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1. INTRODUCTION 

 

The amphetamine-type stimulants (ATSs) such as 

amphetamine (AM), methamphetamine (MA), 3,4-methy-

lenedioxyamphetamine (MDA), 3,4-methylenedioxyme-

thamphetamine (MDMA), 3,4-methylendioxyethylamphe-

tamine (MDEA), para-methoxyamphetamine (PMA), 4-

bromo-2,5-dimethoxyamphetamine (DOB), and ketamine 

(KET), norketamine (NKT) are medicines that stimulate 

the central nervous system causing in hallucination1,2. These 

narcotics were handled in accordance with the regulation 

on the list of narcotic substances and precursors in Vietnam.  

In recent years, ecstasy-type (MDMA) and metham-

phetamine (MA) have been widely used as a recreational 

drug among the youth3. The abuse of MA and MDMA 

has significantly increased since 1995s and becomes a 

serious matter in the society. Teenagers are the main ATSs 

users and their age was more and more declined4. Since 

2000s KET has been abused and used more and more 

together with ATSs5. 

Drug testing provides objective evidence on the 

illegal use of drug by proper detection of the presence of 

drug and its metabolites in the body. Thus, it is necessary 

that   a   method   for   simultaneous,   rapid,   and   reliable 
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ABSTRACT 

 

A solid-phase extraction (SPE) followed by gas chromatography-mass spectrometry (GC-MS) method was 

developed and validated for determination of seven amphetamine-type stimulants (ATSs) including amphetamine 

(AM), methamphetamine (MA), 3,4-methylenedioxyamphetamine (MDA), 3,4-methylenedioxymethamphetamine 

(MDMA), 3,4-methylendioxyethylamphetamine (MDEA), para-methoxyamphetamine (PMA), 4-bromo-2,5-

dimethoxyamphetamine (DOB), and ketamine (KET), norketamine (NKT) in human hair. Ten milligrams of 

human hair was washed by water and methanol followed by soaking in a solution of 1% hydrochloric acid in 

methanol for 18 hours. The analytes from the methanolic extract were isolated by a SPE procedure before being 

derivatized using heptafluorobutyric anhydride (HFBA) at 80°C for 40 minutes. The selected ion monitoring 

(SIM) method was used for the quantification of the derivatized compounds. The linear range was from 0.5-40 

ng/mg for all of the analytes with the coefficient of determination (R2)>0.9971. The intra-day and inter-day 

accuracies were in the range of 93.63-112.40% and 94.70-110.20%, respectively. The intra-day and inter-day 

precision (RSD%) were in the range of 8.72 and 9.73, respectively. Limit of detection (LOD) and limit of 

quantitation (LOQ) for each analyte were less than 0.10 and 0.32 ng/mg, respectively. The recoveries were in the 

range of 75.18-89.30%. The GC-MS was used for the hair analysis on 51 subjects suspected to be ATSs and 

ketamine user. The average content of all the analytes was in the range of 1.14-12.70 ng/mg. On the basis of these 

results, the method was proved to be effective for identification and quantitation of above mentioned nine narcotics. 
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analysis at trace level of drug and its metabolites should 

be developed for the prevention of drug abuse and illicit 

trafficking and estimation in forensic medicine in 

Vietnam. 

The suitable specimens for estimation of drug use 

are usually biological such as blood, urine, saliva, sweat 

or hair, nail. Usually for drug testing, urine and blood 

specimens are commonly used due to their relevance    

to absorption and metabolism of drugs in the body. 

However, in recent years, the analysis of hair for 

determination of drug has been significantly interested 

due to its advances against the routine urine or blood 

testing such as its easy and non-invasive collection6. 

The incorporation of drug into hair is carried out by a 

number of metabolism at different time in developing 

cycle of hair including passive diffusion from blood-

stream into growing hair cell, from sweat, sebaceous 

gland, secretory gland and external environment7-8. 

The drug excreted into hair has moved along hair 

shaft at the rate of 2.8-3.2 mm/week, according to hair 

growth, without diffusion9. ATSs can be accumulated in 

hair for 3-5 months10. There have been many reports on 

analysis of ATSs, ketamine and opiate in hair11-12. These 

studies were applied LC-MS/MS11, CE with UV detector13, 

GC-MS14-16. However, most reports described only the 

analysis of one or some of the above-mentioned drug. 

