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RESEARCH ARTICLES /BİLİMSEL ARAŞTIRMALAR 

Determination of Morphlne in Hum.an Hair 
by GC/MS Method 

Yalçın DUYDU* 

Determination of Morphine in Human Hair by 
GC!MS Method 

Sumfııary : in this study n;orphine was determined in hair 
obtained from tıvo persons suspected of heroine abuse by 
Gas Chron1atography-Mass Spectrometry (GC/MS). Mor
phine were extracted by solid-phase extraction (SPE) and 
derivatized with N,0,-bis (Trinıethylsilyl) trifiuoroacetamide 
(BSTFA) + /% Trimethylchlorosilane (TMCS). Tlıe de
rivatized extracts were injected into the GC/MS which oper
uted in the selected ion ınonitoring (SiM) mode. Linearity 
was observed in our working range witlı "R2" value of 
0.9983. The recovery rate of the extraction method was 
91.8% for nıorphine. 45.19 and 12.5 ng morphine/100 nıg 
hair were determined in sample A and sample B respectively 
ıısing this nıethod. · 
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INTRODUCTION 

Heroin abuse continues to represent a ınajor health 

problem far the general world population. Di

agnosis, treatınent and prevention of drug use re

quire objective ıneans of identification of drug us

ersl. Currently, the ınost frequently used biological 

specimens far the identification of _drug use are 

blood, saliva and urine. There are certain ad

vantages .associated with each specimen. However, 

drugs are cleared rapidly from these fluids. There

fare blood, saliva and urine analyses provide short

term hlstorical records of drug exposure2. In recent 

years hair has far emerged as a more useful bio

logical specimen far identifying the metabolites of 

GC/MS metodu ile insan saçında morfin tayini 
Özet : Bu çalı~~mada eroin kullandığından şüphelenilen iki 

. kişinin saçında GC//ı.1S m.etodu kullanılarak ınoıfin tayini 

yapılnııştır. Morfin, katı faz tiiketinıi _vöntenıi ile ekstre edil

nıiş ve BSTFA + %1 TMCS ile derivatize edilnıiştir. De

rivatize edilen ekstre SiM ınodıı ile çalışan GC/1\1S'e enjekte 

edilmiştir. Çalışnıa aralığunızda linearite gözlennliş ve R2 

değeri morfin için 0.9983 olarak bulunnıııştur. Bu yöntenı 

kullanılarak numune A ve B de sırası ile 45.19 ve 12.5 ng 

nıoifin ( 100 mg saç'da) tayin edilnıiştir. 
Anahtar kelimeler: Morfin, saç, GC/MS. 

drugs. The toxicological analysis of hair, which has 

been used during the lası decade to identify the 

presence of drugs and their metabolites in drug 

abusers, has certainly opened new horizons in the 

area of "drug testing". Since hair retains the drug in 

a relatively inert ınatrix, it provides a long-term 

record of drug use in conlrasl to the biological speci

ınens mentioned above2,3_ Consequently, hair analy

sis appears to provide a rnore coffiprehensive rneans 

of drug detection2,3_ 

Hair analysis far drug abused is a relatively new 

and unexplored field, and nuınerous questions re

main regarding the validity of hair testing. The 

ınechanisms involved in the incorporation of drugs 
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into hair should be understood more precisely. üne 
of these mechanisms is thought to be passive diffu
sion3,4,5,6. Drugs enler hair by passive diffusion 
from the blood stream into the growing cells at the 
base of the hair follicle. The second mechanism is de
scribed the incorporation of drugs and metabolites 
into hair after formation of the hair shaft. According 
to this mechanism drugs and metabolites are in
corporated into hair via secretions of the apocrine 
and sebaceous glands4. After hair has enı.erged from 
the skin, external contarnination could be evaluated 
as a third mechanisrn involved in drug in
corporation into hair. Since false positive results are 
caused by passive exposure (extemal contamina
tion) the third mechanism become more important 
!han the others3·4. Therefore, preliminary treatment 
(washing procedure) of hair to minimize the effect 
of possible external contamination appears to be im
portant step in the determination procedures. 

o 
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Figure 1. Metabolic pathways of opiates 

The metabolic pathways of opiates are shown in 
Fig.1. Foltowing intake, hemin is rapidly de
acetylated to 6-0-monoacetylmorphine, which is 
!hen further hydrolysed to morphine1•2. Codeine 
has often been found in the urine of persons taking 
illicit hemin but this is not a metabolite of heroin. 
Rather it is the resul! of deacetylation of ac
etylcodeine, which is often found as an irnpurity in 
illicit heroin2•7•8•9. 
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in this study the hair samples were hydrolysed with 
NaOH, extracted by using SPE columns, the extract 
was derivatized with BSTFA, 1 % TMCS and the de
termination was performed by using the GC/MS 
method. The recovery and reproducibility of results 
obtained using this method were compared with 
previous studies. Moreover the presence of mor
phine in hair obtained from 2 persons suspected of 
11eroin abuse was investigated in order to test the 
validity of the present method. 

