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Diphenylamine  internal standard  GC-FID  

retention time  3.5 , 4.4  11.5 

 0.1-0.8  mg/ml   (r
2
)  0.998  

 (LOD)  0.0264 mg/ml   (LOQ)  0.0642  

mg/ml  (intra - day) 

 (%RSD)  0.3014 %  

 0, 15, 30, 45, 60, 75, 90 105

GC-FID  strip test (JSP METH  STRIP)  

 0 - 60  GC-FID  0 -15  strip 

test   30  GC-FID

 1  GC-
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50312333 : MAJOR : FORENSIC SCIENCE 
KEY WORDS :  METHAMPHETAMINE/SALIVA/GC-FID 
 SUCHANYA  POOLSUK : DETERMINATION OF METHAMPHETAMINE SALIVA BY 
GC - FID. THESIS ADVISORS : SUPACHAI SUPALUKNARI, Ph.D. AND SIRIRAT 
CHOOSAKOONKRIANG, Ph.D.  42 pp. 

 The determination of methamphetamine in a sample of saliva using gas 
chromatography with a flame ionization detector (GC-FID) can provide a confirmed result of 
drug usage. The chromatogram from GC-FID analysis of a standard mixture of amphetamine, 
methamphetamine and internal standard, diphenylamine displayed well separated peaks at 
retention times of 3.5, 4.4 and 11.5 min respectively. For the standard solutions of 
methamphetamine, a linearity of the calibration curve was obtained over the 0.1- 0.8 mg/ml 
concentration range with a correlation coefficient (r

2
) of 0.998. The limit of detection (LOD) 

was 0.0264 mg/ml while the limit of quantification (LOQ) was 0.0642 mg/ml. The intra-day 
precision was also examined giving the calculated relative standard deviation (%RSD) of 
0.3014 %. The saliva samples collected at 0, 15, 30, 45, 60, 75, 90 and 105 min after drug 
usage were analysed by the method of GC-FID and strip test (JSP METH STRIP).  It was 
found that the amounts of methamphetamine can be determined from the samples collected 
within the time range of 0-60 min by the GC-FID analysis while the strip test gave positive 
results for the samples collected at the basal time and 15 min. Thirty samples collected from 
drug abusers were analysed by the GC-FID technique. Only one sample can be analysed for 
the methamphetamine by the GC-FID method. The results thus suggested that the GC-FID 
analysis of methamphetamine in the saliva sample may be applicable only to the sample 
collected at the early stage of drug usage, that is within one hour after drug administration. 
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 1 

1.

 Amphetamines 

Amphetamines  Methamphetamines  Methylenedioxy (

)

 Amphetamine  Amphetamine 

2  caffeine, ephedrine 

 methamphetamine hydrochloride 

methamphetamine  ephedrine  caffeine 

Methamphetamine (MA) 

 Methamphetamine 

 ( thin-layer 

chromatography) /  (GC/MS) 



2

 (False Positive) 

 Methamphetamine  1 -

,

2.

Amphetamine  2 

 (screening test)  (specific test) 

 (sensitivity) 

 (specificity) 

 color test

 MA  3,000 ng  1 ml  MA 

 2 

 (confirmation test) 

 screening test 
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 1 Amphetamine

 : , [ ].  19  2553 

http://www.sirirajmedj.com/content_table.php?journal_id=8

 - 
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45

 MA 

 MA 

2.

2.1  MA  Gas Chromatography-flame 

ionization detector (GC-FID)

2.2  MA  Gas Chromatography-flame 

ionization detector  (GC-FID) 

3.

3.1  MA 

3.2  MA 

4.

4.1  MA 

Internal Standardization Method 

4.2  15, 30, 

45, 60, 75, 90, 105  120 

5.

 MA 

 Gas Chromatography-flame ionization detector (GC-FID) 
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 2 

1.

1.1

 “ ”

(World Health Organization or WHO) 

1.1.1

1.1.2

1.2

1.2.1  (central nervous system) 

1.2.1.1

 (higher doses) 

1.2.1.2

 (small doses) 

1.2.1.3

1.2.1.4  ( )
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1.2.2  2 

1.2.2.1

1.2.2.2

2.  (Amphetamine) 

2.1

 0.5 – 0.7 

 0.2 – 0.3 

 Methamphetamine Hydrochloride 

 Methamphetamine  95.5 

 335  (  2540 : 73-80) 

Methamphetamine  17.2 + 5.1  caffeine 

 91  67.5  caffeine  45-60 

 ephedrine  3 

386  1.1, 1.5  2.3  (

 2540 : 81-87) 

 (overdoes) 

 Methamphetamine (MA) 

 200  10 
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 2  sympathomimetic amines 

 : A. Dasgupta. “Interpretation of Amphetamines Screening and Confirmation testing.”