Thus, the aim of this study is to develop a sensitive GC-

MS method for simultaneous determination of narcotics 

which are commonly abused in Vietnam including 7 

ATSs and ketamine together with its metabolite of 

norketamine. The proposed method is applicable for 

analysis of ATSs and ketamine in hair specimen of drug 

abuse subjects in Vietnam. 

 

2. MATERIALS AND METHODS 

 

2.1. Chemicals, reagents and test Specimens 

 

AM, MA, PMA, MDA, MDMA, MDEA, DOB, 

KET, and NKT reference standards and MA-d5 and KET-

d4 internal standards were purchased from Cerilliant 

(Round Rock, USA) at the solution of 1.0 mg/mL in 

methanol. Figure 1 presents the chemical structure of 

the studied analytes. 

LC-grade methanol and ethyl acetate, analytical-

grade dipotassium hydrogen phosphate, potassium dihy-

drogen phosphate, and ammonia were provided from 

Merck (Damstadt, Germany). Heptafluorobutyric anhy-

dride (HFBA) was of analytical grade and purchased 

from Sigma-Aldrich (Missouri, USA).  

SPE AccuBond II Evidex (200 mg, 3 mL) and Bond 

elut empty SPE cartridge 3 mL were obtained from Agilent 

Technologies (Santa Clara, California, USA). 

 

 

Figure 1. Chemical structure of the studied compounds. 
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Human hair specimens which are free from ATS 

and ketamine obtained from the staffs of Forensic 

Chemistry Department, National Institute of Forensic 

Medicine (Hanoi, Vietnam) were used for method deve-

lopment and validation. 

Fifty one human hair specimens obtained from 

ATMs or ketamine users who are inpatients in Hanoi 

Psychiatric hospital were utilized for analysis of the 

relevant compounds. 

 

2.2. Preparation of standard solution 

 

The standard solutions of AM, MA PMA, MDA, 

MDMA, MDEA, DOB, KET, and NKT at the concen-

tration of 1.0 mg/mL in methanol were diluted to obtain 

working standard solutions of 0.1 g/mL, 1.0 g/mL and 

10.0 g/mL in methanol. They were stored at 0°C and 

protected from light. 

 

2.3. Preparation of sample 

 

About 10 mg of hair was weighed accurately into 

each Empty SPE cartridge. The hair was washed orderly 

with distilled water for three times, each time using 5 

mL then with methanol for another three times, each 

time using 5 mL. The hair was cut to obtain section of 

about 1 mm, add 100 µL of 1.0 µg/mL internal standard 

mixture then add 2 mL of a solution of 1% hydrochloric 

acid in methanol (v/v) and incubate for about 18 hours 

at room temperature. The supernatant was transferred 

into another tube and dried using nitrogen stream17. The 

residue was dissolved in 3 mL of 0.1 M phosphate buffer 

solution pH 6 and purified by SPE. The cartridge was 

activated by methanol, following by 0.1 M phosphate 

buffer solution pH 6, 3 mL each at the speed of 2 mL/ 

min. The sample was loaded onto the column at the speed 

of 2 mL/min. The sample was washed with 10 mL of 

distilled water, following by 5 mL of 0.1 N hydrochloric 

acid solution at the speed of 5 mL/min. The sample was 

continued to be washed by 5 mL of methanol at the speed 

of 2 mL/min. The cartridge was exhausted for 1 minute. 

The sample was eluted by a mixture of ethyl acetate, 

methanol, and ammonia (80:18:2, v/v/v) at the speed of 

2 mL/min. The eluate was transferred into a glass tube 

with cap, added with 50 µL of hydrochloric acid solution 

in methanol (1:99, v/v) and dried to residue using 

nitrogen stream18. The analytes were derivatized by 

adding of 100 µL of ethyl acetate and 100 µL of HFBA, 

following by incubation at 80°C for 40 minutes. The 

reaction mixture was evaporated to dryness under a 

stream of nitrogen and reconstituted with 100 µL of 

ethylacetate. An aliquot (1 µL) of the sample solution 

was injected into the GC-MS instrument. 

 

 

 

2.4. GC-MS conditions 

 

GC-MS was performed with a Agilent Technologies 

7890B gas chromatography system coupled with a MS 

5977A mass spectrometer, the mass spectrometer was 

operated at 70 eV in the electron impact (EI) mode. 

