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Abstract: This paper describes the analysis of cannabinoids in the hair of the user of the narcotic type of marijuana (Cannabis 

sativa L), using the technique Gas Chromatography Mass Spectroscopy (GCMS) and the validation of the method used. This 

research was conducted through experiments. Samples were taken from users of narcotic type of marijuana, found in Al-Kamal 

Sibolangit Rehabilitation Centre, North Sumatra, Indonesia. Marijuana plants were taken from the evidence in Forensic 

Laboratory of Medan Branch Police. Extraction is done through maceration by sonication at 42 KHz and using methanol – 2 

propanol (1:1), kloroform, and petroleum benzene each of 2 ml for 5 minutes. Testing is done with fast blue salt B test and show 

there is a precipitate Violet. Optimal results obtained at a temperature of 50°C extraction. Identification is done with Thin Layer 

Chromatography (TLC) in the mobile phase of toluene and n-hexane (1:1) under alkaline conditions of pH 9,5, followed by GC 

MS techniques for sixteen (16) minutes. The results are contained compounds of cannabidiol, cannabinol, and ∆
9
THC 

(Tetrahydrocannabinoid) with concentrations ranging from 0.25 up to 2.82 ng/mg in the hair of the user. Validation of GC MS 

method for the compounds of cannabidiol, cannabinol, and ∆
9
THC produces an accuracy value with %recovery is 103,83, 102,67, 

and 101,17 respectively. Precision test produces a value of Relatif Standard Deviation (RSD) = 1,3058%, 0,8997%, dan 0,8997% 

respectively. Linearity test generate r value each of the regression is 0,922, 0,955, and 0,921. Limits of Detection (LOD) is 

obtained 0,000168 ng/mg, 0,000117 ng/mg, and 0,000164 respectively. Limits of Quantification (LOQ) is 0,00056 ng/mg, 

0,00039 ng/mg, and 0,00054 ng/mg respectively. This indicates that the modification process of extraction and GC MS techniques 

used could produce cannabinoid compounds (cannabidiol, cannabinol, and ∆
9
THC) in hair samples quickly and accurately. 
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1. Introduction 

Narcotics is a drug that in small doses dulls the senses, 

relieves pain, and brings on sleep but in larger doses has 

dangerous effects, that includes some (as morphine) that are 

used in medicine and others (as heroin) that are used illegally, 

often and that causes addiction. Some of these compounds 

have been shown to have complex biological effects on 

various systems, including the reproductive system. It also 

effect gonadal function [1, 2]. Marijuana (Cannabis sativa L) 

is a class of drugs that some countries prohibit the use of this 

material freely. There are certain areas in some countries that 

use as an ingredient in cooking [3]. Another use is also often 

together with heroin, sometimes mixed with tea to drink [4].  

Indonesia banned the use of narcotics is not legal, its 

regulated in No. 35 of Year 2009 of narcotics laws. But the 

circulation of narcotics is still ongoing due to several reasons 

including profits earned by the seller and the enjoyment felt 

by its users. National Narcotics Agency of Indonesia released 

that the number of drug users has been very worrying, 

reaching some 5.8 million peoples, with 4.2 million peoples 

who are users of marijuana in Indonesia. In North Sumatra, 

there are some 288.226 peoples who become drug users, 

including as many as 192.590 peoples are cannabis users. 

There are as many as 104.269 of students who use drugs, and 

there are as many as 87.800 people are users of cannabis [5]. 

The prohibition against the use of this material freely in 

Indonesia is due to its impacts, ie dependence on its use 

(Lestari, 2013) [6]. Marijuana plants form looks like Figure 

1a and 1b. 
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Figure 1a. Marijuana plants. 

 

Figure 1b. Dried marijuana. 

This plant is included cannabaceae family, namely the 

species Cannabis sativa L. Active chemical in marijuana is 

∆
9
tetrahydrocanabinol (THC), Cannabidiol, cannabinol, 

Cannabicyclol, Cannabichromene, Cannabivarine, and 

another cannabinoid. Generally there are four types of 

cannabinoid, ie Tetrtahydrocannabinol (THC), Cannabidiol 

(CBD), Cannabichromene (CBC), and Cannabigerol (CBG) 

[34]. The chemical structure and biosynthetic pathway of 

marijuana is drawn as Figure 2 (a) and (b). 

