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SUMMARY 

The street cocktail drug nyaope, commonly found in South Africa, is a mixture of low-grade 

heroin, cannabis products, antiretroviral drugs and other materials added as bulking agents. 

This research led to the development of an analytical method for the identification and 

profiling of the street cocktail drug nyaope, using gas chromatography – mass spectrometry.  

This study determined for the first time the most suitable organic solvent in which the 

common components of nyaope, namely Δ9-tetrahydrocannabinol, heroin, caffeine, 

dextromethorphan, phenacetin and the antiretrovirals efavirenz and nevirapine, which have 

different chemical characteristics, are stable prior to an analysis of nyaope samples. The main 

nyaope components, when extracted into tertiary butyl alcohol, exhibited the greatest 

autosampler stability of up to 72 hours of storage. From these results it can be determined 

that tertiary butyl alcohol is a suitable solvent for the identification, comparison and profiling 

of nyaope samples. 

With regard to analytical method validation, the method gave acceptable repeatability with 

the %RSD less than 10% for the 10.0 and 1000.0 mg/L concentration levels for the majority of 

the components. The linear concentration ranges managed linearity with r2 ≥ 0.997. The 

detection limits varied between 9.90–39.0 pg on column and the limit of quantitation 

between 30.0–120 pg on column. The method exhibited acceptable recoveries and 

ruggedness. The method developed is fit for the purpose of quantitative profiling of the major 

components of nyaope using gas chromatography-mass spectrometry. 

The majority of the components in the street cocktail drug nyaope were shown to be stable 

up to at least 24 hours when stored in a refrigerator. For profiling purposes, samples need to 

be extracted within 24 hours of seizure in a solvent in which they are stable, such as tertiary 

butyl alcohol and analysed within 72 hours. At all times the samples need to be protected 

from light to prevent the photo-decomposition of Δ9-tetrahydrocannabinol and from 

moisture to prevent the hydrolysis of diamorphine. 

The chemical components of simulated nyaope samples as well as actual seized street nyaope 
samples were successfully identified and quantitatively determined using gas 
chromatography – mass spectrometry. The simulated and actual seized street samples were 
successfully discriminated into original batches using the identified nyaope components and 
two unsupervised chemometric methods, namely principal component analysis and 
hierarchical clustering, as well as chromatographic profiles.  

Thus, for the first time, a validated analytical method has been developed for the 

identification, quantitation and profiling of nyaope using gas chromatography – mass 

spectrometry. The method will assist law enforcement agencies in the identification and 

comparison of nyaope samples and facilitate the prosecution of illicit drug trafficking 

offences. 

Keywords: Heroin, nyaope, gas chromatography – mass spectrometry.  
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(5.429) tetracosane IS, (5.730) cannabichromene, (6.234) Δ9-THC, 

(6.411) cannabigerol, (6.517) cannabinol, (6.563) 6-

monoacetylmorphine, (6.681) unknown, (7.001) diamorphine and 

(7.514) nonacosane; For B1: (2.411) nicotine, (3.098) bulnesol, (3.616) 

caffeine, (4.754) methaqualone, (5.242) tetrahydrocannabivarin, 

(5.426) tetracosane IS, (5.575) cannabivarin, (5.733) 

cannabichromene, (5.935) cannabicoumaronone, (6.212) Δ9-THC, 

(6.411) cannabigerol, (6.513) cannabinol, (6.681) unknown, (6.933) 

unknown, (7.517) nonacosane; For C1 (3.558) caffeine, (4.891) 

cocaine, (5.245) tetrahydrocannabivarin, (5.429) tetracosane IS, 

(5.736) cannabichromene, (5.935) cannabicoumaronone, (6.212) Δ9-

THC, (6.489) acetylcodeine, (6.554) 6-monoacetylmorphine, (7.004) 

diamorphine; For D1 (2.407) nicotine, (3.390) unknown, (3.561) 

caffeine, (4.198) unknown, (4.937) methaqualone, (5.242) 

tetrahydrocannabivarin, (5.425) tetracosane IS, (5.755) cannabidiol, 

(5.948) codeine, (6.209) Δ9-THC, (6.485) acetylcodeine, (6.554) 6-

monoacetylmorphine, (7.001) diamorphine, (7.520) nonacosane, 

(8.332) unknown, (8.683) unknown, (9.581) unknown; For E1 (2.411) 

nicotine, (3.396) unknown, (3.558) caffeine, (4.941) methaqualone, 

(5.426) tetracosane IS, (6.209) Δ9-THC, (6.551) 6-

monoacetylmorphine, (7.001) diamorphine, (8.692) unknown. 
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Figure 5.13: Chromatograms showing the three sub-samples for sample A (A1, A2, 

A3) at t = 0 where identifications were: (3.209) acetaminophen, 

(3.567) caffeine, (5.242) tetrahydrocannabivarin, (5.429) tetracosane 
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IS, (5.733) cannabichromene, (6.234) Δ9-THC, (6.408) cannabigerol, 

(6.517) cannabinol, (6.566) 6-monoacetylmorphine, (6.681) unknown, 

(7.001) diamorphine and (7.517) nonacosane in the first 

chromatogram (A1). 

Figure 5.14: Chromatograms for the sub-sample A1 at after 0, 24, 48 and 72 hours 

respectively where identifications were: (3.194) acetaminophen, 

(3.567) caffeine, (5.242) tetrahydrocannabivarin, (5.429) tetracosane 

IS, (5.730) cannabichromene, (6.234) Δ9-THC, (6.408) cannabigerol, 

(6.517) cannabinol, (6.563) 6-monoacetylmorphine, (6.681) unknown, 

(7.001) diamorphine and (7.514) nonacosane in the first 

chromatogram (t = 0). 
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Figure 5.15: Dendrogram of the actual seized street nyaope samples A (A1, A2, A3), 

B (B1, B2, B3), C (C1, C2, C3), D (D1, D2, D3) and E (E1, E2, E3) analysed 

by HCA using unweighted linkage and Euclidean distance for the time 

interval t = 0, 24, 48 and 72 hours respectively. 
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Figure 5.16: Principal component analysis scree plot at t = 0, 24, 48, 72 hours for 

the actual seized street nyaope samples A, B, C, D, and E. 
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Figure 5.17: Observation axis for the actual seized street nyaope samples A (A1, 

A2, A3), B (B1, B2, B3), C (C1, C2, C3), D (D1, D2, D3) and E (E1, E2, E3) 

analysed by PCA for the time interval t = 0, 24, 48, and 72 hours. 
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(8.683) unknown, (9.581) unknown in the first chromatogram (t = 
0). 
 

APPENDIX XIV-e Chromatograms for sample E after 0, 24, 48 and 72 hours 
respectively where identifications were (2.411) nicotine, (3.396) 
unknown, (3.558) caffeine, (4.941) methaqualone, (5.426) 
tetracosane IS, (6.209) Δ9-THC, (6.551) 6-monoacetylmorphine, 
(7.001) diamorphine in the first chromatogram (t = 0). 

299 

  



xxx 
 
 

LIST OF ABBREVIATIONS 

ABBREVIATIONS RELATING TO ANTIRETROVIRAL DRUGS, CANNABINOIDS 

AND OPIATES 

 

3-MAM  O3 Monacetylmorphine 

6-MAM  O6 Monacetylmorphine 

ACOD   Acetylcodeine 

ARV   Antiretroviral 

CBCA   Cannabichromenic acid 

CBCM   Cannabichromene 

CBCN   Cannabicoumaronone  

CBD   Cannabidiol 

CBDA   Cannabidiolic Acid 

CBE   Cannabielsoin 

CBEA   Cannabielsoic acid 

CBG   Cannabigerol 

CBGA   Cannabigerolic acid 

CBL   Cannabicyclol 

CBLA   Cannabicyclolic acid 

CBN   Cannabinol 

CBNA   Cannabinolic acid 

CBND   Cannabinodiol 

CBNDA   Cannabinodiolic acid  

CBT   Cannabitriol 

CBV   Cannabivarin 

COD   Codeine 

DAM   Diamorphine 

DTM   Dextromethorphan 

EFV   Efavirenz 

∆8-THC   ∆8-tetrahydrocannabinol 

∆9-THC   ∆9-tetrahydrocannabinol 

∆9 -THCA  ∆9-tetrahydrocannabinolic acid 

 

  



xxxi 
 
 

GENERAL ABBREVIATIONS  

ACA   Acetaminophen 

AFLP    Amplified fragment length polymorphism 

ANOVA   Analysis of variance  

ARV   Antiretroviral 

t-BuOH  tertiary Butyl Alcohol 

CAFF   Caffeine 

CCR5   Chemokine Coreceptor Type 5 

CD4   Cluster of Differentiation 4 

CE    Capillary electrophoresis 

CE-PDA   Capillary electrophoresis-photodiode array 

COC   Cocaine 

COSY    Proton-proton Correlation Spectroscopy 

CZE   Capillary zone electrophoresis 

CZE-DAD  Capillary zone electrophoresis- diode array detector 

CZE-UV   Capillary zone electrophoresis- ultraviolet detection 

DCM   Dichloromethane 

DFTPP    Decafluorotriphenylphosphine 

DNA   Deoxyribonucleic acid 

EI   Electron impact 

ELISA    Enzyme-linked Immunosorbent Assay  

EST- SSR   Expressed sequence tag -simple sequence repeat 

ETAC   Ethyl Acetate 

ETOH   Ethanol 

FDA   Food and Drug Administration 

GC-FID   Gas chromatography-flame ionization detection  

GC-MS/MS  Gas chromatography tandem mass spectroscopy 

GC x GC-FID Comprehensive two-dimensional gas chromatography- flame 
ionization detection 

GC × GC-MS  Comprehensive two-dimensional gas chromatography-mass 
spectrometry 

GC x GC–TOF–MS  Two-dimensional Gas Chromatography coupled to a time-of-flight MS 
detector 

GC-IRMS  Gas chromatography-Stable isotope ratio-mass spectrometry 

GC-MS   Gas chromatography-mass spectrometry  

GC-TOFMS  Gas Chromatography – Time of Flight Mass Spectrometry 

HCA   Hierarchical cluster analysis 



xxxii 
 
 

HETP    Height equivalent of a theoretical plate 

HEX   Hexane 

HIV   Human Immunodeficiency Virus 
1HNMR   Proton nuclear magnetic resonance 

HPLC    High performance liquid chromatography 

HPLC-DAD  High-performance liquid chromatography-diode array detector 

HPLC-ESI-MS  High performance liquid chromatography coupled with electrospray 
mass spectrometry 

HPLC–MS/MS  High performance liquid chromatography tandem mass spectrometry 

HPLC-UV  High-performance liquid chromatography-Ultraviolet detection 

ICH   International Conference on Harmonisation 

ICRS   International Chemical Reference Substances 

INSTI   integrase strand transfer inhibitors 

ISTD   Internal standard  

ISS   Intermediate stock solution 

ISSR   Inter-simple sequence repeat 

ITS2   Internal Transcribed Spacer II 

IUPAC   International Union of Pure and Applied Chemistry 

LC-MS/MS  Liquid Chromatography tandem Mass Spectrometry 

LDA   Linear discriminant analysis  

LOD   Limit of Detection   

LOQ   Limit of Quantitation  

MDA   3,4-Methylenedioxyamphetamine. 

MEKC-DAD   Micellar Electrokinetic Chromatography-diode array detector 

MEKC-UV  Micellar Electrokinetic Chromatography-Ultraviolet detection 

MSD   Mass Selective Detector 

MSDS   Material safety data sheet  

MTQ   Methaqualone 

k-NN   k-nearest neighbor method 

NIST   National Institute of Standards and Technology 

NMR   Nuclear magnetic resonance 

NNRTI   Nonnucleoside Reverse Transcriptase Inhibitor 

NRTI   Nonnucleoside; Reverse Transcriptase Inhibitor 

PCA   Principal Component analysis 

PCR    Polymerase chain reaction 

PI   Protease Inhibitors 

i-PrOH   iso-Propyl Alcohol 



xxxiii 
 
 

NCT   Nicotine 

PFTBA    Perfluorotributylamine  

PNT   Phenacetin 

QA   Quality Assurance 

RAPD    Random amplification of polymorphic DNA 

RNA   Ribonucleic acid 

RRT   Relative retention time 

RSD   Relative Standard Deviation 

RT   Retention time 

SACENDU  South African Community Epidemiology Network on Drug Use 

SAHPRA  South African Health Products Regulatory Authority 

SAPS   South African Police Services 

SAPS-FSL   South African Police Services’ Forensic science Laboratory 

SADC    Southern African Development Community 

SIM    Single ion monitoring 

SPME   Solid phase micro extraction 

SS   Stock solution 

STR    Short tandem repeat 

TC   Tetracosane 

TOCSY    Total Correlation Spectroscopy 

UNODCCP   United Nations Office for Drug Control and Crime Prevention 

UNODC  United Nations Office on Drugs and Crime 

UHPLC-PDA   Ultra-high-pressure liquid chromatography-Photodiode array 

UPLC–MS/MS  Ultra-performance liquid chromatography tandem mass spectrometry 

US-DA PLANTS  United States Department of Agriculture Plants Database 

US-DEA  United States Drug Enforcement Agency 

US-DHHS  United States Department of Health and Human Services 

US-FDA  United States Food and Drug Administration 

USP   United States Pharmacopeia 

UV    Ultraviolet 

WHO   World Health Organisation 

 

 



1 
 
 

CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW  

1.1 BACKGROUND AND RATIONALE FOR THE CURRENT STUDY 

The abuse of illicit drugs such as cocaine, methamphetamine and heroin is a problem that is 

prevalent in many urban areas in countries around the world, including South Africa. It is 

estimated that about 35 million people worldwide suffer from disorders related to drug abuse 

and about 585 000 people died in 2018 as a result of drug abuse (UNODC, 2020). The 

clampdown on the abuse of illicit drugs through legislation has led to the proliferation of new 

designer drugs in order to circumvent prosecution. Existing illicit drugs are often reintroduced 

with new names to disguise them from the authorities. A potent cocktail mixture of low-grade 

heroin, smoked with cannabis, has been introduced in South Africa as ‘nyaope’ (Figure 1.1) 

(Ross, 2013). Nyaope is believed to have originated in the Pretoria townships of Atteridgeville, 

Soshanguve and Mamelodi between 2000 and 2006, but it is now available in the city’s 

suburbs (Health24, 2014). It has also spread to other parts of South Africa under different 

street names that are area specific. For instance, in Durban, nyaope is occasionally mixed with 

antiretroviral drugs and referred to as ‘Whoonga’ and ‘Sugars’ (Fihlani, 2011), while in the 

Western Cape it is called ‘Ungah’; it is known as ‘Pinch’ in Mpumalanga and Limpopo; ‘Kataza’ 

in Johannesburg; and ‘Plazana’ and ‘Kwape’ in Pretoria (Mokwena and Huma, 2014, GPDPCS-

SA, 2015). Nyaope is a cocktail drug that always contains heroin mixed with one or more other 

psychoactive substances such as cannabis, cocaine, 3,4-methylenedioxyamphetamine (MDA), 

methaqualone, the antiretroviral (ARV) medication non-nucleoside reverse transcriptase 

inhibitors (Efavirenz (EFV) and Nevirapine (NVP)), Acetaminophen (ACA), Lidocaine, 

Phenacetin (PNT), Dextromethorphan, Diazepam and Caffeine (SAPS Fact File, 2013, Khine et 

al, 2015).  

It is believed that nyaope is sometimes also mixed with bulking agents such as bicarbonate of 

soda, pool cleaner and teething powder to make it last longer, as well as with adulterants 

such as rat poison (warfarin) to enhance the psychoactive effects (GPDPCS-SA, 2015).  
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Figure 1.1: Picture of a typical street nyaope sample (Photo by the author) 

 

Recently there has been a media outcry on the abuse of the street cocktail drug nyaope by 

unemployed South Africans youth (Masombuka, 2013; Health24, 2014; Mokwena and 

Morojele, 2014). Once addicted to the drug, it becomes almost impossible to break the cycle 

of use, due to lack of affordable rehabilitation centres (Mokwena and Morojele, 2014). Those 

that are rehabilitated often relapse because they return to those unfavourable conditions 

that resulted in the initial use of the drug (Mokwena, 2015).  

In South Africa, the abuse of the cocktail drug nyaope has increased in recent years, mainly 

amongst the youth (Larkan, Van Whyk and Saris, 2010; Shembe, 2013). This often results in 

these young males turning to theft, losing their jobs and/or dropping out of school 

(Masombuka, 2013; Grelotti et al, 2014; Mokwena and Huma, 2014; Rough et al, 2014). The 

nyaope users, who are mostly poor, often resort to criminal activities to sustain their drug 

habit, which includes stealing anything valuable they can lay their hands on (ibid).  

Although the drug is widely reported in South Africa, nothing is known of its distribution in 

neighbouring Mozambique, Zimbabwe, Botswana and Namibia, although there are anecdotal 

reports that it may have been reported in Malawi (Nyedo, 2020). 
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Nyaope contains substances that are controlled by the South African Drugs and Drug 

Trafficking Act, 1992 (Act 140 of 1992). These substances have been under this legislation 

from as far back as 1992. The name nyaope itself is a street name and therefore cannot be 

listed in the Act. The main illicit components of nyaope, heroin and its associated opiates 

(acetylcodeine, codeine, 6-monoacetylmorphine and morphine), cannabis as well as other 

illicit drugs (cocaine, 3,4-methylenedioxyamphetamine and methaqualone) are controlled in 

South Africa. Cannabis, heroin, 3,4-methylenedioxyamphetamine and methaqualone are 

listed in Part III of Schedule 2 of the Drugs and Drug Trafficking Act, 1992 (Act 140 of 1992) as 

undesirable, dependence-producing substances while acetylcodeine, cocaine, codeine, 6-

monoacetylmorphine and morphine are listed in Part II of Schedule 2 of the Drugs and Drug 

Trafficking Act, 1992 (Act 140 of 1992) as dangerous dependence-producing substances. This 

legislation prohibits the use, possession, production and commercialization of an undesirable, 

dependence-producing substance, while the dangerous dependence substances could be 

produced by anyone in possession of a permit issued by the South African Health Products 

Regulatory Authority (SAHPRA). These substances are also listed in Schedules 6 and 7 of the 

Medicines and Related Substances Act, 1965 (Act 101 of 1965). The other substances believed 

to be included in the cocktail nyaope mix are only listed as follows in the Medicines and 

Related Substances Act, 1965 (Act 101 of 1965): 

a) Diazepam in Schedule 5 of the Medicines and Related Substances Control Act, 1965 

(Act 101 of 1965). 

b) Antiretroviral drugs, phenacetin, and anticoagulants in Schedule 4 of the 

Medicines and Related Substances Control Act, 1965 (Act 101 of 1965). 

c) Caffeine, when intended for injection, in Schedule 3 of the Medicines and Related 

Substances Control Act, 1965 (Act 101 of 1965). 

d) Acetaminophen (paracetamol) in Schedules 3, 2, 1 and 0 of the Medicines and 

Related Substances Control Act, 1965 (Act 101 of 1965). 

e) Dextromethorphan and Lidocaine (as a local anaesthetic) in Schedule 2 of the 

Medicines and Related Substances Control Act, 1965 (Act 101 of 1965). 

Substances listed in Schedules 3 and 4 of the Medicines and Related Substances Control Act 

are only accessible to people who are in possession of a doctor’s prescription or a permit from 

SAHPRA.  



4 
 
 

Nyaope is an inexpensive cocktail drug with a single dose costing R20,00–R30,00 (circa US$ 2) 

(Monyakane, 2018). In South Africa, at present, the Criminal Law punishes drugs related 

offences by a fine or imprisonment. The scale of the nyaope problem is difficult to quantify. 

At the present time there are few representative surveys on drug use and abuse in South 

Africa. A recent policy brief summarises the rise in trafficking and abuse of heroin in South 

Africa (Haysom, 2019), which may be associated with the rise in the abuse of the cocktail drug 

nyaope. However, there is a growing opinion that to tackle the drug problem in South Africa, 

including that associated with nyaope, a number of approaches need to be taken 

(Monyakane, 2018). This includes (i) punishment of those manufacturing, trafficking and 

distributing the drug. Additionally, a forensic process is proposed towards addressing the 

nyaope problem (Monyakane, 2018); where (ii) drug users are properly catered for by 

rehabilitation schemes; (iii) the social circumstances of the drug users are changed; and (iv) 

implementation of a Public Health Awareness Scheme. Of course, this approach could be 

applied to many drug problems across the globe. 

Anecdotal reports have indicated that nyaope is sometimes mixed with rat poison to make it 

last longer as well as enhance the psychoactive effects (Health24, 2014; GPDPCS-SA, 2015). 

Rat poison is mainly a formulation that contains compounds derived from two classes of 

rodenticide anticoagulants. Coumarins are derived from the woodruff flavour coumarin found 

in many plants, especially available in higher concentrations in the tonka beans (Dipteryx 

odoranta Wild, Fabaceae) from which it was first isolated (Bovell-Benjamin and Roberts, 

2015). Indandiones are mainly derivatives of 1,3-indandione (Pluskota and Koba, 2018). 

Coumarins and indandiones are also called vitamin K antagonists, because they reduce the 

synthesis of vitamin K- dependent factors that are necessary for blood coagulation. 

Coumarins are mainly the 4-hydroxycoumarin derivatives, which are divided into first-

generation (warfarins) anticoagulants, namely acenocoumarol, coumatetralyl, coumachlor, 

phenprocoumon, and warfarin in addition to the second-generation (superwarfarins) namely 

brodifacoum, bromadiolone, difenacoum, difethialone, and flocoumafen (Grobosch et al, 

2006; Marek and Koskinen, 2007; Adamowicz and Kała, 2009; Rother, 2012). Indandiones 

includes pindone, chlorophacinone and diphacinone (Marek and Koskinen, 2007; Rother, 

2012). The structures, common names, International Union of Pure and Applied Chemistry 

(IUPAC) names empirical formulae and molar masse of coumarin, 4-hydroxycoumarine, 1,3-
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indandione , vitamin K and some of the rodenticides are shown in Table 1.1. The substances 

found in rat poison can easily be detected using gas chromatography- mass spectrometry (GC-

MS) that is currently used for routine analysis. The presence of these rodenticides in any of 

the casework was not reported by the South African Police Service Forensic Science 

Laboratory (SAPS-FSL). This may be due to the method used for routine drug analysis being 

unsuitable for the detection of the rodenticides. The non-reporting of the rodenticides 

suggests that they were either absent or, if present, they were simply not reported by the 

analyst during normal routine work. These substances are not controlled in terms of the South 

African drug laws (Drugs and Drug Trafficking Act, 1992); as a result, it is normally not required 

for the analyst to report the presence of the rodenticides. The presence of rat poison in 

nyaope may result in bleeding in mesenteric blood vessels (Khan and Schell, 2014) which then 

would cause pain and therefore the need to take more painkiller (heroin). In this manner the 

abuser would then continue smoking more nyaope. It will be difficult to select particular 

rodenticides, since they are not reported, and as a result these substances will be excluded 

from the study. 
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Table 1.1: Structures, common names, IUPAC names, empirical formulae and molar masses of coumarin, 4-hydroxycoumarine, 1,3-
indandione and vitamin K as well as some of the indandione superwarfarin and warfarin rodenticides. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

1   Structures of coumarin, 4-hydroxycoumarine, 1,3-indandione and vitamin K 

 

Coumarin 2H-Chromen-2-one C9H6O2 146.14 

 

4-Hydroxycoumarine 4-Hydroxy-2H-chromen-2-one C9H6O3 162.14 

 

1,3-Indandione

  

1H-Indene-1,3(2H)-dione C9H6O2 146.14 

 

Vitamin K 2-Methyl-3-[(2E,7R,11R)-3,7,11,15-tetramethyl-2-

hexadecen-1-yl]-1,4-naphthoquinone 

C31H46O2 450.70 
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Table 1.1 cont’d: Structures, common names, IUPAC names, empirical formulae and molar masses of coumarin, 4-hydroxycoumarine, 1,3-
indandione and vitamin K as well as some of the indandione superwarfarin and warfarin rodenticides. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

2   Structure of warfarins 

 

Acenocoumarol 4-Hydroxy-3-[(1S)-1-(4-nitrophenyl)-3-oxobutyl]-2H-

chromen-2-one 

C19H15NO6 353.33 

 

Coumatetralyl  4-Hydroxy-3-(1,2,3,4-tetrahydro-1-napthalenyl)-2H-

chromen-2-one 

C19H16O3 292.33 

 

Coumachlor  3-[1-(4-Chlorophenyl)-3-oxobutyl]-4-hydroxy-2H-

chromen-2-one 

C19H15ClO4 342.77 

 

Phenprocoumon

   

4-Hydroxy-3-(1-phenylpropyl)-2H-chromen-2-one C18H16O3 280.32 

 

Warfarin  2-Hydroxy-3-(3-oxo-1-phenylbutyl)-4H-chromen-4-

one 

C19H16O4 308.33 
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Table 1.1 cont’d: Structures, common names, IUPAC names, empirical formulae and molar masses of coumarin, 4-hydroxycoumarine, 1,3-
indandione and vitamin K as well as some of the indandione superwarfarin and warfarin rodenticides. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

3  Structures of superwarfarins    

 

Brodifacoum  3-[3-(4'-Bromo-4-biphenyl)-1,2,3,4-tetrahydro-1-

naphthalenyl]-2-hydroxy-4H-chromen-4-one 

C31H23BrO3 523.42 

 

Bromadiolone  3-[(1S,3R)-3-(4'-Bromo-4-biphenylyl)-3-hydroxy-1-

phenylpropyl]-4-hydroxy-2h-chromen-2-one 

C30H23BrO4 527.41 

 

Difenacoum  3-[3-(4-Biphenylyl)-1,2,3,4-tetrahydro-1-

naphthalenyl]-4-hydroxy-2H-chromen-2-one 

C31H24O3 444.52 

 

Difethialone  3-[3-(4'-Bromo-4-biphenylyl)-1,2,3,4-tetrahydro-1-

naphthalenyl]-4-hydroxy-2H-thiochromen-2-one 

C31H23BrO2S 539.48 

 

Flocoumafen  4-Hydroxy-3-[3-(4-{[4-

(trifluoromethyl)benzyl]oxy}phenyl)-1,2,3,4-

tetrahydro-1-naphthalenyl]-2H-chromen-2-one 

C33H25F3O4 542.54 
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Table 1.1 cont’d: Structures, common names, IUPAC names, empirical formulae and molar masses of coumarin, 4-hydroxycoumarine, 1,3-
indandione and vitamin K as well as some of the indandione superwarfarin and warfarin rodenticides. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

4  Structures of Indandiones     

 

Chlorophacinone 2-[(4-Chlorophenyl)(phenyl)acetyl]-1H-indene-

1,3(2H)-dione 

C23H15ClO3 374.82 

 

Diphenadione 2-(Diphenylacetyl)-1H-indene-1,3(2H)-dione C23H16O3 340.37 

 

Pindone 2-(2,2-Dimethylpropanoyl)-1H-indene-1,3(2H)-dione C14H14O3 230.26 
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The health risks associated with using nyaope are not well investigated, but reports include 

the restriction of growth and development of neo-nates (Thomas and Velaphi, 2014) and 

infective endocarditis (Meel and Essop, 2018), which has been misdiagnosed elsewhere as 

pulmonary tuberculosis or pneumonia (Chambers, 2018). Other problems associated with 

nyaope use include damaged and infected veins, damaged heart valves, tissue infections, liver 

failure, kidney disease and lung problems (Recovery Direct, 2019). 

1.2 AN OVERVIEW OF ANTRIRETROVIRAL DRUGS 

The vast majority of nyaope users are positive for human immunodeficiency virus (HIV) (Meel 

and Essop, 2018). Nyaope is also reportedly abused by pregnant women, which has 

detrimental consequences to the unborn babies. The abuse of nyaope mixtures containing 

antiretroviral (ARV) drugs by pregnant women results in the development of ARV pre-

treatment resistance and is associated with abnormal intrauterine growth, neonatal 

abstinence syndrome, as well as abnormal behaviour for the unborn child (Thomas and 

Vhelaphi, 2014). The use of ARVs as cutting agents for nyaope has reportedly led to health 

professionals being robbed or even corrupt officials selling the ARVs (Inciardi et al, 2007; 

Larkan et al, 2010; Shembe, 2013). Patients who are HIV-positive are also either robbed or 

sell the ARVs themselves, thereby defaulting on their treatment (ibid).  

ARVs can be classified into seven classes, namely: nucleoside/nucleotide reverse 

transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), 

protease inhibitors (PIs), integrase strand transfer inhibitors (INSTIs), a fusion inhibitor, a 

Chemokine Coreceptor Type 5 (CCR5) antagonist, and a cluster of differentiation 4 cells (CD4 

cells) post-attachment inhibitor. CD4 cells are white blood cells found on the surface of 

immune cells. The CD4 cell count gives an indication of one’s body’s ability to defend itself 

against pathogens, infections and illnesses. 

1.2.1 ARV treatment and psychiatric effects 

HIV-positive patients are usually treated with a first regimen of antiretrovirals, which is a fixed 

drug combination of three or four drugs from at least two different classes. The combinations 

used include either an INSTI with two NRTIs, an NNRTI with two NRTIs, or a boosted PI plus 
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two NRTIs (Department of Health, 2004; Sogbanmu et al, 2015; Kakande et al, 2015; Meintjies 

et al, 2017; US-DHHS, 2018). Boosted PIs are PIs in combination with RTV where RTV acts as 

a booster. This treatment is followed-up by a second line of ARVs, which are a combination 

of a boosted PI with two NRTIs (ibid). Should a third-line regiment be required, a combination 

of boosted PI with INSTI and NNRTIs is usually employed (ibid). Table1.2 lists the structures, 

common names, IUPAC names, empirical formulae and molecular weights of some of these 

antiretroviral drugs.  

Common psychiatric side-effects of some of these antiretroviral drugs are as follows 

(Turjanski and Lloyd, 2005; Anagnostopoulos et al, 2013; US-DHHS, 2018):  

• Amprenavir causes mood swings 

• Atazanavir causes depression and insomnia 

• Bictegravir causes insomnia, depression, and suicidality primarily in patients with pre-

existing psychiatric conditions. 

• Cenicriviroc improves cognitive performance. 

• Didanosine causes lethargy, nervousness, anxiety, confusion, sleep disturbances, 

mood disorders, and psychosis. 

• Dolutegravir causes depression or exacerbation of pre-existing depression, anxiety, 

suicidal ideation or attempted/completed suicide, insomnia, dizziness and headache. 

• Doravirine causes sleep disorders and disturbances, dizziness, altered sensorium; 

depression and suicidality/self-harm. 

• Efavirenz causes agitation, depersonalisation, hallucinations, abnormal dreams, mood 

disorders, depression, antisocial behaviour, psychosis, catatonia, delirium, suicidal 

ideation, dizziness, somnolence, insomnia or poor sleep quality, impaired 

concentration, seizures (including absence seizures) and cerebellar dysfunction 

(tremor, dysmetria, ataxia). 

• Elvitegravir causes insomnia, depression, and suicidality primarily in patients with pre-

existing psychiatric conditions. 

• Emtricitabine causes dizziness, difficulty sleeping, weakness and hallucinations 

(abnormal dreams).  

• Enfuvirtide causes anxiety and depression. 

• Indinavir causes mood swings. 

• Lamivudine causes insomnia and mood disorders. 

• Lopinavir and ritonavir causes mood changes, agitation and anxiety. 
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• Raltegravir causes increased psychomotor activity, headaches, insomnia, depression 

and cerebellar dysfunction (e.g. tremor, dysarthria and ataxia). 

• Rilpivirine causes depression, suicidality, depressive disorders, suicidal ideation, 

abnormal dreams/nightmares, headache, dizziness, insomnia and somnolence. 

• Saquinavir causes depression, anxiety and sleep disturbances. 

• Stavudine causes sleep and mood disorders and delirium. 

• Tenofovir causes asthenia, depression, insomnia and anorexia. 

• Tipranavir causes insomnia. 

• Zalcitabine causes somnolence, impaired, concentration, mood disorders and 

delirium. 

• Zidovudine causes sleep disturbance, vivid dreams, agitation, mania and depression, 

psychotic symptoms and delirium. 

No psychoactive effects have been reported for abacavir, aplaviroc, delavirdine, duranavir, 

etravirine, fosamprenavir, fostemsavir, ibulizumab, maraviroc, nelfinavir, nevirapine, 

peptide-T and vicriviroc. As seen above some of the ARVs (efavirenz and emtricitabine) give 

hallucinogenic effect similar to the illicit drug LSD, which could be the motivation for the use 

of ARVs as part of the components of the nyaope cocktail drug. 
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Table 1.2: Structures, common names, IUPAC names, empirical formulae and molar masses of some of the antiretroviral drugs available 
commercially. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

Fusion inhibitors     

- Enfuvirtide acetyl-L-tyrosyl-L-threonyl-L-seryl-L-leucyl-L-isoleucyl-L-

histidyl-L-seryl-L-leucyl-L-isoleucyl-L-a-glutamyl-L-a-

glutamyl-L-seryl-L-glutaminyl-L-asparaginyl-L-glutaminyl-

L-glutaminyl-L-a-glutamyl-L-lysyl-L-asparaginyl-L-a-

glutamyl-L-glutaminyl-L-a-glutamyl-L-leucyl-L-leucyl-L-a-

glutamyl-L-leucyl-L-a-aspartyl-L-lysyl-L-tryptophyl-L-

alanyl-L-seryl-L-leucyl-L-tryptophyl-L-asparaginyl-L-

tryptophyl-L-phenylalaninamide 

C204H301N51O64 4492.1 

 

Peptide T L-alanyl-L-seryl-L-threonyl-L-threonyl-L-threonyl-L-

asparaginyl-L-tyrosyl-L-threonine 

C35H55N9O16 857.872 

CCR5 antagonists    

 

Aplaviroc 4-[4-({(3R)-1-Butyl-3-[(R)-cyclohexyl(hydroxy)methyl]-2,5-

dioxo-1,4,9-triazaspiro[5.5]undec-9-

yl}methyl)phenoxy]benzoic acid 

C33H43N3O6  577.711 
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Table 1.2 cont’d: Structures, common names, IUPAC names, empirical formulae and molar masses of some of the antiretroviral drugs 
available commercially. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

CCR5 antagonists 

 Cenicriviroc  

 

 

(5E)-8-[4-(2-Butoxyethoxy)phenyl]-1-isobutyl-N-(4-{(S)-

[(1-propyl-1H-imidazol-5-yl)methyl]sulfinyl}phenyl)-

1,2,3,4-tetrahydro-1-benzazocine-5-carboxamide 

C41H52N4O4S 696.941 

 

Maraviroc 

 

4,4-Difluoro-N-[(1S)-3-[(3-exo)-3-[3-methyl-5-(1-

methylethyl)-4H-1,2,4-triazol-4-yl]-8-

azabicyclo[3.2.1]oct-8-yl]-1-

phenylpropyl]cyclohexanecarboxamide 

C29H41F2N5O 513.666 

 

Vicriviroc 

 

(4,6-Dimethyl-5-pyrimidinyl){4-[(3S)-4-{(1R)-2-

methoxy-1-[4-(trifluoromethyl)phenyl]ethyl}-3-methyl-

1-piperazinyl]-4-methyl-1-piperidinyl}methanone 

C28H38F3N5O2 533.629 
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Table 1.2 cont’d: Structures, common names, IUPAC names, empirical formulae and molar masses of some of the antiretroviral drugs 
available commercially. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

CD4 post-attachment inhibitors    

 

Fostemsavir 

 

{3-[(4-Benzoyl-1-piperazinyl)(oxo)acetyl]-4-methoxy-7-

(3-methyl-1H-1,2,4-triazol-1-yl)-1H-pyrrolo[2,3-

c]pyridin-1-yl}methyl dihydrogen phosphate 

C25H26N7O8P 583.490 

Integrase strand transfer inhibitors    

 

Bictegravir 

 

(1S,11R,13R)-5-Hydroxy-3,6-dioxo-N-(2,4,6-

trifluorobenzyl)-12-oxa-2,9-

diazatetracyclo[11.2.1.02,11.04,9]hexadeca-4,7-diene-7-

carboxamide 

C21H18F3N3O5 449.380 

 

Dolutegravir 

 

(4R,12aS)-N-(2,4-Difluorobenzyl)-7-hydroxy-4-methyl-

6,8-dioxo-3,4,6,8,12,12a-hexahydro-2H-

pyrido[1',2':4,5]pyrazino[2,1-b][1,3]oxazine-9-

carboxamide 

C20H19F2N3O5 419.379 

 

Elvitegravir 

 

6-(3-Chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-

methyl-2-butanyl]-7-methoxy-4-oxo-1,4-dihydro-3-

quinolinecarboxylic acid 

C23H23ClFNO5 447.884 

 

Raltegravir 

 

N-(4-Fluorobenzyl)-5-hydroxy-1-methyl-2-(2-{[(5-

methyl-1,3,4-oxadiazol-2-yl)carbonyl]amino}-2-

propanyl)-6-oxo-1,6-dihydro-4-pyrimidinecarboxamide 

C20H21FN6O5 444.416 
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Table 1.2 cont’d: Structures, common names, IUPAC names, empirical formulae and molar masses of some of the antiretroviral drugs 
available commercially. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

Non-nucleoside reverse transcriptase inhibitors 

     

 

Delavirdine 

 

N-[2-({4-[3-(Isopropylamino)-2-pyridinyl]-1-

piperazinyl}carbonyl)-1H-indol-5-

yl]methanesulfonamide 

C22H28N6O3S 456.561 

 

Doravirine 

 

3-Chloro-5-({1-[(4-methyl-5-oxo-4,5-dihydro-1H-1,2,4-

triazol-3-yl)methyl]-2-oxo-4-(trifluoromethyl)-1,2-

dihydro-3-pyridinyl}oxy)benzonitrile 

C17H11ClF3N5O3 425.749 

 

Efavirenz (4S)-6-Chloro-4-(cycopropylethynyl)-4-

(trifluoromethyl)-1,4-dihydro-2H-3,1-benzoxazin-2-one 

C14H9ClF3NO2 315.68 

 

Etravirine 

 

4-({6-Amino-5-bromo-2-[(4-cyanophenyl)amino]-4-

pyrimidinyl}oxy)-3,5-dimethylbenzonitrile 

C20H15BrN6O 435.277 

 

Nevirapine 11-Cyclopropyl-4-methyl-5,11-dihydro-6H-dipyrido[3,2-

b:2',3'-e][1,4]diazepin-6-one 

 

 

C15H14N4O 266.30 
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Table 1.2 cont’d: Structures, common names, IUPAC names, empirical formulae and molar masses of some of the antiretroviral drugs 
available commercially. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

Non-nucleoside reverse transcriptase inhibitors   

 

Rilpivirine 4-{[4-({4-[E-2-Cyanovinyl]-2,6-dimethylphenyl}amino)-

2-pyrimidinyl]amino}benzonitrile 

C22H18N6 366.418 

Nucleoside reverse transcriptase inhibitors 

 

Abacavir 

 

{(1S,4R)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-

yl]-2-cyclopenten-1-yl}methanol 

 

C14H18N6O 286.332 

 

Didanosine 9-[(2R,5S)-5-(hydroxymethyl)tetrahydro-2-furanyl]-1,9-

dihydro-6H-purin-6-one 

C10H12N4O3 236.23 

 

lamivudine 4-Amino-1-[(2R,5S)-2-(hydroxymethyl)-1,3-oxathiolan-

5-yl]pyrimidin-2(1H)-one 

C8H11N3O3S 229.26 

 

Stavudine 1-[2R,5S)-5-(Hydroxymethyl)-2,5-dihyro-2-furayl]-5-

methyl-pyrimidine-2,4(1H,3H)-dione 

C10H12N2O4 224.21 
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Table 1.2 cont’d: Structures, common names, IUPAC names, empirical formulae and molar masses of some of the antiretroviral drugs 
available commercially. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

Nucleoside reverse transcriptase inhibitors 

 

Tenofovir 

alafenamide 

 

Isopropyl N-[(S)-({[(2R)-1-(6-amino-9H-purin-9-yl)-2-

propanyl]oxy}methyl)(phenoxy)phosphoryl]-L-

alaninate 

C21H29N6O5P 476.466 

 

Tenofovir 

disoproxil 

 {[(2R)-1-(6-aminopurin-9-yl)propan-2-yl]oxymethyl-

(propan-2-

yloxycarbonyloxy]methoxy)phosphoryl}oxymethyl 

propan-2-yl carbonate 

C19H30N5O10P 519.44 

 

Zalcitabine 

 

1-[(2R,5S)-5-(Hydroxymethyl)tetrahydro-2-furanyl]-4-

imino-1,4-dihydro-2-pyrimidinol 

C9H13N3O3 211.218 

 

Zidovudine 1-[(2R,4S,5S)-4-Azido-

5(hydroxymethyl)tetrahydrofuran-2-yl]-5-

methylpyridine-2,4(1H,3H)-dione 

C10H13N5O4 267.24 

Protease inhibitors 

 

Amprenavir 

 

(3S)-Tetrahydro-3-furanyl [(2S,3R)-4-{[(4-

aminophenyl)sulfonyl](isobutyl)amino}-3-hydroxy-1-

phenyl-2-butanyl]carbamate 

C25H35N3O6S 505.627 
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Table 1.2 cont’d: Structures, common names, IUPAC names, empirical formulae and molar masses of some of the antiretroviral drugs 
available commercially. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

Protease inhibitors 

 

Atazanavir 

 

(3S,8S,9S,12S)-3,12-Bis(1,1-dimethylethyl)-8-hydroxy-

4,11-dioxo-9-(phenylmethyl)-6-((4-(2-

pyridinyl)phenyl)methyl)-2,5,6,10,13-

pentaazatetradecanedioic acid Dimethyl Ester 

C38H52N6O7 704.856 

 

Darunavir 

 

(3R,3aS,6aR)-Hexahydrofuro[2,3-b]furan-3-yl [(2S,3R)-

4-{[(4-aminophenyl)sulfonyl](isobutyl)amino}-3-

hydroxy-1-phenyl-2-butanyl]carbamate 

C27H37N3O7S 547.664 

 

Fosamprenavir (3S)-Tetrahydro-3-furanyl [(2S,3R)-4-{[(4-

aminophenyl)sulfonyl](isobutyl)amino}-1-phenyl-3-

(phosphonooxy)-2-butanyl]carbamate 

C25H36N3O9PS 585.607 

 

Indinavir 

 

(2S)-1-[(2S,4R)-4-Benzyl-2-hydroxy-5-{[(1S,2R)-2-

hydroxy-2,3-dihydro-1H-inden-1-yl]amino}-5-

oxopentyl]-N-(2-methyl-2-propanyl)-4-(3-

pyridinylmethyl)-2-piperazinecarboxamide 

C36H47N5O4 613.789 

 

lopinavir (2S)-N-[(2S,4S,5S)-5-{[(2,6-

Dimethylphenoxy)acetyl]amino}-4-hydroxy-1,6-

diphenylhexan-2-yl]-3-methyl-2-(2-

oxotetrahydropyrimidin-1(2H)-yl)butanamide 

C37H48N4O5 628.81 
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Table 1.2 cont’d: Structures, common names, IUPAC names, empirical formulae and molar masses of some of the antiretroviral drugs 
available commercially. 

Structure  Common name IUPAC name  Empirical 

formula 

Molar mass, 

g/mol 

Protease inhibitors     

 

Nelfinavir 

 

(3S,4aS,8aS)-2-[(2R,3R)-2-Hydroxy-3-[(3-hydroxy-2-

methylbenzoyl)amino]-4-(phenylsulfanyl)butyl]-N-(2-

methyl-2-propanyl)decahydro-3-

isoquinolinecarboxamide 

C32H45N3O4S 567.782 

 

Ritinovir (1E,2S)-N-[(2S,4S,5S)-4-Hydroxy-5{(E)-[hydroxyl(1,3-

thiazol-5-ylmethoxy)methylene]amino}-1,6-diphenyl-

2-hexanyl]-2-[(E)-(hydrox{[(2-isopropyl-1,3-thiazol-4-

yl)methyl]methyl)amino}methylene)amino]-3-

methylbutanamidic acid 

C37H48N6O5S2 720.95 

 

Saquinavir 

 

(1E,2S)-N1-{(2S,3R)-3-Hydroxy-4-[(3S,4aS,8aS)-3-{(Z)-

hydroxy[(2-methyl-2-

propanyl)imino]methyl}octahydro-2(1H)-

isoquinolinyl]-1-phenyl-2-butanyl}-2-[(2-

quinolinylcarbonyl)amino]butanediimidic acid 

C38H50N6O5 670.841 

 

Tipranavir 

 

N-(3-{(1R)-1-[(6R)-4-Hydroxy-2-oxo-6-(2-phenylethyl)-

6-propyl-5,6-dihydro-2H-pyran-3-yl]propyl}phenyl)-5-

(trifluoromethyl)-2-pyridinesulfonamide 

C31H33F3N2O5S 602.664 

N
O

NH

O
S

OH

NH

OH

NH

N

O
O

NH
NH

N
OOOH

N
S
NH

F

F F OH

O
O

O
O



21 
 

1.2.2 Analysis of ARV drugs 

Methods used for the analysis of antiretroviral drugs can also be used for the profiling of these 

compounds. Liquid chromatographic methods coupled with tandem mass spectrometry 

appears to be the preferred method for the simultaneous determination of ARVs (Soldin, 

2005). The validated methods for the simultaneous quantitation of the antiretroviral drugs 

include liquid chromatography tandem mass spectrometry (LC-MS/MS) (Shoup et al, 1999; 

Chi et al, 2002; Crommentuyn et al, 2004; Chang et al, 2005; Colombo et al, 2005; Soldin, 

2005; Jung et al, 2007; Huang et al, 2008; Le Saux et al, 2008; Adamowicz and Kała, 2009; 

Fayet et al, 2009; Martin et al, 2009; Quaranta et al, 2009; Yadav et al, 2009; Brewer et al, 

2010; Zhang et al, 2010a; Notari et al, 2012; Sura, Bonthu and Murth, 2013; Vijaya Raju and 

Appala Raju, 2013; Kromdijk et al, 2013; Kumar et al, 2013; Bhavyasri et al,  2015; Ghosh, 

Sailaja and Ravikumar, 2015; Penchala et al, 2016; Prathipati, Mandal and Destache, 2016; 

Prathipati, Mandal and Destache, 2018; Raju et al, 2018; Desai et al, 2019; Penchala et al, 

2019; Thimmaraju et al, 2019) and ultra-performance liquid chromatography, coupled with 

tandem mass spectrometry (UPLC-MS/MS) (Djerada et al, 2013; Fortuna et al, 2013; Ramírez-

Ramírez et al, 2018). These methods exhibit good linearity ranges, as indicated in Table 1.3. 

The linearity range achieved with these methods were orders of magnitude below or equal 

to the trough concentrations (Table 1.3). Trough concentration is the lowest plasma 

concentration reached by a drug before a follow-up dose is administered, and is used in 

therapeutic drug monitoring (André, Widmer and Buclin, 2019). 
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Table 1.3:  Liquid chromatography-tandem mass spectrometry linear range and trough concentrations of antiretroviral drugs. 

Compound Trough Concentration, mg/L Reference  Linearity Range, mg/L Reference 

Abacavir  0.018  Van Praag et al, 2002 0.0040 – 0.50  Kromdijk et al, 2013 

Amprenavir  0.35   Acosta et al, 2012 0.00050 – 0.10  Colombo et al, 2005 

Aplaviroc  017 Yeni, et al, 2009 0.00050 – 0.50 Adkison, et al 2006 

Atazanavir  0.060  Acosta et al, 2012 0.00050 – 0.10  Colombo et al, 2005 

Bictegravir  2.31   Gallant et al, 2017 0.0010 – 0.10  Prathipati, Mandal and Destache, 2018 

Cenicriviroc  0.14 Lefebvre et al, 2016 0.0050 – 0.96 Lefebvre et al, 2016 

Darunavir  0.025  Acosta et al, 2012 0.0025 – 10.00  Fayet et al, 2009 

Delavirdine  0.90   Cheng et al, 1997 0.050 – 10.00 Shoup et al, 1999 

Didanosine  0.10 Moyer et al, 1999 0.0010 – 2.00 Rao, Sankar and Rani, 2016 

Dolutegravir 0.83 (50 mg dose)  Min et al, 2011 0.0050 – 2.00  Prathipati, Mandal and Destache, 2016 

Doravirine  0.27   Calcagno et al, 2011 0.000020 – 0.010  Desai et al 2019 

Efavirenz 0.13   Acosta et al, 2012 0.00050 – 0.10  Colombo et al, 2005 

Elvitegravir 0.34   Custodio et al, 2014 0.0050 – 2.0   Prathipati, Mandal and Destache, 2016 

Emtricitabine 0.077 Benaboud et al, 2011 0.0040 – 0.50  Kromdijk et al, 2013 

Enfuvirtide (T-20) 2.24 De Requena et al, 2008  0.010 – 2.00  Chang et al, 2005 

Etravirine  0.12   Acosta et al, 2012 0.010 – 4.00   Fayet et al, 2009 

Fosamprenavir  0.40 US-DHHS, 2014 0.00050 – 0.20  Thimmaraju, et al, 2019 

Fostemsavir 0.055 Nettles et al, 2012 0.0050 – 5.00 Nettles et al, 2012 

Indinavir  0.073 Acosta et al, 2012 0.00050 – 0.10  Colombo et al, 2005 
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Table 1.3 cont’d:  Liquid chromatography-tandem mass spectrometry linear range and trough concentrations of antiretroviral drugs. 

Compound Trough Concentration, mg/L Reference  Linearity Range, mg/L Reference 

Lamivudine  0.078  Van Praag et al, 2002 0.0050 – 1.50 Kumar et al, 2013 

Lopinavir  0.17   Acosta et al, 2012 0.00050 – 0.10  Colombo et al, 2005 

Maraviroc  0.062 Calcagno et al, 2011 0.00050 – 0.50  Brewer et al, 2010 

Nelfinavir  8.00  US-DHHS, 2014 0.00050 – 0.10  Colombo et al, 2005 

Nevirapine   3.00 Acosta et al, 2012 0.00050 – 0.10   Colombo et al, 2005 

Peptide T - - 0.10 – 10.0  Soldin, 2005 

Raltegravir  0.19  Calcagno et al, 2011 0.0010 – 1.00  Raju & Raju, 2013 

Rilpivirine  0.050   Aouri et al, 2017 0.0050 – 2.00 Prathipati, Mandal and Destache, 2016 

Ritonavir  0.19   Calcagno et al, 2011 0.00050 – 0.10  Colombo et al, 2005 

Saquinavir  0.23   Acosta et al, 2012 0.00050 – 0.10  Colombo et al, 2005 

Stavudine  0.12   Van Praag et al, 2002 0.020 – 3.20  Zhang et al, 2010a 

Tenofovir  0.056   Benaboud et al, 2011 0.0020 – 0.50  Kumar et al, 2013 

Tipranavir  3.90  Acosta et al, 2012 0.10 – 75.0 Crommentuyn et al , 2004 

Vicriviroc  0.056  Crawford et al, 2010 0.00050 – 1.00 Crawford et al, 2010 

Zalcitabine  0.0020   Adams et al, 1998 0.0020 – 2.00  Volosov et al, 2002 

Zidovudine  0.0030   Van Praag et al, 2002 0.0050 – 1.50 Kumar et al, 2013 
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High-performance liquid chromatography, coupled with electrospray ionisation mass 

spectrometry (HPLC-ESI-MS), has been developed and validated for the quantitation of 

plasma concentration of the protease inhibitors darunavir (DRV) and other 11 antiretroviral 

agents (ritonavir, amprenavir, atazanavir, lopinavir, saquinavir, indinavir, nelfinavir and its 

metabolite M-8, nevirapine, efavirenz and tipranavir) (D’Avolio et al, 2007). The linearity 

ranges for the method were below or equal to the trough concentration, except for tipranavir 

which was above the trough concentration.  

Sandwich enzyme-linked immunosorbent assay (ELISA) with absorbance, fluorescence or 

electrochemical detection has been employed for the quantitation of IBA (US-FDA, 2017). The 

method involves the use of solid-phase enzyme immunoassay to detect the presence of 

protein ligand in a liquid sample using antibodies directed against the protein to be measured 

(ibid). The method exhibited linearity range of 0.010 to 2.00 mg/L that was lower than the 

trough concentration of 5.30 mg/L (ibid). 

High performance liquid chromatography (HPLC) with ultraviolet (UV) detection has been 

used to determine 19 ARVs belonging to the three classes, namely nucleoside reverse 

transcriptase inhibitors (INRTI), non-nucleoside reverse transcriptase inhibitors (INNRTI) and 

protease inhibitors (PI) (Rebiere et al, 2007). The linear range for the method (10.00 to 100.00 

mg/L) was above the trough concentrations for these compounds. 

Fourier Transform-Raman spectroscopy has been successfully used for the quantitation of 

lamivudine (Rao et al, 2017). The limit of detection (15.00 mg/L) for this method was however 

above the trough concentration for lamivudine.  

Gas chromatography-mass spectrometry (GC-MS) has proved to be a valid alternative to 

Liquid chromatographic methods for the identification and quantitation of efavirenz and 

nevirapine (Lemmer et al, 2005; Vogel et al, 2010). The limits of detection for efavirenz and 

nevirapine were 0.026 and 0.027 mg/L in plasma, respectively (Lemmer et al, 2005), which 

were well below the trough concentration for EFV and NVP. Gas Chromatography–Time of 

Flight Mass Spectrometry (GC-TOFMS) was used for the quantitation of both efavirenz and 

nevirapine in wastewater using solid phase extraction (Schoeman et al, 2015). The limits of 

detection for efavirenz and nevirapine using the GC-TOFMS method were 0.0000078 and 

0.0000018 mg/L, respectively. The quantitation limits for efavirenz and nevirapine were 
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0.000026 and 0.0000060 mg/L, respectively. These limits were at least 4 orders of magnitude 

lower than the trough concentrations for both compounds (Table 1.3).  

LC-MS displays better lower detection limit than GC-MS, but detection limits obtained using 

both GC-MS and LC-MS were several orders of magnitude below the therapeutic range of NVP 

(Sichilongo et al, 2014). The LC-MS was not readily available at the time of this research 

therefore GC-MS was used to analyse nyaope samples. 

1.3 AN OVERVIEW ON CANNABIS 

Cannabis is believed to have originated earlier than 6000 BC in the grasslands of central Asia 

confined to the north of the Himalayas in the area between Turkestan, Pakistan and Southern 

China (Schultes, Hofmann and Rätsch, 2001; Wills, 2003; BBC News, 2005; Carod-Artal, 2013; 

Clarke and Merlin, 2013). The cultivation of cannabis is reported to have originated in China. 

Cannabis is cultivated primarily for fibre from the main stalk, narcotic drugs from the 

flowering parts, and oilseed (Small, 2015). The oilseed is used for human food, livestock feed, 

nutritional supplements, industrial oils and occasionally as a biofuel (ibid). Cannabis plants 

may have been introduced into Europe at around 1500 BC by nomadic tribes from Central 

Asia (Schultes, 1970). Arab traders may have introduced cannabis into North Africa at around 

the 12th century and Southern Africa at around the 13th century (Wills, 2003; BBC News, 

2005). The cannabis plant is now distributed worldwide and can be cultivated either outdoor 

or indoors (hydroponic cultivation) throughout most of the tropic and temperate regions of 

the world. According to the United Nations Office on Drugs and Crime (UNODC) (2020) 

cannabis remains the most highly abused drug globally with an estimated 192 million users. 

The global production of cannabis is estimated to be 4303 tons per annum (UNODC, 2020). 

Cannabis has over 200 street names, which include the most common names: Bongo, Buddha-

sticks, Dagga, Ganja, Grass, Hemp, Joint-sticks, Kif, Marie-Jeanne, Marihuana, Marijuana, Pot, 

Sinsemilla, Thai-sticks and Weed (UNODC, 2003; KZN Department of Health, n.d.). In South 

Africa it is commonly known by the street names Dagga, Ganja, Grass, Joint, Marijuana, Pot 

and Weed and Zol (DSTV Network, 2016; Drug Wars, n.d.). The main producers of cannabis in 

the Southern African region are Lesotho, Malawi, Mozambique, South Africa, Swaziland and 

Tanzania, with South Africa ranked amongst the top producers in the world (Gastrow, 2003). 

The cannabis produced in these countries illustrated in Figure 1.2 is given street names that 
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are area specific (Marijuana Genetics Database, 2016). The cannabis produced from 

Swaziland are named Swazi rooi for its characteristically red-coloured, beard-like hair, and 

Swazi Skunk. Red beards from the Eastern Cape in South Africa, Durban Poison from KwaZulu-

Natal in South Africa, Malawi Gold (because of its mythical gold colour) from Malawi, 

Tanzanian Magic from Tanzania, Zambian Copper from Zambia and Kariba Surprise from 

Zimbabwe. Cannabis has a street value of R1.00 per gram, which makes it easy to access (Drug 

Wars, n.d.).  

 

             

             

Figure 1.2: Pictures of the cannabis varieties (A) Swazi rooi, (B) Swazi Skunk, (C) Red beards, 
(D) Durban Poison, (E) Malawi Gold, (F) Tanzanian Magic, (G) Zambian Copper, and (H) 
Kariba Surprise, produced in Southern Africa 
 

1.3.1 Cannabis plant taxonomy 

Cannabis is normally a dioecious plant; that is, male flowers on one plant and the female on 

another (Cherniak, 1982; Migal, 1991; Moliterni et al, 2004; Bond, 2018). Monoecious plants, 

called hermaphrodites, in which male and female flowers occur on the same individual plant, 

do exist (Bond, 2018). The plant is usually wind-pollinated and grows annually from 30 cm to 

A B C D 

E F G H 
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6 m in height (Schultes et al, 2001). The leaves are palmate, consisting of 5 to 13 separate 

leaflets, with clusters of flowers (Clarke and Merlin, 2013). In general, the male plant is 

smaller, sparser in foliage and have a shorter life cycle, while the female plant has a bushy 

appearance. Male plants are generally taller and slenderer than the female plants are. The 

stem of the cannabis plant is hollow and four cornered, its surface being covered in 

anticellular trichomes (hairs), pressed to the stem which curve upward. Unisexual flowers are 

bored in inflorescences that are terminal at an earlier stage, and terminal or lateral at a later 

stage. The taxonomical classification of cannabis is indicated in Table 1.4 (US-DA PLANTS, n.d.; 

Small and Cronquist, 1976; Schultes et al, 2001; Hazekamp, 2007; Clarke and Merlin, 2013). 

 

Table 1.4: Taxonomical classification of cannabis plant 

CATEGORY TAXON 

Kingdom  Plant 

Subkingdom Tracheobionta 

Superdivision Spermatophyta 

Division Tracheophyta 

Subdivision Pteropsida 

Class Angiospermae 

Subclass Dicotyledonae 

Superorder Dilleniidae 

Order Urticales 

Family Cannabaceae 

Genus Cannabis 

Species Cannabis sativa L. 

 

The cannabis is divided into the drug-type and fibre-type cultivars. Both the drug-type and 

the fibre-type belong to the species Cannabis sativa L. The most popular subspecies for 

Cannabis sativa L proposed by Hillig (2005) are sativa, indica and ruderalis. Fibre-type 
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cannabis belongs to the subspecies sativa. The subspecies sativa can be divided into the 

variety sativa for the cultivated plants and variety spontanea for the plants that grow in the 

wild (Hill, 1983; Small and Cronquist, 1976). The drug-type cannabis belongs to the subspecies 

indica and can be divided into the variety indica for the cultivated plants and variety 

kafiristanica for the wild plants (ibid). The subspecies ruderalis is said to be a class on its own 

and a plant that grows in the wild with the variety spontanea (ibid). Cannabis ruderalis is an 

auto-flowering plant that usually has a high concentration of the therapeutic CBD and a low 

concentration of the intoxicating ∆9-THC (Seedsman Blog. 2015). 

1.3.2 Chemical compounds in cannabis plants 

There are more than 545 compounds which include cannabinoids, fatty acids, flavonoids and 

terpenes, that have been isolated from the plant Cannabis sativa L (ElSohly and Gul, 2014; 

Gould, 2015). The cannabinoids compounds are the only compounds which are of forensic 

interest and therefore fatty acids, flavonoids and terpenes the focus will not be considered in 

this research. Among the 545 chemicals there are 104 known cannabinoids, which can be 

divided into 10 main cannabinoid structural types (Hazekamp, n.d.; Brenneisen, 2007; Flores-

Sanchez and Verpoorte, 2008; ElSohly and Gul, 2014; Gould, 2015), namely, 17 cannabigerol 

(CBG) type; 8 cannabichromene (CBCM) type; 8 cannabidiol (CBD) type; 18 Δ9-

tetrahydrocannabinol (Δ9-THC) type; 2 Δ8-tetrahydrocannabinol (Δ8-THC) type; 3 

cannabicyclol (CBL) type; 5 cannabielsoin (CBE) type; 10 cannabinol (CBN) type; 2 

cannabinodiol (CBND) type and 9 cannabitriol (CBT) type; as well as 22 miscellaneous types. 