Compound was separated on a 30 m×0.25 mm i.d. 

capillary column coated with 0.25 µm film of 5% phenyl 

methylpolysiloxane (HP-5MS). Helium was used as 

carrier gas of 1.0 mL/min flow rate. The analysis was 

carried out in the splitless mode. The initial column oven 

temperature was at 80°C, held for 3 minutes, then pro-

grammed at 40°C/min to 200°C and held for 1 minute, 

finally programmed at 10°C/min to 290°C and held for 

10 minutes. The ionization source temperature was 

230°C. The Aux-temperature was 280°C. The ionization 

energy was 70 eV. The analytes were determined by 

injection of standard solutions and internal standard 

solutions. The data output was achieved using scanning 

(SCAN) mode for identification and selected ion moni-

toring (SIM) mode for quantification using characteristic 

ions. 

 

2.5. Method validation 

 

The method validation was referred to the guidance 

of United Nations Office on Drugs and Crime; Guide-

lines for Testing Drugs under International Control in 

Hair, Sweat and Oral Fluid. 

The calibration curves were built on the basis of 

matrix to avoid matrix effect. The calibration curve of 

each analyte was built in the range of 0.5-40.0 ng/mg. 

Six calibration points were built by adding standard 

mixture into 10 mg of blank hair at the concentrations 

of 0.5, 1.0, 5.0, 10.0, 20.0, and 40.0 ng/mg, respectively. 

The concentration of internal standard was 100.0 ng/mg. 

Plot the peak response ratios of standard to internal 

standard versus concentration of analytes in standard 

solutions in matrix, and obtain a regression line for 

calibration. 

Accuracy and precision of the method were eva-

luated by analysis of hair samples added standards at the 

concentration of 1.0, 10.0, and 40.0 ng/mg hair. Estima-

tion of accuracy and intra-day precision by performing 

five repeated analysis for each concentration. Estimation 

of accuracy and inter-day precision by performing three 

repeated analysis for each concentration for five conse-

cutive days. The concentration of analytes in the speci-

mens was determined by using calibration curve. Accu-

racy is the ratio of concentration determined from the 

calibration curve to theoretical concentration. Precision 

is evaluated on the basis of relative standard deviation 

(RSD) of the analysis outcomes.  
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Limits of detection (LOD) and limits of quantitation 

(LOQ) were calculated on the basis of signal to noise 

ratio (S/N). Analysis of standard adding samples at low 

concentration provided that signal of the analyte 

emerged. S/N was calculated by the software of the GC-

MS instrument. A signal-to-noise ratio between 3 is 

generally considered acceptable for estimating the LOD 

whereas for LOQ, a typical signal-to-noise ratio is 10:1. 

Analysis recovery was estimated by comparison of 

peak response of analytes and one of standards without 

extraction, and preparation with the same amount. The 

concentration of 1.0, 10.0, and 40.0 ng/mg were inves-

tigated. Each sample was performed for five times. 

 

3. RESULTS 

 

3.1. Selection of derivative agents 

 

Heptafluorobutyric anhydride (HFBA), pentafluo-

ropropionic anhydride (PFPA), and trifluoroacetic 

anhydride (TFAA) were used as derivative agents for 

the analytes at the appropriate temperatures. The main 

characteristic of the derivatizing process is to form a 

new compound which is larger in molecular weight with 

various polarity and volatility. This can improve the 

peak shape and tailing factor. Depending on chemical 

structure of each analyte, after ionization of the deri-

vatized analytes, different molecular ions were obtained. 

Thus, some ions were used to confirm the analyte and 

internal standard. The characteristic ions of each analyte 

were used as quantified ion and identified ion. 

The obtained results after derivatization showed 

that most of the peaks of interests had high enough signal 

for qualitative and quantitative analysis. However, the 

peak intensity of KET derivatives with PFPA and 

TFAA was not satisfactory enough. HFBA was the best 

derivative agent, allowing to achieve a high sensitivity 

analysis. 

The selection of reference ion was performed after 

scanning all analytes to obtain mass spectrum. The 

selected ions were the ones with high mass and intensity. 

The target ions were the ones for identification with 

stable and high intensity. The retention time of deriva-

tized analytes and the target ions for qualitative and 

quantitative analysis were presented in Table 1. Figure 2 

is the GC-MS (SIM mode) chromatograms and quanti-

tative ions of analytes. The different analytes were to 

form different characteristic ions. The retention time of 

the analytes fall within the range of 6.4-10.4 minutes. 

