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Abstract [ 
We have developed a GC-MS-MS assay for GHB in human hair. 
Five milligrams of washed hair were bydrolyzed by 1M or 0.01M 
NaOH before a liquid-liquid extraction with ethyl acetate under 
acidic conditions. GHB-d6 was used as the internal standard. TMS 
derivatives were formed before injection. TBDMS derivatives were 
used in cases of strong chromatographic interferences or in a 
confirmatory procedure. Analysis of basal levels of GHB in 61 
drug-free donors gave the following results: the mean measured 
concentration for blond hair was 0.60 ng/mg (n = 12), SD = 0.19 
ng/mg, and extreme figures were in the range 0.35-0.95 ng/mg. 
For brown hair, the mean measured concentration was 0.90 ng/mg 
(n = 30), SD = 0.42 ng/mg, and extreme figures 0.41-1.86 ng/mg. 
For black hair, the mean measured concentration was 0.90 ng/mg 
(n = 19), SD = 0.37 rig/rag, and extreme figures 0.32-1.54 ng/mg, 
showing no significant differences depending on hair color. 
Analysis of basal levels of GHB of 12 or more specimens in 
segmented hair showed a mean concentration of 1.22 ng/mg 
(0.31-8.4 ng/mg) and a relative standard deviation for each 
individual ranging from 6.75% to 37.98%. GHB was administered 
to a healthy 53-year-old white male (light brown hair) at oral 
dosages of 30, 45, and 60 mg/kg. Beard hair was collected just 
before administration and 24 h after (and each day for one week 
for the last dose), and a 7.5-cm scalp hair lock was collected 7 days 
after the last dose. A rise in GHB concentration was observed in 
beard hair for the 45 and 60 mg/kg dosages with a maximum at 24 
h, whereas no change was observed for the 30 mg/kg dosage. Scalp 
hair was segmented into 3-ram long segments. The three proximal 
last segments showed significantly (0.0005 < p < 0.005) different 
concentrations of GHB (1.22, 1.27, and 1.66 ng/mg, respectively) 
when compared with the basal physiological level of GHB in this 
same person (mean -- 0.62 ng/mg, SD = 0.15 ng/mg). A case of 
daily GHB abuse during bodybuilding allowed us to determine a 
concentration of GHB of 14 ng/mg, in a 2-cm long segment (black 
hair). A case of rape under the influence of GHB was documented 
through hair analysis (black hair) and positive analysis of the glass 
she used. Sampled 7 days after the sexual assault, the three last 

3-mm long proximal segments tested for GHB exhibited 
concentrations of 3.1-5.3 and 4.3 ng/mg, respectively, whereas the 
mean physiological level determined in this woman was 0.71 
ng/mg, SD = 0.17 ng/mg. The authors advise a two-step hair 
sampling as evidence of GHB consumption: the first sample at the 
time of exposure to show the contamination by sweat of the 
proximal segment in case of recent administration with a significant 
rise of hair level at the root, and the second after at least 3 or 4 
weeks to avoid this contamination and determine the levels 
incorporated in the hair matrix before, during, and after the 
exposure. 

Introduction 

Recently, in the U.S., there has been an increase in the use of 
gamma hydroxybutyric acid (GHB) in drug-facilitated sexual as- 
saults (1-3). These rapes are extremely difficult to document 
from an analytical point of view because of the endogenous 
presence of GHB in biological human fluids, the short life, and 
the powerful sedative effects of the molecule (1). Until recently, 
GHB was not used by rapists in Europe. As a matter of fact, 
zolpidem and flunitrazepam are the two favored drugs (4). 
However, because of what happened in the U.S., particular at- 
tention was given to GHB by epidemiological centers and 
forensic labs in France and Belgium (5). In order to demon- 
strate the intake of GHB with enough confidence, the authors 
strongly advise the determination of basal levels excluding 
proximal segment for each case for comparison to GHB levels 
at the suspected period. In March, 2001, we reported, for the 
first time, the use of GHB in France in a case of rape under the 
influence of this drug (6). This analyte had been identified in a 
glass of "champagne" (it had been shown that the wine cham- 
pagne did not contain any GHB). Twenty-four hours after the 
incident, urine from the victim exhibited a normal physiolog- 
ical level of GHB. Scientific proof of intake was thus not sup- 
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ported, which is why we decided to investigate the possibility of 
proving external intake of this drug through hair analysis. 

