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Abstract 
Violence and resulting injuries are critical health burdens worldwide, accounting for the 

death of millions of individuals annually. The literature reports an association between drug use 

and violence, providing data indicating that the use of psychoactive substances increases the risk 

of morbidity and mortality due to violent acts. South Africa has a long history of violence, with 

one of the highest rates of recorded violence- and injury-related deaths in the world. This is 

complicated by an increase in illicit substance use and abuse, particularly in the Cape Town 

Metropole, located within the Western Cape Province.  

The use of toxicological findings from victims of violent death (homicides, suicides, and 

accidents) to examine community-specific drug-related violence is slowly increasing in different 

parts of the world. In South Africa, however, monitoring drug trends in violent fatalities using 

toxicological analysis is uncommon, and hence drug toxicology of violent-related fatalities is 

limited.  

Divided into three contextual sections, this research study focuses on the post-mortem 

toxicology of violent deaths in a South African setting. The first section provides a general idea 

of the research problem and an initial development of the investigation process. The second 

section provides a theoretical basis for performing routine toxicological analyses in deaths due to 

violence, reports important research work conducted in the field worldwide, and emphasizes the 

need to monitor toxicological data derived from violent fatalities in Cape Town, South Africa. 

The last section, in the form of a manuscript, presents the overall research study including the 

methodology, outcomes, and concluding findings in a concise and illustrative manner.  

The primary aim of this pilot study was to investigate the prevalence and characteristics 

of illicit substances in violent fatalities (homicides, suicides, and accidents) of the Salt River 

mortuary in Cape Town, South Africa. The objectives were to conduct a comprehensive drug 

toxicology analysis to generate qualitative and comparative data from the aforementioned cases. 

In addition, this study investigated the dynamics between psychoactive substance use and violent 

deaths in terms of toxicological trends, and the demographics and circumstances of death of the 

victim. Lastly, the author discusses potential qualitative associations between illicit substances 

and violence-related deaths in a South African setting, and provide suggestions for future 

toxicological analyses in these fatalities. 
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FPO Forensic Pathology Officer 
FPS Forensic Pathology Services 
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Introduction  
 

Violence and resulting injuries present critical worldwide health and public safety issues 

which greatly affect developing countries, such as South Africa. In addition to high rates of 

violence-related fatalities, the country is experiencing an increase in substance – a drug, 

medicine, or other chemical agent which has physiological effect when introduced into the 

body – use and abuse, particularly in the Western Cape Province. A relationship between 

substance use and violent injury deaths has been reported in the literature. However, 

toxicological data on drugs of abuse in victims of violence-related injury deaths is limited.  

 This research project aims to identify and describe the possible relationship between 

substance use and deaths due to homicide, non-substance toxicity-related suicides, and 

accidental deaths, based on descriptive qualitative prevalence, in a South African setting by 

conducting a comprehensive toxicological analysis of these cases from the Salt River 

mortuary in the Cape Metropole. Over a set period of time, biological specimens important 

for cause of death interpretation will be collected from decedents in the aforementioned 

cases as part of the routine toxicology investigation with the help of forensic pathologists. A 

targeted drugs of abuse screening approach using liquid chromatography coupled to 

tandem mass spectrometry (AB SCIEX API 3200 Q-TRAP® LC-MS/MS) will be used to 

perform a toxicological screening of the samples collected. The data obtained will be 

analysed initially using the AB SCIEX MasterViewTM software and subsequently by statistical 

inferences. 

 The main objectives of the study are to distinguish, and make comparisons on, the 

prevalence of drugs of abuse (substances commonly abused, which may lead to physical or 

psychological dependence) in the cases of interest, and to discuss the dynamics between 

drugs of abuse and violent fatalities. This study will contribute to the much needed 

understanding of violent fatality patterns and related toxicology, and will provide essential 

data for health, drug and crime interventions, in the attempt to reduce these burdens in 

South Africa.  
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Background 
 

2.1 Violence and Injury 

Violence and resulting injuries are major public health issues worldwide. In this study, 

violence refers to the use of physical force against another person or oneself to cause injury 

and even death [1]. Violence related to assault, self-inflicted injury or acts of war often result 

in serious injuries and death of more than 5 million people worldwide annually, accounting 

for approximately 10% of global mortality [2]. Violence and injury-related fatalities may be 

a result of collective, interpersonal and self-directed violence in the form of transport 

accidents, homicides, suicides, unintentional or accidental deaths, and fatal injuries of 

undetermined intent. Deaths due to unintentional injury result from a variety of causes such 

as falls, drowning, substance overdoses, asphyxiation, choking, animal bites or stings, fires 

or burns, firearm accidents, and accidental blunt or sharp force trauma. An undetermined 

violent death refers to a traumatic death in which the forensic pathologist cannot determine 

with certainty the manner of the death.  

 

The manner of death refers to the circumstances surrounding the death of an individual and 

this can be classified as natural, homicide, suicide, accident, or undetermined [3]. The cause 

of death refers to the disease, condition or injury that leads, directly or indirectly, 

immediately or subsequently, to the death of the person [3]. The four leading manners of 

injury and violence-related fatalities worldwide are transportation incidents, suicides, 

homicides, and falls as shown in Figure 1 [4,5]. More than 90% of these fatalities occur in 

low- and middle-income regions, such as in African countries [5,6]. South Africa (SA) is 

confronted with a remarkable burden of morbidity and mortality as a consequence of 

violence, which constitutes one of the four prominent health burdens in the country [7]. 

Violence-related injury was reported to be the second leading cause of death in SA in 2000 

with an overall mortality rate of 157.8 per 100,000 individuals, which is almost double that 

of the global average (86.9 per 100 000 individuals) [8,9]. Of a total of 31,777 unnatural 

deaths recorded in 2008, murder (homicide) was the leading manner of death (n=9831, 

31.5%), as shown in Figure 2 [10]. Unintentional or accidental deaths, suicides and 

undetermined deaths accounted for 17.5% (n=5444), 10% (n=3125), and 11.6% (n=3624), 

respectively [10].  
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In the Western Cape Province of SA, violence accounted for about 13% of fatalities in 2000 

[7]. In 2007, the Cape Town Metropole had both the highest injury mortality and violence 

rates compared to other South African metros [11]. Homicide accounted for 46.9% of 

Fig.1 Proportion of world injury mortality by cause of death in 2008 [4,5]. 

Fig.2 Overall manner of death due to unnatural causes reported in South Africa in 2008 [10]. 
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unnatural deaths with unintentional or accidental injuries (12.6%) and suicide (7.8%) also 

deemed to play a large role in unnatural deaths (Fig. 3) [11]. In 2010, 64.5 % of injury-

related fatalities reported in the Western Cape occurred in Cape Town, and the highest 

proportion of unnatural deaths were homicides (41%) [12].  

 

 

 

2.2 Drugs of Abuse  

In 2012, approximately 243 million people, aged 15-64 years, were reported having used an 

illicit substance that year [13]. The proportion of known drug users is reported to be roughly 

0.6% of the world’s adult population, which numbers to around 27 million individuals, or 1 

in every 200 people [13]. Cannabis is reportedly the most widely used illicit substance 

worldwide, followed by amphetamine-type stimulants (ATS) (including methamphetamine, 

amphetamine, and methcathinone), opioids (such as opiates, heroin, and prescription 

opioids), and cocaine [14]. There remains a dearth of reliable and comprehensive data on 

substance abuse in Africa, however limited information obtained from research and 

treatment centres reveals that in SA, alcohol is the most abused substance, while cannabis 

is the most widely used illicit drug, particularly amongst young adults [13,15,16]. In the 

Western Cape, the most widely used illicit drug is methamphetamine, followed by marijuana 

Fig.3 Overall manner of death due to unnatural causes reported in Cape Town in 2007 [11]. 

 



5 
 

and heroin [15,17]. Research indicates an increase in the rate of drug-related crime in Cape 

Town over the period 2003/2004 to 2012/2013, from 306 to 1495 reported crimes, which 

represents an increase of 479% in actual reported crimes over the 9-year period and an 

average of 24% per annum [17]. Cape Town is currently battling a widely publicized 

emerging methamphetamine (locally known as ‘tik’) problem, especially amongst the young 

population, of which 40% of treatment centre patients are younger than 25 years old 

[15,18]. ‘Tik’ remains the substance of choice, accounting for 28% of reported patient 

admissions, in Cape Town [15]. This is followed by cannabis (‘dagga’), alcohol, heroin, 

methcathinone (‘cat’), methaqualone (‘mandrax’), and cocaine (‘crack’) use.  

 

2.3 Substance Use and Violent Deaths 

Studies suggest an association between psychoactive substance – a substance, used for 

medical or recreational purposes, that primarily acts on the central nervous system to alter 

mental processes including perception, consciousness, behaviour, mood, and thoughts – 

abuse, including alcohol and illicit drugs, and increased levels of violence [19,20]. Substance 

dependence and tolerance (the physiological adaptation to the drug and its effects at a given 

dosage) increases the risk of violence, which is suggested to contribute to elevated homicide 

mortality rates among substance users [21]. Licit and illicit substance-dependent 

populations have shown to exhibit higher all-cause death rates compared to non-drug-

dependent populations [22]. For instance, alcohol dependence is associated with a 2-fold 

increase in all-cause mortality [22]. Likewise, scheduled drugs, such as benzodiazepines and 

opioids have also been shown to be associated with elevated violence-related death rates 

[22]. While disease and drug overdose are the primary causes of death associated with 

substance dependence, drug use may result in increased violence, crime and mortality 

associated with traumatic primary causes of death [20,23,24]. Altogether, the literature 

recognizes that a relationship exists between substance abuse and increased occurrence of 

violent deaths.  

 

2.3.1     Toxicology of Homicides  

In 2012, almost half a million reported deaths worldwide, of which 31% occurred in Africa, 

were reported as homicides [25]. The global average homicide rate is currently 6.2 per 

100,000 individuals, and Southern Africa’s reported rates are over four times than that (e.g. 
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30 per 100,000 residents in 2011), making it one of the world’s sub-regions with the highest 

recorded homicide rates [25]. Studies and available data indicate that the use of licit and 

illicit drug may be correlated with high levels of violence and homicide [25]. So far, studies 

investigating the toxicology in homicidal deaths have found that alcohol and illicit drugs are 

present in over 50% of the reported cases [26–30]. A study in New York, 1990-1998, 

revealed that 30% of the homicide victims appear positive for alcohol, 28% for cocaine, 19% 

for cannabis, and 11% for opiates [30]. Similarly, a toxicological investigation of homicide 

victims in Australia 1996-2005 found that psychoactive drugs were detected in 62.6% of 

cases, and other illicit substances in 32.8% [21]. In a Swedish setting, toxicology findings of 

homicide deaths from 2007 to 2009 indicate that the majority of the cases (57% of victims 

and 62.5% of offenders) tested positive for drugs of abuse, such as alcohol and 

benzodiazepines [31]. Toxicological data have clearly shown to provide useful information 

for investigating drug use patterns in homicidal deaths and the associated risk reported 

between drug abuse and victim/offender status in violent crimes.  