 

Figure 2a. The chemical structure of the type of cannabinoid in Cannabis sativa L. 

 

Figure 2b. Biosynthetic pathway THC, CBG, CBD dan CBC. 

Cannabis sativa L is one of the species of cannabis plant, 

which contains a compound of cannabinoid, which may 

activate cannabinoid receptors to the wearer to experience a 

sense of euphoria (Reggra, 2009; [7, 8]. When THC is bound 

to proteins, it will stimulate the reaction of nerve cells, 

causing the patient wishes to use it continuously [9]. Short 

term effect of marijuana is considering learning disorders, 

disorders of perception, difficulty thinking and solving 

problems, uncoordinated movement, increased heart rate and 

panic [10]. Working THC is disturbing memory system and 

can cause nervous incoordination and loss of balance [11, 12] 

and can cause impaired cardiovascular [13].  

 

Figure 3. Anatomy of Hair. 
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When this material is consumed, then the Cannabinoid 

compounds contained in marijuana, binds to cysteine of hair 

after seven days of use by the user. With increasing time will 

continue up to the end of the hair. It can provide information 

on how long a person to consume narcotics, and will be 

readily history of the use of narcotics. Anatomy of hair looks 

like figure 3. The protein contained in human hair is a kind of 

cysteine, the amino acid compounds that have an element of 

sulfide in an amount high enough percentage, ie 90%. -S-S- 

disulfide bridges of cysteine is one of the major factors in the 

formation of hair [14]. Hair growth in adult humans is 

influenced by sex hormones which has two phases, namely 

the anagen growth and katagen. This is a type of hormone 

androgen, estrogen, thyroxine, and corticosteroids [3, 15]. 

In laboratory tests required methods which is tested with 

optimal results [16] because the test sample is very complex, 

covering the marijuana plant itself, the compounds 

synthesized and isolation, foodstuffs and beverages 

containing marijuana, and also compounds from the 

metabolites of users [17]. Inspection methods narcotic type 

of marijuana is still very limited, given in several States 

legalized marijuana use. Things are different in Indonesia, 

users and dealers of marijuana illegally will be subject to 

criminal sanctions. Therefore, the required standard method 

in the analysis of narcotic type of marijuana to ascertain 

whether a person is never used drugs or not.  

Several techniques have been developed, in analyzing 

narcotics from the hair of which is a chromatographic 

technique using Gas Chromatography Mass Spectroscopy 

(GCMS), Liquid Chromatography Mass Spectroscopy 

(LCMS) and the Radio Immuno Assay (RIA) test. Such 

techniques through a compound of arsenic in the hair, 

determining amphetamines in hair hamster through RIA. The 

use of RIA technique has its limitations because it is less 

sensitive [18]. GCMS technique has the advantage 

particularly for natural compound volatile material. 

Mechanical High Performance Liquid Chromatography 

(HPLC) and LCMS require a long time in preparation and 

analysis when compared with GCMS [14].  

The solvent used is methanol, n-hexane: ethyl acetate (9: 1) 

and cyclo hexane. THC obtained is 0.3 up to 2.3 ng/mg. In 

this case, preparation and extraction still takes 2 days and 

with GCMS technique is for 30 minutes and cannabinoid 

compound that is detected is just THC. [19, 20, 21] have also 

been analyzed cannabinoid hair samples. The solvent used is 

ethyl acetate: isopropanol (8.5: 1.5 v / v), methanol, and 

petroleum ether. Compounds that are analyzed are limited to 

THC at a concentration of 2 ng/mg. [15] using 

dichloromethane solvent and require preparation time for 3 

days and GCMS technique for 60 minutes. [22] using 

methanol and 1 day preparation time and with GCMS 

technique is 40 minutes. Laboratory examination methods 

still rely on simple spot test with results that are less accurate 

[23]. For these reasons, the analysis of hair of drug users of 

cannabinoid type of marijuana (Cannabis sativa L) is 

developed by maceration and sonication, and GCMS 

technique is used for determining the content of cannabinoids 

from cannabis in the hair. 

2. Method 

2.1. Preparation and Extraction 

This study used an experimental method for extracting 

cannabinoids from hair samples by maceration and 

sonication, and without sonication at various temperatures of 

30°C, 40°C, 50°C, and 60°C. Levels of optimum results is 

determined by a descriptive method using GCMS technique. 