Handbook of Drug Monitoring Methods(2008)

 Methamphetamine hydrochloride 

 methamphetamine  ephedrine  caffeine 

amphetamine, methamphetamine, ephedrine  pseudoephedrine 

 phenyl amine  side chain  methamphetamine 

ephedrine  hydroxy  ephedrine  methamphetamine 

 (  2)  ephedrine  (precursor) 

methamphetamine  methamphetamine  2 isomers D-methamphetamine L-

enantiomer D-methamphetamine
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 3  ephedrine  methamphetamine 

 :   ,[ ]  22  2553 

http://www2.ra.mahidol.ac.th/poisoncenter/bulletin/bul97/v5n2/Amphetamine.html

Methamphetamine  Amphetamine 

 1 . . 2522 

 (

2543) Methamphetamine  Amphetamine 

-  (Moore, 2003) 

2.2

 (psychosis) 

2.3
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2.4

 1 

 3-5 

 15-30 

 30 

 8-24  1 

 MA 

2.5

 MA 

 1  70% 

 1  90% 

 3-4 

 MA 

3.

 2 

3.1  (Screening Test)

 2 

3.1.1. Color Test ( )

 color test 

 Pseudoephedrine, Phenylpropanolamine, 

 Phentermine,  Ranitidine, Cimetidine, 

 Quinine  Chloroquine  Amineptin, Mitryptyline 
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3.1.1.1

3.1.1.2

 (  1 ml) 

3.1.1.3  5 - 10 

3.1.1.4

3.1.1.5

 5    

3.1.1.6

 =  /  / 

 Methamphetamine ( )  = -

   

 2 

 5- 10 % 
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3.1.2 Immunoassay Test Kit 

color test 

 color test 

Methamphetamine  1 ,0 0 0  ng/ml 

Methamphetamine  (drug-protein conjugate) Methamphetamine

 Methamphetamine 

 drug-protein conjugate 

“T” Methamphetamine  (antibody-dye conjugate) 

Methamphetamine

 4  strip test 

: , [ ]  23  2553 

http://businesschat.reocities.com/HotSprings/oasis/6080/drugabus.htm

(Sensitivity)  (Specificity) 

1.

 Gas Chromatography (GC)/Mass 

Spectrophotometry (MS)

2.

3.
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4.

 1,000 / .

3.2  (Confirmation Test)

 TLC (Thin – Layer 

Chromatography)  GC (Gas Chromatography)

 ( / )

 ( / )

 (  2) 
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 2 

( )

0-4

4-6

2-7

2

6-18

1-4

2

5-7

2-4

2-7

12-24

7-10

2-4

2-3

 1-10 

 30 

2-3

2-4

3-8

3

 2 

1  - 2 

4.

 1  7-8 

 24  3 
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4.1

4.2

 Gas 

Chromatography/Mass Spectrometry (GC/MS) 

4.3  Methamphetamine  GC/MS

4.4 Amphetamine, Methamphetamine, Metthylenedioxy 

methamphetamine ( )  Solid Phase Microextraction 

GC/MS

 20-30 

 (Euphoria) 

 1 

 2 
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 5 

 : A. Dasgupta Humana, “Hair Oral Fluid Sweat and Meconium testing for drug of abuse”, 

Handbook of Drug Monitoring Methods ,2008 . 

5. Gas Chromatography (GC) 

5.1  Gas Chromatography (GC) 

Gas Chromatography (GC)  polarity 

 carrier gas  mobile phase  nonvolatile liquid  solid 

 stationary phase  GC  partition  adsorption 

 5  sensitivity  stationary phase  active solid 

 Gas Solid Chromatography (GSC)  stationary phase  liquid 

 inert granular solid support  Gas Liquid Chromatography (GLC) 

 gas chromatography 

retention time 
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5.1.1 Gas Solid Chromatography (GSC)

 adsorption  stationary phase 

 active solids (adsorptive particles)  molecular sieves  porous 

polymers, silica gel, alumina  activated carbon 

5.1.2 Gas Liquid Chromatography (GLC)

 partition 

 mobile phase 

(carrier gas)  stationary phase  inert solid support 

Solid support Carrier gas

5.1.2.1  Solid support

5.1.2.1.1 Inert  large surface area, regular shape  uniform size 

5.1.2.1.2 Solid support  celite  glass beads 

5.1.2.2.  Carrier gas

5.1.2.1.1 Inert  stationary phase                          

5.1.2.1.2

5.1.2.1.3

Solvent  ether, heptane  methanol 

 injection port 

5.1.3  gas 

5.1.3.1  volatile component  inert 

 stationary phase 

5.1.3.2  separated component  detector 

5.2  GC 

 3 

5.2.1 Injector

Column  Injector 

 Injector  Split , Splitless , On column
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5.2.2 Oven