 

2.3.2     Toxicology of Suicides 

Suicide is one of the major global manners of death with a mortality rate of approximately 

one million deaths per year [12]. Substance-dependent populations are known to be at a 

higher risk of completed suicide compared to the general population [32–34]. However, few 

studies around the world have been examining substance levels in completed suicide 

victims [33,35–39]. Among the suicide cases, over 50% of cases were positive for drugs of 

abuse, including alcohol and illicit drugs, however pharmaceuticals (benzodiazepines and 

antidepressants) appear to be detected more frequently in suicides compared to homicide 

cases [33,35,37–39]. In cases of substance overdose/poisoning-related suicides, the 

relationship between violent death and drug use is easily made clear through toxicological 

analyses and interpretations. However, the link between non-substance related suicide 

cases and post-mortem toxicology is more complex and still unclear [33,40–42]. In 2009, 

Darke et al. investigated patterns of substance use in suicide deaths by means other than 

substance overdose, and reported the presence of substances in 67.2% of non-overdose 

cases [33]. Alcohol was found in 40.6% of cases and illicit substances in 20.1% [33]. 

Although the information from the literature indicates that toxicology analyses is crucial in 

the medico-legal investigation of suicidal deaths, there remains a dearth of information and 
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emphasis is placed on the necessity of further studies to better understand the dynamics of 

drug use and suicide.    

 

2.3.3     Toxicology of Unintentional and Undetermined Deaths 

Deaths due to unintentional fatal injuries are those in which the manner of death is ruled to 

be an accident. Over 3.9 million deaths worldwide in 2004 was a consequence of 

unintentional injuries, with 90% of those occurring in low- and middle-income countries, 

such as South Africa, Ghana, Colombia, Uruguay, Egypt, Afghanistan, Croatia, China, among 

others [43]. Excluding transportation (land, air, and water) incidents, the global leading 

causes of accidental or unintentional injury deaths are falls, drowning, and substance 

overdose [43]. In the USA in 2008, about 77% of the drug overdose deaths were 

unintentional, 13% were suicides, and 9% were of undetermined intent [44]. Undetermined 

deaths refers to fatalities for which the manner of death cannot be legally determined with, 

therefore it is unknown if it is an accident or suicide case [45]. Several studies have shown 

that many suicides are misclassified as undetermined, and hence the reported suicide rates 

may underestimate the true rate [45,46]. 

  

2.4 Fatalities in the Cape Metropole  

The definitions of cause and manner of death are often used interchangeably by clinicians, 

professionals in the forensic field, epidemiologists, nosologists, and laymen, however but 

they are not synonymous. In SA, the Inquest Act (Act 58 of 1959) provides for the holding of 

inquests in cases of deaths occurring from other than natural causes. Under this Act and in 

accordance with the regulations of the National Health Act (Act 61 of 2003), a person who 

has allegedly died from unnatural causes shall be examined by the medical practitioner who 

performs a post-mortem examination of the body to assist the court in medico-legal 

investigations. The forensic pathologists of the Forensic Pathology Services (FPS) are 

responsible for determining the cause and manner of death in theses non-natural deaths in 

SA. The Salt River mortuary (SRM) situated in Salt River in Cape Town, is a medico-legal 

mortuary that serves the West Metropole of Cape Town and handles on average a case load 

of 3000 autopsies per year [47]. This study focuses on cases of suspected non-substance 

related suicide, homicide, and unintentional or undetermined violent deaths from the SRM. 

All unnatural death cases undergo a standardized forensic autopsy performed by the 
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forensic pathologists, in which biological specimens for toxicology and histology analyses 

may be collected if deemed necessary by the pathologist. The cause and manner of death is 

subsequently determined by analysing all evidence pertaining to the circumstances of death 

and the decedent’s history, the autopsy findings, and the results of requested additional 

analyses.  
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Study Rationale 
 

SA has a long history of violence, with one of the highest rates of recorded violence-related 

deaths, including homicides and suicides, in the world [48,49]. This is complicated by an 

increase in illicit substance use and abuse, such as the high rate of methamphetamine abuse 

in the Cape Town [16,18]. The availability of recent and reliable data on licit and illicit drug 

use and abuse in developing countries is still a challenge for forensic and epidemiology 

researchers. To date, relatively few studies have investigated post-mortem drug 

concentrations in victims of homicide, completed suicide, accidental and undetermined 

intent [21,29–31,34,39]. And more importantly, few have performed statistical comparative 

analyses of toxicological data between these case types [22]. In SA, toxicological studies on 

homicides, non-overdose suicide, and accidental and undetermined injury intent victims are 

non-existent. Consequently, the association between drugs of abuse and these types of 

violence-related deaths in a South African setting is unknown. Due to high fatality rates in 

the Western Cape, of which violence largely contributes, toxicological investigation of drug 

use patterns in these cases is imperative, particularly given the well-documented link 

between psychoactive substance use and increased violence [7,11,12,19,50–53].  

 

In SA, toxicological examinations of post-mortem tissue and blood samples are conducted 

by the National Forensic Chemistry Laboratory (FCL) in cases of unnatural or unexpected 

deaths. Blood and other biological samples are usually collected in homicide, non-overdose 

suicide, and unintentional and undetermined deaths at autopsy. However, at present, while 

toxicological testing of biological samples in all unnatural deaths is suggested within the 

national protocol, it is not routinely performed due to the limited resources, large number 

of unnatural fatalities, case backlogs, and other challenges currently experienced by the 

laboratory, mortuary and related agencies. Again, this is not routine due to the above-

mentioned limitations. This study focuses on the toxicology in suspected homicide, non-

substance related suicide, and unintentional/accidental and undetermined violent fatalities 

in a South African setting in an attempt to provide a quantitative description of drugs of 

abuse in these particular deaths over a set period of time. This research will form the basis 

for future large-scale research in post-mortem forensic toxicology in SA. The systematic and 

cumulative increase in knowledge regarding the dynamics of substance use and violent 
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deaths would generate more toxicological evidence to the benefit of forensic researchers 

and practitioners in the fields of forensic pathology and toxicology.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 
 

Aim and Objectives 
 

The ultimate goal of this investigation is to generate qualitative and comparative 

toxicological data which will provide potentially valuable insight for future research in the 

field. Therefore, the purpose of this study is to conduct a comprehensive toxicological 

analysis of violence-related homicides, non-overdose completed suicides, unintentional 

accidents, and undetermined fatalities, over a set period of time, in Cape Town, SA. To this 

end, the objectives are to: 

 

1. Analyse the prevalence of drugs of abuse in the aforementioned cases by screening 

for drugs of abuse and conducting necessary confirmatory liquid chromatography-

tandem mass spectrometry (LC-MS/MS) analyses on collected post-mortem 

biological samples, primarily blood and urine specimens.  

 

2. Perform a statistical comparative and quantitative descriptive analysis of 

toxicology these fatalities.  

 

3. Analyse and describe toxicological patterns, demographic characteristics, and 

circumstances of death in these violent fatalities.  

 

4. Critically discuss potential qualitative associations between substance use and 

violence-related fatalities providing suggestions for future research.  

 

5. Provide suggestions based on the information obtained for drug abuse policy 

interventions as well as procedure-related alterations of current toxicology analysis 

strategies in these violent fatalities. 
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Proposed Methodology 
 

5.1 Research Design 

 5.1.1     Sample Sources and Population 

The study population of interest in this investigation includes all Cape Metropole fatalities 

that are sent to the SRM during the research period, in which the suspected manner of death 

is homicide, non-substance toxicity-related suicide, accidental or undetermined. The 

suspected manner of death refers to the apparent intention prior to the fatal injury that 

resulted in the death of an individual. This is determined by the police, forensic pathology 

officers who attend the death scene, and the forensic pathologists following a post-mortem 

examination of the body. The final manner of death is only determined after laboratory 

analyses and Inquest court proceedings, which can take several years to complete [11,10]. 

 

 5.1.2     Criteria and Parameters 

Due to the novel (especially in SA) nature of this study, the sample size of the population of 

interest is estimated to be within the range N=300-500 based on review of data obtained 

from the SRM databases in 2013-2014 for the period June to October. The inclusion criteria 

for this study population are consecutive cases of suspected homicide (HOM group), non-

overdose completed suicide (SUI group), unintentional/accidental death (ACC group), and 

undetermined death (UND group) from the SRM from June to October 2015. Exclusion 

criteria are deaths due to substance-related toxicity which may include overdose of 

therapeutic and/or recreational drugs, poisonings due to ingestion of pesticides, acids and 

other chemicals, as well as gassing by means of carbon monoxide and other gases or volatile 

inhalants. This is so as to not bias the toxicology results through inclusion of persons for 

whom drugs might have been the primary cause of death. Road traffic accidents will also be 

excluded from the study as they lie in a separate category of violent deaths, and will be 

observed in different studies in future. 
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5.2 Specimen Sampling  

Samples will be collected during the routine autopsies performed by the forensic 

pathologists at SRM. With the assistance of the forensic pathology officers (FPO’s), the 

specimens listed in Table 1 will be collected in the appropriate containers using standard 

national and international guidelines in terms of quantities and sampling techniques [54]. 

Sealed in evidence bags, the specimens collected will be transported and stored in the 

Pharmacology Laboratory in the University of Cape Town (UCT), Division of Clinical 

Pharmacology at the Groote Schuur Hospital.  

 

Table 1 Specimen collection quantities, containers and storage conditions. 

Specimen Quantity Container Storage Condition 

1. Femoral Blood 20 mL 
Grey top tube containing 

Sodium Fluoride (NaF) 
4oC 

2. Heart Blood 20 mL NaF Grey top tube 4oC 

3. Urine 
As much as possible  

(50 mL) 
Falcon tube (Blue top) 4oC 

4. Vitreous 

Humor 
All Hospital tube (red top) 4oC 

5. Hair Pencil-sized scalp hair 
Collected in paper and secured 

using druggist fold 
Room temperature 

6. Bile All Falcon tube (Blue top) -20oC 

7. Liver  50 g Falcon tube (Blue top) -20°C 

8. Gastric 

Content 

All (or 50g 

homogenised) 
Falcon tube (Blue top) -20°C 

 

 

5.3 Systematic Qualitative Toxicology Analysis 

 5.3.1     Sample Preparation for Qualitative Analyses 

Blood sample preparation involves acetonitrile protein precipitation of low sample volumes 

combined with aqueous dilution [55]. Urine samples will be prepared using a simple “dilute 

and shoot” method which is coupled with a highly sensitive LC-MS/MS system [56]. 

Deuterium-labelled internal standards (Diazepam-D5 and Doxepin-D3) at known 

concentrations will be added to urine (diluted) before analysis. Full scan product ion spectra 

will be obtained in the data-dependent mode using a linear ion trap (API 3200 Q-trap).  
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 5.3.2     Instrument 

A Shimadzu Prominence High Performance Liquid Chromatography system coupled to an 

AB SCIEX API 3200 Q-TRAP Mass Spectrometer at the UCT Pharmacology Laboratory will 

be used for qualitative drugs of abuse screening of the biological samples collected. The data 

obtained will be processed and analysed by the researcher using the AB SCIEX 

MasterViewTM software.  

