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Abstract                                                                       

 
This paper describes a gas chromatography-mass spectrophotometry (GC-MS) 

method with selected-ion monitoring (SIM ) for the measurement of urine 

cocaine levels. Cocaine and codeine (internal standard, IS) were extracted 

from human urine with a mixture of diethylether and ethylacetate at basic pH 

with liquid-liquid extraction. Calibration curve was linear over the 

concentration range 50-2000 ng mL-1. Intra- and inter-day precision values 

for cocaine in human urine were less than 6.9, and accuracy (relative error) 

was better than 6.8%. The analytical recovery of cocaine from human urine 

averaged 92.9%. The limits of detection (LOD) and quantification (LOQ) of 

cocaine were 15 and 50 ng mL-1, respectively. Stability studies showed that 

cocaine were stable in human urine after 8 h incubation at room temperature 

or after 1 week storage at -20 0C with three freze-thaw cycles.  

Introduction 

Cocaine (Figure 1) is one of the most abused controlled dangerous substance 

drugs after amobarbital, secobarbital and methadone. 

Cocaine is a highly active stimulant, and few programs report significant 

numbers of cocaine-positive urine specimens because cocaine undergoes 

extensive biotransformation leaving minimal quantities of the parent drug 

present [1,2]. 

According the National Institute on Drug Abuse at the National Institutes of 

Health, a 1996 study showed that ‘‘crack’’ cocaine continues to dominatethe 

nation’s illicit drug problem [3]. In 1996, 1.75 million people were using 

cocaine, in both the acid and base form, in the United States. Cocaine 

undergoes reaction in the body forming a number of major metabolites such as 

benzoylecgonine and ecgonine methyl ester [4,5] that are then excreted in the 

urine, sweat, saliva and faeces. When cocaine is ingested with alcohol, 

another metabolite, cocaethylene, is produced in the liver causing intensified 

euphoric effects [6]. 

Cocaine and its metabolites can be measured by several analytical techniques 

including immunoassay [7], HPLC [8-12], gas chromatography [13-16], and 

GC-MS [17-23]. Generally, these methods focus on the determination of 

cocaine, benzoylecgonine or ecgonine methyl ester. 
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Immunoassay technique is not always specific. Because it 

can detect both of the free and conjugated cocaine. 

HPLC coupled with an UV detector has been widely 

adopted to determine cocaine levels in biological 

samples, but normally needs postcolumn derivatization 

to increase its sensitivity during analysis. The retention 

times used for identification in HPLC are also not very 

reproducible. Mass spectrometry offers the structural 

information of cocaine and high sensitivity, as well as 

specificity in detection. Therefore, GC-MS provides an 

alternative method for cocaine analysis.  

Solid-phase extraction systems have been reported for 

the rapid and efficient removal of numerous cocaine and 

metabolites [24]. The ability of these copolymeric 

bonded phase columns to extract both basic and 

aniphoteric cocaine metabolites allows the design of an 

assay for the simultaneous determination of multiple 

metabolites of cocaine. These methods are also the most 

comprehensive method which can extract cocaine in a 

single extraction procedure. 

On extensive survey of literature, no liquid-liquid phase 

extraction method is reported till date for determination 

of cocaine by GC-MS in human urine. Therefore, in this 

study,  liquid-liquid phase extraction system has been 

used. Then, we report a GC-MS with SIM method for 

determination of cocaine in human urine using internal 

standard methodology. The developed method was 

validated by using linearity, stability, precision, accuracy 

and sensitivity parameters according to International 

Conference on Harmonization (ICH) guidelines [25]. The 

advantages of present method include simple and single 

step extraction procedure using inexpensive chemicals 

and short run time.  

Material and Methods 

1. Chemicals and reagents 

Cocaine and codeine as İnternal Standard (IS) were 

obtained from Criminal Police Laboratory (Erzurum, 

Turkey). Butyl chloride, diethylether, ethylacetate, 

hexane, dichloromethane, acetonitrile and butanol were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). 

