

t . 4 E ~  -= _ 

I~r,  2~3. [ IB amu. ~'eum DFITR:~£B~/. 
l e ~  2,22.aB a m . .  tr~m ORTR:BgB3( 

I_2E'I-5 Iar, 2JB.BIt a m u .  l e a . ,  OIqTR.'QgB~( 

I ,  EIE ~r 5 

B. ~Ei~4 

1£ 

7.5 B.B ~.5 

:4R. 0 
4R.[I 
/ R . 0  

< -  6-MAM 

56.9 ng/mg 

£.E4 9 . 5  

1_ r E * 5  

ca. ~E~-4 

R. E~E+4 

7. BE~-4 

B. B E ~ 4  

c 5 .  B E + 4  '3  

. ~E~-4 

I. BE+4 

I o n  3~7.B@ ~mu. #ram DRTR:Bg2~C2IR.O 
I n n  ~ l l . ~ B  a m u .  ? r n m  DRTR:EgB3,S24R. O 

7.5 B.I~ ~ . 5  
T1~e ( lnlr~. ) 

Morphine 

1.6 ng/mg 

$ 

, . . . .  , , T ~ , - ' - ,  ~ ?~  
9.13 9 . 5  

Fig. 1 Typical ion chromatograms of a hair extract (heroin user) 
with detection of heroin, 6-MAM (monopropionyl-derivative) and 
morphine (dipropionyl-derivative) 

tected in this hair sample must be derived primarily from 
acetylcodeine, which is a c o m m o n  ingredient of  street 
heroin samples. Therefore, codeine and morphine concen- 
trations in hairs determined after acidic or alkaline extrac- 
tion should be carefully evaluated. Dihydrocodeine was 
found in a higher yield after acidification, cocaine in 
equal concentrations and THC in much lower concentra- 
tions compared to the method presented in this paper. This 
problem of  achieving different results by using different 
analytical methods has already been pointed out by Sachs 
and Raft [9], who compared various methods for detect- 
ing opiates and cocaine in hair. 
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Fig. 2 Typical ion chromatograms of hair extracts containing co- 
caine and THC (propionyl-derivative) 

Distribution of  drugs and drug concentrations 

From a total of  850 hair samples THC was found in 104 
samples (12.2%), cocaine in 230 (27%), and 6-MAM in 
141 (16.6%). Besides 6-MAM, morphine was detected in 
87 (10.2%) and heroin in 38 samples (4.5%). The mean 
concentrations were 1.5 ng/mg for THC, 6.7 ng/mg for 
cocaine, 5.5 ng/mg for 6-MAM, 5.2 ng/mg for heroin and 
0.9 ng/mg for morphine (Table 2). The detailed results are 
presented in Figs. 4-6 .  

Figure 4 shows the concentrations of  6 -MAM in as- 
cending order and the detection of  heroin and morphine 
found in hair of  heroin users. 6 -MAM was found more 
frequently than morphine and heroin. In cases, where 6- 
M A M  was present in a concentration of  less than 1 
ng/mg, morphine could be detected in only 31.7% and 
heroin in 5% of  the samples. Above  1 ng/mg 6-MAM, 
morphine was detected in 90% and above 10 ng/mg 6- 
MAM, heroin was found in 76.5% and morphine in 100% 
of  the samples. Heroin concentrations which exceeded 
those of  6 -MAM more than ten times, were detected in 
three sample. Since this finding seems unexplainable by 
the pharmacological properties of  heroin, external conta- 
mination must be considered in theses cases. 