Numerous procedures exist for the detection and identifica- 
tion of GHB in human biofluids. The continued interest in 
GHB in forensic science is well demonstrated by the very recent 
publications among scientific literature, as shown in Table I. 

Frison et al. first described the detection of GHB in hair in 
1994 (13). The goal of their study was to detect individual long- 
term GHB exposure for abuse control purposes. Recovery of 
GHB from human hair was close to 100% when pretreated 
under strong alkaline conditions (1M NaOH for 10 min at 
100~ When analyzed by gas chromatography-mass spec- 
trometry (GC-MS) in selected-ion monitoring (SIM) mode, 
the concentration of GHB in hair collected from patients in 
treatment with GHB for alcohol dependence ranged from I to 
5 ng/mg, although no dose--concentration relationship was es- 
tablished. 

Kalasinsky et al. (14) reported the detection of GHB in hair 
and root bulbs of a 22-year-old woman deceased from a single 
GHB overdose. She had never taken the drug before. Segmental 
hair analysis showed no significant detectable amount of GHB, 
whereas GHB in plucked and washed hair root bulbs was at a 
concentration of 47.4 ng/mg, 648 IJg/mL in heart blood, and 
330 IJg/mL in femoral blood. 

Experimental 

Reagents 
Methanoll dichloromethane, ethyl acetate, 1 and 0.01M of 

sodium hydroxide, 1 and 0.1M of HCI, and 0.05M of sulfuric acid 
of analytical grade were purchased from Carlo Erba (Milan, 
Italy). N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) con- 
taining I% trimethylchlorosilane (TMCS) was purchased from 
Fluka (Bucks, Switzerland). N-Methyl4V(t-butyldimethylsilyl)tri- 
fluoroacetamide (MTBSTFA) containing 1% t-butyldimethyl- 
chlorosilane (TBDMCS) was purchased from Regis (Morton 
Grove, IL). Acetonitrile, pyridine, and ammonium iodide (NH4I) 

were purchased from Prolabo (Paris, France). 
BSTFA was used in its present form to produce diTMS deriva- 

tives of GHB and gamma hydroxybutyric acid hexadeuterated 
(GHB-d6). TBDMCS derivatives were obtained using a mixture 
of MTBSTFA/TBDMCS/NH4I/acetonitrile/pyridine (891:9: 
5:70:30, v/v/m/v/v) stored 1 month at -20~ 

GHB and GHB-d6 were supplied by Promochem (Molsheim, 
France) in vials at a concentration of 100 pg/mL in methanol. 

Instrumentation 
The GC was a 5890 series II plus from Hewlett-Packard (Les 

Ulis, France) equipped with an A200S autosampler from 
Thermo Finnigan (Les Ulis, France). The GC was interfaced to 
a triple quadrupole MS TSQ 7000 from Finnigan Mat (Manch- 
ester, U.K.). The analytical column was a CP SIL 8 CB low 
bleed, 30-m length (0.25-mm i.d., 0.25-~m film thickness) 
from Varian (Les Ulis, France). Helium was used as the carrier 
gas at a flow rate of 1.0 m~min in the constant flow mode (i.e., 
68 kPa at 80~ Pulsed splitless injection was performed at 
280~ and 180 kPa for 0.75 min. The injection volume was 2 
IlL. MS temperatures were interface = 300~ ion source = 
160~ and quadrupole = 70~ The initial oven temperature 
was 80~ for 2 min, then increased to 310~ at 15~ and 
held for 4 min. The chromatographic run time was 21 rain. The 
collision gas was argon at 1.6 mTorr and the collision energy 
was -6 eV. Dwell time per parent ion was set at 200 ms. Parent 
ions corresponding to the demethylated molecular ion [M - 
15] + of the two compounds (i.e., rn/z 233 for GHB-diTMS and 
m/z 239 for GHB-@diTMS) were selected with a mass resolu- 
tion of 0.7 a.m.u. ~ o  identical daughter ions for both analytes 
(m/z 147 and 149) were chosen based upon criterion of speci- 
ficity and abundance and collected by the third quadrupole 
with a mass resolution of 0.7 a.m.u. The retention time was 6.9 
rain for both compounds (Figure 1). 