Materials and Methods 

Chemicals and Reagents: Morphine was extracted 
using Bond Elut Certify solid-phase extraction col
umns (Varian Sample Preparation Products, Harbor 
City, CA). Morphine-D3 was used as the internal 
standard in GC/MS. Morphine and the deuterated 
internal standard mentioned above were supplied 
by Radian Corporation, Austin, TX. Derivatization 
was carried out with BSTFA [N,O,bis (trimethyl
silyl) trifluoroacetamide] with 1 % TMCS (trimethyl
chlorosilane) which was supplied by Pierce. The 
other chemicals were supplied from Merek. 

Morphine-D3 was obtaiı1ed as solutions at con
centrations of 100 µg/ml. Stock intemal standard so
lution was prepared by diluting to give a final con
centration of 2.5 ng/µl. Morphine was also obtained 
as solutions at concentrations of 1 mg/ml and was 
alsa diluted to give a concenlration of 1.0 ng/µl. 
These final solutions were used as stock standard 
solutions. 

0.15 M Phosphate Buffer, pH 9: Solution A: 26.69 g 
Na2HP04 was added to a 1.0 1 volumetric vial and 
the volume was brought up to 1.0 1 with deionized 
(Dl) water. Solution B: 20.40 g KH2P04 was added 
into a 1.0 1 volumetric vial and the volume was 
brought up to 1.0 1 with Dl water. 80 ml of solution 
A was measured and adjusted to pH 9 with solu
tion B. 

0.1 M Phosphate Buffer, pH 7: 13.609 g KH2P04 was 
added to a 1.0 1 volumetric vial and the volume was 
brought up to 1.0 1 with Dl water. The pH was ad
justed to 7 with 1.0 M KOH. 

0.1 M Acetate Buffer, pH 4.5: 80 mi of Dl water and 
570 µl of glacial acetic acid were added to a 100 mi 
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volumetric vial and vortexed. The pH was adjusted 
to 4.5 with 1.6 mi of 1.0 M KOH. Finally the volume 
was brought up to 100 mi with Dl water. 

Instrumentation: Analyses were performed on a 
Hewlett Packard Model 5790 A series Gas Chro
matograph and 5970 A series mass selective de
tector (MSD) with a 12 m x 0.2 mm x 0.33 µm film 
HP Ultra-2 crosslinked 5% Ph Me Silicone capillary 
column. Column pressure: 10 psi, Septum purge 
flow: 0.8 ml/min, Split ven! flow: 20 ml/min, col
umn flow: 1.0 ml/min, Column temp.l: 110°C 
(time: 0.3 min, increment: 15°C/min) Column 
temp.2: 275°C (time: 20 min), Injector temp.: 250°C, 
lnterface temp.: 275°C, Injection mode: splitless, 
Dwell Time: 50 ms. 

Selected ions: Morphine-TMS m/z 429, 287, 324; 
Morphine-03-TMS m/z 432, 290. The selected ion 
ratios far quantification were m/ z 429 / 4327. 

W ashing procedure of hair samples: All the hair 
samples were cut as finely as possible and put into 
large test tubes. The blank hair was cut at first to 
prevent contamination. 5 mi of phosphate buffer 
(pH 9) was added into the tubes and washed far 2 
times. Phosphate buffer was discharged carefully af
ter the washing procedure had been completed. The 
same washing procedure was repeated with 6 mi of 
İnethanol (two times) and the hair samples were left 
to dry at 70°C. 