This range was suitable for analysis of the analytes as 

well as simultaneous determination of ATSs and keta-

mine in a single chromatographic run. 

 

3.2. Optimization of derivatization process 

 

The optimal conditions were determined by eva-

luating the ramping rate and start temperature as well as 

a reasonable run time. The derivatization temperature at 

60°C, 70°C, 80°C, 90°C, and 100°C as well as the 

derivatization time 20, 30, 40, and 50 minutes, were 

investigated. At the temperature of 60°C and 70°C, the 

derivatization of all the analytes were not complete. At 

the temperature of 90°C and 100°C, the chromatograms 

were not good with noise in the range of retention time 

for KET and DOB. At the temperature of 80°C, the peak 

responses were highest, the peak shapes were symme-

trical, and the chromatograms were less noise. Data in 

Figure 3 indicated that at the time of 20 and 30 minutes, 

the derivatization of all the analytes were not complete, 

and the peak responses were highest at the time of 40 

and 50 minutes. As the results, the optimal time for deri-

vatization was 40 minutes and the best derivatization 

temperature was 80°C. 

 

3.3. Method validation 

 

The method was validated comprising the following 

parameters: specificity, linearity range, LOD, LOQ, 

recovery, accuracy and precision. 

Comparison of the SIM chromatograms of test 

solution, blank solution, and hair specimen sample solu-

tions spiked standards and internal standards showed 

that the retention time of ATSs, KET, and NKT in the 

chromatograms of spiked samples were coincident. In 

the chromatogram of blank solution, no emerged peaks 

with the retention time that interfere with those of ATSs,  

 
Table 1. Retention time and characteristic ions of analytes and internal standards. 
 

Analyte derivatized with  Retention time Molecular ion Quantitative ion Qualitative ion (m/z) 

HFBA (min) (m/z) (m/z)  

AM-HFB 6.42 331 240 118 91 

MA-HFB 6.90 345 254 118 91 

PMA-HFB 7.46 316 148 168 240 

MDA-HFB 8.01 375 135 162 77 

MDMA-HFB 8.74 389 254 162 210 

MDEA-HFB 8.99 403 268 176 135 

DOB-HFB 9.95 470 231 258 260 

KET-HFB 10.37 434 370 362 236 

NKT-HFB 9.21 420 384 340 314 

MA-d5-HFB 6.88 350 258 213 - 

KET-d4-HFB 10.36 438 374 366 - 
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Figure 2. GC-MS (SIM mode) chromatograms and quantitative ions of analytes. 
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Figure 3. Comparison of time for derivatization of analytes with HFBA. 

 
Table 2. Linearity, limit of detection (LOD), and limit of quantitation (LOQ). 

 

Analyte Linearity range Regression equation Coefficient of LOD LOQ 

 (ng/mg)  determination (R2) (ng/mg) (ng/mg) 

AM 0.5 - 40.0 y = 0.0058x - 0.0011 0.9990 0.07 0.23 

MA 0.5 - 40.0 y = 0.0114x - 0.0350 0.9981 0.04 0.12 

PMA 0.5 - 40.0 y = 0.0044x - 0.0189 0.9991 0.05 0.17 

MDA 0.5 - 40.0 y= 0.0080x - 0.0227 0.9993 0.10 0.32 

MDMA 0.5 - 40.0 y = 0.0045x - 0.0036 0.9971 0.05 0.18 

MDEA 0.5 - 40.0 y = 0.0048x + 0.0057 0.9987 0.02 0.07 

DOB 0.5 - 40.0 y = 0.0015x - 0.0007 0.9985 0.06 0.21 

KET 0.5 - 40.0 y = 0.0105x - 0.0240 0.9982 0.03 0.09 

NKT 0.5 - 40.0 y = 0.0183x + 0.0169 0.9990 0.05 0.18 

KET and NKT. Thus, the method was proved to be 

specific for ATSs and KET. 

Table 2 presents the linearity range, data of LOD 

and LOQ. The calibration curve was built with 6 points 

for 9 compounds. Each concentration was injected in 

triplicate. The coefficient of determination (R2) was more 

than 0.9971 for all the analytes indicated a good linearity. 

The sensitivity of the method was evaluated by determi-

nation of LOD and LOQ of each analyte. LOD and LOQ 

fall within the range of 0.02-0.10 ng/mg and 0.07-0.32 

ng/mg, respectively. 

Table 3 presents the recovery of the analyte in hair. 