 

5.4 Data Analysis and Interpretation   

 5.4.1     Data Management 

All the information obtained from post-mortem toxicology forms, autopsy reports, and 

toxicological analyses will be extracted for each case and recorded and stored securely in a 

controlled access database.  

 

 5.4.2     Statistical Analysis 

Statistical analysis will be carried out on data obtained using STATA software. Descriptive 

frequencies and means for all variables of interest will be presented. For 

discrete/categorical variables, the data will be described and summarised using frequency 

counts and percentages. For continuous variables, data will be described and summarised 

using means, standard deviations, medians, quartiles and ranges as appropriate.  

 

Confidence intervals (95%) will be calculated for prevalence proportions. For comparisons 

between groups (e.g. male vs. female) the appropriate statistical techniques will be 

performed: paired or independent t-tests or Wilcoxon Rank Sum test for comparison of 

means and medians/distributions respectively. For comparisons between proportions, the 

Fisher’s Exact Test or Pearson Chi-Square test will be used as appropriate. Differences with 

a p-value < 0.05 will be regarded as statistically significant. For correlation analysis, the 

appropriate Chi-Square tests of association with confidence intervals will be conducted.  
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Multivariate/bivariate analyses will be conducted to assess relationships between 

demographic variables and measures of substance use. For multivariate analysis of 

dichotomous dependent variables, multivariate comparisons will be carried out using 

logistic regression. Odds Rations (OR) or T-tests with 95% confidence intervals will be 

reported for variables found to be significant in multivariate analysis. These are generated 

from the Logistic Regression process. Analysis of covariance (ANOVA) will also be used to 

examine the relationship between data variables and detected substance concentrations 

and types.  
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6.2 Proposed Budget   

 

Supplied by: Items Amount (Rands) 

UCT Division of Forensic 
Medicine 

Consumables: 
 
 

 Grey and Red top 10mL tubes R  1800 

 Markers R  32 

 Self-stick labels R  80 

 Large plastic containers for storage of 
samples 

R  800 

 Evidence bags R  0  (already acquired) 

 Blue top tubes R  0  (already acquired) 

Administrative: 

 Printing & Photocopying 
 

 
R  500 

UCT Division of Clinical 
Pharmacology 
 

All the laboratory bench work and supplies R  10 000 

TOTAL = R  13 212 
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Ethical Considerations 
 

The procedures used followed on from, and are covered by the clinical pharmacology 

registered database HREC No. R016/2014.  

 

In this study, biological specimens will be obtained during autopsy of HOM, SUI, ACC, and 

UND cases from the SRM. The specimen collection does present any physical harm or health 

risk to the individuals. Additionally, the procedures of bio-sample collection, analysis, 

reporting and interpretation form part of the routine toxicological investigation, which falls 

under the package of care for post-mortem examinations delivered by the FPS. This 

toxicological analysis would usually assists the forensic pathologists’ medico-legal 

investigation on the determination of cause of death.  

 

The confidentiality of the study will be maintained during the whole study period. The 

information obtained from the mortuary death cases will remain anonymous and will be 

stored in a restricted access database at UCT. The specimen containers will be labelled with 

an assigned identification number specific to this study to ensure patient samples’ 

anonymity, and stored in a controlled access refrigerator in the Clinical Pharmacology 

Laboratory.  

 

This research project has obtained permission from Professor Lorna J Martin, the Head of 

the Division of Forensic Medicine, for the collection of biological samples from deceased 

persons at the SRM. Likewise, approval/clearance by the UCT Human Research Ethics 

Committee will be obtained before commencement.  
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Benefits of the Study 
 

This research study will provide information to the South African criminological and 

forensic communities on the use of toxicological investigations as a tool for evaluating 

community-level drug use and fatalities.   

 

Further, this study would provide essential and reliable qualitative descriptive toxicological 

data on the prevalence of substance abuse in fatalities common to Cape Town.  This project 

will demonstrate the necessity for routine sample collection and toxicological analyses of 

post-mortem samples, especially for cases such as those studied during this research.  

 

This study would be beneficial to the local community by providing information that can be 

used for substance abuse awareness and policy development on drug use and violence. The 

results of this study can be used to develop measures to reduce drug use and associated acts 

of violence, as well as to set up targeted prevention initiatives on drug use and abuse. 

 

To future researchers, this study can provide important baseline information on the 

dynamics between drugs of abuse and violent injury deaths in South Africa.  
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Appendix B: Post-Mortem Toxicology Specimen Submission Form
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Appendix C: Drugs of Abuse Screening Method [57]. 
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Appendix D1: Participant Information Sheet 
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Appendix D2: Participant Information Sheet for Delayed Consent 
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Appendix E1: Certificate of Consent 
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Appendix E2: Certificate of Delayed Consent 
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Appendix F: Amendments to Research Protocol 

 

Following the approval of the research proposal, the changes made in the study are listed below: 

 The UND group, referring to ‘undetermined deaths’ was removed from the study after 

specimen collection as no cases of undetermined violent death were obtained during the 

study period.  

 

 Due to technical complications during specimen collection such as waiting for ethics 

approval, introducing the project to the Salt River mortuary staff members, and training 

on collection methods with the forensic pathologists and forensic pathology officers, the 

duration of collection period was reduced from June-October 2015 (5 months) to August-

October (3 months).  

 

 Due to restrictions and challenges faced at the Salt River mortuary, as well as a shorter 

collection period, and the restricted duration of the whole project, the sample size was 

reduced from a minimum of 300 cases to 100 cases.  

 

 The collection of liver and stomach contents was not performed due to limited time and 

resources.  

 

 Hair was collected but not analysed for toxicology due to limited time and resources. This 

analysis of these specimens provide scope for a larger and expanded project in future.  
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I. Introduction  

Violence and resulting injuries constitute critical worldwide health and public safety 

issues, which greatly affect developing countries, such as that of South Africa. A violence-related 

injury can be understood as one inflicted by oneself or another person, on purpose or by using 

deliberate means. Fatalities due to violence-related injuries can result from a variety of causes 

such as gunshot, sharp and/or blunt force, drowning, burns, falls, bites and stings, and natural 

disasters amongst others. Violence- and injury-related fatalities are classified as being unnatural, 

and may further lie in one of four broad categories: homicide, suicide, accidental, and 

undetermined deaths. The abuse of psychoactive substances presents another significant global 

health problem, which is known to be associated with increased population morbidity and 

mortality [1]. Toxicological analysis in medico-legal investigations provides crucial information 

in determining the cause of death of an individual. Forensic researchers around the world are now 

using toxicology to better understand the magnitude of the involvement of licit and illicit drugs in 

violent deaths [2].  

This review investigates and discusses the current realm of violence-related mortality, 

drug-dependence epidemiology, and the post-mortem drug toxicology of violence-related 

fatalities in both the international sphere and the Cape Town Metropolitan District in the Western 

Cape Province of South Africa. Reducing the magnitude of these major health burdens is 

important for the City of Cape Town due to the high rate of violence, and drug use and abuse [3–

5]. International studies on toxicology of violent deaths report the presence of substances (alcohol 

and illicit drugs) in victims of homicides and suicides [6–9]. A connection between drug use and 

violence has been identified in the literature and appears to be related to the circumstances of drug 

use and the psychopharmacological effects of the drug taken on the substance user [10]. 

In an attempt to further understand the role of drugs of abuse in violent fatalities, the 

current review provides essential background on the different types of violence-related mortality 

and the drugs reported to be associated with them. Additionally, the authors comment on the 

potential of post-mortem toxicological analysis as an important tool to assess and understand the 

dynamics between drug use and violent fatalities. Finally, the review provides the rationale behind 

the need for, and importance of, post-mortem toxicological research in South Africa. 

 

II.  Global Violence, Injury and Death 

According to the World Health Organization (WHO), violence is defined as the intentional 

and physical exertion of power or force to hurt or kill someone (including oneself) [11]. Acts of 
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violence are among the leading causes of injury or physical damage, whether they are self-

directed, interpersonal, and/or collective [12,13]. Injuries sustained through violence pose a great 

public health challenge worldwide. Violence-related fatal injuries are responsible for the deaths 

of approximately 5.8 million individuals worldwide annually, accounting for about 10% of global 

mortality. [12]. These violence- and injury-related fatalities are classified primarily as unnatural 

deaths (deaths not due to natural causes) and then sub-divided into four broad categories of manner 

of death as follows: homicides, suicides, accidents, and unclassified or undetermined deaths.  

 

Homicides are defined as fatal injuries inflicted by another person to injure or kill 

someone, whether by omission or commission. Death by suicide results from the act of 

deliberately and intentionally killing oneself. Accidental deaths are deaths that occur through an 

accidental act, such as drowning, falling, and burning amongst others. The worldwide distribution 

of injury-related fatalities varies in terms of manner of death, cause of death, and mechanism of 

injury. Figure 1 illustrates the global distribution of reported injury deaths in 2004 [12,14–16]. 

Four years later, similar proportions were reported for the main manners of death (Fig.1) 

suggesting little improvements in the battle against fatal violence worldwide.  

 

 
Fig. 1 Distribution of reported injury deaths worldwide in 2004 and 2008 [12,14–16]. 
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III. Fatalities in the Cape Town Metropole, South Africa  

The Cape Town Metropolitan municipality of the City of Cape Town, the provincial 

capital of the Western Cape Province, is the second and tenth-most populated city in South Africa 

and Africa, respectively, with an estimated population of 3.87 million in 2014 [3]. The Metropole 

is divided into eight sub-districts: Western, Eastern, Khayelitsha, Klipfontein, Mitchells Plain, 

Northern, Southern, and Tygerberg (Figure 2) [17]. South Africa is a multi-racial nation and its 

inhabitants fall into one of the following racial groups as defined by the South African National 

Census of 2011 [18]: Black, White, Coloured, Indian or Asian and Other. Approximately 42.4% 

of Cape Town’s citizens are members of the Coloured ethnic group, 38.6% are Black African, 

15.7% are White, 1.4% belong are Asiatic, and 1.9% are considered as Other [19]. The Salt River 

mortuary, situated in Salt River in the Cape Town City Bowl Suburb, is a medico-legal facility 

that serves the West Metropole of the City of Cape Town, including the Southern Suburbs, 

Western Suburbs, Mitchells Plain, and Klipfontein sub-districts (Fig.2). The mortuary manages 

an average case load of 3500 autopsies per year [20].  