Preparation of standards and samples: The stan
dards were prepared shown below; 

Blank: 100 mg blank hair + 20 µl (50 ng) l.S. + 
1ml0.1 N NaOH 

25 ng: 100 mg blank hair + 20 µl (50 ng) I.S. + 
25 µl (25 ng) Morphine + 1mi0.1 N NaOH 

50 ng: 100 mg blank hair + 20 µl (50 ng) I.S. + 
50 µl (50 ng) Morphine + 1ml0.1 N NaOH 

100 ng: 100 mg blank hair + 20 µl (50 ng) l.S. + 
100 µl (100 ng) Morphine + 1ml0.1 N NaOH 

Sample A: 100 mg hair + 20 µl (50 ng) I.S. + 1 mi 
O.lNNaOH 

Sample B: 100 mg hair + 20 µl (50 ng) l.S. + 1 ml 
O.lNNaOH 

Blank, standards and samples were hydrolysed in 1 
ml of 0.1 N NaOH far 24 hours at 60°C and the pro
tein matrix of the hair was destroyed during !his in
cubation. When this procedure was completed, 5 mi 
of 0.1 M phosphate buffer (pH: 7) was added to each 
tube and the pH was adjusted to 7 with 0.6 N HCl. 
Ali the tubes were finally centrifuged (3000 rpm, 7 
min). 

Extraction procedure: Blank, standards and samples 
mentioned above were passed slowly through the 
Bound Elute Certify columns after the columns had 
been activated by passing sequentially through 3 mi of 
methanol and 3 mi of DI water. To rinse the columns, 
3 ml of Dl water, 2 mi of 0.1 M acetate buffer (pH 4.5) 
and 3 ml of methanol were also passed sequentially 
through the column and dried under full vacuum far 
two minutes. 2 mi methylene chloride: isopropanol 
(80:20) with 2% ammonium hydroxide was used to 
elute the analytes through the columns and the elu
ents were evaporated under a stream of nitrogen at 
40 C in a water bath. The residues were rc
constituted with 100 µl of BSTFA with 1 % TMCS in a 
suitable screw capped tubes and placed in a heating 
block at 70°C for 1 hour. After cooling, 2 µl of the de
rivatized solutions was injected into the GC/MS. 

Llnearity: 25 µl (25ng), 50 µl (50 ng) and 100 µl (lOOng) 
of morphine were added to the drug free solutions 
containing 100 mg of blank hair (as described in the 
preparation of standards). These hair samples were 
extracted and derivatized in the described manner. 
The ion ratios lor quantitating the analyte were plot
ted against their respective concentration. The plots 
were subjected to linear regression analyses (Fig. 2). 

Recovery Studies: Drug-free hair was used to pre
pare standard morphine solution of 25 ng/lOOmg 
hair. The standard solution was extracted in the pre
viously described manner, with the exception that 
no internal standards were added to the blank hair 
solution prior to extraction. After extraction and 
prior to derivatization, 20 µl of deuterated internal 
standard (morphine-03) was added to the extract. 
The derivatize.d extract was analyzed under the de
scribed conditions. The area ratio of the exh·acted 
drug to the respective internal standard was com
pared lo the corresponding area ratio of unextracted 
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25ng morphine standard. The recovery results are 
the mean of three determinations (Table 1). 

Reprodudbility studies: Reproducibilities of the 
analyses were determined by calculating co
efficients of variation. Morphine added· (25 ng/100 
mg and 100 ng/100 mg) drug free hair standard so
lutions were analyzed in 5 separate runs under the 
described conditions (Table 2). 

Limit of detection (LOD): The limit Gf detection was 
determined according to the IUPAe methodrn 

RESULTS AND DISeUSSION 

In this shıdy the solid-phase extraction (SPE) and 
the BSTFA + 1% TMeS derivatization techniques 
were used simultaneously in combination with Ge/ 
MS method. This combination is very rapid and 
provides excellent linearity, recovery and re
producibility for routine laboratory use. In our pre
vious study the advantages of this combination 
were described in detailn The limit of detection for 
morphine was calculated as 0.1 ng/mg hair by this 
method. 

Linearity: As shown in Figure 2, the "R2" value of mor
phine was calculated as 0.9983. The y-intercept was 
0.0752 for morphine. These results provided us with 
an adequate quantification in our working range. 
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20 40 60 
ng/100 mg hıir 

y = 0,0186x + 0,0752 

R 2 
= 0,9983 

100 120 

Figure 2. Peak area ratios versus concentrations of 
morphine in hair. 