DiTBDMS derivatives have a retention time of 10.7 min. 8e- 
lected parent ions were rn/z 275 for GHB (Figure 2) and m/z 
281 for GHB-d6 (classical loss of 57 corresponding to a ter- 
butyl group), whereas the daughter ions were m/z 143, 147, and 
149 for GHB and m/z 147, 148, and 149 for GHB-d6 (collision 

Table I. Main and More Recently Published Procedures for the Analysis of GHB in Human Biofluids 

Conversion of GHB 6M HCI at 80~ No No No Concentrated H2SO4 No 

IS GHB-d6 Diethylene glycol GHB-d6 GHB-d~ Methylene 2-Hydroxy- 
butyrolactone 3-methylbutyric acid 

Extraction Solid-phase tJl.* with ethyl SPE t at pH 6 IlL with ethyl L/L with Protein precipitation 
microextraction acetate in followed by UL in acetate in dichloromethane with acetonitrile 

0.05M H2SO4 dimethylformamide saturated NH4Cl followed by water 
and hexane scavenger with 2-2- 

dimethoxypropane 
Derivatization No TMS TMS TMS No TBDMS 
Analysis GC-PCI-MS GC-MS (SIM) GC-MS (SIM) GC-MS (SIM) Headspace GC-MS (scan) 

GC-MS 
References G. Frison et al. EJ. Couper et al. R.R. McCuster et al. A.A. Elian M.A. LeBeau Y.M. Pan et al. 

2000 (7) 2000 (8) 1999 (9) 2000 (10) 2000 (11 ) 2001 (12) 

* L/L, liquid-liquid extraction. 
t SPE, solid-phase extraction. 
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energy was set at --8 eV). The increase in mass was 228 (twice 
114) compared with the classical 144 (twice 72) for TMS deriva- 
tives. Under those conditions, the pseudomolecular ions were 
indeed m/z 333 for GHB-diTBDMS and m/z 339 for GHB-d6- 
diTBDMS as confirmed by experiments led under single MS 
positive chemical ionization (PCI) mode where methane was 
used as the reactant gas (Figure 3). 

The shift in mass corresponds also to a shift in the retention 
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Figure I. Tandem-MS chromatogram of 5 mg of extracted beard hair col- 
lected 4 days after oral administration to the healthy male volunteer of 
60 mglkg of GHB. GHB was at a measured concentration of 27 nglmg. 
(a) Sum of daughter ions of GHB diTMS, (b) daughter ion 147 of GHB 
diTMS, (c) daughter ion 149 of GHB diTMS, (d) sum of daughter ions of 
GHB-d 6 diTMS, (e) daughter ion 147 of GHB-d6 diTMS, and (f) daughter 
ion 149 of GHB-d6 diTMS. 
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Figure 2. Full scan mass spectrum of GHB diTBDMS in El mode. 
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time (+53%) of the compounds of interest, which lead to less 
chromatographic interferences. Kavanagh et al. (15) have al- 
ready noticed this better discrimination from the background 
given by TBDMS derivatives. In most cases, diTMS derivatives 
appear as perfectly suitable for the analysis of GHB, however on 
rare occurrences (only on black hair), daughter ion m/z 147 ex- 
hibits significant interferences on the nondeuterated target 
ion m/z 233. As a conclusion, TMS derivatives were used in a 
general procedure, whereas the TBDMS derivatives were used 
in a confirmatory procedure or in cases of strong chromato- 
graphic interferences. 

Table II shows the different main ions of single MS experi- 
ments both in electronic impact (EI) and PCI modes for diTMS 
and diTBDMS derivatives for the two analytes. Table III shows 
the different ions of the tandem MS experiment in the sole EI 
mode for diTMS and diTBDMS derivatives. 

Human survey and real cases 
Specimens of 61 GHB-free donors were collected (21 males 

m Jtr 

t= 
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Figure 3. Full scan mass spectrum of GHB diTBDMS in PCI mode. 