 

  
Fig.2 Map of the Cape Town Metropolitan Health Districts. The dotted lines represent the metro health sub-districts within the 
West Metropole of Cape Town city [3,20].  
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The definitions of cause and manner of death may be used interchangeably by clinicians, 

forensic professionals, epidemiologists, nosologists, and laymen, but they are not synonymous. In 

South Africa, the Inquest Act (Act 58 of 1959) provides for the holding of inquests in unnatural 

deaths, which are cases of deaths occurring from other than natural causes [21]. Under this Act, 

and in accordance with the regulations of the National Health Act (Act 61 of 2003) [22], the body 

of a person who has allegedly died from other than natural causes shall be examined by the medical 

practitioner who performs a post-mortem examination of the body to assist the court in medico-

legal investigations. The forensic pathologists of the Forensic Pathology Services (FPS) are 

responsible for determining the cause of death in these unnatural deaths in South Africa. All 

unnatural deaths undergo a standardised forensic autopsy, in which biological specimens may be 

sampled for toxicological, histological and other ancillary analyses. The cause of death is 

subsequently determined by the pathologists by means of analysing all evidence pertaining to the 

circumstances of death and the decedent’s history, the autopsy findings, and the results of 

requested additional analyses. 

 

In South Africa, the National Forensic Chemistry Laboratory (FCL) performs 

toxicological analyses for all medico-legal cases including driving under the influence of drugs 

and/or alcohol (DUI) and post-mortem investigations. At present, however, while toxicological 

testing of biological samples in all unnatural deaths is suggested within the national protocol, it is 

not currently feasible due to the large number of cases received by South African mortuaries as 

well as financial, staffing, and other challenges currently experienced by the laboratory, mortuary, 

and police. At the Salt River mortuary, blood is collected for alcohol concentration analysis in 

most cases. Samples for other toxicological analyses, however, are usually only collected for cause 

of death determination at the discretion of the forensic pathologist based primarily on the 

circumstances of death, the often limited history of the decedent, and the post-mortem findings at 

autopsy. The manner of death of an unnatural death is determined by the magistrate following 

presentation of all evidence from multiple agencies to assist in making that informed decision.  

 

IV.  Prevalence of Violence-related Fatalities in South Africa 

IV.A Homicides  
 

According to the latest United Nations Office on Drugs and Crime (UNODC) report, the 

reported deaths of approximately half a million individuals worldwide in 2012 were homicidal, 

with approximately 36% occurring in the Americas, 31% in Africa, 28% in Asia, 5% in Europe, 
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and 0.3% in Oceania [23]. In the same year, Southern Africa, which includes Swaziland, South 

Africa, Namibia, Lesotho, and Botswana, had a homicide rate over four times higher than the 

current global average homicidal rate of 6.2 per 100,000 individuals [23]. Within all the countries 

that record crime statistics, South Africa’s murder rates are among the highest [24]. Additionally, 

the number of reported homicide cases recorded and reported by the South African Police Services 

(SAPS) have seen considerable changes over the past 10 years [25]. As illustrated in Figure 3, 

from 2004/5 to 2013/14, the recorded homicide cases in South Africa decreased by 9.2% but 

increased by 1.4% during the past 5 years (2009/10-2013/14) [25]. More recently, during the past 

fiscal year (2013/14), the reported homicide figures increased by 5%. With a homicide rate of 32.2 

per 100,000 in 2013/14, South Africa’s rate is more than five times higher than the global average 

(6.2 per 100,000) homicide rate recorded in 2013 [23]. There may have been changes in the 

population counts that resulted in changing percentages of homicide rates. In addition, these 

figures are only indicative of cases that have been reported to the SAPS, in which some cases may 

be preliminary homicide and determined as accidents at a later stage. Despite these limitations, 

there is a clear indication that South Africa has a very high rate of homicide.  

 

 
Fig. 3 Reported homicide cases in South Africa from April-March 2004/5-2013/14 [25].    

 

 IV.B Suicides 

 
With a mortality rate of 11.4 per 100,000 individuals, death distinguished as suicides 

accounted for up to 1.4% of total mortality worldwide in 2012 [26]. Based on current trends, it is 

estimated that suicide will constitute up to 2.4% of the global burden of disease by the year 2020 
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[27,28]. Depending on research methodologies and sampling processes, the annual South African 

suicide rate ranges from 11.5 per 100,000 to 25 per 100,000 individuals [29]. However, recent 

literature suggests that all forms of suicidal behaviour among all socio-demographic population 

groups in South Africa are on a continuous but slow rise [30]. Studies on mortality surveillance 

estimated that suicide represented 8.9%, 10%, and 9.9% of total injury-related deaths nationwide 

in the years 1999, 2000, 2001 [31]. Over the 7-year period (2002-2008), on average, over 9.6% of 

all unnatural fatalities were reported as suicide [32]. In a more recent study, the suicide mortality 

rate of South Africa was reported to be 13.4 per 100,000 individuals in 2009, which is higher than 

the 2012 global suicide mortality rate of 11.4 per 100,000 [33]. Once more, the South African 

reported rates rely heavily on accurate reporting data and determination of manner of death, but 

there is an indication that the country has a high suicide rate (although lower than homicide rate). 

 

 IV.C Accidental Deaths 

 
Although death by accidental injury constitutes a health burden worldwide, unlike the 

other types of violent death, research carried out on unintentional and accidental deaths (apart 

from road traffic accidents) is not as extensive. Given the frequency of road traffic accident 

fatalities, most literature reports categorise this as a separate category of unnatural death. The 

leading causes of accidental death differs across countries and within different regions of the same 

country [34,35]. In South Africa, the two leading causes of accidental deaths apart from transport-

related accidents are fire-related and drowning fatalities [33,36]. In 2001, accidental fatalities 

accounted for over 3.5 million deaths worldwide at a rate of 61 per 100,000 individuals annually, 

which represented 66% of all injury fatalities [37]. This rate includes transportation deaths which 

accounted for 34% of the accidental fatalities. The accidental mortality rate increased to over 3.9 

million deaths in 2004 (33% due to road traffic injuries) with more than 90% of these occurring 

in low- and middle-income countries, including South Africa [14,35]. As depicted in Figure 1, 

accidental deaths (including drowning, fires, falls, and other causes) comprise the largest 

proportion of violence- and injury-related deaths worldwide [12,15].  

 

V. Drug Use and Abuse 

Historically, any substance or compound with extraordinary effects on human behaviour 

was commonly called a ‘drug’ [38]. Around the world, the use, meaning and nature of drugs differs 

between communities and countries. Today, a drug refers to any chemical substance or compound, 

natural or synthetic that when administered causes physiological, biochemical, and psychological 
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changes in the human body [39]. Drugs commonly abused include licit substances such as alcohol, 

caffeine and tobacco, the use of which have become socially acceptable, and illicit substances 

such as cannabis, amphetamines, and cocaine, which are controlled or scheduled in most countries 

[39]. Drugs can be classified in different ways according to their chemistry, indications, mode of 

action, and effects on the body. A psychoactive or psychotropic drug is a substance, used for 

medical or recreational purposes, that primarily acts on the central nervous system to alter mental 

processes including perception, consciousness, behaviour, mood, and thoughts [39]. The terms 

psychotropic or psychoactive drugs are the most descriptive and neutral for the whole class of 

substances (licit and illicit) of interest to drug policy [40]. Substance use and abuse are a major 

public health issue worldwide. The WHO 2002 report found that almost 9% of the total burden of 

disease resulted from the use of psychoactive substances [41].  

 

Drugs of abuse can be broadly divided into seven different class of drugs: (i) stimulants – 

increase brain activity (e.g. amphetamines, cocaine, caffeine, nicotine, and methylphenidate), (ii) 

depressants – decrease brain function (e.g. methaqualone, barbiturates, alcohol, and 

benzodiazepines), (iii) hallucinogens – alter feelings and perception (e.g. ketamine, phencyclidine, 

and lysergic acid diethylamide), (iv) cannabis – has effects of depressants, stimulants and 

hallucinogens (e.g. marijuana, hashish), (v) narcotic analgesics (opioids/opiates) – sedating 

painkillers (e.g. oxycodone, codeine, morphine, heroin, opium), (vi) inhalants – volatile 

substances with mind-altering effects (e.g. gasoline, propane, glue) and (vii) other drugs of abuse 

such as steroids, dextromethorphan, muscle-relaxants, anti-psychotics, and anti-depressants [42]. 

Substance use refers to the recreational or occasional consumption of alcohol or other drugs, while 

substance abuse is defined as the recurrent, hazardous and maladaptive use of drugs (licit and 

illicit) with negative consequences, such as increased risk of life-related complications (e.g. 

mental, physical, socio-economical, and health issues) and the inability to control drug 

consumption [43,44]. Substance dependency on the other hand, refers to the complete addiction 

to a substances when the individual experiences withdrawal symptoms and starts developing a 

tolerance for the drug [44]. Drugs of abuse tend to have addictive properties that result in their 

abuse.  

 

V.A Worldwide  
 

The global prevalence of reported illicit drug use and abuse remains stable in the past three 

years, with approximately 5.2% of the global population (246 million individuals), between 15 

and 64 years of age, reported to have used an illegal substance in 2013 (Fig.4B) [45]. Similarly, 
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the global extent of reported problem drug use – including individuals suffering from illicit drug-

use disorders and drug-dependence – appears to remain unchanged over the 3-year period, 

accounting for 0.6% of the world’s population between 15-64 years of age (27 million individuals) 

[45]. According to the 2015 UNODC report, the most widely used illicit substance worldwide is 

cannabis (marijuana), followed by opioids (such as heroin), opiates (substances derived from the 

opium poppy plant, such as morphine, codeine), cocaine, and amphetamine-type stimulants 

(ATS), which are divided into amphetamines (amphetamines and methamphetamines), 

tryptamines, and phenethylamines (e.g. MDMA – shortened term for 3,4-methylenedioxy-

methamphetamine) (Fig.5) [45]. It is important to mention that the above reported figures only 

provides an indication of reported drug use due to limitation in reporting accuracy such as 

disregarding changes in population counts. Moreover, a number of novel (or new) psychoactive 

substances (NPS) such as synthetic cannabinoids and cathinones, the use of which are not 

accurately reported, have entered the drug market and replaced traditional drug use. Therefore, 

the drug market worldwide is ever-changing, but it is clear that drugs are being used within our 

society, and if a particular drug declines in use, its place is often replaced with another.  

 

 
Fig.4 Global trends in the estimated (A) number of drug users and (B) prevalence of drug use, 2006-2013 [45]. 
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Fig.5 Global trends in the prevalence of use of various drugs, 2009-2013 [45]. 

 

V.B South Africa 
 

Historically, information on substance use and abuse in South Africa has been scarce. 

During the post-apartheid period of the late 1990’s, drug-related data was generated from school 

surveys, post-mortem reports, police arrests and drug seizures, as well as national survey-type 

studies [46]. Today, there exist various public-health surveillance and monitoring systems of 

substance use and abuse, such as the South African Community Epidemiology Network on Drug 

Use (SACENDU), which provides more reliable information on the substance abuse trends across 

the country [47]. However, despite the successful implementation of these systems, there remains 

a paucity of complete and systematic data to fully represent the whole South African population 

[48]. For instance, the SACENDU figures only involve individuals who managed to get access to 

the available treatment facilities and hence the data is unlikely to be fully representative of the 

general population.  

 

According to UNODC’s best estimates of annual prevalence of reported illicit drug use in 

the adult population (aged 15-64 years) in South Africa, cannabis is the most widely used illicit 

substance, followed by ATS, cocaine, ecstasy-type group, and opiates (including opioids) [49]. 