The average morphine concentrations in the hair sam- 
ples were much lower than those of  6 -MAM and heroin. 
This may be due to a lower extraction rate of  morphine 
with methanol according to the results of  Rothe and 
Pragst [7] who found decreasing extractability in the order 



O. Kauert et al.: Drug concentrations in hair 

Fig. 3 Comparison of the hair 25 
extraction procedures with 
pure methanol and 
methanol/hydrochloric acid 
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Table 2 Drug concentrations detected in 850 hair samples 

THC Cocaine 6-MAM Heroin Morphine 
[ng/mg] [ng/mgl [ng/mgl [ng/mg] [ng/mg] 

Mean 1.501 6.738 
Median 0.477 1.070 
Standard deviation 2.955 15.090 
Minimum value 0.009 0.037 
Maximum value 16.700 129.680 
n 104 230 

5.462 5.237 0.857 
1.260 1 .300 0.421 

12.037 10.764 1.222 
0.028 0.045 0.011 

79.820 53.140 7.800 
141 38 87 

heroin > 6-MAM > morphine. An alternative explanation 
could be a higher incorporation rate of heroin and 6- 
MAM as compared to morphine. It has been demonstrated 
in several investigations [10-13] that concentrations of  
cocaine in hair clearly exceed those of benzoylecgonine 
or ecgoninemethylester. It has been presumed that the per- 
meability of cocaine from plasma into hair is much higher 

than that of benzoylecgonine or ecgonine methylester, 
similar to the permeation through the blood-brain barrier 
[13]. Likewise morphine, which is also more polar may be 
incorporated less effectively into hair than heroin and 6- 
MAM. Therefore the application of concentration ratios be- 
tween a parent drug and its metabolites seems to be difficult. 

Figure 5 presents the distribution of cocaine concentra- 
tions found in the hair samples. The range of cocaine con- 
centrations as well as the distribution of the values are 
very similar to those of 6-MAM with slight differences in 
the range 0.1-1 ng/mg. This might be due to the dosage 
relationships between cocaine and heroin, which are also 
rather similar in view of their phamlacological effective- 
hess. Compared to cocaine or 6-MAM levels the range of 
THC concentrations in the hair samples were about 5 to 
10 times lower (see Fig. 6). Although various biophysical 
properties of a compound such as membrane permeability, 
melanine affinity or basicity may influence its incorpora- 
tion in hair, two main reasons seem to be important to ex- 

Fig. 4 Heroin, 6-MAM and 
morphine concentrations de- 
tected in hair samples of heroin 
users in ascending order of to- 
tal opiate concentrations (n = 
142) 
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Fig.5 Cocaine concentrations 
detected in hair samples of co- 
caine users in ascending order 
(n = 230) 
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Fig. 6 THC concentrations de- 
tected in hair samples of 
cannabis users in ascending or- 
der (n = 104) 
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plain the lower THC concentrations compared to those of 
cocaine or 6-MAM. One explanation for this finding 
might be the clearly lower dosage of THC. A second rea- 
son may arise from the more lipophilic properties of THC. 
This could lead to a decreased incorporation of THC in 
the hair follicle which, because of its distribution kinetics, 
is mainly incorporated into the fat compartment. THC has 
a higher volume of distribution than cocaine (4-14 L/kg 
vs. 1-2 L/kg). 

Consumption behaviour 

How are the drug concentrations in hair related to the con- 
sumption behaviour of  the user? To answer this question 
the results of the hair analyses were correlated with self- 
reports of  the drug abusers. However, several factors have 
to be considered which may influnece drug concentrations 
in hair such as individual variability in drug metabolism, 

hair growth cycles, residual drug concentration in kata- 
genic or telogenic hairs, exogenous contamination, route 
of administration or loss of drug from hair etc. But the 
major problem is the very limited reliability of  data from 
self-reported drug consumption. However, the amount of 
evaluated data seems to be high enough to provide statis- 
tical evidence. Moreover, all analytical results were ob- 
tained by the same procedure so that the drug concentra- 
tions are comparable. Thus, a careful approach towards a 
correlation of consumption behaviour and drug concentra- 
tions in hair has been attempted. 