The sample of drug users hair is extracted by maceration, and 

samples of the marijuana plant (Cannabis sativa L) is taken 

as the benchmark. Preliminary test use Reagens fast blue salt 

B test and Thin Layer Chromatography (TLC), that followed 

by assay techniques cannnabinoid with GCMS [24] and then 

validating the methods of instrumentation. 

Cannabis sativa L as the comparison is taken as much as 

50 grams of some of the evidence gathered by the Police 

Forensic Laboratory Branch of Indonesia in Medan, cleaned, 

and dried naturally. This material is dried in the open air for 

24 hours, then weighed as much as 50 mg. It is extracted by 

maceration using methanol - 2-propanol (1: 1) for 5 minutes, 

did sonication using ultrasonic bath at 42 KHz, and then 

filtered and dried. The extract was diluted with methanol to a 

volume of 10 ml, and the pH was made 9.5 [25]. Qualitative 

test is done by Reagens fast blue salt B test and Thin Layer 

Chromatography. A total of 1 mL sample was taken and 

injected into GCMS to confirm cannabinoid compounds 

contained in the Cannabis sativa L.  

Hair samples were taken from the hair of people who cared 

for in Al - Kamal Rehabilitation Centre in Sibolangit, ie the 

hair 14 days, 30 days, and 60 days after using of narcotics. 

Stages of the collection is done in four phasem namely phase 

1, the collection of hair samples of 40 mg (± 40 pieces), 

which are taken from the head in the front of the user. Phase 

2, hair cut with spacing along the 2.5 cm from the bottom, 

followed by storage. Phase 3, the storage in aluminum foil. 

Phase 4, labeling to prevent the exchanged sample, by giving 

the code number.  

Preparation was conducted in the Graduate’s Laboratory of 

Chemistry of University of North Sumatra, and GC MS 

analysis was conducted in the Laboratory Research PT. 

Berca Commerce Medika Jakarta. The chemicals used are 

chemicals with a degree of purity of pro analysis. For the 

purposes of chromatography is used ultra pure chemicals 

with specification pro chromatography, which is 2-propanol, 

chloroform, methanol, petroleum benzene, toluene, n-hexane, 

and reagens fast blue test salt b. A total of 40 mg of hair is 

weighed and washed with methanol, and then dried by open 

air. Samples were cut into small pieces, with the size of 1-2 

mm. Extraction was done by maceration (soaking) in a 

beaker with sonication process in the ultrasonic bath 

(frequency 42 KHz). The first extraction is performed for 5 

minutes with 2 ml of a mixture of methanol - 2 propanol (1: 

1), then extraction and sonication was continued for 5 

minutes with klofororm, then extraction and sonication was 
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resumed for 5 minutes with petroleum benzene. The total 

time required is 15 minutes. In this extraction process to be 

varied by sonication and without sonication. In the extraction 

process by sonication temperature varied at 30°C, 40°C, 

50°C, and 60°C. Then the solvent is allowed to evaporate at 

room temperature. Once evaporated, methanol is added to 

achieve a volume of 10 ml and filtered. The results of 

extraction are identified by the qualitative test using Reagens 

fast blue salt test B, followed by Thin Layer Chromatography 

(TLC), and as many as 1 mL sample was taken, and injected 

into GCMS for the determination of levels and then 

performed data interpretation. The same way is done on the 

hair which is extracted without sonication (Moosman and 

Auwarter, 2013). 

2.2. Qualitative Test of Extraction 

Qualitative test against the extraction of marijuana plant 

(Cannabis sativa L) and the hair, is then tested using Reagens 

fast blue salt b test and Thin Layer Chromatography (TLC) 

with 2 drops of sample is placed on a test plate reagens fast 

blue test salt. Violet precipitate showed a cannabinoid, which 

is divided into +, ++, and +++. 

2.3. Thin Layer Chromatography (TLC) Test 

Testing is done using Chromatography Chamber, namely 

with liquid toluene mobile phase n-hexane (1: 1). Plate TLC 

silica gel GF 254 with a size of 10 cm x 20 cm was heated in 

an oven at a temperature of 80°C for 15 minutes. The test 

sample is spotted to a TLC plate using a capillary tube. 