The 10 cannabinoid structural types are illustrated in Figures 1.3 and 1.4 while the 

miscellaneous types are illustrated in Figure 1.5 (Flores-Sanchez and Verpoorte, 2008; ElSohly 

and Gul, 2014).  

The most abundant cannabinoids in a cannabis plant are ∆9-tetrahydrocannabinolic acid (∆9-

THCA), cannabidiolic acid (CBDA) and cannabinolic acid (CBNA), followed by cannabigerolic 

acid (CBGA), cannabichrominic acid (CBCA) and cannabinodiolic acid (CBNDA), while the 

others are minor compounds. ∆9-THCA is reported to be the most abundant cannabinoid in 

the drug-type cannabis plant, while CBDA is the major cannabinoid in the fibre-type cannabis 

plant (Andre, Hausman and Guerriero, 2016). CBCA has been reported to be the most 

abundant cannabinoid in immature cannabis plants, and its content decline when the plant 



29 
 

reaches a mature stage (De Meijer, Hammond and Sutton, 2009). The cannabinoid acids 

usually undergo decarboxylation when the plant reaches maturation or is exposed to heat 

after harvesting and are converted to their decarboxylated form (Flores-Sanchez and 

Verpoorte, 2008). This implies that ∆9-tetrahydrocannabinol (∆9-THC), cannabidiol (CBD), 

cannabinol (CBN) cannabigerol (CBG), cannabichromene (CBCM) and cannabinodiol (CBND) 

will be the most abundant basic compounds. 
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Figure 1.3: Δ9-Tetrahydrocannabinol, cannabigerol and cannabichromene structural types 
reported to be present in the cannabis plant. 
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Figure 1.4: Cannabielsoin, cannabidiol, cannabinol, cannabitriol, Δ8-tetrahydrocannabinol, 
cannabicyclol and cannabinodiol structural types reported to be present in the cannabis 
plant. 
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Figure 1.5: Miscellaneous cannabinoids structural types reported to be present in the 
cannabis plant. 
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R = COOH : (-)-7R-cannabicoumaronic acid 4-acetoxy-2-geranyl-5-hydroxy-3-n-pentylphenol

Cannabioxepane

R1 = C5H11, R2 = OH : 2-geranyl-5-hydroxy-3-n-pentyl-1,4-benzoquinone
R1 = OAc, R2 = C5H11 : 4-acetoxy-6-geranyl-3-n-pentyl-1,4-benzoquinone
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1.3.3 ∆9-THC nomenclature 

The main psychoactive compound in the cannabis plant is ∆9-THC ((6aR,10aR)-6a,7,8,10a-

tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol) sometimes referred to as ∆1-

THC (Mechoulam and Gaoni, 1967; Gaoni and Mechoulam, 1971; Agurell et al, 1986). The 

stereochemistry of the two asymmetric centres –C10a and C6a– in cannabidiol (CBD) was 

deduced to be "trans" from an analysis of the coupling constants of the protons at these 

centres; therefore, the name (-) ∆9-trans-tetrahydrocannabinol was assigned (Gaoni and 

Mechoulam, 1964; Mechoulam R and Gaoni Y 1965). Tetrahydrocannabinol has two well-

known isomers, namely ∆9-THC and ∆8-THC (sometimes referred to as ∆6-THC). At least two 

different numbering systems, shown in Figure 1.6, have been used to identify the various 

tetrahydrocannabinol isomers (Flemming et al, 2007), namely the "dibenzopyran" system and 

the "monoterpenoid" system. The designation ∆9-THC, which is most commonly encountered 

in present literature is associated with the dibenzopyran system, while the ∆1-THC 

designation is associated with the monoterpenoid system. Similarly, the isomers Δ8-THC and 

Δ6-THC are associated with the dibenzopyran system and the monoterpenoid system, 

respectively. The absolute configuration at both asymmetric centres C10a and C6a in natural (-) 

∆9-THC is the "R R" configuration (Mechoulam and Gaoni, 1967; Rosenqvist and Ottersen, 

1975).  

 

   

Figure 1.6: The most common numbering systems (A) Dibenzopyran System, (B) 
Monoterpenoid System, used to identify the various positions within the 
tetrahydrocannabinol molecule. 

 

Synthetic Δ9-THC was first successfully produced around 1964 (Mechoulam and Gaoni, 1965). 

∆9-THC is the decarboxylation product of the acid ∆9-THCA. It has been established that ∆9-
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THCA occurs in two isomeric forms, namely ∆9-THCA-A and ∆9-THCA-B as illustrated in Figure 

1.7 (Mechoulam et al, 1969).  

 

     

Figure 1.7: Structures of the tetrahydrocannabinolic acid isomeric forms (A) ∆9-THCA-A 
and (B) ∆9-THCA-B. 

 

The ∆9-THCA-A has a chelated carboxylic acid group adjacent to the phenolic group. The ∆9-

HCA-B has an unchelated carboxylic acid group on a position which is ortho to the etheric 

oxygen. Both isomeric forms are psychological in active and are both converted to the active 

∆9-THC on decarboxylation. Literature reports that most cannabis contains the ∆9-THCA-A 

isomer (Mechoulam et al, 1969; Rosenqvist and Ottersen, 1975; McPartland et al, 2017). It 

would also seem to be the preferred molecular structure since steric hindrance from adjacent 

groups is minimal in the ∆9-THCA-A, compared to the ∆9-THCA-B. However, the fact that the 

∆9-THCA-B has been found in a few cannabis samples indicates the possibility that different 

variants of cannabis may have slightly different biosynthetic pathways. The ∆9-THCA-B is more 

stable and therefore readily crystallizes (Rosenqvist and Ottersen, 1975; McPartland et al, 

2017). Another cannabis constituent, cannabielsoic acid (CBEA), also occurs in two isomeric 

forms similarly to ∆9-THCA illustrated in Figure 1.7.  

The concentration of ∆9-THC determines the potency of cannabis. ∆8-THC is believed to be as 

potent as ∆9-THC, but is usually present in very small amounts in the cannabis plant, and as a 

result, it does not contribute to the overall potency of cannabis (Agurell et al, 1986, 

McGilveray, 2005). CBN is said to be about 1 10⁄  as potent as ∆9-THC, whereas CBD is devoid of 

psychoactive properties (ibid). The ∆9-THC content varies with the different parts of the plant. 

The flowering tops has the highest (∆9-THC content which is about 12%, followed by 2% in the 

leaves, 0.3% in the stalks and <0.03% in the roots (UNODC, 2009a). The seeds do not contain 
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∆9-THC although detectable amounts of ∆9-THC can be found on the outside surface of the 

seeds because of contamination from the bract of the cannabis plant which is ∆9-THC rich 

(Grotenhermen, Karus and Lohmeyer, 1998; UNODC, 2009a). This is disputed by Ross et al 

(2000), who report that small amounts of ∆9-THC is found inside the seed which is less than 

2µg/g for drug-type seeds and less than 0.5 µg/g in fibre-type drug.  

Based on the total ∆9-THC content (∆9-THC + ∆9-THCA), the cannabis plant can be classified as 

either drug-type or fibre-type. The drug-type cannabis plant material has a total ∆9-THC 

content above 0.3%, while the fibre-type cannabis plant has a total ∆9-THC content up to 0.3% 

(ibid). The ratio of the main cannabinoids ∆9-THC, CBN and CBD are used to differentiate 

between the drug-type and fibre-type cannabis plants. Because ∆9-THC is oxidized partly to 

CBN after cutting and drying the plant material, the sum of the peak area of ∆9-THC and CBN 

is used and divided by the area of CBD. Equation 1.1 illustrates the calculation to differentiate 

between the drug-type and fibre-type cannabis. 

 

 𝑿 =  
[∆𝟗−𝑻𝑯𝑪]+[𝑪𝑩𝑵]

[𝑪𝑩𝑫]
          1-1 

 

Where [∆9-THC], [CBN] and [CBD] is the concentration of ∆9-THC, CBN and CBD, respectively 

in the chromatogram. 

If the ratio of [THC] + [CBN] to [CBD] is <1, then the cannabis plant is considered to be a fibre 

type. If the ratio is >1, it is considered a drug type. 

The cannabinoids concentration levels in cannabis plant are the lowest during the seedling 

stage of development, highest prior to flowering stage and intermediate thereafter, up to a 

stage where deterioration begins (Chandra et al, 2010, De Backer, 2012). 

Under the influence of heat, decarboxylation of the cannabinoids acids occurs instantly and 

completely. When it is required to determine the ∆9-THC content in marijuana preparations 

by GC, the resulting THC content represents the total or combined ∆9-THC and ∆9-THCA, i.e., 

∆9-THC + ∆9-Tetrahydrocannabinolic Acid (∆9-THCA), the latter being decarboxylated to 
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∆9-THC upon injection into the gas chromatograph. Acid and neutral cannabinoids can be 

analysed by GC if the sample is silylated prior to injection to prevent decarboxylation. 

1.3.4 Psychological effect of cannabis 

According to the South African Community Epidemiology Network on Drug Use (SACENDU, 

2013) cannabis is the largest drug of abuse amongst youth in South Africa, while nyaope use 

is on the rise in the Gauteng Province, and stable but high in KwaZulu-Natal. The desired 

psychoactive effects of cannabis include a sense of well-being, euphoria – a “high” feeling and 

a pleasurable state of relaxation. Adverse effects include confusion, drowsiness, restlessness, 

excitement, and hallucinations (Hall and Solowij, 1998; UNODC, 2003; Hall, 2014). Most 

hallucinogenic plants are alkaloids; however, although Δ9-THC is a hallucinogen, it does not 

incorporate a nitrogen atom in its structure and hence it is not an alkaloid.  

The cannabinoids CBCM, CBD, CBG, CBN and Δ9-THC have been reported to all show potent 

antibacterial activity (Appendino et al, 2008). Essential hemp oils with undetectable levels of 

the cannabinoids are regarded as having modest antibacterial activity (Novak et al, 2001). 

Cannabis extracts containing higher CBD ratio to Δ9-THC show stronger antimicrobial activity 

(Leizer et al, 2000). The cannabinoid 5-acetyl-4-hydroxycannabigerol is believed to have 

antileishmanial activity 4-acetoxy-2-geranyl-5-hydroxy-3-n-pentylphenol has antibacterial 

activity while 8-hydroxycannabinol has antifungal activity (Radwan et al, 2009). The activity 

of cannabis extracts was shown to be solvent dependant; i.e., methanol extracts show 

antibacterial activity against Pseudomonas aeruginosa and antifungal activity against Candida 

albicans, while petroleum ether extract showed inactivity (Ali et al, 2012).  

It is believed that the abuse of cannabis results in both physical and psychologically addiction 

(Acher et al, 2012; Hall, 2014). The risk of addiction is estimated to be 9% for adult users, 

which increases to one in every six users if the abuse commenced during adolescence stage 

(Anthony, 2006; Lopez-Quintero et al, 2011; Hall, 2014). 

The abuse of Δ9-THC, like alcohol, significantly affects the ability to drive in a dose-dependent 

manner and drivers under the influence of Δ9-THC drive significantly slower than drivers under 

the influence of alcohol (Ronen et al, 2008). Unlike alcohol, which causes sleepiness, Δ9-THC 

results in increased physical effort and physical discomfort (ibid). 
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1.3.5 Analysis and profiling of cannabis  

Several analytical techniques have been described in literature for the identification, 

quantitation and profiling of cannabis samples. Table 1.5 lists the linearity ranges of some of 

the different techniques as well as the limit of detection (LOD) and limit of quantitation (LOQ) 

for Δ9-THC. 

 

Table 1.5: linearity range, limit of detection and limit of quantitation of ∆9-THC for 
different analytical techniques. 

Technique  Linearity range, mg/L Detection 

limit, mg/L 

Quantitation 

limit, mg/L 

Reference 

GC-FID - 0.11 – 0.19 0.34 – 0.56 Ibrahim et al, 2018 

GC-MS 0.0010 – 1.00   0.00050 0.024 Kauert et al, 2006 

GC-MS/MS 0.0000010 – 0.00024 0.0000010 0.00040 Day, Kuntz and Feldman, 2006 

GC x GC-MS 0.00050 – 0.050 0.00050 0.00050 Milman et al, 2010.  

HPLC-DAD 0.25 – 50.00 0.062 0.25 Patel, Wene and Fan, 2017 

HPLC-CV 0.010 – 200.00  0.15 0.50  Mandrioli et al, 2019 

LC-MS 0.0020 – 0.10 0.10 0.0020 Teixeira et al, 2004 

LC-MS/MS 0.00050 – 0.020 0.00018 0.00044  König et al, 2011 

UPLC-MS/MS 0.00050 – 1.00  0.00020  0.00050 Simões, et al, 2011 

NMR 100.00 – 1.00  - - Hazekamp,  Choi and Verpoorte, 
2004 

 

1.3.5.1 Gas chromatographic methods for cannabis analysis 

Gas chromatographic methods for the analysis of cannabis are usually hyphenated methods, 

which includes gas chromatography, coupled with either flame ionisation detection (GC-FID), 

isotope ratio mass spectroscopy (GC-IRMS), mass spectroscopy (GC-MS), or tandem mass 

spectroscopy (GC-MS/MS). GC-IRMS, which measures the carbon-13, nitrogen-15, oxygen-18 

and hydrogen-2 (D) isotope ratios, is used mainly for the profiling of compounds (UNODC, 

2009a; Muccio et al, 2012, Gentile et al, 2015; Cerling et al, 2016). The use of carbon-13 and 

nitrogen-15 isotopes for the determination of the geographic origin of cannabis plant is 

hindered by the wide variety of indoor and outdoor conditions under which these plants are 
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cultivated (Gentile et al, 2015). While the isotope variation of the outdoor cultivated cannabis 

is well documented, there is limited research on indoor cultivated cannabis (ibid). The method 

would not be a suitable method for the identification of the different components of nyaope. 

Although GC-MS/MS is a better method for the identification, quantitation and chemical 

profiling of cannabis (Day et al, 2006), GC-MS is also a suitable method, since it can be applied 

to a very large variety of cannabinoids with very high resolution (Brenneisen and ElSohly, 

1988; Feng et al, 2000; Cole, 2003; Hewavitharana et al, 2005; Nadulski et al, 2005; Broséus, 

Anglada and Esseiva, 2010; Fischedick et al, 2010; Hazekamp and Fischedick, 2012; Cadola, 

Broséus and Esseiva, 2013; Chan, 2014). The GC-MS methods employed have typical linearity 

ranges as well as LODs and LOQs for ∆9-THC, illustrated in Table 1.5. GC-MS analysis can be 

conducted in scan mode or single-ion monitoring (SIM) mode. For analytes with known mass 

spectra and at trace level, SIM mode is the method of choice due to its higher sensitivity. If 

the analyte is unknown, the scan mode is suitable for the identification of the analyte. 

Although the use of SIM mode usually gives higher sensitivity, it is not essential in instances 

where the concentration of the samples encountered have adequate sensitivity when using 

the scan mode (Hewavitharana et al, 2005).  

The chromatographic profiles of cannabis are said to depend on the method of extraction and 

the nature of the sample (Marchini et al, 2014). Using an optimized solid-phase macro-

extraction (SPME) method and two-dimensional gas chromatography-mass spectrometry (GC 

x GC-MS), the volatile chemical profiles of cannabis-derived products were differentiated 

greatly, improving compound identification better than one-dimensional profiles (ibid). 

Gas-chromatograph tandem-mass spectrometry GC-MS/MS has also been applied for the 

analysis of cannabinoids (Uhl, 1997; Day et al, 2006; Schwilke et al, 2009; Young and Martin, 

2010) with typical linearity ranges as well as LODs and LOQs for ∆9-THC as illustrated in Table 

1.5. The gas-chromatography tandem-mass spectrometry (GC-MS/MS) has been shown to 

give detection limits, which are orders of magnitude lower than those found for liquid-

chromatography tandem- mass spectrometry (Day et al, 2006).  

GC-FID has been applied successfully for the identification and quantitation of cannabinoids 

(Pijlman et al, 2005; Fischedick et al, 2010; Ibrahim et al, 2018). 
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The cannabinoids are mainly available in the cannabis plant in the form of carboxylic acid 

derivatives and therefore the high temperature involved when samples are introduced into 

the instrument to enable complete vaporisation of the sample results in the decarboxylation 

of the cannabinoid acids to the corresponding neutral form. The gas chromatographic 

quantitation of cannabis therefore measures a total combination of both the acid and the 

neutral form of the cannabinoids. The decarboxylation of the cannabinoid acids in the injector 

may be incomplete, resulting in a non-representative analysis of the cannabis samples 

(Pandohee et al, 2015).The direct analysis of cannabinoids acids using gas chromatographic 

methods is therefore not possible. To avoid decarboxylation of these acids before gas 

chromatographic analysis, a derivatisation step by for example silylation, is required. 

However, the derivatisation step is time consuming and suffers from the difficulty of achieving 

an effective derivatisation yield for all the components of a complex mixture (Pandohee et al, 

2015; Borillea et al, 2017). In addition, the derivatisation products may undergo thermo-

degradation in the injector or column (Borillea et al, 2017).  

1.3.5.2 Liquid chromatographic methods for cannabis analysis 

Liquid chromatographic methods have also been used extensively for the identification, 

quantitation and profiling of cannabis. The methods includes high-performance liquid 

chromatography, coupled to either diode array detector (HPLC-DAD) (Swift et al, 2013; 

Ambach et al, 2014; Peschel and Politi, 2015; Mudge et al, 2017; Patel et al, 2017) or 

ultraviolet detector (HPLC-UV) (Confidence Analytics, 2018; Zivovinovic et al, 2018; Mandrioli 

et al, 2019), liquid chromatography coupled with either mass spectrometry (LC-MS) (Teixeira 

et al, 2004; Teixeira et al, 2007; Gilani and Grinnan, 2019), or tandem mass spectrometry (LC-

MS/MS) (Vlase et al, 2010; König et al, 2011; Hudson et al, 2013; Aamir et al, 2016; Aizpurua-

Olaizola et al, 2014; Meng et al, 2018); as well as ultra-performance liquid chromatography 

coupled with tandem mass spectrometry (UPLC-MS/MS) (Young and Martin, 2010; Zhang, 

Wang and Mo, 2010; Simões, et al, 2011; Wille et al, 2013; Lee et al, 2014; Montesano et al, 

2014; Simões, et al, 2014). Typical linearity ranges, LODs and LOQs for Δ9-THC for each of 

these liquid chromatographic, are illustrated in Table 1.5. Validated HPLC-DAD methods for 

the quantitation of cannabinoids reported in literature (Table 1.5) exhibit reasonable linearity 

range, LOD and LOQ for Δ9-THC. Using a preconcentration step, which involves an ionic liquid 
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solvent formation microextraction, coupled with magnetic nano-particle based dispersive 

micro-solid phase extraction, results in the detection limit that is two orders of magnitude 

better (Feizbakhsh et al, 2016).  

HPLC-UV methods reported in literature exhibit reasonable linearity range, LOD and LOQ for 

Δ9-THC (Confidence Analytics, 2018; Zivovinovic et al, 2018; Mandrioli et al, 2019)  

Unlike gas chromatographic methods, liquid chromatographic methods do not involve 

vaporization of the sample and therefore, the methods allow for the analysis of both acidic 

and neutral forms of the cannabinoids without derivatization. However, the complex 

composition of the cannabis material leads to a strenuous effort to achieve the separation of 

major cannabinoids and significant peak overlap occurs (Borillea et al, 2017). Though tandem 

mass spectrometry helps in resolving the peak overlap issue, characterization of the entire 

cannabis is still a challenge (Pandohee et al, 2015). 

1.3.5.3 Nuclear Magnetic Resonance spectroscopic methods for cannabis analysis 

Nuclear Magnetic Resonance (NMR) techniques, which include proton nuclear magnetic 

resonance (1HNMR) and Proton-Proton Correlation Spectroscopy (COSY) and Total 

Correlation Spectroscopy (TOCSY), were successfully employed for the identification 

cannabinoids, taking advantage of the spectroscopic separation power from NMR 

spectroscopy (Hazekamp et al, 2004; Happyana et al, 2012; Peschel and Politi, 2015; Fowler 

et al, 2018). 

The COSY NMR technique is used for determining the stereochemistry of organic molecules 

as well as by protein chemists to ‘fingerprint’ secondary protein structures. TOCSY is similar 

to COSY in that it analyses proton-proton correlations; however, it has the power to correlate 

protons beyond two and three bond couplings on the same chain or ring. This provides more 

structural information and confidence when assigning specific protons to signals. 

1.3.5.4 DNA analysis methods for cannabis analysis 

The identification and profiling of the cannabis plant can be achieved using DNA analysis in 

instances where seeds and roots are seized and when ∆9-THC is not detected with chemical 
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methods, as well as when the amount of cannabis seized is at trace level (Siniscalco Gigliano, 

Caputo and Cozzolino, 1997; Linacre and Thorpe, 1998; Siniscalco Gigliano, 1998; Hsieh et al, 

2003; Miller-Coyle et al, 2003b). Cannabis cultivation is usually carried out by seed or by 

cloning propagation of the plants. Seed-propagated cannabis plants are expected to have 

unique DNA profiles analogous to a human population, while cloned cannabis plants exhibit 

identical DNA profiles, which allow for tracking of plant material derived from a common 

genetic lineage (Miller-Coyle et al, 2001). For forensic purposes, DNA analysis can be used for 

identification of plant material as cannabis, whether cultivated hydroponically or by cloning, 

as well as determining the origin of the plant (Gilmore, Peakall and Robertson, 2003; Miller-

Coyle et al, 2003a). DNA analysis, however, cannot be used to unequivocally differentiate 

between drug-type and fibre type cannabis (Gilmore et al, 2003). DNA analysis involves 

amplification of the extracted plant DNA using polymerase chain reaction (PCR). Once PCR 

amplification of the DNA is done, different methods are then used for the sequencing and 

thereby create the DNA profiles. Profiling of cannabis plants can be done using the technique 

amplified fragment-length polymorphism (AFLP) to create a DNA profile for plant varieties 

(Miller-Coyle et al, 2003a). Random amplification of polymorphic DNA (RAPD) has also been 

used for profiling cannabis plants which could not be differentiated using chromatographic 

methods (Gillan et al, 1995). RAPD has an advantage that it requires no previous sequence 

information but suffers from poor specificity and poor reproducibility, can therefore not be 

used for routine work and is superseded by polymorphic tests. The first highly polymorphic 

short tandem repeat (STR) technique, which is highly reproducible, was reported by Hsieh et 

al (2003). The use of STR DNA markers is reported as the method of choice in forensic 

investigation, since it is hypervariable and informative for cannabis sativa (Gilmore et al, 

2003). However, the method cannot differentiate between drug-type and fibre-type cannabis 

(ibid). The identification and profiling of cannabis sativa L. for forensic interest was achieved 

by comparing the sequence of the nuclear ribosomal DNA Internal Transcribed Spacer II (ITS2) 

(Siniscalco Gigliano et al, 1997; Siniscalco Gigliano, 1998). Both AFLP and STR are believed to 

have higher discriminating power than RAPD (Miller-Coyle et al, 2003b). Inter-simple 

sequence repeat (ISSR) amplification has been used for the estimating genetic difference 

among cannabis sativa L samples by studying polymorphic DNA patterns between samples 

(Kojoma et al, 2002). 
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1.4 AN OVERVIEW ON HEROIN 

The abuse of heroin has increased globally with an estimated production of 722 tons (UNODC, 

2020). Heroin is known by the common street names Boy, Dragon, H, Hairy, Harry, Horse, Joy 

powder, Junk, Smack, Snow, White lady and White stuff, amongst others (UNODC, 2016). 

According to the United Nations Office for Drug Control and Crime Prevention (UNODCCP), 

the street value of heroin was previously R250,00 per gram, which made it inaccessible to the 

poor, unemployed young adults. Currently, it is sold at R30,00 per 5 milligram; that is, it is sold 

at a reduced quantity in order to make it easily accessible to this group (Mokwena and Huma, 

2014; Drug Wars, n.d.). Heroin is a semi-synthetic product of morphine. Morphine is itself a 

natural occurring alkaloid that is extracted from the opium poppy plant Papaver somniferum. 

L. Papaver somniferum is the medicinal plant which is a source of analgesic narcotic codeine 

and morphine. The word papaver comes from the Greek, meaning "poppy", while somniferum 

is from the Latin and means "to dream" or "induce sleep"; thus, we have "the poppy that 

produces sleep". The plant species papaver somniferum is believed to have evolved from a 

wild strain papaver segtigerum that grows in the coastal areas of the Mediterranean Sea (US-

DEA, 1992). The plant species papaver somniferum is the only plant that produces opium and 

was known in Europe at least 4000 years ago. The taxonomical classification of opium is 

indicated in Table 1.6 (Labanca et al, 2018). 

 

Table 1.6: Taxonomical classification of the opium poppy plant. 

CATEGORY TAXON 

Phylym  Spermatophyta 

Class Dicotyledons 

Order Papavarales 

Family  Papaveraceae 

Genus  Papaver L. 

Species Papaver somniferum L. 
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Alkaloids derived from opium poppy are referred to as opiates and are usually obtained as a 

gelatinous juice referred to as opium. Opium extracts usually contain 4–21 wt% morphine, 

0.7–3 wt% codeine, 2–8 wt% noscapine, 0.5–1.3 wt% papaverine and 0.2–1 wt% thebaine 

(Cole, 2003; UNODC, 2003). Opium alkaloids fall into two distinct classes; namely, the 

phenanthrene group (e.g., morphine) and the benzylisoquinoline group (e.g., papaverine). 

Alkaloids of the former group are highly addictive and are therefore under full international 

control. Alkaloids of the latter group possess no addictive liabilities, nor can they be readily 

converted to addictive substances and are therefore not subject to international control. The 

main alkaloid morphine was first isolated from the opium poppy by a German pharmacist as 

early as 1803, and who named it Morpheus after the Greek god. This was followed by the 

isolation of codeine around 1832 and papaverine around 1848. Morphine and codeine are 

used clinically as analgesics to reduce pain without a loss of consciousness. Thebaine is 

without analgesic effect but is of great pharmaceutical value due to its use in the production 

of semisynthetic opioid morphine analogues such as oxycodone, dihydromorphinone, and 

hydrocodone (US-DEA, n.d.). Benzylisoquinoline alkaloids that are of pharmaceutical value 

include noscapine, papaverine and sanguinarine. Papaverine has medicinal value as a 

vasodilator (Elek and Katz, 1942; Wilson and White, 1986); noscapine is used in the treatment 

of stroke, as a cough suppressant and a possible anti-cancer agent (Segal, Goldstein and 

Attinger, 1957; Mahmoudian and Rahimi-Moghaddam, 2009; Mahmoudian et al, 2015), while 

sanguinarine is a potential antimicrobial, antioxidant, anti-inflammatory and anticancer agent 

(Godowski, 1989; Mackraj, Govender and Gathiram, 2008; Senchina, Shah and Busch, 2012; 

Sun et al, 2012; Kalogris et al, 2014; Achkar et al, 2017). Papaverine and noscapine have little 

to no effect on the human central nervous system, and as such are not considered to be 

opiates.  

1.4.1 Heroin synthesis 

Heroin (diacetylmorphine) is the most frequently encountered opiate in a forensic laboratory 

(US-DEA, n.d.). It is highly abused and has no current accepted medical use in South Africa 

making it a Schedule III controlled substance. As a narcotic, it is an analgesic (painkiller) and a 

depressant (sleep inducer). Its effects are some three to six times stronger than morphine, 

from which it is prepared (UNODC, 2016; US-DEA, n.d.). It is physically addictive and, once the 
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habit starts, the body develops a "tolerance" for the drug, which means larger dosages are 

required to get the same effect (ibid). A second sign of heroin addiction is withdrawal sickness. 

When an addict stops using the drug, they may sweat, shake, get chills, develop diarrhoea 

and nausea, and suffer sharp abdominal and leg cramps (ibid).  

Heroin is synthesized by the acetylation of morphine using acetic anhydride which often 

results in the formation of by-products such as 6-monoacetylmorphine (6-MAM) and 3-

monoacetylmorphine (3-MAM). Morphine, used in illicit manufacture of heroin, contains 

codeine which results in the formation acetylcodeine during acetylation. If the morphine used 

contained impurities such as laudanosine, reticuline, codamine, and laudanine, this will lead 

to the formation of C1-acetate compounds and the stilbene compounds as neutral impurities 

(Toske et al, 2006). The neutral impurities can be used to enhance the classification of illicit 

heroin samples (ibid). High-purity heroin only contains acetylcodeine, 6-MAM and 3-MAM as 

by-products. In addition to these by-products, low-purity heroin samples are most likely to 

contain codeine, papaverine and noscapine as a result of co-extraction from the opium in 

addition to the by-products. 

The impurities found in street level heroin can be classified into (i) natural occurring 

substances other than the active ingredient (diamorphine), which are co-extracted from the 

raw plant; (ii) synthetic by-products; and (iii) cutting agents. The major naturally occurring 

alkaloids that are found in heroin samples include morphine, codeine, noscapine and 

papaverine (Cole, 2003; UNODC, 2005). The by-products of the manufacturing process, found 

in street level heroin, include acetylcodeine, 3-monoacetylmorphine (3-MAM) and 6-

monoacetylmorphine (6-MAM). The cutting agents, both diluents and adulterants, are 

normally added to bulk the sample, reduce the overall production cost, or to enhance the 

effect of heroin. Diluents are pharmacologically inactive compounds added strictly to increase 

the bulk of the pharmacologically active ingredient in illicit drugs for distribution. The most 

common diluents for heroin are lactose, mannitol, corn starch and dextrose. Other diluents 

occasionally found include inositol, sucrose, sodium bicarbonate (baking soda), sodium 

carbonate (washing soda), magnesium sulphate (Epsom Salt), sodium chloride, and other 

starches (US-DEA, n.d.; UNODC, 2005). Adulterants are pharmacologically active compounds 

which are added either to attempt to increase the effect of the heroin on the body or to fool 

the pusher and/or addicts into thinking they have better "stuff" than they actually have 
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purchased. These include substances like acetaminophen, caffeine, phenacetin, 

dextromethorphan, lidocaine levamisole, and antiretroviral drugs as well as other illicit drugs 

(Broséus et al, 2015; SAPS Fact File, 2013; UNODC, 2005). Adulterants are normally identified 

by GC-MS. Table 1.7 lists some of the common adulterants along with the prominent EI mass 

spectrometric data (UNODC, 2005; Mills III et al, 2006). 
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Table 1.7: Some of the common adulterants found in heroin samples and associated mass spectroscopic data. 

Structure Common name IUPAC name   Empirical formula Molar mass, 
g/mol 

Base peak (shown in bold) and 
other prominent peaks, m/z  

 

Acetaminophen (Paracetamol) N-(4-Hydroxyphenyl)acetamide C8H9NO2 151.06 109  151, 43, 80, 53 

 

Acetylprocaine 2-(Diethylamino)ethyl 4-acetamidobenzoate C15H22N2O3 278.16 86, 43,99, 120, 92 

 

Acetylsalicylic acid (Aspirin)  5-Acetyl-2-hydroxybenzoic acid/ 2-

Acetoxybenzoic acid 

C9H8O4 180.04 120, 138, 92, 43, 63, 121, 64 

 

Allobarbital 

 

5,5-Diallyl-2,4,6(1H,3H,5H)-pyrimidinetrione C10H12N2O3 208.08 167, 124, 80, 141, 106, 193, 179 

 

Aminophenazon 4-(Dimethylamino)-1,5-dimethyl-2-phenyl-

1,2-dihydro-3H-pyrazol-3-one 

C13H17N3O 231.14 56, 97, 231, 111, 77 

 

Antipyrine 1,5-Dimethyl-2-phenyl-1,2-dihydro-3H-

pyrazol-3-one 

C11H12N2O 188.09  188, 77, 96, 187, 105, 56, 51 

 

Ascorbic acid (5R)-5-[(1S)-1,2-Dihydroxyethyl]-3,4-

dihydroxy-2(5H)-furanone 

C6H8O6 176.03 116, 85, 43, 119, 71, 101,61, 

176 

 

Barbital 5,5-Diethyl-2,4,6(1H,3H,5H)-

pyrimidinetrione 

C8H12N2O3 184.08 156, 141, 155, 112, 98, 55, 157 

 

Benzocaine Ethyl 4-aminobenzoate C9H11NO2 165.08 120, 165, 92, 137, 65, 121 
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Table 1.7 cont’d: Some of the common adulterants found in heroin samples and associated mass spectroscopic data. 

Structure Common name IUPAC name   Empirical formula Molar mass, 
g/mol 

Base peak (shown in bold) and 
other prominent peaks, m/z 

 

Bisphenol-A 4,4'-(2,2-Propanediyl)diphenol C15H16O2 228.12 213, 228, 119, 214, 91, 65 

 

Caffeine 1,3,7-Trimethyl-3,7-dihydro-1H-purine-

2,6-dione  

C8H10N4O2 194.08 194, 109, 67, 82, 55, 193) 

 

Chloroquine N4-(7-Chloro-4-quinolinyl)-N1,N1-diethyl-

1,4-pentanediamine 

C18H26ClN3 319.18 86, 319, 58, 99, 247, 179, 126 

 

Cocaine Methyl (2S,3R)-3-(benzoyloxy)-8-methyl-8-

azabicyclo[3.2.1]octane-2-carboxylate 

C17H21NO4 303.14 82, 182, 83, 77,94, 105,96, 303 

 

Dextromethorphan  (9α,13α,14α)-3-Methoxy-17-

methylmorphinan 

C18H25NO 271.19 271, 59, 150, 214, 270, 171, 128 

 

Diazepam 7-Chloro-1-methyl-5-phenyl-1,3-dihydro-

2H-1,4-benzodiazepin-2-one  

C16H13ClN2O 284.07 256, 283, 284, 255, 285, 221, 

77,165, 151 

 

Diphenhydramine 2-(Diphenylmethoxy)-N,N-

dimethylethanamine 

C17H21NO 255.16 58, 73, 165, 152, 167, 166 

 

Efavirenz (4S)-6-Chloro-4-(cyclopropylethynyl)-4-

(trifluoromethyl)-1,4-dihydro-2H-3,1-

benzoxazin-2-one 

C14H9ClF3NO2 315.03 246, 243, 180, 248, 167 245, 

315, 182, 224 
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Table 1.7 cont’d: Some of the common adulterants found in heroin samples and associated mass spectroscopic data. 

Structure Common name IUPAC name   Empirical formula Molar mass, 
g/mol 

Base peak (shown in bold) and 
other prominent peaks, m/z 

 

Gluthetimide 3-Ethyl-3-phenyl-2,6-piperidinedione C13H15NO2 217.11 189, 117, 132, 160, 115 91, 217 

 

Griseofulvin (2S,6'R)-7-Chloro-2',4,6-trimethoxy-6'-methyl-

3H,4'H-spiro[1-benzofuran-2,1'-cyclohex[2]ene]-

3,4'-dione 

C17H17ClO6 352.07 352, 310, 138, 215, 214, 321, 

354, 69 

 

Levamisole  (6S)-6-Phenyl-2,3,5,6-tetrahydroimidazo[2,1-

b][1,3]thiazole 

C11H12N2S 204.072 204, 148, 203, 101, 73, 127, 121 

 

Lidocaine (lignocaine) N-(2,6-Dimethylphenyl)-N2,N2-

diethylglycinamide 

C14H22N2O 234.17 86, 58, 234, 72, 120, 77, 118 

 

Methaprilene N,N-Dimethyl-N'-(2-pyridinyl)-N'-(2-thienylmethyl)-

1,2-ethanediamine  

C14H19N3S 261.13 97, 58, 191, 72, 261, 203, 119 

 

Methaqualone 2-Methyl-3-(2-methylphenyl)-4(3H)-quinazolinone C16H14N2O 250.11 235, 250, 233, 236, 91, 76, 132 

 

3,4-methylenedioxyamphetamine 1-(1,3-Benzodioxol-5-yl)-2-propanamine C10H13NO2 179.22 44, 136, 135, 77, 51, 81, 179 

 

 

Methylphenobarbitone 5-Ethyl-1-methyl-5-phenyl-2,4,6(1H,3H,5H)-

pyrimidinetrione 

C13H14N2O3 246.10 218, 117, 118, 146, 115, 103, 

91, 219 

 

Nicotinamide 6-Aminonicotinamide C6H6N2O 122.05 122, 78, 106, 51, 44, 79, 94 
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Table 1.7 cont’d: Some of the common adulterants found in heroin samples and associated mass spectroscopic data. 

Structure Common name IUPAC name   Empirical formula Molar mass, 
g/mol 

Base peak (shown in bold) and 
other prominent peaks, m/z 

 

Nevirapine 11-Cyclopropyl-4-methyl-5,11-dihydro-6H-

dipyrido[3,2-b:2',3'-e][1,4]diazepin-6-one 

C15H14N4O 266.12 265, 251, 133, 266, 134, 237, 

78, 52 

 

Procaine 2-(Diethylamino)ethyl 4-aminobenzoate  C13H20N2O2 236.15 86, 99, 120, 164, 65, 92, 58 

 

Phenacetin (1E)-N-(4-Ethoxyphenyl) ethanimidic acid  C10H13NO2 179.09 108, 109, 179, 137, 80, 81, 53 

 

Phenazon 1,5-Dimethyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one C11H12N2O 257.14 228, 72, 68, 214, 55, 99, 69, 257, 

242 

 

Phenobarbital 5-Ethyl-5-phenyl-2,4,6(1H,3H,5H)-pyrimidinetrione C12H12N2O3 232.08 204, 117, 232, 161, 146, 174, 

103 

 

N-Phenyl-2-Naphthylamine N-Phenyl-2-naphthalenamine C16H13N 218.10 219, 218, 217, 220, 108, 115, 

109, 216 

 

Pyrilamine N-(4-Methoxybenzyl)-N',N'-dimethyl-N-(2-pyridinyl)-

1,2-ethanediamine   

C17H23N3O 285.18 121, 58, 78, 72, 215, 285, 91 

 

Quinine (8α,9R)-6'-Methoxycinchonan-9-ol  C20H24N2O2 324.18 136, 79, 81, 117, 189, 55, 95, 

324 

 

Tropacocaine 8-Methyl-8-azabicyclo[3.2.1]oct-3-yl benzoate C15H19NO2 245.32 124, 82, 94, 77, 245, 105, 67, 

140 



50 
 

 

Table 1.7 cont’d: Some of the common adulterants found in heroin samples and associated mass spectroscopic data. 

Structure Common name IUPAC name   Empirical formula Molar mass, 
g/mol 

Base peak (shown in bold) and 
other prominent peaks, m/z 

 

Salicylic acid 2-hydroxybenzoic acid C7H6O3 138.03  92, 120, 64, 138, 63, 65, 80 

 

Salicylamide salicylamide C7H7NO2 137.05 120, 137, 92, 65, 121, 64, 93 

 

Strychnine (1R,11S,18S,20R,21R,22S)-12-oxa-8,17-

diazaheptacyclo[15.5.2.01,18.02,7.08,22.011,21.015,20]tetra

cosa-2,4,6,14-tetraen-9-one 

C21H22N2O2 334.17 334, 335, 120, 162, 107, 130, 

161, 143, 144 

 

Theophylline 1,3-Dimethyl-3,7-dihydro-1H-purine-2,6-dione C7H8N4O2 180.06 180, 95, 68, 53, 123, 67, 96, 151 

 

Thiamine 5-(2-Hydroxyethyl)-3-[(6-imino-2-methyl-1,6-

dihydro-5-pyrimidinyl)methyl]-4-methyl-1,3-thiazol-

3-ium chloride 

C12H17ClN4OS 300.08 112, 122, 264, 143, 113, 233, 

85, 45 

 

Tripelennamine N-Benzyl-N',N'-dimethyl-N-(2-pyridinyl)-1,2-

ethanediamine  

C16H21N3 255.17 58, 91, 197, 72, 185, 65, 79, 255 

 

Xylazine N-(2,6-Dimethylphenyl)-5,6-dihydro-4H-1,3-thiazin-

2-amine 

C12H16N2S 220.10 205, 220, 145, 130, 177, 77, 91, 

103 
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1.4.2 Heroin common trafficking routes 

Opium is produced mainly in four regions, namely Afghanistan, Colombia, Mexico and 

Myanmar/Lao People’s Democratic Republic. The Afghanistan region cultivates and produces 

about 84% of the world’s illicit opium according to the UNODC (2020). According to the 

UNODC’s Afghan Opiate Trade Project (AOTP) (UNODC, 2015), the heroin produced from the 

largest producer, Afghanistan, is trafficked to all the countries of the world except South 

America. Afghanistan is not only the largest producer of opium, it is also the world’s leading 

heroin producer accounting for about 70% (UNODC, 2020). Once the heroin is produced in 

those different regions, it is trafficked throughout the world. The trafficking route of heroin 

and/or opium from the four regions of origin are illustrated in Figure 1.8.  

There are three main routes through which opium and/or heroin produced from Afghanistan 

is trafficked. These routes includes the so-called “Balkan route”, which crosses the Islamic 

Republic of Iran, mostly via Pakistan, to Turkey, Greece and Bulgaria across South East Europe 

to the western European states. The Balkan route is said to branch into a recently identified 

route, the Caucasus route, which moves from Afghanistan through the Caucasus across 

Central Asia to the Russian Federation. The Balkan route is said to be the single largest heroin 

trafficking route in the world, accounting for about 58% of the heroin seizures (UNDOC, 

2020).The second route is the northern route, which mainly runs through Tajikistan and 

Kyrgyzstan (or Uzbekistan or Turkmenistan) to Kazakhstan and the Russian Federation. The 

push-back by law enforcement agencies is said to force traffickers from the Balkan route to 

the third trafficking route, the southern route, where enforcement is lacking (Bruwer, 2017). 

The southern route goes from Afghanistan through Pakistan and Iran, and transits East African 

states, especially Kenya, Tanzania and Zanzibar to Asia, Europe, South Africa and West Africa. 

From West Africa heroin is trafficked to Asia, Canada and the United States of America. Most 

of the heroin reaches South Africa through this route. Some of the heroin is distributed in the 

local markets while the rest is transited to West Africa. Because of the efficient transport 

infrastructure, the majority of the heroin seized in South Africa are those trafficked by land 

from the neighbouring countries, such as Mozambique (Bruwer, 2017). The heroin, from 

Afghanistan, that reaches Canada and China is trafficked through the southern route through 

South East Asia. 
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The heroin produced in Myanmar/Lao People’s Democratic Republic is distributed using two 

main routes. The first route goes from Myanmar to China, and the second route transits South 

East Asia to Australia and New Zealand.  

The heroin produced from Mexico is mainly trafficked to the United States of America, while 

the heroin from Colombia is trafficked to both South America and the United States of 

America. 

 

 

Figure 1.8: Typical heroin trafficking routes from the four opium producing regions. 
Source: https://www.unodc.org/unodc/en/data-and-analysis/aotp.html 

 

1.4.3 Heroin: common methods of abuse 

The abuse of heroin, that of smoking and ingesting heroin tablets, is reported to have 

emerged in the Far East around 1920 and spread to the United States and other parts of the 

world (UNODC, 1953). The heroin tablets generally contained caffeine, cinchona alkaloid 

(quinine, cinchonine, or cinchonidine), strychnine and aspirin as psychoactive compounds, as 

well as the diluents starch, cane sugar or milk sugar (ibid). Another method of heroin abuse, 

that of inhaling the heroin smoke that is released when the heroin powder and tablets, is 

heated in a foil paper, developed around 1950 in Hong Kong (Strang, Griffiths and Gossop, 

1997). This method of inhaling the heroin smoke is referred to as ‘chasing the dragon’. The 

https://www.unodc.org/unodc/en/data-and-analysis/aotp.html
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procedure is believed to have spread to South East Asia around 1970, and to other parts of 

Europe and the rest of the world around 1980. The development of the street drug nyaope in 

South Africa, which is mainly a combination of heroin and cannabis, may have been influenced 

by the fact that heroin smoking is usually done with cigarettes, and since cannabis is also 

abused by smoking. The abuse of heroin by injecting it intravenously was first reported 

around 1950 in Hong Kong, although this was not a preferred method of abuse (Strang et al, 

1997). A very bizarre method of heroin abuse by injection has been developed in South Africa, 

known as ‘Bluetoothing’. Heroin is injected by a user and then their blood is drawn and shared 

with other users. Although the blood transfusions can induce psychoactive effects of 

warmness and wellbeing, this may just represent a placebo effect, since the amount of heroin 

injected will be so diluted that it will have an insignificant effect on the secondary user (Sifile, 

2017). The ‘Bluetoothing’ method is prevalent amongst the nyaope users. The abuse of heroin 

in the nyaope cocktail drug in South Africa resulted in a massive increase in cases encountered 

at the SAPS-FSL, as shown in Figure 1.9 (SAPS-FSL data 2009–2017). It is reported that South 

Africa is has the largest heroin consumer market on the African continent (Eligh, 2020). 

 

 

Figure 1.9: Graph showing the number of heroin containing cases analysed by the SAPS-FSL 
in the period 2009 to 2017.  
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1.4.4 Analysis and profiling of heroin 

A number of analytical methods have been reported in literature for the identification, 

quantitation and profiling of heroin. The analytical methods include the capillary 

electrophoresis (CE) methods, gas chromatographic (GC) methods, liquid chromatographic 

(LC) methods and nuclear magnetic resonance spectrometry (NMR) methods. The CE 

methods include capillary zone electrophoresis-diode array detector (CZE-DAD), capillary 

zone electrophoresis-ultraviolet detection (CZE-UV), micellar electrokinetic chromatography-

diode array detector (MEKC-DAD) and micellar electrokinetic chromatography-ultraviolet 

(MEKC-UV) (Wernly and Thormann, 1991; Wernly and Thormann, 1992; Hyotylainen, Sirén 

and Riekkola, 1996; Taylor, Low and Reid, 1996; Boone et al, 1999; UNODC, 2005; Krishna, 

Srinath and Sankar, 2008). The GC and LC methods are discussed in Sections 1.4.4.1 and 

1.4.4.2, respectively. The NMR methods include proton Nuclear Magnetic Resonance (1H 

NMR), one-dimensional total-correlation spectroscopy (1D TOCSY) 1H NMR and two-

dimensional diffusion-ordered spectroscopy (2D DOSY) 1H NMR (Neville, Ekiel and Smith, 

1987; Hays et al, 2000; Suryaprakash et al, 2000; Hays, 2005; Balayssac et al, 2014; Zhong et 

al, 2018). Very little literature is available for the quantitative analysis of heroin using NMR, 

since the technique is used mainly for the structural elucidation of organic compounds. The 

limit of detection, limit of quantitation and linear ranges of heroin (diamorphine) for some of 

these methods are illustrated in Table 1.8. The heroin detection limit for both the CE and NMR 

methods shown in Table 1.8 indicates these techniques to be inferior in detecting trace 

amounts of heroin when compared to GC and LC techniques. 

 



55 
 

Table 1.8: Linearity range, limit of detection and limit of quantitation of heroin for 
different analytical techniques. 

Technique  Linearity range, mg/L Detection limit, mg/L Quantitation limit, 

mg/L 

Reference 

CZE-DAD 0.15 0.0080   - Krishna, Srinath and 

Sankar, 2008 

GC x GC-TOFMS 0.0050 – 1.00  0.0016  (assumed) 0.0050 (assumed) Guthery et al, 2009 

GC-FID 7.70 – 1000.00 2.20 7.30 Yuksel, 2020 

GC-MS 0.020  – 1.50   0.00040   0.0013  Bravo, Gonzalez and 

Benites, 2011 

HPLC-DAD 5.00  – 120.00  0.16  0.54  Elbardisy et al, 2019 

HPLC-UV 0.010 – 1.20  - 0.010 Rop et al, 1987 

LC-MS 0.0050 – 0.20  0.0025 0.0050 Jones et al, 2013 

LC-MS/MS 0.0020 – 0.89  0.00096  0.0025  Karinen et al, 2009 

MEKC-DAD 25 x 10-1 – 1.0 x 101 ± 1.0 x 10-1  - Wernly and Thormann,  

1992 

MEKC-UV - 0.52  0.88  Hyotylainen, Sirén and 

Riekkola, 1996 

NMR - 1.10 20.00 Balayssac et al, 2014 

UPLC-MS/MS 0.00000070 – 0.0010  0.00000021  0.00000070 Boleda, Galceran and  
Ventura, 2007 

 

1.4.4.1 Gas chromatographic methods for heroin analysis 

Gas chromatographic methods that has been used for the identification, quantitation and 

profiling of heroin includes gas chromatography coupled with flame ionisation detection (GC-

FID) (Janhunen and Cole, 1999; Zhang et al, 2004; Esseiva et al, 2005; UNODC, 2005; Dufey et 

al, 2007; Chan, Tan and Wong, 2012a; Yuksel, 2020); gas chromatography-coupled with 

isotope ratio mass spectroscopy (GC-IRMS)(Ihle and Schmidt, 1996; Besacier et al, 1997; 

Ehleringer et al, 1999; UNODC, 2005); gas chromatography-coupled mass spectrometry (GC-

MS) (Klemenc, 2001; Cole, 2003; Zhang et al, 2004; UNODC, 2005; Morello et al, 2010; Bravo, 

Gonzalez and Benites, 2011; Chan, Tan and Wong, 2012a); and two-dimension gas 

chromatography coupled to either flame ionisation detector (GC x GC–FID) (Mitrevski, Wynne 

and Marriott, 2011; Marriott and Mitrevski, 2014), or time-of-flight mass-spectrometry 

detector (GC x GC-TOFMS) (Gröger et al, 2008; Guthery et al, 2010; Mitrevski et al, 2011; 

Marriott and Mitrevski 2014). GC-IRMS is useful for the determination of the origin of the 
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heroin samples using the abundances of the carbon-13 and nitrogen-15 isotopes. Both the 

GC-MS and GC x GC techniques offer comparable LODs and LOQs to other techniques listed 

in Table 1.8 while GC-FID is somewhat inferior to these techniques. GC x GC methods offers 

high peak capacity, enhanced signal, and structured chromatograms compared to the 

traditional one dimensional gas chromatography (Murray, 2012), but limited in its application, 

mainly because of the unavailability of standardized methodology, complex data 

interpretation and consistency of results (Gruber et al, 2018). Quantitation using GC x GC is 

not so simple, compared to GC-FID and/or GC-MS, because the analyte response is 

compromised by the multiple modulated peaks (ibid). 

1.4.4.2 Liquid chromatographic methods for heroin analysis 

Liquid chromatographic methods that have been employed for the analysis of heroin include 

high performance liquid chromatography (HPLC) as well as liquid chromatography (LC). HPLC 

methods have been employed with either diode array detection (HPLC-DAD) (Cole, 2003; 

UNODC, 2005), or ultraviolet detection (HPLC-UV) (Rop et al, 1987; UNODC, 2005). LC 

methods have been employed coupled to either a mass spectrometer (LC-MS) (Jones et al, 

2013), or to a tandem-mass spectrometer (LC-MS/MS) (Dams et al, 2001; Gergov et al, 2009; 

Karinen et al, 2009; Moreno-Vicente et al, 2015). High-performance liquid chromatographic 

methods employed include ultra-high-performance liquid chromatography-photodiode array 

(UHPLC-PDA) (Lurie et al, 2013; Elbardisy et al, 2019) and ultra-performance liquid 

chromatography tandem–mass spectrometry (UPLC–MS/MS) (Boleda, Galceran and Ventura, 

2007; Lurie and Toske 2008). High- performance liquid chromatographic methods exhibited 

better LODs and LOQs for heroin compared to the other methods listed in Table 1.8. 

1.5 PROFILING OF ILLICIT DRUGS 

Profiling of illicit drugs is a tool that can be used by law enforcement agencies to provide 

evidence in a court of law, for medico-legal purposes, or for intelligence purposes, i.e., 

profiling is either evidence based, or intelligence based. For the evidence in court, profiling is 

used to link different cases or individuals as well as instances when the main focus is a single 

case or an individual. In cases where intelligence gathering is required, profiling assists law 
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enforcement agencies to identify drug trafficking patterns and take steps to disrupt them. 

Profiling assists law-enforcement officers to achieve the following (UNODC, 2001):  

 A link between different drug seizures and consequently, between drug dealers 

and/or drug users; 

 Classify materials from different drug seizures into batches of related samples; 

  Establish distribution networks and trafficking patterns either locally, regionally or 

internationally; and  

 Determine the source, including the geographic origin of such drugs 

Profiling of illicit drugs can be used to assist law enforcement decision makers and to guide 

police investigations. In order for this to be realised, there has to be a close collaboration 

between the laboratory analyst and the police officials on the ground. Both parties must 

ensure that there is a common understanding on issues like the correct handling of the seized 

drug exhibit material for profiling, the limitations of the drug profiling process and the 

information that is expected from the analyst. Illicit drug profiling can be achieved by either 

investigating the chemical components or the physical properties of the street drug, or both.  

1.5.1 Physical profiling of illicit drugs 

The physical properties include packaging material, insignia, or whether the drug is sold as 

powdery or hard, solid material. As an example, heroin street samples seized by the SAPS are 

usually packaged either in straws or capsules in the KwaZulu-Natal Province (Figure 1.10), 

while the heroin is usually wrapped in pieces of plastic in the Gauteng Province. Therefore, 

this could be used to classify the heroin seizure according to the province that they were 

found. The packaging material have different colours which could be used to classify the 

seizure within a province according to a specific region and or a particular drug peddler who 

packaged the drug. Physical properties alone will not be sufficient, since some of the street 

drugs have similar packaging and may contain similar markings. A combination of both 

physical and chemical profiling will enhance the classification of the street drug seizures. This 

information may be used for evidential purposes or as a source of intelligence to identify the 

samples with common history. The strength of evidence gathered by linking different seizures 
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through profiling is dependent on the closeness of their relationship as well as the frequency 

of the particular pattern of the profile. 

 

 

Figure 1.10: Pictures of some of the typical packaging material for street heroin samples 
(Photos are by the author). 

 

1.5.2 Chemical profiling of illicit drugs  

Chemical profiling considers the chemical components of the illicit drugs, which includes (i) 

naturally occurring drugs like cannabis, cathinone, cocaine, mescaline, opium, psilocin and 

psilocybin; (ii) semi-synthetic drugs like heroin and lysergide; as well as (iii) synthetic drugs 

like amphetamine, methamphetamine, methaqualone and methylenedioxyamphetamine. 

The chemical components of seized street samples may contain, in addition to the drug itself, 

the following, depending upon the origin of the drug: 

 Naturally occurring components found in the plant that are extracted together with 

the illicit drug during processing; 

 Synthetic by-products that are formed during the synthesis process of both semi-

synthetic and synthetic illicit drugs; 

 Adulterants that are pharmacologically active compounds added at different stages of 

the drug chain by peddlers trying to enhance the effect of the drug; and 

 Diluents that are pharmacologically inactive compounds added merely to increase the 

bulk of the drug and in turn maximize their profit.  
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Published literature has shown that the chemical profiling of any substance can be conducted 

by considering the following (UNODC, 2001; 2005; Lyengar and Hadi, 2014; McCord et al, 

2018):  

 the major organic components of the drug;  

 trace organic components available in addition to the drug;  

 occluded solvents during the processing of the drug;  

 trace elements;  

 Isotope abundances in the drug; and 

 DNA analysis of plant-based drugs. 

1.5.2.1 The chemical profiling using the major organic components of nyaope 

The street cocktail drug nyaope has been shown from the SAPS-FSL casework analysis to 

contain mainly a mixture of naturally occurring drug (cannabis), the semi-synthetic drug 

(heroin) and synthetic drugs (antiretroviral drugs and adulterants such as acetaminophen, 

phenacetin, diazepam and dextromethorphan). Other illegal drugs such as cocaine, 

methaqualone and MDA, as mentioned in Section 1.1, have been identified in these samples. 

For the nyaope component heroin, the major components are usually extracted together with 

the heroin precursor, morphine, from the opium plant and includes codeine, papaverine, 

noscapine and thebaine. For the nyaope component cannabis, the major components include 

Δ9-tetrahydrocannabinol, cannabinol, cannabidiol, cannabichromene, cannabigerol, 

tetrahydrocannabivarin and cannabivarin, which are present as part of the more than 100 

cannabinoids in the natural plant. Profiling of the cannabinoids using major components can 

be achieved by quantifying these major components. For heroin the levels of the components 

have been studied extensively and therefore by calculating the ratios of these levels and 

comparing them to available database it is possible to establish the geographic origin of the 

heroin samples (UNODC, 2005; Collins et al, 2007). Due to cloning of cannabis samples the 

geographic origin of cannabis using only the natural occurring cannabinoids may not be easy. 

The chromatographic profiles of the major components present can also be used to group 

related samples into batches in instances where geographic origin is not necessary, i.e. in 

instances where the comparison between seized samples is sufficient. The identity of the 
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components can be visually matched and chemometric methods applied to their 

concentration profiles in order to classify the samples. 

1.5.2.2 The chemical profiling of illicit drugs using occluded solvents 

In any synthetic process, trace amount of the solvents used are usually occluded within the 

crystal lattice of the solid sample. For the synthetic compounds like heroin, the solvent used 

in the synthesis process is said to be unique to a particular region (South East Asia, South West 

Asia, Mexico, or South America) (Collins et al, 2007). These solvents can be identified using 

simple techniques such as headspace gas chromatography-mass spectrometry. The 

identification of these solvents can help law enforcement agencies to monitor which solvents 

are purchased where, and by whom, in order to link the street sample to a region and also to 

the clandestine laboratory operator. 

1.5.2.2 The chemical profiling of illicit drugs using synthesis by-products 

Synthesis processes always result in the formation by-products, for the heroin synthesis, 

there are more than 100 known synthesis by-products (Toske et al, 2006). The quantitation 

of some of these by products like acetylcodeine, 3-monoacetylmorphine and 6-

monoacetylmorphine using chromatographic techniques discussed in Section 1.4.4 is usually 

used for the profiling of heroin. The identification of all the other by-products can assist in 

classifying the related heroin samples further into batches (Toske et al, 2006; Collins et al, 

2007).  

1.5.2.3 The chemical profiling of illicit drugs using trace elemental impurities 

Trace element analysis is also a powerful tool that can be used for the analysis and 

classification of the street nyaope product. The trace elements present in naturally occurring 

drugs are due to contamination from the soil the plant was cultivated; therefore it is possible 

to link the drug to a particular region. Synthetic and semi-synthetic components would offer 

a challenge to link to a particular region, since the source of contamination is usually 

unknown. Inductively-coupled plasma atomic-emission spectrometry (ICP-AES), inductively-

coupled mass spectrometry (ICP-MS), laser ablation inductively-coupled mass spectrometry 



61 
 

(LA-ICP-MS), ICP-OES have been employed for the elemental analysis in both cannabis (Jones 

and Nelson, 2017; Shimandzu, 2017), and heroin (Bora, Merdivan and Hamamci, 2002; 

Licsandru, Nacea and Boscencu, 2012; Liu et al, 2014). Profiling using trace element analysis 

has been conducted using Neural Network Analysis, Principal Component Analysis, Canonical 

Discriminant Analysis, Discriminant function analysis and k-nearest neighbours (Anderson et 

al, 1999; Berry, 2015) as well as hierarchical cluster analysis (Myors et al, 1998). These 

methods can be successfully applied to the analysis and classification of the street drug 

nyaope. The limitation for the trace elemental profiling of the street nyaope sample would be 

the lack of database for the variety of analytes available in such samples. 

1.5.2.4 The chemical profiling of illicit drugs using isotopic abundances 

Another powerful tool for the classification of natural occurring drugs is the isotopic 

abundance analysis (UNODC, 2005; Cerling et al, 2016; Casale et al, 2019). The abundances of 

the isotopes carbon-13, nitrogen-15 and oxygen-18 relative to the most abundant isotopes 

are usually determined using GC-IRMS mentioned in Section 1.3.5.1. Isotope abundances 

analysis is mainly useful for the determination of the geographic origin of drugs. Isotopic 

abundances measurement are therefore limited to naturally occurring drugs and would be a 

challenge to classify a complex sample like nyaope, which contains a mixture of natural 

occurring, semi-synthetic and synthetic drugs. Apart from this limitation, the technique is not 

readily available to forensic analysts, due to the cost of the instrumentation and extensive 

training required to master the technique. 