From a correlation of self-reported cannabis use and 
THC levels found in the hair samples, a rough classifica- 
tion into two user groups seems to be possible. THC con- 
centrations in the range 0.1 ng/mg-1 ng/mg are suggestive 
of weekly up to daily cannabis consumption. THC concen- 
trations above 1 ng/mg seem to be linked with multiple daily 
cannabis use. For cocaine as well as heroin abuse three 
groups of consumption behaviour were evaluated. Below 
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Table 3 THC concentrations in hair samples of 6 marihuana 
smokers correlated with self-reported cannabis use 

Individ- Smoker behaviour THC [ng/mg] 
ual No. 

1 Daily 1 marihuana cigarette, 0.152 
occasionally hashish 

2 Daily 1 joint hashish 0.463 
3 1-2 marihuana cigarettes per 0.087 

week 
4 Almost daily one marihuana 0.111 

cigarette 
5 1 joint hashish only Not detectable in 

the corresp. 1 cm 
hair segment 

6 During a three week vacation 0.569 
in the Caribbean Sea daily 
smoking of marihuana 

1 ng/mg only a weekly use may be presumed. Cocaine or 6- 
M A M  concentrations between 1 ng/mg and 10 ng/mg sug- 
gest a weekly to daily drag abuse and above 10 ng/mg a mul- 
tiple daily use and/or extremely high dosage. This first classi- 
fication proposed can provide only an approximate and pre- 
l iminary approach, which should be supplemented by addi- 
tional surveys. Possible factors which may influence the re- 
sult of a hair analysis have been disregarded in the proposed 
classification, however,  they must be included in the inter- 
pretation of  a single result, for instance, in forensic work. 

Six representative cases are shown in Table 3. In contrast 
to the other  cases,  these indiv iduals  had  not  been accused  
of  drug abuse by the authorities. They freely reported their 
drug consumpt ion  behav iour  which  suggests  that the re- 
ports are more  rel iable.  Al l  six individuals  smoked  prefer-  
ably marihuana and occasionally hashish. Their drug use be- 
haviour is in agreement with the proposed classification. 

We suggest  that the m a x i m u m  concentra t ions  of  the 
drugs observed  in the hair  samples  must  be l inked with a 
m a x i m u m  durg intake behaviour ,  which  may  be expressed  
in a 5 to 10 t imes  drug intake per  day assuming  a high 
drug quality. G o o d  evidence  for this assumpt ion  is the de- 
tect ion o f  heroin in remarkab le  concentra t ions  up to 53.1 
ng /mg hair  in spite of  the ex t remely  short  half- l i fe  of  this 
compound  (~ 3 rain). This means  that the contact  t ime of  
heroin  with the hair  fol l ic le  suppl ied  with b lood  must  be 
very frequent  in one day and/or  the dosage  must  be ex- 
t remely  high. It has been p roposed  that a morphine  con- 
centrat ion of  100 ng /mg in hair  cor responds  to a maxi-  
m u m  dai ly  dose of  200 mg (heroin?) [14]. In our opinion,  
this dose  seems to be too low to p roduce  such a high mor-  
phine level.  The  max ima l  THC concentra t ions  found in 
the hair  samples  must  also be caused  by  mul t ip le  dai ly  
cannabis  consumpt ion  using hashish  with an high content  
of  THC. On the other  hand, our data  indicate  that one drug 
intake a week  seems to be  detec table  in a hair  sample,  
which was also sugges ted  by  M/311er et al. [14]. 

A n  interest ing phenomenon  is that  the f requency of  
posi t ive  drug f indings  in hair  was inverse ly  propor t iona l  
to common  urine findings. In the hair  samples cocaine was 
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found most  frequently,  fo l lowed by  6 - M A M  and f inal ly  
by  THC, whereas  usual ly  in urine samples  p r imar i ly  
cannabinoids ,  then opiates  and f inal ly  cocaine  and ben- 
zoy lecgon ine  were  detected.  I f  the b iophys ica l  proper t ies  
of  these compounds  and/or  pharmacokine t ic  reasons are 
not respons ib le  for this discrepancy,  this f inding may  sug- 
gest  that the major i ty  of  cannabis  users are l ight  to mod-  
erate smokers  of  mar ihuana  products  and hair  samples  do 
not  necessar i ly  contain measurab le  THC concentrat ions.  