Reagens that fast blue stain test salt b showed is used to 

produce a violet color on a TLC plate. Value Retardation 

factor (Rf) is calculated using the formula: 

Rf =
����	
�� 
� �����	
��

����	
�� 
� �
���
� ��

�
                              (1) 

2.4. GCMS Analysis 

Cannabinoid standard solution of 34014 1000 ug/mg 

contains Cannabidiol, Cannabinol, and 

∆9Tetrahydrocannabinol, is made in a concentration of 0.5, 1, 

1.5, 2, and 2.5 ng/mg. The solvents used are methanol p.a. 

mercks artificial. At pH 9.5, each standard solution is 

injected into GCMS Agylent 7890 [26]. 

The cannabis plant samples is used to confirm the 

cannabinoid compounds contained in marijuana plant. The 

sample used as much as 1 mL and injected into GCMS 

instrument. 1 mL of extracted of marijuana user hair were 

assayed using GCMS technique. Specifications tool used is 

Gas Chromatography (GC) Agilent which combined with 

Mass Spectroscopy (MS) 7890 model. The column used is 

HP 5ms inside diameter (ID) of 0.25 mm and a film thickness 

of 0.25 mL [15]. Helium carrier gas at a constant rate of 1.5 

ml/min [20]. Model splitles with a time of 15 seconds. 

Injector temperature is 250°C, and 265°C of interface 

temperature. Oven temperature started on 40°C and hold for 

10 minutes at a temperature of 140°C, and increased to 

280°C. The total time required is 16 minutes.  

Validation of methods is done with test accuracy, linearity, 

limit of detection and the limit of quantification. Recovery 

test is conducted by the method of addition. This method is 

done by adding a number of standard solutions of 

Cannabidiol, Cannabinol, and ∆9 THC concentration of 1 

ng/mg of hair samples of drug users at any time after 14 days 

of usage, that is Cannabidiol = 0.87 ng/mg, Cannabinol = 

0.66 ng/mg, and ∆9 THC = 0.62 ng/mg, which made 6 (six) 

times replication. As much as 1.0 mL injected into GCMS 

[27]. The percentage of recovery is determined by 

determining what percentage of analyte is added earlier can 

be recovered by calculating the formula:  

%
( )

Recov 100
*

CF CA
ery x

C A

−= %                      (2) 

Description: 

CF = concentration of analyte obtained from 

measurements after the addition of the raw material (standard) 

CA = concentration of the analytes prior to the addition of 

the raw material (standard) 

C * A = Concentration of raw material (standard) is added 

[28]. 

Precision test is performed through the test recovery. 

Cannabinoid standard solution made of 0.5 ng/mg for 6 times. 

Then the response was measured using GCMS. Relative 

Standard Deviation (SDR) is calculated with the formula: 

SD
SD x

x
= 100%                               (3) 

Description: 

x
−

 = Sample average levels  

SD = Standard Deviasi 

RSD = Relatif standard deviation  

Concentration of Cannabinoid standard solutions is 

determined in 0.5 mg/mg, 1 ng/mg, 1.5 ng/mg, 2 ng/mg, and 

2.5 ng/mg. It is injected into GCMS instrument in accordance 

with operational procedures. Furthermore, the straight line 

equation is determined and set r value [29]. Linearity is 

determinated using the formula:  

Y = bx + a                                       (4) 

x = consentration 

b = slope 

a = intersept 

Y = MS absorption 

Limit of detection (LOD) and Limit of quantification(LOQ) 

is determined based on the Deviation Standard value, yaitu  

3SD
LOD

b
= ; 

10SD
LOQ

b
= .                       (5) 

Description: 

SD = Deviation Standard  

b = Slope 
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3. Results and Discussion 

Cannabis is extracted through maceration and sonication at 42 

KHz with methanol - 2-propanol (1: 1) for 5 minutes. Results of 

Reagens salt b fast blue test showed a cannabinoid compound 

produce a purple precipitate, as presented in Table 1. 

Table 1. Preliminary test results of marijuana plant (Cannabis sativa L.). 

No Sample Fast blue test salt b result Description 

1. Marijuana Violet Cannabinoid (+++) 

Fast blue salt B test is used to determine reagensia 

cannabinoids in the marijuana plant (Cannabis sativa L), 

because it has the ability to oxidize cannabinoid compounds 

in marijuana plants and produces sharp color violet [30, 31, 

32]. Confirmation test is performed at 1 mL sample of 

marijuana (Cannabis sativa L) to ensure cannabinoid 

compounds. GC chromatogram test results appear as shown 

in Figure 4. 