2. GC-MS system 

Chromatographic analysis was carried out on an Agilent 

6890N gas chromatography system equipped with 

5973 series mass selective detector, 7673 series 

autosampler and chemstation (Agilent Technologies, Palo 

Alto, CA). HP-5 MS  column with 0.25 μm film thickness 

(30 m × 0.25 mm I.D., USA) was used for separation. 

Splitless injection was used and the carrier gas was 

helium at a flow rate of 1 mL min-1. The injector and 

detector temperatures were 250 0C. The MS detector 

parameters were transfer line temperature 290 0

3. Preparation of stock and standard solutions 

The stock standard solutions of cocaine and IS were 

prepared with acetonitrile to a concentration of 5000 

ng mL

C, 

solvent delay 3 min and electron energy 70 eV. 

-1 and stored at -20 °C under refrigeration. 

Standard solutions at 50, 200, 400, 800, 1200, 1600 

and 2000 ng mL-1 concentrations of cocaine were 

prepared by diluting with acetonitrile appropriate 

volumes of stock solution. Preparation of urine working 

solutions; a suitable amount of standard cocaine solutions 

together with 500 ng mL-1 IS was spiked in 1.0 mL urine 

and then extracted with liquid-liquid extraction method. 

The quality control (QC) solutions were prepared by 

adding aliquots of standard working solution of cocaine 

to a final concentrations of 150, 1000 and 1750 ng mL-

1, 0.1 mL of IS (500 ng mL-1) and 1.0 mL urine blank. 

4. Extraction procedure  

A 1.0 mL blank urine sample was transferred to a 12 mL 

centrifuge tube together with 0.1 mL IS solution (500 ng 

mL-1

The peak-area ratios (cocaine to IS) were determined in 

triplicate. The calibration curves were obtained by a 

) and 0.5 mL 1 M sodium hydroxide solution. After 

vortex mixing for 5 second, 4 mL of diethylether and 

ethylacetate was added (3:1, v/v), the mixture was 

vortexed for 30 second and then centrifuged at 3000 x 

g for 3 min. The organic layer was transferred into 

another tube and evaporated to dryness at room 

temperature under nitrogen gas. The dry residue was 

dissolved in 1 mL of acetonitrile. Then 1 μL of aliquot 

was injected into the GC-MS system. The mass spectra of 

the cocaine and IS are shown in Figure 2.  

5. Method validation 
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least-squares linear fitting of the peak area ratios 

versus the amounts of cocaine. Intra- and inter-run 

precision were assessed from the results of QCs. The 

mean values and RSD for QCs at three concentration 

levels were calculated over six validation runs. These 

values were then used to calculate the intra- and inter-

run precision (RSD) by a one-way analysis of variance. 

The accuracy of the method was determined by 

calculating the percentage deviation observed in the 

analysis of QCs and expressed as the relative error 

(RE). The precision and accuracy of each QC value 

should not exceed a deviation of 15%, except for the 

QC samples for the limit of quantification (LOQ) where 

20% was acceptable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Linearity of cocaine in human urine. 
 

Linearity (ng mL-1) 50-2000 

Regression Equationa y=0.0025x+0.2624 

Standard Deviation of Slope 3.87x10-4 

Standard Deviation of Intercept 4.85x10-3 

Correlation Coefficient 0.998 

Standard Deviation of Correlation 

Coefficient 
2.43x10-4 

Limit of Detection (ng mL-1) 15 

Limit of Quantification (ng mL-1) 50 
        

   aBased on three calibration curves, y: peak-area ratio, x: cocaine 
concentration (ng mL-1) 
 

 

  Figure 1: Structural formula of cocaine (A) and codeine (IS) (B). 