The recovery of ATSs and KET at low, medium, and high 

concentration levels were within the range of 75.18-

89.30% with RSD below 15%.  

Table 4 presents the validation data of accuracy and 

precision. The intra- and inter-day accuracy were within 

the range of 93.63% to 112.4%, and 94.70% to 110.20%, 

respectively. The intra- and inter-day precision (RSD%) 

were 8.72 and 9.73%, respectively.  

The validation results proved that the GC-MS method 

can be applied for analysis of the analytes in real hair 

specimen samples. 

3.4. Application of the validated method for analysis 

of hair specimen of suspected drug users 

 

In order to prove the applicability of the method for 

analysis of real specimen, this method was used to 

analyze hair specimens collected from suspected drug 

users. Total of 51 hair specimens which had been 

collected for 3 months, were analyzed and quantified. 

Figure 4 is the representative chromatogram of hair 

specimen collected from one MA user. Table 5 presents 

the positive results with ATSs and ketamine. MA was 

detected in 49 hair specimens. There were 34 positive 

results for MDMA whereas there were only 12 positive 

results for KET. There were only one positive result for 

MDEA which occupies the lowest positive rate among 

the analytes in hair. The application of the proposed 

method allows identification and simultaneous quantita-

tion of ATSs and ketamine in hair specimen. The success 

on method development for determination of trace level 

of ATSs and ketamine in hair is a great contribution in 

the struggle for prevention of drug use in Vietnam. 
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Table 3. Recoveries of analytes in hair. 
 

Analyte Concentration level (ng/mg) Recovery (%) RSD (%) 

AM 1.0 77.98 8.05 

 10.0 78.57 4.84 

 40.0 80.09 7.84 

MA 1.0 87.15 3.73 

 10.0 84.39 5.48 

 40.0 85.74 4.07 

PMA 1.0 85.20 4.31 

 10.0 85.04 4.84 

 40.0 82.70 6.42 

MDA 1.0 87.51 8.75 

 10.0 84.99 5.32 

 40.0 85.99 9.61 

MDMA 1.0 87.36 5.66 

 10.0 88.23 3.24 

 40.0 83.57 4.26 

MDEA 1.0 78.16 7.77 

 10.0 80.50 4.00 

 40.0 83.33 7.81 

DOB 1.0 85.64 4.37 

 10.0 82.58 7.16 

 40.0 83.49 3.32 

KET 1.0 75.18 8.16 

 10.0 77.75 7.63 

 40.0 79.24 7.02 

NKT 1.0 87.24 4.59 

 10.0 89.30 4.25 

 40.0 85.07 4.58 

 
Table 4. Validation data of accuracy and precision. 
 

Analyte Concentration Intra-day Inter-day 

 level (ng/mg) Found concentration Accuracy RSD Found Accuracy RSD 

  (ng/mg) (%) (%) concentration (ng/mg) (%) (%) 