 

Figure 4. Chromatogram cannabinoids in the marijuana plant (cannabis sativa L.). 

The cannabinoid extracted from the leaves of the cannabis 

plant (Cannabis sativa L) is one terpenophenolic group of 

compounds and secondary metabolites, which have special 

effects to humans. This is in line with the findings of 

Grotenhermen [33]. The resulting cannabinoid compound is 

cannabichromene, cannabigerol, cannabidiol, Cannabinol, 

∆
9
 THC, cannabicumaronone, cannabicyclol, dan 

cannabivarine. It is also in accordance with the results of the 

study reported by [34], that leaves marijuana (Cannabis 

sativa L) containing cannabinoid compounds that belonged 

terpenoids. MS spectrum of 8 (eight) compound indicates 

that there are Cannabicromene, Cannabigerol, Cannabidiol, 

Cannabinol, ∆
9
 THC, Cannabicumaronone, Cannabicyclol, 

Cannabivarine on marijuana leaves. This is in line with the 

findings of [9, 34]. Compounds contained in hair samples, 

known through observations in a sustainable manner to 

aspects that affect the entry of the active compound. In 

extracting narcotic substances in hair by maceration is 

optimized by Ultrasonic Bath through the process of 

sonication at a frequency of 42 KHz to pull cannabinoid 

compounds found in the hair matrix [35]. Hair samples were 

extracted by sonication with methanol - 2propanol (1: 1) for 

five (5) minutes, followed by chloroform extraction for five 

(5) minutes, and lastly with petroleum benzene for 5 (five) 

minutes. The temperature variation performed at 30°C, 40°C, 

50°C, and 60°C. The indicators of optimal extraction process 

are qualitatively showed there are deposits of violet after the 

addition of fast blue reagensia salt b test. The results obtained 

are presented in Table 2.  

The optimal value of the extraction process is used in the 

sonication at a temperature of 50°C. This is consistent with 

the results obtained by [36], namely the terpenoid 

compounds with the highest randemen obtained at 50°C 

which is about 89%. Temperature 50°C is the optimum 
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temperature for the enzyme cysteine contained in the hair, so 

it helps the process of extracting cannabinoids in the hair [37]. 

The use of ultrasonic waves with a frequency of 42 kHz is 

very helpful in speeding up the contact time between sample 

and solvent. By the use of sonication, then the process of 

mass transfer of the compound to the solvent is to be faster. 

Sonication rely on wave energy that causes the formation of 

small bubbles due to the transmission of ultrasonic waves to 

help the diffusion of the solvent into the cell wall.  

The influence of sonication may reduce clotting. This 

proves that the wave at 42 KHz at sonication methods can 

separate particle agglomeration and so there are many voids 

between the particle separator [38]. Extraction without using 

sonication is not showing real violet precipitate. This shows 

that the method of sonication have a very important role in 

extracting cannabinoids in hair samples. Thin layer 

chromatography (TLC) was used to detect the presence of 

cannabinoids in hair samples [37]. Rf value is calculated 

based on the distance stain (color violet) with a distance of 

solvent. In this study, the solvent used is toluene and n-

hexane at alkaline pH of 9.5 [39]. 

Table 2. The extraction optimization test results of hair samples. 