. .  T.T . 
Table II. Main Ions for Single MS experiments in El and 
PCI modes for the diTtoS and diTBDMS Derivatives 

El PCI 

GHB diTMS 147, 204, 233* NP t 
GHB-d 6 diTMS 147, 206, 239* NP + 
GHB diTBDMCS 73, 147, 275* 201,275, 317", 333* 
GHB-d6 diTBDMCS 73, 147, 281' 207, 281,323*, 339* 

* Ion of quantitation. 
* NP, not performed. 
* Molecular ion. 

Table III. Main Ions for Tandem MS Experiments in El 
mode for the diTMS and diTBDMS Derivatives 

Parent ion Daughter ions 

GHB diTMS 233 147', 149 
GHB-d6 diTMS 239 147', 149 
GHB diTBDMS 275 143, 147', 149 
GHB-d6 diTBDMS 281 147', 148, 149 

* Ion of quantilation. 
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and 40 females) and divided into three groups based on the 
color of hair: black (n = 19), brown (n = 30), and blond (n = 12). 
This survey was to determine the basal levels of GHB in human 
hair as a function of color. TWelve more specimens from GHB- 
free donors were collected for segmented hair analysis in order 
to establish the variability of basal levels for one individual. 

In addition, a real case of a man consuming GHB during 
bodybuilding was analyzed together with hair collected from a 
woman raped while under the influence of this narcotic drug. 

In order to compare the results of the 61 GHB-free donors' 
hair and the two real cases, hair (light brown) and beard were 
collected after different exposures in a healthy male volunteer. 
GHB doses of 30, 45, again 45, and 60 mg/kg were orally ad- 
ministered to a 53-year-old man, 80 kg weight, under close 
medical supervision in an intensive care unit. Approval by local 
authorities was obtained, along with the subject's written con- 
sent. Seven days separated each exposure for the 30-, 45-, and 
the second 45-mg/kg doses and 14 days for the 60-mg/kg dose. 
Hair was cut 8 days after the last exposure to 60 mg/kg. The 
beard was collected with an electric shaver after washing the 
face just before each exposure and 24 h after. For the last dosage 
(60 mg/kg), beard was collected each day for 8 days. 

Sample collection and decontamination 
Human hair is best collected from the area at the back of the 

head called the vertex posterior. This area has less variability in 
hair growth rate than other areas. Moreover, the hair is less sub- 
ject to age- and sex-related influences. The sample size col- 
lected for each analysis could be as small as 5 mg (or less). 
Sequential analyses were carried out on 3-mm long segment of 
the initial hair strand. 

The problem of external contamination is very important for 
drugs of abuse as people can be exposed to a smoky or dusty en- 
vironment. The approach is, of course, very different for GHB as 
the drug is normally taken by mouth or by another therapeutic 
route. According to the recommendation of the Society of Hair 
Testing, our washing procedure included a wash with methanol 
for 2 rain, followed by two washes with hot water for 3 rain, and 
by two 3-rain long washes with dichloromethane (16). 

The samples were then finely cut with scissors. Because of the 
possibility of the small amount of hair (5 mg or less) getting lost 
in a ball mill, the samples were used in their present form and 
were incubated in 1 or 0.01M sodium hydroxide. 

Sample pretreatment 
GHB is stable under strong alkaline conditions; therefore, 

molar sodium hydroxide digestion seems to be an effective pre- 
treatment of the sample that would give the best recovery of the 
drug from the solid hair. Five milligrams of cut hair was intro- 
duced in a screw-cap glass tube together with 10 ]JL of the in- 
ternal standard (IS) working solution at 1 ~g/mL (final 
concentration of IS at 2 ng/mg) together with 0.5 mL of 1M 
sodium hydroxide and digested for 15 rain at +95~ 

This pretreatment appeared as the most effective and indeed 
the quickest. However, though much longer (although not time 
consuming becuase this step could be done during the night), 
a powerful alternative is represented by incubation for 16 h at 
+56~ in 1 mL of 0.01M sodium hydroxide. As a matter of fact, 

the chromatogram appears less interfered than the one given by 
the powerful digestion of the sample. 