Within the country, the City of Cape Town continues to battle the increasing use of crystal 

methamphetamine (locally known as ‘tik’), which is the primary drug of abuse (Fig.6), followed 

by cannabis (or ‘dagga’), heroin, methcathinone (or ‘Kat’), methaqualone (or ‘Mandrax’), crack 

cocaine, and OTC/PRE (over-the counter and prescription drugs) (Fig.7) [50].  
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Fig.6 Trends in treatment demand (from 26 specialist treatment centres) for methamphetamine as the primary substance in 
Cape Town, South Africa, 2005-2013 (biannual data) [50–52]. 

 

 
Fig.7 Trends in treatment demand (from 26 specialist treatment centres) for the primary substance in Cape Town, South Africa, 
2013 Jan-Jun [50]. 

 

VI.  Substance Use and Violence 

The literature has identified an association between psychoactive substance use, primarily 

alcohol, and violent behaviour, which, to date, has not been fully characterized due to the 

complexity of its aetiology [53–55]. Violence is reported to occur during acts of drug-seeking, 

chronic and acute intoxication, drug-induced psychotic paranoia, drug withdrawal, and relapse 

[53]. Most of the common drugs of abuse have the potential to trigger violent behaviour, however, 

they do so through different mechanisms depending on the drug type, quantity and administrative 

route used, and the individual’s drug use pattern [56]. The reported incidence of alcohol-induced 
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aggression and violent behaviour is high due to its licit nature and well characterised 

psychopharmacological effects, such as central nervous system (CNS) depression, disinhibited 

behaviour, motor skills impairment, and antisocial impulses [53,57]. The use of psychostimulants, 

such as amphetamines and cocaine, have also been suggested to play a contributory role in violent 

behaviour due to their psychopharmacodynamic properties producing aggression, paranoia, 

delirium, and psychosis [53,58,59]. For instance, Darke et al. (2010) found that the use of the 

methamphetamine is associated with an increased risk of violent offending [60]. Boles and Miotto 

(2003) stated that the use of amphetamines is related to pharmacological and systemic violence, 

however, there is no conclusive evidence on the causal nature of the relationship [53]. 

Additionally, cocaine has been shown to be associated with the perpetration of violent crimes 

worldwide, but particularly in the United States where it is one of the most commonly abused 

illicit substances [53,61–63]. On the other hand, the use of other substances such as cannabis and 

opiates have been found to reduce aggressive behaviour and violent actions temporarily promoting 

sedation, CNS depression, relaxation, and mood alterations, which are limited in their association 

with aggressive and violent behaviours [53,54,64]. At present, the association between substance 

use and violent events requires further investigation to greater understand the specific role and 

characteristics – whether causal, contributory, precipitating or predisposing – that the use and 

abuse of drugs plays in the risk of violent perpetration and victimisation [53,64,65].  

 

According to Goldstein’s (1985) conceptual framework, the mechanisms behind the 

suggested link between substance use and violence relate to: (a) the direct psychopharmacological 

effects of the substance on human behaviour (e.g. intoxication, disinhibiting drug effects, 

symptoms of withdrawal, paranoia, agitated delirium, and more); (b) the economic-compulsive 

dimension of the situation, which refers to the use of violence to obtain money or other forms of 

currency for personal drug use (e.g. dependent use, robbery); and (c) the systemic violence, which 

refers to violent events intrinsic to the lifestyle activities, and business methods of drug traffickers 

and distributors (e.g. violence between dealers), all of which may substantially increase the risk 

of violence [58,10]. The application of Goldstein’s tripartite model of the drug-violence 

relationship to the South African context is challenging, particularly when trying to characterise 

the role that the direct pharmacological effects of drugs of abuse plays in violent behaviour [66]. 

Other countries, such as the United States, possess numerous scientific studies that support the 

relevance and significance of the tripartite conceptual framework in understanding illicit drug-

related violence [10,66–68].  
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On the contrary, in South Africa, research on the nature of association between violence 

and substance use is limited [66,69]. There is a general focus on the ‘epidemiology’ of health 

burdens, such as injury mortality, violence, and drug use, at the regional (e.g. provinces, 

metropolitan areas), community (e.g. ethnic population groups, different age groups) or 

organizational levels (e.g. SACENDU, SAPS) in South Africa [24,25,47,69–72]. Furthermore, 

although South Africa possesses surveillance and monitoring systems for fatal injury mortality 

and substance use in treatment centres such as the National Injury Mortality Surveillance System 

(NIMSS) and SACENDU, respectively, the self-reported aspect of epidemiological investigations 

presents a limiting factor in terms of accuracy and reliability, and reports specific to the incidence 

of violence associated with illicit drug use remains scarce. In addition, from a toxicological 

standpoint, analysts require adequate toxicological specimens, which are not routinely collected 

in South Africa, for the identification and quantitation of drug concentrations which allow 

toxicologists to provide interpretations concerning the individual’s state of intoxication. The 

common under-reporting of violent behaviour in South Africa presents another limitation.  

 

Due to inaccuracies and/or the lack of circumstantial evidence (e.g. eye witness 

statements), fear of victimisation, ignorance of the laws, no access to the police, and corruption, 

many acts of violence are disregarded across the country [73]. With self-reported drug use, it is 

difficult to distinguish the nature of the drug taken (due to possible additives and adulterants), to 

obtain reliable information on the history of drug use, and comment on the state of intoxication 

[74]. As a result of all these constraints, information associated with drug use and violence in 

South Africa is limited in its scientific value. Using comprehensive and coherent conceptual 

frameworks such as the Goldstein model as well as toxicological tools may be of significant 

assistance in further research and investigation into the possible association and nature of drug 

use and violence in South Africa.  

 

VII.  Substance Use and Violent Fatalities  

It is reported that the use of psychoactive substances increases one’s risk of becoming a 

victim or perpetrator of violence [23]. Studies on substance abuse-related violence indicate that 

substance use and dependence may increase the user’s risk of morbidity and mortality due to 

injury and increased violent behaviour [53,54,71]. Additionally, the mortality rates among drug 

users are higher than those of the general population, and deaths due to unnatural causes are more 

prominent in drug-dependent individuals than those due to natural causes [1]. The most common 

reported causes of death within dependent substance users are disease and drug overdose, 



13 
 

however, some fatalities related to substance use and abuse are a result of violence, in the manner 

of homicide, suicide, and accidental [1].   

 

VIII.  Toxicology of Violent Deaths 

As mentioned previously, toxicological analyses are routinely requested by forensic 

pathologists, coroners, or medical examiners in most, if not all, cases of unnatural death in most 

developed countries. However, service-obtained post-mortem toxicological data from victims of 

violent death and investigation into the role of these drugs in these fatalities are not routinely 

published in research literature internationally [62,75].  

 

  VIII.A Toxicology of Homicide Victims 

 

Currently, only a handful of studies have investigated drug levels in homicidal victims 

around the world [6–8,76–82]. According to Darke’s (2010) comprehensive review on the 

toxicology of homicides; alcohol and/or illicit substances are present in half or more of the victims, 

with alcohol being the most commonly detected, followed by three major drug classes: 

psychostimulants (such as amphetamines and cocaine), cannabis, and opioids [83]. Most of these 

homicide studies (18 out of 31 studies identified by the authors) were conducted in the United 

States with the study methodology either being based upon prospective post-mortem toxicological 

analyses, retrospective review of toxicological data collected from mortuary records, or a 

combination of both [71,76–79,81–96] (Table 1). The review reveals that cocaine is the most 

commonly detected illicit substance in the cohort of United States homicide victims studied, and 

its use appears to be associated with increased risk of death from firearm-related violence 

[7,76,77,83].  

 

The remaining 13  toxicology studies among homicide victims were conducted in other 

countries, including Denmark (1), Sweden (2), Australia (3), Ireland (2), South Africa (2), Finland 

(2), and United Kingdom (1) [7,83,97–108] (Table 1). The toxicological findings among homicide 

victims in different countries reveal that the types of drugs detected differed between studies but 

the general consensus is that substances (licit and illicit) are prevalent in homicidal deaths, which 

appears to be a prevalent manner of death among drug users. Altogether, the authors recognise the 

need to widen the scope of research in toxicology in homicide cases to include those in more 

under-developed countries, which would allow for wider comparisons. They also indicate the 
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importance of using homicide toxicology data to further probe the assessment of drug intoxication 

and incidence of violent homicide.  
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* BAC = Blood Alcohol Concentration, measured in g/100mL 
of blood.  
 

 

Table 2 Post-mortem toxicology of homicide victims in South Africa. 

Year Study Title Author(s) Objectives Population Findings + Drawbacks 

1964 Violent Deaths 
and Alcoholic 
Intoxication 

Le Roux & 
Smith 
[111] 

 To determine 
whether there exists 
any correlation 
between the 
incidence of alcohol 
intoxication and the 
frequency of violent 
deaths. 

All medico-legal autopsies 
performed in the Cape 
Peninsula for the year 1962. 

At least 64% of all 
homicidal victims has a 
positive blood alcohol 
levels. 

The post-mortem 
concentration may not 
speak to intoxication at 
time of event due to 
individual factors and 
post-mortem artefacts.  

1984 Homicidal 
penetrating 
incised wounds of 
the thorax 

Moar [112]  An autopsy study of 
52 cases. Medico-legal autopsies of 

victims of homicidal assaults 
with weapon at the 
Johannesburg and Diepkloof 
government mortuaries in 
1981. 

Almost 80% of the 
victims had a positive 
blood alcohol level 
ranging from 0.01 to 0.34 
g/100mL; 

58% BAC* between 0.15-
0.29 g/100mL indicative 
of a significant degree of 
intoxication. 

There was no indication 
of a control group. 

1988 Homicide in Cape 
Town, South 
Africa 

Duflou et 
al. [104] 

 To perform a 
retrospective 
analysis of homicide 
victims. 

 To establish the 
pattern of homicide 
in Cape Town. 

All autopsies done on 
homicide victims at the police 
mortuary in Salt River, Cape 
town, between Jan-Jun 1986. 

Alcohol was detected in 
63% of cases;  

8.4% BAC* > 0.30 
g/100mL, indicating gross 
alcohol intoxication. 

1992 Women, 
Homicide and 
Alcohol in Cape 
Town, South 
Africa 

Lerer [103]  To describe female 
homicide in Cape 
Town, its 
relationship with 
sex, race, age, 
female suicide and 
blood alcohol 
concentration 

Female homicides admitted to 
the Salt River Mortuary 
between Jan 1990 and Jul 
1991 

56% of all female 
homicides studied tested 
positive for BAC* > 
0.10g/100mL. 

 

2009 Alcohol use and 
its role in female 
homicides in the 
Western Cape, 
South Africa 

Mathews 
et al. [113] 

 To describe the 
patterns if blood 
alcohol 
concentration (BAC) 
at the time of death 
for female homicide 
victims  

 To explore the 
factors associated 
with having an 
elevated BAC 

A subsample of a national, 
representative retrospective 
mortuary-based study of 
female homicides ages 14 
years and older in the Western 
Cape in 1999 

A positive BAC* was 
detected in 62% of 
victims with mean BAC* 
0.20 g/100mL.  