1.5.2.5 The chemical profiling of illicit drugs using DNA 

Forensic DNA or DNA profiling of both human and non-human DNA is one of the powerful 

tools used in unambiguously resolving criminal cases (Lyengar and Hadi, 2014; McCord et al, 

2018; Amorim, 2019). The analysis of non-human DNA from cats, dogs, plants, viruses and 

bacteria has been shown to be of great forensic evidential value in solving criminal cases 

(ibid). The identification and profiling of plant-derived drugs can be achieved by using 

validated chemistry-based DNA analysis methods to determine the genetic diversity of the 

substances (Weedn, Rodgers and Henry, 1998; SWGDAM, 2016; McCord et al, 2018). DNA 
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profiling can be used for the determination of geographic origin of the naturally occurring 

drugs like cannabis, cathinone, cocaine, mescaline, opium, psilocin and psilocybin. Several 

DNA analysis techniques have been described in literature for the identification and profiling 

of cannabis sativa (Siniscalco Gigliano et al, 1997; Linacre and Thorpe, 1998; Siniscalco 

Gigliano, 1998; Hsieh et al, 2003; Miller-Coyle et al, 2003b), papaver somniferum plants that 

produce the opiates drugs (Saunders et al, 2001; Hari, Sharma and Sharma, 2009; Darokar et 

al, 2014; Mičianová et al, 2017; Sharma et al, 2019; Vašek et al, 2020; Young et al, 2020) and 

psilocybe mushrooms that produce the hallucinogenic drugs psilocin and psilocybin (Lee, Cole 

and Linacre, 2000; Lee, 2001; Linacre, Cole and Lee, 2002; Nugent and Saville, 2004). The 

papaver somniferum DNA can be extracted and classified from heroin street samples 

(Marciano et al, 2018), which suggests that drugs synthesised for precursors that are of plant 

origin may be subjected to DNA analysis. The identification and profiling of the DNA analysis 

have also been applied to the spores of the psilocybe mushrooms in grow kits to detect the 

illegal cultivation of these hallucinogenic mushrooms (Gambaro et al, 2016). It is also possible 

to extract plant DNA from woody material using chemistry-based methods to obtain 

amplifiable DNA material (Paranaiba et al, 2020). DNA analysis involves the extraction of the 

plant DNA followed by amplification of the extracted DNA using a chemical process known as 

polymerase chain reaction (PCR). Once PCR amplification of the DNA is done, different 

techniques are then used for the sequencing and thereby create the DNA profiles. DNA 

sequencing techniques reported in literature for the profiling of plant-based drugs include 

amplified fragment length polymorphism (AFLP) (Lee et al, 2000; Saunders et al, 2001; Miller-

Coyle et al, 2003a), expressed sequence tag -simple sequence repeat (EST-SSR) (Vašek et al, 

2020), inter-simple sequence repeat (ISSR) (Kojoma et al, 2002; Hari et al, 2009; Sharma et al, 

2019), random amplification of polymorphic DNA (RAPD) (Gillan et al, 1995; Lee, 2001; 

Darokar et al, 2014) and short tandem repeat (STR) (Gilmore et al, 2003; Hsieh et al, 2003; 

Mičianová et al, 2017; Young et al, 2020). Sequence analysis is, however, a very laborious 

technique, which requires very expensive facilities (Kojoma et al, 2002). 

1.5.3 Choice of the analytical technique for nyaope profiling 

The profiling of nyaope requires a process that seeks to extract information from the drug 

samples in order to determine whether there is a link between the sample seizures. The 
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author is not aware of any literature for the profiling of the cocktail drug nyaope. Both 

physical and chemical method could be used for the profiling of nyaope. The physical methods 

need to be used in combination with the chemical methods for the identification of the 

nyaope samples. Physical information includes the area where the seizure was made, the type 

of sample (solid vs powder) and the packaging material. The information that can be obtained 

from packaging material includes the type, colour, shape and fingerprint of anyone who 

handled the packaging material. A database of these physical properties would need to be 

created in order to be able to link the seizures to a particular area, users and/dealers. For this 

work we will focus mainly on the chemical profiling of nyaope. The method mentioned in 

Sections 1.2.2, 1.3.5 and 1.4.4 can be used for the chemical identification and profiling of 

street nyaope samples. The liquid chromatographic tandem mass spectrometry method 

appears to be the most appropriate method of analysis; however, this requires very expensive 

instrumentation that is not always available in many financially strapped laboratories in the 

SADC region. On the other hand, the GC-MS technique is readily available in many 

laboratories for routine work; therefore, a method that uses this technique will be much more 

beneficial. GC-MS has been widely used for the analysis of illicit drugs (UNODC, 2005; 

Suurkuusk, 2010; Mwenesongole et al, 2013; Kuleya et al, 2014). Suitable internal standards 

used in the GC-MS methods for the analysis of illicit drugs have included deuterated 

analogues as well as eicosane (C20) and teracosane (C24) [ibid]. As illustrated in Tables 1.5 and 

1.8, GC-MS gives linearity ranges as well as well as LODs and LOQs for both ∆9-THC and DAM, 

which is comparable to those given by the liquid chromatographic methods. It is, therefore, a 

suitable method for the identification, quantitation and profiling of nyaope samples. Since 

decarboxylation of the acidic cannabinoids occurs during GC-MS analysis, total ∆9-THC is 

measured rather than both ∆9-THC and ∆9-THCA. 

The pH and pKa values of some of the drugs identified in the cocktail drug nyaope are given 

in Table 1.9. The cocktail drug nyaope contains both acidic (acetaminophen, heroin, lidocaince 

nevirapine) and basic (caffeine, cocaine, codeine, efavirenz, diazepam, 3,4-

methylenedioxyamphetamine, 6-monoacetylmorphine, methaqualone, noscapine, 

papaverine, Δ9-tetrahydrocannabinol) drugs. Acetaminophen has a phenolic group and is 

weakly acidic, even though its pKa value is 9.8. Methaqualone is an alkaloid comprising a 

nitrogen atom with a lone pair of electrons; and therefore, it is basic, even though the pKa 
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value is 2.5. All these nyaope components are volatile under GC-MS conditions without the 

need for derivatization and therefore GC-MS is suitable for the identification and 

quantification of street nyaope samples. The identity and the proportion of these nyaope 

components, once established using GC-MS, can be used to link different sample seizures. 

 

Table 1.9: The pH and pKa values of some of the components of the street cocktail drug 
nyaope. 

Compound pH pKa 

6-Monoacetylmorphine - 8.19a 

Acetaminophen 5.5 -6.5b 9.38c 

Caffeine 6.9d  14.0e 

Cocaine >7.0d 8.61d 

Codeine 9.8f 6.05d 

Efavirenz - 10.2d 

Diazepam 6.8g 3.4d 

Heroin  4.8h 7.6i 

lidocaine 6.09j 7.95i 

Methaqualone  >7.0d 2.5i 

3,4-Methylenedioxyamphetamine  - 9.67i 

Nevirapine - 2.8d  

Noscapine 7.0d 7.8d 

Papaverine - 8.07d  

∆9-Tetrahydrocannabinol - 10.6d 

References: aAvdeef et al, 1996; bLewis Sr, 2007; cDastmalchi, Rashidi and Rassi, 1995; dO'Neil, 2017; 
eSigma-Aldrich, n.d.; fUS-NTP, 1992; gPosner, 2012; hCiccarone and Harris, 2015; iMoffatt, Osselton 

and Widdop, 2011; jFrank and Lalonde, 2012. 
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1.6 AN OVERVIEW OF SOLVATION 

Chemical analysis frequently involves dissolution of a drug prior to using an instrumental 

method. A solvent in which the components of nyaope are soluble and stable is necessary for 

the profiling of impurities since chemical degradation of the sample and/or artefact formation 

may result in erroneous chemical profiles of the nyaope samples (Aalberg et al, 2005). For a 

sample to dissolve in a solvent, there has to be intermolecular interaction between the 

sample molecules and the solvent molecules (Reichardt and Welton, 2011). Solvation 

describes the interaction between the solvent and the dissolved solute. Solvents that form a 

strong interaction with the solute will favourably dissolve the solute. The interaction between 

the solvent and solute involves the formation of intermolecular forces, also known as Van der 

Waal’s forces. The forces include dispersion interaction (dipole-induced dipole, instantaneous 

dipole-induced dipole), dipole interaction, dielectric interaction and hydrogen bonding.  

1.6.1 Eluotropic strength of common solvents 

The polarity of the solvent determines the strength of the solvent to elute a solute from an 

adsorbent. The eluting power of solvents is referred to as the eluotropic strength of the 

solvents. Eluotropic strength is measured by determining the retention time of a constant 

adsorbent. The eluting power of the solvent as well as the polarity of the solvent increases 

with decreasing retention time of the sample. The adsorbents frequently used are oxides such 

as aluminium oxide and silica, which gives identical eluotropic strengths. Solvents with high 

eluotropic strength and polarity are polar, while low eluotropic strength is characteristic of 

nonpolar solvents. 

1.6.2 Solubility evaluation 

The solubility parameter, δ, also known as the Hildebrand solubility parameter, is often used 

to estimate the solubility of nonpolar or slightly polar substances without hydrogen bonding 

in organic solvents. The Hildebrand solubility parameter describes the amount of energy 

required to evaporate one-unit volume of a liquid (Hildebrand and Scott, 1964). Liquids with 

a similar solubility parameter are more likely to be miscible (Moghaloo et al, 2018). The 

Hildebrand solubility parameter is defined by Equation 1.2 (Welker, 2012): 



66 
 

 

𝜹 = √𝑬𝒄𝒐𝒉 =
∆𝑯𝒗𝒂𝒑−𝑹𝑻

𝑽𝒎
        1-2  

 

Where 𝐸𝑐𝑜ℎ, is the cohesive energy density difined by Equation 1.3; 

 

 𝑬𝒄𝒐𝒉 =
∆𝑼𝒗𝒂𝒑

𝑽𝒎
         1-3 

 ∆Hvap is the molar heat of vaporisation; 

 ∆Uvap is the molar energy; 

 R is the universal gas constant;  

T is the absolute temperature; and 

Vm is the molar volume. 

The solvent properties reported in literature (Snyder and Kirkland, 1979 Barwick, 1997) that 

is used for the selection of an extraction solvent is given in Table 1.10.  
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Table 1.10: Solvent properties that can be used for the selection of the extraction solvents arranged in order of increasing eluotropic strength. 

    Kamlet – Taft Parameters     

Solvent Eluotropic 

property, ɛo 

Boiling 

point, oC 

Dielectric 

constant, ε 

α β π* Polarity, P’  Refractive 

Index,  

Solubility 

parameter, 

δ 

Viscosity, 

cP 

n-Pentane 0.00 36 1.84 - - - 0.0 1.3575  0.22 

n-Hexane 0.01 69 1.88 0.00 0.00 -1.23 0.1 1.3749 30.9 0.30 

n-Heptane 0.01 98 1.92 - - - 0.2 1.3876  0.40 

Carbon tetrachloride 0.18 77 2.24 0.00 0.10 0.21 1.6 1.4602 8.55 0.90 

Xylene  0.26 138 2.30 - - - 2.5 1.4930 8.83 0.60 

Toluene  0.29 110 2.40 0.00 0.11 0.49 2.4 1.4969 8.93 0.55 

Diethyl ether 0.38 35 4.30 0.00 0.47 0.24 2.8 1.3524 7.53 0.24 

Chloroform 0.40 61 4.80 0.20 0.10 0.69 4.1 1.4430 9.16 0.53 

Dichloromethane  0.42 40 8.90 0.13 0.10 0.73 4.1 1.4242 9.88 0.41 

Acetone  0.56 56 - 0.08 0.48 0.62 5.1 1.3587 9.62 0.30 

Dioxane 0.56 101 2.20 0.00 0.37 0.49 4.8 1.4224 10.13 1.20 

Source: Kamlet – Taft parameters (Reichardt and Welton, 2011); Hilderband parameter (Rohrschneider, 1973); Boiling point, Dielectric constant, Polarity, 

Viscosity (t-BUOH MSDS, n.d.; Snyder and Kirkland, 1979); Eluotropic series for hydrophilic alumina adsorbents (Rohrschneider, L. 1973; Snyder and Kirkland, 

1979; Caude and Jardy, 1998; Reichardt and Welton 2011); Refractive index Refractive index at the average D-line of sodium (16969 cm-1) at 20 oC (Wiley 

online library) 
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Table 1.10 cont’d: Solvent properties that can be used for the selection of the extraction solvents arranged in order of increasing eluotropic 
strength. 

    Kamlet – Taft Parameters     

Solvent Eluotropic 

property, ɛo 

Boiling 

point, oC 

Dielectric 

constant, ε 

α β π* Polarity, P’  Refractive 

Index,  

Solubility 

parameter, 

δ 

Viscosity, 

cP 

Tetrahydrofuran  0.57 66 7.60 0.00 0.55 0.55 4.0 1.4072 - 0.46 

Ethyl acetate 0.58 77 6.00 0.00 0.45 0.45 4.4 1.3724 8.91 0.43 

Acetonitrile  0.65 82 37.5 0.19 0.40 0.66 5.8 1.3441 12.11 0.34 

n-Butanol 0.70 118 17.5 0.84 0.84 0.47 3.9 1.3993 11.60 2.60 

t-Butanol 0.70 82 10.9 0.42 0.93 0.41 4.1 1.4050  3.38 

Isopropanol   0.82 82 20.3 0.76 0.84 0.48 3.9 1.3772 11.44 1.90 

Ethanol  0.88 78 24.6 0.86 0.75 0.54 4.3 1.3614 12.78 1.08 

Dimethyl sulfoxide  0.75 189 4.70 0.00 0.76 1.00 7.2 1.4793 - 2.00 

Methanol  0.95 65 32.7 0.98 0.66 0.60 5.1 1.3284 14.50 0.54 

Water  >>1 100 80.0 1.17 0.47 1.09 10.2 1.3330 23.53 0.89 

Source: Kamlet – Taft parameters (Reichardt and Welton, 2011); Hilderband parameter (Rohrschneider, 1973); Boiling point, Dielectric constant, Polarity, 

Viscosity (t-BUOH MSDS, n.d. ; Snyder and Kirkland, 1979); Eluotropic series for hydrophilic alumina adsorbents (Rohrschneider, L. 1973; Snyder and Kirkland, 

1979; Caude and Jardy, 1998; Reichardt and Welton 2011); Refractive index Refractive index at the average D-line of sodium (16969 cm-1) at 20 oC (Wiley 

online library. 
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1.6.3 Solvent selection  

The use of solvents that need to be avoided when making a selection includes: (a) flammable 

solvents due to their low boiling point and low viscosity; hydrocarbon solvents which are 

usually more flammable than multi-halogenated solvents; (b) toxic solvents, which includes 

solvents which are suspected carcinogens (aromatic and chlorinated solvent); (c) reactive 

solvents, which have a tendency of reacting with the solute.  

Since nyaope contains both acidic and basic compounds, different solvents from an eluotropic 

series will be tested for the extraction of the main nyaope components in order to find the 

most suitable solvent. The use of a tertiary alcohol such as 2-methyl-propan-2-ol has been 

reported in literature (Kuleya et al, 2014). The study of both solvent stabilities and storage 

stabilities of the nyaope components, which are the cannabinoids (THCV, CBV, CBD, Δ9-THC 

and CBN), opiates (ACOD, diamorphine and 6-MAM), the antiretroviral drugs (EFV and NVP) 

as well as the other adulterants (caffeine, dextromethorphan and phenacetin) need to be 

conducted in order to ensure proper profiling of the street drug nyaope. 

1.6.3.1 Stability of the components of nyaope in solvents 

However, although methanol is believed to be a more efficient solvent for the extraction of 

cannabinoids (Smith and Vaughan, 1971) it facilitates the hydrolysis of diamorphine to form 

6-monacetylmorphine (6-MAM) (Huizer and Poortman, 1989). Methanolic extracts, 

therefore, result in the immediate decomposition of diamorphine (Varshney, 2002; Hong et 

al, 2014). On the other hand, whilst chloroform is a suitable solvent for diamorphine since it 

dissolves the drug quantitatively over a wide concentration range, is compatible with 

instrumental analysis and does not degrade diamorphine, it is known to facilitate the 

breakdown of cannabinoids (Hong et al, 2014, Turner and Henry, 1975). Some solvents may 

not be suitable for either diamorphine or Δ9-THC because they do not dissolve the drugs 

quantitatively over a wide concentration range, while others may be unsuitable for 

subsequent analysis. In short, a wide range of factors have to be considered in the choice of 

solvent for drug analysis. Both efavirenz and nevirapine are shown to be stable in methanol 

when stored for 24 hours at ambient temperature (Rezk, Tidwell and Kashuba, 2002; 

Kappelhoff et al 2003). The adulterants caffeine and phenacetin, also used as cutting agents 
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in nyaope, have previously been shown to be stable in methanol for at least 24 hours of 

storage at ambient temperature (Sena et al, 2017). The adulterant dextromethorphan has 

been reported to be stable in acetonitrile after 8 hours of storage (Goyal, 2013). 

1.6.3.2 Storage stability of the components of nyaope 

Long term storage of cannabis in ethanol extracts is known to degrade the active ingredient 

Δ9-tetrahydrocannabinol to the oxidation product cannabinol (Carbone, 2010) while 

diamorphine, on the other hand, hydrolyses to 6-monacetylmorphine and ultimately 

morphine due to interaction with water present in the solvent (Barrett, Dyssegaard and Shaw, 

1992; Wijesekera, Abeysinghe and Pathirana, 1994; Brenneisen and Hasler, 2002; Hutchinson 

and Somogyi, 2002). Under long-term storage (five weeks) DAM was reported to undergo 

degradation (an average of 17.0%) when stored in a refrigerator (Wijesekera, Abeysinghe and 

Pathirana, 1994). When stored at ambient temperature it degraded by an average of 23.3% 

(ibid).  

There have been a number of studies of individual components of nyaope under different 

storage conditions. Under long-term storage, cannabis, in the absence of direct light, has been 

shown to degrade to a lesser extent when stored at 4 oC than at 22 oC (Turner, Hadley and 

Fetterman, 1973a). The active ingredient Δ9-tetrahydrocannabinol (∆9-THC) degrades to the 

less potent cannabinol (CBN) (Carbone, 2010; Turner and Elsohly, 1979); cannabidiol (CBD) 

degrades to menthane carboxylic acid (Mechoulam and Hanuš, 2002); while 

tetrahydrocannabivarin (THCV) which is a propyl homolog of Δ9-THC (Turner, Hadley and 

Fetterman, 1973b; Bailey and Gagné, 1975) degrades to cannabivarin (CBV), which is itself a 

homologue of CBN. 

Table 1.11 displays the structures and the possible degradation products of cannabinoids 

(CBD, THCV and Δ9-THC), and CBN), opiates (ACOD, diamorphine and 6-MAM), ARVs (EFV and 

NVP) and adulterants (acetaminophen, caffeine, dextromethorphan and PNT) found in the 

cocktail drug nyaope.  
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Table 1.11: Structures of some of the nyaope compounds and their possible degradation 
products. 

Component Degradation product/s 

N

N N

NO

CH3

O CH3

CH3  
Caffeine 

N

N N

NO

CH3

O CH3

H         

N

N N

NO

CH3

O H

CH3         

N

N N

NO

H

O CH3

CH3     

N

N N

N

O

CH3

O

CH3

CH3

OH

 
Paraxanthine            Theophylline             Theobromine        1,3,7-Trimethyloric acid 

NH

O
O  

Phenacetin 

NH

O
OH             ,

NH2

O  
Acetaminophen                        p-Phenetidine 

O

N

 
Dextromethorphan 

O

NH

                                  

OH

N

 
3-Methoxymorphinan                   17-Methylmorphinan-3-ol 

O

N
H

CF3

Cl

O

 
Efavirenz 

NH

CF3
Cl

OOH

OH

                         

OH

NH2

F3C
Cl

               

N

Cl

CF3  
Carbamic acid derivative        Efavirenz amino alcohol                    Quinoline derivative                       

O

OH

 
Tetrahydrocannabivarin 

O

OH

 
Cannabivarin 

N

N
H

N
N

O

 
Nevirapine 

N

N
H

N
H N

O

                         

N

N
H

N
N

O

  
Descyclopropyl nevirapine          Ethyl nevirapine 

O

OH

 
∆9-Tetrahydrocannabinol 

O

OH

 
Cannabinol 

OH

OH

 
Cannabidiol 

O

O
                                                              O

OH

 
Menthane carboxylic acid                Hyroxyquinone            ∆9-Tetrahydrocannabinol 

O

O

O

O

N

 
Acetylcodeine 

O

OH

O

N

                               

O

OH

OH

N

 
   Codeine                                                              Morphine 

O

O

O

O

N

O

 
Diamorphine 

O

O

O

OH

N

                                                  

O

OH

OH

N

 
 6-Monoacetylmorphine                                    Morphine 

 



72 
 

ACOD is a synthetic impurity of illicit heroin usually present at concentration levels of 15–20% 

relative to DAM and ranges up to 45% (Sione, 1985). ACOD undergoes hydrolysis to codeine 

(COD) and subsequently to MOR (O'Neal and Poklis, 1997; Staub et al, 2001). EFV was shown 

to be stable in methanol for at least 7 days and undergoes degradation after 24 hours of 

storage when exposed to UV light (Hamrapurkar et al, 2010). EFV undergoes hydrolysis to an 

intermediate carbamic acid ({4-Chloro-2-[(1S)-3-cyclopropyl-1-hydroxy-1-(triflouromethyl) 

prop-2-yn-1yl]phenyl}carbamic acid), which subsequently forms efavirenz amino alcohol 

((2S)-2-(2-amino-5-chlorophenyl)-4-cyclopropyl-1,1,1-trifluorobut-3-yn-2-ol) and carbon 

dioxide (Maurin et al, 2002). The alcohol may undergo cyclization to form the quinoline 

derivative (6-chloro-2-cyclopropyl-4-(trifluoromethyl) quinoline (De Aquino-Ribeiro, 

2007).The potential degradation products of NVP are reported to be ethyl nevirapine and 

descyclopropyl nevirapine (Aparna et al, 2010). EFV stock solutions in methanol and NVP stock 

solution in dimethyl sulfoxide were reported to be stable after 24 hours of storage at ambient 

temperatures, and 24 and 36 months of storage, respectively, at -20 oC (Kappelhoff et al 

2003). EFV and NVP were reported to be stable after 3 months of storage at 4 oC and 20 oC, 

while EFV and NVP were only stable up to 50 and 70 days, respectively when stored at 

ambient temperatures (D’Avolio et al, 2010). NVP has been shown to be relatively stable 

when exposed to humidity, UV light and heat up to 2 days of storage (Navaneethan, 

Karunakaran and Elango, 2012) as well as in acetonitrile up to 48 hours of storage (Reddiah 

et al, 2013). 

Caffeine was reported to undergo radical induced degradation to 1,3,7-trimethyluric acid 

(Telo and Viera, 1997) and undergoes oxidation to paraxanthine, theophylline and 

theobromine (Chung and Cha, 1997). Caffeine was reported to be stable at room temperature 

for 24 hours and at -20 oC for 12 weeks (three months) of storage (Alvi and Hammami, 2011). 

Caffeine was also reported to undergo minimum degradation in freeze-dried urine stored 4 oC 

for 18 months (Ventura et al, 2003). Dextromethorphan (DTM) undergoes hydrolysis via N-

demethylation to form 3-methoxymorhinan, and O-demethylation to form 17–

methylmorhinan-3-ol (Daal et al, 2008; Raju et al, 2013). DTM is an adulterant in nyaope has 

been shown to be stable when exposed to humidity for at least 7 days (Raju et al, 2013) and 

was shown to be stable in methanol/water for 2 months at 4 oC, for 48 hours at ambient 

temperature and 96 days at -20 oC (Zhang et al, 2010b). Phenacetin (PNT) was reported to 
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undergo hydrolysis to p-phenetidine and deethylation to form acetaminophen (Watanabe et 

al, 2010). PNT in methanol was shown to be stable after a long-term storage (20 days) at -20 oC 

(Ma et al, 2015). 

1.7 ANALYTICAL METHOD VALIDATION 

Analytical method validation is the process of confirming through laboratory tests that an 

analytical method is suitable for what it is intended for. A reliable calibration model is the one 

that contains between seven and ten concentration levels with at least eight to ten replicates 

(Lavagnini and Magno, 2007). Quantitative drugs analysis requires that the following set of 

validation parameters as suggested by the UNODC and ICH (ICH, 2005; UNODC, 2009b) be 

tested: 

Accuracy (bias) (under within laboratory repeatability and within laboratory reproducibility 

conditions); Limit of detection (LOD); Limit of quantitation (LOQ); Linearity and Range; 

Precision (only within laboratory repeatability and intermediate precision (within laboratory 

reproducibility)); Recovery; Ruggedness; Specificity/selectivity; and Stability Uncertainty of 

measurement. 

For our purpose the following key parameters for quantitative validation of selected 

compounds in the drug sample will be conducted using guidelines as suggested by the ICH, 

FDA and UNODC (ICH, 2005; UNODC, 2009b; FDA, 2018) as well as published literature 

(Thompson, Ellison and Wood, 2002; Skoog et al, 2004; Lavagnini and Magno, 2007; Bonfilio 

et al, 2012; González et al, 2014): 

 Linearity 

  Limit of detection and limit of quantitation  

 Accuracy and precision (Repeatability and Intermediate Precision) 

 Ruggedness 

  Selectivity 

 Recovery 
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1.7.1 The evaluation of the linearity of the analytical method  

Linearity range is the range over which the instrumental response obtained is directly 

proportional to the concentration of analyte in the sample. The linearity will be estimated 

using standard IUPAC methods (Thompson et al, 2002; UNODC, 2005). Linearity will be 

assessed using calibration graphs and considered linear if the correlation coefficients (r2) 

exceeds or equals 0.99. The t-Test and F-Test will also be used to assess linearity. 

1.7.2 The evaluation of the limit of detection and the limit of quantitation of 

the analytical method 

Limit of detection (LOD) – the lowest amount of analyte in a sample which can be detected 

but not necessarily quantitated as an exact value. It is the lowest concentration level that can 

be determined statistically different from a blank at a specified level of confidence.  

Limit of quantitation (LOQ) – This is the lowest concentration level at which quantitative 

results may be determined with acceptable accuracy and precision. 

In order to determine LOD and LOQ, it is recommended to determine the calibration curve 

slope using reference sample solutions with concentrations in the vicinity of the DL (Bonfilio 

et al, 2012). Equations 1.4 and 1.5 will be used for the determination of LOD and LOQ 

respectively. 

 

𝑳𝑶𝑫 =
𝟑.𝟑×𝝈×𝑪𝑰𝑺

𝒔
          1-4 

 

𝑳𝑶𝑸 =
𝟏𝟎×𝝈×𝑪𝑰𝑺

𝒔
          1-5 

 

Where σ = standard error, 

 S = slope of the regression line, and 

 CIS= concentration of the internal standard = 0.018  
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1.7.3 Accuracy and precision 

1.7.3.1 The evaluation of the accuracy of the analytical method 

Accuracy (under within laboratory repeatability and within laboratory reproducibility 

conditions) is the closeness of a result or the mean of a set of measurements to the true value. 

It is common to estimate accuracy by analysing samples spiked at three different 

concentrations (low, medium, high) covering the working range. Methods reported in 

literature (ICH, 2005; Araujo, 2009) for the determination of accuracy include:  

a)  Measuring the analyte in a particular reference material and comparing the result with 

the certified value. 

b)  Measuring the analyte in blank matrix samples spiked with known analytical 

concentrations and determining the percentage of recovery. 

c)  Comparing the results from the method under validation with those from a reference 

method. 

d)  Determining the analytical concentration in the sample by means of the standard 

addition technique. 

e)  Accuracy may be inferred once precision, linearity and specificity have been 

established. 

The first method will be used in this study by calculating the accuracy using the Equation 1.6: 

 

%𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚 =
𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏

𝒂𝒄𝒕𝒖𝒂𝒍 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏
× 𝟏𝟎𝟎      1-6 

 

1.7.3.2 The evaluation of the precision of the analytical method 

Precision is a measure of the closeness of the analytical results obtained from a series of 

replicate measurements of the same measure under the conditions of the method. Intra-
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assay precision (repeatability) is when the same analyst analyses samples on the same day 

with the same instrument or materials in the same laboratory. The acceptance criteria for 

repeatability are %RSD equal or less than 15% for the higher concentration and less than or 

equal to 20% for the lower concentration (González et al, 2014; FDA, 2018). Intermediate 

precision (within laboratory reproducibility) is when the analysis is carried out: on different 

days, by different analysts, using different instruments, etc. The precision of an analytical 

method is usually expressed in standard deviation, variance or coefficient of variance (relative 

standard deviation). Precision is assessed by calculating relative standard deviation (% RSD) 

for Intra-assay precision (repeatability). For the Intermediate precision, five replicate analyses 

will be performed for five days. The within-group (W) precision and between-group (B) 

precision is calculated using Equations 1.7 and 1.8, respectively by one-way ANOVA (Group = 

Day) (Skoog et al, 2004).  

 

%𝑹𝑺𝑫𝑾 =
√𝑴𝑺𝑾

𝑿
× 𝟏𝟎𝟎                     1-7 

 

%𝑹𝑺𝑫𝑩 =
√(𝑴𝑺𝑩−𝑴𝑺𝑾)/𝒏

𝑿
× 𝟏𝟎𝟎                    1-8 

 

If MSB < MSW, set %RSDB = 0 

 

Where, 

   X = Grand mean of all observations 

   n = Number of observations in group 

   MSW = mean of squares within group 

   MSB = mean of squares between groups 
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1.7.4 The evaluation of the ruggedness of the analytical method 

According to the United States Pharmacopia, ruggedness is a measure of reproducibility of 

the test results obtained by the analysis of the samples under a variety of conditions such as 

different laboratories, analysts, instruments, lots of reagents, elapsed assay times, assay 

temperatures, or days (USP, 2005). Ruggedness will be evaluated by determining the 

repeatability (RSD) of the responses of the two different instruments when analysing five 

replicate analyses at low, medium and high concentration levels, for five consecutive days,, 

using the developed method (USP, 2005; Dejaegher and Heyden, 2007; Burns, Danzer and 

Townshend, 2009; César and Pianetti, 2009). The acceptance criteria for repeatability are 

%RSD equal to or less than 15% for the higher concentration and less than or equal to 20% 

for the lower concentration (ICH, 2005; González et al, 2014; FDA, 2018). 

1.7.5 The evaluation of the selectivity of the analytical method 

Some authors consider selectivity and specificity as different terms, as the term ‘selective’ 

refers to a method that produces different responses for different chemical entities or 

analytes, while specificity is the ability to assess, unequivocally, the analyte in the presence 

of components that may eventually be found with the analyte (ICH, 2005). Typically these 

might include impurities, degradants, matrix, etc. (ibid). However, both selectivity and 

specificity are considered one and the same for other authors (Taverniers, De Loose and Van 

Bockstaele, 2004).  

Selectivity can be assessed in several ways. The first is a comparison between a matrix without 

analyte and a matrix with this analyte added. In this case, the interfering compounds present 

should not affect the assay result (ICH, 2005). The %RSD of spiked samples at the limit of 

detection concentration level is considered and should be less than or equal to 20% (FDA, 

2018).  

1.7.6 The evaluation of the recovery of the analytical method 

Recovery is said to be of less importance in method validation as long as accuracy, precision, 

LOQ and LOD are acceptable (Hartmann et al, 1998; Shah et al, 2000; Peters and Maurer, 

2002; Peters, Drummer and Musshoff, 2007). Recovery is the detector response obtained 
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from an amount of the analyte added to and extracted from the matrix, compared to the 

detector response for the true concentration of the pure authentic standard (seized 

materials). Recovery can be calculated using Equation 1.9 (Thompson et al, 1999; Bonfilio et 

al, 2012). 

 

%𝑹𝒆𝒄𝒐𝒗𝒆𝒓𝒚 =
𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏

𝑨𝒅𝒅𝒆𝒅 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏
× 𝟏𝟎𝟎      1-9 

 

An alternative approach is the standard addition technique, which is used when it is not 

possible to prepare a blank sample (solution without the analyte being present). In this case, 

the recovery is calculated by Equation 1.10 (ibid). 

 

%𝑹𝒆𝒄𝒐𝒗𝒆𝒓𝒚 =
𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝑺𝒑𝒊𝒌𝒆𝒅 𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏−𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝑼𝒏𝒔𝒑𝒊𝒌𝒆𝒅 𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏

𝑨𝒅𝒅𝒆𝒅 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏
× 𝟏𝟎𝟎         1-10 

 

1.7.7 The stability of the analytes 

Stability is the extent to which the analytes are stable during the whole analytical procedure, 

including storage before and after analysis.  

1.8 STATISTICAL TREATMENT OF DATA 

Previously, the statistical treatment of data for profiling of illicit drugs was done using both 

unsupervised and supervised chemometric methods. Supervised chemometric methods are 

methods where objects are classified into predefined groups. Unsupervised chemometric 

methods are classification methods where objects are classified into groups without prior 

knowledge of the groups to be expected (Hibbert, 2016). Unsupervised methods reported in 

literature are mainly principal component analysis (PCA) and hierarchical cluster analysis 

(HCA) for the profiling of both heroin (Chan, Tan and Wong, 2012c; Esseiva et al, 2005; 

Fischedick et al, 2010; Klemenc, 2001) and cannabis (Ahmad, Muniandy and Hassan, 2005; 
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Broséus et al, 2010; Chan, 2014). HCA is reported to offer information pertaining to the 

explicit relationship of the samples and deduce the number of mistakenly grouped sample 

units directly from the dedrogram (Chan, 2014). 

Supervised methods reported include linear discriminant analysis (LDA), k-nearest neighbor 

method (k-NN) and artificial neural networks (Dams et al, 2001; Esseiva et al, 2005; Janhunen 

and Cole, 1999). Unsupervised methods are reportedly not the most suitable for determining 

the origin of a new sample that needs to be classified. As a result, a combination of supervised 

and unsupervised methods was suggested (Dams et al, 2001). Profiling of cannabis using 

principal component analysis for a large data set is reported to be more appropriate than 

cluster analysis (Ahmed et al, 2005). Two unsupervised chemometric methods, namely (i) 

principal component analysis (PCA) and (ii) agglomerative hierarchical clustering (HCA), were 

used in this research for the statistical treatment of data using the XLSTAT software 

(Addinsoft, 2019). 

1.8.1 Basic statistics  

The basic statistics used in the chemometric treatment of data include the mean, standard 

deviation, variance, covariance as well as correlation matrices described below.  

1.8.1.1 The mean of a data set 

In any data set, the spread of the data can be expressed by the mean of the data set. The 

mean of a data set is a central tendency of the data set, i.e. the data elements on the left-

hand side of the mean are balanced by the data elements to the right of the mean. For a 

sample that is made up of the data set X = {x1, x2, …, xn}, the mean of the data can be calculated 

using Equation 1.11: 

𝒙̅ =
∑ 𝒙𝒊

𝒏
𝒊=𝟏

𝒏
          1-11 

Where, 𝑥𝑖  is the ith data, 𝑥̅ is the mean and n is the number of data elements.  
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1.8.1.2 The standard deviation of a data set 

The major disadvantage of the mean is that it can be affected by outliers and therefore can 

be biased. Standard deviation can be used as a better estimate of how the data are spread 

out using the Equation 1.12: 

 

𝒔 = √
∑ (𝒙𝒊−𝒙̅)𝟐𝒏

𝒊=𝟏

(𝒏−𝟏)
         1-12 

 

Where s is the standard deviation, 𝑥̅ is the mean, 𝑥𝑖 is the ith data, and n is the number of data 

elements.  

1.8.1.3 The variance of a data set 

Another measure of the spread of data that are used in statistics is the variance. For the data 

set mentioned above the variance can be calculated using Equation 1.13: 

 

𝒗𝒂𝒓(𝑿) =  
∑ (𝒙𝒊−𝒙̅)𝟐𝒏

𝒊=𝟏

𝒏−𝟏
=

∑ (𝒙𝒊−𝒙̅)(𝒙𝒊−𝒙̅)𝒏
𝒊=𝟏

𝒏−𝟏
       1-13 

 

Where var(X) is the variance, 𝑥̅ is the mean, 𝑥𝑖 is the ith data element, and n is the number 

of data elements. 

1.8.1.4 The covariance matrix of a data set 

Standard deviation and variance are used to determine the spread of data only in 1-

dimension; that is, one calculates the standard deviation for each dimension of the data set 

independently of the other dimensions. In order to determine the spread of data between 

more than 1-dimensions, covariance is used. For a 2-dimensional data set Y = {x,y}, the 

covariance will be between two variable 𝑥 and 𝑦, i.e. 𝑐𝑜𝑣𝑎𝑟(𝑥, 𝑦). The formula for covariance 
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is very similar to the formula for variance; that is, the covariance between two variables 𝑥 

and 𝑦 is given by Equation 1.14: 

 

𝒄𝒐𝒗𝒂𝒓(𝒙, 𝒚) =  
∑ (𝒙𝒊−𝒙̅)(𝒚𝒊−𝒚̅)𝒏

𝒊=𝟏

𝒏−𝟏
        1-14 

 

Where 𝑐𝑜𝑣𝑎𝑟(𝑥, 𝑦) is the covariance between 𝑥 and 𝑦, 𝑥̅ and 𝑦̅ are the means for variables 𝑥 

and 𝑦, respectively, 𝑥𝑖  and 𝑦𝑖 are the i-th data elements, and n is the number of data 

elements.  

For an n-dimensional data set, the covariance will be a measure of variance between the 

variables 𝑥𝑖  and 𝑥𝑗; that is 𝑐𝑜𝑣𝑎𝑟(𝑥𝑖, 𝑥𝑗), where 𝑖 ≠ 𝑗. If 𝑖 = 𝑗, then the covariance is nothing 

else but the measure of the variance between the variables 𝑥𝑖  and 𝑥𝑗. It is often convenient 

to represent the covariance values in a covariance matrix. The covariance matrix is 

constructed such that the diagonal components are the variance, and the other components 

are the covariances. The n x n matrix is usually a square matrix, as illustrated in Equation 1.15: 

  

𝑪 = (

𝒗𝒂𝒓(𝒙𝟏, 𝒙𝟏)
𝒄𝒐𝒗𝒂𝒓(𝒙𝟐, 𝒙𝟏)

𝒄𝒐𝒗𝒂𝒓(𝒙𝟏, 𝒙𝟐)
𝒗𝒂𝒓(𝒙𝟐, 𝒙𝟐)

⋯
𝒄𝒐𝒗𝒂𝒓(𝒙𝟏, 𝒙𝒏)
𝒄𝒐𝒗𝒂𝒓(𝒙𝟐, 𝒙𝒏)

⋮ ⋱ ⋮
𝒄𝒐𝒗𝒂𝒓(𝒙𝒏, 𝒙𝟏) 𝒄𝒐𝒗𝒂𝒓(𝒙𝟐, 𝒙𝟐) ⋯ 𝒗𝒂𝒓(𝒙𝒏, 𝒙𝒏)

)   1-15 

 

1.8.2 Agglomerative Hierarchical Clustering  

Agglomerative Hierarchical cluster analysis is a process where a data set is separated 

according to dissimilarity into smaller groups, followed by linking the data belonging to a 

particular group base on the distance between the data using single linkage, complete linkage 

or average linkage. No single linkage is better than the other, although the average linkage is 

said to be a compromise between single and complete linkage (Bratchell, 1989; Yim and 

Randeen, 2015). Hierarchical cluster analysis can be agglomerative or divisive. Agglomerative 

clustering involves the initial separation of each data set into its own cluster, followed by 
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linking the sets that are close to one another according to a set distance. Divisive clustering, 

on the other hand, involves the initial clustering of all the data sets into one large cluster, 

followed by gradual separation of the data sets into smaller clusters and linking the sets that 

are close to one another as per a set distance. The divisive clustering method is seldom used 

due to its complex computation algorithm (Yim and Ramdeen, 2015). Some of the distance 

measures used for continuous variables include the Chord distance, Euclidean distance, 

Mahalanobis distance, Manhattan distance and Minkowski distance with the Euclidean 

distance, defined by Equation 1.16, being the most used in numerical data analysis (Spencer, 

Bates Prins and Beckom, 2010; Hassan, Aickelin and Wagner, 2014; Brereton, 2015; 

Shirkhorshidi, Aghabozorgi and Wah, 2015). The Chord distance, Euclidean distance, 

Mahalanobis distance, Manhattan distance and Minkowski distance are defined by Equations 

1.16, 1.18, 1.19, 1.20 and 1.21, where 𝑥𝑖  and 𝑦𝑖 are two vectors in n-dimensional space: 

 

𝒅𝑪𝒉𝒐𝒓𝒅 = (𝟐 − 𝟐
∑ 𝒙𝒊𝒚𝒊

𝒏
𝒊=𝟏

‖𝒙‖𝟐‖𝒚‖𝟐
)

𝟏
𝟐⁄

          1-16 

 

Where ‖𝑥‖2  is the L2-norm and is defined by Equation 1.17: 

 

‖𝒙‖𝟐 = √∑ 𝒙𝒊
𝟐𝒏

𝒊=𝟏           1-17 

 

𝒅𝑬𝒖𝒄𝒍 = (∑ |𝒙𝒊 − 𝒚𝒊|
𝟐𝒏

𝒊=𝟏 )
𝟏

𝟐⁄            1-18 

   

𝒅𝑴𝒂𝒉 = √(𝒙 − 𝒚)𝑺−𝟏(𝒙 − 𝒚)𝑻        1-19 

 

Where x and y are a pair of objects and S is the covariance matrix of the data set, T is the 

transpose: 
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𝒅𝑴𝒂𝒏 = (∑ |𝒙𝒊 − 𝒚𝒊|
𝟐𝒏

𝒊=𝟏 )
𝟏

𝟐⁄          1-20 

 

𝒅𝑴𝒊𝒏 = (∑ |𝒙𝒊 − 𝒚𝒊|
𝒒𝒏

𝒊=𝟏 )
𝟏

𝒒⁄          1-21 

 

where q ≥1. The Hamming distance used for categorical variables in a data set is given in 

Equation 1.22 (Spencer et al, 2010; Hassan, Aickelin and Wagner, 2014): 

𝒅𝑯 = ∑ |𝒙𝒊 − 𝒚𝒊|,
𝒏
𝒊=𝟏           0-22 

where 𝑑𝐻 = {
0 𝑖𝑓 𝑥 = 𝑦
1 𝑖𝑓 𝑥 ≠ 𝑦

 and 𝑥𝑖  and 𝑦𝑖 are two vectors in n-dimensional space. 

The distance measure that is used which incorporate both the continuous and categorical 

variables is the heterogeneous Euclidean overlap metric (HEOM) defined by the Equation 1.23 

(Wilson and Martinez, 1997; Spencer et al, 2010): 

 

𝑯𝑬𝑶𝑴(𝒙, 𝒚) = √∑ 𝒅𝒊(𝒙𝒊, 𝒚𝒊)𝟐𝒏
𝒊=𝟏 ,        1-23 

 

Where 𝑑𝑖(𝑥𝑖, 𝑦𝑖) is defined by Equation 1.24; 

 

 𝒅𝒊(𝒙, 𝒚) =  {

𝟏                        𝒊𝒇 𝒙 𝒐𝒓 𝒚 𝒊𝒔 𝒖𝒏𝒌𝒏𝒐𝒘𝒏, 𝒆𝒍𝒔𝒆

𝒐𝒗𝒆𝒓𝒍𝒂𝒑(𝒙, 𝒚), 𝒊𝒇 𝒊 𝒊𝒔 𝒏𝒐𝒎𝒊𝒏𝒂𝒍, 𝒆𝒍𝒔𝒆

𝒓𝒏− 𝒅𝒊𝒇𝒇𝒊(𝒙, 𝒚)                                        
,    1-24 

 

The function 𝑜𝑣𝑒𝑟𝑙𝑎𝑝 (𝑥, 𝑦) is defined by Equation 1.25 and the range normalized difference 

𝑟𝑛−𝑑𝑖𝑓𝑓𝑖(𝑥, 𝑦) is defined by Equation 1.26: 

 

  𝒐𝒗𝒆𝒓𝒍𝒂𝒑 (𝒙, 𝒚) = {
𝟎 𝒊𝒇 𝒙 = 𝒚
𝟏 𝒊𝒇 𝒙 ≠ 𝒚

,         1-25 
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 𝒓𝒏−𝒅𝒊𝒇𝒇𝒊(𝒙, 𝒚) =
|𝒙−𝒚|

𝒓𝒂𝒏𝒈𝒆
        1-26 

 

Generally, the evaluation measures in classification methods are determined from a matrix 

called the confusion matrix, which consists of correctly and incorrectly classified objects for 

each class (Costa et al, 2007). For a binary classification, confusion matrix (Table 1.12) yields 

four outcomes, namely true positive (TP), false positive (FP), true negative (TN) and false 

negative (FN). 

 True positive (TP): correct positive classification of the data set when a positive dataset 

is present 

 False positive (FP): incorrect positive classification of the data set when a positive 

dataset is absent 

 True negative (TN): correct negative classification of the dataset when the actual class 

of the dataset was false. 

 False negative (FN): incorrect negative classification of the data set when the actual 

class of the dataset was true. 

 

Table 1.12: A typical confusion matrix for a binary classification. 

  Classification 

  Positive Negative 

Detected Positive TP FP 

 Negative  TN FN 

 

The evaluation measures derived from the confusion matrix are accuracy, error rate, 

sensitivity, specificity and F-score (García, Mollineda and Sánchez, 2008; Ali, Neagu and 

Trundle, 2019). Accuracy (Equation 1.27) is defined as the total correct positive classifications 

divided by the number of dataset. Error rate (Equation 1.28) is defined as the total incorrect 

negative classifications divided by the number of data sets. Sensitivity (Equation 1.29), also 

referred to as recall, is defined as the correct positive classification divided by the number of 

positives. Specificity or precision (Equation 1.30) is defined as the number of correct positive 
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classifications divided by the total number of correct positive classifications. F-score (Equation 

1.31) is defined as the weighted average of specificity and sensitivity. 

 

𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚 =
𝑻𝑷+𝑻𝑵

𝑻𝑷+𝑻𝑵+𝑭𝑷+𝑭𝑵
= 𝟏 − 𝑬𝒓𝒓𝒐𝒓 𝒓𝒂𝒕𝒆     1-27 

 

𝑬𝒓𝒓𝒐𝒓 𝒓𝒂𝒕𝒆 =  
𝑭𝑷+𝑭𝑵

𝑻𝑷+𝑻𝑵+𝑭𝑷+𝑭𝑵
       1-28 

 

𝑺𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚 =
𝑻𝑷

𝑻𝑷+𝑭𝑵
        1-29 

 

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄𝒊𝒕𝒚 =
𝑻𝑷

𝑻𝑷+𝑭𝑷
        1-30 

 

𝑭𝒔𝒄𝒐𝒓𝒆 = 𝟐
(𝑺𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚×𝒔𝒆𝒑𝒆𝒄𝒊𝒇𝒊𝒄𝒊𝒕𝒚)

(𝒔𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚+𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄𝒊𝒕𝒚)
       1-31 

 

The success of classification increases with increasing accuracy, sensitivity, specificity or F-

score and decreases with increasing error rate. The most common and intuitive evaluation 

measures are accuracy and error rate. A maximum accuracy of 1.00 indicates that the 

classification is completely successful while a minimum accuracy of 0.0 indicates that the 

classification completely failed.  Conversely a minimum error rate of 0.0 indicates that the 

classification was successful while a maximum error rate of 1.00 indicates that the 

classification was successful. The accuracy that is ≥ 0.54 is believed to indicate the best 

success of the classification (Fawcett, 2004.), thus an error rate that is ≤ 0.46 indicates the 

best success of the classification.” 

Agglomerative hierarchical classification usually assumes that the data set is characterized by 

an n x n distance matrix (Hennig, 2008). The method makes the assumption that the data 
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points are in a metric space and thus the measure of similarity/dissimilarity between data 

points, say x and y, is determined by calculating the distance d between x and y, using any of 

the distance measures Euclidean, Manhattan, Minkowski and the Hamming distance. The 

distance measure used is expected to satisfy the following criteria (Hennig, 2008; XLSTAT, 

2019): 

 𝑑(𝑥, 𝑦) = 𝑑(𝑦, 𝑥) : Symmetry property 

 𝑑(𝑥, 𝑦) ≥ 0 : Non negativity property 

 𝑑(𝑥, 𝑦) = 0 𝑖𝑓 𝑥 = 𝑦 : Identity property  

 𝑑(𝑥, 𝑧) ≥ 𝑑(𝑥, 𝑦) + 𝑑(𝑦, 𝑧) : Inequality property 

 

Hierarchical clustering begins by calculating distance between each pair of objects, resulting 

in a symmetric matrix where the diagonal has zero values since the distance between an 

object and itself is zero. The results of the hierarchical clustering is represented in a tree graph 

called a dendrogram, with vertical lines representing the grouping of the clusters as well as 

the distance between two joining clusters. The proximity between objects is measured by 

determining the similarity or the dissimilarity of the measured distance. The software used in 

this research uses the dissimilarity measure (XLSTAT, 2019). 

1.8.3 Principal Component analysis 

Principal component analysis (PCA) is an unsupervised chemometric method that uses an 

orthogonal transformation to convert a set of data consisting of variables that might be 

correlated into a set of values of uncorrelated variables called principal components (Chandra 

Paul, Al Suman and Sultan, 2013). For a data set that consists of m variables and n units, PCA 

generate an mxn matrix (covariance matrix) and seeks to establish a linear combination of the 

columns of the matrix with maximum variance (Bro and Smilde, 2014; Jolliffe and Cadima, 

2016). Since principal component analysis is defined by variances, which itself depends on 

units of measurements, the covariance matrix is likely to change when the unit of 

measurement of one of the variable changes (Jolliffe and Cadima, 2016). To mitigate this 

feature, the data elements are standardised by subtracting the mean from each data element 

and divide by the standard deviation, as illustrated in Equation 1.32: 
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𝒛 =
𝒙𝒊−𝒙̅

𝒔
           1-32 

 

The covariance matrix derived from the standardised data elements is referred to as a 

correlation matrix. The correlation matrix is not affected by any change in units of 

measurement and therefore is regarded as appropriate choice for data sets with different 

changes of scale for each of the variables in the data set (Jolliffe and Cadima, 2016). The 

generated covariance/correlation matrices are used to determine eigenvalues and 

corresponding eigenvectors related to a new linear combination called principal components. 

Eigenvectors are nonzero vectors that undergo the linear transformation by scalar factors. 

The corresponding scalar factors are referred to as eigenvalues. Each eigenvector represents 

one principal component. The eigenvectors represent the dimensions in PCA, and the 

corresponding eigenvalues represent the scaling factor, length, size or robustness of the 

eigenvectors (Hyvärinen, 1970; Strang and Aarikka, 1986). The eigenvector with the highest 

eigenvalue represents the first principal component and it has the maximum variance 

(Hyvärinen, 1970). The principal components with eigenvalues greater than 1.00 account for 

at least as much variability as can be explained by one variable, whereas those components 

with eigenvalues below 1.00 account for less variability than does a single variable (Floyd and 

Widaman, 1995). The principal components with eigenvalues greater than 1.00 are sufficient 

to explain the variability of the data set (Kaiser, 1970). The principal components with a factor 

loading ≥ 0.300 is considered to account for at least as much variability as can be explained 

by one variable (ibid). The principal components that account for a total of 70% or more 

variability are considered to be sufficient to explain the variability of the data set (Jolliffe and 

Cadima, 2016). The elements of the principal components referred to as scores are used in a 

cluster plot to illustrate the similarity/dissimilarity of the data (Wold, Esbensen and Geladi, 

1987; Ringnér, 2008; Bro and Smilde, 2014; Jolliffe and Cadima, 2016). The 

similarity/dissimilarity of the data points are established using Euclidean or Mahalanobis 

distance (Chandra Paul, Al Suman and Sultan, 2013; Brereton, 2015). The following 

assumptions are made when conducting a PCA: 
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(i) There is a linear combination between two variables measured by the covariance. 

A high covariance value represents high redundancy, conversely a low covariance 

value represents a low redundancy. High redundancy indicates that the data are 

highly correlated, while low redundancy indicates that the data are uncorrelated 

(Figure 1.11). A positive non-zero value indicates a positive correlation and a 

negative non-zero value indicates a negative correlation, while a zero covariance 

indicates that the variables are uncorrelated (Shlens, 2005). 

 

 
Figure 1.11: Diagrams of typical PCA plot illustrating (A) low redundancy, (B) 
normal redundancy and (C) high redundancy (Adapted from Shlens, 2005). 

 

(ii) The principal components are orthogonal. Orthogonility is evaluated using a 

correlation (covariance) matrix. When the covariance matrix is equal to its 

transpose, their product is an identity matrix, implying that the principal 

components are orthogonal. 

(iii) Large variance has significant dynamics, i.e. principal components with associated 

large variance have interesting dynamics and explain the variance of the data set, 

while those with lower variance represents noise. For example, in drug sample 

mixtures with different components, the concentration of each component and/or 

the number of different components per sample may define the variability of the 

sample. If the concentration has the large variance, it would be regarded as the 

first principal component and the variable one is capturing, since it explains the 

variance of the data set. The number of components would have lower variance 

and therefore regarded as the unwanted variance (noise). The principal 

components can be reduced to those components with large variance. The 

relevant information is larger than random noise and that the magnitude of the 

(A) (B) (C) 
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variation of random noise seems to level off quite linearly with the number of 

components. The scree plot is used to evaluate this assumption which indicates an 

exponential decline towards zero of the eigenvalues of the principal components.  

1.9 AIM OF THE RESEARCH 

The aim of this project was to develop an analytical method for the chemical profiling of the 

major components present in the street cocktail drug nyaope, which is abused mainly in South 

Africa, by the analysis of seized samples using instrumental methods. The study aims to show 

that clustering techniques can be used to determine the relationship between nyaope 

samples. 

The main objectives were: 

1. Selection of the major psychoactive substances found in the street cocktail drug 

nyaope based on the data collected from the South African Police Services (SAPS) 

database of drug seizures in the area of interest. 

2. Development and validation of an analytical methodology for the simultaneous 

identification and quantitation of selected major components found in nyaope 

extracted into an organic solvent followed by instrumental analysis. 

3. Identification and quantitation of the cocktail components in the street nyaope 

samples seized by the South African Police Services and demonstration of the 

appropriateness of clustering techniques for the samples using two unsupervised 

methods, namely principal component analysis (PCA) and hierarchical cluster analysis 

(HCA). 
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CHAPTER 2: EXPERIMENTAL PROCEDURES 

This chapter outlines the experimental procedures that were used in this research. The 

chemicals and standards used in the stability studies (Chapter 3) and analytical method 

validation (Chapter 4) are presented. The instrumental technique used during the study, the 

procedures used during stability studies in Chapter 3, as well as the procedures followed 

during analytical method validation in Chapter 4 are introduced. 

2.1 CHEMICALS USED FOR THE STUDY 

Dichloromethane (Distol-Pesticide residue grade) and hexane (HPLC grade) were purchased 

from Fischer Chemicals; absolute ethanol (Analytical reagent 99.9%) and tertiary butyl alcohol 

(ACS, Reag. Ph Eur) from Merck; eicosane, ethyl acetate (Chromasolv for HPLC ≥ 99%) and 

tetracosane (99%) from Sigma-Aldrich; and isopropanol (AR grade) from Associated Chemical 

Enterprise. Solvents were used as received without further purification. Efavirenz 600 mg 

tablets (PHD item 41047) and nevirapine 200 mg tablets (PHD item 41071) were both donated 

by Aspen Pharmacare. Cannabis and heroin street samples seized by the South African Police 

Services (SAPS) were used in this study. Certified reference Standards in 1 mL ampoules for 

Δ9-tetrahydrocannabinol and heroin (diamorphine) base, both 1000.0 mg/L were purchased 

from Ceriliant-Sigma Aldrich. Caffeine and phenacetin were purchased from the US-

Pharmacopeia as USP powder reference standards, while the reference material efavirenz 

and nevirapine were purchased from WHO International Chemical Reference Substances as 

an ICRS powder reference substance. 

2.2 PREPARATION OF INTERNAL STANDARDS 

The internal standard (ISTD) , tetracosane, was prepared at a final concentration of 20.0 mg/L 

in each of the solvents under study, i.e. dichloromethane (DCM), ethanol (ETOH), ethyl 

acetate (ETAC), hexane (HEX), isopropanol (i-PrOH) and tertiary butyl alcohol t-BuOH). The 

internal standard solution was then used to dissolve the drug samples prior to the stability 

tests. 
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2.3 SAMPLE PREPARATION 

Street cannabis and heroin samples seized by the SAPS were used to prepare simulated 

nyaope samples. The simulated samples were prepared by mixing the heroin street sample, 

cannabis street sample, efavirenz tablet sample and nevirapine tablet sample, to mimic as 

closely as possible a typical street nyaope sample. The heroin street samples were determined 

to contain caffeine, diamorphine, dextromethorphan, acetylcodeine, 6-mono-

acetylmorphine, noscapine, papaverine and phenacetin using GC-MS during routine casework 

at the SAPS Forensic Science Laboratory (SAPS-FSL). The simulated nyaope samples were 

homogenized by grinding, using a mortar and pestle. Blind simulated nyaope samples used to 

evaluate the validated analytical method, as discussed in Chapter 5, were also prepared by 

mixing a heroin street sample, a cannabis street sample, an efavirenz tablet sample and a 

nevirapine tablet sample in different combinations and proportions, to mimic as closely as 

possible a typical street nyaope sample. Three different groups of blind simulated nyaope 

samples were prepared and homogenised by grinding, using a mortar and pestle. The samples 

were then further divided into six sub-samples from each group to give a total of 18 blind 

simulated nyaope samples. Each sample was then weighed (mass given in Table 2.1) and 

extracted with 3 mL of the internal standard solution in a 20 mL head space vial. 

2.4 HE INSTRUMENT PARAMETERS AND SYSTEM SUITABILITY 

2.4.1 Temperature program 

GC-MS analysis was carried out using an Agilent Technologies system consisting of a gas 

chromatograph (GC), Agilent 7890A, and mass selective (MS) detector (Agilent 5975 CVL MSD) 

with an auto sampler 7683B series (1 µL injection). Chromatographic separation was 

performed on a computer controlled auto sampler used with a fused-silica capillary column 

HP-5MS (30 m x 0.25 mm, film thickness 0.25 µm; J&W Scientific, Folsom, CA, USA). Splitless 

injection, with a solvent delay of 2.4 min, was used at 280 oC. The GC oven temperature 

programme consisted of an initial temperature of 100 oC for 0.4 min, raised to 290 oC at a rate 

of 60 oC/min, held at 290 oC for 2.4 min then raised to reach 316 oC at 60 oC/min and held for 

3 min. The total run time was 9.40 minutes. High-purity helium (99.9995%) was used as the 

carrier gas, at a flow rate of 1 mL/min. The MS parameters used was performed as follows: 
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the interface temperature (280 oC), the inlet temperature (250 oC), the ion-source 

temperature (230 oC), electron impact ionization (EI) at 70 eV and the mass spectrometer 

(quadrupole) used in scan mode. The spectra were recorded in the scan range of mass 

particles (m/z) from 35 to 550 amu, at a scan time of 1 scan/sec (scan rate).  

2.4.2 System suitability 

Prior to analysis, confirmation that the instrument met quality assurance (QA) standards was 

achieved using a system suitability test according to the SAPS-FSL protocol (SAPS-FSL, 2017). 

The column efficiency was evaluated by analysing a Grob mixture containing decane, 1–

octanol, undecane, nonanal, 2,3-dimethyiphenol, 2-ethylhexanoic acid, 2,5-

dimethylbenzamine, decanoic acid methyl ester, undecanoic acid methyl ester, N-

cyclohexylcyclohexanamine and dodecanoic acid methyl ester. The alkanes (decane and 

undecane) an; the fatty acid methyl esters (decanoic acid methyl ester, undecanoic acid 

methyl ester, N-cyclohexylcyclohexanamine and dodecanoic acid methyl ester) all measure 

column efficiency. The alcohol (1-octanol) and the phenol (2,3-dimethyiphenol) measure the 

presence of hydrogen-bonding sites (exposed silanols). The aldehyde (nonanal) measures 

saturated aldehyde adsorption by means other than hydrogen-bonding. The amine 

(dicyclohexylamine) measures irreversible adsorption. The acid/base pairs (2,6-

dimethylphenol/2,6-dimethylaniline) and (2-ethylhexanoic acid/dicyclohexylamine) measure 

acid/base surface characteristics (Grob Jr, Grob, and Grob, 1978) The Grob mixture was 

analysed using a temperature program that consisted of an initial temperature of 35 C for 1 

min, raised to 110 C at a rate of 10 C/min, and then raised to 280 C at a rate of 15 C/min, 

and held for 5 min. To evaluate the Grob mixture, a line is drawn from the tip of the first peak 

(decane) to the tip of the ninth peak (undecanoic acid methyl ester). The height of each peak 

is then determined as a percentage of the height of the drawn line. The measurement of the 

peak height and the height of the drawn line must be taken at the same position on the 

horizontal axis. The acceptance criteria are a percentage of 20% or more for alcohol, 

aldehyde, phenol and amine as well as a percentage of 5% or more for the acid in the Grob 

mixture. The separation power of the column was reflected by the Trennzahl (TZe) values. The 

Trennzahl values were calculated by dividing the distance between neighbouring peaks 

(decanoic acid methyl ester, undecanoic acid methyl ester and dodecanoic acid methyl ester) 
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by the sum of the peak widths at half height (Equations 2.1 and 2.2) and are an indication of 

the resolution of a column. 

 

𝑻𝒁𝒆𝟏 =
𝑫𝟏

𝒅𝟏+𝒅𝟐
          2-1  

 

𝑻𝒁𝒆𝟐 =
𝑫𝟐

𝒅𝟐+𝒅𝟑
          2-2  

 

where : 

D1  is the distance between the decanoic acid methyl ester and undecanoic acid methyl 

ester peaks 

D2  is the distance between the undecanoic acid methyl ester and dodecanoic acid methyl 

ester peaks  

d1 is the width of the decanoic acid methyl ester peak at half height 

d2 is the width of the undecanoic acid methyl ester peak at half height. 

d3 is the width of the dodecanoic acid methyl ester peak at half height. 