 Column  Column

 Oven 

2

5.2.2.1 Isocratic Temperature 

5.2.2.2 Gradient Temperature 

5.2.3 Detector

( )

 2 

 15 
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 6  Gas Chromatography

 :  alcohol Gas Chromatography [ ],

 22  2553.  http://www.LAB_TODAY.GC.htm

6.

6.1 Retention time

 peak  retention time 

 column  retention time 

 retention time 

 (unknown)  peak 

 peak 
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 7 Chromatogram  retention time 

 8  GC 

: Chromatography [Online], Accessed 23 March 2553. Available from http://www.chromatography-

online.org.
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 9 Detector  Flame Ionization Detector (FID) 

: Gas Chromatography [Online], Accessed 22 March 2553. Available from 

http://teaching.shu.ac.uk/hwb/chemistry/tutorials/chrom/gaschrm.htm
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 10  Shimadzu 

GC-   17A 
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6.2

 column overloaded  peak

retention time 

6.3

 retention time 

packing

7.  Internal standard method 

 Internal standardization method 

 internal standard  internal 

standard  (

, 2547) 

7.1

7.2

7.3  peak  peak  peak 

 peak 

7.4

 peak (ratio peak area) 

 peak =  peak 

 peak  internal standard

 peak 

 calibration curve 
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8.

 (Jirovsky et al., 1998)

 Methamphetamine  mass 

fragmentography

 (S.Suzuki .et al.,1989) 

 oral fluid 

 (N.Samyn .et al., 2002) 

 GC, HPLC, GC-MS, LC-MS/MS (Kikura and 

Nakahara, 1995 ; Sato and Mitsui, 1997 ; Okajima et al., 2001 ; Nishida et al., 2002)

 MA  Amphetamine  oral fluid 590 

 200  MA

 0.25 -2  14.5-33.8 g/L  2-12  26.2-

44.3 g/L  oral fluid  0.08 – 2  24.7-312.2 g/L

 solid phase extraction  GC-MS 

 15 

 5, 10, 15, 30, 45, 60, 75, 90  105  2, 4, 8  11.5 

(RAF J.F. Schepers. et  al., 2003) 

 Amphetamine  6 

 GC-FID  diphenylamine  internal standard 

 TLC, IR, HPLC (Blagoj Mi trevski 2005) 

 MA  THC  1000 ng/ml  4000 ng/ml 

 oral fluid   ( M.A. 

Huestis .et al.,2004)   Delta 9 –tetrahydrocananinol  oral 

fluid  (O.H.Drummer .et  

al., 2005) 

 oral fluid 
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 LC-MS 

 (Olaf Drummer 2006) 

  oral fluid 

 oral fluid 

GC/MS  LC/MS  screening 

oral fluid  GC/MS  LC/MS(/MS) 

 ratio  oral fluid 

(Lillsunde 2009) 

 amphetamine (AM), methamphetamine(MAM), MDA, MDMA 

 ultrasonic liquid phase chromatography  LOD  0.1 g/ml

 80-120%  body fluid  (Huaxue 

Tongbao 2009) 

 morphine  methamphetamine 

 colloidal gold-based  immunochromatography 

strip test  (Chen,Guiyong 2009) 

 amphetamine(AM), methamphetamine(MAM), 

MDA, MDMA  gas chromatography/selected ion monitoring-mass 

spectrometry  spike  RSD 15% , 

LOD 0.05 g/ml  80-115% 

 amphetamine  body fluid  (Wang, Yan-yan.et al.,2009) 

 MA 

 amphetamine oral fluid  11  oral fluid 

 swab  screening 

Fluorescence Polarization Immunoassay  MA  AM 

GC-MS(Kim,Eunmi.et al.,2009) 

 (sensitivity)  (specificity) 

 (accuracy) 

 Gas Chromatography - Flame Ionization (GC-FID)  enzyme alcohol 
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dehydrogenase ( )

 24 

 GC-FID  95.71%  100% 

 75.83 %  GC- FID 

 88.57%  12.50% 

 54.17% 

 Methamphetamine 

 Gas Chromatography - FID 
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3

1.