AM   1.0 1.11 110.80 4.84 1.10 110.20 4.94 

 10.0 10.36 103.59 5.00 10.07 100.72 9.73 

 40.0 38.84   97.11 4.11 38.73   96.82 4.07 

MA   1.0 1.07 107.40 8.29 1.05 104.50 6.47 

 10.0 9.87   98.68 7.29 9.96   99.61 7.93 

 40.0 39.78   99.45 5.67 39.57   98.94 5.74 

PMA   1.0 1.14 113.70 7.05 1.12 112.20 6.86 

 10.0 10.67 106.70 4.25 10.27 102.68 3.82 

 40.0 40.70 101.75 4.24 39.49   98.72 7.17 

MDA   1.0 1.06 105.80 8.16 1.01 101.20 7.22 

 10.0 10.18 101.81 4.47 10.08 100.76 3.00 

 40.0 40.14 100.36 3.93 39.56   98.90 4.63 

MDMA   1.0 1.09 108.70 6.16 1.05 105.00 5.97 

 10.0 9.76   97.64 7.09 9.59   95.93 4.32 

 40.0 38.97   97.44 4.33 38.30   95.75 3.59 

MDEA   1.0 0.97   97.10 4.33 0.98   98.50 5.42 

 10.0 9.43   94.33 3.88 9.74   97.38 2.57 

 40.0 37.45   93.63 3.05 37.88   94.70 5.68 

DOB   1.0 1.01 101.40 1.41 0.95   94.80 8.21 

 10.0 10.33 103.29 7.50 10.36 103.63 7.94 

 40.0 39.45   98.64 6.19 39.68   99.19 6.50 

KET   1.0 1.12 112.40 8.72 1.06 105.70 5.55 

 10.0 9.94   99.35 6.09 9.58   95.76 4.95 

 40.0 37.78   94.45 3.59 38.00   95.01 4.24 

NKT   1.0 1.03 103.10 4.32 1.01 101.10 4.93 

 10.0 9.99   99.86 5.18 10.17 101.68 7.28 

 40.0 39.60   99.01 6.37 39.63   99.08 6.35 
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Table 5. Concentration of ATSs and ketamine in positive specimens. 
 

Analyte Number of positive specimen Concentration (ng/mg) Average concentration 

   (ng/mg) 

AM 38 0.23  -  16.57 2.60 

MA 49 0.53  -108.00 12.70 

PMA 9 0.51  -  14.40 2.57 

MDA 20 0.33  -  47.93 3.47 

MDMA 34 0.19  -  91.26 10.75 

MDEA 1 0.29 - 

DOB 5 0.61  -    5.68 1.14 

KET 12 0.15  -  10.13 2.53 

NKT 3 3.94  -  11.73 7.07 

 

 

Figure 4. Chromatogram of human hair specimen containing AM and MA. 

 

4. DISCUSSION 

 

The analysis of narcotics in biological specimen 

has a great significance in identification of drug user. 

Blood and urine are the specimens of priority choice. 

However, human hair is more and more commonly used 

for drug testing due to its ease of collection, sampling 

technique is simple, storage and moving conditions are 

not special8. Hair can be used to elucidate the long intake 

history of narcotics compared with biological fluid19. 

The content of narcotics in hair is usually very low. 

Thus, it is necessary to develop an appropriate analytical 

procedure for analysis at trace level. The SPE-GC-MS 

procedure was applied for determination of narcotics 

including AM, MA, MDA, MDMA, MDEA, PMA, 

DOB, KET, and NKT due to its simplicity, practicability, 

and sensitivity. However, without derivatization, although 

KET and NKT were easily detected but ATSs were 

difficult to be detected. The derivatization converts AM, 

MA, MDA, MDMA, MDEA, PMA, DOB, KET, and 

NKT into more volatilized and stabilized compounds. 

The derivative agents may decrease the chemical pola-

rity by replacing active hydrogen with an alkyl group or 

acyl of ester, ether, and alkyl amine or acyl halogenid20. 

The appropriate derivative reagents for AM, MA, MDA, 

MDMA, MDEA, PMA, DOB, KET, and NKT are 

acylation reagent. For instance TFAA21, PFPA22, penta-

fluorobenzoyl chloride (PFBC)23, N-methyl-bis(trifluo-

roacetamide) (MBTFA)24, HFBA25, and silylation reagent 

such as N-methyl-N-t-butyldimethylsilyl trifluoroace-

tamide (MTBSTFA)26. Most of the above derivatizing 

reagents react well with ATSs, except ketamine. HFBA 

reacts well with all the analytes with derivatizing time of 

40 min at 80°C. Thus. HFBA was used in this study as 

derivatizing reagent for all the analytes of interest. 

The analytical procedure described the soaking of 

hair in a solution of 1% hydrochloric acid solution in 

methanol. This process can extract the analytes in a salt 

form. Thus, it has little effect on the degradation and 

volatility of the analytes. Solid phase extraction was 

performed on Evidex cartridge which is a combination 

of a reversed phase C18 and a cation exchanger. This is 

suitable for extraction of narcotics in biological fluids. 

Samples were cleaner after the SPE procedure. There-

https://www.sciencedirect.com/topics/chemistry/pentafluorobenzoyl-chloride
https://www.sciencedirect.com/topics/chemistry/pentafluorobenzoyl-chloride
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fore, effect of impurity and baseline noise can be mini-

mized. 

The GC-MS method for analysis of toxics requires 

a high sensitivity and precision. The results of system 

suitability parameters such as retention time and peak 

area with RSD of less than 2.0% indicated the precision 

of the instrument that can be used for routine analysis. 

The method shows its high specificity with the good peak 

shape for all the analytes. Method validation revealed 

the intra-day and inter-day accuracy of within 93.63%-

112.40% and 94.70%-110.20%, respectively. The reco-

very were within 75.18-89.30%. The LOD and LOQ for 

each of analytes were less than 0.10 and 0.32 ng/mg, 

respectively. The method is suitable for analysis of trace 

amount of AM, MA, MDA, MDMA, MDEA, PMA, 

DOB, KET, and NKT in hair. 