Day Consumer 

Fast blue test salt b result 

Sonication Without Sonication 

30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C 

14 

1 + + ++ + - - - - 

2 + + ++ + - - - - 

3 + + ++ + - - - - 

4 + + ++ + - - - - 

5 + + ++ + - - - - 

6 + + ++ + - - - - 

7 + + + + - - - - 

8 + + ++ + - - - - 

9 + + ++ + - - - - 

10 + + ++ + - - - - 

30 

1 + + ++ + - - - - 

2 + + ++ + - - - - 

3 + + + + - - - - 

4 + + ++ + - - - - 

5 + + ++ + - - - - 

6 + + ++ + - - - - 

7 + + + + - - - - 

8 + + ++ + - - - - 

9 + + + + - - - - 

10 + + ++ + - - - - 

60 

1 + + ++ + - - - - 

2 + + ++ + - - - - 

3 + + ++ + - - - - 

4 + + ++ + - - - - 

5 + + + + - - - - 

6 + + ++ + - - - - 

7 + + ++ + - - - - 

8 + + ++ + - - - - 

9 + + + + - - - - 

10 + + ++ + - - - - 

+ = cannabinoid 

Rf value of hair samples is obtained in the range of 0.425 

to 0.450. This value is not much different from the value of 

0.450. Reagens as the show of the fast blue stain test B was 

developed to clarify the appearance of violet color on a TLC 

plate. Rf value in Thin-Layer Chromatography is used as a 

parameter qualitative analysis to detect cannabinoid 

compounds [32, 33, 40]. 

GC MS technique was developed to detect the type of 

cannabinoid, which is found in hair samples. Conditions of 

GCMS instrument is used and observed through direct 

observation to obtain optimal results. In this study, the 

instrumentation used is Gas Chromatography (GC) coupled 

with Agilent Mass Spectroscopy (MS) 7890 models, HP 5ms 

column with a 0.25 mm OD, and 0.25 mL of film thickness 

[15]. Helium carrier gas at a constant rate of 1.5 ml/min. 

Model splittles with a time of 15 seconds. Injector 

temperature is 250°C and 265°C of interface temperature. 

Oven temperatures ranging from 40°C then detained at 

140°C for 10 minutes and increased to 280°C at a rate of 

10°C /min for 15 minutes [41]. 

Standard solution used is cannabidiol, cannabinol, ∆
9
 THC 

with varying concentrations of 0.5 ng/mg, 1 ng/mg, 1.5 

ng/mg, 2 ng/mg, and 2.5 ng/mg [30]. Volume of solution 

injected to GCMS instrument is as much as 1 mL. GCMS 

quantification based on the data, it appears that the levels of 

cannabinoids contained in the hair is a narcotic type of 

marijuana (Cannabis sativa L) is shown in Table 4. 
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Table 3. Rf value on Thin Layer Chromatography (TLC). 