Gas-chromatography (GC) Shimadzu (GC-17A)

Column HP-5 (30m x0.25mm i.d.; 5% diphenyl/95% dimethyl 

polysiloxane)

Syringes EXMS , Japan (10 l)

Ultrasonic Elma (transonic Digitals) 

Strip JSP METH  STRIP 

Methanol BHD

 Amphetamine 

Hydrochloride (AP) 99.9% 

Sigma

Methamphetamine

Hydrochloride (MA) 99.9% 

Sigma

Diphenylamine (internal 

standard)

Fluka

Autopipette  200 ul gilson
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2.

 Amphetamine, Methamphetamine  Diphenylamine 

2.1

2.1.1  Amphetamine 0.08 mg/ml  Amphetamine        

0.08 mg  methanol  1 ml  methanol 

2.1.2  Methamphetamine (MA) 1 mg/ml 

Methamphetamine25 mg  methanol  25 ml  methanol

2.1.3 Diphenylamine (DFA) 1 mg/ml 

DFA 50 mg  methanol  50 ml  methanol

2.1.4  MA  DFA  Internal 

Standard (IS)  MA 0.1, 0.2, 0.4, 0.6  0.8 mg/ml 

 Stock Solution  0.5 ml, 1 ml, 2 ml, 3 ml  4 ml 

 DFA  Stock Solution  1 ml 

 5 ml  methanol .....  Calibration curve 

 3 

 3  MA  Calibration curve 

MA (mg/ml) 

 MA 

 1 mg/ml (ml) 

 DFA 

 1 mg/ml (ml) Methanol (ml) 

0.1 0.5 1 3.5

0.2 1 1 3

0.4 2 1 2

0.6 3 1 1

0.8 4 1 -
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2.2

Amphetamine,  Methamphetamine  Diphenylamine  GC-FID

Column            : HP-5 (30m x 0.25mm i.d.; 5% diphenyl/95% dimethyl  

polysiloxane)                 

Temperature program    :  120 °C  4 min 

 20 °C /min  250 °C 

 5 min 

Injector temperature       : 200 °C 

Detector temperature      : 300 °C 

Carrier gas             : He 

Flow rate                    : 1.6 ml/min 

Column pressure        : 150 kpa 

Split ratio (1:X)              :  50: 1.0 l

2.3  LOD  LOQ

 MA 

 7  area  peak  SD 

 LOD  LOQ 

LOD  =  3*SD 

LOQ  = 10*SD 

2.4  (precision)  (intra- day)

 MA  0.03 mg/ml 

Methanol  7 

2.5

2.5.1

2.5.1.1  1  foil 

 foil 

2.5.1.2  1 

2.5.2
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2.5.2.1  1 

 falcon tube  1 ml  0, 15, 30, 45, 60, 75, 90, 105 

120  (  2 )

2.5.2.2  strip test 

2.5.2.3  Dry Nitrogen 

 Methanol  30 l  sonicate  5 

2.5.2.4

GC-FID

2.5.3.  strip test 

2.5.3.1  1  0, 30, 60, 

90 120

2.5.3.2  strip test 

2.5.3.3  1 ml 

2.5.2.3  GC-FID 

2.5.4

2.5.4.1

 30  17  13 

 ( )  falcon tube  1 ml 

 falcon tube  -20 °C 

2.5.4.2

 2.5.2.3
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 falcon tube  1 

strip test  Dry Nitrogen 

 Methanol  30 l

 11 

3.  strip test 

3.1  (meth strip) 

11

3.2

 5- 10  (  strip 

)

3.3

3.4  12 
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 12  (Rapid test for screening of 

methamphetamine)

 13  strip test 
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4.

4.1  (confirmation test) 

 GC-FID 

4.2  MA 

 LOD  LOQ 

4.3

4.4

 screening  strip test 

 GC-FID 



4

1.  (Specificity) 

 Amphetamine  Methamphetamine (MA)  1 mg/ml 

 Methanol  Diphenylamine (DPA)  internal standard 

 GC – FID  13 

 Amphetamine  Methamphetamine (MA) 

Diphenylamine  retention time  4  Resolution (R) 

4.28

14 Chromatogram  Amphetamine, Methamphetamine 

Diphenylamine (Internal standard) 

33
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 4  Retention Time 

Retention Time (mins) 

Amphetamine 3.51

Methamphetamine 4.43

Diphenylamine 11.63

2.  MA 

 MA  0.1, 0.2, 0.4, 0.6  0.8 mg/ml 

 3  plot  peak 

MA  peak  DFA  MA  5 

 plot  peak area  MA (mg/ml)