The distance between neighbouring peaks is related to the retention time of each peak, which 

is a function of temperature (selectivity). Peak widths are related to the efficiency of a column, 

which is a function of the number of theoretical plates (N), and the height equivalent of a 

theoretical plate (HETP). N is a function of the length of the column, and HETP is a function of 

the flow rate, and thickness of the stationary phase (gas chromatography). 

The tuning of the mass selective detector (MSD) was performed using the internal standard 

perfluorotributylamine (PFTBA). The calibration ions generated from the PFTBA in the EI 

ionization mode were 69 lower mass, 218.90 middle mass, and 502 higher mass. 

An air leak in the GC-MS instrumentation can impact the performance of the chromatography 

negatively and is monitored by an air/water check software supplied by the manufacturer 

(Agilent Technologies). An air/water check was performed by leaking PFTBA into the MSD. 
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The abundance of the 69 amu fragment of PFTBA is taken as 100% (base peak), and the 

abundances of the other ions are expressed as percentages of the base peak. Accepted 

criteria as set by the manufacturer of the GC-MS instrumentation (Agilent Technologies) are 

water < 20% and nitrogen < 10%. When the calculated percentages of water and nitrogen fall 

within these limits, the instrument is suitable for the analysis of samples, provided that the 

instrument passes the tune specifications and Grob evaluation. 

The mass spectrum was evaluated by analysing 5 ng/µL of decafluorotriphenylphosphine 

(DFTPP) and determining the percentage intensity of m/z values 51, 69, 127, 198, 275 365 and 

442. The acceptance criteria are when the percentage intensities is between the minimum 

and maximum percentage intensities for each m/z value (Table 1) (Ferry, 2016). DFTPP 

contained 2 ng/mL of methaqualone to evaluate the sensitivity. The acceptance criteria are a 

signal-to-noise ratio of 20:1 (SAPS-FSL, 2017). (The signal-to-noise (S/N) ratio of 20:1 is an 

operational value set by the SAPS-FSL to be above 10 times signal-to-noise, based on data 

acquired over the years which shows that when the system passes all other set criteria, the 

methaqualone S/N ratio is always above 20:1).  

 

Table 2.1: Minimum and maximum percentage intensities for evaluation of mass 
spectrum. 

m/z value Minimum % intensity Maximum % intensity 

51 20 50 

69 17 51 

127 35 61 

198 95 100 

275 16 32 

365 0.5 5 

442 85 100 
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2.5 TABILITY STUDIES 

2.5.1 Solvent stability studies 

The method used for the sample preparation is a modification of the methods reported in 

literature (Ahmad, Muniandy and Hassan, 2005; UNODC, 2009b). Homogenised simulated 

nyaope samples ranging between 10 mg and 22 mg were mixed with 10 mL of the internal 

standard solution in a 20 mL head space vial. The mixture was sonicated for 15 minutes, 

filtered and the solution divided into seven 1mL portions in amber GC-MS vials representing 

each of the time intervals, 0, 1, 6, 8, 24, 48 and 72 hours. Each of the vials was analysed in 

triplicate without further dilution. 100% of each of the solvents t-BuOH, DCM, ETOH, ETAC, 

HEX and iPrOH were used for the extraction of the simulated nyaope. The mass of the samples 

used in the study is shown in Table 2.2. 

 

Table 2.2: Masses of the homogenised simulated nyaope samples and ISTD used in the 
solvent stability study. 

Solvent Mass of nyaope, mg Mass of TC, mg 

100% t-BuOH 18.1 20.3 

100% DCM 16.3 23.6 

100% ETAC 11.9 20.9 

100% ETOH 20.4 21.1 

100% HEX 21.7 20.6 

100% i-PrOH 11.4 22.7 

 

On the basis of the results for the simulated nyaope samples, tests were carried out on actual 

seized street samples of nyaope in selected solvents. Street samples were ground into a fine 

powder using a mortar and pestle. Separate aliquots of the homogenised street sample 

ranging from 10 mg to 24 mg were weighed into a 20 mL vial and mixed with 1 mL of each of 

the t-BuOH, DCM and i-PrOH internal standard solution. The mass of samples used in the 

study is shown in Table 2.3. The mixture was sonicated for 15 minutes, filtered and the 
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solution divided into seven 100 µL portions in inserts placed in amber GC-MS vials 

representing each of the time intervals. Each of the vials was analysed in triplicate without 

further dilution. 

 

Table 2.3: Masses of the homogenised street nyaope samples and ISTD used in the solvent 
stability study. 

Solvent Mass of nyaope, mg Mass of TC, mg 

100% t-BuOH 10.3 20.3 

100% DCM 15.5 23.6 

100% i-PrOH 14.5 22.7 

 

To test the stability of the drugs in the solvent, samples were analysed after each of the 

storage time interval at room temperature. The GC-MS analysis was performed using 

different vials for each time interval to minimise sample evaporation due to a perforated vial 

septum. The volume of sample in each vial was, however, kept the same.  

2.5.1 Storage stability studies 

The simulated nyaope samples were homogenised by grinding using a mortar and pestle. Each 

powdered nyaope sample was then divided into aliquots ranging from 10.0–11.9 mg. To 

obtain data at t=0, 10.2 mg of the homogenised samples was weighed into a 15 mL head space 

vial. 3 mL of the internal standard solution was added, and the vial sealed. The mixture was 

then sonicated for 15 minutes [30, 31]. The residue was filtered off and the eluate divided 

into three 800 µL portions into an amber GC-MS vial, representing each of the triplicate 

analyses. The remainder of the aliquoted homogenised samples (Table 2.4) ranging between 

10.0 mg to 11.9 mg were weighed into clear glass bottles. The sample bottles were placed in 

(i) an opaque paper bag and stored in a desiccator in a refrigerator (±4 oC), (ii) in a desiccator 

at room temperature in the dark, (iii) in a desiccator under direct laboratory light, (iv) in an 

uncontrolled environment in a locker (ambient), (v) in an opaque paper bag and stored in a 

freezer at -70 oC and (vi) in an opaque paper bag and stored in a desiccator in a freezer 
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at -70 oC. The simulated samples were subsequently extracted and analysed after storage 

intervals of 0,24 hours, 72 hours and 1 , 2 and 3 weeks. 

 



98 
 

Table 2.4: Mass of simulated samples used for each time interval under the different storage conditions. 

Time , hours Mass of samples 

in a fridge, mg 

Mass of samples 

in the dark, mg 

Mass of samples in 

laboratory light, 

mg 

Mass of samples in 

ambient 

environment, mg 

Mass of samples in 

a freezer, mg  

Mass of samples in a 

freezer and 

desiccator, mg 

0 10.2 10.2 10.2 10.2 10.8 11.6 

24 10.4 10.3 10.3 10.2 10.9 11.7 

72 10.2 10.5 10.4 10.3 10.7 11.9 

168 (1 week) 10.6 10.3 10.1 10.2 10.9 11.7 

336 (2 weeks) 10.2 10.5 10.3 10.2 11.2 11.8 

504 (3 weeks) 10.1 10.2 10.5 10.4 10.9 11.6 

Average 10.3 10.3 10.3 10.3 10.9 11.7 

Standard 

deviation 0.183 0.137 0.141 0.084 0.167 0.117 

%RSD 1.78 1.32 1.37 0.82 1.54 1.00 
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2.6 ANALYTICAL METHOD VALIDATION 

2.6.1 Preparation of working solutions 

Drug standards of the major components of nyaope, namely caffeine (CAFF), diamorphine 

(DAM), efavirenz (EFV), nevirapine (NVP), phenacetin (PNT) and Δ9-tetrahydrocannabinol (∆9-

THC), which were available at the time of this research, were selected for the analytical 

method validation study. Tertiary butyl alcohol shown to be the suitable solvent for the 

identification, comparison and profiling of nyaope samples (Mthembi et al, 2018), was used 

during the analytical method validation. 1 mL of stock solution in methanol for Δ9-

tetrahydrocannabinol (∆9-THC) and acetonitrile for diamorphine (DAM) were placed in an 

amber GC-MS vial and evaporated to dryness under nitrogen and re-dissolved in 1 mL of the 

ISTD to give 1000.0 mg/L stock solution (SS). The powder standards were prepared by 

weighing accurately 50 mg, which was dissolved in 50 mL internal standard solution to give a 

final concentration of 1000.0 mg/L. The masses were 51.8 mg, 50.2 mg, 49.9 mg and 52.7 mg 

for phenacetin (PNT), caffeine (CAFF), efavirenz (EFV) and nevirapine (NVP), respectively, 

resulting in the respective concentrations of 1036.0, 1000.0, 998.0 and 1050.0 mg/L. 100 µL 

of SS was transferred to a new amber GC-MS vial, 900 µL of ISTD was added to obtain 1000 

µL of a working solution (ISS). 100 µL of ISS were transferred to a new amber GC-MS vial, 

900 µL of ISTD was added to obtain 1000 µL of a 10.0 mg/L working solution (ISS-1). 100 µL of 

ISS-1 was transferred to a new amber GC-MS vial, 900 µL of ISTD was added to obtain 1 000 

µL of a 1.0 mg/L working solution (ISS-2). Other dilutions were made as indicated in Table 2.5. 
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Table 2.5: Dilutions of the working solutions used in the study. 

Concentration, mg/L Working solution ISTD Total volume 

0 0 200 µL  ISTD 200 µL 

1.0 200 µL  ISS-2 0 1000 µL 

2.5 50 µL  ISS-1 150 µL  ISTD 200 µL 

5.0 100 µL  ISS-1 100 µL  ISTD 200 µL 

7.5 150 µL  ISS-1 50 µL  ISTD 200 µL 

10.0 200 µL  ISS-1 0 200 µL 

25.0 50 µL  ISS 150 µL  ISTD 200 µL 

50.0 100 µL  ISS 100 µL  ISTD 200 µL 

75.0 150 µL  ISS 50 µL  ISTD 200 µL 

100.0 200 µL  ISS 0 200 µL 

250.0 50 µL  SS 150 µL  ISTD 200 µL 

500.0 100 µL  SS 100 µL  ISTD 200 µL 

750.0 150 µL  SS 50 µL  ISTD 200 µL 

1000.0 200 µL  SS 0 200 µL 

 

2.6.2 The evaluation of the linearity of the analytical method 

A range of working solutions of PNT, CAFF, EFV, NVP, DAM and Δ9-THC with concentrations 

1.0, 2.5, 5.0, 7.5, 10.0, 25.0, 50.0, 75.0, 100.0, 250.0, 500.0, 750.0, 1000.0 mg/L were prepared 

and 10 replicate measurements were performed at each of the concentration levels 

(Lavagnini and Magno, 2007). A calibration curve was created by plotting average response 

ratio versus concentration. Linearity was assessed using the calibration graph and considered 

linear if the correlation coefficients (r2) exceeded or equalled 0.99 (UNODC, 2005). The t-Test 

and F-Test were also used to assess linearity. Excel analysis of data variance (ANOVA) was 

used to calculate the t-Test and the F-Test for linearity.  
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The hypothesis for both t-test and F-test used for the evaluation of linearity was as follows: 

 Ho = No linear relationship between x and y 

 H1 = There is a linear relationship between x and y 

if tcalc > tcrit and Fcalc>Fcrit then Ho reject and H1 is accepted. 

2.6.3 The evaluation of the limit of detection and the limit of quantitation of 

the analytical method 

A working solutions of PNT, CAFF, EFV, NVP, DAM and Δ9-THC with concentrations 1.0, 2.5, 

5.0, 10.0 and 50.0 mg/L in the vicinity of the limit of detection (Bonfilio et al, 2012) were 

prepared. The standards were analysed in ten replicate measurements. The limit of detection 

and quantitation was determined by regression analysis of the response ratios for the 

concentration for phenacetin, caffeine, efavirenz, nevirapine, diamorphine and Δ9-THC. 

Regression statistics was used to determine the slope and standard error used in Equations 

2.3 and 2.4 to calculate the detection limits and quantitation limits. 

 

𝑳𝑶𝑫 =
𝟑.𝟑×𝝈×𝑪𝑰𝑺

𝒔
         2-3   

   

𝑳𝑶𝑸 =
𝟏𝟎×𝝈×𝑪𝑰𝑺

𝒔
          2-4 

 

where σ = standard error, 

S = slope of the regression line, and 

CIS= concentration of the internal standard = 18.0 mg/L. 
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2.6.4 Accuracy and precision 

2.6.4.1 The evaluation of the accuracy the analytical method 

Accuracy was evaluated by preparing drug standard mixtures of PNT, CAFF, EFV, NVP, DAM 

and Δ9-THC with concentrations 10.0, 100.0 and 1000.0 mg/L, representing the low, medium 

and high concentration levels, respectively. The standards were then analysed in ten replicate 

analyses. The peak area ratio of each analyte was determined for each replicate analysis by 

dividing the response ratio of the analyte by response ratio of the internal standard. The peak 

are ratios were then used to determine the measured concentration from the calibration 

curve. 

The percentage accuracy was calculated using Equation 2.5 for each of the analyte at each 

concentration level and replicate measurement. The average accuracy was calculated and 

used to evaluate the accuracy. The acceptance criteria for accuracy are the average 

percentage accuracy of between 80% and 120% (Peters et al, 2007; González et al 2014; 

Kadiana et al, 2016). 

 

%𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚 =
𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏

𝒂𝒄𝒕𝒖𝒂𝒍 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏
× 𝟏𝟎𝟎       2-5 

 

Accuracy was also evaluated by determining back-calculated accuracy expressed as %Bias. 

The drug standard mixtures were analysed concurrently with the linearity determination and 

the concentrations for the three levels (10.0, 100.0 and 1000.0 mg/L) were back-calculated 

using the calibration curve and Equation 2.6. The acceptance criteria for accuracy is a %Bias 

less than or equal to 15% for the higher concentration and less than or equal to 20% for the 

lower concentration (Rigdon, A. 2016; Zabell, Lytle and Julian, 2016). 

 

%𝑩𝒊𝒂𝒔 =
|𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏−𝑨𝒄𝒕𝒖𝒂𝒍 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏|

𝑨𝒄𝒕𝒖𝒂𝒍 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏
 × 𝟏𝟎𝟎     2-6 
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2.6.4.2 The evaluation of the precision of the analytical method 

Precision ((under within laboratory repeatability and intermediate precision (within 

laboratory reproducibility)) was evaluated by preparing drug standard mixtures of PNT, CAFF, 

EFV, NVP, DAM and Δ9-THC with concentrations 10.0, 100.0 and 1000.0 mg/L, representing 

the low, medium and high concentration levels, respectively. The standards were then 

analysed in ten replicate analyses. The precision of an analytical method is usually expressed 

in standard deviation, variance or coefficient of variance (relative standard deviation). The 

peak area ratio of each analyte was determined for each replicate analysis by dividing the 

response ratio of the analyte by response ratio of the internal standard. Precision was 

assessed by calculating relative standard deviation (%RSD) for Intra-assay precision 

(repeatability). The acceptance criteria for repeatability are %RSD equal or less than 15% for 

the higher concentration and less than or equal to 20% for the lower concentration. For the 

Intermediate precision, five replicate analyses of the calibration mixture at the low, medium 

and high concentration levels was performed using two instruments over five consecutive 

days. The within group (W) precision and between group (B) precision are calculated using 

Equations 2.7 and 2.8, respectively by one-way ANOVA (Group = Day) (Skoog et al, 2004):  

 

%𝑹𝑺𝑫𝑾 =
√𝑴𝑺𝑾

𝑿
× 𝟏𝟎𝟎         2-7

                    

%𝑹𝑺𝑫𝑩 =
√(𝑴𝑺𝑩−𝑴𝑺𝑾)/𝒏

𝑿
× 𝟏𝟎𝟎         2-8 

 

if MSB < MSW, set %RSDB = 0 

where, 

X = Grand mean of all observations 

n = Number of observations in group 

MSW = mean of squares within group 

MSB = mean of squares between groups 
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2.6.5 The evaluation of the ruggedness of the analytical method 

Drug standard mixtures of PNT, CAFF, EFV, NVP, DAM and Δ9-THC with concentrations 10.0, 

100.0 and 1000.0 mg/L, representing the low, medium and high concentration levels, 

respectively, were prepared. The standards were then analysed in five replicate analyses on 

two different instruments over five consecutive days to determine repeatability in the two 

instruments (Thompson et al, 2002). The peak area ratio of each analyte was determined for 

each replicate analysis by dividing the response ratio of the analyte by the response ratio of 

the internal standard. The relative standard deviation (%RSD) amongst the replicate analyses 

was calculated in order to evaluate ruggedness. The acceptance criteria for ruggedness are 

%RSD equal or less than 15% for the higher concentration (1000.0 mg/L), and less than or 

equal to 20% for the lower concentration (10.0 mg/L) (ICH, 2005; González et al, 2014; FDA, 

2018). 

2.6.6 The evaluation of the selectivity of the analytical method 

Blank samples as well as working solutions analysed in ten replicate measurements as 

described in section 2.6.2, for the generation of the calibration curve was used to evaluate 

selectivity. The peak area ratio of each analyte was determined for each replicate analysis by 

dividing the response ratio of the analyte with the response ratio of the internal standard. 

The relative standard deviation (%RSD) amongst the replicate analyses was calculated in order 

to evaluate selectivity. The acceptance criteria are the lack of interference in the blank 

samples at the retention time(s) of the analyte(s) and the internal standard, as well as the 

resolution of the individual peaks of the components in the working solutions (ICH, 2005; FDA, 

2018). Furthermore, the %RSD of the peak areas of the analytes at the LOD concentration 

level should be less than or equal to 20% (ICH, 2005; FDA, 2018). 

2.6.7 The evaluation of the recovery of the analytical method 

Recovery was evaluated using the standard addition method. Homogenised street samples 

containing CAFF, DAM and ∆9-THC between 10.4 and 16.49 mg (Table 2.6) were weighed into 

amber headspace vials and extracted with each of the solvents t-BuOH, DCM, ETAC, i-PrOH, 

ETOH and HEX. Five replicate analyses were performed on each of the solvent extracts. A 
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separate set of homogenised street samples containing CAFF, DAM and ∆9-THC between 11.3 

and 16.68 mg (Table 2.6) was spiked with the reference standard mixture containing DAM, 

EFV, CAFF, PNT and ∆9-THC with concentrations as shown in Table 2.6. The spiked samples 

were extracted with each of the solvents t-BuOH, DCM, ETAC, i-PrOH, ETOH and HEX and 5 

replicate analyses were performed on each of the solvent extracts. The street recovery for 

EFV, PNT was calculated using Equation 2.9 (Bonfilio et al, 2012): 

%𝑹𝒆𝒄𝒐𝒗𝒆𝒓𝒚 =
𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏

𝑨𝒅𝒅𝒆𝒅 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏
× 𝟏𝟎𝟎      2-9 

The standard addition technique was used to calculate the percentage recovery for CAFF, 

DAM and ∆9-THC using Equation 2.10 (ibid): 

%𝑹𝒆𝒄𝒐𝒗𝒆𝒓𝒚 =
𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝑺𝒑𝒊𝒌𝒆𝒅 𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏−𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝑼𝒏𝒔𝒑𝒊𝒌𝒆𝒅 𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏

𝑨𝒅𝒅𝒆𝒅 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏
× 𝟏𝟎𝟎         2-10 

 

Table 2.6 : Sample quantities used in the different solvents for recovery studies. 

Solvent  Mass of spiked sample, 

mg 

Mass of un-spiked, 

mg 

Concentration, mg/L 

t-BuOH 13.99  15.6 17.0 

DCM 16.68 12.8 17.0 

ETAC 11.82 16.49 17.0 

i-PrOH 11.84 10.4 17.0 

ETOH 12.46 12.1 13.0 

HEX 11.3 14.0 10.0 

 



106 
 

CHAPTER 3: RESULTS AND DISCUSSION – STABILITY STUDIES 

This chapter discusses stability studies conducted on street nyaope samples to determine 

what precautionary steps need to be taken to prevent degradation of the samples and ensure 

more efficient profiling of the samples. Section 3.1 discusses autosampler stabilities for 72 

hours of the nyaope extracts in different solvents. Long-term stability studies conducted over 

a period of 21 days are discussed in Section 3.2.  

3.1 SOLVENT STABILITY STUDIES 

The samples, after extraction with pure solvents (dichloromethane (DCM), ethanol (ETOH), 

ethyl acetate (ETAC), isopropanol (i-PrOH), hexane and tertiary butyl alcohol (t-BuOH)) were 

analysed using GC-MS in the presence of the internal standard tetracosane (TC), as explained 

in Sections 2.4.1 and 2.5.1. Figures 3.1 and 3.2 show typical chromatograms of the simulated 

nyaope sample and an actual seized street nyaope sample, respectively. The peak areas of TC 

and each of the target compounds, acetylcodeine (ACOD), caffeine (CAFF), cannabidiol (CBD), 

cannabinol (CBN), diamorphine (DAM), dextromethorphan (DTM), efavirenz (EFV), 6-

monoacetylmorphine (6-MAM), nevirapine (NVP), nicotine (NCT), noscapine (NOSC), 

papaverine (PPV), phenacetin (PNT), tetrahydrocannabivarin (THCV) and ∆9–

tetrahydrocannabinol (∆9–THC) were determined from total ion chromatograms. The 

retention times (RT) of the individual components for the simulated nyaope samples as well 

as the components for actual seized street nyaope samples are given in Tables 3.1 and 3.2, 

respectively. DAM and Δ9-THC were identified on the basis of their retention time and mass 

spectral data using certified reference material and ACOD, CAFF, CBD, CBN, EFV, 6-MAM, NVP 

and PNT were identified on the basis of their retention time and mass spectral data using USP 

reference standards, while NCT, α-caryophyllene, α-humelene, α/β -selinene, 

neophyltadiene, palmitic acid, phytol, (Z,Z,Z)-9,12,15-octadecatrienoic acid, CBV, 4,8,13-

duvatriene-1,3-diol, cannabicyclol, THCV, CBV, CBCM, CBCN, CBG, vitamin E and β/γ-sitosterol 

were identified using the NIST library. 
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Figure 3.1: Typical total ion chromatograph for the simulated nyaope samples where (1) 
phenacetin; (2) caffeine; (3) EFV; (4) dextromethorphan; (5) tetrahydrocannabivarin; (6) 
tetracosane; (7) cannabidiol; (8) NVP; (9) Δ9-THC; (10) cannabigerol; (11) acetylcodeine; (12) 
cannabinol; (13) 6-monoacetylmorphine; (14) diamorphine; (15) papaverine and (16) 
noscapine. 

 

Table 3.1: Retention times and relative retention times of individual components for the 
simulated nyaope sample. 

Component  Retention time 

(minutes) 

Relative retention time (tetracosane 

= 1.000) 

Phenacetin 3.002 0.720 
Caffeine 3.297 0.791 
Efavirenz 3.809 0.914 
Dextromethorphan 3.859 0.926 
Tetrahydrocannabivarin  4.088 0.981 
Tetracosane/IS 4.167 1.000 
Cannabidiol 4.291 1.030 
Nevirapine 4.369 1.048 
Δ9-tetrahydrocannabinol 4.524 1.086 
Cannabigerol 4.631 1.111 
Acetylcodeine 4.652 1.116 
Cannabinol 4.685 1.124 
6-monoacetylmorphine 4.709 1.130 
Diamorphine 5.006 1.201 
Papaverine 5.735 1.376 
Noscapine 7.120 1.709 
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Figure 3.2. Typical total ion chromatograph for an actual seized street nyaope samples 
where (1) nicotine; (2) α-caryophyllene; (3) α-humelene; (4) α/β-selinene; (5) phenacetin; 
(6) neophyltadiene; (7) caffeine; (8) palmitic acid (9) phytol; (10) (Z,Z,Z)-9,12,15-
octadecatrienoic acid; (11) cannabivarol; (12) 4,8,13-duvatriene-1,3-diol; (13) 
cannabicyclol; (14) tetrahydrocannabivarin; (15) cannabichromene; (16) internal standard 
tetracosane; (17) cannabivarin (18) cannabidiol; (19) nevirapine; (20) 
cannabicoumaronone; (21) unknown (22); Δ9-tetrahydrocannabinol; (23) cannabigerol; (24) 
acetylcodeine; (25) cannabinol; (26) 6-monoacetylmorphine; (27) heneicosane; (28) 
diamorphine; (29) squalene; (30) 11-butyl docosane; (31) unknown; (32) triacontane; (33) 
vitamin E and (34) β/γ-sitosterol. 
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Table 3.2: Retention times and relative retention times of individual components for the 
actual seized street nyaope sample. 

Component  Retention time, 
minutes 

Relative retention time 
(tetracosane = 1.000) 

Nicotine  2.746 0.422 

α-Caryophyllene  2.934 0.451 

α-Humelene  3.015 0.463 

α/β-selinene 3.094 0.475 

Phenacetin 3.580 0.550 

Neophyltadiene  3.927 0.603 

Caffeine 4.115 0.632 

Palmitic acid  4.356 0.669 

Phytol  5.187 0.797 

(Z,Z,Z)-9,12,15-octadecatrienoic acid 5.330 0.819 

Cannabivarol  5.912 0.908 

4,8,13-Duvatriene-1,3-diol  6.053 0.930 

Cannabicyclol  6.201 0.953 

Tetrahydrocannabivarin  6.320 0.971 

Cannabichromene  6.400 0.983 

Tetracosane 6.509 1.000 

Cannabivarin  6.572 1.010 

Cannabidiol 6.708 1.031 

Nevirapine 6.822 1.048 

Cannabicoumaronone  6.853 1.053 

Unknown 6.881 1.057 

Δ9-Tetrahydrocannabinol 7.062 1.085 

Cannabigerol 7.200 1.106 

Acetylcodeine 7.252 1.114 

Cannabinol 7.276 1.118 

6-Monoacetylmorphine 7.304 1.122 

Heneicosane  7.496 1.152 

Diamorphine 7.673 1.179 

Squalene  7.959 1.223 

11-Butyl docosane  8.150 1.252 

Unknown 8.832 1.357 

Triacontane  8.922 1.371 

Vitamin E 9.269 1.424 

β/γ-Sitosterol 10.520 1.616 
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The GC-MS analyses were performed in triplicate. Relative response ratios for each target 

compound in each replicate measurement were calculated by dividing the peak area of the 

target compound with the peak area of the internal standard (Aalberg et al, 2005). The 

averages of these response ratios were calculated, and the normalised average response ratio 

was determined using Equation 3.1: 

 

𝑅𝑁 = 𝐴𝐵𝑆 (100 −
𝑅𝑖

𝑅0
× 100)                  3-1 

 

where RN is the normalised average response ratio, ABS is absolute value, Ri is the relative 

response ratio at the time Ti, and R0 is the relative response ratio for the initial injection.  

The ratio of CBN to Δ9-THC was calculated by dividing the peak area response of CBN with the 

peak area response of Δ9-THC. CBN is a degradation product for Δ9-THC; therefore, an increase 

in the ratio CBN to Δ9-THC indicates an increase in the amount of CBN and a decrease in the 

amount of Δ9-THC, and suggests that the latter is decomposing. CBN can also be formed from 

the corresponding cannabinolic acid (CBNA), itself a degradation product of Δ9-

tetrahydrocannabinolic acid (Δ9-THCA). 6-MAM is the degradation product for DAM, and the 

ratio of 6-MAM to DAM was calculated in a similar manner where an increase in the ratio 

indicates an increase in the amount of 6-MAM and a decrease in the amount of DAM.  

The degradation products of the major components of nyaope are shown in Section 1.6.3.2 

(Table 1.11). The degradation product acetaminophen, of phenacetin, is itself one of the 

adulterants of street nyaope observed in casework at the South African Police Forensic 

Science Laboratory (SAPS-FSL). The CAFF degradation products (paraxanthine, theophylline, 

theobromine and 1,3,7-trimethyloric acid), PNT degradation products (acetaminophen and 

phenetidine), as well as DTM degradation products (3-methoxymorphinan and 17-

methylmorphinan-3-ol), although present in the NIST library used were not detected in the 

simulated nyaope sample. The EFV degradation products (carbamic acid derivative, efavirenz 

amino alcohol and quinoline derivative), NVP degradation products (descyclopropyl 

nevirapine and ethyl nevirapine) and the CBD degradation products (menthane carboxylic 

acid and hyroxyquinone derivative) were not present in the NIST library used and could 

therefore not be identified.  



111 
 

The results for individual solvents are discussed in order of decreasing suitability for 

extraction and storage stability of the target compounds using pure solvents. On the basis of 

the data around the stability of simulated nyaope samples (Mthembi et al, 2018) tertiary butyl 

alcohol, dichloromethane and isopropanol were selected for extraction and storage stability 

studies for the actual seized street nyaope samples. Based on prior analysis (ibid) and NIST 

library hits, the street nyaope sample tested was tentatively identified to contain NCT, α-

caryophyllene, α-humelene, α/ β -selinene, PNT, neophyltadiene, CAFF, palmitic acid, phytol, 

(Z,Z,Z)-9,12,15-octadecatrienoic acid, cannabivarol (CBV), 4,8,13-duvatriene-1,3-diol, 

cannabicyclol (CBL), THCV, cannabivarin (CBV), CBD, NVP, cannabichromene (CBCM), 

cannabicoumaronone (CBCN), Δ9-THC, cannabigerol (CBG), ACOD, CBN, 6-MAM, DAM, 

vitamin E and β/γ-sitosterol.   

The stabilities for the monitored components in both simulated nyaope samples and actual 

seized street samples extracted with pure solvents are summarised in Tables 3.3 and 3.4, 

respectively, where 1 denotes a decrease of 0–15% and considered stable; 2 denotes a 

decrease of 15–30% and considered moderately stable; and 3 denotes a loss above 30% and 

considered unstable (Saar et al, 2012). 
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Table 3.3: Summarised stability of the main nyaope components monitored in pure 
solvents.1 

Time, 
hours  

Compound   Dichloromethane  Ethanol Ethyl 
acetate 

hexane Isopropanol  Tertiary butyl 
alcohol 

  simulated 
sample 

street 
sample 

simulated 
sample 

simulated 
sample 

simulated 
sample 

simulated 
sample 

street 
sample 

simulated 
sample 

street 
sample 

1 

NCT nd 1 Nd nd nd nd 1 nd 1 
PNT 1 1 1 1 1 1 1 1 1 
CAFf 1 1 1 1 1 1 2 1 1 
EFV 1 nd 1 1 1 1 nd 1 nd 
DTM 1 nd 1 1 1 1 nd 3 nd 
THCV 1 1 1 1 1 1 1 1 1 
CBD 1 1 1 1 1 1 1 1 1 
NVP 1 1 1 1 1 1 1 1 2 
∆9-THC 1 1 1 1 1 1 1 1 1 
ACOD 1 1 1 1 1 1 1 1 2 
CBN 1 1 1 1 1 1 1 1 1 
6-MAM 1 1 1 1 1 1 1 1 1 
DAM 1 1 1 1 1 1 1 1 1 
PPV 1 nd 1 2 1 2 nd 1 nd 
NOSC 1 nd 1 1 1 1 nd 1 nd 

6 

NCT nd 1 Nd nd nd nd 2 nd 1 
PNT 1 1 1 2 2 1 2 2 1 
CAFf 1 1 1 1 1 1 2 1 1 
EFV 1 nd 1 1 1 1 nd 1 nd 
DTM 1 nd 1 1 1 1 nd 2 nd 
THCV 1 1 1 1 1 1 1 1 1 
CBD 1 1 1 1 1 1 1 2 2 
NVP 1 1 1 1 1 1 1 1 3 
∆9-THC 1 1 1 1 1 1 1 1 1 
ACOD 1 1 1 1 1 1 1 1 3 
CBN 1 1 1 1 1 1 1 1 1 
6-MAM 1 1 1 1 1 1 1 1 1 
DAM 1 1 1 1 1 1 1 1 1 
PPV 1 nd 1 3 1 2 nd 1 nd 
NOSC 1 nd 1 1 1 1 nd 1 nd 

8 

NCT nd 1 nd nd nd nd 2 nd 1 
PNT 1 1 1 2 2 1 2 2 1 
CAFf 1 1 1 1 1 1 2 1 1 
EFV 1 nd 1 1 1 1 nd 1 nd 
DTM 1 nd 1 1 1 1 nd 2 nd 
THCV 1 1 1 1 1 1 1 1 1 
CBD 1 1 1 1 1 1 1 2 2 
NVP 1 1 1 1 1 1 1 1 3 
∆9-THC 1 1 1 1 1 1 1 1 1 
ACOD 1 1 1 1 1 1 1 1 3 
CBN 1 1 1 1 1 1 1 1 1 
6-MAM 1 1 1 1 1 1 1 1 1 
DAM 1 1 1 1 1 1 1 1 1 
PPV 2 nd 2 2 2 1 nd 1 nd 
NOSC 1 nd 1 2 1 1 nd 1 nd 

1where 1 denotes a change of 0–15% and considered stable, 2 denotes a change of 16–30% 
and considered moderately stable and 3 denotes a change above 30% and considered unstable 
(Saar et al, 2012). 
nd = not detected 
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Table 3.3 contn’d: Summarised stability of the main nyaope components monitored in pure 
solvents.1 

Time, 
hours  

Compound   Dichloromethane  Ethanol Ethyl 
acetate 

hexane Isopropanol  Tertiary butyl 
alcohol 

  simulated 
sample 

street 
sample 

simulated 
sample 

simulated 
sample 

simulated 
sample 

simulated 
sample 

street 
sample 

simulated 
sample 

street 
sample 

24 

NCT nd 2 nd nd nd nd 3 nd 1 
PNT 1 1 1 1 2 1 3 1 1 
CAFf 1 2 1 1 1 1 3 1 1 
EFV 1 nd 1 1 1 1 nd 1 nd 
DTM 1 nd 2 1 1 1 nd 2 nd 
THCV 1 1 2 1 2 1 2 1 1 
CBD 1 1 2 1 3 1 2 1 2 
NVP 1 1 1 1 1 1 3 1 3 
∆9-THC 1 1 2 1 2 1 1 1 1 
ACOD 2 1 1 1 2 1 1 1 3 
CBN 1 1 1 1 2 1 2 1 1 
6-MAM 3 1 2 2 3 2 2 1 1 
DAM 1 1 1 1 1 1 1 1 1 
PPV 1 nd 1 1 1 1 nd 1 nd 
NOSC 1 nd 1 1 1 1 nd 1 nd 

48 

NCT nd 2 nd nd nd nd 3 nd 2 
PNT 1 3 2 1 2 1 3 1 3 
CAFf 1 1 1 1 2 1 3 1 2 
EFV 1 nd 1 1 1 1 nd 1 nd 
DTM 1 nd 3 2 3 3 nd 2 nd 
THCV 2 1` 2 2 1 2 2 1 1 
CBD 2 1 2 2 1 2 3 1 1 
NVP 1 1 1 1 3 1 3 1 1 
∆9-THC 2 1 1 2 2 3 1 1 1 
ACOD 3 1 1 1 1 2 3 1 2 
CBN 1 1 1 2 1 1 3 2 1 
6-MAM 2 1 2 3 2 3 3 1 1 
DAM 2 1 1 1 1 1 2 1 1 
PPV 1 nd 3 2 1 2 nd 1 nd 
NOSC 1 nd 1 2 1 1 nd 1 nd 

72 

NCT nd 2 nd nd nd nd 3 nd 1 
PNT 2 3 3 1 3 2 3 2 3 
CAFf 1 2 3 2 2 3 3 3 1 
EFV 2 nd 3 1 3 1 nd 1 nd 
DTM 3 nd 3 3 3 3 nd 2 nd 
THCV 2 1 3 1 3 1 2 1 1 
CBD 3 1 3 1 3 1 2 2 1 
NVP 1 1 3 1 3 1 3 1 1 
∆9-THC 3 1 3 2 3 2 1 1 1 
ACOD 2 1 3 1 3 2 2 1 2 
CBN 1 1 3 1 3 1 3 1 1 
6-MAM 2 1 3 1 3 1 3 1 1 
DAM 1 1 3 1 3 1 1 1 1 
PPV 1 nd 3 1 3 1 nd 1 nd 
NOSC 1 nd 3 3 3 3 nd 2 nd 

1where 1 denotes a change of 0–15% and considered stable; 2 denotes a change of 16–30% 
and considered moderately stable; and 3 denotes a change above 30% and considered 
unstable (Saar et al, 2012). 
nd = not detected 
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Table 3.4: Summarised stabilities for the CBN to ∆9-THC and 6-MAM to DAM ratios for pure solvents.2  

Time, 
hours 

 Compound   Dichloromethane  Ethanol Ethyl acetate hexane Isopropanol  Tertiary butyl alcohol 

   simulated 
sample 

street 
sample 

simulated 
sample 

simulated 
sample 

simulated 
sample 

simulated 
sample 

street 
sample 

simulated 
sample 

street sample 

1  CBN/ Δ9-THC 1 1 1 1 1 1 1 1 1 

 6-MAM/ DAM 1 1 1 1 1 1 1 1 1 

6  CBN/ Δ9-THC 1 2 1 1 1 1 1 1 1 

 6-MAM/ DAM 1 1 1 2 1 1 1 2 1 

8  CBN/ Δ9-THC 1 2 1 1 1 1 1 1 1 

 6-MAM/ DAM 1 1 1 2 1 1 1 2 1 

24  CBN/ Δ9-THC 1 2 1 1 1 1 1 1 1 

 6-MAM/ DAM 2 2 2 3 3 1 1 2 1 

48  CBN/ Δ9-THC 3 1 2 1 1 2 3 1 1 

 6-MAM/ DAM 1 1 2 3 2 3 3 2 1 

72  CBN/ Δ9-THC 3 1 1 2 1 2 3 1 1 

 6-MAM/ DAM 1 1 3 1 2 2 3 2 1 
2The stabilities are summarised in the Tables 3 and 4 above , where 1 denotes a change of 0–15% and considered stable; 2 denotes a change of 
16–30% and considered moderately stable; and 3 denotes a change above 30% and considered unstable (Saar et al, 2012) . 
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Figure 3.3 is the plot of the normalised relative response ratio vs injection time for the ratio 

of CBN to Δ9-THC and 6-MAM to DAM for the actual seized street nyaope samples extracted 

with each of the solvents t-BuOH, DCM and i-PrOH. Plots of the normalised relative response 

ratio against injection time for the ratio of CBN to Δ9-THC and 6-MAM to DAM as well as the 

responses to the compounds CAFF, DTM, EFV, NVP and PNT were prepared for the simulated 

nyaope samples extracted with each of the pure solvents as shown in Figures 3.4 and 3.5.  

3.1.1 The stability of nyaope components in tertiary butyl alcohol 

Tertiary butyl alcohol (t-BuOH) was shown to be the better solvent in which the main 

components of nyaope are more stable, as illustrated in Figures 3.3, 3.4 and 3.5. Stabilities 

shown in Tables 3.3 and 3.4 indicate that the target compounds THCV, CBD, CBN, Δ9-THC, 6-

MAM and DAM are stable after 72 hours of storage in both simulated and actual seized street 

nyaope samples. The ratios CBN to Δ9-THC and 6-MAM to DAM confirm the stability of CBN, 

Δ9-THC, 6-MAM and DAM during 72 hours of storage. While NVP and ACOD present in 

simulated nyaope samples indicate stability after 72 hours of storage, a definitive conclusion 

cannot be made regarding their stability in actual seized street nyaope samples. Results for 

NVP and ACOD in actual seized street nyaope samples range from stable to unstable within 

the same storage time period. This may either be due to the fact that these components are 

present at a very low amount and therefore the response is susceptible to instrument 

background interference, or due to interaction with other compounds within the street 

samples. PNT and CAFF are stable for 72 hours of storage in simulated nyaope samples while 

in the actual seized street samples, PNT is stable for 24 hours of storage and CAFF is stable 

for 48 hours of storage. Both CAFF and PNT are present at a very low amount and therefore 

the response is susceptible to background interference. 

EFV, present only in simulated nyaope sample, was shown to be stable for 72 hours of storage, 

while DTM is shown to be unstable after 24 hours of storage. DTM was present at a very low 

amount and therefore the response is susceptible to instrument background interference. 

NCT, present only in actual seized street nyaope sample, was found to be stable for 72 hours 

of storage. The stability of the target compounds in t-BuOH is to be expected since it is an 

unreactive solvent (Chemindustry.ru, n.d.; Reeve, Erikson and Aluotto, 1979). Both PPV and 

NOSC are present in low abundance only in the simulated nyaope sample but were shown to 



116 
 

be stable for 72 hours of storage. From this it is clear that tertiary butyl alcohol is the suitable 

solvent for the extraction of the compounds ACOD,CAFF, CBD, CBN, DAM, EFV, 6-MAM, NOSC, 

NVP, PNT, PPV, ∆9-THC and THCV with the subsequent instrumental analysis performed within 

72 hours.   

 

Solvent Tertiary butyl alcohol Dichloromethane Isopropanol 

6 - MAM/DAM 

   

CBN/Δ6-THC 

   

Figure 3.3: Plot of normalized average response ratios of 6-MAM to DAM and CBN to Δ9-
THC for actual seized street nyaope samples extracted with t-BuOH, DCM and i-PrOH 
respectively. 
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Solvent Tertiary butyl alcohol Dichloromethane Ethyl acetate  isopropanol Ethanol Hexane  

6 - 

MAM/DAM 

      

CBN/Δ6-

THC 

      

Figure 3.4: Plot of normalized average response ratio vs time of 6-MAM to DAM and CBN to Δ9-THC ratios for simulated nyaope samples 
extracted with t-BuOH, DCM, ETAC, i-PrOH, ETOH and hexane, respectively. 
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Solvent  Efavirenz Nevirapine  Phenacetin Caffeine Dextromethorphan 

t-BuOH 

     

DCM 

     

ETAC 

     

i-PrOH 

     

ETOH 

     

Hexane 

     

Figure 3.5: Plot of normalized average response ratio vs time for EFV, NVP, PNT, CAFF and DTM for simulated nyaope samples extracted 
with t-BuOH, DCM, ETAC, I-PrOH, ETOH and hexane.
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3.1.2 The stability of nyaope components in dichloromethane  

The solvent in which the samples were second-most stable after t-BuOH was DCM. The results 

for the extraction of simulated nyaope samples as well as actual seized street nyaope samples 

with DCM are shown in Tables 3.3 and 3.4. In both simulated and actual seized street nyaope 

samples CAFF, THCV, NVP, 6-MAM, DAM are shown to be stable for the 72 hours of storage. 

The ratio 6-MAM to DAM confirms the stability of DAM and 6-MAM in both simulated and 

actual seized street nyaope samples. CBN and Δ9-THC are shown to be stable for 72 hours of 

storage in the actual seized street nyaope sample. Although CBN is shown to be stable for the 

72 hours of storage in simulated nyaope samples, the ratio of CBN to Δ9-THC only confirms 

stability in actual seized street nyaope samples and shows both CBN and Δ9-THC to be stable 

for 24 hours of storage in simulated nyaope samples. DCM contains hydrochloric acid, as a 

result of photocatalytic breakdown of the DCM, which facilitates the decomposition of ∆9-

THC to form CBN. PNT is stable for 72 in simulated nyaope samples while only stable for 24 

hours in the actual seized street nyaope sample. This may be due to the fact that PNT is 

present at a very low amount and therefore the response is susceptible to background 

interference. CBD and ACOD were both stable for 72 hours in actual seized street samples, 

while ACOD was found to be moderately stable for 24 hours and CBD was only stable for 48 

hours in simulated nyaope samples. EFV, PPV and NOSC, which are only present in simulated 

nyaope sample, were shown to be stable for 72 hours of storage, while DTM is shown to be 

stable for 48 hours of storage. NCT, present only in actual seized street nyaope sample, was 

found to be stable for 72 hours of storage. As a highly volatile solvent, dichloromethane easily 

evaporates from the GC-MS sample vials (Aalberg et al, 2005). This may limit its use for the 

identification, profiling and quantitation of nyaope samples. 

3.1.3 The stability of nyaope components in ethyl acetate  

The results for the extraction of simulated nyaope samples with ETAC are shown in Tables 3.3 

and 4. ETAC was found to be the third-best solvent and performed nearly as well as DCM. The 

target compounds CAFF, CBN, DAM, EFV, 6-MAM, NVP, PNT, Δ9-THC and THCV are shown to 

be stable for 72 hours of storage. The ratio CBN to Δ9-THC confirms the stability of CBN and 
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Δ9-THC, while the ratio 6-MAM to DAM indicates DAM and 6-MAM to be unstable after 24 

hours of storage. 6-MAM showed an increase after 24 hours of storage while diamorphine 

showed a slight decrease, which suggests that DAM undergoes hydrolysis in ETAC. ETAC is 

hygroscopic (Tan, Melius and Ziegler, 1982) and therefore absorbs moisture that facilitates 

the hydrolysis of DAM. The water content in ETAC is said to be a maximum of 0.1% W/W 

(Jubilant Life sciences, n.d.). NOSC, present only in the simulated nyaope sample, was shown 

to be moderately stable for 48 hours of storage. PPV, found only in the simulated nyaope 

sample, was found to be unstable after just 6 hours of storage. DTM is shown to be unstable 

after 48 hours of storage. 

3.1.4 The stability of nyaope components in isopropanol 

The solvent that followed after ETAC and DCM was i-PrOH and gave better stabilities than 

ETOH and hexane. The results for the extraction of simulated nyaope samples as well as actual 

seized street nyaope samples with i-PrOH are shown in Tables 3.3 and 3.4. In both simulated 

and actual seized street nyaope samples, only THCV is stable for 72 hours of storage. ACOD, 

CBD and PNT are stable in simulated nyaope samples for 72 hours of storage, whereas ACOD 

and CBD were found to be unstable after 24 hours of storage in actual seized street nyaope 

samples. PNT, CAFF and NVP are stable for 8 hours of storage in actual seized street samples. 

While Δ9-THC is shown to be stable for 72 hours of storage in both simulated and actual seized 

street nyaope samples, the ratio CBN to Δ9-THC only confirms the stability for 72 hours of 

storage in simulated nyaope samples and indicates Δ9-THC and CBN to be only stable for 24 

hours of storage in actual seized street nyaope samples. The ratio 6-MAM to DAM shown in 

Table 3.4 indicates 6-MAM and DAM to be unstable after 24 hours of storage for the street 

samples. This is to be expected, since the water found in i-PrOH facilitates the hydrolysis of 

DAM to form 6-MAM and subsequently morphine. However, morphine was not detected in 

any of the samples studied, which suggests that it may have been present at the level lower 

than the detection limit (25 ng/mL)(Cone et al, 2006). The target compound found only in 

simulated nyaope sample EFZ was found to be stable for 72 hours of storage ,while DTM was 

found to be unstable after 24 hours of storage. PPV, found only in the simulated nyaope 

sample, was found to be moderately stable for 72 hours of storage. NOSC, present only in the 
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simulated nyaope sample, was found to be stable for 48 hours of storage. The target 

compound NCT found only in the actual seized street nyaope sample was found to be stable 

after 8 hours of storage.  

3.1.5 The stability of nyaope components in ethanol  

Ethanol has previously been found to be a suitable solvent for the extraction of DAM (Hong 

et al, 2014). However, the water in ethanol will facilitate the hydrolysis of DAM to 6-MAM 

and subsequently morphine. Morphine was not detected in any of the ETOH extracts, 

suggesting it may have been present at levels that are below detection limit. The results for 

the extraction of simulated nyaope samples with ETOH are shown in Tables 3.3 and 3.4. The 

target compounds ACOD, PNT, CAFF, CBD, CBN, DAM, EFV, 6-MAM, NVP, Δ9-THC and THCV 

were found to be stable for 48 hours of storage. The ratio 6-MAM to DAM confirms the 

stability of DAM and 6-MAM for 48 hours of storage, while the ratio CBN to Δ9-THC indicates 

CBN and Δ9-THC to be stable for 72 hours of storage. NOSC present only in the simulated 

nyaope sample, was shown to be stable for 48 hours of storage. DTM and PPV, present only 

in the simulated nyaope sample, were shown to be unstable after 24 hours of storage. 

3.1.6 The stability of nyaope components in hexane 

The results for the extraction of simulated nyaope samples with hexane are shown in Tables 

3.3 and 3.4. CAFF was the only compound shown to be stable after 72 hours of storage. The 

target compounds ACOD, CBN, DAM, EFV, PNT, Δ9-THC and THCV are all stable to moderately 

stable up to 48 hours of storage. The ratio CBN to Δ9-THC indicates CBN and Δ9-THC to be 

stable for 72 hours of storage, while the ratio 6-MAM to DAM indicates DAM and 6-MAM to 

be unstable after 24 hours of storage. CBD was found to be unstable after 24 hours of storage. 

DTM and NVP were shown to be stable for 24 hours of storage. Both PPV and NOSC are 

present in low abundance only in the simulated nyaope sample but were shown to be stable 

for 48 hours of storage. Hexane is a non-polar solvent with low eluent strength and therefore 

not expected to extract the more polar DAM and 6-MAM.The extraction with non-polar 

hexane may be good for Δ9-THC but not suitable for the more polar DAM and its adulterants. 

Hexane was the solvent that exhibited the least stability for the target compounds.  
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3.2 STORAGE STABILITY STUDIES 

Storage stability studies for simulated and street nyaope samples were analysed as explained 

in Sections 2.4.1 and 2.5.2 using t-BuOH as the extraction solvent. The GC-MS analysis was 

done with the internal standard tetracosane. The compounds ACOD, cannabivarin (CBV), 

CAFF, CBD, CBN, DAM, DTM, EFV, 6-MAM, NVP, PNT, Δ9-THC and THCV were monitored 

during the study. The response area of the total ion chromatograph of each peak of interest 

was used to evaluate the stability of the samples under the respective storage conditions. In 

particular, the relative response factor (RRF), which is the ratio of the peak area of the sample 

to the peak area of the internal standard, was calculated using Equation 3.2 (Aalberg et al, 

2005): 

 

 𝑅𝑅𝐹 =
𝐴𝐼𝑆

𝐴𝑆
           3-2 

 

where As is the peak area of the sample, AIS is the peak area of the internal standard.  

The samples were analysed in triplicate and average response ratio was calculated using 

Equation 2. Different weights were used for each storage period therefore the RRF was 

calculated using Equation 3.3: 

 𝑅𝑅𝐹 =
𝐴𝑆

𝑚𝑆×𝐴𝐼𝑆
          3-3 

where AS is the average response peak area of the sample, AIS is the average response peak 

area of the internal standard and ms is the mass of the sample.  

The percentage normalized average response ratio (%RN) of the RF of the injection after 

storage time Tx to the initial injection at T0 was calculated using Equation 3.4:  

%𝑅𝑁 =
𝐴𝑥×𝑚0

𝐴0×𝑚𝑥 
× 100          0-4 

where Ax is the average response peak area of the injection after storage time Tx, A0 is the 

average response peak area of the initial injection, mx and m0 are the respective masses.  
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The normalized average response ratios, RN, for ACOD, CBV, CAFF, CBD, CBN, DAM, DTM, EFV, 

6-MAM, NVP, PNT, Δ9-THC and THCV were determined using Equation (4) with TC as an 

internal standard. Degradation of drug substances of 10–15% is considered acceptable 

(Szepesi, Gazdag and Mihalyfi, 1989); degradation between 5% and 20% has been accepted 

as reasonable for validation of chromatographic assays (Carr and Wahlich, 1990; Blessy et al, 

2014). The percentage normalized response between of 85% and 115% was considered stable 

in this study. Compounds with percentage normalised response between 85% and 100% 

exhibit a percentage decomposition of 15% or less, while the percentage normalised response 

above 100% and below 115% indicates an increase with regard to degradation products of 

15% or less. Tables 5 to 7 lists the percentage normalized responses of ACOD, CAFF, CBD, CBN, 

CBV, DTM, DAM, EFV, 6-MAM, NVP, PNT, Δ9-THC and THCV used to evaluate their stabilities 

for each of the storage conditions and periods.  

3.2.1 The stability of acetylcodeine in different storage conditions 

The percentage normalised average response ratios for the different storage conditions and 

period for ACOD are shown in Table 3.5. ACOD was shown to be stable for 504 hours (21 days) 

when stored in the freezer at -70 oC, with and without desiccant. ACOD was shown to be 

stable for 336 hours (14 days) when stored in the dark with a desiccant, 168 hours (7 days) 

when stored in the fridge at ± 4oC with a desiccant and at ambient condition and unstable 

when exposed to laboratory light. ACOD, a synthetic impurity of illicit heroin usually present 

at concentration levels of 15–20% relative to DAM and ranging up to 45% (Sione, 1986), 

undergoes hydrolysis to codeine and subsequently to morphine shown in Figure 1.9 (O'Neal 

and Poklis, 1997; Staub et al, 2001). The ACOD degradation products codeine and morphine 

shown in Figure 1.9 were not detected in the samples analysed, probably because the 

degradation products were absent or present at levels that are below the detection limit of 

the method. 
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Table 3.5: Percentage normalised average response ratios (n = 3) of ACOD, CBD, CAFF, CBN 
and ∆9-THC under different storage conditions. 

Compound Time, hours 0 24 72 168 336 504 

 Storage condition   %RSD  %RSD  %RSD  %RSD  %RSD 

ACOD 

Freezer 100,0 101,1 1,90 105,0 0,09 113,6 6,80 110,5 8,12 98,6 3,85 

Freezer-desiccator 100,0 93,4 5,84 88,4 7,44 93,9 4,77 111,6 9,06 105,2 8,28 

Fridge 100,0 94,9 6,11 88,8 8,95 88,1 6,45 80,3 8,02 107,5 6,48 

Dark 100,0 95,3 3,71 87,2 3,80 88,6 7,32 89,0 6,36 121,5 5,02 

Light  100,0 151,0 15,50 113,0 14,37 75,8 8,29 121,0 21,86 136,9 20,95 

Ambient 100,0 89,3 6,09 94,3 6,14 85,6 5,70 83,5 5,15 112,3 5,59 

CAFF 

Freezer 100,0 101,3 0,60 103,0 7,83 123,1 6,19 106,4 1,51 86,4 1,68 

Freezer-desiccator 100,0 101,9 14,94 97,9 12,80 80,7 4,29 78,0 19,73 131,3 11,50 

Fridge 100,0 89,1 5,69 86,7 10,54 91,3 7,87 88,2 7,37 94,6 7,05 

Dark 100,0 91,6 5,94 84,5 6,66 89,1 7,34 94,4 8,09 106,2 7,33 

Light  100,0 87,0 7,39 96,2 8,05 79,4 6,29 92,2 5,89 98,4 6,74 

Ambient 100,0 85,0 6,05 91,2 6,53 85,7 7,29 82,7 6,90 93,1 6,17 

DTM 

Freezer 100,0 99,5 13,00 115,9 11,23 138,3 15,40 114,7 11,30 112,0 8,94 

Freezer-desiccator 100,0 104,7 34,76 129,8 44,21 112,2 22,45 192,2 12,54 106,0 8,81 

Fridge 100,0 99,3 2,50 93,8 4,62 98,7 1,90 90,4 0,14 146,2 1,74 

Dark 100,0 105,5 4,43 96,5 1,56 98,5 3,79 103,1 1,62 171,0 4,50 

Light  100,0 103,4 3,37 102,2 4,75 84,1 4,11 97,1 1,71 140,6 3,14 

Ambient 100,0 102,4 2,71 106,1 6,61 92,8 4,39 96,6 3,68 141,2 6,85 

CBN 

Freezer 100,0 102,4 3,96 89,3 5,55 99,8 5,82 94,4 1,99 101,8 3,27 

Freezer-desiccator 100,0 105,2 9,23 116,9 4,80 100,7 7,25 109,1 4,18 101,0 19,38 

Fridge 100,0 96,7 8,31 89,1 10,13 85,6 6,61 93,4 6,03 118,1 7,18 

Dark 100,0 99,4 4,29 87,8 5,86 90,5 8,83 104,6 7,05 146,5 6,44 

Light  100,0 95,1 5,54 95,2 5,82 77,1 6,02 85,8 4,71 106,9 4,94 

Ambient 100,0 95,1 7,18 91,6 6,05 90,5 7,11 90,7 4,86 134,5 5,87 

∆9-THC 

Freezer 100,0 100,7 4,08 101,1 2,31 81,8 18,42 85,4 15,53 118,0 2,11 

Freezer-desiccator 100,0 105,1 4,46 106,9 8,75 113,0 11,15 117,0 8,49 99,3 15,47 

Fridge 100,0 93,5 8,06 85,5 9,12 83,3 8,38 79,5 7,70 75,6 7,74 

Dark 100,0 91,8 6,23 85,1 7,91 84,4 12,40 81,9 9,46 82,1 7,67 

Light  100,0 60,5 7,55 66,3 7,84 64,3 9,42 96,1 6,62 88,2 6,38 

Ambient 100,0 88,7 8,47 85,9 7,70 83,7 8,59 72,6 5,47 76,2 7,19 

 
 

3.2.2 The stability of caffeine in different storage conditions  

The percentage normalised average response ratios for the different storage conditions and 

period for CAFF are shown in Table 3.5. Caffeine was reported to undergo radical induced 

degradation to 1,3,7-trimethyluric acid (Telo and Viera, 1997) and undergoes oxidation to 
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paraxanthine, theophylline and theobromine (Chung and Cha, 1997). CAFF was shown to be 

stable for 504 hours (21 days) in the fridge and in the dark, 168 hours (7 days) at ambient 

condition, 72 hours when stored in the freezer both with and without desiccant and under 

laboratory light. The degradation product of caffeine, 1,3,7-trimethyluric acid, paraxanthine, 

theophylline and theobromine, shown in Figure 1.9, was not identified. The caffeine 

degradation products were not identified either because they were absent or present at levels 

that are below the detection limit of the method. 

3.2.3 The stability of cannabinol in different storage conditions 

The percentage normalised average response ratios for the different storage conditions and 

period for CBN are shown in Table 3.5. CBN was shown to be stable for 504 hours (21 days) 

when stored in the freezer without desiccant, 336 hours (14 days) when stored in the fridge, 

in the dark and ambient condition, 72 hours when stored under laboratory light, 24 hours 

when stored in the freezer with desiccant. CBN is a degradation product of Δ9-THC and it is 

expected to increase with the decrease of Δ9-THC, as observed previously (Turner et al, 1973a; 

Harvey, 1974; Repka et al, 2006; Lindholst, 2010; Trofin et al, 2012). The increase in CBN for 

the samples stored under laboratory light is illustrated in the total ion chromatograms in 

Figure 3.7 after 0, 24 hours, 72 hours, 168 hours (7 days), 336 hours (14 days) of storage. The 

chromatograms illustrating similar increases for the samples stored (i) in the fridge, (ii) in the 

dark and at ambient condition are given in Appendix Ia–Id. The extent of the increase 

becomes greater from the samples stored in the refrigerator, followed by samples stored in 

the dark and at room temperature, and then those stored under laboratory light.  

3.2.4 The stability of Δ9-tetrahydrocannabinol in different storage conditions 

The percentage normalised average response ratios for the different storage conditions and 

period for Δ9-THC are shown in Table 3.5. ∆9 -THC undergoes oxidation in the presence of light 

to form the less potent cannabinol (CBN) (Carbone et al, 2010). The degradation results in the 

decrease of Δ9-THC under all storage conditions, as illustrated in Figure 3.7, as well as 

Appendix Ia–Id for the sample storage up to 336 hours (14 days). CBN is a degradation product 

of Δ9-THC and it is expected to increase with the decrease of THC, as observed previously 
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(Turner et al, 1973a; Harvey, 1990; Repka et al, 2006; Lindholst, 2010; Trofin et al, 2012). ∆9-

THC was shown to be stable for 168 hours (7 days) if stored in the freezer with desiccant; up 

to 72 hours in the freezer with no desiccant, in the fridge, in the dark and at ambient 

condition; and unstable when exposed to laboratory light. The extent of the increase becomes 

greater from the samples stored in the freezer, followed by those stored in the refrigerator, 

in the dark and at ambient condition, and then those stored under laboratory light.  

