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I) Routine and Improved Analysis of Abused Substances 

Issue: 

Improved methods of analysis, i.e., faster, more discriminatory, more sensitive, less 

costly, etc., are needed for all abused substances.  Additionally, standard analytical data are 

required for previously unknown or rarely encountered substances and/or new homolog or analog 

(i.e., "designer"-type) drugs. 

Solution: 

Drug seizures and clandestine laboratory operations are continuously monitored to 

provide a comprehensive overview of new developments.  Ongoing research in the forensic 

community, as well as in the general field of analytical chemistry, provide new and/or improved 

methods of analysis for both routine and specialized analyses of seized drugs.  Reports providing 

standard analytical data for new drugs of abuse and/or improved analytical protocols for known 

drugs of abuse are generated for the forensic and enforcement communities. 

References: 

Reviews: 

Ahuja SS. Assuring quality of drugs by monitoring impurities.  Adv Drug Deliv Rev 

2007;59(1):3-11. 

Almirall JE.  Forensic chemistry education.  Analytical Chemistry  2004;77(3):69A. [An 

overview, including projected future needs.] 

Almirall JR, Trejos T, Hobbs A, Perr J, Furton KG.  Mass spectrometry in forensic 

science.  Advances in Mass Spectrometry  2004;16:167. [A review of the title topic, 

includes some applications of mass spectrometry to the analysis of drugs of abuse 

(unspecified in abstract).] 

Anastos N, Barnett NW, Lewis SW.  Capillary electrophoresis for forensic drug analysis: 

A review.  Talanta  2005;67(2):269. 

Anderson C.  Presumptive and confirmatory drug tests.  Journal of Chemical Education 

2005;82(12):1809. 

Argentine MD, Owens PK, Olsen BA.  Strategies for the investigation and control of 

process-related impurities in drug substances.  Adv Drug Deliv Rev  2007;59(1):12-28. 
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Banken JA.  Drug abuse trends among youth in the United States.  Current Status of Drug 

Dependence / Abuse Studies:  Cellular and Molecular Mechanisms of Drugs of Abuse 

and Neurotoxicity  (Series: Annals of The New York Academy of Sciences) 

2004;(1025):465. 

Bogusz MJ, Carracedo A.  Forensic analysis.  Journal of Chromatography Library 

2004;69B:1073.  [A review on the forensic analysis of drugs.] 

Bogusz MJ.  Liquid chromatographic/mass spectrometry in forensic toxicology. 

Advances in Forensic Applications of Mass Spectrometry 2004:63.  [An extensive review 

of the title topic, focusing on toxicological applications.] 

Botsford DR.  Speed, Ecstasy, Ritalin:  The science of amphetamines.  JAMA 

2006;296:2859-2860. 

Boyer EW, Shannon M, Hibberd PL.  The Internet and psychoactive substance use among 

innovative drug users.  Pediatrics  2005;115(2):302. 

Calfee R, Fadale P.  Popular ergogenic drugs and supplements in young athletes. 

Pediatrics 2006;117:e577-e589. 

Chen Z, Huang K.  Drug problems in China:  Recent trends, countermeasures, and 

challenges.  Int J Offender Ther Comp Criminol  2007;51:98-109. 

Chen L, Luo G, Wang J, Liu K, Wang Y.  Recent advances in abused drug analysis. 

Yaowu Fenxi Zazhi  2005;25(7):881. [A review. Written in Chinese.] 

Chung H, Park M, Hahn E, Choi H, Choi H, Lim M.  Recent trends of drug abuse and 

drug-associated deaths in Korea.  Current Status of Drug Dependence / Abuse Studies: 

Cellular and Molecular Mechanisms of Drugs of Abuse and Neurotoxicity  (Series: 

Annals of The New York Academy of Sciences)  2004;(1025):458. 

Cole M. The Analysis of Drugs of Abuse:  A Systematic Approach.  (Text) John Wiley 

& Sons Inc., Chichester, UK:2003. 

Cole M. Drugs of abuse.  Crime Scene to Court 2004;293. 

de Boer D, Bosman I.  A new trend in drugs-of-abuse, the 2C-series of phenethylamine 

designer drugs.  Pharmacy World & Science  2004;26(2):110. [A mini-review of a 3-year 
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survey of unusual designer drugs (tablets) obtained at Dutch "smartshops".  Primary drugs 

included 2C-B, 2C-T-2, and 2C-T-7.  Includes social commentary and recommendations.] 

Devaney ML, Reid G, Baldwin S, Crofts N, Power R.  Illicit drug use and responses in 

six Pacific Island countries.  Drug Alcohol Rev  2006;25(4):387-90. 

Duyndam A.  XTC: The game and marbles.  Chemisch2Weekblad  2005;101(11):20. 

Fitsev IM, Blokhin VK, Budnikov GK, Fitseva NA.  Chemical analytical diagnostics in 

criminalistic examination of materials, substances, and products.  Zavodskaya 

Laboratoriya, Diagnostika Materialov  2004;70(4):3. [Includes discussion of 

(unspecified) drugs and psychotropic substances.  Written in Russian.] 

Fitsev IM, Blokhin VK, Budnikov GK.  Chromatographic techniques in forensic 

chemical examinations.  Journal of Analytical Chemistry (Translation of Zhurnal 

Analiticheskoi Khimii) 2004;59(12):1171. [A minor review. (Unspecified) 

psychoactive drugs are discussed.] 

Galarini R, Piersanti A, Falasca S, Salamida S, Fioroni L.  A confirmatory method for 

detection of a banned substance:  The validation experience of a routine EU laboratory. 

Anal Chim Acta 2007;586(1-2):130-6. 

Halpern JH.  Hallucinogens and dissociative agents naturally growing in the United 

States. Pharmacology & Therapeutics  2004;102(2):131. 

Haroz R, Greenberg MI.  Emerging drugs of abuse.  Medical Clinics of North America 

2005;89(6):1259. 

Gossop M. Classification of illegal and harmful drugs.  BMJ 2006;333:272-273. 

Jenkins AJ.  Hallucinogens.  Principles of Forensic Toxicology (2nd Edition) 2003:267. 

Kelesidis T, Kelesidis I, Rafailidis PI, Falagas ME.  Counterfeit or substandard 

antimicrobial drugs:  A review of the scientific evidence.  J. Antimicrob. Chemother. 

2007;10.1093. 

Kulsudjarit K. Drug problem in Southeast and Southwest Asia.  Current Status of Drug 

Dependence / Abuse Studies:  Cellular and Molecular Mechanisms of Drugs of Abuse 

and Neurotoxicity  (Series: Annals of The New York Academy of Sciences) 
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2004;(1025):446. 

Krueger RJ.  Forensic Botany.  Principles and Applications to Criminal Casework, Edited 

by H.M. Coyle Department of Public Safety, Meriden, CT.  CRC Press Boca Raton, FL 

2005. (Journal of Natural Products) 2006. 

Mazerolle L, Soole D, Rombouts S.  Drug law enforcement:  A review of the evaluation 

literature.  Police Quarterly  2007;10:115-153. 

McCambridge J, Winstock A, Hunt N, Mitcheson L.  5-Year trends in use of 

hallucinogens and other adjunct drugs among UK dance drug users.  Eur Addict Res 

2007;13(1):57-64. 

Noppe H, Voelmans S, Verheyden K, De Brabander H, Van Hoof N.  Current studies in 

residue analysis methodology.  Vlaams Diergeneeskundig Tijdshrift  2005;74(5):340. 

Reid G, Devaney ML, Baldwin S.  Drug production, trafficking and trade in Asia and 

Pacific Island countries.  Drug Alcohol Rev  2006;25(6):647-50. 

Rendle DF.  Advances in chemistry applied to forensic science.  Chemical Society 

Reviews 2005;34(12):1021. 

Reyes JG, Castro AO, Rodriguez AS, Rodas LC.  Trends of the drug use in Mexico City 

(1986-2003).  Drug information reporting system.  Salud Mental 2005;28(3):51. 