Sample cleanup 
After incubation, the sample was cooled to room temperature, 

neutralized with either 0.5 mL of 1M HCt or 100 ]JL of 0.1M 
HCI, and acidified with 100 pL of 0.05M sulfuric acid. After 
adding 3 mL of ethyl acetate, the tubes were mixed by inversion 
for 5 rain and centrifuged at 2500 g for 5 rain. The organic 
phase was evaporated at +45~ under nitrogen and derivatized 
for 20 min at 60~ to produce TMS derivatives (20 ]JL of deriva- 
tizating solution and 20 pL of ethyl acetate) or 75 rain at 75~ 
to form TBDMS derivatives (20 pL of derivatizating solution). 

Results 

Sample pretreatment 
Various pretreatment solvents were investigated to optimize 

this step including the powerful dissolution of the matrix pro- 
vided by 1M NaOH at 95~ for 15 min. Other solvents were the 
following: 0.1 and 0.01M NaOH, 0.1 and 0.05M H2SO4, 0.6M 
HCI, 0.5M NH4CI, water, and Soerensen buffer for 16 h at 56~ 
for ultrasonication in methanol for 4 h. The results are sum- 
marized in Figure 4. Molar sodium hydroxide is efficient and 
rapid. Quite as effective is 0.01M NaOH (98% of the recovery of 
the complete dissolution obtained by the 1M NaOH treatment), 
but chromatograms appear less interfered with the TMS deriva- 
tives (no change is observed with the T]3DMS ones). Hydrolysis 
with sulfuric acid shows little chromatographic interference, 
but lacks efficiency. 

Analytical precision and limit of detection 
A hair sample from an individual was analyzed I0 times on 10 

successive days. The mean measured concentration was 0.54 
ng/mg with TMS derivatives and 0.57 ng/mg with TBDMS 
derivatives with a relative standard deviations (RSD) respectively 
equal to 10.5 and 9.3%. 

The same sample was spiked with 2 ng/mg of nondeuterated 
GHB, th mean measured concentration and RSD were 2.48 

�9 Soerenaen 
�9 Water 
�9 NH4CI 0.SM 
[] Methanol 
[] HCI 0.6M 
[] H2SO4 5 10-3M 
[] H2SO4 0.05M 
[] NaOH 0.01M 
D NaOH 0.1M 
[] NeOH 1M 

0 50 100 150 
% Recovery 

Figure 4. Recovery of various pretreatments for the extraction of GHB 
from hair matrix. 
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ng/mg and 7.8% for TMS derivatives and 2.56 ng/mg and 7.5% 
for TBDMS derivatives, respectively. 

Table IV. GHB Concentration in Hair of 61 Individuals 
Divided into Three Groups Following Hair Color 

Hair color 

Black Brown Blond 

GHB concentration 1.25 0.64 0.83 
1.12 0.41 0.54 
1.24 0.46 0.58 
1.15 0.52 0.50 
1.04 0.55 0.65 
1.51 0.65 0.60 
0.88 0.68 0.84 
1.54 1.08 0.39 
0.96 1.00 0.35 
1.21 0.73 0.38 
0.39 0.93 0.53 
0.32 0.90 0.95 
0.52 0.86 - 
0.55 1.25 - 
0.88 1.36 - 
0.50 1.17 - 
0.53 1.74 - 
0.58 1.59 - 
1.00 1.02 - 

- 1.86 - 
- 1.11 - 
- 1.79 - 
- 0.45 - 
- 0.52 - 
- 0.59 - 
- 0.84 - 
- 0.67 - 
- 0.53 - 
- 0.62 - 
- 0.49 - 

Mean 0.90 0.90 0.60 
SD 0.37 0.42 0.19 
N 19 30 12 

Journal of Analytical Toxicology, Vol. 27, November/December 2003 

Because of the absence of GHB-free human samples, it was 
not possible to determine the assay detection limits in hair. 

Human survey 
Individual results, depending on hair color, are displayed in 

Table IV. The mean measured concentration for blond hair was 
0.60 ng/mg (n = 12), standard deviation (SD) = 0.19 ng/mg, and 
extreme figures were in the range 0.35-0.95 ng/mg. For brown 
hair, the mean measured concentration was 0.90 ng/mg (n = 
30), SD = 0.42 ng/mg, and extreme figures 0.41-1.86 ng/mg. 
For black hair, the mean measured concentration was 0.90 
ng/mg (n = 19), SD = 0.37 ng/mg, and extreme figures 
0.32-1.54 ng/mg. 