 

 

Figure 2: MS spectra of cocaine (A) and codeine (IS) (B). 
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Results and Discussion 

1. Method development and optimization 

The method development for the assay of cocaine was 

based on their chemical properties. In this study, the 

capillary column coated with 5% phenyl, 95% 

dimethylpolysiloxane is a good choice for separation of 

these analytes since they elute as symmetrical peaks at 

a wide range of concentrations. Different temperature 

programs were investigated for GC oven. The end of 

this investigation, the best temperature program was 

selected for a good separation. The temperature 

programs of the GC oven were as follows: initial 

temperature 150 0C, held for 1 min, increased to 

220 0C at 20 0C min-1 held for 1 min, and finally to 

300 0C at 10 0C min-1

2. Linearity: Calibration curve in human urine was 

constructed by spiking seven different concentrations of 

cocaine. The chromatographic responses were found to 

be linear over an analytical range of 50-2000 ng mL-1. 

The equation of the calibration curve obtained from 

seven points was y=0.0025x+0.2624 with a correlation 

coefficient (r= 0.998). The linear regression equation 

was calculated by the least squares method using 

Microsoft Excel® program and summarized in 

 with a final hold of 1 min. The 

splitless injection mode was chosen. Additionally, 

preliminary precision and linearity studies performed 

during the development of the method showed that the 

1 µL injection volume was reproducible and the peak 

response was significant at the analytical concentration 

chosen.  

2. Validation of the method 

2.1. Specificity: The specificity criterion tries to 

demonstrate that the result of the method is not affected 

by the presence of interferences [26]. The specificity of 

method was determined by checking the chromatograms 

obtained from blank urine samples, and no endogenous 

interferences were encountered (Figure 3). The fragment 

ions (m/z 182 and 299) were used for quantitation of 

cocaine and IS at SIM mode. The retention time of 

cocaine and IS in human urine was approximately 9.3 

and 10.9 min with good peak shape. 

 

 

 

 

 

 

 

 

 

 

Table 1. 

2.3. Precision and accuracy: The precision and 

accuracy of the method were examined by adding 

known amounts of cocaine to blank human urine. For 

intra-day precision and accuracy, six replicate QC 

samples at each concentration were assayed on the 

same day. The inter-day precision and accuracy were 

evaluated on three different days. The intra- and inter-

day precisions of the QC samples were satisfactory with 

RSD less than 6.9% and accuracy with RE within ± 6.8% 

(should be less than 15 according to ICH guidance) [25]. 

2.4. Sensitivity: The sensitivity was evaluated by the 

limit of quantification (LOQ), the lowest concentration of 

the urine spiked with cocaine in the calibration curve. The 

limit of detection (LOD) was determined as the lowest 

concentration, which gives a signal-to-noise ratio of 3 for 

cocain. Under the experimental conditions, the LOQ 

value was 50 ng mL-1. Also, the LOD value was 15 ng 

mL-1

2.5. Recovery: Recovery was performed to verify the 

effectiveness of the extraction step and the accuracy of 

the proposed method. The liquid-liquid extraction was 

used for the sample preparation in this work. Several 

solvents (butyl chloride, diethylether, ethylacetate, 

hexane, dichloromethane, acetonitrile and butanol) were 

. 

 
Figure 3: Representative chromatogram of the human urine spiked with cocaine (1000 ng mL-1) and IS (500 ng mL-1) 
 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGX-4N4YMJ5-2&_user=610102&_coverDate=05%2F09%2F2007&_alid=841552765&_rdoc=1&_fmt=full&_orig=search&_cdi=5266&_sort=d&_docanchor=&view=c&_ct=1&_acct=C000031788&_version=1&_urlVersion=0&_userid=610102&md5=3526d84cbfd8da6bebca7b6ed90d1abe#tbl2�
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tested for the extraction. Finally, diethylether and 