Ribaux O, Walsh SJ, Margot P.  The contribution of forensic science to crime analysis 

and investigation:  Forensic intelligence.  Forensic Science International 

2006;156(2-3):171. 

Schuetz H, Verhoff MA.  Designer drugs:  Effects and clinical toxicological interactions. 

MTA Dialog  2004;5(2):90.  [A minor review on (unspecified) designer drugs.  Written in 

German.] 

Smith F, Siegel J, Eds.  Handbook of Forensic Drug Analysis.  Elsevier: New York, 

NY:2005. 

Solomon KR, Anadon A, Carrasquilla G, Cerdeira AL, Marshall J, Sanin LH.  Coca and 

poppy eradication in Colombia:  Environmental and human health assessment of aerially 

applied glyphosate.  Rev Environ Contam Toxicol 2007;190:43-125. 
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Zhao CZ, Liu ZM, Zhao D, Liu YH, Liang JH, Tang YL, Liu ZY, Zheng JW.  Drug abuse 

in China. Current Status of Drug Dependence / Abuse Studies:  Cellular and Molecular 

Mechanisms of Drugs of Abuse and Neurotoxicity (Series:  Annals of The New York 

Academy of Sciences)  2004;(1025):439. 

Amphetamine, Methamphetamine, and Dimethylamphetamine (see also Substituted 

Amphetamines, Phenethylamines, and Methylenedioxyamphetamines): 

Apollonio LG, Pianca DJ, Whittall IR, Maher WA, Kyd JM.  A demonstration of the use 

of ultra-performance liquid chromatography-mass spectrometry [UPLC/MS] in the 

determination of amphetamine-type substances and ketamine for forensic and 

toxicological analysis.  Journal of Chromatography B - Analytical Technologies in the 

Biomedical and Life Sciences  2006;836(1-2):111. 

Chafer-Pericas C, Campins-Falco P, Herraez-Hernandez R.  Application of solid-phase 

microextraction combined with derivatization to the enantiomeric determination of 

amphetamines. Journal of Pharmaceutical and Biomedical Analysis  2006;40(5):1209. 

ChaferPericas C, CampinsFalco P, HerraezHernandez R.  Application of solid-phase 

microextraction combined with derivatization to the determination of amphetamines by 

liquid chromatography.  Analytical Biochemistry  2004;333(2):328. 

Chia KJ, Huang SD.  Simultaneous derivatization and extraction of amphetamine-like 

drugs in urine with headspace solid-phase microextraction followed by gas 

chromatography-mass spectrometry.  Analytica Chimica Acta  2005;539(1-2):49. 

Deventer K, Van Eenoo P, Delbeke FT.  Screening for amphetamine and amphetamine-

type drugs in doping analysis by liquid chromatography/mass spectrometry.  Rapid 

Communications In Mass Spectrometry  2006;20(5):877. 

Escamilla B, Bertsch A.  N,N-Dimethylamphetamine in Sacramento.  Journal of the 

Clandestine Laboratory Investigating Chemists Association  2004;14(4):19. [Presents the 

analysis of samples of dimethylamphetamine and also mixed samples of methamphet-

amine and dimethylamphetamine.] 

Far HRM, Torabi F, Danielsson B, Khayyami M.  ELISA on a microchip with a 

photodiode for detection of amphetamine in plasma and urine.  Journal of Analytical 

Toxicology  2005;29(8):790. 
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Frison G, Tedeschi L, Favretto D, Reheman A, Ferrara SD.  Gas chromatography/mass 

spectrometry determination of amphetamine-related drugs and ephedrines in plasma, 

urine and hair samples after derivatization with 2,2,2-trichloroethyl chloroformate.  Rapid 

Communications In Mass Spectrometry  2005;19(7):919. 

Fuh MR, Wu TY, Lin TY.  Determination of amphetamine and methamphetamine in 

urine by solid phase extraction and ion-pair liquid chromatography-electrospray-tandem 

mass spectrometry.  Talanta  2006;68(3):987. 

Gosav S, Praisler M, Dorohoi DO, Popa G.  Automated identification of novel 

amphetamines using a pure neural network and neural networks coupled with principal 

component analysis.  Journal of Molecular Structure  2005;744(Sp. Iss. SI):821. 

Gulaboski R, Cordeiro MN, Milhazes N, Garrido J, Borges F, Jorge M, Pereira CM, 

Bogeski I, Morales AH, Naumoski B, Silva AF.  Evaluation of the lipophilic properties of 

opioids, amphetamine-like drugs, and metabolites through electrochemical studies at the 

interface between two immiscible solutions.  Anal Biochem  2007;361(2):236-43. 

Hanna GM.  NMR regulatory analysis:  Enantiomeric purity determination for 

(R)-(-)-desoxyephedrine and antipode methamphetamine.  Pharmazie  2006;61(3):188-93. 

Hida M, Satoh M, Mitsui T.  Detection of trace methamphetamine in dimethylamphet-

amine hydrochloride as stimulant material.  Bunseki Kagaku  2004;53(8):847. [A study 

to determine whether trace methamphetamine in a dimethylamphetamine sample is an 

artifact or an actual impurity.  Written in Japanese.] 

Holler JM, Vorce SP, Bosy TZ, Jacobs A.  Quantitative and isomeric determination of 

amphetamine and methamphetamine from urine using a nonprotic elution solvent and 

R(-)-alpha-methoxy-alpha-trifluoromethylphenylacetic acid chloride derivatization. 

Journal of Analytical Toxicology  2005;29(7):652. 

Iio R, Chinaka S, Takayama N, Hayakawa K.  Simultaneous chiral analysis of 

methamphetamine and related compounds by capillary electrophoresis/mass spectrometry 

using anionic cyclodextrin.  Analytical Sciences  2005;21(1):15. [Focus is on urinalysis.] 

Jehanli AMT.  Detection of methamphetamine class of drugs.  (Patent) Chemical 

Abstracts  2005:45418. 

Kankaanpaa A, Gunnar T, Ariniemi K, Lillsunde P, Mykkanen S, Seppala T.  Single-step 
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procedure for gas chromatography-mass spectrometry screening and quantitative 

determination of amphetamine-type stimulants and related drugs in blood, serum, oral 

fluid and urine samples.  Journal of Chromatography B - Analytical Technologies in the 

Biomedical and Life Sciences  2004;810(1):57. 

Katainen E, Elomaa M, Laakkonen U-M, Sippola E, Niemela P, Suhonen J, Jarvinen K. 

Quantification of the amphetamine content in seized street samples by Raman 

spectroscopy.  Journal of Forensic Sciences  2007;52(1):88.  [The results were favorably 

compared against LC.] 

Kato N, Fujita S, Kubo H, Homma H.  Fluorescence analysis for p-hydroxymetham-

phetamine in urine by HPLC with post-column reaction.  Journal of Liquid 

Chromatography & Related Technologies  2005;28(19):3099. 

Kawase K, Ogawa Y, Watanabe Y.  Component pattern analysis of chemicals using 

multispectral THz-imaging system.  Proceedings of SPIE - The International Society for 

Optical Engineering.  2004;5354:63. [A minor review of the title topic.  Includes 

discussion of the application of the technique for the detection of methamphetamine and 

MDMA concealed in envelopes.] 

Kim JY, Suh SI, In MK, Chung BC.  Gas chromatography-high-resolution mass 

spectrometric method for determination of methamphetamine and its major metabolite 

amphetamine in human hair.  Journal of Analytical Toxicology  2005;29(5):370. 

Kimura H, Matsumoto K, Mukaida M.  Rapid and simple quantitation of 

methamphetamine by using a homogeneous time-resolved fluoroimmunoassay based on 

fluorescence resonance energy transfer from Europium to Cy5.  Journal of Analytical 

Toxicology  2005;29(8):799. 