44.4% BAC ≥ 0.15 
g/100mL which was 
categorized by the authors 
as “very drunk”. 

Authors do not account 
for individual factors such 
as tolerance, post-mortem 
artefacts, and post-mortem 
interval. These 
concentrations may not 
reflect those at “time of 
death” as they state. 
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Unfortunately, forensic research involving toxicological analysis of samples from 

homicide victims has received little attention in the South African society, especially given the 

high rates of recorded homicidal deaths throughout the years [23,24,104,113,114]. In fact, to the 

author’s knowledge, only five studies have been conducted in South Africa that examine the 

presence of alcohol in homicidal cases, while no studies report toxicological data in victims of 

homicide [103,104,110–112]. As illustrated in Table 2, the studies were primarily limited to the 

Western Cape area, based on outdated population statistics and data collected from mortuary 

reports, and only blood alcohol analyses were performed. Drawbacks specific to each study are 

also mentioned in Table 2. This calls for attention to the need for new research focusing on post- 

-mortem toxicology of homicide victims, including both drugs and alcohol analyses. These older 

studies report the detection of alcohol above 0.00 g/100mL as a ‘positive BAC’. Interestingly, 

consistent with recent international forensic research, alcohol was detected in half or more of the 

cases investigated in each of these five studies. However, one should bear in mind that these results 

should be interpreted in the light of the extensive and complex nature of post-mortem toxicological 

interpretation. To the best of the authors’ knowledge, the presence of substances other than alcohol 

in post-mortem homicide fatalities has not been investigated in a South African setting to date. 

Given the international findings of drug use in homicide victims and the increased prevalence of 

both homicide and drug use in South Africa, further investigation into post-mortem toxicology in 

homicide cases is warranted to provide information that may contribute to further understanding 

the patterns of homicide-related violence associated with drug use and abuse. 

 

 VIII.B Toxicology of Suicide Victims 

 

There is evidence of an association between substance use, suicidal attempts, and 

completed suicide in the literature [115–119]. Systematic comparative studies have shown that 

drug-dependent individuals exhibit higher levels of suicide risk factors than the general non-

substance dependent individuals [1,75,119–121]. For example, studies report the relatively higher 

risk of completed suicide by substance users differing across the detection of a variety of drugs: 

benzodiazepines (45 times), opioids (14 times), alcohol (6 times), and cannabis (4 times) 

[119,121]. Due to the complex and multifaceted relationship between the use of drugs and suicide, 

some researchers proposed that toxicological monitoring of suicide deaths may assist in 

unravelling the contribution of substances in the occurrence of these violent deaths [75]. 

According to the literature, systematic and comprehensive toxicological research is not 

sufficiently carried out worldwide probably due to limited resources, non-comprehensive testing, 

and results only published in crime reports [122].  
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In this review, the author describes four studies that comprehensively examined the prevalence of 

psychoactive substances in victims of suicides without limiting the studies to a specific population 

group, age group, drug type or method of suicide, as shown in Table 3 [75,122–124]. Consistent 

with suicide risk factors, these comprehensive studies report high levels of drug detection amongst 

suicide victims, with alcohol being the most commonly detected substance, followed by 

pharmaceuticals such as benzodiazepines and antidepressants. Through the years, a number of 

studies have evaluated the relationship between these psychotropic substances and the risk of 

suicide. Benzodiazepines are pharmaceutical drugs prescribed for anxiety, insomnia, and muscle 

relaxation. With anxiolytic and amnesic properties, the pharmacological side effects of 

benzodiazepines include sedation, slurred speech, loss of inhibition, and memory impairment. 

Individuals may consume these to ease the process of committing suicide. Antidepressants 

medication has been shown to potentially precipitate suicidal behaviour [125,126]. For instance, 

several studies indicated that antidepressants such as fluoxetine may increase symptoms of 

depression and encourage suicidal thoughts in some individuals [23-24]. Many individuals who 

suffer from depression may commit suicide with these medications in their body from therapeutic 

or toxic ingestion. 

 

Other studies on suicide toxicology focus on a specific substance of abuse [61,63], drug 

class [127], and/or on a particular method of suicide [128]. In each of them, drugs of abuse were 

detected in half or more of the cases, with alcohol and pharmaceuticals as the main detected 

substances [129]. The findings indicate that substances are commonly found in suicide victims, 

and emphasize the need to monitor toxicology in suicide cases to identify patterns of substance 

use. The association between drug use and suicide fatalities includes data obtained across a range 

of methods of committing suicide [6,9,129]. In cases of drug overdose or poisoning, positive 

toxicological data are expected. In contrast, the possible association between suicides due to non-

substance toxicity and drug use is more complex and the aetiology remains unclear. An important 

study, conducted in Australia by Darke et al. (2009), specifically investigated the toxicology and 

circumstances of non-overdose suicide fatalities in an attempt to distinguish the association of 

drugs with violence-related suicide [9]. Consistent with previous studies, alcohol was the most 

frequently detected substance, followed by pharmaceuticals such as antidepressants, 

antipsychotics, and benzodiazepines (Table 4) [9]. The most common detected illicit drug was 

cannabis, followed by opioids (e.g. morphine) and psychostimulants like methamphetamine [9]. 

The findings are consistent with other reports stating that substance users most commonly commit 

suicide by means other than drug overdose such as hanging, jump, gunshot, sharp and blunt force 

trauma [1].   
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* BAC = Blood Alcohol Concentration, measured in g/100mL of blood. 

Study Objectives Population Findings 

Toxicologic findings 
in suicide: a 10-year 
retrospective review 
of Kentucky medical 
examiner cases. 
Shields et al. (2006) 
[122]. 

10-year (1993-2002) 
retrospective study on the 
toxicological findings of 
medical examiner cases 
of suicide in Kentucky. 
 
Present the prevalence of 
psychoactive substances 
detected at autopsy. 

All suicide cases performed at 
the medical examiners' 
offices in Kentucky (n=2864). 

 67.5% of cases were a positive for at least one 
substance. 

 38.3% of cases has a positive BAC. 13.6% 
cases BAC < 0.1%, and 24.5% cases BAC ≥ 
0.1%.  

 Cannabis (15.6%), antidepressants (14.9%), 
and benzodiazepines (12.7%) are the most 
common drugs detected. 

 The leading cause of suicidal death was 
firearm injury (67.4%), hanging (13.7%), and 
drug toxicity (also called overdose) (9.9%). 

 Death by substance toxicity (overdose and 
poisoning) 10%, Death by other methods 90%. 

Patterns of 
psychoactive 
substance detection 
from routine 
toxicology of 
suicides in Mobile, 
Alabama, between 
1990 and 1998. 
Dhossche et al. 
(2001) [2]. 

Describe the 
toxicological data 
collected routinely in 
suicide victims of Mobile 
County during Oct 1990 
- Sep 1998. 
 
Examine patterns in 
detection of specific 
types of psychoactive 
substances as well as the 
overlap of multiple 
substances. 

96% (n=333) of the N=346 
suicides occurring in Mobile 
County between Oct 1990 - 
Sept 1998. 

 Substances were detected in 72.7% of cases; 
93.8% of which were psychoactive substances 
and 6.2% were positive for medications not 
considered psychoactive.  

 33% of cases BAC* ≥ 0.05 g/100mL. 
 The most frequent substances detected, other 

than alcohol, were antidepressants (19.8%), 
opiates (15%), and benzodiazepines (13.5%).  

 Death by substance toxicity (overdose and 
poisoning) 12%, Death by other methods 88% 

Alcohol and drugs 
in suicides. Ohberg et 
al. (1996) [123]. 

Assess alcohol and drug 
use nationwide Apr 1987 
– Mar 1988.   
 
Toxicological screening 
of all consecutive 
suicides committed in the 
country in that 1-year 
period. 

All suspected suicides 
(n=1348) in Finland during 
the 1-year study period. 

 41.6% of all suicides tested positive for drugs 
(positive toxicology). 

 35.9% of all suicides had a BAC* ≥ 0.05 
g/100mL. 

 The most frequently detected drugs were 
benzodiazepines (23.1%), neuroleptics 
(12.8%), and antidepressants (8.2%).  

 The leading method of suicide was hanging 
(33.0%), followed by poisoning or overdose 
(28.5%), and firearms (20.4%). 

 Death by substance toxicity (overdose and 
poisoning): 28.5%, Death by other methods: 
71.5%. 

Psychoactive 
substances in 
suicides. 
Comparison of 
toxicologic findings 
in two samples. 
Dhossche et al. 
(2001) [130]. 

Comparison of 
comprehensive 
toxicologic findings on 
psychoactive substances 
from consecutive 
suicides in San Diego, 
California, from 1981–
1982, and Mobile, 
Alabama, between 1990 
and 1998. 

Compare toxicologic findings 
in n=179 suicides in San 
Diego County, California, 
between 1981 and 1982, and 
n=333 suicides in Mobile 
county, Alabama, between 
1990 and 1998, were 
compared.  

 68% of suicides in San Diego were positive for 
positive toxicology. 

 Alcohol was detected in about 30% of suicides 
in San Diego. 

 The main drugs detected were cannabis 
(15.6%), opiates (11.7%), and benzodiazepines 
(9.5%). 

 In San Diego, 21% suicide victims died of 
overdose and 79% died of other methods.  

Table 3 Comprehensive studies on the toxicology of suicides investigating the presence of drugs in victims. 



21 
 

Unfortunately, comprehensive toxicological data in suicide cases are not available in South 

Africa, as toxicological analysis is not routinely requested in non-overdose cases. Given the recent 

international  research findings, monitoring and reporting of toxicological data in suicidal 

fatalities, including non-overdose cases, is required to further understand the role of psychoactive 

drug use in this category of violent death [9,128]. Additionally, considering the rates of reported 

suicidal death and the epidemiology of drug use in South Africa, there is a need to investigate the 

contribution of substance use and abuse in these violence-related fatalities.  

 
Table 4 Toxicology of non-overdose suicide cases in New South Wales, Australia 1997-2006. 

Reproduced from Darke et al. 2009 [9]. 

Substances All (N = 1415) 
% 

Alcohol 40.6 

Pharmaceuticals  26.5 
Benzodiazepines 15.1 
Antidepressants  12.5 
Antipsychotics  5.2 

Cannabis  10.5 
THC acid 8.3 
∆-9-THC 7.8 

Opioids  9.3 
Morphine  5.7 
Codeine  5.5 
Methadone  2.0 

Psychostimulants  6.5 
Methamphetamine 4.0 
Cocaine/Benzoylecgonine 1.8 
MDMA (3,4-methylenedioxy-methamphetamine) 1.4 

 

 

VIII.C Toxicology of Victims of Accidents 
 

Accidental deaths, apart from road traffic fatalities, which do not fall into the scope of this 

review, may occur in various circumstances such as drowning, falling, burning, electrocutions, 

natural disasters, occupational-related or recreational activities, asphyxia, animal stings or bites, 

and other external causes (sharp and blunt force). Several international studies have examined the 

relationship between substance use and  the risk of fire-related injury and deaths [131–133]. 