 Day Consumer 

Retardation Factor (Rf) value 

Sonication Without Sonication 

30°C  40°C 50°C 60°C 30°C 40°C 50°C 60°C 

  S P S P S P S P S P S P S P S P 

14 

1 0,427 0,425 0,438 0,428 0,426 0,431 0,425 0,425 - - - - - - - - 

2 0,428 0,425 0,426 0,428 0,428 0,431 0,428 0,425 - - - - - - - - 

3 0,428 0,425 0,428 0,428 0,428 0,431 0,428 0,425 - - - - - - - - 

4 0,427 0,425 0,428 0,428 0,426 0,431 0,426 0,425 - - - - - - - - 

5 0,428 0,425 0,438 0,428 0,429 0,431 0,428 0,425 - - - - - - - - 

6 0,427 0,425 0,419 0,428 0,428 0,431 0,428 0,425 - - - - - - - - 

7 0,428 0,425 0,426 0,428 0,428 0,431 0,426 0,425 - - - - - - - - 

8 0,428 0,425 0,429 0,428 0,428 0,431 0,426 0,425 - - - - - - - - 

9 0,425 0,425 0,425 0,428 0,425 0,431 0,425 0,425 - - - - - - - - 

10 0,431 0,425 0,425 0,428 0,428 0,431 0,425 0,425 - - - - - - - - 

30 

1 0,440 0,425 0,438 0,428 0,426 0,431 0,425 0,425 - - - - - - - - 

2 0,450 0,425 0,425 0,428 0,426 0,431 0,428 0,425 - - - - - - - - 

3 0,431 0,425 0,426 0,428 0,428 0,431 0,428 0,425 - - - - - - - - 

4 0,440 0,425 0,428 0,428 0,426 0,431 0,426 0,425 - - - - - - - - 

5 0,425 0,425 0,425 0,428 0,429 0,431 0,428 0,425 - - - - - - - - 

6 0,444 0,425 0,413 0,428 0,428 0,431 0,428 0,425 - - - - - - - - 

7 0,440 0,425 0,425 0,428 0,426 0,431 0,426 0,425 - - - - - - - - 

8 0,428 0,425 0,428 0,428 0,428 0,431 0,426 0,425 -  - - - - - - 

9 0,425 0,425 0,425 0,428 0,428 0,431 0,425 0,425 -  - - - - - - 

10 0,419 0,425 0,425 0,428 0,426 0,431 0,425 0,425 -  - - - - - - 

60 

1 0,419 0,425 0,425 0,428 0,425 0,431 0,425 0,425 - - - - - - - - 

2 0,431 0,425 0,425 0,428 0,426 0,431 0,428 0,425 - - - - - - - - 

3 0,431 0,425 0,425 0,428 0,426 0,431 0,428 0,425 - - - - - - - - 

4 0,419 0,425 0,419 0,428 0,426 0,431 0,425 0,425 - - - - - - - - 

5 0,425 0,425 0,425 0,428 0,428 0,431 0,428 0,425 - - - - - - - - 

6 0,425 0,425 0,413 0,428 0,426 0,431 0,428 0,425 - - - - - - - - 

7 0,437 0,425 0,419 0,428 0,426 0,431 0,426 0,425 - - - - - - - - 

8 0,419 0,425 0,413 0,428 0,428 0,431 0,425 0,425 - - - - - - - - 

9 0,431 0,425 0,425 0,428 0,426 0,431 0,425 0,425 - - - - - - - - 

10 0,431 0,425 0,425 0,428 0,425 0,431 0,425 0,425 - - - - - - - - 

Table 4. Cannabinoid levels in the hair of the user. 

Consumer 
Cannabidiol levels (ng/mg) 

Cannabinol level 
∆9 THC (ng/mg) level 

(ng/mg) 

Day14 Day30 Day60 Day14 Day30 Day60 Day14 Day30 Day60 

1 0,87 0,84 0,80 0,66 0,66 0,65 0,62 0,61 0,60 

2 0,81 0,80 0,71 0,80 0,49 0,45 2,82 1,43 1,40 

3 0,91 0,90 0,75 1,46 1,43 1,40 0,19 0,19 0,18 

4 1,11 1,00 0,93 1,11 1,11 1,10 0,82 0,82 0,81 

5 0,76 0,70 0,60 1,31 1,25 1,20 1,21 1,20 1,10 

6 0,76 0,76 0,75 1,01 1,00 0,95 1,30 1,28 1,25 

7 0,80 0,78 0,70 0,28 0,27 0,25 0,89 1,87 0,86 

8 0,94 0,93 0,87 0,30 0,28 0,27 0,68 0,66 0,65 

9 0,89 0,84 0,81 0,28 0,28 0,27 0,14 0,14 0,12 

10 0,81 0,75 0,71 0,66 0,65 0,65 1,21 1,20 1,15 

 

Levels of the compound cannabidiol decreased starting 

from day 14 to day 60 after use. Likewise with cannabinol 

compounds and ∆
9
 THC. This is caused by the drug users 

were given the herbs that can lower the levels of 

cannabinoids during the first two months continuously. These 

data indicate that the hair can be used as a calendar in the 

history of drug use. Likewise that the time required for the 

extraction was for 15 minutes and timing analysis using 

GCMS instrument for 16 minutes. It is shorter when 

compared with previous studies by [15, 19, 20, 21].  

Cannabinoid compounds are analyzed in this study, is 

based on the standard sample provided, namely cannabidiol 

(td = 150°C), cannabinol (bp = 180°C), and ∆
9
 THC (td = 

220°C). The three cannabinoid compounds are one group in 

compounds terpenoids, which is contained in the plant 

Cannabis sativa L. These plants if consumed by humans will 

stimulate the central nervous system and after the process of 

metabolism by the body, will be contained in metabolites 

such as urine, blood, hair, nails, saliva, and other secondary 

metabolites [35, 42]. Cannabidiol compounds was detected at 

m/e of 314, 299, 271, 231, 193, 135, and 91. This is 

consistent with MS spectra contained in the standard solution. 
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Addition method is a way to identify% recovery, in 

particular by adding a number of Cannabidiol standard 

solution, cannabinol, and ∆
9
 THC, with a concentration of 1 

ng/mg in samples of drug users hair extraction of patient after 

14 days of use, ie. Cannabidiol = 0.87 ng/mg, cannabinol = 

0.66 ng/mg, and ∆
9
 THC = 0.62 ng/mg), which is conducted 

for 6 (six) times replication and 1.0 mL injected into GCMS. 