The method was applied for analysis of 51 real 

specimens. 49 out of 51 specimens were positive with 

MA within the range of 0.53-108.00 ng/mg whereas 38 

out of 51 specimens were positive with AM within the 

range of 0.23-16.57 ng/mg. 34 out of 51 specimens were 

positive with MDMA within the range of 0.19-91.26 

ng/mg. PMA was detected in 9 specimens whereas DOB 

was detected in 5 specimens. Only 1 specimen was posi-

tive with MDEA implying that this compound keeps the 

lowest rate on positive case among the investigated 

compounds. The number of cases using MA and MDMA 

were the highest with the average MA and MDMA con-

centration of 12.70 ng/mg and 10.75 ng/mg, respectively. 

KET was detected in 12 specimens within the range of 

0.15-10.13 ng/mg. All the specimens were concomitantly 

positive with KET and ATSs indicated that the patients 

had either used both ATSs and KET or mixture drug 

containing ATSs and KET.  

The detection of ATSs and ketamine in human hair 

suggests that hair may be the optimal specimen for 

analysis of narcotic in cases where biological fluids such 

as blood and urine cannot be obtained. 

 

5. CONCLUSION 

 

The proposed gas chromatography-mass spectro-

metric method for the determination of ATSs and 

ketamine was validated. The hair specimen was soaked 

in 1% hydrochloride acid soluiton in methanol, purified 

by SPE, and derivatized by HFBA for qualitative and 

quantitative analysis. The method was applied for 

analysis of ATSs and ketamine containing in hair of 51 

Vietnamese people suspected to be synthetic narcotic 

users. The results showed that the method was fit for 

studying on determination ATSs and ketamine in human 

hair. 

 

6. ACKNOWLEDGEMENT 

 

We would like to thank National Institute of Foren- 

sic Medicine, and Institute of Drug Quality Control Ho 

Chi Minh City, Vietnam for supporting the study. 

 

Conflict of interest 

None to declare. 

 

Funding 

None to declare. 

 

Ethics approval 

None to declare. 

 

Author contribution 

TVH developed the idea of the study. TVH, PQC per-

formed the analysis. HMH, PTTH, NDN, NDT check the 

results. NDT, HMH drafted the manuscript, revised the 

manuscript. All authors were responsible for the final 

content. 

 

Article info: 

Received September 6, 2022 

Received in revised form October 22, 2022 

Accepted November 1, 2022 

 

REFERENCES 
1. Glennon RA. Pharmacology and toxicology of amphetamine and 

related designer drugs. In: Asghar K, De Souza E, editors. NIDA 

Research Monograph 94. Rockville: US Department of Health 

and Human Services; 1989. p. 43-67. 

2. Nutt DJ, Williams TM. Ketamine an update 2000-2004. Psycho-

pharmacology Unit University of Bristol; 2004.  

3. United Nations Office on Drugs and Crime-Viet Nam Country 

Office. Amphetamine type stimulants in Vietnam: A review of 

the availability, use and implications for health and security in 

Vietnam. Support for developing effective ATS prevention strate-

gies and measures for East Asia: A pilot in Viet Nam. Ha Noi, Viet 

Nam: United Nation Office on Drugs and Crime; 2012. 

4. Nguyen VT, Scannapieco M. Drug abuse in Vietnam: A critical 

review of the literature and implications for future research. 

Addiction. 2008;103:535-43. 

5. Yew DT. Ketamin, use and abuse. New York: Taylor & Francis 

group; 2015. p. 13-64, 243-48. 

6. Daniel CR, Piraccini BM, Tosti A. The nail and hair in forensic 

science. J Am Acad Dermatol. 2004;50:258-61. 

7. Kintz P. Analytical and practical aspects of drug testing in hair. 

New York: Taylor & Francis group; 2007. p. 1-19, 163-87. 

8. Boumba VA, Ziavrou KS, Vougiouklakis T. Hair as a biological 

indicator of drug use, drug abuse or chronic exposure to environ-

mental toxicants. Int J Toxicol. 2006;25(3):143-63. 