3.2.5 The stability of dextromethorphan in different storage conditions  

The percentage normalised average response ratios for the different storage conditions and 

period for DTM are shown in Table 3.5. DTM undergoes hydrolysis via N-demethylation to 

form 3-methoxymorhinan and O-demethylation to form 17–methylmorhinan-3-ol (Daal et al, 

2008; Raju et al, 2013). Although DTM has been shown to be stable for at least 7 days when 

exposed to humidity (Raju et al, 2013); for 2 months in methanol/water at ±4 oC; for 48 hours 

at ambient temperature and 96 days at -20 oC (Zhang et al, 2010b), it was shown in this study 

to be stable for 336 hours (14 days) when stored in the refrigerator at ± 4oC, in the dark and 

at ambient condition; 72 hours when stored under laboratory light and in the freezer with no 

desiccant. Surprisingly, the samples stored in the freezer with a desiccant was shown to be 

stable for only 24 hours. 
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Figure 3.6: Total ion chromatographs for the samples stored under laboratory light after t = 
0, 24 hours, 72 hours, 168 hours and 336 hours of storage where (1) phenacetin, (2) caffeine, 
(3) efavirenz, (4) dextromethorphan, (5) tetrahydrocannabivarin, (6) tetracosane (IS), (7) 
cannabivarin (8) cannabidiol (9)nevirapine; (10) Δ9-tetrahydrocannabinol; (11) 
cannabigerol, (12) acetylcodeine, (13) cannabinol, (14) 6-monoacetylmorphine, (15) 
diamorphine. 
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3.2.6 The stability of cannabivarin in different storage conditions 

The percentage normalized average response for the different storage conditions and period 

for CBV is listed in Table 3.6. CBV was shown to be stable for 336 hours (14 days) when stored 

in the freezer without desiccant, 24 hours in the freezer with a desiccant and in the fridge, 

and unstable in all other storage conditions. CBV is a degradation product of THCV; therefore 

expected to increase, as illustrated in Figure 3.7, as well as Appendix Ia–Id for all the storage 

conditions up to 336 hours (14 days). The samples stored in the freezer at -70 oC display 

minimum degradation, followed by samples stored at ± 4oC at room temperature in the dark 

in a desiccator and those stored at ambient condition. The samples stored at room 

temperature in a desiccator under laboratory light showed the greatest increase in CBV. 

Samples stored in the dark was shown to be unstable, although expected to show more or 

less similar stabilities to the samples stored in the fridge.  

3.2.7 The stability of tetrahydrocannabivarin in different storage conditions  

The percentage normalized average response for the different storage conditions and period 

for THCV is listed in Table 3.6. THCV was shown to be stable in the freezer without desiccant 

and at ambient condition up to 336 hours (14 days), 168 hours (7 days) in the freezer with 

desiccant, 72 hours under laboratory light and up to 24 hours in a fridge and unstable in the 

dark. THCV is a homolog of Δ9-THC and is therefore expected to undergo degradation pathway 

similar to Δ9-THC to form cannabivarin a homolog of cannabinol (Δ9-THC degradation product) 

(Turner et al, 1973b; Bailey and Gagné, 1975). The decrease in THCV as a result of degradation 

is illustrated in Figure 3.7 as well Appendix Ia–Id for the all storage conditions up to 336 hours 

(14 days). The samples showed better stabilities for the storage in the freezer. Surprisingly, 

the samples stored under laboratory light showed better stabilities than samples stored in 

the fridge and in the dark.  
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Table 3.6: Percentage normalised average response ratios (n = 3) of CBV, THCV, DAM and 
6-MAM under different storage conditions. 

Compound Time, hours 0 24 72 168 336 504 

 Storage condition   %RSD  %RSD  %RSD  %RSD  %RSD 

CBV 

Freezer 100.0 84,8 7,99 95,3 13,21 96,2 9,90 104,6 4,10 123,6 9,35 

Freezer-desiccator 100,0 106,1 11,82 116,3 3,67 119,6 10,53 181,0 4,15 131,9 2,14 

Fridge 100,0 102,0 20,01 73,8 15,33 133,2 24,13 165,4 18,51 218,4 25,31 

Dark 100,0 143,6 1,45 129,8 26,06 139,9 24,82 208,5 24,27 285,2 22,62 

Light  100,0 138,6 28,49 119,2 23,27 97,7 23,39 195,0 21,74 260,6 26,23 

Ambient 100,0 148,6 36,41 112,5 23,02 133,2 23,87 182,9 19,47 240,2 10,71 

THCV 

Freezer 100,0 93,2 10,88 103,3 9,48 91,7 16,85 100,4 14,80 124,0 3,46 

Freezer-desiccator 100,0 105,5 6,86 104,1 3,17 106,1 10,05 121,9 13,04 113,1 16,72 

Fridge 100,0 85,7 2,39 73,3 6,11 98,1 10,64 98,5 8,91 134,2 12,42 

Dark 100,0 123,4 13,87 89,3 10,53 100,1 4,97 116,2 13,62 155,5 11,11 

Light  100,0 112,0 13,93 93,3 15,97 61,7 4,81 92,3 13,20 117,5 14,40 

Ambient 100,0 110,0 13,07 99,2 12,51 88,0 17,58 89,1 20,95 134,8 11,44 

DAM 

Freezer 100,0 109,2 5,50 103,2 5,22 93,3 5,82 95,9 5,76 90,5 3,99 

Freezer-desiccator 100,0 92,4 8,13 87,7 1,87 91,9 0,62 89,3 6,45 90,7 7,15 

Fridge 100,0 85,4 1,58 83,1 7,83 80,2 5,60 73,1 4,29 59,8 4,37 

Dark 100,0 81,1 3,74 79,6 4,01 81,9 4,55 77,9 5,24 68,5 4,65 

Light  100,0 153,1 4,69 112,2 5,62 96,9 4,99 146,2 5,02 194,2 2,93 

Ambient 100,0 75,4 5,95 82,9 4,37 79,1 6,24 71,7 4,44 61,9 4,24 

6-MAM 

Freezer 100,0 108,3 7,13 144,5 1,92 159,7 7,21 140,0 10,08 131,9 6,78 

Freezer-desiccator 100,0 139,0 11,77 119,7 17,97 106,8 15,24 149,1 12,90 168,0 14,46 

Fridge 100,0 146,8 17,73 106,7 15,72 109,8 16,98 107,0 16,20 173,2 13,93 

Dark 100,0 153,2 15,44 102,7 11,20 110,6 14,40 150,5 21,22 205,0 16,98 

Light  100,0 103,4 21,41 95,2 12,64 82,3 22,37 110,9 20,00 137,5 17,21 

Ambient 100,0 144,6 20,60 112,5 17,74 111,9 20,26 148,4 21,23 214,6 19,57 

 

3.2.8 The stability of diamorphine in different storage conditions 

The percentage normalised average response ratios for the different storage conditions and 

period for DAM are shown in Table 3.6. DAM undergoes hydrolysis to form 6-MAM and then 

morphine (Barrett et al, 1992; Hutchinson and Somogyi, 2002). DAM was shown to be stable 

for 504 hours (21 days) when stored in the freezer with and without desiccant; 24 hours when 

stored in the fridge; and unstable for all the other storage conditions. The samples stored at 

ambient temperature are expected to be unstable, since they are exposed to moisture in the 

environment, which facilitates the hydrolysis of DAM. Samples stored in a desiccator, on the 

other hand, are protected from the moisture in the surrounding and therefore expected to 
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show better stability. Surprisingly, samples stored in the dark with a desiccant was shown to 

be unstable. The results show that DAM degradation commences just after 24 hours of 

storage for all the storage conditions, as was observed previously (Omar et al, 1989). 

Diamorphine (DAM) long-term storage of DAM (five weeks) was reported to undergo 

minimum degradation (an average of 17.0%) when stored in a refrigerator than when stored 

at ambient temperature (an average of 23.3%) (Wijesekera, Abeysinghe and Pathirana, 1994). 

The degradation of 17.0% and 23.3% is regarded as unstable on the basis of the acceptable 

5–15% degradation (Szepesi, Gazdag and Mihalyfi, 1989). The decrease in DAM as a result of 

degradation is illustrated in Figure 3.7 as well in Appendix Ia–Id for the all storage conditions 

up to 336 hours (14 days). 

3.2.9 The stability of 6-monoacetylmorphine in different storage conditions 

The normalised average response ratios for the different storage conditions and period for 6-

MAM are shown in Table 3.6. 6-MAM, which is the hydrolysis product of diamorphine (Sibley, 

1996), increase from 24 hours of storage (Barrettet al, 1992; Wijesekera, Abeysinghe and 

Pathirana, 1994) under all storage conditions. The increase of 6-MAM is not expected to be 

massive since in turn it undergoes degradation to form morphine (Figure 1.9). The increase in 

6-MAM is illustrated in Figure 3.7, as well Appendix Ia–Id for the all storage conditions up to 

336 hours (14 days). The results for the 24 hours storage for the sample in the refrigerator, in 

the dark and ambient conditions showed an increase in 6-MAM. The increase maybe as a 

result of the degradation of the DAM present in the sample since 6-MAM is a degradation 

product of DAM. 6-MAM was shown to be stable for 336 hours (14 days) for the samples 

stored in the refrigerator, 168 hours (7 days) for samples stored in the dark and ambient 

conditions, and 72 hours for the samples stored under laboratory light. 

3.2.10 The stability of cannabidiol in different storage conditions 

The percentage normalised average response ratios for the different storage conditions and 

period for CBD are shown in Table 3.7. CBD was shown to be stable for 336 hours (14 days) 

when stored in the freezer without a desiccant, 168 hours (7 days) when stored in the freezer 

with desiccant, 24 hours when stored in the fridge, in the dark and at ambient condition and 
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unstable under laboratory light. CBD undergoes acid catalysed degradation to Δ9-THC and Δ8-

THC (Mechoulam and Hanuš, 2002; Merrick et al, 2016), menthane carboxylic acid and 

undergoes oxidation to quinone (Figure 1.9) (Mechoulam and Hanuš, 2002). The samples 

stored in the freezer at -70 oC showed better stability, followed by samples stored in the 

refrigerator at ± 4oC, in the dark in a desiccator, and at ambient condition, while samples 

stored in a desiccator and exposed to laboratory light showed greater degradation. The 

degradation products Δ8-THC and menthane carboxylic acid were not detected in the samples 

analysed, probably because either the method used is not suitable, or that these products 

were available at a level below the detection limit of the method. 

3.2.11 The stability efavirenz in different storage conditions 

The normalised average response ratios for the different storage conditions and period for 

EFV are shown in Table 3.7. On the basis of 10–15% stability, the EFV was shown to be stable 

for 504 hours (21 days) in the freezer with and without a desiccant, up to 72 hours when 

stored under laboratory light and 24 hours when stored at ambient conditions and in the dark. 

EFV was shown to be unstable when stored in the refrigerator at 4 oC which may be due to 

interaction with other components in the nyaope sample. EFV stock solutions in methanol 

were reported to be stable after 24 hours of storage at ambient temperatures and 24 months 

of storage at -20 oC (Kappelhoff et al, 2003). EFV was reported to be stable after 3 months of 

storage at ± 4oC and ± 20oC; and after 50 days when stored at ambient temperatures (D’Avolio 

et al, 2010). EFV is said to undergo hydrolysis to an intermediate carbamic acid ({4-Chloro-2-

[(1S)-3-cyclopropyl-1-hydroxy-1-(triflouromethyl) prop-2-yn-1yl]phenyl}carbamic acid), 

which subsequently forms efavirenz amino alcohol ((2S)-2-(2-amino-5-chlorophenyl)-4-

cyclopropyl-1,1,1-trifluorobut-3-yn-2-ol) and carbon dioxide (Figure1.9) (Maurin et al, 2002). 

3.2.12 The stability of nevirapine in different storage conditions 

The percentage normalised average response ratios for the different storage conditions and 

period for NVP are shown in Table 3.7. NVP was shown to be stable for 504 hours (21 days) in 

the freezer with or without a desiccant, up to 72 hours under laboratory light and unstable 

under the other storage conditions. The potential degradation products of NVP are reported 
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to be ethyl nevirapine and descyclopropyl nevirapine, shown in Figure 1.9 (Aparna et al, 

2010). NVP decreases under all storage conditions after 24 hours of storage. NVP stock 

solution in dimethyl sulfoxide were reported to be stable after 24 hours of storage at ambient 

temperatures, and 36 months of storage, at -20 oC (Kappelhoff et al, 2003). NVP was reported 

to be stable after 3 months of storage at ±4 oC and ±20 oC and 70 days when stored at ambient 

temperatures (D’Avolio et al, 2010). Nevirapine is shown to be relatively stable when exposed 

to humidity, UV light and heat up to 2 days of storage (Navaneethan et al, 2012, as well as in 

acetonitrile up to 48 hours of storage (Reddiah et al, 2013). 

3.2.13 The stability of phenacetin in different storage conditions  

The percentage normalised average response ratios for the different storage conditions and 

period for PNT are shown in Table 3.7. PNT was shown to be stable for 504 hours (21 days) 

when stored in the freezer without desiccant, 72 hours when stored in the freezer with a 

desiccant and unstable for all other storage conditions. PNT undergoes hydrolysis to form p-

phenetidine and deethylation to form acetaminophen (Watanabe et al, 2010). The 

degradation products acetaminophen and p-phenetidine, however, were not identified in the 

samples analysed, probably because they were absent or present at the level that is below 

the detection limit. The samples stored in the freezer showed better stability than the 

samples in all the other storage conditions. PNT in methanol was shown to be stable after a 

long-term storage (20 days) at -20 oC (Ma et al, 2015). 
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Table 3.7: Percentage normalised average response ratios (n = 3) of CBD, EFV, NVP and 
PNT under different storage conditions. 

Compound Time, hours 0 24 72 168 336 504 

 Storage condition   %RSD  %RSD  %RSD  %RSD  %RSD 

CBD 

Freezer 100,0 88,5 10,18 98,7 2,53 87,5 18,25 110,2 12,31 144,7 3,67 

Freezer-desiccator 100,0 104,4 6,54 107,7 7,77 114,4 12,47 127,6 22,77 125,0 17,94 

Fridge 100,0 104,0 18,97 64,0 14,97 96,2 9,97 113,4 13,66 108,2 9,22 

Dark 100,0 98,8 9,18 75,7 11,64 101,4 12,10 104,6 12,57 177,1 8,67 

Light  100,0 138,6 0,11 119,2 2,07 97,7 3,51 195,0 0,57 260,6 4,08 

Ambient 100,0 96,3 18,13 83,0 9,86 76,0 11,19 114,1 11,00 158,7 15,88 

EFV 

Freezer 100,0 106,5 2,40 104,8 4,12 113,2 4,68 115,8 2,72 115,1 3,67 

Freezer-desiccator 100,0 105,3 1,96 98,1 1,51 106,7 3,78 100,0 5,01 98,1 6,74 

Fridge 100,0 79,2 4,14 71,8 6,36 81,0 2,17 87,9 3,61 103,0 2,65 

Dark 100,0 88,5 2,70 81,6 1,78 72,1 2,59 82,9 3,31 105,5 2,50 

Light  100,0 88,6 1,51 92,4 2,39 63,4 2,01 86,6 2,19 87,3 4,04 

Ambient 100,0 92,0 3,69 84,0 1,34 71,0 2,77 70,9 2,75 80,8 2,81 

NVP 

Freezer 100,0 84,8 2,29 87,8 1,33 98,0 5,10 95,6 4,47 87,4 1,90 

Freezer-desiccator 100,0 94,7 2,44 103,9 1,62 93,7 3,24 96,6 4,95 97,3 4,52 

Fridge 100,0 58,1 11,44 50,3 14,27 65,6 8,76 96,0 8,43 111,1 9,72 

Dark 100,0 73,4 6,47 57,6 8,83 79,5 9,24 72,0 9,22 98,0 8,48 

Light  100,0 89,7 6,38 96,7 6,62 63,6 9,42 96,2 8,04 124,9 7,84 

Ambient 100,0 70,3 7,32 74,4 7,71 66,9 7,81 75,9 6,45 81,7 5,95 

PNT 

Freezer 100,0 93,8 5,67 96,6 5,42 110,2 5,32 102,7 2,74 87,8 4,10 

Freezer-desiccator 100,0 105,9 8,86 89,0 7,88 82,3 4,14 52,5 0,70 129,0 5,95 

Fridge 100,0 81,4 7,76 83,7 11,20 89,8 7,48 88,6 7,87 66,1 8,31 

Dark 100,0 81,9 6,95 81,1 7,10 91,2 6,52 93,4 8,75 73,3 7,50 

Light  100,0 83,5 8,04 88,2 8,57 79,7 11,32 85,7 6,28 66,3 8,17 

Ambient 100,0 79,6 6,82 88,2 6,56 86,3 7,71 83,3 7,73 66,1 6,88 
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CHAPTER 4: RESULTS AND DISCUSSION – ANALYTICAL METHOD VALIDATION 

The chapter discusses the analytical method validation parameters evaluated in this research. 

These are linearity, limit of detection (LOD), limit of quantitation (LOQ), accuracy and 

precision (repeatability and intermediate precision), stability, ruggedness, selectivity and 

recovery. Since sample stability in different solvents ahead of analysis were discussed 

extensively in Chapter 3, it will not be discussed in this chapter. 

4.1 THE EVALUATION OF THE LINEARITY OF THE ANALYTICAL METHOD 

Working solutions with the concentrations shown in Table 4.1 were prepared as discussed on 

section 2.6.1. Ten replicates injections were made using the GC-MS method described in 

Section 2.4.1. The peak area ratios and mean peak area ratios for Δ9-THC in the working 

solutions are given in Table 4.2.  

 

Table 4.1: Concentrations in mg/L of the working solutions. 

CAFF DAM EFV NVP PNT Δ9-THC 

1.00 1.00 0.998 1.05 1.04 1.00 

2.50 2.50 2.50 2.64 2.59 2.50 

5.00 5.00 4.95 5.27 5.18 5.00 

7.50 7.50 7.49 7.91 7.77 7.50 

10.00 10.00 9.98 10.50 10.36 10.00 

25.00 25.00 25.00 26.40 25.90 25.00 

50.00 50.00 49.50 52.70 51.80 50.00 

75.00 75.00 74.90 79.10 77.70 75.00 

100.00 100.00 99.80 105.00 103.60 100.00 

250.00 250.00 250.00 264.00 259.00 250.00 

500.00 500.00 495.00 527.00 518.00 500.00 

750.00 750.00 749.00 791.00 777.00  750.00 

1000.00 1000.00 998.00 1050.00 1036.00 1000.00 
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Table 4.2: Peak area ratios for the Δ9-THC in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards. 

     Conc.mg/L  

Replicate 
1.00 2.50 5.00 7.50 10.00 25.00 50.00 75.00 100.00 250.00 500.00 750.00 1000.00 

1 0,035 0,140 0,272 0,326 0,486 1,778 2,628 3,363 4,501 14,792 19,001 28,629 42,573 

2 0,042 0,157 0,243 0,313 0,512 1,474 2,613 3,615 4,432 14,185 22,860 32,549 39,857 

3 0,036 0,119 0,250 0,303 0,511 1,512 2,660 4,172 5,353 10,546 19,274 29,899 37,951 

4 0,035 0,146 0,232 0,229 0,610 2,095 2,556 3,934 4,574 17,456 21,730 22,637 41,712 

5 0,033 0,190 0,265 0,331 0,565 1,268 2,893 3,705 3,813 12,052 21,641 31,861 40,672 

6 0,038 0,159 0,251 0,297 0,568 1,733 2,516 3,762 4,306 13,897 25,513 31,259 39,387 

7 0,039 0,148 0,282 0,262 0,565 2,046 2,545 3,616 5,360 12,667 19,955 33,409 42,533 

8 0,044 0,155 0,244 0,320 0,538 1,547 2,779 3,302 4,655 13,001 19,853 30,390 40,413 

9 0,033 0,157 0,228 0,351 0,569 1,712 2,646 3,602 4,812 10,851 18,186 28,992 35,103 

10 0,034 0,160 0,273 0,313 0,549 2,044 2,297 3,545 4,601 12,970 24,343 24,635 42,527 

Mean  0,037 0,153 0,254 0,304 0,547 1,721 2,613 3,662 4,641 13,242 21,236 29,426 40,273 

STDV 0,004 0,018 0,018 0,035 0,036 0,161 0,159 0,255 1,024 1,792 2,048 3,784 1,742 

%RSD 10,33 11,71 7,18 11,61 6,63 7,88 6,07 6,97 19,46 11,31 9,08 14,98 3,98 
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The mean peak area ratio of each of the 10 replicate analyses was determined and the 

deviation from the mean was evaluated by using %RSD. The acceptance criteria are a %RSD 

of 20% or less (Karnes and March, 1993; SOFT/AAFS, 2006; Elliott, Stephen and Paterson, 

2018). The peak area ratios and mean peak area ratios for the rest of the components in the 

working solutions are given in Appendices II-a to II-e. The calibration plots of average peak 

area ratio against concentration to evaluate linearity for CAFF, DAM, EFV, NVP PNT and Δ9-

THC are shown in Figure 4.1. 

Regression analysis was performed on all the peak area ratios using Microsoft Excel 2010 in 

order to determine if there were any outliers. The presence of an outlier can either increase 

or decrease the correlation coefficient depending on which side it occur in relation to the 

other data points (Suchowski, 2001). Furthermore, outliers increases the estimate of the 

variance and therefore makes the F-statistics too large. The increase or decrease on the 

correlation coefficient as well as a large F-statistics increase the risk of an incorrect decision 

when evaluating linearity. Outliers were eliminated from the data by using residual plots, 

where a residual data point that is ≥ 2 or ≤ -2 was considered an outlier (Lavagnini and Mas, 

2007). The residual plot in Figure 4.2 for CAFF, DAM, EFV, NVP PNT and Δ9-THC indicates that 

the data at 250.00 mg/L lies outside the limit and are therefore an outlier. Peak area ratio at 

250.00 mg/L were omitted in all the standards and the data are plotted without an outlier in 

Figure 4.3, while the respective residual plots, which demonstrate that there is no further 

outliers, are given in Figure 4.4.  

The calibration curve is considered linear if the correlation coefficient (r2) is ≥ 0.99 (UNODC, 

2005). The correlation coefficients (r2) for the calibration curves of CAFF, DAM, EFV, NVP, PNT 

and Δ9-THC were ≥ 0.99, as shown in Table 4.3. The correlation coefficient (r2) for DAM 

showed better improvement, while only a minimal increase was observed for CAFF, EFV, NVP, 

PNT and Δ9-THC, after omitting the outlier. This indicates that calibration curves are linear for 

CAFF, DAM, EFV, NVP, PNT and Δ9-THC and the analytical method is linear in the range 

1.00 mg/L to 1000.00 mg/L. A random distribution of data in the residual plot implies that the 

calibration is linear, while data following a particular pattern imply non-linear calibration 

curve (Thompson, 2005; Bonfilio et al, 2012). The residual plots for CAFF, DAM, EFV, NVP, PNT 

and Δ9-THC with outliers shown in Figure 4.2 display a particular pattern, indicating a 

deviation from linearity due to the presence of an outlier, while the residual plots for CAFF, 
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EFV, NVP, PNT and Δ9-THC without outlier shown in Figure 4.4 displays a random distribution 

of data, proving that the analytical method is linear in the given range. Table 4.4 is a typical 

output of the analysis of variance (ANOVA) in Excel for DAM, which was used to calculate the 

t-Test (one-tail) and the F-Test to evaluate linearity. Similar ANOVA output for PNT, CAFF, EFV, 

NVP and Δ9-THC are used to calculate the t-Test (one-tail) and the F-Test shown in Table 4.3. 

 

 

 

 

Figure 4.1: Plot of average peak area ratio vs concentration for CAFF, DAM, EFV, NVP, PNT 
and Δ9-THC reference standards, respectively, with outlier. 
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Table 4.3: Summarised linearity data for CAFF, DAM, EFV, NVP, PNT and Δ9-THC. 

 

 

 

 

Figure 4.2: Residual plots for CAFF, DAM, EFV, NVP, PNT and Δ9-THC reference standards, 

with outlier. 

 

 

 

 Analyte  Linearity range , mg/L r2 Regression equation t F 

CAFF 1.00  to 1000.00 0.9975 𝑦 = 23.941𝑥 + 0.3916  2.180 574.6 

DAM 1.00  to 1000.00 0.9981 𝑦 = 31.360𝑥 +  0.3174  2.135 985.3 

EFV 0.998 to 998.00  0.9995 𝑦 = 30.924𝑥 + 0.1477  2.077 956.8 

NVP 1.05 to 1050.00 0.9987 𝑦 = 29.494𝑥 + 0.1671  2.080 871.1 

PNT 1.04  to 1036.00 0.9970 𝑦 = 28.051𝑥 + 0.3403  2.143 789.2 

Δ9-THC 1.00  to 1000.00 0.9988 𝑦 = 39.912𝑥 + 0.3106  2.126 1595 



139 
 

 

 

 

Figure 4.3: Plot of average peak area ratio vs concentration CAFF, DAM, EFV, NVP, PNT 
and Δ9-THC reference standards, respectively, without outlier. 
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Figure 4.4: Residual plots for CAFF, DAM, EFV, NVP, PNT and Δ9-THC reference standards, 

without outlier. 

 

Table 4.4: Typical ANOVA output for DAM. 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Unequal Variances 

 Variable 
1 

Variable 
2 

 Variable 1 
Variable 
2 

Mean 6.410844 0.194308 Mean 6.410844 0.194308 
Variance 110.0795 0.111718 Variance 110.0795 0.111718 
Observations 13 13 Observations 13 13 

df 12 12 
Hypothesized Mean 
Difference 

0  

F 985.3325  Df 12  

P(F<=f) one-tail 5E-16  t Stat 2.13524  

F Critical one-
tail 

2.686637  P(T<=t) one-tail 0.027024  

   t Critical one-tail 1.782288  
   P(T<=t) two-tail 0.054048  
   t Critical two-tail 2.178813  
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To evaluate the linearity using the t-Test and the F-test we state the null hypothesis using 95% 

confidence level as the threshold (Santer et al, 2000; Skoog et al, 2004): 

Ho = No linear relationship between x and y 

H1 = There is a linear relationship between x and y 

If the calculated t-value (tcalc) and F-value (Fcalc) are less than the corresponding critical 

values (tcrit and Fcrit), then the null hypothesis is rejected, that is there is a significant 

linear relationship between x and y i.e., y=mx +c. 

tcrit = 1.782 with 12 degrees of freedom (95%) 

Fcrit = 2.687 with 12 degrees of freedom (95% confidence level) 

 

Therefore, from the data shown in Table 4.3, tcalc > tcrit and Fcalc>Fcrit; we reject the Ho. 

Sufficient proof to accept a linear relationship between x and y exists since; therefore, the 

calibration curve is linear. 

4.2 THE EVALUATION OF THE LIMIT OF DETECTION AND THE LIMIT OF 

QUANTITATION OF THE ANALYTICAL METHOD 

A range of working solutions with concentrations shown in Table 4.5 for CAF, DAM, EFV, NVP, 

PNT and Δ9-THC, were prepared as discussed in Section 2.6.3. Five replicate measurements 

were conducted using GC-MS and the mean response of the 5 replicates were used to draw 

a calibration plot of average relative response against concentration, shown in Figure 4.5. The 

residual plots for the CAF, DAM, EFV, NVP, PNT and Δ9-THC concentrations are shown in Figure 

4.6. The residual plots shown in Figure 4.6 indicate that there are no outliers for the data. The 

limits of detection (LOD) and quantitation (LOQ) were determined by regression analysis of 

the response ratios. The regression statistics for DAM used to determine the slope and 

standard error are shown in Table 4.6. Similar regression statistics for PNT, CAFF, EFV, NVP 

and Δ9-THC are used to determine the data shown in Table 4.7. The regression analysis of 

each of the data was used to calculate the detection limits and quantitation limits in the 

Equations 2.3 and 2.4, respectively, given in Section 2.6.3. 
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Table 4.5: Concentrations in mg/L of CAFF, DAM, EFV, NVP, PNT and Δ9-THC working 
solutions used for LOD and LOQ determination. 

CAFF DAM EFV NVP PNT Δ9-THC 

1.00 1.00 0.998 1.05 1.04 1.00 

2.50 2.50 2.50 2.64 2.59 2.50 

5.00 5.00 4.95 5.27 5.18 5.00 

10.00 10.00 9.98 10.50 10.36 10.00 

50.00 50.00 49.50 52.70  51.80 50.00 

 

Table 4.6: Typical regression statistics for DAM. 

Regression Statistics 
       

Multiple R 0.999739        

R Square 0.999478        

Adjusted R 
Square 

0.999348        

Standard Error 0.0221444        

Observations 6        

ANOVA         

  df SS MS F Significance F    

Regression 1 3.523421 3.523421 7662.491 1.02E-07    

Residual 4 0.001839 0.00046      

Total 5 3.52526          

  Coefficients 
Standard 
Error 

t Stat P-value Lower 95% 
Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept -0.00364 0.010442 -0.34894 0.744727 -0.03263 0.025347 -0.03263 0.025347 

X Variable 1 43.63871 0.498525 87.53565 1.02E-07 42.25459 45.02284 42.25459 45.02284 

 

Table 4.7: LOD and LOQ of the components PNT, CAFF, EFV, NVP, Δ9-THC and DAM. 

 Standard error slope LOD(mg/L) LOQ (mg/L) 

Caffeine 0.013392 37.8742 0.021 0.064 

Diamorphine 0.010442 43.63871 0.014 0.043 

Efavirenz 0.01146 36.62379 0.019 0.056 

Nevirapine 0.011864 37.70615 0.019 0.057 

Phenacetin 0.027081 41.15575 0.039 0.12 

Δ9-THC 0.008745 52.24967 0.0099 0.030 
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The detection limits for CAFF, DAM, EFV, NVP, PNT and Δ9-THC were 0.021, 0.014, 0.019, 

0.019, 0.039 and 0.0099 mg/L, respectively. Multiplying the concentration with the volume 

injected (1 µL), indicates that the detection limits were 21.0, 14.0, 19.0, 19.0, 39.0 and 9.90 

pg on column, respectively.  The limit of quantitation for CAFF, DAM, EFV, NVP, PNT and Δ9-

THC were 0.064, 0.043, 0.056, 0.057, 0.12 and 0.030 mg/L, respectively. The limit of 

quantitation was therefore 64.0, 43.0, 56.0, 57.0, 120 and 30.0 pg on column, respectively. 

The LOD and LOQ for CAFF, DAM, PNT and Δ9-THC obtained in this research was lower than 

those reported in literature (Weigel et al, 2004; Rahim et al, 2011; Chan, Tan and Wong, 

2012b; Florian-Ramírez, Garzón-Méndez and Parada-Alfonso, 2012; Gumbi et al, 2017), while 

the LOD and LOQ for EFV and NVP were comparable (Lemmer et al, 2005). Therefore, the GC-

MS analysis is sensitive enough for the quantitative analysis and profiling of nyaope samples. 

 

 

 

 

Figure 4.5: Plot of average peak area ratio vs concentration for CAFF, DAM, EFV, NVP, PNT 
and Δ9-THC reference standards used for LOD and LOQ determination. 
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Figure 4.6: Residual plots for CAFF, DAM, EFV, NVP, PNT and Δ9-THC reference standards 
used for LOD and LOQ determination. 

 

4.3 ACCURACY AND PRECISION 

4.3.1 The evaluation of the accuracy of the analytical method 

Accuracy was evaluated using drug standard mixtures of CAFF, EFV, DAM, NVP, PNT and Δ9-

THC with concentrations 10.0, 100.0 and 1000.0 mg/L, representing the low, medium and 

high concentration levels, respectively (ICH, 2005; Araujo, 2009) as explained in Section 2.6.4. 

The average response ratios for CAFF, EFV, DAM, NVP, PNT and Δ9-THC were used in Equation 

2.5 to calculate percentage accuracy shown in Table 4.8. The acceptance criteria are 

percentage accuracy that is between the accepted limits of 80–120% (Peters et al, 2007; 

González et al, 2014; Kadiana et al, 2016). The percentage accuracy was above 100% for the 

high concentration level in all the components and above 80% for the lower concentration 

level; thus, the accuracy of the analytical method is acceptable.  
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Table 4.8: Average percentage accuracy (n = 10) as well %Bias for PNT, CAFF, EFV, NVP, Δ9-
THC and DAM reference standards at three different concentration levels. 

Analyte Control level (mg/L) Average %Accuracy %RSD %Bias 

CAFF 

Low (10.00) 106 2,46 6,35 

Medium (100.00) 101 1,79 6,46 

High (1000.00) 106 4,00 11,49 

DAM 

Low (10.00) 95 7,53 1,81 

Medium (100.00) 97 13,64 8,95 

High (1000.00) 107 5,14 4,79 

EFV 

Low (10.00) 93 13,35 6,69 

Medium (100.00) 112 8,56 1,03 

High (1000.00) 107 3,56 9,24 

PNT 

Low (10.00) 88 4,63 1,09 

Medium (100.00) 101 9,34 3,70 

High (1000.00) 106 5,36 0,23 

NVP 

Low (10.00) 97 16,29 11,97 

Medium (100.00) 82 14,89 3,70 

High (1000.00) 103 3,95 6,82 

∆9-THC 

Low (10.00) 104 6,63 1,99 

Medium (100.00) 97 13,75 14,42 

High (1000.00) 108 3,98 5,41 

 

The average response ratios for CAFF, EFV, DAM, NVP, PNT and Δ9-THC were also used in 

Equation 2.6 to calculate percentage bias shown in Table 4.8. The acceptance criteria is 

percentage bias less than or equal to 15% for the higher concentration and less than or equal 

to 20% for the lower concentration (Rigdon, A. 2016; Zabell, Lytle and Julian, 2016). The 

percentage bias was less than 15% for all the concentration levels in all the components and 

thus the accuracy of the analytical method is acceptable. 
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4.3.2 The evaluation of the precision of the analytical method 

Precision under within laboratory repeatability was evaluated by conducting ten replicate 

analyses of CAFF, DAM, EFV, NVP, PNT and Δ9-THC drug standards, at three concentration 

levels 10.0, 100.0 and 1000.0 mg/L (ICH, 2005). The average response ratio calculated as 

described in Section 2.6.4 was used to determine relative standard deviation (%RSD) amongst 

the ten replicate analyses in order to evaluate repeatability. The acceptance criteria for 

repeatability are %RSD equal to, or less than 15% for the higher concentration level, and less 

than, or equal to 20% for the lower concentration level (ICH, 2005; González et al, 2014; FDA, 

2018). The results are shown in Table 4.9 and the %RSD obtained for the high concentration 

levels were less than 10% for all analytes. For the lower concentration level, the analyses gave 

%RSD less than 10% for CAFF, DAM, EFV, NVP and Δ9-THC while PNT gave %RSD of 15.78%, 

which is less than 20%. The acceptance criteria are met for all the analytes used; therefore, 

the analytical method is repeatable.  

Intermediate precision was evaluated by conducting five replicate analyses of CAFF, DAM, 

EFV, NVP, PNT and Δ9-THC  drug standards,  at three concentration levels 10.0, 100.0 and 

1000.0 mg/L on two different instruments (Thompson et al, 2002; UNODC, 2009b) as 

explained in Section 2.6.4.2. Table 4.10 shows ANOVA data for PNT used in Equations 2.7 and 

2.8 in Section 2.6.4.2 to calculate the within-group precision (%RSDW) and the between-group 

precision (%RSDB), given in Table 4.11.  

The %RSD for both within-group and between-group precision were all less than or equal to 

the 15% limit (Peters et al, 2007; UNODC, 2009b; González et al, 2014; FDA 2018) for all the 

components at high concentration level in both instruments. The %RSD for the within-group 

precision were less than 20% for the components at low concentration level for both 

instruments. For the between-group, the %RSD were less than 20% for the components at 

low concentration level for both instruments. 
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Table 4.9: Average peak area ratios (n = 10) for CAFF, DAM, EFV, NVP, PNT and Δ9-THC 
reference standards at three different concentration levels. 

 

Table 4.10 : Single Factor ANOVA for PNT at low concentration level. 

Groups Count Sum Average Variance   

Column 1 5 0.863715 0.172743 0.001833   
Column 2 5 1.557594 0.311519 0.000214   
Column 3 5 1.377965 0.275593 0.000228   
Column 4 5 1.561253 0.312251 0.000135   
Column 5 5 1.567177 0.313435 8.34E-05          

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 0.073166 4 0.018291 36.67801 6.05E-09 2.866081 

Within Groups 0.009974 20 0.000499    

Total 0.08314 24         

Analyte Control level (mg/L) Average Peak Area Ratio %RSD 

CAFF 

Low (10.00) 0.433 ± 0.011 2.46 

Medium (100.00) 3.36 ± 0.06 1.79 

High (1000.00) 27.4 ± 1.097 4.00 

DAM 

Low (10.00) 0.408 ± 0.031 7.70 

Medium (100.00) 4.98 ± 0.044 0.89 

High (1000.00) 32.7 ± 2.78 8.51 

EFV 

Low (10.00) 0.384 ± 0.021 5.55 

Medium (100.00) 4.53 ± 0.027 0.59 

High (1000.00) 40.6 ± 1.762 4.34 

PNT 

Low (10.00) 0.421 ± 0.023 5.52 

Medium (100.00) 4.55 ± 0.04 0.89 

High (1000.00) 39.6 ± 1.858 4.69 

NVP 

Low (10.00) 0.35 ± 0.055 15.78 

Medium (100.00) 3.75 ± 0.053 1.40 

High (1000.00) 31.4 ± 1.239 3.95 

 Δ9-THC 

Low (10.00) 0.506 ± 0.024 4.80 

Medium (100.00) 5.94 ± 0.052 0.88 

High (1000.00) 30.8 ± 2.755 8.95 
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Table 4.11: The within group (W) precision and between group (B) %RSD for the 
components CAFF, DAM, EFV, PNT, NVP and Δ9-THC. 

 

4.4 THE EVALUATION OF THE RUGGEDNESS OF THE ANALYTICAL METHOD 

Five replicate analyses of the reference standard mixture at three concentration levels were 

performed on two different instruments for five consecutive days (Thompson et al, 2002; 

Bonfilio et al 2012). Ruggedness was tested by evaluating the peak areas and the retention 

time (Dejaegher and Heyden, 2007; César and Pianetti, 2009).  

Peak areas are evaluated by calculating peak area ratios and determining the %RSD. The %RSD 

for the different analyses is given in Table 4.12. The peak area ratios for CAFF, DAM, EFV, NVP, 

PNT and Δ9-THC at the different concentration levels for five days are given in Appendices III-

  
Instrument 1 Instrument 2 

Analyte Control level (mg/L) %RSDW %RSDB %RSDW %RSDB 

CAFF 

Low (10.00) 2.84 5.79 16.83 8.85 

Medium (100.00) 2.31 1.54 2.36 5.36 

High (1000.00) 6.09 6.91 3.62 5.77 

DAM 

Low (10.00) 6.14 5.57 11.10 15.01 

Medium (100.00) 4.34 5.87 2.87 8.48 

High (1000.00) 6.38 0.45 2.98 7.89 

EFV 

Low (10.00) 3.09 9.51 3.55 14.21 

Medium (100.00) 2.75 3.38 1.07 2.50 

High (1000.00) 7.32 7.22 2.87 5.28 

NVP 

Low (10.00) 3.92 5.52 3.78 13.39 

Medium (100.00) 2.93 2.90 1.82 2.46 

High (1000.00) 10.78 14.96 1.33 8.31 

PNT 

Low (10.00) 8.06 21.53 2.80 15.19 

Medium (100.00) 2.08 2.67 2.52 4.11 

High (1000.00) 5.55 7.41 4.20 5.43 

Δ9-THC 

Low (10.00) 3.90 7.29 4.05 6.04 

Medium (100.00) 3.50 6.04 0.73 3.42 

High (1000.00) 6.43 8.66 2.43 5.71 
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a to III-f. The acceptance criteria are a %RSD equal to or less than 15% for the high 

concentration level and %RSD equal to or less than 20% for the low concentration level. The 

%RSD for all concentration levels were all less than or equal to 15%, except CAFF for 

instrument 2 and PNT for instrument 1 on day 1 at low concentration level, which gave %RSD 

greater than 20%, as well as NVP on day 2 at high concentration level, which gave %RSD 

greater than 15% for instrument 2. Above-limit results can be considered to be an anomaly. 

The acceptance criteria are met for most of the analytes used; therefore, the analytical 

method is robust.  

The average peak area ratios (PAR) for the five replicate analyses for each day were 

determined. The pooled average peak area ratios (PPAR) for the five days, given in Table 4.13, 

were used for the F-test and t-test (two-tailed). The ANOVA statistical analysis gave Fcalc = 

0.514 (low concentration level), 0.079 (medium concentration level) and 0.011 (high 

concentration level), with the corresponding p-values = 0.490, 0.784 and 0.917. The Fcalc for 

all concentration levels is less than the Fcrit = 4.965. The tcalc = 0.830 (low concentration level), 

0.428 (medium concentration level) and -0.095 (high concentration level), with corresponding 

p values = 0.445, 0.686 and 0.928. The tcalc for all concentration levels is less than tcrit = 2.571. 

This demonstrates that there were no significant differences amongst the peak area ratios for 

the two instruments over five days. 

Retention time (RT) was evaluated for ruggedness by determining the average retention time 

for each of the replicate analyses over five days for each concentration level. The pooled 

average relative retention time (RRT) over five days was determined for each component and 

the result is given in Table 4.13. Treatment of the data using ANOVA (single factor), as well as 

t-test (paired two samples for means) gave Fcalc = 0.029 (low concentration level), 0.008 

(medium concentration level) and 0.040 (high concentration level) with the corresponding p-

values = 0.867, 0.928 and 0.845. The Fcalc for all concentration levels is less than the Fcrit = 

4.965. The tcalc = -2.658 (low concentration level), -0.824 (medium concentration level) and 

-2.800 (high concentration level), with corresponding p values = 0.045, 0.448 and 0.038. The 

tcalc for all concentration levels is less than tcrit = 2.571. The results indicate that there is no 

significant difference between the retention times of the two instruments over the five days. 

Therefore the analytical method can be applied successfully using different instruments.  
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Table 4.12: Average percentage RSD (n = 5) for CAFF, DAM, EFV, NVP, PNT and Δ9-THC 
reference standards at three different concentration levels. 

  
Day 1 Day 2 Day 3 Day 4 Day 5 

A
n

alyte
 

C
o

n
tro

l le
ve

l 

(m
g/L) 

In
stru

m
e

n
t 1

 

In
stru

m
e

n
t 2

 

In
stru

m
e

n
t 1

 

In
stru

m
e

n
t 2

 

In
stru

m
e

n
t 1

 

In
stru

m
e

n
t 2

 

In
stru

m
e

n
t 1

 

In
stru

m
e

n
t 2

 

In
stru

m
e

n
t 1

 

In
stru

m
e

n
t 2

 

 Low (10.00) 1.11 30.3 4.03 1.48 3.89 2.50 1.91 7.40 1.26 9.11 

CAFF Medium 
(100.00) 

3.75 3.54 1.98 2.04 2.33 1.55 1.35 1.86 0.89 1.85 

 
High (1000.00) 2.64 1.87 7.16 4.17 10.4 6.48 3.79 1.43 2.84 0.68 

 
Low (10.00) 4.56 8.22 4.51 14.1 5.15 3.62 7.27 5.87 2.06 12.3 

DAM Medium 
(100.00) 

6.02 2.21 5.37 2.47 3.53 3.33 2.89 3.17 3.18 3.07 

 
High (1000.00) 1.18 2.65 6.64 2.75 5.70 4.20 7.89 2.03 8.02 2.42 

 
Low (10.00) 1.72 5.82 4.63 3.42 4.44 4.03 1.56 1.14 1.12 3.05 

EFV Medium 
(100.00) 

4.38 1.00 4.01 1.37 1.06 1.38 1.45 0.34 1.10 0.96 

 
High (1000.00) 2.71 1.46 13.12 1.87 6.99 5.61 7.38 0.91 4.64 0.81 

 
Low (10.00) 1.83 4.97 4.43 4.20 5.12 3.60 4.78 1.93 2.24 4.22 

NVP Medium 
(100.00) 

4.00 0.46 3.91 0.55 2.18 0.42 2.00 3.99 1.68 0.84 

 
High (1000.00) 2.61 0.47 16.68 1.91 3.64 2.15 7.19 0.94 9.04 0.69 

 
Low (10.00) 24.8 2.83 4.69 3.00 5.48 4.28 3.73 1.58 2.91 2.20 

PNT Medium 
(100.00) 

3.26 4.05 2.40 2.81 0.83 1.72 1.38 0.80 1.53 1.46 

 
High (1000.00) 3.44 2.25 7.70 2.38 8.38 8.27 3.58 1.96 2.86 0.57 

 
Low (10.00) 4.66 2.97 1.22 1.27 5.98 3.40 3.29 6.68 2.73 3.98 

Δ9-THC Medium 
(100.00) 

6.13 0.44 2.70 0.59 2.70 0.98 1.21 0.71 2.00 0.82 

 
High (1000.00) 1.49 0.53 12.12 1.45 6.99 4.70 5.95 1.41 3.41 1.37 

 

Table 4.13: Pooled average peak area ratios (PPAR) and relative retention time (RRT) for 
the two instruments.  

Concentration 
level, mg/L 

Low (10.00) Medium (100.00) High (1000.00) 

Instrument  1 2 1 2 1 2 

 PPAR RRT PPAR RRT PPAR RRT PPAR RRT PPAR RRT PPAR RRT 

PNT 0.277 0.578 0.387 0.601 3.289 0.663 3.975 0.603 23.578 0.584 21.954 0.611 

CAFF 0.390 0.650 0.455 0.672 2.901 0.652 3.339 0.674 22.677 0.663 20.322 0.684 

EFV 0.428 0.826 0.356 0.839 3.975 0.832 3.648 0.845 26.443 0.851 22.999 0.862 

NVP 0.414 1.086 0.346 1.091 3.858 1.093 3.703 1.098 24.069 1.113 22.760 1.127 

Δ9-THC 0.546 1.148 0.482 1.179 4.966 1.151 4.694 1.184 19.581 1.156 27.452 1.203 

DAM 0.418 1.298 0.232 1.380 4.016 1.301 3.015 1.382 19.338 1.308 21.165 1.400 
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 4.5 THE EVALUATION OF THE SELECTIVITY OF THE ANALYTICAL METHOD 

The absence of interference signal in blank samples was used to evaluate selectivity (UNODC, 

2005; Mannocchi et al, 2015; FDA, 2018) also demonstrating that there is no co-elution of the 

analytes in the presence of other components and internal standard (FDA, 2018). The 

chromatogram of the sample spiked with a mixture of the CAFF, PNT, EFV, NVP, Δ9-THC, and 

DAM reference standards with the internal standard tetracosane (TC) shown in Figure 4.7 

demonstrate a clear separation of the peaks, i.e. no co-elution of the analytes. The 

chromatograms of ten replicate blank analyses shown in Appendix IV demonstrate the 

absence of interference signal at the retention time of the analytes CAFF, DAM, EFV, NVP, 

PNT and Δ9-THC. The analytical method was determined to be selective for CAFF, PNT, EFV, 

NVP, Δ9-THC and DAM, since no interferences were indicated in the blank samples. The ten 

replicate analyses performed for evaluating repeatability in Section 4.3 were also used to 

evaluate selectivity. The acceptance criteria are a %RSD equal to or less than 20% for the low 

concentration level (FDA, 2018). The %RSD at the lower concentration level for the 

components CAFF, DAM, EFV, NVP, PNT and Δ9-THC were all less than 20% and therefore the 

analytical method was considered selective.  

 

Figure 4.7: Chromatogram of the GCMS analysis of a mixture of PNT, CAFF, EFV, TC (IS), 
NVP, Δ9-THC and DAM reference standards. 
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4.6 THE EVALUATION OF THE RECOVERY OF THE ANALYTICAL METHOD 

Street samples containing CAFF, DAM and ∆9-THC were spiked with the reference standard 

mixture in a 3 mL internal standard solvent to give a final concentration shown in the Table 

4.14. Equations 2.9 and 2.10 were used to calculate the percentage recoveries shown in Table 

4.15 as explained in paragraph 2.6.7. 

 

Table 4.14: Sample quantities and concentrations used in the different solvents for 
recovery studies. 

solvent Mass of spiked sample, 
mg 

Mass of un-spiked 
sample, mg 

Concentration, 
mg/L 

t-BuOH 13.99  15.6 17.00 
DCM 16.68 12.8 17.00 
ETAC 11.82 16.49 17.00 
i-PrOH 11.84 10.4 17.00 
ETOH 12.46 12.1 13.00 
HEX 11.3 14.0 10.00 

 

Table 4.15: Percentage recoveries of the components CAFF, PNT, EFV, NVP, Δ9-THC and 
DAM in different solvents. 
 

t-BuOH DCM ETAC i-PrOH ETOH HEX 

CAFF 160 166 166 135 206 97 
DAM 98 321 135 30 32 47 

EFV 202 189 292 243 232 151 
NVP 60 56 103 75 106 74 
PNT 116 98 161 137 127 52 
∆9-THC 160 142 164 129 238 100 

  

The recoveries for PNT were acceptable for t-BuOH, DCM, ETAC, i-PrOH and ETOH, while there 

is poor recovery where HEX is used as a solvent. CAFF displayed recoveries above 100% for all 

the solvents except hexane, which showed 97% recovery. ∆9-THC recoveries of 58–105% have 

been reported to be acceptable (Simões, et al, 2014). The ∆9-THC and EFV recoveries achieved 

in this research were above 100% for all the solvents studied. NVP showed acceptable 

recoveries for ETAC and ETOH, with poor recoveries for the solvents t-BuOH, DCM, i-PrOH 

and hexane. DAM showed acceptable recoveries for the solvents t-BuOH, DCM and ETAC, 
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with poor recoveries for i-PrOH, ETOH and hexane. ETAC showed better recoveries, followed 

by DCM and then t-BuOH ETOH and i-PrOH. Hexane exhibited the least recoveries for the 

target compounds. It is important to note that there is no minimum established value for 

recovery, since a low recovery could be suitable for a certain analyte if the sensitivity of the 

detection technique is high enough (González et al, 2014). Recoveries above 100%, ranging 

from 106 to 292% were observed, which may be due to a number of factors, including the 

loss of sensitivity during analysis, increased concentration of the analyte due to partial 

evaporation of the solvent before analysis (Bogusz et al, 1998; Mwenesongole, 2015) or errors 

during the extraction process. Low recoveries of DAM in i-PrOH, ETOH and HEX (30–47%). This 

can be due to the degradation of DAM through hydrolysis in these solvents or loss during 

extraction (Mwenesongole, 2015). As discussed in section 1.7.6, the method is acceptable 

since the precision and accuracy of the method was found to be acceptable (Hartmann et al, 

1998; Shah et al, 2000; Peters and Maurer, 2002; Peters et al, 2007).  
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CHAPTER 5: RESULTS AND DISCUSSION- APPLICATION OF THE VALIDATED 

ANALYTICAL METHOD 

In order to investigate the validity of the analytical method for nyaope sample identification, 

quantitation and comparison, both simulated and casework samples (seized street samples) 

of nyaope were investigated. The comparison of samples within a batch and between batches 

using chromatograms and mass spectrometric data were investigated.  

5.1 CALIBRATION CURVES 

Drug standards available during analytical method validation, as discussed in chapter 4, were 

caffeine (CAFF), diamorphine (DAM), efavirenz (EFV), nevirapine (NVP), phenacetin (PNT) and 

Δ9-tetrahydrocannabinol (Δ9-THC). Therefore, only these standards were used to generate 

calibration curves for the quantitation of both simulated and actual seized street samples. 

Triplicate analyses of working solutions consisting of a mixture of CAFF, DAM, EFV, NVP, PNT 

and Δ9-THC were conducted, and the average peak area ratios were determined as discussed 

in Section 3.1. The calibration plots of average peak area ratio against concentration for CAFF, 

DAM, EFV, NVP, PNT and Δ9-THC are shown in Figure 5.1. Regression analysis was performed 

on the peak area ratios using Microsoft Excel 2010, and the linearity data summarised in Table 

5.1 showed a correlation coefficient > 0.99 for all the components. This confirms the 

observation made in Section 4.1 that the analytical method used for the research resulted in 

a linear detector response. Regression analysis yielded an equation that describes the best fit 

of the line through the data points, with the form: 

 

𝒚 = 𝒎𝒙 + 𝒄         5-1 

 

The concentration of an unknown is calculated using the equation below: 

 

𝑪𝒙 =
𝒚−𝒄

𝒎
× 𝑪𝑰𝑺          5-2 

 

where: 
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y =  response ratio for the sample =
𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒

𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
 

m =  the slope of the regression line 

c =  intercept of the regression line with the y-axis  

Cx=  concentration of the unknown sample   

CIS= concentration of internal standard  

Concentrations of the major components CAFF, DAM, EFV, NVP, PNT and Δ9-THC in both the 

simulated nyaope samples and casework samples were calculated using Equation 5.1:  

 

 

 

 
 

Figure 5.1: Calibration curves for the determination of (A) CAFF, (B) DAM, (C) EFV, (D) NVP, 

(E) PNT and (F) Δ9-THC in nyaope samples by GC-MS analysis. 

 

 

C D 

E F 

A B 
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Table 5.1: Summarised linearity data for CAFF, DAM, EFV, NVP, PNT and Δ9-THC. 

 

 

 

 

 

 

 

 

 

 

5.2 IDENTIFICATION OF COMPONENTS 

The compounds acetaminophen (ACA), acetylcodeine (ACOD), bulnesol, caffeine (CAFF), 

cannabichromene (CBCM), cannabicoumaronone (CBCN), cannabidiol (CBD), cannabigerol 

(CBG), cannabinol (CBN), cannabivarin (CBV), caryophyllene, cocaine (COC), codeine (COD), 

diamorphine (DAM), dextromethorphan (DTM), efavirenz (EFV), 6-monoacetylmorphine (6-

MAM), methaqualone (MTQ), nevirapine (NVP), nicotine (NCT), nonacosane, phenacetin 

(PNT), Δ9-tetrahydrocannabinol (Δ9-THC), tetrahydrocannabivarin (THCV) and vitamin E were 

the major components identified in the analysis of simulated and actual seized street nyaope 

samples. The components COC, DAM, MTQ, and Δ9-THC were identified on the basis of their 

relative retention time (RRT) and mass spectral data using certified reference material. CAFF, 

EFV, NVP and PNT were identified on the basis of their RRT and mass spectral data using USP 

reference standards. A typical chromatogram of reference standards CAFF, DAM, EFV, NVP, 

PNT and Δ9-THC, in comparison with the chromatogram of the simulated nyaope sample, is 

displayed in Figure 5.2. ACA, ACOD, bulnesol, caryophyllene, CBCM, CBD, CBG, CBN, CBV, 6-

MAM, NCT, THCV and vitamin E were identified by comparing the experimental mass spectral 

data with the NIST mass spectral library. The mass spectra of the components as well as the 

proposed fragmentation patterns for the components EFV and NVP are displayed in Figure 

5.3. Similar mass spectral data as well as fragmentation patterns of the components ACA, 

ACOD, CAFF, CBCM, CBD, CBN, COC, CBV, DAM, EFV, 6-MAM, MTQ, NCT, NVP, PNT, Δ9-THC, 

THCV and vitamin E are displayed in Appendix V a-c. The retention times (RT) and RRT of the 

individual components identified in both simulated and actual seized street nyaope samples 

are given in Table 5.2. The mass spectra, in comparison with the NIST standards for the 

 Standard  r2 Regression equation 

CAFF 0.9970 𝑦 = 0.0260𝑥 + 0.391  

DAM 0.9983 𝑦 = 0.0343𝑥 +  0.301  

EFV 0.9993 𝑦 = 0.0333𝑥 + 0.128  

NVP 0.9991 𝑦 = 0.0305𝑥 + 0.103  

PNT 0.9965 𝑦 = 0.0303𝑥 + 0.337  

Δ9-THC 0.9992 𝑦 = 0.0438𝑥 + 0.290  
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components ACA, ACOD, CAFF, CBCM, CBD, CBN, COC, CBV, DAM, EFV, 6-MAM, MTQ, NCT, 

NVP, PNT, Δ9-THC, THCV and vitamin E, are displayed in Appendix VI a-f. 

 

 

 

 

Figure 5.2: Chromatograms of (A) reference standards CAFF, DAM, EFV, NVP, PNT and Δ9-

THC, in comparison with (B) simulated nyaope samples. 
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Figure 5.3: EI mass spectra of (A) EFV and (B) NVP as well as proposed fragmentation 

patterns. 
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Table 5.2: Retention time and relative retention time for the compounds identified in the 

analysis of simulated and actual seized street samples of nyaope. 

 Retention time RRT of samples (TC 

= 1.000) 

RRT of standards 

(TC = 1.000) 

NCT 2.41 0.44 - 

Caryophyllene 2.58 0.48 - 

Bulnesol 3.10 0.57 - 

PNT 3.13 0.58 0.59 

ACA 3.19 0.59 - 

CAFF 3.53 0.65 0.65 

EFV 4.54 0.83 0.83 

DTM 4.66 0.86 - 

MTQ 4.78 0.87 0.87 

COC  4.89 0.90 0.89 

THCV 5.24 0.97 - 

TC (IS) 5.43 1.00 - 

CBV 5.57 1.03 - 

CBCM 5.73 1.06 - 

CBD 5.75 1.06 - 

CBCN 5.93 1.09 - 

COD 5.95 1.09 - 

NVP 5.95 1.10 1.09 

Δ9-THC 6.23 1.15 1.15 

CBG 6.41 1.18 - 

ACOD 6.50 1.20 - 

CBN 6.52 1.20  

6-MAM 6.57 1.21  

DAM 7.02 1.29 1.30 

Nonacosane 7.52 1.38  

Vitamin E 8.67 1.60  
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From the relative retention times it is clear that NVP and COD would co-elute. This may be 

the reason why COD is not detected in the simulated nyaope samples containing NVP. The 

mass spectrum of NVP (A) in comparison with that of COD (B), as shown in Figure 5.5, 

however, does not show the COD prominent m/z ions of 162, 214 and 228, indicating that 

COD was absent from the samples, and therefore co-elution in these samples can be ruled 

out. 

 

 

 

Figure 5.4: EI Mass spectrum of NVP (A) in comparison with the mass spectrum of COD (B).

A 

  B 
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5.3 SIMULATED NYAOPE SAMPLES 

The 18 blind simulated nyaope samples prepared as described in Section 2.3 were weighed 

and marked S1–S18, as indicated in Table 5.3. The samples with mass shown in Table 5.3 were 

extracted with 3 mL of the internal standard solution in a 20 mL head space vial. Each of the 

18 blind simulated samples, S1–S18, were analysed in triplicate using the GC-MS method 

described in Section 2.4, without dilution, after storage intervals of 0, 24, 48 and 72 hours on 

the autosampler in order to confirm the stability observed in Section 3.1. 

 

Table 5.3: The masses of the simulated nyaope samples used for the study.  

Sample Mass (mg) Sample Mass (mg) 

S1  12.4 S10 12.6 

S2  12.5 S11 12.6 

S3  12.7 S12 12.4 

S4  13.5  S13 13.3 

S5 12.3 S14 12.6 

S6 12.5 S15 13.1 

S7 13.9 S16 13.3 

S8 13.3 S17 12.8 

S9 12.8 S18 12.7 

 

5.3.1 Discrimination of the simulated nyaope samples based on identified 

components 

The components ACOD, CAFF, CBCM, CBD, CBG, CBN, CBV, caryophyllene, DAM, EFV, 6-MAM, 

nonacosane, NVP, PNT, THCV and Δ9-THC were identified in the analysis of the samples S1, 

S2, S6, S7, S12 and S13. All these components except CBD and PNT were also identified in the 

analysis of the samples S4, S9, S10, S16, S17 and S18. Bulnesol, together with all the 

components except NVP and PNT, were identified in the analysis of the samples S3, S5, S8, 

S11, S14 and S15. Based on the identified components, the samples S1, S2, S6, S7, S12 and 

S13 were from the same batch and grouped as Class 1; the samples S3, S5, S8, S11, S14 and 
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S15 were from the second batch and grouped as Class 2; and the samples S4, S9, S10, S16, 

S17 and S18 were from the third batch and grouped as Class 3. Therefore it is possible to 

discriminate nyaope samples based on the components identified in the samples. 

5.3.2 Stability evaluation of identified components based on average 

response ratios 

Normalised average response ratios were determined in a similar manner as discussed in 

Section 3.1 in order to evaluate the stabilities of the main components in both simulated 

nyaope samples and actual seized street samples. The stabilities of the main components in 

simulated nyaope samples are summarised in Table 5.4 for the simulated samples, where 1 

denotes a decrease of 0–15% and considered stable; 2 denotes a decrease of 15–30% and 

considered moderately stable; and 3 denotes a loss above 30% and is considered unstable 

(Saar et al, 2012 ). As indicated in Table 5.4, the components CAFF, CBCM, CBD, CBN, CBV, 

DAM, EFV, NVP, PNT Δ9-THC and THCV were stable for the 72 hours of autosampler storage 

in all the samples as observed previously (Mthembi et al, 2018), except for the samples CBCM 

and CBD in the sample S1, which was unstable after 24 hours of storage. It is known that ∆9-

THC degrades to CBN, THCV degrades to CBV by oxidation (Turner and Elsohly, 1979; Carbone 

et al, 2010), while DAM will hydrolyse to 6-MAM and ultimately morphine (Barrett et al, 1992; 

Hutchinson and Somogyi, 2002). Therefore, the ratios CBV/THCV, CBN/ Δ9-THC and 6-

MAM/DAM can be used as a measure of stability of the components THCV, CBV, CBN, DAM, 

6-MAM and ∆9-THC. If the ratios CBN/Δ9-THC, CBV/THCV and 6-MAM/DAM yield a value of 1, 

2 or 3, then the sample can be considered to be stable, moderately stable, or unstable, 

respectively. The ratios CBV/THCV and CBN/Δ9-THC demonstrate that the samples were 

stable for 72 hours of storage for all the samples except for the S1 samples which was showed 

to be moderate stable and S18 which was showed to be unstable after 48 hours of storage. 