Individual results of segmented hair analyses are in Table V. 
The mean measured concentration for the 12 individuals was 
1.22 ng/mg (0.31-8.4 ng/mg), and the relative standard devia- 
tion for each one ranged from 6.75% to 37.98%. 

Healthy male volunteer study 
GHB hair results are reported in Figure 5. The sampled hair 

shaft measured a total length of 7.5 cm and was divided into 25 
different equal segments 3-mm long each representing 7-9 
days of exposure. Those segments were numbered 1-25, from 
the distal segment to the root, respectively. An increase in GHB 
concentration can be noticed for the last three segments 
(23-25): 1,22, 1.27, and 1.66 ng/mg, respectively. Population 
statistics applied to the 25 hair segments lead to the separation 
of the results into two groups. For the first 22 segments the 
mean GHB concentration was 0.62 rig/rag (SD: 0.15 ng/mg), t- 
Statistic applied to the last three segments demonstrates sig- 
nificant different results (0.0005 < p < 0.005) (tobserved = 19.1, 
20.7, and 33.1 for 1.22, 1.27, and 1.66 ng/mg, respectively). 

Figure 6 shows the daily GHB beard concentration after each 
exposure. Endogenous GHB levels in a healthy volunteer's beard 
were much higher than those in scalp hair After each dose of 
GHB, a rise in beard GHB was observed. Except for the 30 
mg/kg dosage, the elevation was always at its maximum 24 h 
after each intake and seemed to be dose-dependant, as shown by 
the highest levels measuring 69, 58, and 83 ng/mg, respec- 
tively 24 h after 45-, second 45-, and 60-mg/kg dosages. 

Table V. GHB Basal Concentrations in Segmented Hair of 12 Individuals (ng/mg) 

N Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 Segment 6 Segment 7 Segment 8 Mean SD RSD (%) 

1 0.85 0.64 0.57 0.48 0.48 0.60 0.15 25.34 
2 2.3 1.86 1.54 1.14 1.71 0.49 28.74 
3 0.64 0.41 0.46 0.52 0.55 0.65 0.54 0.10 17.79 
4 0.33 0.31 0.34 0.27 0.32 0.33 0.32 0.32 0.32 0.02 6.75 
5 0.34 0.35 0.33 0.32 0.32 0.26 0.32 0.03 9.88 
6 1.3 0.9 0.8 0.6 0.5 0.82 0.31 37.98 
7 8.4 6.1 4.9 4.2 5.90 1.84 31.22 
8 3.6 2.9 2.1 2.3 1.9 2.56 0.69 87.01 
9 0.44 0.55 0.63 0.54 0.10 17.67 
10 0.16 0.28 0.23 0.22 0.06 26.99 
11 0.43 0.41 0.31 0.38 0.06 16.77 
12 0.9 0.6 0.6 0.9 0.6 0.6 0.70 0.15 22.13 
General mean 1.22 
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These results show that GHB is highly excreted by sweat con- 
taminating hair and moreover the beard. 

Real cases 

In a case of a 35-year-old white man (black hair) abusing 
GHB by oral route to promote muscle mass at a dose of one tea- 
spoon per day, we measured GHB in a 2-cm hair segment at a 
concentration of 14.0 ng/mg. 

A 29-year-old black woman has been raped under the influ- 
ence of GHB. The drug has been identified in her glass of cham- 
pagne, although no GHB had been found in the wine itself. 
'l~enty-four hours after the occurrence, a urine sample exhib- 
ited a GHB concentration of 0.91 IJg/mL, which could not doc- 
ument external intake because this concentration is consistent 
with the physiological level of the compound (17). A 24-cm 
hair lock (black hair) was taken 7 days after the rape and tested 
for GHB in 3-ram long segments. For the 80 analyzed seg- 
ments, the results could be easily divided into two groups: (a) 
the last three wear around and after the rape and (b) the 77 first 
3-mm long segments corresponded to the basal physiological 
level of GHB in hair for this woman. This latter level was de- 
termined at a concentration of 0.71 ng/mg (SD = 0.17 ng/mg, 
n = 77). The three last segments, those closest from the root, 
were tested for GHB at concentrations of 3.1, 5.3, and 4.3 
ng/mg, respectively. 