Kishi T, Kanamori T, Tsujikawa K, Iwata YT, Inoue H, Ohtsuru O, Hoshina H, Otani C, 

Kawase K.  Differentiation of optical active form and racemic form of amphetamine-type 

stimulants by terahertz spectroscopy.  Chemical Abstracts  2005;1273200. 

Klette KL, Jamerson MH, MorrisKukoski CL, Kettle AR, Snyder JJ.  Rapid simultaneous 

determination of amphetamine, methamphetamine, 3,4-methylenedioxyamphetamine, 

3,4-methylenedioxymethamphetamine, and 3,4-methylenedioxyethylamphetamine in 

urine by fast gas chromatography-mass spectrometry.  Journal of Analytical Toxicology 

2005;29(7):669. 
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Knops LA, Northrop DM, Person EC.  Capillary electrophoretic analysis of phosphorus 

species in clandestine methamphetamine laboratory samples.  Journal of Forensic 

Sciences  2006;51(1):82. [Presents a CE technique that can separate a wide variety of 

anions (18 listed), including various phosphorus species, in illicitly prepared 

methamphetamine samples.] 

Koper C, Ali Tolppa E, Bozenko Jr. JS, Dufey V, Puetz M, Weyermann C, Zrcek F. 

Identification of a new amphetamine type stimulant:  3,4-Methylenedioxy(2-hydroxy-

ethyl)-amphetamine (MDHOET).  Microgram Journal  2005;3(3-4):166. 

Lee WS, Chan MF, Tam WM, Hung MY.  The application of capillary electrophoresis for 

enantiomeric separation of N,N-dimethylamphetamine and its related analogs: 

Intelligence study on N,N-dimethylamphetamine samples in crystalline and tablet forms. 

Forensic Sci Int  2007;165(1):71-7. 

Lin DL, Liu HC, Yin RM, Chen DT, Soong SJ, Liu RH.  Effectiveness of multiple 

internal standards:  Deuterated analogues of methylenedioxymethamphetamine, 

methylenedioxyamphetamine, methamphetamine, and amphetamine.  Journal of 

Analytical Toxicology  2004;28(8):650. [Focus is toxicological.] 

Liu J.  Test kit for detecting rapidly methamphetamine and its manufacture.  (Patent) 

Chemical Abstracts  2005:150146s. 

Martins L, Yegles M, Chung HS, Wennig R.  Simultaneous enantioselective 

determination of amphetamine and congeners in hair specimens by negative chemical 

ionization gas chromatography-mass spectrometry.  Journal of Chromatography B -

Analytical Technologies in the Biomedical and Life Sciences  2005;825(1):57. 

Meng P, Fang N, Wang M, Liu H, Chen DD.  Analysis of amphetamine, 

methamphetamine and methylenedioxymethamphetamine by micellar capillary 

electrophoresis using cation-selective exhaustive injection.  Electrophoresis 

2006;27(16):3210-7. [CSEI is used as an on-line concentration method; in this case, 

sensitivity was increased 1000-fold versus standard capillary MEKC.] 

Mitrevski B, Zdravkovski Z.  Rapid and simple method for direct determination of 

several amphetamines in seized tablets by GC-FID.  Forensic Science International 

2005;152(2-3):199. 

Moore KA.  Amphetamine/sympathomimetic amines.  Principles of Forensic Toxicology 
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(2nd Edition) 2003:245. 

Nguyen DT, Bui TH.  Analysis of amphetamines in narcotic samples.  Tap Chi Duoc Hoc 

2005;45(2):20. 

Nieddu M, Boatto G, Carta A, Sanna A, Pisano M.  Simultaneous determination of ten 

amphetamine designer drugs in human whole blood by capillary electrophoresis with 

diode array detection.  Biomedical Chromatography  2005;19(10):737. 

Paul BD, Jemionek J, Lesser D, Jacobs A, Searles DA.  Enantiomeric separation and 

quantitation of (+/-)-amphetamine, (+/-)-methamphetamine, (+/-)-MDA, (+/-)-MDMA, 

and (+/-)-MDEA in urine specimens by GC-EI-MS after derivatization with (R)-(-)- or 

(S)-(+)-alpha-methoxy-alpha-(trifluoromethy)phenylacetyl chloride (MTPA).  Journal of 

Analytical Toxicology  2004;28(6):449. 

Rudaz S, Geiser L, Souverain S, Prat J, Veuthey JL.  Rapid stereoselective separations of 

amphetamine derivatives with highly sulfated gamma-cyclodextrin.  Electrophoresis 

2005;26(20):3910. 

Sachs SB, Woo F. A detailed mechanistic fragmentation analysis of methamphetamine 

and select regioisomers by GC/MS.  Journal of Forensic Sciences  2007;52(2):308. 

[Includes methamphetamine and 7 related compounds.] 

Sato M, Hida M, Nagase H.  Analysis of pyrolysis products of methamphetamine. 

Journal of Analytical Toxicology  2004;28(8):638. 

Sorokin VI, Orlova OS, Semenova LA, Simonov EA, Savchuk SA.  Sample preparation 

and the detection of alpha-aminopropiophenone and amphetamine in narcotic drugs using 

IR spectroscopy.  Journal of Analytical Chemistry  2004;59(11):1050. 

Sun JH, Shen JL, Liang LS, Xu XY, Liu HB, Zhang CL.  Experimental investigation on 

terahertz spectra of amphetamine type stimulants.  Chinese Physics Letters 

2005;22(12):3176. 

Teshima N, Fukui N, Sakai T.  Reagents regeneration flow injection analysis (RRFIA) for 

spectrophotometric determination of methamphetamine coupled with solvent extraction. 

Talanta  2005;68(2):253. 

Tomaszewski W, Gun'ko VM, Leboda R, Skubiszewska-Zieba J.  Interaction of 
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amphetamine and its N-alkyl-substituted derivatives with micro- and mesoporous 

adsorbents in polar liquids.  Journal of Colloid and Interface Science  2004;282(2):261. 

[The title technique is used to concentrate amphetamines from "dilute aqueous solutions" 

(may be biological fluids - not clear in abstract).] 

Verstraete AG, Heyden FV.  Comparison of the sensitivity and specificity of six 

immunoassays for the detection of amphetamines in urine.  Journal of Analytical 

Toxicology  2005;29(5):359. 

Villamor JL, Bermejo AM, Fernandez P, Tabernero MJ.  GC-MS determination of 

amphetamines in human urine.  Analytical Letters  2005;38(5):781. 

Wang S-M, Chye S-M, Liu RH, Lewis RJ, Canfield DV, Roberts J.  Mass spectrometric 

data of commonly abused amphetamines and their derivatives - Cross contributions of ion 

intensity between the analytes and their isotopically labeled analogs.  Forensic Science 

Reviews 2005;17(2):67. 

Wang SM, Chye SM, Liu RH, Lewis RJ, Canfield DV.  Mass spectrometric data 

characteristics of commonly abused amphetamines with sequential derivatization at two 

active sites. Forensic Sci Int  2006;161(2-3):97-118. 

Wang SM. Enantiomeric determination of amphetamines:  Exploring a novel one-step 

solid-phase microextraction-based approach.  Journal of Chromatography B - Analytical 

Technologies in the Biomedical and Life Sciences  2005;825(1):79. 
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dimethacrylate) monolith in-tube solid-phase microextraction applied to simultaneous 
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Wen T, Zhao X, Luo G, Wang Y, Wang J, Zhu J, Yu Z.  Comparison of the performance 

of microemulsion electrokinetic chromatography and 1-butanol modified micellar 

electrokinetic chromatography on the separations of amphetamine and its ephedra 
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Woodworth A, Saunders AN, Koenig JW, Moyer TP, Turk J, Dietzen DJ.  Differentiation 

of amphetamine/methamphetamine and other cross-immunoreactive sympathomimetic 

amines in urine samples by serial dilution testing.  Clinical Chemistry  2006;52(4):743. 
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headspace solid-phase microextraction of ephedrine and methamphetamine in human 
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Barbiturates: 

Abbaspour A, Mirzajani R.  Simultaneous determination of phenytoin, barbital, and 

caffeine in pharmaceuticals by absorption (zero-order) UV spectra and first order 

derivative spectra - multivariate calibration methods.  Journal of Pharmaceutical and 

Biomedical Analysis  2005;38(3):420. 