The ratios confirms the stability of THCV, CBV, CBN and Δ9-THC in the simulated nyaope 

samples except for S18. 6-MAM was, however, shown to be stable for 72 hours of storage in 

the samples S3, S4, S5, S8, S9, S10, S11, S14, S15, S16, S17 and S18 only; and unstable after 

24 hours for samples S1, S2, S6, S7, S12 and S13. The components CBCM, CBD and 6-MAM 

were present in low abundance in all the samples and are susceptible to instrumental 
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background effect, which may explain the instability of these compounds. Furthermore 6-

MAM undergoes degradation to morphine which may explain its instability. 

 

Table 5.4: Summarised stability of the components in the different simulated nyaope 

samples.1 

Time (hours)  Compound S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 

24 PNT 1 1 nd nd nd 1 1 nd nd nd nd 1 1 nd nd nd nd nd 
CAFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
EFV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
THCV  2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
CBV 3 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 2 
CBV/THCV 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
CBCM 3 1 1 1 1 1 1 1 1 1 1 2 2 2 1 1 1 1 

CBD 2 1 3 nd 1 1 1 1 nd nd 2 1 1 1 1 nd nd nd 

NVP 1 1 nd 1 nd 1 1 nd 1 1 nd 1 1 nd nd 1 1 1 
Δ9-THC  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
ACOD 1 1 1 1 2 2 1 1 1 1 1 2 1 2 1 1 1 1 

CBN 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
CBN/Δ9-THC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
6-MAM 2 2 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 
6-MAM/DAM 1 2 1 1 1 1 1 1 1 1 1 3 2 1 1 1 1 1 
DAM 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

48 PNT 1 1 nd nd nd 1 1 nd nd nd nd 1 1 nd nd nd nd nd 
CAFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
EFV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
THCV  2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 
CBV 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 
CBV/THCV 2 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 3 
CBCM 3 1 2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 2 

CBD 2 1 2 nd 3 1 1 1 nd nd 2 1 1 1 1 nd nd nd 

NVP 1 1 nd 1 nd 1 1 nd 1 1 nd 1 1 nd nd 1 1 1 
Δ9-THC  1 1 2 1 2 1 1 1 2 1 1 1 1 1 1 1 1 2 
ACOD 2 1 1 1 2 2 2 2 1 1 2 2 2 2 3 1 3 1 
CBN 3 1 2 1 2 1 1 1 3 1 1 1 1 1 1 1 1 2 
CBN/ Δ9-THC 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

6-MAM 3 2 1 1 1 2 2 1 1 1 1 2 2 1 1 1 1 1 
6-MAM/DAM 3 2 1 1 1 2 3 1 1 1 1 3 3 1 1 1 1 1 
DAM 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

72 PNT 1 1 nd nd nd 2 1 nd nd nd nd 1 1 nd nd nd nd nd 
CAFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
EFV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
THCV  1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
CBV 2 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 3 
CBV/THCV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 
CBCM 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 

CBD 2 1 2 nd 3 1 1 1 nd nd 2 1 1 1 1 nd nd nd 

NVP 1 1 nd 1 nd 1 1 nd 1 1 nd 1 1 nd nd 1 1 1 
Δ9-THC  1 1 2 1 2 1 1 1 2 1 1 1 1 1 1 1 1 2 
ACOD 2 1 1 2 1 2 1 2 1 1 1 2 1 2 1 1 2 1 
CBN 2 1 2 1 2 1 1 1 1 1 1 1 2 1 1 1 1 2 
CBN/Δ9-THC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
6-MAM 3 2 2 1 1 2 2 1 1 1 1 3 2 1 2 1 1 1 
6-MAM/DAM 3 2 1 1 1 2 3 1 1 1 1 3 3 1 2 1 1 1 

DAM 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 Where 1 denotes a change of 0–15% and considered stable, 2 denotes a change of 16– 30% and considered 

moderately stable and 3 denotes a change above 30% and considered unstable (Saar et al, 2012). 

nd = not detected 

 

The average peak area ratios (PAR) for the three replicate analyses for each of the time 

intervals t =0, 24, 48 and 72 hours were determined for each of the 18 simulated nyaope 
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samples. Pooled average peak area ratios (PPAR) were determined by averaging the PARs at 

t = 0, 24, 48 and 72 hours. The PAR and the PPAR of the sub-samples S2 from Class 1, for the 

time intervals t =0, 24, 48 and 72 hours are given in Table 5.5. The PAR and the PPAR of the 

18 simulated nyaope sapmles for the time intervals t =0, 24, 48 and 72 hours respectively are 

shown in Appendix VII a - d. ANOVA statistical analysis for the sub-samples S2, using the F-

test (single factor) gave Fcalc = 0.0106, which is less than the critical value (Fcrit = 2.798), with 

the corresponding p-value = 0.998. The Fcalc, Fcrit and the corresponding p-values for the 

samples S1 – S18 are given in Table 5.6. The Fcalc values for all the samples were less than 

the corresponding Fcrit values, which show that there was no significant difference amongst 

the peak area ratios for the simulated nyaope sub-samples over the 72 hours of autosampler 

storage, confirming the stability of these sample for the time period.  

 

Table 5.5: Average peak area ratios and the pooled average peak area ratios for the 
simulated nyaope sample, S2, at t = 0, 24, 48 and 72 hours of autosampler storage. 

 
0 24 h 48 h 72 h PPAR SD %RSD (n = 4) 

PNT 1,316 1,306 1,214 1,058 1,223 0,120 9,77 

CAFF 0,445 0,438 0,424 0,415 0,430 0,014 3,16 

EFV 3,939 3,967 3,965 3,646 3,879 0,156 4,02 

THCV 0,203 0,215 0,210 0,188 0,204 0,012 5,84 

CBV 0,025 0,027 0,029 0,023 0,026 0,003 10,24 

CBCM 0,088 0,097 0,094 0,079 0,089 0,008 8,64 

CBD 0,052 0,053 0,052 0,052 0,052 0,001 1,55 

NVP 1,520 1,560 1,488 1,357 1,481 0,088 5,94 

∆9-THC 6,003 6,184 6,496 6,134 6,205 0,209 3,37 

ACOD 0,088 0,085 0,108 0,101 0,096 0,011 11,27 

CBN 0,336 0,352 0,345 0,295 0,332 0,026 7,69 

6-MAM 0,065 0,079 0,082 0,077 0,076 0,007 9,43 

HER 2,234 2,217 2,168 2,142 2,190 0,043 1,95 
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Table 5.6: The Fcalc, Fcrit and corresponding p-values for the peak area ratios of each of the simulated nyaope samples S1–S18. 

Class1 Class 2 Class 3 

Sample  FCalc FCrit p-value Sample  FCalc FCrit p-value Sample FCalc FCrit p-value 

S1 0.0106 2.798 0.998 S3 0.0206 2.839 0.996 S4 0.00237 2.839 1.000 

S2 0.00554 2.798 0.999 S5 0.0166 2.839 0.997 S9 0.0171 2.839 0.997 

S6 0.000231 2.798 1.000 S8 0.00073 2.839 1.000 S10 0.000242 2.839 1.000 

S7 0.000578 2.798 1.000 S11 0.00173 2.839 1.000 S16 0.00581 2.839 0.999 

S12 0.000427 2.798 1.000 S14 0.00110 2.839 1.000 S17 0.000616 2.839 1.000 

S13 0.000267 2.798 1.000 S15 0.00241 2.839 1.000 S18 0.0199 2.839 0.996 
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The PPAR of simulated nyaope samples from Class 1, Class 2 and Class 3 are given in Tables 

5.7, 5.8 and 5.9, respectively. ANOVA statistical analysis using the F-test (single factor) gave 

Fcalc = 0.0268 < Fcrit = 2.342, Fcalc = 0.0461 < Fcrit = 2.368 and Fcalc = 0.0429 < Fcrit = 2.368, 

respectively, with the corresponding p-values = 1.000, 0.999 and 0.999. The Fcalc values for all 

the samples were less than the corresponding Fcrit values, which demonstrates that there was 

no significant difference amongst the peak area ratios for the samples belonging to the same 

group over the 72-hour autosampler storage. 

 

Table 5.7: Pooled average peak area ratios for the simulated nyaope samples from Class 
1(S1, S2, S6, S7, S12 and S13). 

 

 

 Class 1 

Sample S1 S2 S6 S7 S12 S13 

PNT 1,188 1,223 1,401 1,366 1,341 1,589 

CAFF 0,378 0,430 0,379 0,371 0,388 0,419 

EFV 3,742 3,879 4,206 2,678 3,609 5,357 

THCV 0,205 0,204 0,195 0,227 0,204 0,188 

CBV 0,021 0,026 0,024 0,028 0,025 0,023 

CBCM 0,076 0,089 0,086 0,099 0,080 0,078 

CBD 0,051 0,052 0,048 0,060 0,051 0,059 

NVP 2,595 1,481 1,432 1,265 1,318 2,218 

∆9-THC 6,235 6,205 6,118 7,017 6,323 6,332 

ACOD 0,103 0,096 0,107 0,110 0,085 0,093 

CBN 0,290 0,332 0,330 0,376 0,356 0,340 

6-MAM 0,068 0,076 0,086 0,080 0,080 0,082 

DAM 2,022 2,190 2,508 2,504 2,475 2,444 
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Table 5.8: Pooled average peak area ratios for the simulated nyaope samples from Class 2 
(S3, S5, S8, S11, S14 and S15). 

 Class 2 

Sample S3 S5 S8 S11 S14 S15 

CAFF 0,524 0,443 0,598 0,576 0,505 0,565 

EFV 7,452 4,536 7,974 8,845 7,882 6,785 

THCV 0,107 0,113 0,126 0,108 0,111 0,124 

CBV 0,014 0,013 0,016 0,013 0,015 0,015 

CBCM 0,168 0,165 0,204 0,176 0,180 0,198 

CBD 0,044 0,039 0,055 0,046 0,047 0,042 

∆9-THC 7,962 7,614 8,682 8,092 8,179 8,880 

ACOD 0,094 0,090 0,108 0,106 0,103 0,086 

CBN 0,836 0,801 1,035 0,880 0,999 1,043 

6-MAM 0,270 0,231 0,322 0,307 0,274 0,306 

DAM 1,953 1,561 2,315 2,279 1,927 2,187 
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Table 5.9: Pooled average peak area ratios for the simulated nyaope samples from Class 3 
(S4, S9, S10, S16, S17 and S18). 

 Class 3 

Sample S4 S9 S10 S16 S17 S18 

CAFF 0,233 0,120 0,207 0,149 0,207 0,173 

EFV 4,931 3,670 3,930 3,609 5,474 4,430 

THCV 0,210 0,210 0,184 0,198 0,217 0,196 

CBV 0,026 0,025 0,022 0,026 0,026 0,023 

CBCM 0,086 0,085 0,075 0,097 0,091 0,080 

NVP 2,288 1,936 1,884 1,947 1,525 1,720 

∆9-THC 3,047 3,028 2,745 3,129 3,171 2,950 

ACOD 0,073 0,047 0,065 0,056 0,064 0,056 

CBN 0,251 0,221 0,216 0,238 0,250 0,216 

6-MAM 0,435 0,256 0,315 0,325 0,414 0,296 

DAM 0,659 0,322 0,563 0,413 0,603 0,467 

 

5.3.3 Comparison of chromatographic profiles between different batches of 

simulated nyaope samples over a 72-hour period 

The chromatograms of the components from the three different batches (first batch (S1), 

second batch (S14) and third batch (S17)) were generated to compare the profiles of the 

compounds in these samples. An example of the chromatograms of the samples S1, in 

comparison with the samples S14 and S17 at t= 0, is displayed in Figure 5.6. The 

chromatograms displaying the comparison of S1 to S17 and S14 at t= 24, 48 and 72 hours, 

respectively are shown in Appendix VIII a - d. From these chromatograms it was demonstrated 

that the profiles between the batches can be differentiated even after 72 hours of 

autosampler storage.  
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Figure 5.5: Chromatograms showing the comparison of the samples for S1, S17 and S14 respectively at t=0 where identifications were: (2.582) 
caryophyllene, (3.135) phenacetin, (3.536) caffeine, (4.543) efavirenz, (5.242) tetrahydrocannabivarin, (5.429) tetracosane IS, (5.733) 
cannabichromene, (5.948) nevirapine, (6.234) Δ9-THC, (6.411) cannabigerol, (6.520) cannabinol, (7.020) diamorphine, (7.520) nonacosane, 
(9.454) unknown in the first chromatogram (S1). 

S17 

S1 

S14 
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5.3.4 Comparison of chromatographic profiles between simulated nyaope 

samples from the same batch over a 72-hour period 

Chromatograms of members from the same group were compared to one another in order 

to determine whether samples from the same parent batch could be discriminated after 0, 

24, 48, 72 hours of autosampler storage. An example of the chromatograms’ comparing 

samples within the first batch (S1, S7, S13, S12, S6 and S2) is displayed in Figure 5.7. The 

chromatograms comparing samples within the second batch (S3, S5, S8, S11, S14 and S15) 

and within the third batch (S4, S9, S10, S16, S17 and S18) after 0, 24, 48 and 72 hours of 

autosampler storage are shown in Appendix IXa-c. From these chromatograms it was 

demonstrated that the profiles within the parent batch cannot be differentiated, even after 

72 hours of autosampler storage. This confirms the stability of the components of nyaope up 

to 72 hours of autosampler storage when extracted with tertiary butyl alcohol as observed in 

Section 3.1.  

5.3.5 Comparison of chromatographic profiles of a sub-sample within a batch 

in simulated nyaope samples over a 72-hour period 

Chromatograms from one member of each of the three batches were compared at t= 0, 24, 

48 and 72-hour time intervals to demonstrate whether or not the components could be 

identified over the 72-hour time period and whether their proportion changed or not. The 

chromatograms of the sample S1 from the first batch were compared after t= 0, 24, 48 and 

72 hours and the profiles are displayed in Figure 5.8. Similar comparison of the samples S14 

from the second batch and S17 from the third batch after t= 0, 24, 48 and 72 hours are 

displayed in Appendix X a-c. The %RSD for the PPAR was found to be < 20% for all the 

components in the 18 samples which indicates that the PAR of these components did not 

change significantly over the 72 hours’ time period once extracted from the nyaope samples 

into the tertiary butyl alcohol. From these chromatographic profiles it was demonstrated that 

each component of the simulated nyaope sample can be identified and that their relative 

proportions do not change over a 72-hour time period once extracted from nyaope into 

tertiary butyl alcohol. This confirms the stability of these components up to 72 hours of 
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autosampler storage once extracted into tertiary butyl alcohol, as observed previously in 

Section 3.1. 
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Figure 5.6: Chromatograms showing the comparison of the samples S1, S7, S13, S12, S6 and S2 respectively within the same batch at t=0 

where identifications were: (2.582) caryophyllene, (3.135) phenacetin, (3.536) caffeine, (4.543), efavirenz, (5.242) tetrahydrocannabivarin, 

(5.429) tetracosane IS, (5.733) cannabichromene, (5.948) nevirapine, (6.234) Δ9-THC, (6.520) cannabinol, (7.02) diamorphine, (7.520) 

nonacosane and (9.454) unknown in the first chromatogram (S1).
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S7 
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S12 
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S2 
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Figure 5.7: Chromatograms comparing samples of S1 after 0, 24, 48 and 72 hours respectively where identifications were: (2.582) 

caryophyllene, (3.135) phenacetin, (3.536) caffeine, (4.543), efavirenz, (5.242) tetrahydrocannabivarin, (5.429) tetracosane IS, (5.733) 

cannabichromene, (5.948) nevirapine, (6.234) Δ9-THC, (6.520) cannabinol, (7.02) diamorphine, (7.520) nonacosane and (9.454) in the first 

chromatogram (t=0).

t = 0 

t = 24 h 

t = 48 h 

t = 72 h 
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5.3.6 Concentration profiles of CAFF, DAM, EFV, NVP PNT and Δ9-THC in 

simulated nyaope samples over a 72 hour period 

Triplicate analyses of the 18 simulated nyaope samples were conducted and the average 

peak-area ratios were determined as discussed in Section 3.1. The calibration data given in 

Section 5.1 were used to determine the concentrations of CAFF, DAM, EFV, NVP PNT and Δ9-

THC using Equation 5.2. The concentrations were determined for each of the time intervals 0, 

24, 48 and 72 hours, for each of the components CAFF, DAM, EFV, NVP PNT and Δ9-THC. The 

difference in concentrations between the time intervals was evaluated using %RSD. Pooled 

average concentration was used to determine the %RSD, shown in Table 5.10. The average 

%RSD was found to be < 10% for all the components (CAFF, DAM, EFV, NVP, PNT and Δ9-THC) 

in the 18 samples, which indicates that the concentrations of these components did not 

change significantly over the 72-hour time period once extracted from the nyaope samples 

into the tertiary butyl alcohol. This suggests that the components CAFF, DAM, EFV, NVP PNT 

and Δ9-THC were stable for the 72 hours of autosampler stability, confirming the observation 

made in Section 3.1. 
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Table 5.10: Average concentrations (n = 4) of the components CAFF, DAM, EFV, NVP, PNT and Δ9-THC in the simulated samples S1 – S18 

(mg/L). 
 

CAFF 
    

DAM 
    

EFV 
    

NVP 
    

PNT 
    

THC 
    

Time, 

 hours 

0 24 48 72 %RSD 0 24 48 72 %RSD 0 24 48 72 %RSD 0 24 48 72 %RSD 0 24 48 72 %RSD 0 24 48 72 %RSD 

S1 0.28 0.30 0.29 0.28 2.99 1.56 1.60 1.53 1.52 2.31 3.19 3.51 3.35 3.39 3.91 2.54 2.56 2.45 2.48 2.00 0.99 1.07 1.09 1.11 4.96 2.82 2.89 2.76 2.91 2.41 

S2 0.36 0.35 0.36 0.33 3.49 1.70 1.68 1.64 1.59 2.74 3.50 3.50 3.48 3.40 1.34 1.52 1.53 1.50 1.50 0.97 1.08 1.11 1.13 1.10 1.91 2.92 2.89 2.88 2.91 0.70 

S6 0.26 0.28 0.28 0.29 4.21 1.75 1.77 1.73 1.74 1.14 3.57 3.69 3.63 3.73 1.85 1.37 1.41 1.40 1.45 2.27 1.23 1.28 1.29 1.34 3.47 2.63 2.63 2.64 2.69 1.03 

S7 0.31 0.27 0.28 0.28 5.55 1.74 1.83 1.78 1.74 2.53 2.39 2.51 2.49 2.49 2.14 1.23 1.28 1.28 1.28 2.02 1.30 1.22 1.27 1.30 2.99 3.16 3.14 3.16 3.21 0.95 

S12 0.29 0.30 0.29 0.29 1.78 1.80 1.81 1.76 1.69 3.18 3.08 3.24 3.15 3.17 2.12 1.26 1.34 1.30 1.29 2.60 1.18 1.25 1.22 1.25 2.67 2.65 2.79 2.79 2.79 2.48 

S13 0.34 0.35 0.34 0.34 1.69 1.73 1.81 1.76 1.75 2.00 4.40 4.63 4.42 4.40 2.47 2.08 2.12 2.10 2.10 0.86 1.44 1.48 1.45 1.51 2.23 2.78 2.86 2.78 2.78 1.44 

S4 < QL < QL < QL < QL < QL 0.54 0.53 0.53 0.52 1.72 4.27 4.08 4.13 4.14 1.96 2.19 2.15 2.16 2.14 1.00 nd nd nd nd nd 1.40 1.37 1.42 1.40 1.55 

S9 < QL < QL < QL < QL < QL 0.25 0.24 0.23 0.22 5.07 3.43 3.36 3.42 3.31 1.70 1.97 1.95 1.93 1.90 1.42 nd nd nd nd nd 1.49 1.47 1.46 1.45 1.13 

S10 < QL < QL < QL < QL < QL 0.47 0.46 0.45 0.42 4.42 3.50 3.42 3.47 3.34 2.10 1.86 1.86 1.83 1.76 2.67 nd nd nd nd nd 1.32 1.28 1.26 1.26 2.14 

S16 < QL < QL < QL < QL < QL 0.35 0.32 0.32 0.30 6.59 3.30 3.22 3.26 3.10 2.71 1.97 1.90 1.92 1.86 2.44 nd nd nd nd nd 1.48 1.45 1.45 1.44 1.33 

S17 < QL < QL < QL < QL < QL 0.46 0.48 0.46 0.44 3.58 4.34 4.36 4.52 4.27 2.41 1.47 1.47 1.47 1.48 0.40 nd nd nd nd nd 1.32 1.38 1.36 1.43 3.48 

S18 < QL < QL < QL < QL < QL 0.39 0.40 0.38 0.37 3.11 4.01 3.96 3.91 3.97 0.95 1.80 1.75 1.72 1.77 1.84 nd nd nd nd nd 1.42 1.38 1.40 1.41 1.21 

S3 0.48 0.50 0.50 0.50 1.54 1.67 1.62 1.55 1.57 3.41 6.48 6.36 6.33 5.40 8.07 nd nd nd nd nd nd nd nd nd nd 4.20 3.83 3.95 3.92 3.93 

S5 0.37 0.36 0.37 0.37 1.17 1.36 1.37 1.32 1.31 2.20 4.15 4.07 4.02 3.40 8.82 nd nd nd nd nd nd nd nd nd nd 3.94 3.87 3.76 3.76 2.35 

S8 0.58 0.59 0.57 0.58 1.62 1.90 1.77 1.77 1.72 4.37 6.64 6.69 6.51 5.52 8.67 nd nd nd nd nd nd nd nd nd nd 4.54 4.43 4.23 4.23 3.49 

S11 0.55 0.57 0.57 0.53 3.77 1.82 1.76 1.71 1.70 3.22 7.31 7.27 7.14 5.93 9.55 nd nd nd nd nd nd nd nd nd nd 3.86 4.07 3.77 3.72 3.97 

S14 0.45 0.47 0.47 0.45 2.04 1.48 1.53 1.42 1.43 3.51 6.54 6.56 6.51 5.49 8.38 nd nd nd nd nd nd nd nd nd nd 4.05 4.05 3.81 3.79 3.66 

S15 0.53 0.54 0.54 0.54 1.42 1.77 1.71 1.67 1.67 2.86 5.64 5.58 5.54 4.68 8.54 nd nd nd nd nd nd nd nd nd nd 4.36 4.41 4.26 4.27 1.66 

< QL = below quantitation limit 
nd = not detected 
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5.3.7 Chemometric treatment of simulated nyaope data 

Two unsupervised chemometric methods, principal component analysis (PCA) and 

hierarchical clustering (HCA), were used for the analysis of average concentrations of CAFF, 

DAM, EFV, NVP PNT and Δ9-THC using the XLSTAT software (Addinsoft, 2019). The average 

concentration of CAFF, DAM, EFV, NVP, PNT and Δ9-THC for each of the 18 simulated nyaope 

samples at each of the time intervals t= 0, 24, 48, and 72 hours, were analysed with both HCA 

and PCA.  

5.3.7.1 Hierarchical clustering analysis of simulated nyaope samples 

HCA, using agglomerative clustering and unweighted linkage, was conducted on the average 

concentration of CAFF, DAM, EFV, NVP PNT and Δ9-THC for each of the 18 simulated nyaope 

samples at each of the time interval t= 0, 24, 48, and 72 hours. Hierarchical clustering analysis 

performed on the simulated nyaope samples using Euclidean distance and average linkage 

indicated that the data can be clustered into three classes, namely (i) Class 1 associated with 

sample S2, (ii) Class 2 associated with sample S3, and (ii) Class 3 associated with sample S18. 

The classes were each made up of six samples. The matrix generated for the samples at t = 0, 

24, 48 and 72 hours are shown in Table 5.11. The matrices have zero values on the diagonal 

and are symmetric. As discussed in Section 1.8.3, the symmetric matrix indicates that the HCA 

method was suitable in discriminating the simulated nyaope samples into different classes. 

The matrices demonstrate that there was a maximum distance between Class 2 and Class 3, 

and a minimum distance between Class 1 and Class 3. 
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Table 5.11: Matrices showing distances between central objects at t = 0, 24, 48 and 72 

hours for the simulated nyaope samples S2, S3 and S18. 
  

t = 0 
    

t = 24h 
 

Class 1 (S2) 2 (S3) 3 (S18) 
 

Class 1 (S2) 2 (S3) 3 (S18) 

1 (S2) 0 3.74 2.37 
 

1 (S2) 0 3.56 2.35 

2 (S3) 3.74 0 4.35 
 

2 (S3) 3.56 0 4.07 

3 (S18) 2.37 4.35 0 
 

3 (S18) 2.35 4.07 0   

t = 48h 

    

t = 72h 

 

Class 1 (S2) 2 (S3) 3 (S18) 
 

Class 1 (S2) 2 (S3) 3 (S18) 

1 (S2) 0 3.58 2.33 
 

1 (S2) 0 2.92 2.34 

2 (S3) 3.58 0 4.12 
 

2 (S3) 2.92 0 3.63 

3 (S18) 2.33 4.12 0 
 

3 (S18) 2.34 3.63 0 

 

The dendrograms of the simulated nyaope samples analysed at each of the time interval t= 0, 

24, 48, and 72 hours of autosampler storage as shown in Figure 5.8 demonstrate that HCA 

has successfully discriminated the simulated nyaope samples. The simulated samples were 

discriminated into the first batch (S1, S2, S6, S7, S12 and S13), the second batch (S3, S5, S8, 

S11, S14 and S15), and the third batch (S4, S9, S10, S16, S17 and S18), similar to the 

observation made with chromatographic profiles. The HCA further demonstrated that the 

simulated nyaope samples can still be discriminated even after 72 hours of autosampler 

storage which confirms that the samples are the stable for 72 hours once extracted into 

tertiary butyl alcohol.  
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Figure 5.8: Dendrogram of the simulated nyaope samples S1–S18 analysed by HCA using unweighted linkage and Euclidean distance for the 

time interval t = 0, 24, 48 and 72 hours, respectively. 
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5.3.7.2 Principal Component Analysis of simulated nyaope samples 

PCA analysis was conducted on the average concentration of CAFF, DAM, EFV, NVP PNT and 

Δ9-THC for each of the 18 simulated nyaope samples at each of the time interval t= 0, 24, 48, 

and 72 hours. In order to show that the PCA method is appropriate for the discrimination of 

the samples by demonstrating that (i) there is a linear combination between the principal 

components, (ii) the principal components are orthogonal, and (iii) the variance can be 

explained by the components with large variance. The correlation matrices for the time 

interval t = 0, 24, 48 and 72 hours are shown in Table 5.12. All the values are different from 

zero, with a significant level α = 0.95 (two-tailed), which indicates that there is a linear 

correlation between the variables. A positive correlation was observed between CAFF and 

DAM, CAFF and EFV, CAFF and PNT; CAFF and Δ9-THC, DAM and EFV, DAM and PNT, DAM and 

Δ9-THC; EFV and Δ9-THC; NVP and PNT, PNT and Δ9-THC. A negative correlation was observed 

between CAFF and NVP, DAM and NVP, EFV and NVP, EFV and PNT, NVP and Δ9-THC. The 

same correlation pattern is observed up to 72 hours of autosampler storage. The transpose 

of these correlation matrices are identical to the matrices themselves; as a result, their 

product is an identity matrix. This proves that the principal components are orthogonal. The 

principal component analysis indicates that there are six principal components, F1, F2, F3, F4, 

F5 and F6 that explain the variability of the variables CAFF, DAM; EFV, NVP, PNT and Δ9-THC. 

The scree plot for the time interval 0, 24 48 and 72 hours is shown in Figure 5.9. Each plot 

displays an exponential decline towards zero for the principal components F1, F2, F3, F4, F5 

and F6. The plots also indicate that the principal components F1 and F2 show the largest 

variances, while F3, F4, F5 and F6 show low variances.  

The eigenvalues and variability (%) are shown in Table 5.13 and indicates values greater than 

1.00 for the principal components F1 and F2, with variability of 65.63% and 28.76% (t = 0). 

The total percentage (94.39%) is more than the minimum 70%; therefore, F1 and F2 are 

sufficient to explain the variability of the data set. The factor loadings (coefficients) are shown 

in Table 5.14. Considering values greater than 0.300, the principal component F1 explains the 

variable of CAFF, DAM; EFV, NVP and Δ9-THC; F2 explains the variability of DAM, EFV and PNT; 

while F3 only explains the variability of EFV. This further demonstrates that the first two 

principal components F1and F2 are sufficient to explain the variability of the data set. The 
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assumptions mentioned in Section 1.8.6 are satisfied and therefore the performance of the 

method is acceptable. 

 

Table 5.12: Pearson correlation matrices at t = 0, 24, 48 and 72 hours for the components CAFF, 

DAM, EFV, NVP PNT and Δ9-THC in the simulated nyaope samples S1 – S18. 
   

t = 0 
      

t = 24h 
   

Variables CAFF DAM EFV NVP PNT Δ9 -THC Variables CAFF DAM EFV NVP PNT Δ9 -THC 

CAFF 1 0.908 0.642 -0.776 0.137 0.974 CAFF 1 0.877 0.703 -0.758 0.125 0.978 

DAM 0.908 1 0.339 -0.533 0.516 0.839 DAM 0.877 1 0.349 -0.468 0.564 0.835 

EFV 0.642 0.339 1 -0.757 -0.520 0.642 EFV 0.703 0.349 1 -0.756 -0.453 0.666 

NVP -0.776 -0.533 -0.757 1 0.368 -0.840 NVP -0.758 -0.468 -0.756 1 0.408 -0.816 

PNT 0.137 0.516 -0.520 0.368 1 0.019 PNT 0.125 0.564 -0.453 0.408 1 0.047 

Δ9 -THC 0.974 0.839 0.642 -0.840 0.019 1 Δ9 -THC 0.978 0.835 0.666 -0.816 0.047 1 
   

t = 48h 

      

t = 72h 

   

Variables CAFF DAM EFV NVP PNT Δ9 -THC Variables CAFF DAM EFV NVP PNT Δ9 -THC 

CAFF 1 0.874 0.667 -0.776 0.122 0.977 CAFF 1 0.884 0.595 -0.771 0.125 0.981 

DAM 0.874 1 0.303 -0.475 0.566 0.842 DAM 0.884 1 0.290 -0.471 0.556 0.858 

EFV 0.667 0.303 1 -0.759 -0.498 0.616 EFV 0.595 0.290 1 -0.645 -0.437 0.512 

NVP -0.776 -0.475 -0.759 1 0.399 -0.823 NVP -0.771 -0.471 -0.645 1 0.412 -0.801 

PNT 0.122 0.566 -0.498 0.399 1 0.069 PNT 0.125 0.556 -0.437 0.412 1 0.089 

Δ9 -THC 0.977 0.842 0.616 -0.823 0.069 1 Δ9 -THC 0.981 0.858 0.512 -0.801 0.089 1 

Values in bold are different from 0 with a significance level alpha=0.95 (two-tailed) 

 

Table 5.13: Eigenvalues, percentage variability and percentage cumulative variance of the 

principal components F1, F2, F3, F4, F5 and F6 of the simulated nyaope samples S1–S18 at t 

= 0, 24, 48 and 72 hours. 
 

t =0 t = 24h t = 48h t = 72h 

PC Eigen-

value 

Variability 

(%) 

Cumulative 

variance (%) 

Eigen-

value 

Variability 

(%) 

Cumulative 

variance (%) 

Eigen-

value 

Variability 

(%) 

Cumulative 

variance (%) 

Eigen-

value 

Variability 

(%) 

Cumulative 

variance (%) 

F1 3.938 65.63 65.63 3.918 65.29 65.29 3.886 64.77 64.77 3.780 63.01 63.01 

F2 1.725 28.76 94.39 1.737 28.96 94.25 1.783 29.71 94.48 1.745 29.08 92.08 

F3 0.236 3.93 98.31 0.259 4.32 98.57 0.251 4.18 98.66 0.392 6.54 98.62 

F4 0.079 1.31 99.63 0.070 1.17 99.74 0.063 1.05 99.71 0.068 1.13 99.75 

F5 0.016 0.27 99.90 0.009 0.15 99.89 0.010 0.17 99.88 0.008 0.14 99.89 

F6 0.006 0.10 100.00 0.007 0.11 100.00 0.007 0.12 100.00 0.007 0.11 100.00 
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Figure 5.9: Principal component analysis scree plot at t = 0, 24, 48, 72 hours for the 

simulated nyaope samples S1 – S18. 
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Table 5.14: Principal components Loadings (coefficients) and their percentage contributions for the components CAFF, DAM, EFV, NVP PNT 

and Δ9-THC in the simulated nyaope samples S1 – S18. 

t = 0 t = 24h 
 

CAFF DAM EFV NVP PNT Δ9 -THC CAFF DAM EFV NVP PNT Δ9 -THC 

PC Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

F1 0.975 24.12 0.819 17.05 0.758 14.60 -0.887 19.97 -0.049 0.06 0.976 24.20 0.980 24.52 0.801 16.37 0.783 15.67 -0.864 19.04 -0.030 0.02 0.977 

24.39 
F2 0.195 2.20 0.563 18.39 -0.531 16.34 0.326 6.17 0.986 56.40 0.091 0.48 0.161 1.49 0.594 20.29 -0.474 12.94 0.381 8.35 0.990 56.36 0.099 0.57 

F3 0.035 0.53 0.047 0.93 0.371 58.56 0.273 31.60 0.086 3.15 -0.111 5.22 0.046 0.82 0.004 0.01 0.395 60.35 0.285 31.45 0.081 2.51 -0.112 4.86 

F4 0.082 8.61 -0.020 0.49 -0.068 5.87 0.181 41.44 -0.115 16.76 0.145 26.83 0.084 10.12 -0.030 1.29 -0.068 6.63 0.166 38.98 -0.106 15.96 0.138 27.02 

F5 0.012 0.92 0.087 47.16 -0.023 3.20 0.008 0.38 -0.061 23.16 -0.064 25.18 -0.004 0.21 0.071 56.56 -0.010 1.05 0.012 1.56 -0.047 25.14 -0.037 15.49 

F6 -0.063 63.62 0.032 15.97 0.009 1.42 0.005 0.44 -0.005 0.46 0.034 18.08 0.066 62.84 -0.019 5.49 -0.015 3.36 -0.007 0.63 0.001 0.00 -0.044 27.68 

t = 48h t = 72h 

PC CAFF DAM EFV NVP PNT Δ9 -THC CAFF DAM EFV NVP PNT Δ9 -THC 

PC Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

Loading % 

Contr. 

F1 0.981 24.74 0.799 16.43 0.754 14.63 -0.875 19.72 -0.029 0.02 0.975 24.45 0.987 25.74 0.830 18.22 0.672 11.96 -0.849 19.06 0.010 0.00 0.973 

25.02 
F2 0.157 1.39 0.595 19.83 -0.526 15.53 0.369 7.62 0.988 54.79 0.122 0.84 0.125 0.90 0.551 17.38 -0.533 16.30 0.404 9.36 0.982 55.32 0.115 0.75 

F3 0.042 0.70 0.033 0.42 0.389 60.35 0.266 28.20 0.097 3.79 -0.128 6.53 0.003 0.00 0.050 0.64 0.512 66.84 0.288 21.09 0.149 5.63 -0.151 5.79 

F4 0.086 11.78 -0.028 1.20 -0.054 4.55 0.164 42.62 -0.102 16.44 0.121 23.40 0.084 10.34 -0.026 0.96 -0.035 1.77 0.183 49.17 -0.104 16.07 0.121 21.68 

F5 -0.008 0.70 0.076 57.98 -0.012 1.44 0.010 0.98 -0.050 24.96 -0.037 13.94 0.010 1.22 0.064 48.10 -0.013 2.02 0.009 0.97 -0.042 21.18 -0.047 26.51 

F6 0.066 60.69 -0.017 4.13 -0.016 3.50 -0.008 0.85 0.000 0.00 -0.047 30.84 0.064 61.80 -0.031 14.70 -0.009 1.12 -0.005 0.35 0.011 1.80 -0.036 20.24 

%Contr. = percentage contribution 
Values in bold are the most significant factor loadings 
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Figure 5.10 displays the observation axis of the 18 simulated nyaope samples analysed after 

0, 24, 48 and72 hours of autosampler storage. As indicated in Figure 5.10, PCA has 

discriminated samples into the first batch consisting of the samples S1, S2, S6, S7, S12 and 

S13; the second batch consisting of the samples S3, S5, S8, S11, S14 and S15; and the third 

batch consisting of the samples S4, S9, S10, S16, S17and S18. These are the same batches 

observed using chromatographic profiles (Sections 5.3.3, 5.3.4 and 5.3.5), as well HCA 

clustering. The PCA further demonstrated that the simulated nyaope samples can still be 

discriminated even after 72 hours of autosampler storage which confirms that the samples 

are stable for 72 hours once extracted into tertiary butyl alcohol. 
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Figure 5.10: Observation axis for the simulated nyaope samples S1–S18 analysed by PCA for the time interval t = 0 and 24 hours, respectively. 
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Figure 5.10 cont’d: Observation axis for the simulated nyaope samples S1–S18 analysed by PCA for the time interval t = 48 and 72 hours, respectively.
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5.3.8 Compound identification – stability of retention time of simulated 

samples 

The RRT of the individual components ACOD, CAFF, CBCM, CBD, CBG, CBN, CBV, DAM, EFV, 6-

MAM, NVP, PNT, Δ9-THC and THCV was determined for the 18 simulated nyaope samples. The 

relatively standard deviation for the relative retention times (RRT) of these compounds shown 

in Table 5.15 are all below 0.5%, illustrating the stability of this parameter. Identification of 

components of nyaope can therefore be made on the basis of RRT and the mass spectrum of 

each separated compound.
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Table 5.15: Relative retention times of individual components for the simulated nyaope samples S1 – S18 (tetracosane IS = 1.000). 

  S1 S2 S6 S7 S12 S13 S4 S9 S10 S16 S17 S18 S3 S5 S8 S11 S14 S15 Aver SD %RSD 

PHEN 0.58 0.58 0.58 0.58 0.58 0.58 - - - - - - - - - - - - 0.58 0.0005 0.0948 

CAFF 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.000373 0.0588 

EFV 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.001795 0.2202 

THCV 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.000416 0.0443 

CBV 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 0.000229 0.023 

CBCM 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 0.000229 0.0223 

CBD 1.06 1.06 1.06 1.06 1.06 1.06 - - - - - - 1.06 1.06 1.06 1.06 1.06 1.06 1.06 0.001027 0.1013 

NVP 1.10 1.10 1.10 1.09 1.10 1.10 1.10 1.09 1.09 1.09 1.09 1.09 - - - - - - 1.10 0.000745 0.0711 

Δ9-THC 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 0.001599 0.1432 

CBG 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 0.000731 0.0637 

ACOD 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 0.000687 0.0591 

CBN 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 0.000687 0.0589 

6-MAM 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 0.000803 0.0683 

DAM 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 0.001181 0.0941 
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5.4 ACTUAL SEIZED STREET NYAOPE SAMPLES 

Five actual seized street nyaope samples marked A (LAB25142), B (LAB25209), C (LAB34000), 

D (LAB379599) and E (LAB503909) as displayed in Figure 5.11 were homogenised as described 

in Section 2.3. The homogenised street samples were then further divided into three sub-

samples each to give a total of 15 samples marked A1, A2, A3, B1, B2, B3, C1, C2, C3, D1, D2, 

D3 E1, E2, and E3, with corresponding laboratory numbers indicated in Table 5.12. The 

samples with masses shown in Table 5.16 were extracted with 3 mL of the mixed internal 

standard and tertiary butyl alcohol solution in a 20 mL head space vial. The samples were 

analysed in triplicate using the GC-MS method described in Section 2.4 without dilution, after 

storage intervals of 0, 24, 48 and 72 hours on the autosampler to confirm observations made 

in Section 3.1.  

 

     
Figure 5.11: Pictures of actual seized street nyaope samples A, B, C, D and E respectively 
(Photos are by the author). 

 

Table 5.16: The masses of the actual seized street nyaope samples used in the study. 

Sample Mass (mg) Sample Mass (mg) 

A1 (2514202) 36.7  D1 (37959902) 31.6  

A2 (2514204) 38.2  D2 (37959904) 34.1  

A3 (2514206) 38.5  D2 (37959906) 34.5  

B1 (2520902) 29.4  E1 (50390902) 37.6  

B2 (2520904) 29.8  E2 (50390904) 38.2  

B3 (2520906) 32.4  E3 (50390906) 37.9  

C1 (3400002) 22.5    

C2 (3400004) 22.3    

C3 (3400006) 22.5    

 

B A C D E 
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The five samples analysed contained the components CAFF, CBCM, CBN, NCT, Δ9-THC and 

THCV. Sample A, C, D and E contained ACOD, COD, DAM and 6-MAM in addition to these 

components. Methaqualone was identified in sample A, B and D only. Interestingly, sample 

B, although submitted as nyaope, did not contain DAM or any of the opiate-related 

substances (ACOD, COD, 6-MAM). The sample contained cannabinoids and methaqualone, 

confirming the existence of a popular method of a mixture of cannabis and methaqualone in 

South Africa called the ‘white pipe’. ACA and DTM were only identified in sample A, while 

vitamin E was identified in both samples D and E. The components identified in the actual 

seized street nyaope samples are summarised in Table 5.17. 

 

Table 5.17: Components identified in the samples A (LAB25142), B (LAB25209), C 
(LAB34000), D (LAB379599) and E (LAB503909) respectively. 

                   Sample number                                                          
Component       

LAB25142 LAB25209 LAB34000 LAB379599 LAB503909 

bulnesol × √ × × × 

acetaminophen √ × × × × 

acetylcodeine × × √ √ × 

caffeine, √ √ √ √ √ 

cannabichromene √ √ √ × × 

cannabicoumaronone × √ √ × × 

cannabidiol × × × √ × 

cannabigerol √ √ × √ × 

cannabinol √ √ × × × 

cannabivarin × √ × × × 

cocaine × × √ × × 

codeine × × × √ × 

diamorphine √ × √ √ √ 

methaqualone × √ × √ √ 

6-monoacetylmorphine √ × √ √ √ 

nicotine × √ × √ √ 

nonacosane √ √ × √ × 

tetrahydrocannabivarin √ √ √ √ × 

Δ9-THC √ √ √ √ √ 

Vitamin E × × × √ × 

√ = detected 

 × = not detected 
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5.4.1 Stability evaluation of identified components based on average 

response ratios 

Normalised average response ratios were determined in a similar manner as discussed in 

Section 3.1 in order to evaluate the stabilities of the main components in actual seized street 

nyaope samples. The stabilities of the main components are summarised in Table 5.18 for the 

actual seized street samples, where 1 denotes a decrease of 0– 5% and considered stable; 2 

denotes a decrease of 15–30% and considered moderately stable; and 3 denotes a loss above 

30% and considered unstable (Saar et al, 2012 ). 

The components CAFF, THCV, CBV, Δ9-THC, CBN and DAM were found to be stable after 72 

hours of autosampler storage, confirming the observation made previously in Section 3.1. The 

component ACA, identified only in sample A (Table 5.17), was shown to be moderately stable 

in two out of the three sub-samples of A. The third sample of A was shown to be unstable 

after 48 hours of storage. NCT was shown to be stable for 72 hours in all the sub-samples of 

B, D and E and unstable after 24 hours in samples A and C where the abundance is very low 

and therefore affected by background response. DAM (identified in samples A, C, D, and E), 

DTM (identified only in the sample A), COC (identified only in sample C), MTQ (identified in 

samples A, B and D) and vitamin E (identified in sample D and E) as indicated in Table 5.17, 

were all stable for 72 hours. CAFF, THCV, and Δ9-THC were stable up to 72 hours for all the 

samples. The ratios CBV/THCV confirms the stability of THCV for the samples A, B and C and 

indictes THCV and CBV to be unstable after 24 hours in D. This may be because CBV was 

present at low abundance in sample D and therefore affected by background. The ratio 

CBN/Δ9-THC does not confirm the stability of Δ9-THC. This may be because CBN was present 

in low abundance in those samples and therefore affected by background response. ACOD 

was shown to be stable for 72 hours while COD was shown to be stable up to 72 hours only 

in sample A. 
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Table 5.18: Summarised stability of selected components in the actual seized street 

nyaope samples A (A1, A2, A3), B (B1, B2, B3), C (C1, C2, C3), D (D1, D2, D3) and E (E1, E2, 

E3).2 

Time 
(hours)  
 

Compound 
   
A1 

   
A2 

   
A3 

   
B1 

   
B2 

   
B3 

   
C1 

   
C2 

   
C3 

   
D1 

   
D2 

   
D3 

   
E1 

   
E2 

   
E3 

24 NCT 3 1 1 1 1 1 3 1 3 1 1 1 1 1 1 

ACA 2 1 1 nd nd nd nd nd nd nd nd nd nd nd nd 

CAFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

DTM 1 1 1 nd nd nd nd nd nd nd nd nd nd nd nd 

MTQ 1 1 2 1 1 1 nd nd nd 1 1 1 nd nd nd 

COC nd nd nd nd nd nd 1 1 1 nd nd nd nd nd nd 

THCV  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

CBV 1 1 1 1 1 1 1 1 1 3 3 1 nd nd nd 

CBV/THCV 1 1 1 1 1 1 1 1 1 3 3 1 nd nd nd 

COD 2 1 1 nd nd Nd 2 2 1 2 2 1 2 2 1 

Δ9-THC  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ACOD 1 1 1 nd nd nd 1 2 1 1 1 2 1 1 1 

COD/ACOD 2 1 1 nd nd nd 2 2 2 2 2 3 1 2 2 

CBN 2 1 3 1 1 1 2 1 2 1 3 3 nd nd nd 

CBN/THC 2 2 3 1 1 1 2 1 1 1 3 3 nd nd nd 

6-MAM 3 2 1 nd nd nd 2 1 1 2 3 1 1 1 1 

6-MAM/DAM 1 1 2 nd nd nd 2 1 1 2 3 1 1 1 1 

DAM 1 1 1 nd nd nd 1 1 1 1 1 1 1 1 1 

TOCO nd nd nd nd nd nd nd nd nd 1 1 1 1 1 1 

48 NCT 3 2 2 1 1 1 3 1 1 1 1 1 1 1 1 

ACA 1 2 1 nd nd nd nd nd nd nd nd nd nd nd nd 

CAFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

DTM 1 1 1 nd nd nd nd nd nd nd nd nd nd nd nd 

MTQ 1 1 1 1 1 1 nd nd nd 1 1 1 nd nd nd 

COC nd nd nd nd nd nd 1 1 1 nd nd nd nd nd nd 

THCV  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

CBV 1 1 1 1 1 1 2 1 1 3 3 1 nd nd nd 

CBV/THCV 1 1 1 1 1 1 2 1 2 3 3 1 nd nd nd 

COD 1 1 1 nd nd nd 2 3 2 2 2 1 2 1 1 

Δ9-THC  1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 

ACOD 1 1 1 nd nd nd 1 1 1 2 1 2 1 1 1 

COD/ACOD 1 1 1 nd nd nd 1 3 1 3 2 2 2 1 1 

CBN 1 1 3 1 1 1 1 1 1 1 1 2 nd nd nd 

CBN/THC 1 2 3 1 1 1 1 1 1 1 1 2 nd nd nd 

6-MAM 1 3 2 nd nd nd 2 1 1 1 1 1 1 1 1 

6-MAM/DAM 2 3 2 nd nd nd 2 1 1 2 2 1 1 1 1 

DAM 1 1 1 nd nd nd 1 1 1 1 1 1 1 1 1 

TOCO nd nd nd nd nd nd nd nd nd 1 1 1 1 1 1 

nd = not detected 
2 Where 1 denotes a change of 0–15% and considered stable, 2 denotes a change of 16–30% 

and considered moderately stable and 3 denotes a change above 30% and considered 

unstable (Saar et al, 2012). 
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Table 5.18 cont’d: Summarised stability of selected components in the actual seized street 

nyaope samples A (A1, A2, A3), B (B1, B2, B3), C (C1, C2, C3), D (D1, D2, D3) and E (E1, E2, 

E3).2 

Time 
(hours)  
 

Compound 
   
A1 

   
A2 

   
A3 

   
B1 

   
B2 

   
B3 

   
C1 

   
C2 

   
C3 

   
D1 

   
D2 

   
D3 

   
E1 

   
E2 

   
E3 

72 NCT 1 3 2 1 1 1 3 1 1 1 1 1 1 1 1 

ACA 2 2 3 nd nd nd nd nd nd nd nd nd nd nd nd 

CAFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

DTM 1 1 1 nd nd nd nd nd nd nd nd nd nd nd nd 

MTQ 1 1 1 1 1 1 nd nd nd 1 1 1 nd nd nd 

COC nd nd nd nd nd nd 1 1 1 nd nd nd nd nd nd 

THCV  2 1 1 1 1 1 1 1 1 1 1 2 1 3 1 

CBV 1 1 1 1 1 1 1 1 1 3 3 2 nd nd nd 

CBV/THCV 2 2 2 1 1 1 2 2 2 3 3 2 nd nd nd 

COD 1 1 1 nd nd nd 2 3 2 2 3 2 1 1 2 

Δ9-THC  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ACOD 1 1 1 nd nd nd 2 1 1 1 1 1 1 1 1 

COD/ACOD 1 1 1 nd nd nd 1 2 1 2 3 2 2 1 1 

CBN 1 2 2 1 1 1 1 1 1 1 1 2 nd nd nd 

CBN/THC 1 2 3 1 1 1 1 2 1 1 3 2 nd nd nd 

6-MAM 1 3 3 nd nd nd 2 2 1 1 1 1 2 2 1 

6-MAM/DAM 1 3 2 nd nd nd 2 2 1 1 1 1 1 1 1 

DAM 1 1 1 nd nd nd 1 1 1 1 1 1 1 1 1 

TOCO nd nd nd nd nd nd nd nd nd 2 1 1 1 1 1 

nd = not detected 
2 Where 1 denotes a change of 0–15% and considered stable, 2 denotes a change of 16–30% 

and considered moderately stable and 3 denotes a change above 30% and considered 

unstable (Saar et al, 2012). 
 

The average peak area ratios (PAR) for the three replicate analyses for each of the time 

intervals t =0, 24, 48 and 72 hours was determined for the selected components of each of 

the 15 sub-samples from the 5 actual seized street nyaope samples. Pooled average peak area 

ratios (PPAR) were determined by averaging the PARs at t = 0, 24, 48 and 72 hours. The PAR 

and the PPAR of the sub-samples A1 form sample A, for the time intervals t =0, 24, 48 and 72 

hours are given in Table 5.19. The PAR and the PPAR of the 15 sub-samples for the time 

intervals t =0, 24, 48 and 72 hours respectively are shown in Appendix XI a - d. ANOVA 

statistical analysis for the sub samples A1, using the F-test (single factor) gave Fcalc = 0.0132 < 

Fcrit = 2.866 with the corresponding p-value = 0.998. The Fcalc, Fcrit and the corresponding p-

values for the samples A1–A3, B1–B3, C1–C3, D1–D3 and E1–E3 are given in Table 5.20. The 

Fcalc values for all the samples were less than the corresponding Fcrit values, which 

demonstrates that there was no significant difference amongst the peak area ratios for the 
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simulated nyaope sub-samples over the 72 hours of autosampler storage, confirming the 

stability of these samples for the time period.  

The PPAR of the actual seized street nyaope samples A (LAB25142), B (LAB25209), C 

(LAB34000), D (LAB37959902B) and E (LAB503909) are given in Table 5.21. ANOVA statistical 

analysis using the F-test (single factor) gave Fcalc = 0.000861 < Fcrit = 3.354, Fcalc = 0.00729 < Fcrit 

= 3.555, Fcalc = 0.146 < Fcrit = 3.316, Fcalc = 0.0429 < Fcrit = 3.285 and Fcalc = 0.00120 < Fcrit = 3.403 

respectively, with the corresponding p-values = 0.999, 0.993, 0.863, 0.996 and 0.999. The Fcalc 

values for all the samples were less than the corresponding Fcrit values, which demonstrates 

that there were no significant difference amongst the peak area ratios for the samples 

belonging to the same group over the 72-hour autosampler storage. 

 

Table 5.19: Average peak area ratios and the pooled average peak area ratios of the 
individual components in the actual seized street nyaope sample, A1, at t = 0, 24, 48 and 
72 hours of autosampler storage. 

Component 0 24 48 72 PPAR SD %RSD (n = 4) 

NCT 0,077 0,117 0,105 0,074 0,093 0,021 22.59 

ACA 0,193 0,241 0,085 0,200 0,180 0,066 36.94 

CAFF 0,288 0,292 0,284 0,264 0,282 0,012 4.38 

THCV 1,464 1,446 1,576 1,230 1,429 0,144 10.11 

CBV 0,137 0,143 0,165 0,109 0,139 0,023 16.67 

∆9-THC 13,089 12,655 12,850 11,073 12,417 0,913 7.35 

ACOD 0,279 0,262 0,222 0,203 0,241 0,035 14.55 

CBN 1,057 1,045 1,213 0,880 1,049 0,136 13.00 

6-MAM 1,653 1,576 1,744 1,437 1,602 0,130 8.12 

DAM 0,544 0,533 0,573 0,453 0,526 0,051 9.75 
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Table 5.20: The Fcalc, Fcrit and corresponding p-values for the average peak area ratios of each of the actual seized street nyaope samples A 
(A1, A2, A3), B (B1, B2, B3), C (C1, C2, C3), D (D1, D2, D3) and E (E1, E2, E3). 

A (LAB25142) B (LAB25209) C (LAB34000) 

Sample  FCalc FCrit p-value Sample  FCalc FCrit p-value Sample FCalc FCrit p-value 

A1 0.0132 2.866 0.998 B1 0.00782 3.009 0.999 C1 0.00312 2.839 1.000 

A2 0.0181 2.866 0.997 B2 0.00124 3.009 1.000 C2 0.00218 2.839 1.000 

A3 0.00292 2.866 1.000 B3 0.00254 3.009 1.000 C3 0.0178 2.839 0.997 

D (LAB379599) E (LAB503909)     

Sample Fcalc Fcrit p-value Sample Fcalc Fcrit p-value 
    

D1 0.156 2.816 0.925 E1 0.00330 2.901 1.000 
    

D2 0.138 2.816 0.937 E2 0.0186 2.901 0.996 
    

D3 0.130 2.816 0.942 E3 0.00884 2.901 0.999 
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Table 5.21: Pooled average peak area ratios for the actual seized street nyaope samples A (LAB25142), B (LAB25209), C (LAB34000), D 
(LAB379599) and E (LAB503909). 

Component 
 

A 
  

B 
  

C 
 

 D   E 
 

NCT 0,093 0,081 0,081 0,236 0,221 0,241 0,009 0,013 0,019 0,410 0,369 0,428 0,090 0,101 0,103 

ACA 0,180 0,119 0,170 0,048 0,045 0,065 0,980 1,277 1,483 nd nd nd nd nd nd 

CAFF 0,282 0,281 0,292 nd nd nd nd nd nd 0,631 0,603 0,597 1,048 1,054 1,016 

COC nd nd nd nd nd nd 0,100 0,107 0,200 nd nd nd nd nd nd 

MTQ nd nd nd 0,117 0,107 0,132 nd nd nd 0,041 0,039 0,039 nd nd nd 

THCV 1,429 1,448 1,467 0,293 0,262 0,288 0,060 0,083 0,091 0,057 0,055 0,054 0,009 0,009 0,008 

CBV 0,139 0,147 0,156 0,146 0,134 0,147 0,023 0,031 0,032 0,043 0,042 0,042 nd nd nd 

COD nd nd nd nd nd nd 0,028 0,040 0,046 0,013 0,012 0,012 0,023 0,023 0,022 

∆9-THC 12,417 12,794 12,899 3,067 2,833 3,063 0,911 1,143 1,254 1,489 1,420 1,407 0,363 0,364 0,351 

ACOD 0,241 0,263 0,259 nd nd nd 0,221 0,295 0,344 0,214 0,203 0,200 0,321 0,322 0,310 

CBN 1,049 1,068 1,138 1,882 1,767 1,906 0,143 0,169 0,195 0,296 0,282 0,279 nd nd nd 

6-MAM 1,602 1,560 1,675 nd nd nd 0,521 0,692 0,842 0,253 0,241 0,239 0,729 0,729 0,703 

DAM 0,526 0,471 0,531 nd nd nd 3,584 4,636 5,513 2,693 2,572 2,545 3,813 3,834 3,692 

TOCO nd nd nd nd nd nd nd nd nd 0,064 0,061 0,060 0,057 0,057 0,055 

nd = undetected
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5.4.2 Comparison of chromatographic profiles between different actual seized 

street nyaope samples over a 72-hour period 

The chromatograms of the actual seized street nyaope samples analysed after t = 0, 24, 48 

and 72 hours of autosampler storage were generated for each of the samples A, B, C, D and 

E. The chromatogram of one member of each of the batches A, B, C, D and E were compared 

at the same time interval to determine whether the samples from different parent batches 

could be discriminated from one another. The comparative chromatograms at t = 0 of each 

of the samples A, B, C, D and E are displayed in Figures 5.12. The chromatograms displaying 

the comparison of each of the samples A, B, C, D and E at t =0, 24, 48 and 72 hours, 

respectively are shown in Appendix XII a–d. From these chromatograms it was demonstrated 

that the chromatographic profiles can be used to differentiate street nyaope samples, even 

after 72 hours of autosampler storage after extraction into tertiary butyl alcohol. 

5.4.3 Comparison of chromatographic profiles between actual seized street 

nyaope samples from the same batch over a 72-hour period 

Chromatograms of members of the same group were compared to determine whether 

samples from the same parent batch could be discriminated after 0, 24, 48 and 72 hours of 

autosampler storage. This would also demonstrate that the batch from which the sub samples 

were prepared was homogeneous. Chromatograms of the three sub-samples of the parent 

batch A at t = 0 is displayed in Figure 5.13. The chromatograms comparing samples within the 

parent groups B, C, D and E at t = 0 are shown in Appendix XIII a–c. From these chromatograms 

it was demonstrated that the profiles within the same parent batch cannot be differentiated. 

This demonstrates that the samples were homogeneous before extraction with tertiary butyl 

alcohol.  

5.4.4 Comparison of chromatographic profiles of sub-samples within a batch 

in actual seized street nyaope samples over a 72 hour period 

Chromatograms from one member of each of the three batches were compared at t= 0, 24, 

48- and 72-hour time intervals to demonstrate whether the components could be identified 

over the 72-hour period and whether their proportion changed or not. The chromatograms 
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of one member from the sample A were compared after t= 0, 24, 48 and 72 hours’ time 

interval and the profiles are displayed in Figure 5.14. Similar comparison of the samples B, C, 

D and E at t= 0, 24, 48 and 72 hours’ time interval are displayed in Appendix XIV a–e. The 

%RSD of the PAR was found to be < 20% for the major components in the 15 samples which 

indicates that the PAR of these components did not change significantly over the 72 hours’ 

time period once extracted from the nyaope samples into the tertiary butyl alcohol. From 

these chromatographic profiles it was demonstrated that each component of the actual 

seized street nyaope sample can be identified and that their relative proportions do not 

change over a 72 hour time period once extracted from nyaope into tertiary butyl alcohol. 

This confirms the stability of these components up to 72 hours of autosampler storage once 

extracted into tertiary butyl alcohol, as observed previously in Section 3.1. 
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Figure 5.12: Chromatograms showing the samples for A1, B1, C1, D1 and E1 respectively at t = 0 where identifications were For A1: (3.194) acetaminophen, (3.564) 
caffeine, (5.242) tetrahydrocannabivarin, (5.429) tetracosane IS, (5.730) cannabichromene, (6.234) Δ9-THC, (6.411) cannabigerol, (6.517) cannabinol, (6.563) 6-
monoacetylmorphine, (6.681) unknown, (7.001) diamorphine and (7.514) nonacosane; For B1: (2.411) nicotine, (3.098) bulnesol, (3.616) caffeine, (4.754) methaqualone, 
(5.242) tetrahydrocannabivarin, (5.426) tetracosane IS, (5.575) cannabivarin, (5.733) cannabichromene, (5.935) cannabicoumaronone, (6.212) Δ9-THC, (6.411) 
cannabigerol, (6.513) cannabinol, (6.681) unknown, (6.933) unknown, (7.517) nonacosane; For C1 (3.558) caffeine, (4.891) cocaine, (5.245) tetrahydrocannabivarin, 
(5.429) tetracosane IS, (5.736) cannabichromene, (5.935) cannabicoumaronone, (6.212) Δ9-THC, (6.489) acetylcodeine, (6.554) 6-monoacetylmorphine, (7.004) 
diamorphine; For D1 (2.407) nicotine, (3.390) unknown, (3.561) caffeine, (4.198) unknown, (4.937) methaqualone, (5.242) tetrahydrocannabivarin, (5.425) tetracosane 
IS, (5.755) cannabidiol, (5.948) codeine, (6.209) Δ9-THC, (6.485) acetylcodeine, (6.554) 6-monoacetylmorphine, (7.001) diamorphine, (7.520) nonacosane, (8.332) 
unknown, (8.683) unknown, (9.581) unknown; For E1 (2.411) nicotine, (3.396) unknown, (3.558) caffeine, (4.941) methaqualone, (5.426) tetracosane IS, (6.209) Δ9-THC, 
(6.551) 6-monoacetylmorphine, (7.001) diamorphine, (8.692) unknown.