Recovery: In this study a recovery rate of over 90% 
has been obtained for morphine, seen in Table 1. So 
far in many studies numbers of extraction pro
cedures were performed in order to extract mor
phine from hair. However different extraction re
coveries were reported in most of these studies. 
Mangin et al reported a recovery of over 75% for the 
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opiates (morphine, codeine and 6-
monoacethylınorphine)7. The use of liquid-liquid ex
traction. instead of solid-phase extraction could be 
the main reason of the lower recovery rate in Man

gin's study. Moeller et al also reported a recovery 
rate of 70% for morphine12. The Moeller's procedure 

and ours seem very similar to each other. The 
combination of solid-phase extraction and 
derivatization method was alsa used 

. simultaneously in Moeller's study as in our study. 
However the different hydrolysation procedure, the 
use of different types of solid-phase extraction 

columns and derivatization agents might be the 
reason for the lower recovery. in this study the 
recovery obtained was higher than the studies 
mentioned above as seen in table 1. 

Table 1. The results of the recovery studies 
Recoverv (%) 

Mean* Ranoce 
Morphine 91.8 88.3 - 93.4 
"The results are the mean of three determinations (0.25 ng/ mg) 

Reproducibility: An adequate reproducibility was 
provided by this method. The coefficient of vari

ation (eV) for morphine can be seen in Table 2. 
Moeller reported a ev value of 4% for morphine in 
his study, which was very close to our results. The 
similarity of the ev values obtained in Moeller's 
and in the present study indicated that the pro
cedures of both methods have provided a compar
able reproducibility . 

T bl 2 Th a e 1 f h e resu ts o t e repro d "b li ucı i "ty stu d ies 
Reproducibility 

Drug Actual Found' S.D. C.V. 
ng/100mg ng/100mg ng/100 mg 

Morphine 25 , 100 25.5 ııl 101.1 1.86 2.14 7.3 , 2.1 
(24.3-284) (976-1035) 

*The concentrations are the mean of five determinations 

The chromatograms of blank hair and standards 

are shown in figure 3 and 4. in both samples mor
phlne was determined in hair as seen in Figure 5 
and 6. 
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Figure. 3 SiM chromatograms of morphine-D3 
from blank hair. 
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SiM chromatograms of standards ex
tracted from blank hair. 
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Figure. 5 SiM chromatograms of morphine and 
morphine-D3 (Sample A). 
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Figure. 6 
SiM chrçımatograms of morphine and 
morphine-D3 (Sample B). 

45.19 and 12.5 ng morphine/lOOmg hair were de
termined in sample A and sample B respectively us
ing the chromatograms mentioned above. However 
!here were two main problems in evaluating the re
sults. The first one was to differentiate the heroin 
and morphine users. Since heroin is rapidly de
acetylated to morphine after intake, determination 
of morphine in hair is always possible in both her
oin and morphine users2. The second one was to re

move the external contamination of drugs. External 
contarnination could be a potential route of entry 
into hair far drugs that are smoked such as heroin, 
cocaine and marijuana2,3. Therefore, an appropriate 
washing procedure should be performed before the 
extraction procedure to prevent false positive hair 
tests resulting from external contamination. I-Iow~ 

ever !here is stili no good agreement as to how ef
fective various washing procedııres are in removing 
these drugs from hair7. 

in recent years determining 6-
monoacethylmorphine in hair has solved the first 
problem. This finding provides certainty in con
firmation of hemin intake2,7_ However in our study, 
due to the hydrolisation conditions, it was not pos
sible to determine 6-monoacethylmorphine in hair, 
since 6-monoacethylmorphine hydrolyzed rapidly 
to morphine in strong alkaline conditions. Nev-
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strong alkaline condition provides, better re
coveryl3,14,15 rates, Therefore we decided to use al
kaline extraction conditions in this study, As could 
be seen in table 1 and 2, we determined adequate re
producibility and recovery rates for this rnethod, 
However, differentiating the heroin and morphine 
users is unfortunately not possible using this meth
od because of the alkaline hydrolysation conditions, 

The external contamination emerged as a second 
problem in such studies, In fact any washing pro
cedures can remove the externally contaminated 
drugs from hair completely15, Several de
contamination procedures employing detergents and 
solvents have been examined in numbers of studies, 
and nane of them completely decontaminated the 
hairlS,16,17. Therefore it is a serious problem in dis
tinguishing the users from the nonusers, 

in mır shıdy morphine was determined in both hair 
samples as seen in Fig, 5 and Fig. 6. However the prob
ability of an external contamination should be also 
considered especially in sample B because of the rel
atively low concenhation of moıphine. it is well 
known that vashing procedures can remove a consid
erable amount of the externally contaminated drugl5. 
Therefore small quantities of drugs in hair could be a 
sign of an external contamination and should be eval
uated more carefully to prevent possible mistakes. 