Ghanem A.  True and false reversal of the elution order of barbiturates on a bonded 

cellulose-based chiral stationary phase.  Journal of Chromatography A 

2006;1132(1-2):329.  [With "a set of racemic N-alkylated barbiturates" (not specified in 

the abstract).] 

Grove AA, Rohwer ER, Laurens JB, Vorster BC.  The analysis of illicit methaqualone 
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III) Clandestine Laboratories - Appraisals and Safety 
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IV) Reference Drug Standards and Total Syntheses 

Issue: 

Many reference drug standards or structurally related internal standards are either 

commercially unavailable, or if available are extremely expensive. 
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V) Source Determination of Drugs (Impurity Profiling) and Comparative Analyses 

Issues: 

Impurity profiling of drugs is important for comparative analysis protocols, geo-sourcing, 

and synthetic route determinations.  However, although certain drugs have been well 

characterized with respect to their impurity profiles, most have not been properly investigated. 

Comparative analysis (i.e., the systematic application of impurity profiling for 

determination of commonality of origin) is complicated due to both the high complexity of the 

data and the large numbers of exhibits.  Improved analytical and data handling techniques are 

needed. 

Solution: 

High sensitivity analytical techniques (primarily chromatographic) provide detailed 

profiles of trace-level impurities, ions, trace metals, and stable isotopes.  Identification of 

individual impurities enhance origin identification and comparative analyses and also aid in 

development of internal standards for improved accuracy and precision of analysis. 

In-depth analysis via improved instrumental methodologies help identify discriminatory 

components in impurity profiles.  Computer databases, sorting programs, and pattern 

recognition/neural networks provide enhanced data handling and analysis, enabling and 

improving comparative analyses.  Case reports are generated for the forensic and enforcement 

communities. 

References: 

Amphetamine(s): 

Aalberg L, Andersson K, Bertler C, Cole MD, Finnon Y, Huizer H, Jalava K, Kaa E, 

Lock E, Lopes A, Poortman-van der Maar A, Sippola E, Dahlen J.  Development of a 

harmonised method for the profiling of amphetamines - II.  Stability of impurities in 

organic solvents.  Forensic Science International  2005;149(2-3):231. 

Andersson K, Jalava K, Lock E, Huizer H, Kaa E, Lopes A, Poortman-van der Meer A, 

Cole MD, Dahlen J, Sippola E.  Development of a harmonised method for the profiling of 

amphetamines:  IV.  Optimisation of sample preparation.  Forensic Sci Int 

2007;169(1):64-76. 

Blachut D, Wojtasiewicz K, Czarnocki Z.  Some pyridine derivatives as "route-specific 

markers" in 4-methoxyamphetamine (PMA) prepared by the Leuckart method.  Forensic 

Science International  2005;152(2-3):157. 

Microgram Journal 2016, Volume 13; Numbers 1-4 315 



Goldmann T, Taroni F, Margot P.  Analysis of dyes in illicit pills (amphetamine and 

derivatives).  Journal of Forensic Sciences  2004;49(4):716.  [Analysis for 14 dyes 

present in European ecstasy tablets is performed using SPE followed by TLC and/or CEC 

DAD, the results can be used to link cases.] 

Gosav S, Praisler M, Dorohoi DO, Popa G.  Automated identification of novel 

amphetamines using a pure neural network and neural networks coupled with principal 

component analysis.  Journal of Molecular Structure 2005:744 and 821. 

Gosav S, Praisler M, Van Bocxlaer J, De Leenheer AP, Massart DL.  Class identity 

assignment for amphetamines using neural networks and GC-FTIR data.  Spectrochim 

Acta A Mol Biomol Spectrosc  2006;64(5):1110-7.  [Presents a feasibility study of the 

title technique, including a variety of stimulant amphetamines, hallucinogenic 

amphetamines, and non-amphetamines (not specified in the Abstract).] 

Lock E, Aalberg L, Andersson K, Dahlen J, Cole MD, Finnon Y, Huizer H, Jalava K, 

Kaa E, Lopes A, Poortman-van der Meer A, Sippola E.  Development of a harmonised 

method for the profiling of amphetamines V:  Determination of the variability of the 

optimised method.  Forensic Sci Int  2007;169(1):77-85. 

Poortman-Van der Meer A, Lock E.  Identification of 4-tert-butylamphetamine in 

clandestine amphetamine samples.  Journal of the Clandestine Laboratory Investigating 

Chemists Association 2006;16(2):23. [The title compound results from the presence of 

4- tert-butylphenylacetone as an impurity in phenylacetone possibly produced in eastern 

Europe.] 

Cocaine: 

Bieri S, Brachet A, Veuthey J-L, Christen P.  Cocaine distribution in wild Erythroxylum 

species.  Journal of Ethnopharmacology  2006;103:439. 

Brock A, Bieri S, Christen P, Drager B.  Calystegines in wild and cultivated 

Erythroxylum species.  Phytochemistry  2005;66(11):1231. 

Johnson EL, Zhang DP, Emche SD.  Inter- and intra-specific variation among five 

Erythroxylum taxa assessed by AFLP.  Annals of Botany  2005;95(4):601. 

Sellers K, Morehead R.  Efficient profiling of cocaine adulterants, using GC-MS and 

HPLC-RI.  LC-GC North America 2005(Suppl.):91. 

Microgram Journal 2016, Volume 13; Numbers 1-4 316 



Cocaine and Heroin: 

Casale JF, Ehleringer JR, Morello DR, Lott MJ.  Isotopic fractionation of carbon and 

nitrogen during the illicit processing of cocaine and heroin in South America.  Journal of 

Forensic Sciences  2005;50(6):1315. 

Lociciro S, Hayoz P, Esseiva P, Dujourdy L, Besacier F, Margot P.  Cocaine profiling for 

strategic intelligence purposes, a cross-border project between France and Switzerland. 

Part I.  Optimisation and harmonisation of the profiling method.  Forensic Sci Int 

2007;167(2-3):220-8. 

Morley SR, Hall CJ, Forrest ARW, Galloway JH.  Levamisole as a contaminant of illicit 

cocaine.  Journal of the Clandestine Laboratory Investigating Chemists Association 

2006;16(4):11.  [Focus is on detection in body fluids of cocaine abusers (including six 

who were deceased) acquired over a 20 week period in the United Kingdom.] 

Valentino AMM, Fuentecilla K.  Levamisole:  An analytical profile.  Microgram Journal 

2005;3(3-4):134. 

Heroin: 

Al-Amri AM, Smith RM, El-Haj BM, Juma'a MH.  The GC-MS detection and 

characterization of reticuline as a marker of opium use [Erratum].  Forensic Science 

International  2004;142(1):59. [Provides a correction to the original article, published 

2004;140(2-3):175.] 

Anastos N, Barnett NW, Lewis SW, Pearson JR, Kirkbride KP.  Rapid determination of 

carbohydrates in heroin drug seizures using capillary electrophoresis with short-end 

injection. Journal of Forensic Sciences  2005;50(5):1039. 

Casale J, Casale E, Collins M, Morello D, Cathapermal S, Panicker S.  Stable isotope 

analyses of heroin seized from the merchant vessel Pong Su.  Forensic Sciences 

2006;51(3):603. [See the next citation for the associated lead article on this seizure.  The 

title exhibits were determined to be unique with respect to their origin.] 

Collins M, Casale E, Hibbert DB, Panicker S, Robertson J, Vujic S.  Chemical profiling 

of heroin recovered from the North Korean merchant vessel Pong Su.  Journal of Forensic 

Sciences  2006;51(3):597.  [The heroin was classified as "unknown" in origin (that is, 

having a profile that did not resemble any known heroin types).] 