A1 

B1 

C1 

D1 

E1 
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Figure 5.13: Chromatograms showing the three sub-samples for sample A (A1, A2, A3) at t = 0 where identifications were: (3.209) 
acetaminophen, (3.567) caffeine, (5.242) tetrahydrocannabivarin, (5.429) tetracosane IS, (5.733) cannabichromene, (6.234) Δ9-THC, (6.408) 
cannabigerol, (6.517) cannabinol, (6.566) 6-monoacetylmorphine, (6.681) unknown, (7.001) diamorphine and (7.517) nonacosane in the first 
chromatogram (A1).

A1 

A2 

A3 
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Figure 5.14: Chromatograms for the sub-sample A1 after 0, 24, 48 and 72 hours respectively where identifications were: (3.194) 

acetaminophen, (3.567) caffeine, (5.242) tetrahydrocannabivarin, (5.429) tetracosane IS, (5.730) cannabichromene, (6.234) Δ9-THC, (6.408) 

cannabigerol, (6.517) cannabinol, (6.563) 6-monoacetylmorphine, (6.681) unknown, (7.001) diamorphine and (7.514) nonacosane in the first 

chromatogram (t = 0).

t = 0 

t = 24h 

t = 48h 

t = 72h 
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5.4.5 Concentrations profiles of CAFF, DAM and Δ9-THC in actual seized street 

nyaope samples over a 72-hour period 

Concentrations of the major components CAFF, DAM and Δ9-THC in samples A, B, C, D and E 

shown in Table 5.22 were calculated using Equation 5.2. The CAFF concentration for sample 

B was below the quantitation limit (6.36 x 10-2 mg/L). The pooled average concentration for 

each time interval of the three sub-samples in a batch was used to calculate the average 

%RSD, shown in Table 5.22 to determine if the concentrations are significantly different. The 

average %RSD was found to be < 10% for all the components (CAFF, DAM and Δ9-THC) in the 

samples A, B, C, D and E, except for CAFF in sample B, whose concentration was below the 

quantitation limit. This indicates that there is no significant difference between the 

concentrations of a particular component over a 72-hour period once extracted into tertiary 

butyl alcohol. This suggests that all the components were stable for the 72 hours of 

autosampler stability. The average %RSD of CAFF in sample B was > 5%. Since CAFF was below 

the quantitation limit, it may be affected by the background response and not necessarily 

unstable. The average concentration of CAFF, DAM and Δ9-THC for each of the 15 sub-samples 

at each of the time interval t= 0, 24, 48 and 72 hours, were analysed with each of HCA and 

PCA chemometric methods mentioned in Section 5.3.3.  
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Table 5.22: Average concentrations (n = 4) of the components CAFF, DAM and ∆9-THC in the actual seized street nyaope samples A (A1, A2, 

A3), B (B1, B2, B3), C (C1, C2, C3), D (D1, D2, D3) and E (E1, E2, E3) (mg/L). 
 

CAFF 
    

DAM 
    

THC 
    

 0 24 48 72 %RSD 0 24 48 72 %RSD 0 24 48 72 %RSD 

A1 < QL < QL < QL < QL < QL 0.21 0.20 0.21 0.21 4.00 5.48 4.97 5.21 5.25 4.00 

A2 < QL < QL < QL < QL < QL 0.18 0.16 0.17 0.15 7.78 5.36 4.91 4.88 4.99 4.43 

A3 < QL < QL < QL < QL < QL 0.23 0.19 0.19 0.19 9.67 5.57 5.40 5.10 4.94 5.41 

B1 < QL < QL < QL < QL < QL nd nd nd nd nd 1.44 1.39 1.32 1.32 4.34 

B2 < QL < QL < QL < QL < QL nd nd nd nd nd 1.29 1.25 1.13 1.14 6.56 

B3 < QL < QL < QL < QL < QL nd nd nd nd nd 1.42 1.37 1.25 1.27 6.18 

C1 0.70 0.70 0.69 0.69 1.47 3.53 3.42 3.44 3.38 2.52 0.42 0.43 0.41 0.40 3.92 

C2 0.70 0.70 0.68 0.68 1.45 3.22 3.11 3.08 3.07 2.16 0.45 0.43 0.39 0.39 7.16 

C3 0.78 0.76 0.77 0.78 1.20 3.91 3.69 3.80 3.70 2.74 0.55 0.52 0.49 0.50 4.82 

D1 0.44 0.42 0.42 0.42 2.19 2.10 2.08 2.11 2.03 1.67 0.87 0.85 0.78 0.84 4.70 

D2 0.44 0.44 0.44 0.43 0.88 2.02 1.97 1.97 1.90 2.45 0.80 0.80 0.77 0.79 1.71 

D3 0.45 0.45 0.45 0.46 0.96 2.22 2.17 2.21 2.13 1.93 0.95 0.89 0.91 0.92 2.98 

E1 0.82 0.80 0.81 0.81 0.94 2.87 2.82 2.82 2.79 1.10 0.11 0.10 0.10 0.10 6.36 

E2 0.79 0.77 0.78 0.78 1.01 2.99 2.93 2.94 2.85 1.91 0.11 0.10 0.09 0.11 9.39 

E3 0.81 0.78 0.79 0.79 1.78 2.99 2.91 3.00 2.92 1.57 0.14 0.13 0.13 0.14 3.36 

< QL = below quantitation limit 
 nd = not detected
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5.4.6 Chemometric treatment of simulated nyaope data 

The two unsupervised chemometric methods mentioned in 5.3.7 were also used for the 

analysis of average concentrations of CAFF, DAM and Δ9-THC of the actual seized street 

nyaope samples. The average concentrations of CAFF, DAM and Δ9-THC for each of the 15 

sub-samples at each of the time interval t= 0, 24, 48 and 72 hours were analysed with each of 

HCA and PCA. 

5.4.6.1 Hierarchical Cluster Analysis of actual seized street nyaope samples 

Analysis using agglomerative hierarchical clustering (HCA), Euclidean distance and 

unweighted average linkage, was conducted on the average concentration of CAFF, DAM and 

Δ9-THC for the 15 sub-samples at each of the time interval t= 0, 24, 48 and 72 hours. The 

matrix generated for the samples at t = 0, 24, 48 and 72 hours are shown in Table 5.23. The 

matrices have zero values on the diagonal and are symmetric. As discussed in Section 1.8.2, 

the symmetric matrix indicates that the HCA method was suitable to discriminate the actual 

seized street nyaope samples into different classes. The results of the hierarchical clustering 

analysis performed on the actual seized street nyaope samples are indicated in the 

dendrogram in Figure 5.15. The results demonstrate that HCA has successfully discriminated 

samples, confirming that the samples A1, A2 and A3 were from the first batch A; the samples 

B1, B2, and B3 were from the second batch B; the samples D1, D2, and D3 were from the 

fourth batch D; and the samples E1, E2 and E3 were from the fifth batch E. The variation within 

the samples from the third batch C was too great to cluster them together, but sufficiently 

different from the others to distinguish them from the samples from the batches A, B, D and 

E. The variation is maybe as a result of concentration difference due to errors during the 

extraction process of the samples. The HCA further demonstrated that the actual seized street 

nyaope samples can still be discriminated even after 72 hours of autosampler storage. The 

matrices indicate that there was a maximum distance between Class 1 and Class 3 and a 

minimum distance between Class 2 and Class 3. 
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Table 5.23: Matrices showing distances between central objects at t = 0, 24, 48 and 72 

hours for the actual seized street nyaope samples A1, B3 and C1. 

  t = 0     t = 24h  
Class 1 (A1) 2 (B3) 3 (C1) 

 
Class 1 (A1) 2 (B3) 3 (C1) 

1 (A1) 0 4.07 5.68 
 

1 (A1) 0 3.61 5.17 

2 (B3) 4.07 0 2.80 
 

2 (B3) 3.61 0 2.68 

3 (C1) 5.68 2.80 0 
 

3 (C1) 5.17 2.68 0 

  t = 48h     t = 72h  
Class 1 (A3) 2 (B3) 3 (C1) 

 
Class 1 (A2) 2 (B3) 3 (C1) 

1 (A3) 0 3.85 5.31 
 

1 (A2) 0 3.72 5.22 

2 (B3) 3.85 0 2.66 
 

2 (B3) 3.72 0 2.62 

3 (C1) 5.31 2.66 0 
 

3 (C1) 5.22 2.62 0 

 



205 
 

 

 
Figure 5.15: Dendrogram of the actual seized street nyaope samples A (A1, A2, A3), B (B1, B2, B3), C (C1, C2, C3), D (D1, D2, D3) and E (E1, E2, E3) 

analysed by HCA using unweighted linkage and Euclidean distance for the time interval t = 0, 24, 48 and 72 hours, respectively.
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5.4.6.1 Principal Component Analysis of actual seized street nyaope samples 

The correlation matrices for the time interval t = 0, 24 48 and 72 hours are shown in Table 

5.24 for the actual seized street nyaope samples. All the values are different from zero with a 

significant level α = 0.95 (two-tailed), which indicates that there is a linear correlation 

between the variables. A positive correlation was observed between CAFF and DAM, while 

negative correlation between CAFF and Δ9-THC as well as DAM and Δ9-THC was observed. The 

same correlation pattern is observed up to 72 hours of autosampler storage. The transpose 

of these correlation matrices will yield matrices that are identical to the original matrices 

themselves. As a result, the product of the transpose and the original matrix would yield an 

identity matrix. This proves that the principal components are orthogonal. The principal 

component analysis indicates that there are three principal components, F1, F2 and F3 that 

explains the variability of the variables CAFF, DAM and Δ9-THC. The scree plots for the actual 

seized street nyaope samples at time interval 0, 24 48 and 72 hours are shown in Figure 5.16. 

Each plot displays an exponential decline towards zero for the principal components F1, F2 

and F3. The plots also indicate that the principal component F1 exhibits the largest variances, 

while F2 and F3 show low variances. The assumptions mentioned in Section 1.8.4 are satisfied 

and therefore the performance of the method is acceptable. 

The eigenvalues and variability (%) are shown in Table 5.25 and indicate a value greater than 

1.00 for the principal component F1, with variability of 86.61%, which is more than the 

minimum 70%. The principal component F1 is sufficient to explain the variability of the data 

set. The factor loadings (coefficients) for the actual seized street nyaope samples are shown 

in Table 5.26. Considering values greater than 0.300, the principal components F1 explain the 

variable of CAFF, DAM and Δ9-THC, while F2 only explains the variability of Δ9-THC. Therefore, 

the first principal component F1 is sufficient to explain the variability of the data set. 
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Table 5.24: Pearson correlation matrices at t = 0, 24, 48 and 72 hours for the components 

CAFF, DAM and ∆9-THC in actual seized street nyaope samples A, B, C, D and E. 

 t = 0     t = 24h   
Variables CAFF-T1 DAM-T1 THC-T1  Variables CAFF_T2 DAM-T2 THC=T2 

CAFF-T1 1 0.982 -0.716  CAFF_T2 1 0.986 -0.723 
DAM-T1 0.982 1 -0.688  DAM-T2 0.986 1 -0.700 
THC-T1 -0.716 -0.688 1  THC=T2 -0.723 -0.700 1 

 t = 48h     t = 72h   
Variables CAFF-T3 DAM-T3 THC-T3  Variables CAFF-T4 DAM-T4 THC-T4 

CAFF-T3 1 0.983 -0.710  CAFF-T4 1 0.984 -0.710 
DAM-T3 0.983 1 -0.686  DAM-T4 0.984 1 -0.687 
THC-T3 -0.710 -0.686 1  THC-T4 -0.710 -0.687 1 

Values in bold are different from 0 with a significance level alpha=0.95  
 

 

 

Figure 5.16: Principal component analysis scree plot at t = 0, 24, 48, 72 hours for the actual 

seized street nyaope samples A, B, C, D and E. 
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Table 5.25: Eigenvalues, percentage variability and percentage cumulative variance of the principal components F1, F2 and F3 of the actual 

seized street nyaope samples A, B, C, D and E at t = 0, 24, 48 and 72 hours. 
  

t = 0 
  

t = 24h 
  

t = 48h 
  

t = 72h 
 

 
Eigen-
value 

Variability 
(%) 

Cumulative % Eigen-
value 

Variability 
(%) 

Cumulative % Eigen-
value 

Variability 
(%) 

Cumulative % Eigen-
value 

Variability 
(%) 

Cumulative % 

F1 2.598 86.61 86.61 2.614 87.12 87.12 2.595 86.49 86.49 2.595 86.51 86.51 

F2 0.384 12.80 99.41 0.373 12.42 99.54 0.389 12.97 99.46 0.389 12.98 99.49 

F3 0.018 0.59 100.00 0.014 0.46 100.00 0.016 0.54 100.00 0.015 0.51 100.00 

 

 

Table 5.26: Principal components factor Loadings (coefficients) and their percentage contributions for the components CAFF, DAM and ∆9-

THC in actual seized street nyaope samples at t = 0 and 24 h. 

t = 0 t = 24h 

 CAFF DAM Δ9 -THC CAFF DAM Δ9 -THC 

PC Loadings % Contr. Loadings % Contr. Loadings % Contr. Loadings % Contr. Loadings % Contr. Loadings % Contr. 

F1 0.973 36.42 0.964 35.74 -0.851 27.84 0.974 36.27 0.966 35.71 -0.856 28.02 

F2 0.211 11.60 0.251 16.40 0.526 71.99 0.212 12.02 0.245 16.11 0.517 71.86 

F3 0.096 51.98 -0.092 47.86 0.005 0.17 0.084 51.70 -0.081 48.18 0.004 0.12 

t = 48h t = 72h 
 

CAFF DAM Δ9 -THC CAFF DAM Δ9 -THC 

PC Loadings % Contr. Loadings % Contr. Loadings % Contr. Loadings % Contr. Loadings % Contr. Loadings % Contr. 

F1 0.972 36.43 0.964 35.85 -0.848 27.72 0.972 36.43 0.965 35.86 -0.848 27.70 

F2 0.215 11.89 0.249 15.95 0.530 72.16 0.216 11.94 0.249 15.87 0.530 72.19 

F3 0.092 51.67 -0.089 48.21 0.004 0.12 0.089 51.62 -0.086 48.26 0.004 0.11 

%Contr. = percentage contribution 

Values in bold are the most significant factor loadings 
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The results of the PCA analysis conducted for each of the individual time intervals t = 0, 24, 

48, and 72 hours are shown in the observation axis in Figure 5.17. As indicated in Figure 5.17, 

PCA has discriminated samples, confirming the samples A1, A2 and A3 were from the same 

batch A; the samples B1, B2 and B3 were from the second batch B; the samples D1, D2 and 

D3 were from the fourth batch D; and the samples E1, E2 and E3 were from the fifth batch E. 

The samples of the third batch C could not be classed and were shown as individual groups 

C1, C2 and C3. The PCA further demonstrated that the simulated nyaope samples can still be 

discriminated even after 72 hours of autosampler storage.  
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Figure 5.17: Observation axis for the actual seized street nyaope samples A (A1, A2, A3), B (B1, B2, B3), C (C1, C2, C3), D (D1, D2, D3) and E (E1, E2, E3 

analysed by PCA for the time interval t = 0 and 24 hours. 
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Figure 5.17 cont’d: Observation axis for the actual seized street nyaope samples A (A1, A2, A3), B (B1, B2, B3), C (C1, C2, C3), D (D1, D2, D3) and E (E1, E2, 

E3analysed by PCA for the time interval t = 48 and 72 hours
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5.4.7 Compound identification – stability of relative retention times for actual 

seized street samples 

The RRT of the individual components ACOD, CAFF, CBCM, CBD, CBG, CBN, CBV, DAM, EFV, 6-

MAM, NVP, PNT, Δ9-THC and THCV were determined for the 15 sub-samples from the 5 actual 

seized street nyaope samples. The relative standard deviations for the relative retention times 

of these compounds shown in Table 5.27 are all below 0.5%, illustrating the stability of this 

parameter. Identification of components of nyaope can therefore be made on the basis of 

retention time and the mass spectrum of each separated compound.  
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Table 5.27: Relative retention times of individual components for the actual seized street nyaope samples A (A1, A2, A3), B (B1, B2, B3), C (C1, C2, C3), D 

(D1, D2, D3) and E (E1, E2, E3). 

nd = not detected

 A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3 Aver SD %RSD 

NCT 0.445 0.445 0.445 0.445 0.445 0.445 0.445 0.445 0.445 0.444 0.444 0.444 0.445 0.445 0.445 0.445 0.00037 0.0824 

ACA 0.589 0.592 0.591 Nd nd nd nd nd nd nd nd nd nd nd nd 0.591 0.00150 0.2542 

CAFF 0.657 0.658 0.658 0.663 0.667 0.668 0.656 0.656 0.654 0.656 0.655 0.654 0.656 0.656 0.655 0.658 0.00439 0.6671 

DTM 0.856 0.856 0.856 nd nd nd nd nd nd nd nd nd nd nd nd 0.856 0.00011 0.0124 

MTQ 0.876 0.876 0.876 0.875 0.876 0.876 nd nd nd 0.875 0.875 0.874 nd nd Nd 0.876 0.00092 0.1052 

COC nd nd nd nd nd nd 0.902 0.901 0.901 nd nd nd nd nd nd 0.901 0.00046 0.0515 

THCV 0.966 0.966 0.966 0.966 0.966 0.966 0.967 0.967 0.967 0.967 0.967 0.966 0.969 0.967 0.968 0.967 0.00085 0.0882 

TC 1.000 1.000 1.000 1.000 1.000 1.000 1.001 1.000 1.000 1.000 1.001 1.000 1.000 1.000 1.001 1.000 0.00034 0.0344 

CBV 1.028 1.027 1.027 1.027 1.027 1.027 1.029 1.028 1.028 1.027 1.028 1.027 nd nd nd 1.028 0.00060 0.0585 

CBCM 1.056 1.056 1.056 1.056 1.056 1.056 1.057 1.057 1.057 1.057 1.058 1.056 1.060 1.060 1.060 1.057 0.00148 0.1398 

CBD nd nd nd nd nd nd 1.060 1.060 1.060 1.061 1.061 1.060 nd nd nd 1.060 0.00040 0.0375 

CBCO nd nd nd 1.094 1.093 1.093 nd nd nd nd nd nd nd nd nd 1.094 0.00011 0.0097 

COD 1.094 1.094 1.094 nd nd nd 1.096 1.096 1.095 1.096 1.096 1.095 1.096 1.096 1.096 1.095 0.00078 0.0708 

THC 1.149 1.149 1.148 1.144 1.144 1.144 1.145 1.144 1.144 1.144 1.145 1.145 1.144 1.144 1.144 1.145 0.00172 0.1504 

CBG 1.181 1.181 1.181 1.182 1.181 1.181 1.182 1.182 1.182 1.181 1.182 1.181 nd nd nd 1.181 0.00045 0.0379 

ACOD 1.196 1.197 1.196 nd nd nd 1.196 1.196 1.195 1.195 1.196 1.195 1.195 1.195 1.195 1.196 0.00068 0.0572 

CBN 1.201 1.201 1.201 1.200 1.200 1.200 1.199 1.198 1.198 1.198 1.199 1.198 1.198 1.198 1.197 1.199 0.00134 0.1117 

6-MAM 1.210 1.210 1.210 nd nd nd 1.208 1.208 1.208 1.208 1.208 1.208 1.208 1.207 1.208 1.208 0.00093 0.0768 

DAM 1.290 1.290 1.290 nd nd nd 1.291 1.291 1.292 1.290 1.291 1.291 1.291 1.291 1.291 1.291 0.00043 0.0336 

Vitamin E nd nd nd nd nd nd nd nd nd 1.600 1.600 1.599 1.601 1.599 1.600 1.600 0.00072 0.0447 
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CHAPTER 6: CONCLUSIONS AND FUTURE WORK 

The main objectives of this research as mentioned Section 1.9 were: 

1. Selection of the major psychoactive substances found in the street cocktail drug 

nyaope based on the data collected from the South African Police Services (SAPS) 

database of drug seizures in the area of interest. 

2. Development and validation of an analytical methodology for the simultaneous 

identification and quantitation of selected major components found in nyaope 

extracted into an organic solvent followed by instrumental analysis. 

3. Identification and quantitation of the cocktail components in the street nyaope 

samples seized by the South African Police Services and demonstration of the 

appropriateness of clustering techniques for the samples using two unsupervised 

methods, namely principal component analysis (PCA) and hierarchical cluster analysis 

(HCA). 

The first objective was investigated in Chapter 3, the second was investigated in Chapters 3 

and 4, respectively, while the third objective was investigated in Chapter 5. The conclusions 

in Section 6.1 discuss how these objectives have been met. Section 6.2 outlines the future 

work and recommendations. 

6.1 CONCLUSIONS 

This section presents a summary of the findings made during solvent stability studies in 

Chapter 3 (Section 6.1.1), storage stability studies in Chapter 3 (Section 6.1.2), analytical 

method validation in Chapter 4 (Section 6.1.3), and the application of the validated analytical 

method in Chapter 5 (Section 6.1.4). 

6.1.1 Solvent stability 

Nyaope, a street drug commonly found in South Africa, is a mixture of low-grade heroin, 

cannabis products, antiretroviral drugs and other materials added as bulking agents. It is a 

highly physiologically addictive substance which is smoked by users. Little work has been 
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published on the chemical analysis and profiling of nyaope. Sample preparation prior to 

chromatographic or spectrometric analysis normally involves dissolution of the sample in an 

organic solvent. This study determined the most suitable organic solvent in which the 

common components of nyaope, namely Δ9-tetrahydrocannabinol, diamorphine, caffeine, 

dextromethorphan, phenacetin and the antiretrovirals efavirenz and nevirapine, which have 

different chemical characteristics, are stable prior to analysis of nyaope samples. Individual 

seized street samples of cannabis (Δ9-tetrahydrocannabinol), heroin (diamorphine) and 

antiretrovirals were mixed to mimic a nyaope sample and dissolved in the organic solvents 

dichloromethane, ethanol, ethyl acetate, hexane, isopropanol and tertiary butyl alcohol. In 

addition, actual seized street nyaope samples, not mixed with any other drugs, were 

extracted with selected solvents (dichloromethane, isopropanol and tertiary butyl alcohol). 

This study has shown that the major components of nyaope are the most stable in tertiary 

butyl alcohol stored in amber vials at room temperature. The nyaope components caffeine, 

cannabinol, diamorphine, efavirenz, 6-monoacetylmorphine, nevirapine, phenacetin, Δ9-

tetrahydrocannabinol and tetrahydrocannabivarin were stable up to 72 hours of autosampler 

stability for both simulated and actual seized street nyaope samples extracted with 

dichloromethane, ethyl acetate and tertiary butyl alcohol. Dichloromethane is a highly volatile 

solvent and therefore easily evaporates from the GC-MS sample vials. Furthermore, it 

contains hydrochloric acid that facilitates the decomposition of ∆9-tetrahydrocannabinol to 

form cannabinol, which makes tertiary butyl alcohol the more suitable solvent. In order of 

suitability for extraction and autosampler stability, tertiary butyl alcohol was the most 

suitable solvent, followed by dichloromethane, ethyl acetate, isopropanol, ethanol, and lastly 

hexane. With the exception of dextromethorphan, all the components studied can be 

extracted with tertiary butyl alcohol, dichloromethane, ethyl acetate, isopropanol or ethanol, 

provided instrumental analysis is performed within 72 hours. This would allow for the 

identification, quantitation and profiling of nyaope using GC-MS. Samples prepared for the 

profiling of nyaope can therefore be extracted with tertiary butyl alcohol with subsequent 

instrumental analysis performed within 72 hours of preparation. Using this data, it is possible 

to identify the components of a nyaope sample and in principle establish possible links 

between drug seizures. 
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6.1.2 Storage stability 

Both simulated and actual seized street nyaope samples were homogenized and transferred 

into glass bottles and extracted with tertiary butyl alcohol and analysed after the storage 

interval of 0, 24 hours, 72 hours and 1, 2 and 3 weeks. Samples were first placed in a desiccator 

and then stored at room temperature in the dark and under laboratory light, in a refrigerator 

at ±4 oC and at -70 oC. Acetylcodeine and the adulterants caffeine, dextromethorphan, 

efavirenz, nevirapine and phenacetin were shown to undergo minimum degradation for the 

3 weeks (21 days) of storage under all storage conditions. A fourth set of samples was placed 

in an uncontrolled environment in a cabinet (without being placed in a desiccator) that mimics 

the storage conditions of samples received by the South African Police Services’ Forensic 

Science laboratory (SAPS-FSL). Samples stored in a desiccator at ±4 oC and at room 

temperature in the dark showed minimal degradation of tetrahydrocannabivarin, Δ9-

tetrahydrocannabinol and diamorphine. The samples stored in a desiccator under laboratory 

light showed a greater degradation of tetrahydrocannabivarin, Δ9-tetrahydrocannabinol and 

a minimal degradation of diamorphine, while samples stored in the uncontrolled environment 

showed greater degradation of diamorphine and minimal degradation of Δ9-

tetrahydrocannabinol. The results justify that the samples for profiling should be stored in the 

dark protected from light and moisture, such as in a desiccator, for a maximum of 21 days for 

qualitative analysis.  

For profiling purposes, samples need to be extracted within 24 hours of seizure in solvent 

such as t-BuOH, as established in Section 3.2. If the samples are extracted into t-BuOH, it 

needs to be analysed within 72 hours, as established in Section 3.2. The drug markers for the 

profiling of cannabis include ∆9-THC and THCV and for opiates include DAM and ACOD. This 

study demonstrated that when mixed together in nyaope, with the addition of the 

antiretrovirals, decomposition of the main components starts within 24 hours. The 

implications of this are that in order to profile the drug, the samples need to be protected 

from light at all times to prevent the photo-decomposition of Δ9-THC, and from moisture to 

prevent the hydrolysis of DAM. The extracts in t-BuOH must be prepared immediately the 

drug is seized, and these need to be analysed within 72 hours, as established in 3.1. If drug 

identification only is required, the drugs are qualitatively present in the samples for a 

considerably longer period, longer than 21 days.  



217 
 

A further implication for drug profiling is that if two drug samples have matching chemical 

profiles, then it is likely that they came from a once larger batch, because it is extremely 

unlikely that two unrelated samples would decompose to give the same profile if they were 

seized, extracted and analysed under identical conditions. On the other hand, if two samples 

have different chemical profiles, it does not mean that they were from a once larger sample, 

or that they were not. The time of seizure and conditions of storage prior to analysis would 

impact on the drug profile, therefore, it is not possible to draw a conclusion if the necessary 

precautions are not taken before hand. In terms of policing and forensic science this study 

means that, for nyaope, decisions around whether an identification is required, or a profile is 

to be generated, must be made at a very early stage in the case, in order to take the necessary 

precautions when the samples are seized. Forensic practitioners must be aware of the 

requirements of the law enforcement agencies ahead of time. This may require changes in 

the way that nyaope cases are handled and processed by law enforcement agencies. 

6.1.3 Analytical method validation 

Drug standards available during the analytical method validation, and therefore used to 

generate calibration curves as discussed in Chapter 4, were caffeine (CAFF), diamorphine 

(DAM), efavirenz (EFV), nevirapine (NVP), phenacetin (PNT) and Δ9-tetrahydrocannabinol (Δ9-

THC). Triplicate analyses of working solutions consisting of a mixture of CAFF, DAM, EFV, NVP 

PNT and Δ9-THC were conducted, and the average peak area ratios were determined as 

discussed in Section 3.1. The accuracy and precision for the analytical method were assessed 

for the 10.0, 100.0 and 1000.0 mg/L concentration levels and found to be acceptable. The 

accuracy was above 100% for the high concentration level in all the components and above 

80% for the lower concentration level. The analyses gave precision (%RSD) less than 10% for 

all concentration levels for CAFF, DAM, EFV, NVP and Δ9-THC. PNT gave %RSD of 15.78% for 

the lower concentration level and %RSD less than 10% for the higher concentration levels. 

The analytical method was found to be linear for CAFF, DAM, EFV, NVP, PNT and Δ9-THC in 

the concentration range 1.00 mg/L to 1000.00 mg/L. The linear concentration ranges for the 

nyaope components CAFF, DAM, EFV, NVP, PNT and Δ9-THC managed linearity with r2 ≥ 0.997. 

The detection limits (LOD) for CAFF, DAM, EFV, NVP, PNT and Δ9-THC were 21.0, 14.0, 19.0, 

19.0, 39.0 and 9.90 pg on column, respectively. The limit of quantitation for CAFF, DAM, EFV, 
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NVP, PNT and Δ9-THC were 64.0, 43.0, 56.0, 57.0, 120 and 30.0 pg on column, respectively. 

The analytical method gave acceptable selectivity, with %RSD less than 20% for low 

concentration level (10.00 mg/L). The %RSD for the components CAFF, DAM, EFV, NVP, PNT 

and Δ9-THC at all concentration levels were all less than or equal to 15% for the ruggedness 

test and hence was acceptable. The solvent ETAC showed better recoveries, followed by DCM 

and then t-BuOH, ETOH, i-PrOH and hexane. Therefore, the analytical method is fit for the 

purpose of quantitative profiling of major components of nyaope using the GC-MS technique. 

6.1.4 Application of the validated analytical method 

Subsequent to the analytical method validation, the developed analytical method was 

successfully applied to both simulated and five actual seized street nyaope samples. The 

major components of nyaope, including the antiretroviral drugs efavirenz and nevirapine, 

were identified in the simulated samples. Chemical components PNT, CAFF, EFV, NVP, Δ9-THC 

and DAM for the cocktail drug nyaope were successfully identified and quantitatively 

determined, using GC-MS in both simulated samples. It was, however, interesting that whilst 

antiretrovirals have been reported to be present in nyaope, in the five actual seized street 

nyaope samples analysed, the antiretrovirals efavirenz and nevirapine were not identified. It 

may be that they were below the detection limit of the instrument or that they were indeed 

absent. However, the analytical method does provide for the determination of these 

antiretrovirals where they are present at concentrations above the detection threshold. It 

should, however, be noted that other antiretrovirals cannot be detected by GC-MS, but that 

LC-MS is a more suitable method for their detection. However, LC-MS is not currently readily 

available to the SAPS-FSL. The majority of the target compounds were stable up to 72 hours 

of storage for both simulated and actual seized street nyaope samples in tertiary butyl 

alcohol. The nyaope components ACA, COD, THCV, DTM, COC, NCT, MTQ, CBV, CBN, ACOD, 

6-MAM, TOCP and NCP were qualitatively identified in the actual seized street nyaope 

samples using GC-MS. Both quantitative and qualitative profiles of major components of 

nyaope can be achieved satisfactorily using the GC-MS technique. This would allow for the 

identification, quantitation and profiling of nyaope using GC-MS. 

Using two unsupervised chemometric methods as well as chromatographic profiles, it was 

demonstrated that each compound of interest can be identified and that their relative 
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proportions do not change over a 72-hour period once extracted from nyaope, into tertiary 

butyl alcohol, confirming previous work (Section 3.1). When each of the samples from the 

same batch for both simulated and actual seized street nyaope samples were analysed, it was 

found that the chromatographic profiles relating to each batch could be discriminated from 

one another. It was reported that for a small number of samples, HCA gives better results 

than PCA (Ahmad et al, 2005). This study, however, indicates that both HCA and PCA gave 

similar results for the small samples in both simulated and actual seized street nyaope 

samples.  

Samples prepared as soon as possible after seizure (within 24 hours), for the profiling of 

nyaope can therefore be reliably extracted with tertiary butyl alcohol, with subsequent 

instrumental analysis performed within 72 hours of preparation. The study has shown, for the 

first time, that it is possible to reliably identify the components of nyaope samples and 

establish possible links between drug seizures. The analytical method can therefore be 

employed for the chemical profiling of the street drug nyaope. Provided that the samples are 

correctly seized and stored as discussed in Section 3.2, extracted into tertiary butyl alcohol 

and analysed within 72 hours of preparation as determined in Section 3.1, this study 

demonstrated that quantitative comparisons of nyaope samples can be made. This means 

that law enforcement agencies in the Southern African Development Community (SADC) and 

beyond have, for the first time, the ability to analyse nyaope and compare forensic science 

data. This will allow distribution and trafficking routes to be identified and will assist in the 

determination of the origins of this drug type. It does, however, require that decisions be 

made about how the samples will be treated prior to any investigative activity. It has been 

shown in Section 3.2 that the extraction of the drugs for analysis should be made as soon as 

possible after samples are seized, which requires planning before any police action. 

This analytical method assists law enforcement and public health officials in a number of 

ways. It assists the law enforcement agencies in the identification and comparison of nyaope 

samples. It allows the establishment, for the first time, of a database on the composition of 

nyaope. It allows the exchange of analytical data between jurisdictions, provided that the 

necessary quality control protocols are in place. It also facilitates the prosecution of trafficking 

offences. In terms of public health, it allows determination of the drugs present in nyaope 
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and better public health information to be disseminated amongst the users of nyaope. In turn 

they may choose, having this information, to avoid using this drug cocktail. 

6.2 FUTURE WORK 

In Section 1.2 it was discussed that ARV compounds are high-molecular weight compounds, 

which cannot be identified using GC-MS, with the exception of efavirenz and nevirapine. It 

was further discussed that liquid chromatographic methods, coupled with tandem mass 

spectrometry, would be suitable methods for the analysis of the ARV compounds that cannot 

be identified using GC-MS. Therefore, future work should involve the development and 

validation of LC-MS/MS or UPLC-MS/MS (not readily available to SAPS-FSL) methods for the 

quantitation and profiling of antiretroviral components, as well as cannabinoids and opiates, 

in nyaope. 

Solid-phase micro-extraction (SPME) has been used for the preconcentration and analysis of 

cannabinoids such as cannabinol, cannabidiol and Δ9-tetrahydrocannabinol in urine samples, 

and achieved the Δ9-tetrahydrocannabinol detection limit that is two orders of magnitude 

better than the liquid-liquid extraction used in this research (Feizbakhsh et al, 2016). It will, 

therefore, be worthwhile to consider using SPME in order to improve the detection limit of 

the nyaope analytes (codeine, morphine, noscapine, papaverine) which were not detected in 

most of the samples analysed. Furthermore, extraction using SPME and headspace analysis 

has been used successfully for cannabis classification using volatile profiles (Marchini et al, 

2014), which would present an alternative method for the classification of the nyaope 

samples. 

As discussed in Section 1.5.1, the semi-synthetic component of nyaope (heroin) and the 

synthetic components (other illicit drugs), may have occluded solvents within their crystal 

lattice. The occluded solvent can shed some light as to the synthesis process used, and 

consequently assist in linking the street samples as well as the determination of the 

geographic origin of the heroin sample. Therefore, the identification of occluded solvents in 

nyaope sample may be worth investigating in order to further the nyaope samples classify. 

Stability studies conducted in this research used pure solvents such as tertiary butyl alcohol, 

isopropyl alcohol, ethanol, dichloromethane, ethyl acetate and hexane. A combination of 
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both polar and nonpolar solvents to improve the extraction of both acidic and basic 

components of nyaope could be considered for future work. Considering green chemistry, 

supercritical CO2 could be considered for the extraction of the major components and not the 

minor components of nyaope. The stability of the nyaope extracts was conducted only in 

autosampler storage condition. It would be worthwhile in future work to include different 

storage conditions such refrigerator storage and freezer storage.  

GC-MS analysis using single-ion monitoring (SIM) mode is said to be more sensitive than the 

scan mode in the analysis of substances at trace level. The current research was conducted in 

scan mode to identify unknown compounds; furthermore, the major components studied had 

adequate sensitivity samples (Hewavitharana et al, 2005). In order to improve the 

identification of the nyaope components available at trace level and thereby improve the 

discrimination of the street samples, it would be worthwhile to consider GC-MS analysis using 

SIM mode. 

Analysis of the actual seized street nyaope samples was done for only five samples; therefore 

it would be worthwhile to analyse a large number of samples from different areas using the 

validated method to obtain a better understanding of the suitability of the classification 

methods used in this research. Furthermore, a concentration profile of a large number of 

nyaope samples would assist in the determination of the average concentration of the major 

components in street nyaope samples. 

The classification conducted in this research did not seek to establish the origin of any of the 

components of nyaope. Future work to try and establish the origin of the components of 

nyaope would be worthwhile. 

The chemical profiling of cannabis to determine the geographic origin using instances where 

seeds and roots are seized and when ∆9-THC is not detected, as well as when the amount of 

cannabis seized is at trace level has been reported to be successful (Siniscalco Gigliano et al, 

1997; Linacre and Thorpe, 1998; Siniscalco Gigliano, 1998; Hsieh et al, 2003; Miller-Coyle et 

al, 2003b). The extraction and classification of papaver somniferum DNA from heroin street 

samples have been reported to be possible (Marciano et al, 2018). Nyaope contains mainly 

the opiate drugs (diamorphine, codeine) and cannabis; therefore, chemical profiling using 

DNA analysis would be worth investigating for laboratories that have access to this technique.  
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The chemical profiling conducted in this research was done considering only the organic 

components of the street drug nyaope. As discussed in Section 1.5.1, chemical profiling using 

the trace elemental impurity profiling of nyaope would be a topic worth investigating.  

In order to derive maximum benefit on the profiling of nyaope samples it is important that 

samples are packaged and delivered to the laboratory as soon as the seizure is made. It would 

be beneficial to train law enforcement officers on the proper handling of the samples required 

for profiling, from the packaging, storage before delivery, to the forensic lab and importance 

of delivering the samples as soon as possible after seizure. In addition, once at the forensic 

lab, proper storage conditions need to be adhered to, followed by analysis within 24 hrs for 

profiling purposes.  
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APPENDIX I Total ion chromatographs for the samples stored under different 
storage conditions and analysed after t = 0, 24, 72, 168 and 336 hours of 
storage. 

APPENDIX I-a: Total ion chromatographs for the samples stored in a refrigerator and analysed after t = 0, 24, 72, 168 and 
336 hours of storage where identifications were (1) phenacetin, (2) caffeine, (3) efavirenz, (4) dextromethorphan, (5) 
tetrahydrocannabivarin, (6) tetracosane (IS), (7) cannabivarin (8) cannabidiol (9) nevirapine; (10) Δ9-
tetrahydrocannabinol; (11) cannabigerol, (12) acetylcodeine, (13) cannabinol, (14) 6-monoacetylmorphine, (15) 
diamorphine. 
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APPENDIX I-b: Total ion chromatographs for the samples stored in the dark and analysed after t = 0, 24, 72, 168 and 336 
hours of storage where identifications were (1) phenacetin, (2) caffeine, (3) efavirenz, (4) dextromethorphan, (5) 
tetrahydrocannabivarin, (6) tetracosane (IS), (7) cannabivarin (8) cannabidiol (9) nevirapine; (10) Δ9-
tetrahydrocannabinol; (11) cannabigerol, (12) acetylcodeine, (13) cannabinol, (14) 6-monoacetylmorphine, (15) 
diamorphine. 
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APPENDIX I-c: Total ion chromatographs for the samples stored under laboratory light and analysed after t = 0, 24, 72, 168 
and 336 hours of storage where identifications were (1) phenacetin, (2) caffeine, (3) efavirenz, (4) dextromethorphan, (5) 
tetrahydrocannabivarin, (6) tetracosane (IS), (7) cannabivarin (8) cannabidiol (9) nevirapine; (10) Δ9-
tetrahydrocannabinol; (11) cannabigerol, (12) acetylcodeine, (13) cannabinol, (14) 6-monoacetylmorphine, (15) 
diamorphine. 
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APPENDIX I-d: Total ion chromatographs for the samples stored at ambient conditions and analysed after t = 0, 24, 
72, 168 and 336 hours of storage where identifications were (1) phenacetin, (2) caffeine, (3) efavirenz, (4) 
dextromethorphan, (5) tetrahydrocannabivarin, (6) tetracosane (IS), (7) cannabivarin (8) cannabidiol (9)nevirapine; (10) 
Δ9-tetrahydrocannabinol; (11) cannabigerol, (12) acetylcodeine, (13) cannabinol, (14) 6-monoacetylmorphine, (15) 
diamorphine. 
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APPENDIX II Peak area ratios of the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards. 

APPENDIX II-a: Peak area ratios for the PNT in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards 

 Conc.mg/L 
 
Replicate 1.04 2.59 5.18 7.77 10.36 25.90 51.80 77.70 103.60 259.00 518.00 777.00 1036.00 

1 0.004687 0.051504 0.082042 0.114584 0.26814 1.277564 1.637057 3.005759 3.842309 11.77396 14.93047 22.97691 31.92889 

2 0.017301 0.036096 0.132974 0.119637 0.210274 1.181839 2.064592 2.800989 4.276837 10.47179 16.98292 25.45555 31.79987 

3 0.004226 0.024742 0.109809 0.117591 0.360557 1.098954 2.152301 2.74679 4.322894 8.995667 15.71532 21.00205 28.40834 

4 0.002982 0.033031 0.074764 0.139418 0.320112 1.634085 2.132578 3.12244 3.06512 12.11256 14.28051 19.44314 29.24571 

5 0.00547 0.02699 0.093373 0.13444 0.303243 1.524129 2.010898 3.005474 3.324357 9.791222 14.80621 23.04023 27.30591 

6 0.009967 0.014335 0.059454 0.129327 0.291601 1.176248 2.257736 2.968167 3.907965 10.5662 17.83009 21.85883 27.55385 

7 0.005947 0.02054 0.09049 0.103447 0.29489 1.723012 2.116976 3.010558 3.570398 10.25473 16.95831 27.61955 30.02144 

8 0.006503 0.016336 0.053946 0.15375 0.302426 1.429035 2.133902 2.982449 4.971143 10.53649 16.35238 21.03121 27.24057 

9 0.003318 0.017776 0.055938 0.183345 0.307295 1.433755 2.227635 3.029838 4.602755 10.54699 15.58826 20.1306 23.39556 

10 0.010008 0.014997 0.102573 0.159202 0.39641 1.222964 2.045125 2.89354 4.47907 8.807565 15.64747 19.92219 29.83756 

Mean  0.007041 0.025635 0.085536 0.135474 0.305495 1.370158 2.07788 2.9566 4.036285 10.38572 15.90919 22.24803 28.67377 

STDV 0.004351 0.01179 0.0256 0.024212 0.049773 0.211407 0.172573 0.112347 0.601116 1.043036 1.114349 2.608646 2.516067 

%RSD 61.79709 45.99266 29.92876 17.8718 16.29274 15.42941 8.305251 3.799881 14.8928 10.04299 7.004435 11.72529 8.774804 

  

APPENDIX II-b: Peak area ratios for the CAFF in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards 

 Conc.mg/L 
 
Replicate 1.00 2.50 5.00 7.50 10.00 25.00 50.00 75.00 100.00 250.00 500.00 750.00 1000.00 

1 0.053577 0.154138 0.207939 0.21913 0.346539 1.270647 1.771916 2.897016 4.166995 10.23686 14.86651 21.86056 26.4621 

2 0.045968 0.184907 0.249937 0.234108 0.407378 1.141237 1.974849 2.478401 3.159433 10.79079 13.69879 15.90747 26.6234 

3 0.050075 0.136869 0.234971 0.220592 0.527446 1.076007 1.898936 2.471565 3.836031 8.551075 12.82443 14.10955 28.25785 

4 0.034937 0.148705 0.197101 0.228844 0.483588 1.60813 1.981887 2.452383 4.083297 9.561354 12.38712 17.18169 25.86837 

5 0.028505 0.107224 0.2284 0.272187 0.404196 1.44113 1.866789 2.61707 3.901155 10.18282 12.57191 14.61228 25.34216 

6 0.047008 0.160991 0.234003 0.26752 0.412696 1.198369 1.978784 2.484098 3.801901 11.37733 13.72824 14.63182 26.20431 

7 0.038838 0.149168 0.206094 0.23778 0.406036 1.596702 1.858258 2.564608 3.801657 10.75592 16.43586 17.85844 25.85488 

8 0.037626 0.171386 0.182612 0.254386 0.397001 1.382066 2.043675 2.605041 4.063575 10.10371 12.92903 13.55165 25.03067 

9 0.03512 0.165547 0.200496 0.286058 0.429756 1.347555 1.986096 2.580388 3.794796 10.02688 15.17866 13.85961 25.38289 

10 0.032299 0.150805 0.263221 0.275991 0.501862 1.170824 1.788581 2.540236 3.738426 8.764565 13.73094 13.72898 25.19818 

Mean  0.040395 0.152974 0.220477 0.249659 0.43165 1.323267 1.914977 2.569081 3.834727 10.03513 13.83515 15.73021 26.02248 

STDV 0.008279 0.021009 0.025591 0.024631 0.055388 0.185512 0.091889 0.129396 0.278495 0.881953 1.299935 2.6158 0.952844 

%RSD 20.49528 13.73353 11.60727 9.865894 12.83171 14.01924 4.798452 5.036674 7.262455 8.788653 9.395888 16.62915 3.66162 
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APPENDIX II-c: Peak area ratios for the EFV in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards 

 Conc.mg/L 
 
Replicate 1.00 2.50 4.95 7.49 9.98 24.95 49.50 74.85 99.80 249.50 495.00 748.50 998.00 

1 0.007369 0.054032 0.129686 0.136472 0.294615 1.203704 1.80988 2.461161 3.565169 10.94522 12.54205 22.84216 32.20676 

2 0.025217 0.078877 0.147619 0.146931 0.258934 1.042044 1.825407 2.459285 3.764622 9.068353 14.18679 25.80053 34.90831 

3 0.010938 0.056956 0.141887 0.150801 0.38455 1.000522 1.710683 3.01911 3.886349 7.975589 13.54089 22.43905 29.17301 

4 0.010874 0.064305 0.117149 0.151843 0.340228 1.574487 1.870854 2.565184 2.708026 13.03227 15.94503 19.42163 28.23591 

5 0.00972 0.072474 0.117218 0.162874 0.262093 1.289923 1.789114 2.592417 2.980934 9.197576 16.27516 23.94681 30.56187 

6 0.021258 0.073726 0.119323 0.132138 0.314625 1.022392 1.847557 2.695635 4.40465 10.2335 16.04603 26.26877 30.17124 

7 0.009744 0.08955 0.110133 0.176415 0.320856 1.496566 1.752697 2.708542 3.278837 9.189447 16.87224 28.54139 33.43832 

8 0.021977 0.074118 0.106488 0.16112 0.270172 1.203391 1.833375 2.56741 4.132464 8.462275 17.26236 22.6821 30.42887 

9 0.006526 0.061584 0.102524 0.151204 0.333348 1.194947 1.854627 2.679239 4.264823 9.581741 16.35847 21.75017 26.15602 

10 0.008895 0.070415 0.164074 0.163852 0.354719 1.267262 1.610067 2.642803 3.683765 9.65405 15.36688 21.3935 32.6427 

Mean  0.013252 0.069604 0.12561 0.153365 0.313414 1.229524 1.790426 2.639079 3.666964 9.734002 15.43959 23.50861 30.7923 

STDV 0.006815 0.010672 0.019903 0.013261 0.041853 0.191027 0.08001 0.160149 0.550501 1.42834 1.53175 2.686027 2.594671 

%RSD 51.42855 15.33181 15.84492 8.646907 13.3538 15.53668 4.46878 6.068357 15.01244 14.67371 9.920924 11.42572 8.426363 

  

APPENDIX II-d: Peak area ratios for the NVP in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards 

 Conc.mg/L 
 
Replicate 1.05 2.64 5.27 7.91 10.54 26.35 52.70 79.05 105.40 263.50 527.00 790.50 1054.00 

1 0.011434 0.096625 0.115094 0.169697 0.349711 1.252676 1.967292 2.492204 3.512024 11.30672 12.36774 23.8731 33.75004 

2 0.012119 0.077896 0.144005 0.173119 0.336251 1.143757 1.904378 2.902089 4.170951 11.18825 15.8271 23.87998 32.58991 

3 0.014527 0.061975 0.121296 0.174078 0.357749 1.12882 2.249179 2.541186 4.411694 7.705913 16.02721 23.02595 29.87734 

4 0.010393 0.076596 0.113603 0.170786 0.381471 1.470538 1.729305 2.621836 3.040031 12.84322 16.50432 17.1132 34.15234 

5 0.028143 0.083594 0.137291 0.198237 0.376665 1.372136 1.959228 2.669819 3.07305 9.0079 16.50861 24.11787 31.67651 

6 0.018447 0.09096 0.149636 0.181421 0.368246 1.26936 2.245131 2.755485 3.48519 9.625469 18.72898 24.18391 30.24862 

7 0.017997 0.093219 0.162559 0.178913 0.372258 1.539587 1.996395 2.74808 3.715766 9.150164 17.29951 22.81178 33.06017 

8 0.018954 0.082493 0.132438 0.177385 0.349247 1.152918 1.935048 2.571628 3.566073 11.49223 14.68861 23.36367 31.48964 

9 0.010705 0.108964 0.132879 0.17998 0.340261 1.189068 1.954992 2.765053 3.778624 7.793753 15.77531 22.50219 27.22367 

10 0.019124 0.090361 0.144288 0.128197 0.379941 1.50181 1.717595 2.823464 3.642607 9.972913 17.02855 20.61503 32.96935 

Mean  0.016184 0.086268 0.135309 0.173181 0.36118 1.302067 1.965854 2.689084 3.639601 10.00865 16.07559 22.54867 31.70376 

STDV 0.005509 0.012844 0.015629 0.017747 0.016736 0.157482 0.176912 0.131831 0.425517 1.680186 1.687998 2.183515 2.107676 

%RSD 34.03838 14.88812 11.5504 10.2479 4.633744 12.09476 8.999258 4.902451 11.69132 16.78734 10.50038 9.683563 6.648031 
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APPENDIX II-e: Peak area ratios for the Δ9-THC in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards 

     Conc. mg/L 
Replicate 1.00 2.50 5.00 7.50 10.00 25.00 50.00 75.00 100.00 250.00 500.00 750.00 1000.00 

1 0.034953 0.140207 0.272052 0.325619 0.48631 1.778332 2.628069 3.363188 5.738233 16.0931 24.17532 35.16549 42.57267 

2 0.042369 0.156789 0.242875 0.312997 0.511592 1.473698 2.613083 3.614939 3.928375 18.60892 24.36363 24.81101 39.85673 

3 0.035672 0.119192 0.250476 0.302772 0.510596 1.511816 2.659555 4.171753 5.62553 13.12869 19.27421 24.01773 44.58324 

4 0.035395 0.145874 0.232059 0.229376 0.609734 2.094745 2.556007 3.933625 7.168949 15.80691 21.72981 24.99953 45.81749 

5 0.032888 0.190193 0.265386 0.331352 0.564955 1.2682 2.892785 3.704824 5.213516 15.37237 21.64123 24.97843 44.90905 

6 0.038238 0.158976 0.251442 0.296531 0.568275 1.732928 2.51616 3.761827 4.30646 18.15997 25.51312 23.92131 44.92663 

7 0.038525 0.14763 0.282423 0.261513 0.564964 2.04643 2.544832 3.616135 6.582596 16.2158 22.6046 26.09842 43.59032 

8 0.04406 0.155403 0.244417 0.31965 0.537771 1.547431 2.778815 3.30179 4.655369 16.39706 19.85306 24.09495 44.71259 

9 0.03347 0.156542 0.22837 0.350829 0.568895 1.711727 2.646129 3.602405 4.811709 13.05778 21.9787 24.09257 44.54957 

10 0.033728 0.160262 0.273181 0.312529 0.549016 2.043538 2.297464 3.544764 4.601448 15.66769 24.3427 20.39425 42.5268 

Mean  0.03693 0.153107 0.254268 0.304317 0.547211 1.720885 2.61329 3.661525 5.263218 15.85083 22.54764 25.25737 43.80451 

STDV 0.003816 0.017921 0.018268 0.035335 0.036307 0.27753 0.1585 0.255186 1.024176 1.792112 2.048222 3.784493 1.741591 

%RSD 10.33385 11.70518 7.184551 11.61134 6.634871 16.12717 6.065169 6.969395 19.45911 11.30611 9.083975 14.98372 3.975825 

 

APPENDIX II-f: Peak area ratios for the diamorphine in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards. 

 

 

 

 

      Conc. ,  mg/L  
Replicate 1.00 2.50 5.00 7.50 10.00 25.00 50.00 75.00 100.00 250.00 500.00 750.00 1000.00 

1 0.054484 0.112035 0.18088 0.226864 0.387723 1.436618 2.057128 2.713057 3.602075 12.12833 15.28302 24.2309 34.5988 

2 0.062714 0.181987 0.193995 0.225999 0.359376 1.306923 1.924797 3.127951 4.174658 10.886 17.14246 26.2498 33.94221 

3 0.046473 0.143993 0.179268 0.175314 0.394405 1.017577 2.126553 2.720093 4.642293 10.28708 16.81131 23.60066 30.84983 

4 0.042248 0.12313 0.1687 0.203108 0.475248 1.854716 2.274618 2.759138 3.451709 11.84655 17.32252 17.62402 31.25695 

5 0.042831 0.123314 0.172107 0.269731 0.4 1.428255 2.035136 2.928365 3.604344 11.66917 17.35751 25.60531 31.90753 

6 0.048951 0.114533 0.214839 0.219721 0.421705 1.374575 2.586495 2.966291 3.108391 13.73158 18.87431 24.94867 30.41795 

7 0.053668 0.135171 0.206805 0.159059 0.429126 1.651949 2.336719 2.979058 2.944856 12.24685 17.61354 23.83082 28.93321 

8 0.045754 0.14008 0.192721 0.219263 0.40656 1.440357 2.121116 2.635635 4.647588 13.43023 16.71343 24.47739 30.84274 

9 0.027989 0.122343 0.181957 0.272534 0.432504 1.205121 2.506072 2.851101 4.862377 9.569762 14.72591 23.4579 27.67158 

10 0.050075 0.136548 0.221957 0.211533 0.413547 1.594673 1.863527 3.096253 4.804734 12.61372 19.18847 19.64254 33.5007 

Mean  0.047519 0.133313 0.191323 0.218313 0.412019 1.431076 2.183216 2.877694 3.984302 11.84093 17.10325 23.3668 31.39215 

STDV 0.009196 0.0202 0.018146 0.035521 0.031006 0.234707 0.238668 0.168782 0.728396 1.310601 1.376857 2.686033 2.184525 

%RSD 19.35334 15.15236 9.484277 16.27087 7.52545 16.40075 10.93195 5.865185 18.28165 11.0684 8.050265 11.49508 6.958827 
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APPENDIX III Peak area ratios for PNT, CAFF, EFV, NVP, Δ9-THC and DAM in the reference standards mixture at three 

different concentration level. 
 

APPENDIX III-a: Peak area ratios for the caffeine in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards at three different 

concentration level. 

  
Day 1 Day 2 Day 3 Day 4 Day 5 

Control Level (mg/L) Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 

Low (10.00) 

0.357789 0.420338 0.429247 0.415148 0.408929 0.380217 0.371719 0.446167 0.393105 0.473533 

0.363931 0.715718 0.392046 0.420594 0.439087 0.401632 0.360957 0.507432 0.402417 0.397780 

0.360955 0.416785 0.394941 0.418968 0.420659 0.400507 0.380677 0.446800 0.395599 0.485297 

0.362500 0.708355 0.389867 0.430729 0.394967 0.405144 0.372069 0.510441 0.401281 0.411696 

0.353992 0.411996 0.398929 0.426865 0.417490 0.393045 0.374131 0.443297 0.405258 0.476595 

Average 0.359833 0.534638 0.401006 0.422461 0.416226 0.396109 0.371911 0.470828 0.399532 0.448980 

Standard deviation 0.003983 0.161990 0.016148 0.006263 0.016195 0.009918 0.007103 0.034830 0.005023 0.040914 

%RSD 1.106936 30.298898 4.026799 1.482554 3.890802 2.503746 1.909980 7.397641 1.257308 9.112710 

Medium (100.00) 

3.084664 3.764210 2.776595 3.341166 2.826611 3.245481 2.911412 3.429382 2.827881 3.163174 

3.139472 3.495476 2.837933 3.392315 3.006851 3.202273 2.927678 3.313822 2.850310 3.297815 

2.898323 3.758327 2.909484 3.238337 2.894657 3.163747 2.930063 3.384330 2.856799 3.157419 

2.924091 3.517547 2.913722 3.241653 2.896926 3.255818 2.862274 3.268329 2.859475 3.176660 

2.911095 3.674413 2.870495 3.334495 2.861578 3.141605 2.845239 3.342473 2.898335 3.169152 

Average 2.991529 3.641995 2.861646 3.309593 2.897325 3.201785 2.895333 3.347667 2.858560 3.192844 

Standard deviation 0.112101 0.128914 0.056733 0.067367 0.067605 0.049744 0.039093 0.062226 0.025472 0.059113 

%RSD 3.747271 3.539666 1.982531 2.035507 2.333349 1.553622 1.350220 1.858800 0.891070 1.851425 

High (1000.00) 

23.024968 21.667413 18.135421 19.743452 21.355994 19.406658 23.596786 19.424432 22.467234 19.320929 

22.817459 22.396056 18.924818 19.816577 22.546930 19.286627 24.885130 19.845412 23.899183 19.543318 

22.907257 22.589594 21.455498 18.855017 22.151738 19.607625 23.727618 19.343782 23.492968 19.284396 

21.777252 22.688464 21.035096 19.725182 22.672561 21.836336 25.106804 19.953281 23.541238 19.228911 

23.385567 22.613623 19.337640 21.161329 27.482350 21.835087 22.950685 19.415888 24.248884 19.469686 

Average 22.782500 22.391030 19.777695 19.860311 23.241914 20.394467 24.053405 19.596559 23.529902 19.369448 

Standard deviation 0.602036 0.418656 1.415468 0.827208 2.425574 1.320660 0.912695 0.280777 0.667843 0.131925 

%RSD 2.642537 1.869747 7.156888 4.165131 10.436207 6.475580 3.794451 1.432789 2.838275 0.681100 
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APPENDIX III- b: Peak area ratios for the diamorphine in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards at three different 

concentration level. 

 
Day 1 Day 2 Day 3 Day 4 Day 5 

Control Level (mg/L) Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 

Low (10.00) 

0.326978 0.232357 0.425185 0.170896 0.422130 0.267392 0.399717 0.237235 0.475943 0.212050 

0.353346 0.284184 0.386469 0.190558 0.430803 0.285706 0.389642 0.253898 0.458246 0.179357 

0.365274 0.260376 0.398351 0.224737 0.395144 0.283282 0.453979 0.229761 0.452738 0.206314 

0.362325 0.277151 0.380660 0.246217 0.391972 0.295654 0.411496 0.261454 0.454541 0.162262 

0.364926 0.284179 0.386517 0.215955 0.382440 0.279864 0.454945 0.230962 0.465664 0.166766 

Average 0.354570 0.267649 0.395436 0.209673 0.404498 0.282379 0.421956 0.242662 0.461427 0.185350 

Standard deviation 0.016161 0.021996 0.017831 0.029457 0.020820 0.010235 0.030667 0.014249 0.009509 0.022731 

%RSD 4.558037 8.218292 4.509171 14.049079 5.147022 3.624668 7.267854 5.872070 2.060832 12.263741 

Medium (100.00) 

3.835638 3.348916 3.454627 3.011159 4.381881 3.248961 4.123310 2.833407 4.129696 2.717738 

4.445608 3.173878 3.436790 3.050760 4.024093 3.176956 4.193572 3.002761 4.018337 2.506252 

3.938112 3.200842 3.462504 3.174943 4.129254 3.110275 3.967035 2.827876 3.869835 2.639711 

4.230311 3.207151 3.651912 3.171295 4.098974 3.120422 4.230945 2.958098 4.157499 2.611687 

4.258775 3.281447 3.884008 3.049200 4.294239 3.368090 3.990149 3.023575 4.184201 2.561340 

Average 4.141689 3.242447 3.577968 3.091472 4.185688 3.204941 4.101002 2.929144 4.071914 2.607346 

Standard deviation 0.249519 0.071650 0.192097 0.076213 0.147557 0.106588 0.118520 0.093000 0.129401 0.079983 

%RSD 6.024583 2.209760 5.368874 2.465268 3.525273 3.325729 2.890014 3.174979 3.177890 3.067603 

High (1000.00) 

20.132397 24.275991 18.12026 20.177939 18.252487 22.424846 18.262496 19.101650 18.188832 19.740664 

19.638516 23.495738 17.33013 21.064547 18.538029 21.363796 21.462304 18.955341 20.173693 20.006291 

19.962119 22.827790 18.94915 21.760042 18.102876 21.800357 19.133452 19.907218 20.092339 19.817982 

19.764911 23.102387 20.2774 21.133432 18.108352 23.791980 19.516014 19.219197 18.777079 20.205402 

20.189425 22.781283 20.07396 20.755783 20.605493 22.829478 17.454902 19.622823 22.331167 18.954048 

Average 19.937474 23.296638 18.95018 20.978349 18.721447 22.442091 19.165834 19.361246 19.912622 19.744877 

Standard deviation 0.235178 0.616830 1.258745 0.577217 1.067908 0.941688 1.511684 0.393330 1.597711 0.477282 

%RSD 1.179579 2.647721 6.64239 2.751488 5.704196 4.196081 7.887390 2.031534 8.023610 2.417245 
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APPENDIX III-c: Peak area ratios for the efavirenz in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards at three different 
concentration level. 