ethylacetate mixture (3:1, v/v) proved to be the most 

efficient in extracting cocaine from human urine. After 

extraction procedure, the dry residue was dissolved in 

1.0 mL of acetonitrile. The mixture was vigorously 

shaken and then delayed at room temperature for 10 

min. Spiked plasma samples were prepared in three 

time at all levels (50, 200, 400, 800, 1200, 1600 and 

2000 ng mL-1) of the calibration graph of cocaine. The 

recovery of cocaine was determined by comparing the 

ratio of the amount of cocaine and IS measured after 

analysis of spiked urine samples with those found after 

direct injection of standard solutions at the same 

concentration levels. The mean extraction recovery of 

cocaine in human urine was 92.9%. The mean relative 

recovery for IS at 500 ng mL-1

2.7. Stability: The stability of cocaine in human urine 

was assessed by analyzing low and high concentration 

level samples after storage for different times and 

temperatures. The short-term temperature stability was 

assessed by analyzing three aliquots of each of the low 

and high concentration samples (200 and 2000 ng mL) 

at room temperature for 8 h. Freze-thaw stability   (-

20 0C in urine) was checked through three cycles. 

Samples were stored at -20 0C for 24 h and then 

thawed unassisted at room temperature. When 

completed thawed, samples were refrozen for 24 h. 

Samples were analyzed after three freze-thaw cycles. 

The long-term stability was assessed after storage at -

20 0C for 1 week. No significant degradation of 

cocaine was observed under the tested conditions. 

Conclusion 

In the present work, a simple and sensitive GC-MS 

method has been developed for the determination of 

cocaine in human urine. Also, the method was completely 

validated by using sensitivity, stability, specificity, 

linearity, accuracy and precision parameters for 

determination of cocaine in human urine. The method 

was found to be linear over an analytical range of 50-

2000 ng mL

 was 95.2% (n = 3).  

2.6. Matrix effect: The matrix effect was defined as the 

direct or indirect alteration or interference in response 

due to the presence of unintended analytes or other 

interfering substances in the sample [27]. The matrix 

effect of cocaine was investigated by comparing amount 

of cocaine solutions with processed blank samples 

reconstituted with cocaine solutions. The blank urines 

used in this study were from three different batches of 

human blank urine. If the ratio <85% or >115%, a 

matrix effect was implied. The relative matrix effect of 

cocaine at three different concentrations (200, 1000 

and 2000 ng mL) was less than ± 10.8%. The results 

showed that there was no matrix effect of the analytes 

observed from the matrix of urine in this study. 

-1

1. 

. Also, the extraction procedure in this 

study was simple. No significant interferences and matrix 

effect caused by endogenous compounds were 

observed. To our knowledge, this is the first liquid liquid 

extraction description of cocaine in human urine by GC-

MS method in the literature. This is important for forensic 

purposes. Because this procedure allows to detect 

cocaine after ingesting an overdose of the drug. 

Acknowledgements 

This study was supported by a Grant from Ataturk 

University Research Foundation (Project no: 2010/111). 

Also, the author would like to thank Erzurum Criminal 

Police Laboratory for GC-MS system. 

References 

Araos P, Vergara-Moragues E, Pedraz M, 

Pavón FJ, Campos Cloute R, et al. (2014). 

Psychopathological comorbidity in cocaine users in 

outpatient treatment. Adicciones 26: 15-26. 

2. Burliński PJ, Rychlik A, Całka J. (2014). Effects 

of inflammation and axotomy on expression of 

acetylcholine transferase and nitric oxide synthetase 

within the cocaine- and amphetamine-regulated 

transcript-immunoreactive neurons of the porcine 

descending colon. J. Comp. Pathol. 150: 287-296. 

3. National Institute on Drug Abuse, National 

Institutes of Health, (2005). Bethesda, Maryland. 

4. Ambre JJ, Ruo TI, Smith GL, Backes D, Smith 

CM. (1982). Ecgonine methyl ester, a major metabolite 

of cocaine. J. Anal. Toxicol. 6: 26-29. 