9. Nakahara Y, Shimamine M, Takahashi K. Hair analysis for drugs 

of abuse. III. Movement and stability of methoxyphenamine (as 

a model compound of methamphetamine) along hair shaft with 

hair growth. J Anal Toxicol. 1992;16:253-7. 

10. Suwannachom N, Thananchai T, Junkuy A, O’Brien TE, Sriban-

ditmongkol P. Duration of detection of methamphetamine in hair 

after abstinence. Forensic Sci Int. 2015;254:80-6. 

11. Tabernero MJ, Felli ML, Bermejo AM, Chiarotti M. Determina-

tion of ketamine and amphetamines in hair by LC/MS/MS. Anal 

Bioanal Chem. 2009;395:2547-57. 

12. Wu YH, Lin KL, Chen SC, Chang YZ. Simultaneous quantitative 

determination of amphetamines, ketamine, opiates and metabo-

lites in human hair by gas chromatography/mass spectrometry. 

Rapid Commun Mass Spectrom. 2008;22(6):887-97. 



Pharmaceutical Sciences Asia 

 
33 

13. Meng P, Fang N, Wang M, Liu H, Chen DD. Analysis of amphe-

tamine, methamphetamine and methylenedioxy-methampheta-

mine by micellar capillary electrophoresis using cation-selective 

exhaustive injection. Electrophoresis. 2006;27:3210-17. 

14. Han E, Yang H, Seol I, Park Y, Lee B, Song JM. Segmental hair 

analysis and estimation of methamphetamine use pattern. Int J 

Legal Med. 2013;126:405-11. 

15. Han E, Yang W, Lee J, Park Y, Kim E, Lim M, et al. The 

prevalence of MDMA/MDA in both hair and urine in drug users. 

Forensic Sci Int. 2005;152:73-7. 

16. Lin DL, Yin RM, Liu RH. Gas chromatography-mass spectrometry 

(GC-MS) analysis of amphetamine, methamphetamine, 3,4-

methylenedioxy- amphetamine and 3,4-methylenedioxymetham-

phetamine in human hair and hair sections. J Food Drug Anal. 

2005;13(3):193-200. 

17. United Nations Office on Drugs and Crime. Guidelines for testing 

drugs under international control in hair, sweat and oral fluid. 

New York: United Nations Office on Drugs and Crime; 2014. 

18. Thurman EM, Mill MS. Solid phase extraction: Principle and 

practice. Anal Chem. 1998;147:1-339. 

19. Bermejo AM, Tabernero MJ. Determination of drugs of abuse in 

hair. Bioanalysis. 2012;4(17):2091-4. 

20. Foltz RL, Fentiman AF, Foltz RB. GC/MS assays for abused 

drugs in body fluids. Rockville, Maryland: National Institute on 

Drug Abuse, Division of Research; 1980. p. 150-88. 

21. Kim E, Lee J, Choi H, Han E, Park Y, Choi H, et al. Comparison 

of methamphetamine concentrations in oral fluid, urine and hair 

of twelve drug abusers using solid-phase extraction and GC-MS. 

Ann Toxicol Anal. 2008;20(3):145-53. 

22. Villamor JL, Bermejo AM, Fernandez P, Tabernero MJ. A New 

GC-MS method for the determination of five amphetamines in 

human hair. J Anal Toxicol. 2005;29(2):135-9. 

23. Chou SL, Yang MH, Ling YC, Giang YS. Gas chromatography-

isotope dilution mass spectrometry preceded by liquid-liquid 

extraction and chemical derivatization for the determination of 

ketamine and norketamine in urine. J Chromatogr B Analyt 

Technol Biomed Life Sci. 2004;799:37-50. 

24. Huanga MK, Liu C, Li JH, Huang SD. Quantitative detection of 

ketamine, norketamine, and dehydronorketamine in urine using 

chemical derivatization followed by gas chromatography-mass 

spectrometry. J Chromatogr B Analyt Technol Biomed Life Sci. 

2005;820(2):165-73. 

25. Negrusz A, Adamowicz P, Saini BK, Webster DE, Juhascik MP, 

Moore CM, et al. Detection of ketamine and norketamine in urine 

of nonhuman primates after a single dose of ketamine using 

microplate enzyme-linked immunosorbent assay (ELISA) and 

NCI-GC-MS. J Anal Toxicol. 2005;29(3):163-8. 

26. Melgar R, Kelly RC. A novel GC/MS derivatization method for 

amphetamines. J Anal Toxicol. 1993;17(7):399-402. 

 