Microgram Journal 2016, Volume 13; Numbers 1-4 317 



Dufey, Dujourdy L, Besacier F, Chaudron H.  A quick and automated method for 

profiling heroin samples for tactical intelligence purposes.  Forensic Sci Int 

2007;169(2-3):108-17. 

El-Haj BM, Al-Amri AM, Ali HS.  Heroin profiling:  Mannitol hexaacetate as an unusual 

ingredient of some illicit drug seizures.  Forensic Science International  2004;145(1):41. 

[The identification and presence of the title impurity is discussed.] 

Esseiva P, Anglada F, Dujourdy L, Taroni F, Margot P, Du Pasquier E, Dawson M, Roux 

C, Doble P. Chemical profiling and classification of illicit heroin by principal component 

analysis, calculation of inter sample correlation and artificial neural networks.  Talanta 

2005;67(2):360. 

Idoine FA, Carter JF, Sleeman R.  Bulk and compound-specific isotopic characterisation 

of illicit heroin and cling film.  Rapid Communications in Mass Spectrometry 

2005;19(22):3207. 

Lurie I, Hays P, Valentino A.  Analysis of carbohydrates in seized heroin using capillary 

electrophoresis.  Journal of Forensic Sciences  2006;51(1):39. 

Klous MG, Lee W, Hillebrand MJ, van den Brink W, van Ree JM,Beijnen JH.  Analysis 

of diacetylmorphine, caffeine, and degradation products after volatilization of 

pharmaceutical heroin for inhalation.  J Anal Toxicol  2006;30(1):6-13. 

Schmidt J, Boettcher C, Kuhnt C, Kutchan TM, Zenk MH.  Poppy alkaloid profiling by 

electrospray tandem mass spectrometry and electrospray FT-ICR mass spectrometry after 

[ring-13C6]-tyramine feeding.  Phytochemistry  2007;68(2):189-202. 

Odell LR, Skopec J, McCluskey A.  A 'cold synthesis' of heroin and implications in 

heroin signature analysis utility of trifluoroacetic/acetic anhydride in the acetylation of 

morphine. Forensic Sci Int  2006;164(2-3):221-9. [Focuses on the impurity profile of 

heroin produced by this unusual route.  Several trifluoroacetyl derivatives were identified, 

but were also found to be sensitive to typical heroin signature.workup and analysis 

procedures.] 

Terrettaz-Zufferey AL, Ratle F, Ribaux O, Esseiva P, Kanevski M.  Pattern detection in 

forensic case data using graph theory:  Application to heroin cutting agents.  Forensic Sci 

Int  2007;167(2-3):242-6. 

Microgram Journal 2016, Volume 13; Numbers 1-4 318 



Toske SG, Cooper SD, Morello DR, Hays PA, Casale JF, Casale E.  Neutral heroin 

impurities from tetrahydrobenzylisoquinoline alkaloids.  Journal of Forensic Sciences 

2006;51(2):308. [Four of the title compounds (laudanosine, reticuline, codamine, and 

laudanine), all naturally occurring in opium, form 18 detectable neutral impurities under 

typical heroin processing conditions.  These latter impurities were found to useful for 

sourcing illicit heroin.] 

Zamir A, Cohen Y, Azoury M.  DNA profiling from heroin street dose packages.  Journal 

of Forensic Sciences  2007;52(2):389.  [DNA could be recovered from fingerprints along 

the "amorphic" burnt edges of the plastic wrap typically used to package street-level 

doses of heroin in Israel.] 

Zelkowicz A, Magora A, Ravreby MD, Levy R.  Analysis of a simulated heroin 

distribution chain by HPLC.  Journal of Forensic Sciences  2005;50(4):849. 

Zhang ZY, Yang JH, Ouyang H, Li ZJ, Chai ZF, Zhu J, Zhao JZ, Yu ZS, Wang J.  Study 

of trace impurities in heroin by neutron activation analysis.  Journal of Radioanalytical 

and Nuclear Chemistry  2004;262(1):295. [62 heroin samples were analyzed for 15 trace 

elements by NAA.  The authors indicate that the results provide origin information.] 

Zhang D, Sun W, Yuan ZP, Ju HX, Shi XJ, Wang CH.  Origin differentiation of a heroin 

sample and its acetylating agent with C-13 isotope ratio mass spectrometry.  European 

Journal of Mass Spectrometry  2005;11(3):277. 

Zoppi U, Skopec Z, Skopec J, Jones G, Fink D, Hua Q, Jacobsen G, Tuniz C, Williams 

A.  Forensic applications of C 14 bomb pulse dating.  Nuclear Instruments & Methods in 

Physics Research, Section B:  Beam Interactions with Materials and Atoms 2004:223.  [A 

minor review of the title technique.  Includes the application to establishing the time of 

harvest of heroin and opium, and discusses the potential of the technique for profiling 

illicit drugs deriving from natural sources.] 

Marijuana: 

Anwar F, Latif S, Ashraf M.  Analytical characterization of hemp (Cannabis sativa) seed 

oil from different agro-ecological zones of Pakistan.  Journal of The American Oil 

Chemists Society  2006;83(4):323. 

Choi YH, Kim HK, Hazekamp A, Erkelens C, Lefeber AWM, Verpoorte R. 

Metabolomic differentiation of Cannabis sativa cultivars using 1H NMR spectroscopy 

Microgram Journal 2016, Volume 13; Numbers 1-4 319 



and principal component analysis.  Journal of Natural Products  2004;67:953. [Cultivars 

could be differentiated by measurement of delta-9-tetrahydrocannabinolic acid and 

cannabidiolic acid.] 

Datwyler SL, Weiblen GD.  Genetic variation in hemp and marijuana (Cannabis sativa 

L.) according to amplified fragment length polymorphisms.  Journal of Forensic Sciences 

2006;51(2):371. [The results are useful in linking seizures, for source determination, and 

for differentiating licit and illicit cultivars of cannabis.] 

Hewavitharana AK, Golding G, Tempany G, King G, Holling N.  Quantitative GGMS 

analysis of delta(9)-tetrahydrocannabinol in fiber hemp varieties.  Journal of Analytical 

Toxicology  2005;29(4):258. 

Hsieh HM, Hou RJ, Chen KF, Tsai LC, Liu SW, Liu KL, Linacre A, Lee JC. 

Establishing the rDNA IGS structure of Cannabis sativa.  Journal of Forensic Sciences 

2004;49(3):477. [The authors indicate that the technique can be used to identify and 

classify samples.] 

Ilias Y, Rudaz S, Christen P, Veuthey JL.  Cannabis profiling:  Which analytical strategy 

to apply?  Chimia  2006;60(5):290. 

Pacifico D, Miselli F, Micheler M, Carboni A, Ranalli P, Mandolino G.  Genetics and 

marker-assisted selection of the chemotype in Cannabis sativa L.  Molecular Breeding 

2006;17(3):257. 

Rabarjo TJ, Widjaja I, Roytrakul S, Verpoorte R.  Comparative proteomics of Cannabis 

sativa plant tissues. Journal of Biomolecular Techniques  2004;15(2):97. 

Ross SA, ElSohly MA, Sultana GNN, Mehmedic Z, Hossain CF, Chandra S.  Flavonoid 

glycosides and cannabinoids from the pollen of Cannabis sativa L.  Phytochemical 

Analysis  2005;16(1):45. 

Sanger M.  Plant identification by DNA.  Part II.  Species identification of marijuana by 

DNA analysis.  Forensic Botany 2004:159. 

Shibuya EK, Sarkis JE, Negrini-Neto O, Martinelli LA.  Carbon and nitrogen stable 

isotopes as indicative of geographical origin of marijuana samples seized in the city of 

São Paulo (Brazil).  Forensic Sci Int  2007;167(1):8-15. 