5. Liu RH, Gadzala DE. (1999). Handbook of 

Drug Analysis, Applications on Forensic and Clinical 

https://www.ncbi.nlm.nih.gov/pubmed/24652395�
https://www.ncbi.nlm.nih.gov/pubmed/24652395�
https://www.ncbi.nlm.nih.gov/pubmed/24652395�
https://www.ncbi.nlm.nih.gov/pubmed/24652395�
https://www.ncbi.nlm.nih.gov/pubmed/24650891�
https://www.ncbi.nlm.nih.gov/pubmed/24650891�
https://www.ncbi.nlm.nih.gov/pubmed/24650891�
https://www.ncbi.nlm.nih.gov/pubmed/24650891�
https://www.ncbi.nlm.nih.gov/pubmed/24650891�
https://www.ncbi.nlm.nih.gov/pubmed/24650891�
https://www.nih.gov/about-nih/what-we-do/nih-almanac/national-institute-drug-abuse-nida�
https://www.nih.gov/about-nih/what-we-do/nih-almanac/national-institute-drug-abuse-nida�
https://www.ncbi.nlm.nih.gov/pubmed/7078101�
https://www.ncbi.nlm.nih.gov/pubmed/7078101�
https://www.ncbi.nlm.nih.gov/pubmed/7078101�


Chromatography and Separation Techniques Journal                                                                            

Development and Validation of GC-MS Method for Cocaine in Human Urine: J Chromatogr Sep Technol. 2017; 1(1):114. 

LaboratoriesAmerican Chemical Society, Washington, 

DC. 

6. Bailey DN. (1996). Comprehensive Review of 

Cocaethylene and Cocaine Concentrations in Patients. 

Clin. Chem. 106:  701-704. 

7. Aberl F, Berg RC, McLean. (1997). Harnessing 

Technology to Support the National Drug Control 

Strategy, Office of National Drug Control Policy 

(ONDCP), Chicago, IL, USA.  

8. Roberts SM, Munson JW, James RC, Harbison 

RD. (1992). An assay for cocaethylene and other 

cocaine metabolites in liver using high-performance 

liquid chromatography. Anal. Biochem. 202: 256-261. 

9. Li X, Shen B, Jiang Z, Huang Y, Zhuo X. (2013). 

J. Chromatogr. Rapid screening of drugs of abuse in 

human urine by high-performance liquid 

chromatography coupled with high resolution and high 

mass accuracy hybrid linear ion trap-Orbitrap mass 

spectrometry. A 1302: 95-104. 

10. Floriani G, Gasparetto JC, Pontarolo R, 

Gonçalves AG. (2014). Development and validation of 

an HPLC-DAD method for simultaneous determination of 

cocaine, benzoic acid, benzoylecgonine and the main 

adulterants found in products based on cocaine. Forensic 

Sci Int. 235: 32-39. 

11. Xiong L, Wang R, Liang C, Cao F, Rao Y, et al. 

(2013). Determination of ecgonine and seven other 

cocaine metabolites in human urine and whole blood by 

ultra-high-pressure liquid chromatography–quadrupole 

time-of-flight mass spectrometry. Anal. Bioanal. Chem. 

405: 9805-9816. 

12. Sandberg J, Olsen G. Microassay for the 

simultaneous determination of cocaine, norcocaine, 

benzoylecgonine and benzoylnorecgonine by high-

performance liquid chromatography. (1990).  J. 

Chromatogr. 525: 113-121. 

13. Jacob P, Elias-Baker BA, Jones RT, Benowitz N. 

(1984). Determination of cocaine in plasma by 

automated gas chromatography. J. Chromatogr. 306: 

173-181. 

14. 

in biologic fluids by automated gas chromatography. J. 

Chromatogr. 417: 277-286.

Jacob P, Elias-Baker BA, Jones RT, Benowitz NL. 

(1987). Determination of benzoylecgonine and cocaine 

15. 
 

Kogan MJ, Verebey KG, DePace AC, Resnick 

RB, Mulé SJ. (1977). Quantitative determination of 

benzoylecgonine and cocaine in human biofluids by gas-

liquid chromatography. Anal. Chem. 49: 1965-1969. 

16. Clark DR, Hajar TM. (1987). Detection and 

confirmation of cocaine use by chromatographic analysis 

for methylecgonine in urine. Clin Chem. 33: 118-119. 