However, only a few of them have comprehensively investigated the role of substance use and 

abuse in victims dying from fire-related incidents. For instance, in New-Jersey, United States, 

Barillo and Goode (1996) found that about 30% and 15% of the tested fire-related deaths were 

positive for alcohol and other drugs of abuse, respectively, over a 7-year period [134]. The most 

commonly detected drugs were cocaine, benzodiazepines, barbiturates, and cannabis. The 

researchers suggest that one possible consequence of inebriation and drug intoxication may impair 
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coordination and judgement abilities, hence increasing the risk of initiating a fire or being exposed 

to a fire. A recent review by Bruck et al. (2011) on the role of alcohol in residential fire deaths 

reported the presence of alcohol in 58% of cases, 31% of which had a BAC > 0.20 g/100mL, 

which is consistent with other studies indicating a higher risk of dying in a fire due to alcohol 

intoxication [135]. Unfortunately, to the authors’ knowledge, no studies have investigated the 

prevalence of drugs of abuse in fire-related deaths. Indeed, most of the toxicology studies on fire 

victims are specific to the toxicity of smoke produced from a fire such as inhalation of carbon 

monoxide and other toxic products of combustion, such as cyanide. One reason for the lack of 

published toxicological data is the challenging aspect that fire-related deaths present at autopsy. 

The charring of bodies produced during fires increases the risk of contamination of the 

toxicological specimens collected at autopsy and limits the availability of routine specimens such 

as blood and urine. In South Africa, except for carbon monoxide analysis, routine toxicological 

testing is not performed on fire victims due the poor availability of routine samples. Further 

research is required to determine the necessity, importance, and significance of routine toxicology 

analysis of fire-related deaths in South Africa, which constitute a major portion of accidental 

deaths nationwide [33,36].  

 

Similarly, the role of drugs of abuse in drowning cases is scarcely investigated and/or 

reported worldwide. However, the information available indicates that alcohol and illicit drug use 

are contributing factors in deaths due to drowning. For example, Finland has one of the highest 

reported drowning rates in the developed world [136]. A 1970-2000 comprehensive study by 

Lunetta et al. (2004) found that alcohol was a contributing factor in drowning death for 

approximately 64% and 52% of boating-related and other types of drowning, respectively. An in-

depth analysis of post-mortem cases in the 1998-2000 time period in Finland (N=704) indicated 

that of 84.5% of drowning victims screened positive for ethanol, of which 58% had a BAC ≥ 0.05 

g/100mL, 55% had BAC ≥ 0.10 g/100mL, 19% had BAC ≥ 0.25 g/100mL [136]. In addition, 48% 

of victims screened positive for drugs of abuse other than alcohol; 25.8% tested positive for 

therapeutic drugs and 20.6% tested positive for a psychotropic drug [136]. Another study 

conducted in Sweden reported the presence of alcohol (BAC ≥ 0.02 g/100mL) in 38% of drowning 

victims, with a mean BAC of 0.18 g/100mL [137]. At least one psychoactive substance was 

detected in 40% of cases with benzodiazepines (21%) as the most common detected drug. Illicit 

drugs were detected in 10% of victims, with amphetamine (51%) and tetrahydrocannabinol (THC) 

(41%) as the most frequent illicit substances detected. These psychoactive drugs may influence 

the risk-taking behaviour and reduce swimming ability in drowning victims [137]. Both studies 

concluded that the presence of substances (licit and illicit) in drowning is common and may play 
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a part in drowning fatalities. It must be noted that complex toxicological interpretation is required 

to distinguish the nature of intoxication during drowning. Apart from blood-alcohol analysis, 

additional toxicological analysis in cases of suspected drowning in South Africa is not routinely 

requested, and if requested, data are not collated and published. Given the reported findings of 

drugs and alcohol in cases of drowning, and their possible contributory status to cause of death, it 

is important that post-mortem toxicological data is obtained and further analysed in South Africa.  

 

IX. Conclusion  

Violence in South Africa is the single largest contributor to the burden of injury. The 

comparative analysis of South Africa’s injury mortality with global rates clearly displays the 

disproportionately larger levels of violence and resulting injury mortality and morbidity. The main 

manners of violence-related injury fatalities are homicide, suicide, and violent accidents. Specific 

risk factors, such as alcohol and other drug use, have been reported in the literature to further the 

understanding of their role in the prevalence and patterns of fatal violence.  

An association has been reported between substance use and violence, and numerous 

studies have examine this relationship in different contexts, in terms of the drugs involved and 

specific populations of interest. A trend has also been identified in the literature among individuals 

dying a violent death in which it is common is detect the presence of one or more substances. In 

South Africa, there is a need for monitoring the post-mortem toxicology of violent deaths to 

examine the presence and prevalence of substances in these fatalities. The information should then 

be collated and analysed to further understand the dynamics and patterns of drug use in fatal 

violence-related cases nationwide.  

Research on the nature of drug use and abuse in South Africa has been hampered by the 

scarcity of data investigating both drugs and violence in the South African society. This review 

ultimately addresses the potential for post-mortem toxicology investigations as an additional tool 

in understanding the dynamics between drugs of abuse and violent fatalities in a South African 

setting. This research may assist in distinguishing injury and violence prevention priorities and 

required actions directed at high-risk groups, together with identifying possible areas of risk (e.g. 

socio-environmental) associated with drug abuse and violent death in South Africa, that may 

require further multi-disciplinary investigation.  
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Abstract  

Purpose This study analysed the prevalence and characteristics of drugs of abuse in violence-related fatalities to 

investigate possible associations between drugs of abuse and violent death in Cape Town, South Africa.  

Methods Toxicological specimens were collected from victims (N =104) of violent homicide, non-overdose suicide, 

and accidental death at the Salt River mortuary. A qualitative toxicological analysis of these cases was conducted 

using a targeted screening approach using liquid chromatography coupled to tandem mass spectrometry (AB SCIEX 

API 3200 Q-TRAP® LC-MS/MS). Additional information on the circumstances of death and demographics of the 

victims were obtained from post-mortem reports. Detected substances were grouped in major drug classes: 

benzodiazepines, amphetamines, cannabis, methaqualone, opiates/opioids, cocaine, antidepressants, hallucinogens, 

and over-the-counter/prescription drugs.  

Results Drugs of abuse were detected in 60.6% (n=63) of all cases, with more than one drug being detected in 48.1% 

(n=50). Drugs prevalent in homicide cases were pharmaceuticals, amphetamines, methaqualone, and cannabis. 

Suicide cases were positive for pharmaceuticals, opiates/opioids and antidepressants. Death as a result of violent 

accidents had opiates/opioids, benzodiazepines, pharmaceuticals, cannabis, and antidepressants present. The 

combination of diphenhydramine, methamphetamine, and methaqualone was detected in 40% of cases positive for 

multiple substances. Toxicology data varied by demographic characteristics, manner of death, and drugs present in 

the victims.  

Conclusion The findings of this study support the notion that the presence of substances is associated with violent 

deaths such as homicide, suicide, and accidents. Routine surveillance of drugs in violent fatalities using toxicological 

data can help researchers to understand community-specific drug use patterns in relation to the different types of 

violence-related death in South Africa. 

 

Keywords   Post-mortem forensic toxicology ∙ drugs of abuse ∙ violence ∙ prevalence ∙ violent deaths ∙ Cape Town 
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Introduction 

An association between drugs of abuse and violence has long been reported in the literature [1–8]. The 

proposed rationale behind such an association is divided into three different but related mechanisms: (i) the direct 

psychopharmacological effects of a drug (e.g. disinhibition, intoxication, withdrawal symptoms, paranoia); (ii) the 

economic-compulsive acts of violence (e.g. robbery); and (iii) the systemic violent environment within illegal drug 

networks [3,9–12]. Together with other external cross-cutting factors, such as weapon availability; drug abuse 

increases one’s risk of becoming a victim or perpetrator of violence [13]. Alcohol use is the primary substance of 

abuse which has been correlated with increased risk of violent behaviour and exposure to violent acts, whether 

perpetrated by a person on oneself or by others on a person (homicide) [14–21] 

 

Drug use and abuse also appears to be associated with violence-related deaths. In fact, licit and illicit drug 

users exhibit higher all-cause mortality rates compared to the general population [1,3,22–25]. It is further reported 

that this cohort of individuals commit higher rates of violent crimes, particularly homicides, which in turn constitute 

a considerable percentage of violent fatalities among substance users [1,24,25]. In an attempt to characterise the drug-

violence relationship, several international studies have investigated the presence and role of licit and illicit substances 

in violent fatalities, particularly in homicide [8,21,26–34] and suicide cases [22,35–42]. Approximately half or more 

of the victims in these studies tested positive for drugs, and while this may not speak to their intoxication at the time 

of the fatal incident, researchers do acknowledge the high prevalence of drugs of abuse in victims of violent deaths 

and have suggested further investigation into the nature and extent of this association.  

 

Drugs most commonly detected in homicide victims, include alcohol followed by psychostimulants (e.g. 

cocaine), cannabis, and opioids [27,31,32,43,44]. Among suicide victims, pharmaceuticals such as benzodiazepines 

and antidepressants are most commonly detected [35,38,40,41,45,46]. However, the current reported data on suicides 

integrates toxicological data from all the different methods of suicide including drug overdose. In this present study, 

we focus on the toxicology of violence-related deaths, making reference to the involvement of drugs in deaths due to 

acts of violence. According to Darke’s 2009 study on non-overdose suicides, alcohol and pharmaceuticals were also 

detected in most cases, in comparison to other drugs [42]. The most prevalent illicit drugs detected were cannabis, 

opioids (such as morphine), and psychostimulants. Given that substance users were reported to use violent means of 

suicide instead of drug overdose, such toxicological investigations are important to determine patterns in violent 

fatalities, especially in suicides. Unlike the other types of violent death, research on the toxicology of victims of 

accidental death is not as extensive and the data available differ across countries and within different regions of the 

same country [47,48]. While the cause of death may be established in these fatalities, the contribution of intoxication 

to the cause of death is essential to understanding the nature of these deaths.  

 

South Africa has a longstanding history of violence, with multifaceted complexity lying behind one of the 

highest rates of injury- and violence-related deaths in the world [49–52]. This is complicated by high rates of illicit 

substance use and abuse, such as methamphetamine abuse in Cape Town, the provincial capital of the Western Cape 

Province [53,54]. Given the well-reported toxicological effects of most psychoactive drugs, which depending on the 

class of drug and the individual to whom it is administered, may include mood and behaviour alteration, stimulation 

or depression of the central nervous system (CNS), and even increased aggression and psychosis, together with their 

high potential for abuse, there exists a need to distinguish the role their use plays in violence in South Africa.  
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As far as the authors are aware, no studies have investigated post-mortem toxicology in victims of violent 

death within a South African context. This pilot study aimed to investigate the toxicology of drugs of use and abuse, 

other than alcohol and volatile inhalants, in deaths due to acts of violence in the West Metropole of Cape Town. These 

fatalities were classified as suspected homicide, non-overdose suicide, and accidental. The objectives were to analyse 

the prevalence of psychoactive substances in a cohort of deaths by violent means, compare and describe the 

toxicological findings in the different types of violent death, and examine demographic characteristics, and 

circumstances of death associated with violence-related fatalities. 