Microgram Journal 2016, Volume 13; Numbers 1-4 320 



Shibuya EK, Sarkis JES, Neto ON, Moreira MZ, Victoria RL.  Sourcing Brazilian 

marijuana by applying IRMS analysis to seized samples.  Forensic Sci Int 

2006;160(1):35-43. 

Toonen M, Ribot S, Thissen J.  Yield of illicit indoor cannabis cultivation in the 

Netherlands.  Journal of Forensic Sciences  2006;51(5):1050.  [Presents a formula for 

determining a total expected yield of mature female flower buds (sinsimella) from indoor 

grow operations, regardless of maturity at the time of seizure.] 

Methamphetamine: 

Armellin S, Brenna E, Frigoli S, Fronza G, Fuganti C, Mussida D.  Determination of the 

synthetic origin of methamphetamine samples by 2H NMR spectroscopy.  Analytical 

Chemistry  2006;78(9):3113. [The results suggest that site specific deuterium NMR can 

assist in classifying methamphetamine as to precursors and synthetic routes.] 

Barker WD, Antia U.  A study of the use of Ephedra in the manufacture of 

methamphetamine. Forensic Sci Int  2007;166(2-3):102-9. 

Blok A, Cox M, Ward C.  4-Chlorodiphenylmethane, a precursor specific 

methylamphetamine manufacturing by-product.  Journal of the Clandestine Laboratory 

Investigating Chemists Association  2006;16(2):14. [The title product results from use of 

pseudoephedrine pharmaceuticals containing cetirizine for the production of 

methamphetamine via the iodine/hypophosphorous acid route.] 

Dayrit FM, Dumlao MC.  Impurity profiling of methamphetamine hydrochloride drugs 

seized in the Phillippines.  Forensic Science International  2004;144(1):29.  [Presents a 

cluster analysis study of trace impurities in seized methamphetamine samples.] 

Ishibashi H.  Analysis of stable isotope ratio of carbon and nitrogen, as a powerful tool to 

identify smuggling routes of illegal drugs.  Kagaku to Kogyo  2004;57(9):964. [A review 

of the title topic, including discussion of application to methamphetamine and MDMA. 

Written in Japanese.] 

Iwata YT, Inoue H, Kuwayama K, Kanamori T, Tsujikawa K, Miyaguchi H, Kishi T. 

Forensic application of chiral separation of amphetamine-type stimulants to impurity 

analysis of seized methamphetamine by capillary electrophoresis.  Forensic Science 

International  2006;161:92. [A highly sulfated gamma-cyclodextrin was used as the 

chiral selector.] 

Microgram Journal 2016, Volume 13; Numbers 1-4 321 



Kurashima N, Makino Y, Sekita S, Urano Y, Nagano T.  Determination of origin of 

ephedrine used as precursor for illicit methamphetamine by carbon and nitrogen stable 

isotope ratio analysis.  Analytical Chemistry  2004;76(14):4233. [The title technique 

could easily differentiate between ephedrine of synthetic versus semi synthetic versus 

biosynthetic origins, and the differences were found to carry through to the methamphet-

amine produced from those different origins of ephedrine.] 

Kuwayama K, Tsujikawa K, Miyaguchi H, Kanamori T, Iwata Y, Inoue H, Saitoh S, 

Kishi T. Identification of impurities and the statistical classification of methamphetamine 

using headspace solid phase microextraction and gas chromatography-mass spectrometry. 

Forensic Sci Int  2006;160(1):44-52.  [The title techniques can be used for impurity 

profiling and discrimination.] 

Lee JS, Han EY, Lee SY, Kim EM, Park YH, Lim MA, Chung HS, Park JH.  Analysis of 

the impurities in the methamphetamine synthesized by three different methods from 

ephedrine and pseudoephedrine.  Forensic Sci Int  2006;161(2-3):209-15. 

Li TL, Giang YS, Hsu JF, Cheng SG, Liu RH, Wang SM.  Artifacts in the GC-MS 

profiling of underivatized methamphetamine hydrochloride.  Forensic Sci Int 

2006;162(1-3):113-20. [GC/MS analysis of methamphetamine hydrochloride in methanol 

with old inlet liners at temperatures above 200 °C gave appreciable amounts of 

N,N-dimethylamphetamine and amphetamine.] 

Nguyen XT, Dang VD, Hoang TT.  Impurity profiling analysis of illicit methamphet-

amine by capillary gas chromatography.  Part I - Study on and optimum analysis methods. 

Tap Chi Hoa Hoc  2005;43(6):707. [Written in Vietnamese.] 

Person EC, Savopolos JA.  Elemental identification of lithium in clandestine laboratory 

casework by atomic emission spectroscopy.  Journal of the Clandestine Laboratory 

Investigating Chemists Association  2006;16(3):23. 

Qi Y, Evans I, McCluskey A.  New impurity profiles of recent Australian imported 'ice': 

Methamphetamine impurity profiling and the identification of (pseudo)ephedrine and 

Leuckart specific marker compounds.  Forensic Sci Int  2007;169(2-3):173-80. 

Qi Y, Evans ID, McCluskey A.  Australian Federal Police seizures of illicit crystalline 

methamphetamine ('ice') 1998-2002:  Impurity analysis.  Forensic Sci Int 

2006;164(2-3):201-10. [19 samples seized at Australian POE's were analyzed by 

methamphetamine impurity profiling techniques; over 30 characteristic impurities were 

Microgram Journal 2016, Volume 13; Numbers 1-4 322 



identified.] 

Sasaki T, Makino Y. Effective injection in pulsed splitless mode for impurity profiling of 

methamphetamine crystal by GC or GC/MS.  Forensic Sci Int  2006;160(1):1-10. 

Shakleya DM, Tarr SG, Kraner JC, Clay DJ, Callery PS.  Potential marker for smoked 

methamphetamine hydrochloride based on a gas chromatography-mass spectrometry 

quantification method for trans-phenylpropene.  Journal of Analytical Toxicology 

2005;29(6):552. 

Takagi T, Makino Y, Tanaka Y, Okamoto K, Yamashita N, Matsumoto T, Yokota M, 

Kurokawa K, Yasunaga T.  Application of revised version of neural independent 

component analysis to classification problems of confiscated methamphetamine. 

Chemical & Pharmaceutical Bulletin 2004;52(12):1427. 

Methylenedioxyamphetamines and MDMA: 

Aalberg L, Clark CR, DeRuiter J.  Chromatographic and mass spectral studies on isobaric 

and isomeric substances related to 3,4-methylenedioxymethamphetamine.  Journal of 

Chromatographic Science  2004;42(9):464. [Reports on the preparation of a number of 

compounds that are isobaric or isomeric with MDMA, and comments on the similarities 

and differences in their mass spectra (actual compounds not reported in the abstract).] 

Cheng JY, Chan MF, Chan TW, Hung MY.  Impurity profiling of ecstasy tablets seized 

in Hong Kong by gas chromatography-mass spectrometry.  Forensic Sci Int 

2006;162(1-3):87-94. 

Cox M, Klass G.  Synthesis by-products from the Wacker oxidation of safrole in 

methanol using rho-benzoquinone and palladium chloride.  Forensic Sci Int 

2006;164(2-3):138-47. [Includes analyses of samples from a clandestine laboratory 

seized in Australia that was employing this synthesis route.] 

Gimeno P, Besacier F, Botex M, Dujordy L, Chaudron-Thozet H.  A study of impurities 

in intermediates and 3,4-methylenedioxymethamphetamine (MDMA) samples produced 

via reductive amination routes.  Forensic Science International  2005;155(2-3):141. 

Kochana J, Wilamowski J, Parczewski A.  SPE-TLC profiling of impurities in 1-(3,4-

methylenedioxyphenyl)-2-nitropropene, and intermediate in 3,4-methylenedioxymeth-

amphetamine (MDMA) synthesis.  Chromatographia  2004;60(7-8):481.  [Appears to be 

Microgram Journal 2016, Volume 13; Numbers 1-4 323 



closely related to a similarly titled article published in the Journal of Liquid 

Chromatography & Related Techniques  2004;27(15):2463.] 