17. Klausz G, Keller E, Róna K. (2009). [Hair 

analysis of abused drugs with gas-chromatography mass 

spectrometry]. Acta Pharm Hung. 79: 47-56. 

18. Harkey MR, Henderson GL, Zhou C. (1991). 

Simultaneous quantitation of cocaine and its major 

metabolites in human hair by gas 

chromatography/chemical ionization mass spectrometry. 

J Anal Toxicol. 15: 260-265. 

19. Taylor RW, Le SD. (1991). Robotic method for 

the analysis of cocaine and benzoylecgonine in urine. J 

Anal Toxicol. 15: 276-278. 

20. Matsubara K, Maseda C, Fukui Y. (1984). 

Quantitation of cocaine, benzoylecgonine and ecgonine 

methyl ester by GC-CI-SIM after Extrelut extraction. 

Forensic Sci Int. 26: 181-192. 

21. Chinn DM, Crouch DJ, Peat MA, Finkle BS, 

Jennison TA. (1980). Gas chromatography-chemical 

ionization mass spectrometry of cocaine and its 

metabolites in biological fluids. J Anal Toxicol. 4: 37-42. 

22. Isenschmid DS, Levine BS, Caplan YH. (1988). A 

method for the simultaneous determination of cocaine, 

benzoylecgonine, and ecgonine methyl ester in blood 

and urine using GC/EIMS with derivatization to produce 

high mass molecular ions. J Anal Toxicol. 12: 242-245. 

23. Mulé SJ, Casella GA. (1988). Confirmation and 

quantitation of cocaine, benzoylecgonine, ecgonine 

methyl ester in human urine by GC/MS. J Anal Toxicol. 

12: 153-155. 

24. Logan BK, Stafford DT, Tebbett IR, Moore CM. 

(1990). Rapid screening for 100 basic drugs and 

metabolites in urine using cation exchange solid-phase 

extraction and high-performance liquid chromatography 

with diode array detection. J Anal Toxicol. 14: 154-

159. 