In future work  s tandardizat ion of  me thodo logy  of  hair  
analysis  must  be es tabl i shed  in order  to obtain comparab le  
results  which  a l low uni form interpretat ions.  In part icular,  
analytical priorities should be considered, for instance, for the 
question: Is it better to optimize the recovery of  morphine 
from hair or that of  6-monoacetylmorphine and heroin? 

References 

1. Cone EJ (1990) Testing human hair for drugs of abuse. I. Indi- 
vidual dose and time profiles of morphine and codeine in 
plasma, saliva, urine and beard, compared to drug induced ef- 
fects of pupils and behaviour. J Anal Toxicol 14:1 7 

2. M611er MR, Fey P, Wennig P (1993) Simultaneous determina- 
tion of drugs of abuse (opiates, cocaine and amphetamine) in 
human hair by GC/MS and its application to a methadone treat- 
ment program. Forensic Sci Int 63:185-206 

3. Derks HJGM, Van Twillert K, Zomer G (1985) Determination 
of 6-monoacetylmorphine in urine as specific marker for heroin 
abuse by high performance liquid chromatography with fluo- 
rescence detection. Anal Chim Acta 170:13-20 

4. Goldberger BA, Caplan YH, Maguire T, Cone EJ (1991) Test- 
ing human hair for drugs of abuse: III. Identification of heroin 
and 6-acetylmorphine as indicators of heroin use. J Anal ToM- 
col 15:226-231 

5. Cone EJ, Darwin WD, Wang WL (1993) The occurrence of co- 
caine, heroin and metabolites in hair of drug abusers. Forensic 
Sci Int 63 : 55-68 

6. Tagliaro F, Traldi P, Pelli B, Maschio S, Neri C, Margio M 
(1987) Determination of morphine and other opioids in the hair 
of heroin addicts by RIA, HPLC and collisional spectroscopy. 
In: Piermonte B (ed) Dev Anal Methods Pharm Biomed Forensic 
Sci Plenum, New York, pp 115-127 

7. Rothe M, Pragst F (1995) Solvent optimization for the direct 
extraction of opiates from hair samples. J Anal Toxicol 19: 
236-240 

8. Nakahara Y, Takahashi K, Shimamine M, Takeda Y (1991) Hair 
analysis for drug abuse: I. Determination of methamphetamine 
and amphetamine in hair by stable isotope dilution gas chro- 
matography/mass spectrometry method. J Forensic Sci 36 : 70-78 

9. Sachs H, Raft I (1993) Comparison of quantitative results of 
drugs in human hair by GC/MS. Forensic Sci Int 63:207-216 

10. Cone EJ, Yousefnejad D, Darwin WD, Maguire T (1991) Test- 
ing human hair for drugs of abuse: II. Identification of unique 
cocaine metabolites in hair of drug abusers and evaluation of 
decontamination procedures. J Anal Toxiol 15:250-255 

11. Henderson L, Herkey MR, Zhou C, Jones RT (1992) Cocaine 
and metabolite concentrations in the hair of South American 
coca chewers. J Anal Toxicol 16 : 190-210 

12. M611er MR, Fey P, Rimbach S (1992) Identification and quanti- 
tation of cocaine and its metabolites, bezoylecgonin and ecgonin 
methyl ester, in hair of Bolivian coca chewers by gas chro- 
matography/mass spectrometry. J Anal Toxicol 16 : 291-296 

13. Nakahara Y, Kitura R (1994) Hair analysis for drugs of abuse: 
VII. The incorporation rates of cocaine, bezoylecgonin and ec- 
gonin methyl ester into rat hair and hydrolysis of cocaine in rat 
hair. Arch Toxicol 68 : 54-59 

14. M611er MR, Fey P, Sachs H (1993) Hair analysis as evidence in 
forensic cases. Forensic Sci Int 63 : 43-53 