 14  (r
2
)  0.998 

 y = 3.377x – 0.086 

 5  peak  MA  DFA 

(IS)  MA 

 MA  DFA (IS) 

MA(mg/ml)

1  2  3 SD

0.1 0.2647  0.2482 0.2444 0.2524 0.0108

0.2 0.5482 0.5497 0.5876 0.5618 0.0223

0.4 1.2652 1.2925 1.2538 1.2704 0.0198

0.6 1.9434 2.0738 2.0037 2.0069 0.0652

0.8 2.5227 2.5587 2.6262 2.5692 0.0526
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 15 MA

DFA  MA (mg/ml) 

 spike sample blank  blank 

 7  SD  LOD  LOQ 

LOD = 3 (SD) 

LOQ = 10(SD) 

 LOD  0.00307 

 Calibration curve of std. Methamphetamine  LOD  LOQ 

0.0264 mg/ml  0.0642 mg/ml 

  MA  0.03 mg/ml  Methanol 

 7  retention time  MA  SD 

 6  Retention time  4.347  Relative Standard 

Deviation (%RSD)  0.3014  RSD 
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 6 Retention time  Methamphetamine  0.03 mg/ml 

 Retention time 

Methamphetamine  0.03 mg/ml 

1 4.355

2 4.359

3 4.347

4 4.347

5 4.321

6 4.342

7 4.358

Average 4.347

SD 0.0131

% RSD 0.3014

3.  MA 

 25 – 30 

 1 

 0, 15, 30, 45, 60, 75, 90, 105  120  30, 60  90 

 strip test  GC-FID 

 7

  MA  MA 

 0 – 60  MA  1.439 – 

0.035 mg/ml  15  16
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 7  MA  strip 

 GC-FID

( )

strip GC-FID

 strip 

GC-FID

0 + +

15 * * + +

30 +

45 * * +

60 +

75 * *

90 + +

+

*
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 16 chromatogram  0 
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 17 chromatogram  60 

 30 

 17  13 

 1 ml  MA  GC-FID 
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 1  peak 

MA  retention time  17

 18 Chromatogram  40B 
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5

 Amphetamine  Methamphetamine 

(MA)  GC – FID 

(specificity)  chromatogram  Amphetamine 

Methamphetamine  DFA  internal standard 

resolution (R)  Amphetamine  MA  4.28 

 MA 

 GC-FID  (r
2
)  0.998 

 y = 3.377x – 0.086  

GC-FID  Methamphetamine  0.03 mg/ml 

Methanol  7 

 Retention time  4.347  Relative Standard Deviation (%RSD)  0.3014 

 %RSD  1 – 2 % (SOFT/AAFS Forensic Laboratory Guidelines – 2006)  

 MA  1 

 0-120  MA  0 – 60 

 strip test  strip test 

0-15  30, 60  90 

strip test  90 

GC-FID  MA  strip test  strip test

 MA  30, 45  60  GC-FID 

 cut off   strip test  1,000 ng 
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  30  MA  1 

 retention time  4.3  MA 

 1  GC-FID 

 9.00  1  ( )

 17.00 

 5 

 1  2  

 MA  GC-FID  MA 

 MA 

 1 

 GC-FID 

1.

                   2.

 MA 

                   3.  MA 
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 19  0   strip test (  1) 

 20  15  strip test (  1) 
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 21  30  strip test (  1) 

 22   90  strip test (  1) 
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23 Chromatogram  0 



50

 24 Chromatogram  15 



51

 25 Chromatogram  30 



52

 26 Chromatogram  45 



53

 27 Chromatogram  60 



54

 28 Chromatogram  75 
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 29 Chromatogram  0  (  2) 
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 30 Chromatogram  75  (  2) 



57

 8 

 ( / ) ( ) ( )

1B 19 1 .

2B 21 0.5 .

3B 21 1 .

4B 28 0.5 .

5B 29 1 .

6B 29 2 .

7B 31 1 .

8B 20 1 .

9B 24 2 .

10B 15 2 .

11B 21 2 .

12B 31 1 .

26B 21 1 .

27B 27 2 .

28B 19 1 .

29B 22 1 .

39B 33 0.5 .

40B 26 1 .

42B 30 2 .

43B 30 1 .

44B 19 2 .

45B 18 0.5 .

46B 52 1 .

47B 37 0.5 .

49B 24 2 .

50B 38 1 .

51B 45 1 .

52B 26 1 .

53B 21 1 .
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