Kochana J, Wilamowski J, Parczewski A.  TLC profiling of impurities of 1-(3,4-

methylenedioxyphenyl)-2-nitropropene, an intermediate in MDMA synthesis.  Influence 

of sample preparation methods and conditions.  Journal of Liquid Chromatography & 

Related Techniques  2004;27(15):2463. 

Kraj A, Swist M, Strugala A, Parczewski A, Silberring J.  Fingerprinting of 3,4-

methylenedioxymethamphetamine markers by desorption/ionization on porous silicon. 

Eur J Mass Spectrom (Chichester, Eng)  2006;12(4):253-9. [On MDMA synthesized by 

four different routes.  Analyses were done using MALDI-ToF mass spectrometry.] 

Palhol F, Lamoureux C, Chabrillat M, Naulet N.  N15/N14 Isotopic ratio and statistical 

analysis:  An efficient way of linking seized Ecstasy tablets.  Analytica Chimica Acta 

2004;510(1):1. [Presents the GC/C/IRMS analyses of MDMA from 106 samples.  The 

results can be used for rapid grouping of similar tablets.] 

Sharma SP, Purkait BC, Lahiri SC.  Qualitative and quantitative analysis of seized street 

drug samples and identification of source.  Forensic Science International 

2005;152(2-3):235. 

Swist M, Wilamowski J, Parczewski A.  Basic and neutral route specific impurities in 

MDMA prepared by different synthesis methods.  Forensic Science International 

2005;155(2-3):100. 

Swist M, Wilamowski J, Parczewski A.  Determination of synthesis method of Ecstasy 

based on its basic impurities. Forensic Science International  2005;152(2-3):175. 

Swist M, Wilamowski J, Zuba D, Kochana J, Parczewski A.  Determination of synthesis 

route of 1-(3,4-methylenedioxyphenyl)-2-propanone (MDP-2-P) based on impurity 

profiles of MDMA.  Forensic Science International  2005;149(2-3):181. 

Teng SF, Wu SC, Liu C, Li JH, Chien CS.  Characteristics and trends of 3,4-methylene-

dioxymethamphetamine (MDMA) tablets found in Taiwan from 2002 to February 2005. 

Forensic Sci Int  2006;161(2-3):202-8. [181 tablets were analyzed by GC/MS. 

Photographs of the tablet logos are shown.] 

van Deursen MM, Lock ER, Poortman-van der Meere AJ.  Organic impurity profiling of 

Microgram Journal 2016, Volume 13; Numbers 1-4 324 



3,4-methylenedioxymethamphetamine (MDMA) tablets seized in The Netherlands.  Sci 

Justice  2006;46(3):135-52. 

Wu G, Cai X, Xiang B.  Identification of synthesis routes of "Ecstasy" by GC-MS 

coupled soft independent modeling of class analogies.  Sepu 2005;23(2):214. 

Opium and Opium Alkaoids: 

Allen RS, Millgate AG, Chitty JA, Thisleton J, Miller JAC, Fist AJ, Gerlach WL, Larkin 

PJ. RNAi-mediated replacement of morphine with the nonnarcotic alkaloid reticuline in 

opium poppy. Nature Biotechnology  2004;22(12):1559 

Frick S, Chitty JA, Kramell R, Schmidt J, Allen RS, Larkin PJ, Kutchan TM. 

Transformation of opium poppy (Papaver somniferum L.) with antisense berberine bridge 

enzyme gene (Anti-bbe) via somatic embryogenesis results in an altered ratio of alkaloids 

in latex but not in roots.  Transgenic Research  2004;13(6):607. 

Frick S, Kramell R, Schmidt K, Fist AJ, Kutchan TM.  Comparative qualitative and 

quantitative determination of alkaloids in narcotic and condiment Papaver somniferum 

cultivars. Journal of Natural Products  2005;68(5):666. 

Mohana M, Reddy K, Jayshanker G, Suresh V, Sarin RK, Sashidhar RB.  Principal opium 

alkaloids as possible biochemical markers for the source identification of Indian opium. 

Journal of Separation Science  2005;28(13):1558. 

Mudiam MR, Kumar SA, Mahadevan S, Ghosh P, Sarin RK, Beedu SR.  Quantitative 

evaluation of 28 mineral elements by inductively coupled plasma/mass spectrometry and 

its application in source identification of Indian opium.  Journal of AOAC International 

2005;88(5):1469. 

Reddy MM, Krishna JG, Sashidhar RB, Varshney KM, Sarin RK.  Evaluation of fatty 

acids as biochemical markers for source identification of Indian opium.  LC-GC Europe 

2005;18(10):541. 

Reddy MMK, Ghosh P, Rasool SN, Sarin RK, Sashidhar RB.  Source identification of 

Indian opium based on chromatographic fingerprinting of amino acids.  Journal of 

Chromatography A  2005;1088(1-2):158. 

Ziegler J, DiazChavez M, Kramell R, Ammer C, Kutchan TM.  Comparative macroarray 

Microgram Journal 2016, Volume 13; Numbers 1-4 325 



analysis of morphine containing Papaver somniferum and eight morphine free Papaver 

species identifies an O-methyltransferase involved in benzylisoquinoline biosynthesis. 

Planta 2005;222(3):458. 

Multi-Drug and Miscellaneous: 

Alabdalla MA.  Chemical characterization of counterfeit Captagon tablets seized in 

Jordan.  Forensic Science International  2005;152(2-3):185. 

Almirall JR, Umpierrez S, Castro W, Gornushkin I, Winefordner J.  Forensic elemental 

analysis of materials by laser induced breakdown spectroscopy (LIBS).  Proceedings of 

SPIE - The International Society for Optical Engineering  2005;5778:657. 

Bergeron C, Gafner S, Clausen E, Carrier DJ.  Comparison of the chemical composition 

of extracts from Scutellaria lateriflora using accelerated solvent extraction and super-

critical fluid extraction versus standard hot water or 70% ethanol extraction.  Journal of 

Agricultural and Food Chemistry  2005;53(8):3076. 

Carter JF, Grundy PL, Hill JC, Ronan NC, Titterton EL, Sleeman R.  Forensic isotope 

ratio mass spectrometry of packaging tapes.  Analyst  2004;129(12):1206. [Includes 

some discussion of drug packaging.] 

Choi YH, Sertic S, Kim HK, Wilson EG, Michopoulos F, Lefeber AWM, Erkelens C, 

Kricun SDP, Verpoorte R.  Classification of llex species based on metabolomic 

fingerprinting using nuclear magnetic resonance and multivariate data analysis.  Journal 

of Agricultural and Food Chemistry  2005;53(4):1237. 

Daeid NN, Waddell RJH.  The analytical and chemometric procedures used to profile 

illicit drug seizures. Talanta  2005;67(2):280. 

Edwards HGM, Munshi T, Anstis M.  Raman spectroscopic characterisations and 

analytical discrimination between caffeine and demethylated analogues of pharmaceutical 

relevance.  Spectrochimica Acta, Part A:  Molecular and Biomolecular Spectroscopy 

2005;61(7);1453. 

Galimov EM, Sevastyanov VS, Kulbachevskaya EV, Golyavin AA.  Isotope ratio mass 

spectrometry:  delta-C13 and delta-N15 analysis for tracing the origin of illicit drugs. 

Rapid Communications In Mass Spectrometry  2005;19(10):1213. 

Microgram Journal 2016, Volume 13; Numbers 1-4 326 



Gambaro V, Arnoldi S, Casagni E, Dell'Acqua L, Fare F, Saligari E, Valoti E.  Analytical 

approach for the identification of impurities, intermediates and precursors of the 

entactogen synthesis.  Bollettino Chimico Farmaceutico  2005;144(1):1. 