https://watermark.silverchair.com/ajcpath106-0701.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAbIwggGuBgkqhkiG9w0BBwagggGfMIIBmwIBADCCAZQGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM07-ZMu1OYabWZaLhAgEQgIIBZY3nV3Zb2Octik_XL1ikpFh4KI68chIoX8iA2WWG�
https://watermark.silverchair.com/ajcpath106-0701.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAbIwggGuBgkqhkiG9w0BBwagggGfMIIBmwIBADCCAZQGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM07-ZMu1OYabWZaLhAgEQgIIBZY3nV3Zb2Octik_XL1ikpFh4KI68chIoX8iA2WWG�
https://watermark.silverchair.com/ajcpath106-0701.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAbIwggGuBgkqhkiG9w0BBwagggGfMIIBmwIBADCCAZQGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM07-ZMu1OYabWZaLhAgEQgIIBZY3nV3Zb2Octik_XL1ikpFh4KI68chIoX8iA2WWG�
http://europepmc.org/abstract/med/1519750�
http://europepmc.org/abstract/med/1519750�
http://europepmc.org/abstract/med/1519750�
http://europepmc.org/abstract/med/1519750�
https://www.ncbi.nlm.nih.gov/pubmed/23838299�
https://www.ncbi.nlm.nih.gov/pubmed/23838299�
https://www.ncbi.nlm.nih.gov/pubmed/23838299�
https://www.ncbi.nlm.nih.gov/pubmed/23838299�
https://www.ncbi.nlm.nih.gov/pubmed/23838299�
https://www.ncbi.nlm.nih.gov/pubmed/23838299�
https://www.ncbi.nlm.nih.gov/pubmed/24447449�
https://www.ncbi.nlm.nih.gov/pubmed/24447449�
https://www.ncbi.nlm.nih.gov/pubmed/24447449�
https://www.ncbi.nlm.nih.gov/pubmed/24447449�
https://www.ncbi.nlm.nih.gov/pubmed/24447449�
https://www.ncbi.nlm.nih.gov/pubmed/24447449�
https://pubag.nal.usda.gov/catalog/1207605�
https://pubag.nal.usda.gov/catalog/1207605�
https://pubag.nal.usda.gov/catalog/1207605�
https://pubag.nal.usda.gov/catalog/1207605�
https://pubag.nal.usda.gov/catalog/1207605�
https://pubag.nal.usda.gov/catalog/1207605�
https://www.ncbi.nlm.nih.gov/pubmed/2338432�
https://www.ncbi.nlm.nih.gov/pubmed/2338432�
https://www.ncbi.nlm.nih.gov/pubmed/2338432�
https://www.ncbi.nlm.nih.gov/pubmed/2338432�
https://www.ncbi.nlm.nih.gov/pubmed/2338432�
http://www.sciencedirect.com/science/article/pii/S0378434700808804�
http://www.sciencedirect.com/science/article/pii/S0378434700808804�
http://www.sciencedirect.com/science/article/pii/S0378434700808804�
http://www.sciencedirect.com/science/article/pii/S0378434700808804�
http://www.sciencedirect.com/science/article/pii/0378434787801214�
http://www.sciencedirect.com/science/article/pii/0378434787801214�
http://www.sciencedirect.com/science/article/pii/0378434787801214�
http://www.sciencedirect.com/science/article/pii/0378434787801214�
https://www.ncbi.nlm.nih.gov/pubmed/907157�
https://www.ncbi.nlm.nih.gov/pubmed/907157�
https://www.ncbi.nlm.nih.gov/pubmed/907157�
https://www.ncbi.nlm.nih.gov/pubmed/907157�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1987)+Cm.+Chem.+33%3A+118-9.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1987)+Cm.+Chem.+33%3A+118-9.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1987)+Cm.+Chem.+33%3A+118-9.�
https://www.ncbi.nlm.nih.gov/pubmed/19634634�
https://www.ncbi.nlm.nih.gov/pubmed/19634634�
https://www.ncbi.nlm.nih.gov/pubmed/19634634�
https://www.ncbi.nlm.nih.gov/pubmed/1960977�
https://www.ncbi.nlm.nih.gov/pubmed/1960977�
https://www.ncbi.nlm.nih.gov/pubmed/1960977�
https://www.ncbi.nlm.nih.gov/pubmed/1960977�
https://www.ncbi.nlm.nih.gov/pubmed/1960977�
https://www.ncbi.nlm.nih.gov/pubmed/1960981�
https://www.ncbi.nlm.nih.gov/pubmed/1960981�
https://www.ncbi.nlm.nih.gov/pubmed/1960981�
https://www.ncbi.nlm.nih.gov/pubmed/?term=20.%09Matsubara%2C+K.%2C+Maseda%2C+C.+%EF%80%A6++Y.+Fukui+(1984)+Forensic+Sci.+Int.+26%3A+181-92.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=20.%09Matsubara%2C+K.%2C+Maseda%2C+C.+%EF%80%A6++Y.+Fukui+(1984)+Forensic+Sci.+Int.+26%3A+181-92.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=20.%09Matsubara%2C+K.%2C+Maseda%2C+C.+%EF%80%A6++Y.+Fukui+(1984)+Forensic+Sci.+Int.+26%3A+181-92.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=20.%09Matsubara%2C+K.%2C+Maseda%2C+C.+%EF%80%A6++Y.+Fukui+(1984)+Forensic+Sci.+Int.+26%3A+181-92.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=21.%09Chinn%2C+D.%2C+Crouch+D.%2C+Peat%2C+M.%2C+Finkle%2C+B.+%EF%80%A6++T.+Jenmson+(1980)+J.+Anal.+Toxicol.+4%3A+37-42.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=21.%09Chinn%2C+D.%2C+Crouch+D.%2C+Peat%2C+M.%2C+Finkle%2C+B.+%EF%80%A6++T.+Jenmson+(1980)+J.+Anal.+Toxicol.+4%3A+37-42.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=21.%09Chinn%2C+D.%2C+Crouch+D.%2C+Peat%2C+M.%2C+Finkle%2C+B.+%EF%80%A6++T.+Jenmson+(1980)+J.+Anal.+Toxicol.+4%3A+37-42.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=21.%09Chinn%2C+D.%2C+Crouch+D.%2C+Peat%2C+M.%2C+Finkle%2C+B.+%EF%80%A6++T.+Jenmson+(1980)+J.+Anal.+Toxicol.+4%3A+37-42.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=22.%09Isenschxnid%2C+D.%2C+Levine%2C+B.+%EF%80%A6+Y.+Caplan+(1988)+J.+Anal.+Toxicol.+12%3A+242-5.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=22.%09Isenschxnid%2C+D.%2C+Levine%2C+B.+%EF%80%A6+Y.+Caplan+(1988)+J.+Anal.+Toxicol.+12%3A+242-5.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=22.%09Isenschxnid%2C+D.%2C+Levine%2C+B.+%EF%80%A6+Y.+Caplan+(1988)+J.+Anal.+Toxicol.+12%3A+242-5.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=22.%09Isenschxnid%2C+D.%2C+Levine%2C+B.+%EF%80%A6+Y.+Caplan+(1988)+J.+Anal.+Toxicol.+12%3A+242-5.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=22.%09Isenschxnid%2C+D.%2C+Levine%2C+B.+%EF%80%A6+Y.+Caplan+(1988)+J.+Anal.+Toxicol.+12%3A+242-5.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1988)+J.+Anal.+Toxicol.+12%3A+153-5.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1988)+J.+Anal.+Toxicol.+12%3A+153-5.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1988)+J.+Anal.+Toxicol.+12%3A+153-5.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1988)+J.+Anal.+Toxicol.+12%3A+153-5.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1990)+J.+Anal.+Toxicol.+14%3A+154-9.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1990)+J.+Anal.+Toxicol.+14%3A+154-9.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1990)+J.+Anal.+Toxicol.+14%3A+154-9.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1990)+J.+Anal.+Toxicol.+14%3A+154-9.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1990)+J.+Anal.+Toxicol.+14%3A+154-9.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(1990)+J.+Anal.+Toxicol.+14%3A+154-9.�


Chromatography and Separation Techniques Journal                                                                            

Development and Validation of GC-MS Method for Cocaine in Human Urine: J Chromatogr Sep Technol. 2017; 1(1):114. 

25. The European Agency for the Evaluation of 

Medicinal Products. ICH Topic Q2B Note for Guideline 

on Validation of Analytical Procedures: Methodology 

GPMP/ICH/281/95 (1996). 

26. Yilmaz B, Arslan S, Akba V. (2009). Gas 

chromatography-mass spectrometry method for 

determination of metoprolol in the patients with 

hypertension. Talanta 80: 346-351. 

27. Yilmaz B, Arslan S. (2009). GC-MS 

Determination of Atenolol Plasma Concentration after 

Derivatization with N-methyl-N-(trimethylsilyl) 

trifluoroacetamide. Chromatographia. 70: 1399-1404. 

 

https://www.uam.es/personal_pas/txrf/MU5.pdf�
https://www.uam.es/personal_pas/txrf/MU5.pdf�
https://www.uam.es/personal_pas/txrf/MU5.pdf�
https://www.uam.es/personal_pas/txrf/MU5.pdf�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(2009)+Talanta+80%3A+346-51.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(2009)+Talanta+80%3A+346-51.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(2009)+Talanta+80%3A+346-51.�
https://www.ncbi.nlm.nih.gov/pubmed/?term=(2009)+Talanta+80%3A+346-51.�
https://pubag.nal.usda.gov/catalog/2209780�
https://pubag.nal.usda.gov/catalog/2209780�
https://pubag.nal.usda.gov/catalog/2209780�
https://pubag.nal.usda.gov/catalog/2209780�

	Chromotography-17-114_1
	Chromotography-17-114_2