The results of the determination of the accuracy of 

cannabidiol, cannabinol, and ∆
9
 THC shown in Table 5, 

Table 6 and Table 7. Each of them had an average of 103.83; 

102.67; and 101.17. The value meets the acceptance criteria 

of% recovery is 70% up to 120% [28, 43]. 

Table 5. Results of the determination of the accuracy of cannabidiol. 

No. 
Levels of total sample after adding the 

raw (ng/mg) 

Levels of sample before adding 

the raw (ng/mg) 

Levels of analytes added 

(ng/mg) 
% Recovery 

1 1,89 0,87 1 102 

2 1,92 0,86 1 106 

3 1,88 0,87 1 101 

4 1,87 0,84 1 103 

5 1,92 0,87 1 105 

6 1,93 0,87 1 106 

 Average   103,83 

Table 6. Results of the determination of the accuracy of cannabinol. 

No. 
Levels of total sample after adding the 

raw (ng/mg) 

Levels of sample before adding 

the raw (ng/mg) 

Levels of analytes added 

(ng/mg) 
% Recovery 

1 1,68 0,66 1 102 

2 1,68 0,66 1 102 

3 1,65 0,64 1 101 

4 1,66 0,62 1 104 

5 1,69 0,63 1 106 

6 1,68 0,67 1 101 

 Average   102,67 

Table 7. Results of the determination of the accuracy of ∆9 THC. 

No. 
Levels of total sample after adding the 

raw (ng/mg) 

Levels of sample before adding 

the raw (ng/mg) 

Levels of analytes added 

(ng/mg) 
% Recovery 

1 1,63 0,62 1 101 

2 1,54 0,64 1 90 

3 1,59 0,62 1 97 

4 1,62 0,58 1 104 

5 1,64 0,59 1 105 

6 1,68 0,58 1 110 

 Average   101,17 

 

Precision test is done by looping 6 (six) times on samples 

of cannabidiol, cannabinol, and ∆
9
 THC. Retrieved standard 

of deviation and Relative Standard Deviation (as in Table 8. 

The value meets the validation requirements for pre cision ie 

RSD <20%. 

Table 8. Precision Test Results. 

No. Compound Level of average (ng/mg) SD RSD 

1 Cannabidiol 1,90 0,023 1,31% 

2 Cannabinol 1,67 0,015 0,90% 

3 ∆9 THC 1,61 0,015 0,90% 

Table 9. Results of linearity test. 

No. Compound Regression equation r 

1 Cannabidiol Y = 443,2x + 8718 0.92 

2 Cannabinol Y = 384,6x + 8886 0,96 

3 ∆9 THC Y = 275,6x + 9284 0,92 

Linearity is determined based on the response of MS 

standard solution for Cannabinoid (Cannabidiol, cannabinol, 

and ∆
9
 THC). The concentration used was 0.5 ng/mg, 1 

ng/mg, 1.5 ng/mg, 2 ng/mg and 2.5 ng/mg, injected into 

GCMS as 1µL. Based on the calculation of straight line 

equation and r value are shown in Table 9.  

r Values is greater than the value of r tables (α = 0.05; n = 

5) = 0.88. This shows that the relationship between the 

concentration of cannabinoid compounds against MS is a 

linear response significantly. The ability of the tool can be 

seen from the LOD and LOQ obtained as in Table 10. 

Table 10. Results of LOD and LOQ. 

No. Compound LOD (ng/mg) LOQ (ng/mg) 

1 Cannabidiol 0,00017 0,00056 

2 Cannabinol 0,00012 0,00039 

3 ∆9 THC 0,00016 0,00054 

These results show the GC MS instrument has the ability 

to be used in the limit concentration of the sample is detected. 
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4. Conclusion 

GC MS technique can be used to analyze the hair of users 

of narcotic type of marijuana (Cannabis sativa L) within 

thirty-one minutes. The optimal condition is at a temperature 

of 500C and extraction by sonication. In the solvent 

extraction process used sequential is methanol: 2 propanol (1: 

1), chloroform, benzene and petroleum respectively for five 

minutes. Likewise, the optimum levels of extraction can be 

determined within sixteen minutes. In drug user hair obtained 

compound cannabidiol, cannabinol, and ∆9THC with 

concentrations ranging from 0.25 ng/mg up to 2.82 ng/mg. 
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