Hu P, Liang QL, Luo GA, Zhao ZZ, Jiang ZH.  Multi-component HPLC fingerprinting of 

Radix salviae miltiorrhizae and its LC-MS-MS identification.  Chemical & 

Pharmaceutical Bulletin  2005;53(6):677. 

Huang M, Russo R, Fookes BG, Sigman ME.  Analysis of fiber dyes by liquid 

chromatography mass spectrometry (LC-MS) with electrospray ionization: 

Discriminating between dyes with indistinguishable UV-Visible absorption spectra. 

Journal of Forensic Sciences  2005;50(3):526. 

Johnson EL, Zhang D, Emche SD.  Inter- and intra-specific variation among five 

Erythroxylum taxa assessed by AFLP.  Annals of Botany  2005;95:601. 

Joshi VC, Khan I.  Macroscopic and microscopic authentication of Chinese and North 

American species of Ephedra.  Journal of AOAC International  2005;88(3):707. 

Kakiuchi N, Nakajima I, Kurita Y, Long CF, Cai SQ, Mikage M.  Studies on cultivated 

Ephedra plants in inner Mongolia autonomous region and Ningxia Hui autonomous 

region.  Biological Pharmaceutical Bulletin  2006;29(4):746. 

Kerns EH.  Utility of mass spectrometry for pharmaceutical profiling applications. 

Current Drug Metabolism  2006;7(5):457. 

Kim HK, Choi YH, Erkelens C, Lefeber AWM, Verpoorte R.  Metabolic fingerprinting 

of Ephedra species using H-1-NMR spectroscopy and principal component analysis. 

Chemical & Pharmaceutical Bulletin  2005;53(1):105. 

Kutchan TM.  A role for intra- and intercellular translocation in natural product 

biosynthesis.  Current Opinion In Plant Biology  2005;8(3):292. 

Lee TH, Lin SY.  Microspectroscopic FT-IR mapping system as a tool to assess blend 

homogeneity of drug-excipient mixtures.  European Journal of Pharmaceutical Sciences 

2004;23(2):117. 

Leger MN, Ryder AG.  Comparison of derivative preprocessing and automated 

polynomial baseline correction method for classification and quantification of narcotics in 

Microgram Journal 2016, Volume 13; Numbers 1-4 327 



solid mixtures.  Applied Spectroscopy  2006;60(2):182. 

Long C, Kakiuchi N, Takahashi A, Komatsu K, Cai S, Mikage M.  Phylogenetic analysis 

of the DNA sequence of the non-coding region of nuclear ribosomal DNA and 

chloroplast of Ephedra plants in China.  Planta Medica  2004;70(11):1080. 

Matthijs N, Heyden YV.  Enantiomeric impurity determination in capillary electro-

phoresis using a highly-sulfated cyclodextrins-based method.  Biomed Chromatogr 

2006;20(8):696-709. 

Meier AW, Liu RH.  Forensic applications of isotope ratio mass spectrometry.  Advances 

in Forensic Applications of Mass Spectrometry 2004:149 (Chapter 4).  [An overview and 

review.  Appears to focus on biological/toxicological forensic applications (not clear in 

the abstract).] 

Novak P, Tepes P, Fistric I, Bratos I, Gabelica V.  The application of LC-NMR and 

LC-MS for the separation and rapid structure elucidation of an unknown impurity in 

5-aminosalicylic acid.  J Pharm Biomed Anal  2006;40(5):1268-72. 

Van Gyseghem E, Jimidar M, Sneyers R, De Smet M, Verhoeven E, Vander Heyden Y. 

Stationary phases in the screening of drug/impurity profiles and in their separation 

method development: Identification of columns with different and similar selectivities.  J 

Pharm Biomed Anal  2006;41(3):751-60. 

Van Gyseghem E, Jimidar M, Sneyers R, De Smet M, Verhoeven E, Vander Heyden YV. 

Stationary phases in the screening of drug/impurity profiles and in their separation 

method development: Identification of columns with different and similar selectivities. 

Journal of Pharmaceutical and Biomedical Analysis  2006;41(3):751. 

Vassort A, Barrett DA, Shaw PN, Ferguson PD, Szucs R.  A generic approach to the 

impurity profiling of drugs using standardised and independent capillary zone 

electrophoresis methods coupled to electrospray ionisation mass spectrometry. 

Electrophoresis  2005;26(9):1712. 

Visky D, Jimidar I, VanAel W, Vennekens T, Redlich D, DeSmet M.  Capillary 

electrophoresis-mass spectrometry in impurity profiling of pharmaceutical products. 

Electrophoresis  2005;26(7-8):1541. 

Visky D, Jimidar I, VanAel W, Vennekens T, Redlich D, DeSmet M.  Capillary 

Microgram Journal 2016, Volume 13; Numbers 1-4 328 



electrophoresis-mass spectrometry in impurity profiling of pharmaceutical products. 

Electrophoresis  2005;26(7-8):1541. 

Vredenbregt MJ, Blok-Tip L, Hoogerbrugge R, Barends DM, de Kaste D.  Screening 

suspected counterfeit Viagra and imitations of Viagra with near-infrared spectroscopy. 

Journal of Pharmaceutical and Biomedical Analysis  2006;40(4):840. 

Wang QB, Yang Y, Zhao XM, Zhu B, Nan P, Zhao JY, Wang L, Chen F, Liu ZJ, Zhong 

Y. Chemical variation in the essential oil of Ephedra sinica from Northeastern China. 

Food Chemistry  2006;98(1):52. 

Wiberg K.  Quantitative impurity profiling by principal component analysis of 

high-performance liquid chromatography-diode array detection data.  Journal of 

Chromatography A  2006;1108(1):50. 

Widjaja E, Seah RKH.  Use of Raman spectroscopy and multivariate classification 

techniques for the differentiation of fingernails and toenails.  Applied Spectroscopy 

2006;60(3):343. 

Witkowski MR.  The use of Raman spectroscopy in the detection of counterfeit and 

adulterated pharmaceutical products.  American Pharmaceutical Review  2005;8(1):56. 

Xue G, Bendick AD, Chen R, Sekulic SS.  Automated peak tracking for comprehensive 

impurity profiling in orthogonal liquid chromatographic separation using mass 

spectrometric detection.  Journal of Chromatography A  2004;1050(2):159. 

Zomer S, Brereton RG, Wolff JC, Airiau CY, Smallwood C.  Component detection 

weighted index of analogy:  Similarity recognition on liquid chromatographic mass 

spectral data for the characterization of route/process specific impurities in 

pharmaceutical tablets.  Analytical Chemistry  2005;77(6):1607. 

Microgram Journal 2016, Volume 13; Numbers 1-4 329 



VI) Analysis of Non-Controlled Pharmaceuticals, Pseudo-Drugs, Adulterants, Diluents, 

and Precursors 

Issue: 

Most "street-level" drugs are "cut" with various adulterants and diluents.  Many of these 

cutting agents are pharmaceutical products or precursors.  Others are "carry-through" compounds 

present in precursors (especially in cold remedy products).  Separation and identification of these 

extraneous materials can be tedious, especially in exhibits which contain many components.  In 

addition, new or unusual adulterants and/or diluents are occasionally identified in drug exhibits, 

and standard analytical data are required for these substances.  Finally, improved methods of 

analysis, i.e., faster, more discriminatory, less costly, etc., are needed for all cutting agents. 

Solution: 

Reports providing standard analytical data and/or improved analytical protocols for 

non-controlled pharmaceuticals, pseudo-drugs, adulterants, diluents, and precursors are generated 

for the forensic and enforcement communities. 
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VII) New and/or Improved Instrumental Techniques 

Issue: 

Forensic Chemists must maintain familiarity with updates in current instrumental 

techniques and become versant in new, improved methods of analysis. 

Solution: 

Improved/existing and new technologies are reviewed and applied to both routine and 

specialized analyses of drugs.  In cases where improved performance is observed, case reports are 

generated for the forensic community. 
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