Discussion 

Human survey 
Because GHB is endogenous and present in hair of the gen- 

eral population under physiological conditions, the analyst 
needs to interpret the result with great caution. Our results 
showed a great variability between individuals and some very 
surprising basal levels compared to the mean. As a result, the 
differences in GHB concentrations depending on hair color are 
not signficant. Nevertheless, the consistency of the basal GHB 
levels for each individual clearly appears. 

i!i 

I 
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Figure 5. Time-course concentration of GHB in the 25 segments (distal 
to proximal), 3-mm long each of the healthy male volunteer after re- 
ceiving 30, 45-, again 45-, and 60-mglkg oral doses of GHB. The hair was 
taken 8 days after the last 60-mglkg dosage. 

Healthy male volunteer 
The different dosages used for oral exposure, 30, 45, and 60 

mg/kg, were in the magnitude of typical amounts reported as 
being "common" for drug-facilitated sexual assault. The GHB 
concentration in volunteer light brown hair was significantly 
different for the last three root segments, 3 mm each, if com- 
pared with the human survey blond hair cutoff value of 1 
ng/mg. So, for blond and light brown hair a result higher than 
1 ng/mg should be considered positive. Another important way 
to express a positive result is to compare a unique measure 
versus the basal level of GHB in the same individual. It consists, 
when possible, of determining through several analyses (at 
least a dozen) the mean and SD of the physiological level of 
GHB and to compare one measure with this population. In the 
present case, when applying a t-statistic, the three proximal last 
segments can be easily distinguished. 

Beard GHB levels were 10 to 60 times higher than hair GHB 
levels in an individual. GHB is present in sweat, which may ex- 
plain why GHB basal levels were 10 times higher in beard hair 
than in scalp hair (because the beard is contaminated with en- 
dogenous sweat GHB). Immediate high beard GHB elevation 
after each dose (except for 30 mg/kg), very near sweat kinetic 
(18), may also be attributed to beard contamination with sweat 
because GHB incorporation in beard has not yet occurred. This 
is also probably why Kalasinsky et al. (13) reported such a high 
level of GHB (47 ng/mg) in root bulbs after a single fatal over- 
dose. 

From Figures 5 and 6, it seems that a tenuous dose-concen- 
tration relationship does exist. On the other hand, the charge at 
30 mg/kg was not detected in either hair or beard. Thus, a min- 
imum dose appears necessary to produce a positive result sig- 
nificantly different from the basal levels. 

Real cases 
The case of the woman raped while under the influence 

of GHB has been solved by hair analysis and the positive 
analysis of the glass she used. The three proximal hair seg- 
ments (3.1-5.3 and 4.3 ng/mg) were significantly different from 
the basal level measured in this woman (mean = 0.71 ng/mg, 
SD = 0.17 ng/mg). Moreover, the highest concentration in the 
second segment shows the administration of GHB, even with 
the possibility of contamination of the proximal segment by 
sweat. 

Figure 6. ~ime-course concentration of GHB in beard immediately be- 
fore and 24 h after each dose at 2 days after the second 45-mgikg dosage 
and 7 days after the last 60 mglkg dosage. 
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Conclusions 

The presented results are encouraging, notably the fact that 
drug administration could be documented several days after the 
sexual assault. Indeed, one unique case could not prove the re- 
liability of the method in all situations. The possibility given by 
hair analysis should not prevent the victim and the medical ex- 
aminer to take urine, blood, and sweat samples as soon as pos- 
sible. 

The authors advise a two-step hair sampling as evidence of 
GHB consumption: the first sample taken at the time of expo- 
sure to show the contamination by sweat of the proximal seg- 
ment in case of recent administration with a significant rise of 
hair level at the root and the second one after at least 3 or 4 
weeks to avoid this contamination and determine the levels in- 
corporated in the hair matrix before, during, and after exposure. 

As a matter of fact, a high concentration of GHB in a hair seg- 
ment is not significant and should always be compared to indi- 
vidual basal levels. In order to demonstrate the intake of GHB 
with enough confidence, the authors strongly advise the deter- 
mination of basal levels by segmented hair analyses for each 
victim for comparison to GHB levels at the suspected period. 
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