 
Day 1 

 
Day 2 

 
Day 3 

 
Day 4 

 
Day 5 

 

Control Level (mg/L) Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 

Low (10.00) 

0.357102 0.280040 0.441339 0.294272 0.468795 0.343716 0.438326 0.416999 0.474774 0.402981 

0.366222 0.301640 0.433949 0.295081 0.458873 0.383852 0.428435 0.427270 0.486530 0.374674 

0.366056 0.298306 0.402068 0.311628 0.418098 0.364369 0.446847 0.417431 0.474019 0.388640 

0.374847 0.311651 0.400811 0.307581 0.438051 0.373061 0.440458 0.416936 0.476520 0.383973 

0.365180 0.328101 0.405889 0.318166 0.439618 0.364163 0.434882 0.423855 0.473997 0.374585 

Average 0.365882 0.303947 0.416811 0.305345 0.444687 0.365832 0.437790 0.420498 0.477168 0.384971 

Standard deviation 0.006287 0.017688 0.019287 0.010450 0.019743 0.014756 0.006808 0.004782 0.005333 0.011755 

%RSD 1.718241 5.819450 4.627339 3.422420 4.439788 4.033626 1.555125 1.137204 1.117639 3.053418 

Medium (100.00) 

3.956112 3.733237 3.507553 3.560770 3.964714 3.578457 4.092476 3.706317 4.075972 3.531353 

4.218690 3.768961 3.757877 3.645028 3.968935 3.623775 4.073063 3.684224 4.128173 3.588568 

3.783002 3.797261 3.810035 3.591212 3.983710 3.570657 4.105835 3.693499 4.165814 3.512752 

3.823646 3.830516 3.915074 3.603203 3.996368 3.695642 4.057216 3.680564 4.099304 3.508973 

3.884744 3.755493 3.784705 3.687790 4.068882 3.624314 3.957507 3.708841 4.186275 3.509310 

Average 3.933239 3.777094 3.755049 3.617600 3.996522 3.618569 4.057219 3.694689 4.131107 3.530191 

Standard deviation 0.172438 0.037805 0.150643 0.049528 0.042347 0.049762 0.058737 0.012708 0.045574 0.033910 

%RSD 4.384111 1.000889 4.011740 1.369092 1.059584 1.375176 1.447715 0.343944 1.103188 0.960577 

High (1000.00) 

26.568443 24.377419 18.366959 22.574799 25.697171 22.657595 26.708475 21.900063 25.850054 21.935600 

27.176193 24.522525 20.837619 22.532267 26.945274 22.780787 30.201063 22.075675 27.775649 22.320532 

28.011105 25.250332 24.547839 21.615157 25.746810 23.357901 27.947567 21.949144 27.506783 22.195057 

27.871354 24.657874 24.889405 22.439169 26.198063 24.975195 27.726250 22.286790 26.899153 21.939228 

28.470661 25.018332 24.963043 21.988720 30.209341 25.616102 24.630146 21.758691 29.327888 22.248341 

Average 27.619551 24.765296 22.720973 22.230022 26.959332 23.877516 27.442700 21.994072 27.471905 22.127751 

Standard deviation  0.748750 0.360629 2.982066 0.415407 1.884512 1.340578 2.024439 0.199125 1.274421 0.179374 

%RSD 2.710941 1.456187 13.124729 1.868674 6.990204 5.614396 7.376966 0.905358 4.638998 0.810628 
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APPENDIX III-d: Peak area ratios for the nevirapine in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards at three different 
concentration level. 

 
Day 1 

 
Day 2 

 
Day 3 

 
Day 4 

 
Day 5 

 

Control Level (mg/L) Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 

Low (10.00) 

0.376087 0.287256 0.429519 0.269484 0.410259 0.345909 0.383312 0.389896 0.464470 0.389479 

0.391373 0.309012 0.433021 0.275288 0.442060 0.376686 0.382436 0.400526 0.455294 0.358101 

0.382624 0.317644 0.387886 0.293429 0.442522 0.363720 0.425901 0.404763 0.441767 0.364456 

0.392654 0.319043 0.416624 0.288876 0.425396 0.378265 0.391710 0.410854 0.442417 0.352499 

0.390466 0.328141 0.406121 0.297310 0.392020 0.361535 0.411500 0.404554 0.443492 0.352795 

Average 0.386641 0.312219 0.414634 0.284878 0.422451 0.365223 0.398972 0.402119 0.449488 0.363466 

Standard deviation 0.007083 0.015516 0.018382 0.011965 0.021626 0.013137 0.019063 0.007765 0.010047 0.015334 

%RSD 1.832001 4.969488 4.433209 4.200008 5.119104 3.597075 4.777956 1.930971 2.235134 4.218872 

Medium (100.00) 

3.957089 3.835855 3.639422 3.711596 3.746602 3.740380 3.845585 3.628350 3.830492 3.617428 

4.293875 3.818332 3.466810 3.710053 3.964382 3.734633 3.814163 3.722817 3.842151 3.593201 

3.868310 3.839143 3.710189 3.743729 3.865578 3.704511 3.895085 3.440703 3.798002 3.600056 

4.017936 3.839265 3.862899 3.707706 3.884312 3.714240 3.913931 3.464996 3.954141 3.671168 

3.980185 3.867318 3.719323 3.749803 3.938622 3.735841 3.719981 3.752411 3.917080 3.619412 

Average 4.023479 3.839982 3.679729 3.724577 3.879899 3.725921 3.837749 3.601855 3.868373 3.620253 

Standard deviation 0.160861 0.017566 0.144054 0.020415 0.084526 0.015638 0.076776 0.143789 0.064813 0.030581 

%RSD 3.998046 0.457439 3.914796 0.548129 2.178556 0.419713 2.000548 3.992086 1.675464 0.844715 

High (1000.00) 

21.526942 24.270263 22.481111 23.664897 21.447240 19.243245 20.704230 23.154234 23.272257 23.877420 

20.693974 24.390210 27.060697 23.229126 20.942085 19.000569 24.111147 23.126971 26.104206 23.965864 

21.213598 24.289287 32.232285 23.470620 20.706654 19.319044 22.414751 22.690866 26.979662 23.853257 

21.338529 24.260745 34.599704 23.041596 20.844392 19.961700 21.403355 23.240914 24.464883 23.829313 

22.233152 24.076799 32.811688 22.513700 22.603797 19.873152 20.151652 23.126722 29.378625 23.531288 

Average 21.401239 24.257461 29.837097 23.183988 21.308834 19.479542 21.757027 23.067941 26.039927 23.811429 

Standard deviation 0.558401 0.113412 4.977109 0.443010 0.776034 0.417856 1.564063 0.215923 2.354512 0.164889 

%RSD 2.609198 0.467533 16.680944 1.910843 3.641844 2.145104 7.188774 0.936031 9.041929 0.692478 
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APPENDIX III-e: Peak area ratios for the phenacetin in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards at three different 
concentration level.  

 
Day 1 

 
Day 2 

 
Day 3 

 
Day 4 

 
Day 5 

 

Control Level (mg/L) Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 

Low (10.00) 

0.135693 0.343142 0.313947 0.324425 0.277455 0.347479 0.312632 0.480403 0.305126 0.427813 

0.226430 0.359858 0.324084 0.317081 0.294915 0.386724 0.303797 0.476116 0.309002 0.403137 

0.136554 0.355234 0.310105 0.332841 0.269486 0.375259 0.330897 0.463139 0.307795 0.419281 

0.154441 0.353003 0.287452 0.324291 0.281912 0.386429 0.312706 0.465023 0.327319 0.422485 

0.210597 0.335376 0.322006 0.307103 0.254197 0.372120 0.301221 0.467958 0.317934 0.419244 

Average 0.172743 0.349323 0.311519 0.321148 0.275593 0.373602 0.312251 0.470528 0.313435 0.418392 

Standard deviation 0.042815 0.009902 0.014620 0.009632 0.015098 0.016000 0.011632 0.007420 0.009131 0.009216 

%RSD 24.785580 2.834600 4.693047 2.999336 5.478334 4.282743 3.725076 1.576996 2.913248 2.202715 

Medium (100.00) 

3.425337 4.375469 3.108183 3.871580 3.235136 3.909814 3.381574 3.980373 3.205345 3.843860 

3.558560 4.127370 3.036043 3.986887 3.295702 3.814033 3.421254 4.017554 3.285105 3.948690 

3.327925 4.136878 3.211759 3.812109 3.274718 3.797802 3.362254 4.044409 3.329075 3.794063 

3.312996 4.143359 3.216321 3.757327 3.304730 3.943358 3.310087 3.975995 3.260611 3.861694 

3.293065 4.503481 3.154075 4.009304 3.265722 3.811268 3.316263 4.039381 3.320778 3.880746 

Average 3.383577 4.257311 3.145276 3.887441 3.275201 3.855255 3.358287 4.011543 3.280183 3.865811 

Standard deviation 0.110266 0.172434 0.075585 0.109083 0.027329 0.066471 0.046401 0.032119 0.050116 0.056432 

%RSD 3.258856 4.050314 2.403134 2.806030 0.834422 1.724171 1.381680 0.800657 1.527831 1.459783 

High (1000.00) 

23.295575 23.704329 18.582072 21.530941 22.542302 20.959378 24.676481 21.477207 23.259907 21.210288 

23.607933 23.013136 19.225818 21.515046 23.408354 21.363509 25.454191 20.967947 24.320045 21.208589 

23.940858 23.914246 21.104901 20.336745 23.430422 21.801228 24.652688 20.961557 24.193443 21.177038 

22.755304 24.038098 22.561877 21.385897 24.363918 25.264978 26.604157 21.027949 24.617367 20.927256 

24.939399 24.473152 20.605354 21.003219 27.754181 24.077553 24.399653 20.327035 25.160959 21.186265 

Average 23.707814 23.828592 20.416004 21.154370 24.299835 22.693329 25.157434 20.952339 24.310344 21.141887 

Standard deviation 0.815215 0.535513 1.572820 0.504196 2.035691 1.877519 0.900193 0.410042 0.695519 0.120830 

%RSD 3.438593 2.247355 7.703859 2.383413 8.377386 8.273439 3.578238 1.957022 2.861000 0.571519 
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APPENDIX III-f: Peak area ratios for the Δ9-tetrahydrocannabinol in the mixture of PNT, CAFF, EFV, NVP, Δ9-THC and DAM reference standards at three 
different concentration level. 

 
Day 1 

 
Day 2 

 
Day 3 

 
Day 4 

 
Day 5 

 

Control Level (mg/L) Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 Instrument 1 Instrument 2 

Low (10.00) 

0.481728 0.500942 0.519663 0.469297 0.516264 0.497842 0.562145 0.522461 0.624784 0.457317 

0.523264 0.520556 0.506688 0.474053 0.587356 0.485069 0.554269 0.503521 0.598947 0.421388 

0.477336 0.498353 0.505103 0.459989 0.566056 0.526635 0.603966 0.455985 0.579177 0.460762 

0.526794 0.515197 0.504437 0.467724 0.515765 0.521405 0.573226 0.459478 0.598980 0.427256 

0.515021 0.535709 0.508685 0.460839 0.527224 0.515248 0.574494 0.452603 0.595452 0.438993 

Average 0.504828 0.514152 0.508915 0.466380 0.542533 0.509240 0.573620 0.478810 0.599468 0.441143 

Standard deviation 0.023536 0.015255 0.006227 0.005932 0.032417 0.017326 0.018894 0.032006 0.016350 0.017566 

%RSD 4.662089 2.967092 1.223585 1.271836 5.975052 3.402396 3.293814 6.684482 2.727363 3.981889 

Medium (100.00) 

5.203013 4.943507 4.433080 4.658665 5.262379 4.756247 5.043938 4.591452 4.893597 4.564618 

5.785559 4.990446 4.263918 4.670275 5.232696 4.673650 5.065020 4.652246 4.796198 4.472611 

4.887212 4.936524 4.537823 4.717166 4.918394 4.670177 5.155179 4.575116 4.854235 4.507698 

5.247997 4.959665 4.543644 4.693443 5.130358 4.667162 5.041939 4.589076 5.040483 4.533479 

5.243555 4.944483 4.535324 4.648470 5.068984 4.752294 4.986745 4.633662 4.983811 4.553603 

Average 5.273467 4.954925 4.462758 4.677604 5.122562 4.703906 5.058564 4.608310 4.913665 4.526402 

Standard deviation 0.323241 0.021577 0.120272 0.027736 0.138107 0.046055 0.061287 0.032898 0.098408 0.037060 

%RSD 6.129573 0.435462 2.695017 0.592961 2.696054 0.979081 1.211552 0.713881 2.002738 0.818752 

High (1000.00) 

21.198702 29.958406 13.793885 26.004363 18.909972 27.937427 18.877530 25.687078 20.012747 26.632403 

20.533943 29.785129 15.175454 26.964262 19.357253 26.929992 21.423392 25.232655 21.344213 27.262832 

21.002180 29.575785 17.498996 26.690270 18.331637 27.482439 19.188777 26.246353 20.776741 26.701851 

20.850884 29.801564 18.411413 26.903009 19.417465 29.973125 20.726936 25.836392 20.607210 26.955375 

21.334780 29.606533 18.080014 26.488985 21.905857 29.589091 18.880923 25.772825 21.873465 26.282963 

Average 20.984098 29.745483 16.591953 26.610178 19.584437 28.382415 19.819512 25.755061 20.922875 26.767085 

Standard deviation 0.312148 0.156650 2.011414 0.387053 1.368658 1.332660 1.179190 0.362570 0.712474 0.366738 

%RSD 1.487545 0.526636 12.122826 1.454529 6.988496 4.695372 5.949641 1.407762 3.405241 1.370108 
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APPENDIX IV: Ten replicate blank analyses  
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APPENDIX V EI mass spectra, molar mass and proposed fragmentation patterns of the compounds identified in both the 

simulated and actual seized street nyaope samples. 
 

APPENDIX V-a: EI mass spectra, molar mass and proposed fragmentation patterns of ACA, ACOD, CAFF, CBCM, CBCN and CBD. 

  

    

 

 

 

 

ACA, 151 g.mol-1, C8H9NO2 
ACOD, 341 g.mol-1, C20H23NO4 CAFF, 194 g.mol-1, C8H10N4O2 

CBCM, 314 g.mol-1, C21H30O2 CBD, 314 g.mol-1, C21H30O2 
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APPENDIX V-b: EI mass spectra, molar mass and proposed fragmentation patterns of CBG, CBN, COC, COD, DAM, DTM, EFV and 6-MAM  

 

 

 

 

CBG, 316 g.mol-1, C21H32O2 
CBN, 310 g.mol-1, C21H26O2 

COC, 303 g.mol-1, C17H21NO4 

CBV, 282 g.mol-1, C19H22O2 DAM, 369 g.mol-1, C21H23NO5 

EFV, 315 g.mol-1, C14H9ClF3NO2 6-MAM, 327 g.mol-1, C19H21NO4 

[M]+ 

[M]+ 

[M]+ 

[M]+ 
[M]+ 

[M]+ 
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DTM, 271 g.mol-1, C18H25NO 
[M]+ 
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APPENDIX V-c: EI mass spectra, molar mass and proposed fragmentation patterns of MTQ, NCT, NVP, PNT, ∆9-THV, THCV and vitamin E 

  

   

 

  

MTQ, 250 g.mol-1, C16H14N2O NCT, 162 g.mol-1, C10H14N2 NVP, 266 g.mol-1, C15H14N4O 

PNT, 179 g.mol-1, C10H13NO2 
Δ⁹-THC, 314 g.mol-1, C21H30O2 THCV, 286 g.mol-1, C19H26O2 

Vitamin E, 430 g.mol-1, C29H50O2 

[M]+ 
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APPENDIX VI EI mass spectra of the compounds identified in both the 

simulated and actual seized street nyaope samples in comparison to the NIST 

mass spectral data. 

APPENDIX VI-a: EI mass spectra of ACA, ACOD and CAFF in comparison to the NIST mass 

spectral data. 

  

  

  

 

 

 

 

 

 

ACA, 151 g.mol-1, C8H9NO2 

ACOD, 341 g.mol-1, C20H23NO4 

CAFF, 194 g.mol-1, C8H10N4O2 

[M]+ 

[M]+ 

[M]+ 
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APPENDIX VI-b: EI mass spectra of CBCM, CBCN, CBD and CBG in comparison to the NIST mass 

spectral data. 

 

   

  

 

 

 

CBCM, 314 g.mol-1, C21H30O2 

CBD, 314 g.mol-1, C21H30O2 

CBG, 316 g.mol-1, C21H32O2 

[M]+ 

[M]+ 

[M]+ 

CBCN, 328 g.mol-1, C21H28O3 

[M]+ 
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APPENDIX VI-c: EI mass spectra of CBN, CBV, COC and COD in comparison to the NIST mass 

spectral data. 

 

  

  

   

 

 

CBN, 310 g.mol-1, C21H26O2 

COC, 303 g.mol-1, C17H21NO4 

CBV, 282 g.mol-1, C19H22O2 

[M]+ 

[M]+ 

[M]+ 

COD, 299 g.mol-1, C18H21NO3 
[M]+ 
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APPENDIX VI-d: EI mass spectra of DAM, DTM, EFV and 6-MAM in comparison to the NIST mass 

spectral data. 

 

   

 

  

 

 

DAM, 369 g.mol-1, C21H23NO5 

EFV, 315 g.mol-1, C14H9ClF3NO2 

6-MAM, 327 g.mol-1, C19H21NO4 

[M]+ 

[M]+ 

[M]+ 

DTM, 271 g.mol-1, C18H25NO 
[M]+ 
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APPENDIX VI-e: EI mass spectra of MTQ, NVP, NCT, PNT and, in comparison to the NIST mass 

spectral data. 

 

 

 

 

 

 

MTQ, 250 g.mol-1, C16H14N2O 

NVP, 266 g.mol-1, C15H14N4O 

NCT, 162 g.mol-1, C10H14N2 

PNT, 179 g.mol-1, C10H13NO2 

[M]+ 

[M]+ 

[M]+ 

[M]+ 
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APPENDIX VI-f: EI mass spectra of Δ9-THC, THVC and vitamin E in comparison to the NIST mass 

spectral data. 

 

 

  

 

 

 

 

 

 

 

 

 

Vitamin E, 430 g.mol-1, C29H50O2 

Δ⁹-THC, 314 g.mol-1, C21H30O2 

THCV, 286 g.mol-1, C19H26O2 

[M]+ 

[M]+ 

[M]+ 
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APPENDIX VII Average peak area ratios and the pooled average peak area ratios for the 18 simulated nyaope samples at t = 0, 24, 48 and 

72 hours of autosampler storage. 

APPENDIX VII-a: PAR and the PPAR for the simulated nyaope samples, S1, S2 and S6 at t = 0, 24, 48 and 72 hours of autosampler storage. 
   

S1 
      

S2 
      

S6 
    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

PNT 1,239 1,262 1,184 1,066 1,188 0,087 7,36 1,316 1,306 1,214 1,058 1,223 0,120 9,77 1,560 1,470 1,352 1,220 1,401 0,148 10,54 

CAFF 0,389 0,385 0,372 0,367 0,378 0,010 2,77 0,445 0,438 0,424 0,415 0,430 0,014 3,16 0,397 0,380 0,371 0,366 0,379 0,014 3,61 

EFV 3,544 3,792 3,879 3,754 3,742 0,142 3,79 3,939 3,967 3,965 3,646 3,879 0,156 4,02 4,317 4,155 4,200 4,154 4,206 0,077 1,82 

THCV 0,182 0,216 0,217 0,206 0,205 0,016 7,97 0,203 0,215 0,210 0,188 0,204 0,012 5,84 0,190 0,197 0,197 0,194 0,195 0,003 1,63 

CBV 0,017 0,024 0,024 0,020 0,021 0,003 14,76 0,025 0,027 0,029 0,023 0,026 0,003 10,24 0,024 0,023 0,025 0,024 0,024 0,001 3,69 

CBCM 0,062 0,084 0,084 0,073 0,076 0,011 14,18 0,088 0,097 0,094 0,079 0,089 0,008 8,64 0,081 0,091 0,087 0,085 0,086 0,004 4,61 

CBD 0,044 0,051 0,053 0,055 0,051 0,005 9,65 0,052 0,053 0,052 0,052 0,052 0,001 1,55 0,045 0,047 0,047 0,054 0,048 0,004 8,14 

NVP 2,491 2,713 2,658 2,520 2,595 0,107 4,13 1,520 1,560 1,488 1,357 1,481 0,088 5,94 1,461 1,449 1,422 1,397 1,432 0,029 1,99 

∆9THC 5,727 6,134 6,574 6,504 6,235 0,390 6,25 6,003 6,184 6,496 6,134 6,205 0,209 3,37 5,781 6,012 6,285 6,396 6,118 0,277 4,53 

ACOD 0,093 0,098 0,108 0,114 0,103 0,009 9,11 0,088 0,085 0,108 0,101 0,096 0,011 11,27 0,092 0,115 0,113 0,106 0,107 0,010 9,62 

CBN 0,243 0,299 0,323 0,295 0,290 0,034 11,61 0,336 0,352 0,345 0,295 0,332 0,026 7,69 0,320 0,321 0,346 0,333 0,330 0,012 3,56 

6-MAM 0,053 0,064 0,076 0,078 0,068 0,012 17,14 0,065 0,079 0,082 0,077 0,076 0,007 9,43 0,076 0,084 0,092 0,092 0,086 0,008 9,12 

HER 1,906 2,105 2,096 1,980 2,022 0,096 4,74 2,234 2,217 2,168 2,142 2,190 0,043 1,95 2,513 2,511 2,538 2,469 2,508 0,029 1,14 
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APPENDIX VII-b: PAR and the PPAR for the simulated nyaope samples S7, S12 and S13 at t = 0, 24, 48 and 72 hours of autosampler storage. 
   

S7 
      

S12 
      

S13 
    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

PNT 1,491 1,408 1,358 1,209 1,366 0,118 8,66 1,464 1,392 1,314 1,195 1,341 0,115 8,58 1,673 1,692 1,576 1,414 1,589 0,127 8,01 

CAFF 0,398 0,376 0,368 0,341 0,371 0,024 6,40 0,414 0,391 0,379 0,367 0,388 0,020 5,17 0,428 0,424 0,412 0,411 0,419 0,009 2,13 

EFV 2,747 2,660 2,691 2,612 2,678 0,057 2,12 3,700 3,565 3,635 3,534 3,609 0,074 2,06 5,431 5,327 5,382 5,289 5,357 0,062 1,16 

THCV 0,222 0,229 0,232 0,226 0,227 0,004 1,88 0,197 0,212 0,204 0,201 0,204 0,006 3,12 0,178 0,195 0,188 0,190 0,188 0,007 3,61 

CBV 0,027 0,028 0,030 0,028 0,028 0,001 3,76 0,025 0,025 0,026 0,024 0,025 0,001 4,12 0,021 0,024 0,024 0,023 0,023 0,002 6,54 

CBCM 0,092 0,103 0,103 0,099 0,099 0,005 5,32 0,074 0,086 0,083 0,079 0,080 0,005 6,27 0,072 0,085 0,079 0,075 0,078 0,006 7,18 

CBD 0,060 0,059 0,060 0,059 0,060 0,001 1,46 0,049 0,052 0,051 0,052 0,051 0,002 3,07 0,056 0,058 0,061 0,060 0,059 0,002 3,72 

NVP 1,286 1,287 1,272 1,213 1,265 0,035 2,75 1,333 1,335 1,330 1,273 1,318 0,030 2,25 2,263 2,289 2,187 2,133 2,218 0,071 3,20 

∆9THC 6,817 6,816 7,161 7,273 7,017 0,235 3,36 6,127 6,235 6,450 6,481 6,323 0,171 2,70 6,243 6,185 6,380 6,521 6,332 0,150 2,37 

ACOD 0,099 0,109 0,126 0,106 0,110 0,011 10,36 0,072 0,092 0,091 0,084 0,085 0,009 11,14 0,097 0,105 0,082 0,087 0,093 0,011 11,36 

CBN 0,378 0,363 0,393 0,370 0,376 0,013 3,38 0,327 0,361 0,377 0,361 0,356 0,021 5,92 0,311 0,332 0,353 0,365 0,340 0,024 7,02 

6-MAM 0,071 0,069 0,090 0,092 0,080 0,012 15,35 0,062 0,083 0,086 0,091 0,080 0,012 15,54 0,069 0,081 0,089 0,090 0,082 0,010 11,86 

HER 2,583 2,523 2,492 2,418 2,504 0,069 2,74 2,452 2,485 2,506 2,458 2,475 0,025 1,01 2,497 2,483 2,403 2,392 2,444 0,054 2,21 
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APPENDIX VII-c: PAR and the PPAR for the simulated nyaope samples S4, S9, S10, S16, S17 and S18 at t = 0, 24, 48 and 72 hours of autosampler storage. 
   

S3 
      

S5 
      

S8 
    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

CAFF 0,531 0,535 0,533 0,496 0,524 0,019 3,55 0,458 0,448 0,443 0,421 0,443 0,016 3,58 0,618 0,618 0,586 0,568 0,598 0,025 4,12 

EFV 7,140 7,025 7,873 7,771 7,452 0,431 5,79 4,363 4,406 4,689 4,688 4,536 0,176 3,88 7,967 7,944 8,001 7,983 7,974 0,024 0,30 

THCV 0,096 0,103 0,115 0,113 0,107 0,009 8,40 0,104 0,112 0,119 0,116 0,113 0,007 6,00 0,123 0,131 0,127 0,124 0,126 0,004 2,89 

CBV 0,012 0,011 0,016 0,016 0,014 0,002 17,44 0,012 0,013 0,014 0,014 0,013 0,001 7,18 0,016 0,017 0,017 0,016 0,016 0,001 4,16 

CBCM 0,151 0,168 0,189 0,166 0,168 0,016 9,28 0,154 0,168 0,181 0,159 0,165 0,012 7,28 0,194 0,223 0,213 0,186 0,204 0,017 8,35 

CBD 0,032 0,049 0,039 0,057 0,044 0,011 25,46 0,030 0,034 0,042 0,049 0,039 0,008 22,05 0,051 0,049 0,048 0,073 0,055 0,012 21,50 

∆9THC 7,356 7,332 8,597 8,563 7,962 0,714 8,96 6,936 7,128 8,140 8,254 7,614 0,679 8,91 8,328 8,479 8,948 8,974 8,682 0,328 3,77 

ACOD 0,091 0,094 0,105 0,086 0,094 0,008 8,37 0,091 0,074 0,114 0,083 0,090 0,017 18,71 0,092 0,097 0,107 0,135 0,108 0,019 18,01 

CBN 0,718 0,776 0,925 0,926 0,836 0,106 12,64 0,698 0,805 0,876 0,825 0,801 0,075 9,34 1,044 1,087 1,027 0,981 1,035 0,044 4,25 

6-MAM 0,246 0,245 0,290 0,298 0,270 0,028 10,44 0,201 0,226 0,250 0,246 0,231 0,022 9,65 0,310 0,333 0,324 0,323 0,322 0,010 2,95 

HER 1,805 1,861 2,041 2,107 1,953 0,143 7,34 1,409 1,569 1,694 1,573 1,561 0,117 7,49 2,323 2,375 2,310 2,254 2,315 0,050 2,14 
   

S11 
      

S14 
      

S15 
    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

CAFF 0,618 0,591 0,566 0,529 0,576 0,038 6,60 0,534 0,521 0,500 0,463 0,505 0,031 6,13 0,593 0,580 0,558 0,530 0,565 0,028 4,95 

EFV 8,880 8,739 8,915 8,845 8,845 0,076 0,86 7,922 7,786 7,993 7,829 7,882 0,093 1,18 6,758 6,721 6,847 6,815 6,785 0,057 0,83 

THCV 0,106 0,109 0,110 0,108 0,108 0,002 1,67 0,107 0,114 0,113 0,108 0,111 0,003 3,13 0,120 0,127 0,123 0,124 0,124 0,003 2,53 

CBV 0,014 0,013 0,013 0,013 0,013 0,000 3,64 0,015 0,014 0,015 0,015 0,015 0,000 2,43 0,016 0,016 0,014 0,014 0,015 0,001 6,59 

CBCM 0,171 0,189 0,182 0,164 0,176 0,011 6,26 0,167 0,197 0,182 0,174 0,180 0,013 7,13 0,191 0,209 0,193 0,199 0,198 0,008 4,07 

CBD 0,036 0,046 0,046 0,054 0,046 0,007 15,82 0,041 0,046 0,045 0,057 0,047 0,007 14,42 0,038 0,040 0,044 0,045 0,042 0,003 7,75 

∆9THC 7,684 7,794 8,348 8,542 8,092 0,418 5,16 7,794 7,900 8,414 8,608 8,179 0,394 4,82 8,435 8,531 9,228 9,326 8,880 0,462 5,20 

ACOD 0,099 0,110 0,115 0,102 0,106 0,007 6,94 0,124 0,087 0,104 0,098 0,103 0,016 15,09 0,075 0,075 0,107 0,086 0,086 0,015 17,31 

CBN 0,854 0,897 0,892 0,877 0,880 0,019 2,20 0,983 1,053 0,969 0,992 0,999 0,037 3,70 1,028 1,106 1,033 1,005 1,043 0,043 4,16 

6-MAM 0,288 0,309 0,315 0,317 0,307 0,013 4,27 0,267 0,279 0,269 0,282 0,274 0,007 2,66 0,274 0,306 0,322 0,321 0,306 0,023 7,42 

HER 2,227 2,301 2,318 2,272 2,279 0,040 1,74 1,926 1,977 1,908 1,898 1,927 0,035 1,83 2,151 2,227 2,224 2,145 2,187 0,045 2,06 
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APPENDIX VII-d: PAR and the PPAR for the simulated nyaope samples S4, S9, S10, S16, S17 and S18 at t = 0, 24, 48 and 72 hours of autosampler storage. 
   

S4 
      

S9 
      

S10 
    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

CAFF 0,244 0,242 0,231 0,213 0,233 0,014 6,04 0,125 0,115 0,126 0,113 0,120 0,007 5,70 0,219 0,214 0,207 0,188 0,207 0,014 6,64 

EFV 4,943 4,983 4,944 4,855 4,931 0,054 1,09 3,489 3,472 3,884 3,835 3,670 0,220 5,98 3,982 3,925 3,947 3,866 3,930 0,049 1,24 

THCV 0,210 0,218 0,206 0,206 0,210 0,006 2,78 0,199 0,202 0,219 0,220 0,210 0,011 5,18 0,184 0,186 0,186 0,181 0,184 0,002 1,19 

CBV 0,025 0,027 0,026 0,026 0,026 0,001 2,65 0,023 0,023 0,027 0,027 0,025 0,002 9,06 0,021 0,023 0,023 0,023 0,022 0,001 3,24 

CBCM 0,086 0,089 0,083 0,085 0,086 0,003 2,98 0,079 0,081 0,090 0,089 0,085 0,006 6,69 0,075 0,075 0,076 0,075 0,075 0,000 0,32 

NVP 2,378 2,368 2,222 2,186 2,288 0,099 4,31 1,883 1,888 2,014 1,958 1,936 0,062 3,22 1,929 1,895 1,891 1,820 1,884 0,046 2,42 

∆9THC 3,046 3,173 2,947 3,021 3,047 0,094 3,08 2,766 2,935 3,209 3,202 3,028 0,216 7,14 2,680 2,751 2,766 2,783 2,745 0,045 1,65 

ACOD 0,079 0,072 0,075 0,065 0,073 0,006 7,93 0,046 0,042 0,051 0,048 0,047 0,004 8,18 0,068 0,064 0,063 0,065 0,065 0,002 3,20 

CBN 0,252 0,260 0,248 0,245 0,251 0,006 2,59 0,191 0,200 0,253 0,241 0,221 0,030 13,70 0,210 0,208 0,225 0,222 0,216 0,009 3,94 

6-MAM 0,420 0,441 0,444 0,437 0,435 0,011 2,49 0,241 0,241 0,282 0,259 0,256 0,019 7,62 0,312 0,314 0,316 0,318 0,315 0,002 0,79 

HER 0,670 0,675 0,655 0,636 0,659 0,018 2,66 0,307 0,300 0,345 0,334 0,322 0,022 6,69 0,564 0,553 0,567 0,570 0,563 0,007 1,28 
   

S16 
      

S17 
      

S18 
    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

CAFF 0,157 0,147 0,153 0,139 0,149 0,008 5,25 0,210 0,207 0,213 0,196 0,207 0,008 3,76 0,177 0,169 0,180 0,165 0,173 0,007 4,03 

EFV 3,669 3,412 3,735 3,619 3,609 0,140 3,87 5,473 5,474 5,540 5,410 5,474 0,053 0,97 4,137 4,190 4,714 4,682 4,430 0,309 6,99 

THCV 0,203 0,189 0,199 0,199 0,198 0,006 3,09 0,208 0,220 0,221 0,218 0,217 0,006 2,82 0,179 0,191 0,208 0,206 0,196 0,014 7,00 

CBV 0,027 0,023 0,026 0,026 0,026 0,002 6,13 0,024 0,025 0,027 0,026 0,026 0,001 4,28 0,018 0,022 0,026 0,025 0,023 0,004 15,97 

CBCM 0,099 0,093 0,101 0,096 0,097 0,003 3,46 0,084 0,094 0,095 0,093 0,091 0,005 5,49 0,072 0,077 0,086 0,085 0,080 0,007 8,59 

NVP 2,042 1,880 1,980 1,886 1,947 0,078 4,00 1,548 1,556 1,534 1,464 1,525 0,042 2,76 1,656 1,689 1,785 1,749 1,720 0,058 3,38 

∆9THC 3,161 3,021 3,206 3,127 3,129 0,079 2,52 3,083 3,209 3,196 3,194 3,171 0,059 1,85 2,664 2,864 3,114 3,157 2,950 0,230 7,80 

ACOD 0,059 0,054 0,056 0,056 0,056 0,002 3,61 0,054 0,058 0,078 0,065 0,064 0,010 16,06 0,052 0,057 0,058 0,055 0,056 0,003 5,22 

CBN 0,239 0,217 0,256 0,238 0,238 0,016 6,66 0,244 0,250 0,255 0,250 0,250 0,004 1,75 0,188 0,198 0,234 0,242 0,216 0,027 12,39 

6-MAM 0,332 0,312 0,337 0,319 0,325 0,011 3,47 0,394 0,411 0,440 0,413 0,414 0,019 4,60 0,277 0,282 0,315 0,311 0,296 0,019 6,57 

HER 0,429 0,391 0,421 0,409 0,413 0,016 3,97 0,609 0,596 0,619 0,591 0,603 0,013 2,11 0,443 0,444 0,488 0,492 0,467 0,027 5,82 
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APPENDIX VIII Chromatograms showing the comparison of samples for S1, S17 

and S14 respectively at t= 0, 24, 48 and 72 hours. 

APPENDIX VIII-a: Chromatograms showing the comparison of samples for S1, S17 and S14 respectively at t=0 where 

identifications were (2.582) caryophyllene, (3.135) phenacetin, (3.536) caffeine, (4.543) efavirenz, (5.242) 

tetrahydrocannabivarin, (5.429) tetracosane IS, (5.733) cannabichromene, (5.948) nevirapine, (6.234) Δ9-THC, (6.411) 

cannabigerol, (6.520) cannabinol, (7.020) diamorphine, (7.520) nonacosane, (9.454) unknown, in the first chromatogram 

(S1) 

 

APPENDIX VIII-b: Chromatograms showing the comparison of samples for S1, S17 and S14 respectively at t = 24 hours 

Chromatograms showing the samples for S1, S17 and S14 respectively at t=0 where  identifications were (2.582) 

caryophyllene, (3.135) phenacetin, (3.536) caffeine, (4.543) efavirenz, (5.242) tetrahydrocannabivarin, (5.429) tetracosane 

IS, (5.733) cannabichromene, (5.948) nevirapine, (6.234) Δ9-THC, (6.411) cannabigerol, (6.520) cannabinol, (7.020) 

diamorphine, (7.520) nonacosane, (9.454) unknown, in the first chromatogram (S1). 

 

S1 

S17 

S14

4 

S1 

S17 

S14 
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APPENDIX VIII-c: Chromatograms showing the comparison of samples for S1, S17 and S14 respectively at t = 48 hours 

Chromatograms showing the samples for S1, S17 and S14 respectively at t=0 where  identifications were (2.582) 

caryophyllene, (3.135) phenacetin, (3.536) caffeine, (4.543) efavirenz, (5.242) tetrahydrocannabivarin, (5.429) tetracosane 

IS, (5.733) cannabichromene, (5.948) nevirapine, (6.234) Δ9-THC, (6.411) cannabigerol, (6.520) cannabinol, (7.020) 

diamorphine, (7.520) nonacosane, (9.454) unknown, in the first chromatogram (S1). 

 

APPENDIX VIII-d: Chromatograms showing the comparison of samples for S1, S17 and S14 respectively at t = 72 hours 

where  identifications were (2.582) caryophyllene, (3.135) phenacetin, (3.536) caffeine, (4.543) efavirenz, (5.242) 

tetrahydrocannabivarin, (5.429) tetracosane IS, (5.733) cannabichromene, (5.948) nevirapine, (6.234) Δ9-THC, (6.411) 

cannabigerol, (6.520) cannabinol, (7.020) diamorphine, (7.520) nonacosane, (9.454) unknown, In the first chromatogram 

(S1). 

 

 

S1 

S17 

S14 

S1 

S17 

S14 



287 
 

APPENDIX IX Chromatograms showing the within batch comparison of the 

samples from the different batches at t = 0. 

APPENDIX IX-a: Chromatograms showing the comparison of the  samples S1, S7, S13, S12, S6 and S2 respectively within 

the same batch at t=0 where (2.582) caryophyllene, (3.135) phenacetin, (3.536) caffeine, (4.543), efavirenz, (5.242) 

tetrahydrocannabivarin, (5.429) tetracosane IS, (5.733) cannabichromene, (5.948) nevirapine, (6.234) Δ9-THC, (6.520) 

cannabinol, (7.02) diamorphine, (7.520) nonacosane and (9.454) unknown in the first chromatogram (S1). 

 

APPENDIX IX-b: Chromatograms showing the comparison of the samples S17, S18, S9, S16, S10 and S4 respectively within 

the same batch at t=0 within where caryophyllene, (3.533) caffeine, (4.552) efavirenz, (5.242) tetrahydrocannabivarin, 

(5.426) tetracosane IS, (5.730) cannabichromene, (5.938) nevirapine, (6.224) Δ9-THC, (6.411) cannabigerol, (6.523) 

cannabinol, (6.566) 6-monoacetylmorphine, (7.008) diamorphine and (7.517) nonacosane in the first chromatogram (S17). 

 

S1 
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APPENDIX IX-c: Chromatograms showing samples S14, S8, S11, S15, S5 and S3 respectively at t=0 where (2.579) 

caryophyllene, (3.098) bulnesol, (3.536) caffeine, (4.562) efavirenz, (5.242) tetrahydrocannabivarin, (5.426) tetracosane 

IS, (5.733) cannabichromene, (6.237) Δ9-THC, (6.411) cannabigerol, (6.523) cannabinol, (6.576) 6-monoacetylmorphine, 

(7.020) diamorphine and (7.517) nonacosane in the first chromatogram (S14). 

 

 

APPENDIX X Chromatograms comparing samples of S1 after 0, 24, 48 and 72 

hours respectively. 

APPENDIX X-a: Chromatograms comparing samples of S1 after 0, 24, 48 and 72 hours respectively where identification 

were (2.582) caryophyllene, (3.135) phenacetin, (3.536) caffeine, (4.543), efavirenz, (5.242) tetrahydrocannabivarin, 

(5.429) tetracosane IS, (5.733) cannabichromene, (5.948) nevirapine, (6.234) Δ9-THC, (6.520) cannabinol, (7.02) 

diamorphine, (7.520) nonacosane and (9.454) in the first chromatogram (t=0) 

 

S14 

S8 

S11 
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t = 0 
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APPENDIX X-b: Chromatograms comparing samples of S17 after 0, 24, 48 and 72 hours respectively where identification 

were (2.578) caryophyllene, (3.533) caffeine, (4.552) efavirenz, (5.242) tetrahydrocannabivarin, (5.426) tetracosane IS, 

(5.730) cannabichromene, (5.938) nevirapine, (6.224) Δ9-THC, (6.411) cannabigerol, (6.523) cannabinol, (6.566) 6-

monoacetylmorphine, (7.008) diamorphine and (7.517) nonacosane in the first chromatogram (t=0). 

 

 

APPENDIX X-c: Chromatograms comparing samples of S14 after 0, 24, 48 and 72 hours respectively where identification 

were (2.579) caryophyllene, (3.098) bulnesol, (3.536) caffeine, (4.562) efavirenz, (5.242) tetrahydrocannabivarin, (5.426) 

tetracosane IS, (5.733) cannabichromene, (6.237) Δ9-THC, (6.411) cannabigerol, (6.523) cannabinol, (6.571) 6-

monoacetylmorphine, (7.02) diamorphine and (7.17) nonacosane in the first chromatogram (t=0). 
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t = 0 
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APPENDIX XI Average peak area ratios and the pooled average peak area ratios of the individual components in the 15 sub-samples from the 

5 actual seized street nyaope samples at t = 0, 24, 48 and 72 hours of autosampler storage. 

APPENDIX XI-a: PAR and the PPAR of the individual components in the actual seized street nyaope samples A1, A2, A3, B1, B2 and B3 at t = 

0, 24, 48 and 72 hours of autosampler storage. 

   
A1 

      
A2 

      
A3 

    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

NCT 0,077 0,117 0,105 0,074 0,093 0,021 22,59 0,097 0,085 0,080 0,061 0,081 0,015 18,63 0,081 0,082 0,065 0,097 0,081 0,013 15,96 

ACA 0,193 0,241 0,085 0,200 0,180 0,066 36,94 0,056 0,141 0,200 0,080 0,119 0,065 54,30 0,251 0,179 0,065 0,185 0,170 0,077 45,44 

CAFF 0,288 0,292 0,284 0,264 0,282 0,012 4,38 0,291 0,288 0,286 0,258 0,281 0,015 5,43 0,308 0,297 0,273 0,288 0,292 0,015 5,11 

THCV 1,464 1,446 1,576 1,230 1,429 0,144 10,11 1,487 1,487 1,573 1,244 1,448 0,142 9,78 1,480 1,464 1,520 1,404 1,467 0,048 3,28 

CBV 0,137 0,143 0,165 0,109 0,139 0,023 16,67 0,147 0,154 0,170 0,117 0,147 0,022 15,13 0,163 0,154 0,160 0,149 0,156 0,006 3,90 

∆9-THC 13,089 12,655 12,850 11,073 12,417 0,913 7,35 13,481 13,456 13,067 11,171 12,794 1,098 8,58 13,395 13,192 12,749 12,260 12,899 0,505 3,91 

ACOD 0,279 0,262 0,222 0,203 0,241 0,035 14,55 0,309 0,268 0,264 0,211 0,263 0,040 15,24 0,282 0,209 0,289 0,258 0,259 0,036 13,91 

CBN 1,057 1,045 1,213 0,880 1,049 0,136 13,00 1,134 1,088 1,189 0,862 1,068 0,143 13,43 1,184 1,174 1,131 1,065 1,138 0,054 4,74 

6-MAM 1,653 1,576 1,744 1,437 1,602 0,130 8,12 1,604 1,596 1,679 1,359 1,560 0,139 8,92 1,699 1,673 1,701 1,626 1,675 0,035 2,08 

DAM 0,544 0,533 0,573 0,453 0,526 0,051 9,75 0,510 0,505 0,492 0,376 0,471 0,064 13,56 0,543 0,557 0,523 0,500 0,531 0,025 4,66 

   
B1 

      
B2 

      
B3 

    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

NCT 0,224 0,248 0,237 0,234 0,236 0,010 4,27 0,226 0,213 0,229 0,216 0,221 0,008 3,56 0,242 0,244 0,244 0,234 0,241 0,005 2,09 

CAFF 0,041 0,054 0,060 0,038 0,048 0,010 21,44 0,031 0,048 0,054 0,046 0,045 0,010 21,46 0,062 0,062 0,073 0,064 0,065 0,005 7,89 

MTQ 0,118 0,114 0,123 0,114 0,117 0,004 3,80 0,113 0,106 0,112 0,098 0,107 0,007 6,54 0,137 0,126 0,135 0,129 0,132 0,005 4,07 

CAFF 0,297 0,291 0,312 0,273 0,293 0,016 5,57 0,262 0,262 0,267 0,258 0,262 0,004 1,50 0,293 0,286 0,296 0,278 0,288 0,008 2,83 

CBV 0,146 0,147 0,155 0,138 0,146 0,007 4,98 0,133 0,137 0,136 0,129 0,134 0,003 2,61 0,144 0,149 0,150 0,145 0,147 0,003 2,07 

∆9-THC 3,131 3,087 3,209 2,839 3,067 0,159 5,20 2,884 2,855 2,836 2,756 2,833 0,055 1,93 3,136 3,069 3,133 2,917 3,063 0,103 3,35 

CBN 1,964 1,930 1,890 1,745 1,882 0,096 5,11 1,773 1,800 1,779 1,714 1,767 0,037 2,10 1,891 2,004 1,887 1,841 1,906 0,069 3,63 
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APPENDIX XI-b: PAR and the PPAR of the individual components in the actual seized street nyaope samples C1, C2 and C3 at t = 0, 24, 48 and 

72 hours of autosampler storage. 

   
C1 

      
C2 

      
C3 

    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

NIC 0,012 0,008 0,008 0,008 0,009 0,002 23,74 0,014 0,013 0,013 0,012 0,013 0,001 5,80 0,017 0,024 0,017 0,019 0,019 0,003 17,54 

CAFF 1,010 0,961 0,996 0,954 0,980 0,027 2,77 1,303 1,309 1,246 1,252 1,277 0,033 2,58 1,528 1,524 1,514 1,365 1,483 0,079 5,31 

COC 0,103 0,094 0,101 0,102 0,100 0,004 4,28 0,110 0,113 0,104 0,101 0,107 0,005 4,99 0,204 0,206 0,203 0,186 0,200 0,009 4,65 

THCV 0,061 0,053 0,066 0,059 0,060 0,006 9,21 0,087 0,080 0,088 0,077 0,083 0,005 6,33 0,089 0,098 0,101 0,077 0,091 0,011 12,02 

CBV 0,021 0,023 0,024 0,022 0,023 0,001 5,52 0,027 0,030 0,034 0,033 0,031 0,003 9,87 0,031 0,035 0,035 0,028 0,032 0,003 10,39 

COD 0,023 0,029 0,037 0,023 0,028 0,007 23,69 0,046 0,038 0,041 0,037 0,040 0,004 10,30 0,047 0,042 0,053 0,040 0,046 0,006 12,39 

∆9-THC 0,957 0,854 0,947 0,886 0,911 0,049 5,40 1,172 1,136 1,156 1,107 1,143 0,028 2,45 1,265 1,285 1,361 1,105 1,254 0,107 8,56 

ACOD 0,226 0,210 0,226 0,222 0,221 0,008 3,46 0,300 0,306 0,300 0,273 0,295 0,015 5,01 0,334 0,341 0,368 0,333 0,344 0,016 4,72 

CBN 0,162 0,133 0,151 0,125 0,143 0,017 11,74 0,186 0,146 0,174 0,170 0,169 0,017 9,98 0,213 0,188 0,210 0,168 0,195 0,021 10,75 

6-MAM 0,545 0,505 0,533 0,502 0,521 0,021 4,05 0,696 0,707 0,696 0,668 0,692 0,017 2,42 0,844 0,868 0,865 0,792 0,842 0,035 4,17 

HER 3,710 3,585 3,543 3,496 3,584 0,092 2,57 4,769 4,653 4,653 4,471 4,636 0,123 2,66 5,723 5,729 5,760 4,840 5,513 0,449 8,14 
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APPENDIX XI-c: PAR and the PPAR of the individual components in the actual seized street nyaope samples A1, A2, A3, B1, B2 and B3 at t = 

0, 24, 48 and 72 hours of autosampler storage. 

   
D1 

      
D2 

      
D3 

    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

NCT 0,404 0,394 0,423 0,421 0,410 0,014 3,29 0,388 0,387 0,344 0,356 0,369 0,022 6,02 0,435 0,434 0,422 0,422 0,428 0,007 1,65 

CAFF 0,586 0,637 0,505 0,797 0,631 0,123 19,51 0,532 0,566 0,540 0,775 0,603 0,115 19,11 0,536 0,566 0,527 0,759 0,597 0,109 18,32 

MTQ 0,038 0,041 0,032 0,055 0,041 0,010 23,43 0,034 0,036 0,034 0,053 0,039 0,009 23,41 0,034 0,036 0,033 0,052 0,039 0,009 22,59 

THCV 0,056 0,058 0,044 0,072 0,057 0,011 19,76 0,051 0,052 0,047 0,070 0,055 0,010 18,47 0,051 0,052 0,046 0,068 0,054 0,010 17,91 

CBV 0,024 0,037 0,035 0,076 0,043 0,023 52,47 0,022 0,033 0,038 0,074 0,042 0,023 54,38 0,022 0,033 0,037 0,074 0,042 0,022 53,66 

COD 0,015 0,013 0,010 0,014 0,013 0,002 18,81 0,014 0,012 0,010 0,014 0,012 0,002 14,52 0,014 0,011 0,010 0,014 0,012 0,002 15,15 

∆9-THC 1,450 1,503 1,127 1,877 1,489 0,307 20,62 1,317 1,335 1,201 1,827 1,420 0,278 19,56 1,327 1,336 1,174 1,793 1,407 0,268 19,02 

ACOD 0,217 0,239 0,124 0,274 0,214 0,064 30,04 0,197 0,212 0,136 0,266 0,203 0,054 26,37 0,198 0,212 0,130 0,261 0,200 0,054 26,91 

CBN 0,312 0,354 0,248 0,268 0,296 0,047 16,05 0,289 0,312 0,268 0,259 0,282 0,023 8,33 0,294 0,311 0,260 0,252 0,279 0,028 9,94 

6-MAM 0,262 0,221 0,156 0,372 0,253 0,091 35,92 0,233 0,199 0,168 0,364 0,241 0,086 35,75 0,234 0,202 0,163 0,359 0,239 0,085 35,52 

DAM 2,540 2,719 2,194 3,320 2,693 0,471 17,49 2,305 2,413 2,346 3,224 2,572 0,437 16,99 2,321 2,412 2,288 3,159 2,545 0,412 16,21 

TOCO 0,051 0,067 0,050 0,087 0,064 0,017 27,37 0,046 0,059 0,053 0,084 0,061 0,017 27,54 0,046 0,059 0,051 0,082 0,060 0,016 26,47 
   

E3 
      

E2 
      

E3 
    

 
0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 0 24 h 48 h 72 h PPAR SD %RSD 

NCT 0,088 0,082 0,101 0,090 0,090 0,008 8,64 0,096 0,107 0,103 0,100 0,101 0,005 4,53 0,10 0,11 0,10 0,10 0,10 0,01 5,87 

CAFF 1,074 1,006 1,034 1,078 1,048 0,034 3,27 0,962 0,984 1,097 1,173 1,054 0,099 9,39 0,94 0,97 1,04 1,10 1,02 0,07 6,98 

THCV 0,009 0,008 0,008 0,009 0,009 0,001 10,27 0,008 0,007 0,009 0,010 0,009 0,001 14,26 0,01 0,01 0,01 0,01 0,01 0,00 11,44 

COD 0,027 0,021 0,018 0,026 0,023 0,004 16,55 0,024 0,021 0,020 0,028 0,023 0,004 16,49 0,02 0,02 0,02 0,03 0,02 0,00 15,43 

∆9-THC 0,384 0,349 0,348 0,369 0,363 0,017 4,70 0,344 0,341 0,370 0,402 0,364 0,028 7,72 0,34 0,34 0,35 0,38 0,35 0,02 5,36 

ACOD 0,348 0,314 0,310 0,313 0,321 0,018 5,69 0,312 0,306 0,329 0,341 0,322 0,016 4,88 0,31 0,30 0,31 0,32 0,31 0,01 2,36 

6-MAM 0,806 0,720 0,702 0,686 0,729 0,054 7,37 0,722 0,704 0,744 0,747 0,729 0,020 2,78 0,71 0,70 0,71 0,70 0,70 0,01 0,84 

DAM 3,927 3,693 3,748 3,886 3,813 0,111 2,91 3,518 3,612 3,976 4,230 3,834 0,330 8,60 3,45 3,57 3,78 3,97 3,69 0,23 6,17 

TOCO 0,053 0,054 0,058 0,063 0,057 0,005 8,03 0,047 0,053 0,061 0,069 0,057 0,009 16,44 0,05 0,05 0,06 0,06 0,06 0,01 14,09 
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APPENDIX XII Chromatograms showing the samples for A1, B1, C1, D1 and E1 

respectively at t=0, 24, 48 and 72 hours. 

APPENDIX XII-a: Chromatograms showing the samples for A1, B1, C1, D1 and E1 respectively at t=0 where identifications were For A1: (3.194) acetaminophen, (3.564) caffeine, (5.242) 

tetrahydrocannabivarin, (5.429) tetracosane IS, (5.730) cannabichromene, (6.234) Δ9-THC, (6.411) cannabigerol, (6.517) cannabinol, (6.563) 6-monoacetylmorphine, (6.681) unknown, 

(7.001) diamorphine and (7.514) nonacosane; For B1: (2.411) nicotine, (3.098) bulnesol, (3.616) caffeine, (4.754) methaqualone, (5.242) tetrahydrocannabivarin, (5.426) tetracosane 

IS, (5.575) cannabivarin, (5.733) cannabichromene, (5.935) cannabicoumaronone, (6.212) Δ9-THC, (6.411) cannabigerol, (6.513) cannabinol, (6.681) unknown, (6.933) unknown, (7.517) 

nonacosane; For C1 (3.558) caffeine, (4.891) cocaine, (5.245) tetrahydrocannabivarin, (5.429) tetracosane IS, (5.736) cannabichromene, (5.935) cannabicoumaronone, (6.212) Δ9-THC, 

(6.489) acetylcodeine, (6.554) 6-monoacetylmorphine, (7.004) diamorphine; For D1 (2.407) nicotine, (3.390) unknown, (3.561) caffeine, (4.198) unknown, (4.937) methaqualone, (5.242) 

tetrahydrocannabivarin, (5.425) tetracosane IS, (5.755) cannabidiol, (5.948) codeine, (6.209) Δ9-THC, (6.485) acetylcodeine, (6.554) 6-monoacetylmorphine, (7.001) diamorphine, 

(7.520) nonacosane, (8.332) unknown, (8.683) unknown, (9.581) unknown; For E1 (2.411) nicotine, (3.396) unknown, (3.558) caffeine, (4.941) methaqualone, (5.426) tetracosane IS, 

(6.209) Δ9-THC, (6.551) 6-monoacetylmorphine, (7.001) diamorphine. 

 

APPENDIX XII-b: Chromatograms showing the samples for A1, B1, C1, D1 and E1 respectively at t=24 hours 
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D1 
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E1 
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APPENDIX XII-c: Chromatograms showing the samples for A1, B1, C1, D1 and E1 respectively at t=48 hours 

 

 

APPENDIX XII-d: Chromatograms showing the samples for A1, B1, C1, D1 and E1 respectively at t = 72 hours 
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APPENDIX XIII Chromatograms showing the three sub-samples for sample A, 

B, C, D and E respectively at t = 0 

APPENDIX XIII-a Chromatograms showing the three sub-samples for sample A (A1, A2, A3) at t = 0 where identifications 

were: (3.209) acetaminophen, (3.567) caffeine, (5.242) tetrahydrocannabivarin, (5.429) tetracosane IS, (5.733) 

cannabichromene, (6.234) Δ9-THC, (6.408) cannabigerol, (6.517) cannabinol, (6.566) 6-monoacetylmorphine, (6.681) 

unknown, (7.001) diamorphine and (7.517) nonacosane in the first chromatogram (A1). 

 

 

APPENDIX XIII-b: Chromatograms showing the three sub-samples for sample B (B1, B2, B3) at t=0 where identifications 

were (2.408) nicotine, (3.091) bulnesol, (3.610) caffeine, (4.748) methaqualone, (5.239) tetrahydrocannabivarin, (5.426) 

tetracosane IS, (5.575) cannabivarin, (5.730) cannabichromene, (5.932) cannabicoumaronone, (6.212) Δ9-THC, (6.411) 

cannabigerol, (6.510) cannabinol,  (6.681) unknown, (6.933) unknown, (7.517) nonacosane in the first chromatogram (B1). 

 

 

A1 

A2 

A3 

B1 

B2 

B3 
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APPENDIX XIII-c: Chromatograms showing the three sub-samples for sample C (C1, C2, C3) at t=0 where identifications 

were (3.558) caffeine, (4.891) cocaine, (5.245) tetrahydrocannabivarin, (5.429) tetracosane IS, (5.736) cannabichromene, 

(6.212) Δ9-THC, (6.489) acetylcodeine, (6.554) 6-monoacetylmorphine, (7.004) diamorphine in the first chromatogram (C1). 

 

 

APPENDIX XIII-d: Chromatograms showing the three sub-samples for sample D (D1, D2, D3) at t = 0 where identifications 

were (2.411) nicotine, (3.091) bulnesol, (3.396) unknown, (3.561) caffeine, (4.934) methaqualone, (5.245) 

tetrahydrocannabivarin, (5.426) tetracosane IS, (5.755) cannabidiol, (6.209) Δ9-THC, (6.485) acetylcodeine, (6.551) 6-

monoacetylmorphine, (7.001) diamorphine, (7.524) nonacosane, (8.338) unknown, (8.683) unknown in the first 

chromatogram (D1). 
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APPENDIX XIII-e: Chromatograms showing the three sub-samples for sample E (E1, E2, E3) at t = 0 where identifications 

were (2.414) nicotine, (3.399) unknown, (3.557) caffeine, (4.941) methaqualone, (5.429) tetracosane IS, (6.212) Δ9-THC, 

(6.551) 6-monoacetylmorphine, (7.001) diamorphine, (8.686) unknown and (9.553) unknown in the first chromatogram 

(E1). 

 

 

APPENDIX XIV Chromatograms for samples A, B, C, D and E after 0, 24, 48 and 

72 hours respectively. 

APPENDIX XIV-a: Chromatograms for sample A after 0, 24, 48 and 72 hours respectively where identifications were: (3.194) 

acetaminophen, (3.567) caffeine, (5.242) tetrahydrocannabivarin, (5.429) tetracosane IS, (5.730) cannabichromene, 

(6.234) Δ9-THC, (6.408) cannabigerol, (6.517) cannabinol, (6.563) 6-monoacetylmorphine, (6.681) unknown, (7.001) 

diamorphine and (7.514) nonacosane in the first chromatogram (t = 0) 
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APPENDIX XIV-b: Chromatograms for sample B after 0, 24, 48 and 72 hours respectively where identifications were(2.411) 

nicotine, (3.095) bulnesol, (3.598) caffeine, (4.748) methaqualone, (5.242) tetrahydrocannabivarin, (5.426) tetracosane IS, 

(5.572) cannabivarin, (5.730) cannabichromene, (5.932) cannabicoumaronone, (6.212) Δ9-THC, (6.510) cannabinol, (6.678) 

unknown, (6.930) unknown, (7.318) unknown, (7.521) nonacosane, (7.803) unknown in the first chromatogram (t = 0). 

 

 

APPENDIX XIV-c: Chromatograms for sample C after 0, 24, 48 and 72 hours respectively where identifications were (3.558) 

caffeine, (4.891) cocaine, (5.245) tetrahydrocannabivarin, (5.429) tetracosane IS, (5.736) cannabichromene, (5.935) 

cannabicoumaronone, (6.212) Δ9-THC, (6.489) acetylcodeine, (6.554) 6-monoacetylmorphine, (7.004) diamorphine in the 

first chromatogram (t = 0). 
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APPENDIX XIV-d: Chromatograms for sample D at after 0, 24, 48 and 72 hours respectively where identifications were 

(2.407) nicotine, (3.390) unknown, (3.561) caffeine, (4.198) unknown, (4.937) methaqualone, (5.242) 

tetrahydrocannabivarin, (5.425) tetracosane IS, (5.755) cannabidiol, (5.948) codeine, (6.209) Δ9-THC, (6.485) 

acetylcodeine, (6.554) 6-monoacetylmorphine, (7.001) diamorphine, (7.520) nonacosane, (8.332) unknown, (8.683) 

unknown, (9.581) unknown in the first chromatogram (t = 0). 

 

 

APPENDIX XIV-e: Chromatograms for sample E after 0, 24, 48 and 72 hours respectively where identifications were (2.411) 

nicotine, (3.396) unknown, (3.558) caffeine, (4.941) methaqualone, (5.426) tetracosane IS, (6.209) Δ9-THC, (6.551) 6-

monoacetylmorphine, (7.001) diamorphine in the first chromatogram (t = 0). 
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