According to our results we can say that sample A 
probably had used morphine or heroin in the pası. 
However, it is not so easy to make a definite de
cisioı1 on sample B. We can only say that morphine 
is definitely present in sample B but it is probably a 
result of an external contamination. Consequently 
we should emphasize that external contamination of 
hair by drugs can easily occur and !here are no 
quantitative measures that can distinguish between 
endogenous and exogenous exposure18. ~y inter
pretation of hair analysis data should consider the 
possibility that the sample could have been ex
ternally contaminated. 

ACKNOWLEDGMENTS 

This study was performed in CBFT laboratory (lta
ly), therefore I would like to thank to S.D.Ferrara 
and L.Tedeschi for their technical and scientific sup
port. 1 anı alsa grateful to N. Vural for discussions 
and far critically reading the manuscript. 

136 

REFERENCES 
1) Recommended Methods for the Detection and Assay 

of Heroin and Cannabinoids in Biological Specimens, 
Manual for use by National Laboratories, ST /NAR/ 
23, United Nations, 1993. · 

2) Cone Ej, Darwin WD, Wang WL, The occurrence of 
cocaine, heroin and rnetabolites in hair of drug abus
ers, Forensic Sci. Int., 63, 55-68, 1993. 

3) Harkey MR, Anatomy and physiology of hair, Fo
rensic Sci. Int., 63, 9-18, 1993. 

4) Henderson GL, Mechanism of drug incorporation 
into hair, Forensic Sci. Int., 63, 19-29, 1993. 

5) Nakahara Y, Takahashi K, Kikura R, Hair analysis lor 
drugs of abuse. X. Effect of physicochernical prop
erties of drugs on the incorporation rates into hair, 
Biol Pharm Bull., 18, 1223-1227, 1995. 

6) Berrnejo BAM., Strano RS, Hair and urine analysis: 
relative distribution of drugs and their rnetabolites, 
Forensic Sci Int., 70, 203-210, 1995. 

7) Mangin P, Kintz P; Variability of opiates concentra
tions in human hair according to their anatornical or
igin: head, axillary and pubic regions, Forensic Sci. 
Int., 63, 77-83, 1993. 

8) Moeller MR, Mueller C, The detection of 6-
rnonoacetylrnorphine in urine, serum and hair by 
GC/MS and RIA, Forensic Sci Int., 70, 125-133, 1995. 

9) Wang WL, Darwin WD, Cone E.j., Simultaneous as
say of cocaine, heroin and metabolites in hair, plasrna, 
saliva and urine by gas chrornatography-mass spec
trometry, J Chromatogr B Biomed Appl., 660, 279-
290, 1994. 

10) Long GY, Winefordner JD, Limit of detection. A closer 
look at the IUPAC definition. Anal. Chem., 55, (7), 
712-724, 1983. 

11) Duydu Y, .Procedure for determination of arn
phetamine and rnetarnphetamine in urine by GC/MS 
method, FABAD J Pharm. Sci., 23, 11-16, 1998. 

12) Moeller MR, Fey P, Wenning R, Simultaneous de
termination of drugs of abuse (opiates, cocaine and 
amphetamine) in human hair by GC/MS and its ap
plication to a methadone treatrnent program, Forensic 
Sci. Int., 63, 185-206, 1993. 

13) Chiarotti M, Overview on extraction procedures, Fo
rensic Sci. Int., 63, 161-170, 1993. 

14) Cone EJ, Testing human hair for drugs of abuse, L In
dividual dose and time profiles of morphlne and co
deine in plasma, salvia, urine, and beard cornpared to 
drug induced effects on pupils and behavior,]. Anal. 
Toxicol., 14, 1-7, 1990. 

15) Polettini A, Stramesi C, Vignali C, Montagna M, De
termination of opiates in hair. Effects of extraction 
methods on recovery and on stability of analytes, Fo
rensic Sci Int., 84, 259-269, 1997. 

16) Baurngartner WA, Hill V.A, Sample preparation tech
niques, Forensic Sci. Int., 63, 121-135, 1993. 

17) Kidwell DA, Blank D.L., Comments on the paper by 
W A Baumgartner and VA Hill: sample preparation 
techniques, Forensic Sci. Int., 63, 137-143, 1993. 

18) Cone EJ, Yousefnejad D, Darwin WD, Maguire T., 
Testing hurnan hair for drugs of abuse, II. Identifica
tion of unique cocaine metabolites in hair of drug 
abusers and evaluation of decontamination pro
cedures,]. Anal. Toxicol., 15, 250-256, 1991. 