 

Materials and Methods 

The South African Setting 

The City of Cape Town, the provincial capital of the Western Cape Province of South Africa, has an estimated 

population of 3.87 million inhabitants spread over eight sub-districts, namely West Metropole, East Metropole, 

Khayelitsha, Mitchells Plain, North Metropole, South Metropole, and Tygerberg [55,56]. The Salt River mortuary, 

situated in Cape Town City Bowl Suburb, is a medico-legal facility that serves the West Metropole of Cape Town. 

The mortuary handles an average case load of more than 3500 autopsies per year [57].  

 

In South Africa, under the Inquests Act of 1959, medico-legal investigations are a statutory requirement for all 

unnatural deaths, including all deaths that were not due to, or may not have been due to, natural causes [58]. Post-

mortem examinations in unnatural deaths are performed by forensic pathologists under the direction of the Forensic 

Pathology Services (FPS) of the Western Cape Department of Health, so as to determine the cause (disease or injury 

responsible for the fatal event) and manner (how the cause of death arose) of death. The suspected manner of the 

death is determined by the South African Police Services (SAPS), FPS forensic pathology officers who attend the 

death scene, and the forensic pathologists during the autopsy. The final manner of death is only determined by the 

magistrate after laboratory analyses and Inquest Court proceedings, which can take several years to complete [59,60]. 

 

Toxicological examinations of post-mortem biological samples in the Western Cape are conducted by the Cape 

Town Forensic Chemistry Laboratory (one of only four Forensic Chemistry laboratories in South Africa). While 

toxicological testing of biological samples in all unnatural deaths is recommended within the national protocol, it is 

not routinely performed due to various limitations including insufficient resources associated with training, staff, 

finance, the large intake of cases, case backlogs, and other challenges currently experienced by the laboratory, 

mortuary, and related agencies. At the Salt River mortuary, blood is routinely collected for alcohol concentration 

determination, however, other samples for toxicological analysis are collected at the discretion of the forensic 

pathologist usually based primarily on the circumstances of death and apparent cause of death at the time of autopsy.  

 

Study Population 

The study sample population consisted of 104 adult unnatural death cases, referred to the Salt River FPS between 

August and October 2015, in which the apparent manner of death was homicide, non-overdose suicide, and 

accidental. Fatalities which fell into HOM (homicide deaths), SUI (non-overdose suicide deaths), and ACC 
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(accidental deaths) groups were included where consent was obtained, apart from some excluded categories outlined 

below. 

 

All cases of substance-related toxicity such as fatal drug overdose, poisonings due to ingestion of pesticides, 

acids and other chemicals, as well as gassing by means of carbon monoxide and volatile inhalants were excluded. 

Cases in which hospital survival precluded the availability of unadulterated post-mortem (blood) specimens (>24-48 

hours) and where ante-mortem blood was not available, skeletonized remains, as well as significantly decomposed 

bodies were also omitted from the study. For research purposes, road traffic accidents were also excluded from the 

study as they comprise their own separate category of unnatural death in South Africa due to their high prevalence. It 

is important to note that burns and fire-related deaths were not included due to the poor condition of the toxicological 

specimens required (and carbon monoxide (CO) and cyanide (CN) were not analysed for). Children, aged younger 

than 10, were excluded since they are unlikely representative of the general population’s drug use patterns.  

 

Qualitative Toxicology Analysis 

Chemicals and Reagents 

The system suitability test mixture containing amiodarone, amphetamine, caffeine, codeine, diazepam, 

doxepin, haloperidol, and morphine was provided by Restek (Restek Corp, Bellefonte, PA, USA). All solvents were 

of LC analytical grade. High-Performance HPLC-grade methanol, acetonitrile, and formic acid were obtained from 

Merck (Darmstadt, Germany). Ammonium formate obtained from Sigma-Aldrich (Deisenhofen, Germany) was 

diluted to make a 10mM solution. Deionized water was prepared with a cartridge deionizer from Memtech 

(Moorenweis, Germany).  

 

Sample Preparation 

Femoral blood, heart blood, vitreous humor, urine, bile and hair were obtained at autopsy. Blood samples 

were collected in grey-top tubes containing sodium fluoride and potassium oxalate, and vitreous humor in red top 

tubes. Urine and bile were collected in 50mL and 15mL blue top Falcon tubes, respectively. The samples were stored 

at 4°C until analysis. Hair was collected in an envelope and stored at room temperature. Simple sample preparation 

procedures were used for screening purposes. Urine samples were prepared using a modified dilute-and-shoot method 

[6], while the rest of the samples were prepared by using an acetonitrile protein precipitation combined with aqueous 

dilution method [7]. Hair was not analysed within this study, but collected as part of routine toxicological 

examination.  

 

LC-MS/MS Targeted Screening of Drugs of Abuse 

The LC-MS-MS analysis was performed using a Shimadzu Prominence High Performance Liquid 

Chromatography (HPLC) system coupled to an AB SCIEX API 3200 Q-TRAP Mass Spectrometer (Applied 

Biosystems, Foster City, California). A 15-minute gradient was set up using 10 mM ammonium formate for the 

mobile phase A (MPA) and 50% acetonitrile/50% methanol for the mobile phase B (MPB). The HPLC run consisted 

of 2% MPB for 1 minute, followed by a linear gradient to 100% MPB between 1-10 minutes, and then holding 100% 

in MPB for 10-13 minutes, and finally re-equilibrating to 2% MPB for 13-15.5 minutes. The total chromatographic 



5 
 

run-time was 15.5 minutes. The total flow rate was 0.6 ml/min. The column oven was set at 40°C. A 30-µl aliquot of 

the sample was injected.  

 

Samples were analysed using a rapid targeted screening approach, called the AB SCIEX iMethod™ Test for 

Drugs, which screens for 250 drugs in a single run. Data acquisition and processing was performed with the AB 

SCIEX Masterview software [61]. A signal-to-noise ratio of 20 is used as cut-off in registering a peak as positive for 

a particular drug compound. Each peak is also manually verified by the operator. Positive detection also relies on the 

expected retention time for the drug and its two multiple reaction monitoring transitions.  

 

Qualitative toxicological analysis of all major drug groups (apart from alcohol and volatile inhalants despite 

being drugs of abuse) was performed on biological specimens (femoral blood, heart blood, urine, vitreous humor, and 

bile) collected for all violent deaths at autopsy, with no replicates. Hair specimens were not analysed. In this study, 

toxicological data were reported for the following drug groups (as determined by the detection of the parent drug 

itself and/or its metabolites):  benzodiazepines, amphetamines, cocaine, opiates and opioids, cannabis, methaqualone, 

hallucinogens, and over-the-counter (OTC)/prescription drugs.  

 

Data Management 

Routine information regarding the time and date of death, death scene location, circumstances of death, 

apparent manner of death, cause of death as well as the decedent’s demographic characteristics including age, sex, 

race, were recorded from post-mortem toxicology specimen collection forms, SAPS and FPS documentation, and 

autopsy reports from the Salt River mortuary. The South African racial population groups are classified in these 

reports as Black African, Coloured, Indian, White, or Other, and were used in this study. Permission to analyse the 

case files was received by the University of Cape Town Human Research Ethics Committee (HREC Ref. 324/2015). 

All the cases relevant to this study were reviewed by the researchers. The compiled information was then securely 

stored in an anonymous and controlled access database.   

 

Statistical Analysis 

 Counts and percentages were tabulated for demographics, circumstances related to death, and post-mortem 

toxicological results. Statistical significance testing was conducted using the Fisher’s exact test and a test of (equality) 

proportions at a 95% significance level. In this study, group comparisons specifically refers to statistical significant 

differences between the HOM group and Others (SUI and ACC groups were combined due to the small sample size). 

All analyses were conducted using STATA14 [62].  

 

Ethical Considerations 

 This study was approved by the University of Cape Town Human Research Ethics Committee (HREC Ref. 

324/2015). Written informed consent was obtained from the next-of-kin of each decedent. All the information used 

in the study remained anonymous and was kept confidential throughout the study duration.  
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Results 

Cases 

Of a total of 104 violent deaths (Table 1), 99 were male (95.2%) and 5 were female (4.8%). The overall 

mean age of victims was 31 years (SD=12), ranging between 10-75 years. Over two-thirds (n = 69; 66.3%) of the 

victims documented in the study were Black African, approximately one-third were Coloured (n = 30; 28.8%), and 

nearly 5% (n = 5) were White. Of the 104 fatalities recorded in the study period, 94 were homicides (90.4%), 5 were 

suicides (4.8%), and 5 were accidents (4.8%). Overall, deaths were mostly attributed to gunshot wounds (n = 46; 

44.2%), stabbings (n = 28; 26.9%), or assaults (n = 18; 17.3%). Less frequent causes of death were hanging (n = 5; 

4.8%), drowning (n = 3; 2.9%), multiple causes (e.g. assault-stab, shot-stab cases) (n = 2; 1.9%), electrocution (n = 

1; <1%), and ‘freak accidents’ (n = 1; <1%) – events occurring under highly unusual and unlikely circumstances.  

 

Of all 94 homicides, 92 (97.9%) were male and 2 (2.1%) were female, 64 (68.1%) were Black African, 28 

(29.8%) were Coloured, and 2 (2.1%) were White. The average age of homicide victims was 29.5 years old. The 

leading cause of death among homicides were gunshot injuries (n = 46; 49%), followed by stabbing (n = 28; 29.8%), 

assault (n = 18; 19.1%), and multiple causes (n = 2; 2.1%).  

 

Suicides comprised 4.8% of all recorded violent deaths in the study, and of whom 3 were male, 2 were 

female, 2 were Black African, 1 was white, and 2 were Coloured. The mean age of suicide victims was 44.8 years 

old, and the apparent cause of death in all five cases was hanging.  

 

Of all five accidental violent deaths (4.8% of total violent deaths) included in the study, 4 were male, 1 was 

female, 3 were Black African, 1 was Coloured and 1 was White. The average age for victims of accidental violent 

death was 35.8 years old. The apparent cause of death for these accidents were drowning (n = 3), electrocution (n = 

1), and freak accidents (n = 1). For any statistical test conducted, the SUI and ACC cases were pooled together as 

‘Others’ and compared with the HOM group. 

 
Table 1 Demographic and case characteristics of the 104 study cases. 

 

 
 

Victim Characteristics 
HOM (n=94) SUI (n=5) ACC (n=5) Total (N=104) 

(n) / % of the total no. of cases 
Mean age (years) 29.5 44.8 35.8 30.6 
Gender  Male  (92) / 88.5 (3) / 2.9 (4) / 3.8 (99) / 95.2  
 Female    (2) / 1.9 (2) / 1.9 (1) / 0.96   (5) / 4.8 
Ethnicity  Black African (64) / 61.5 (2) / 1.9 (3) / 2.9 (69) / 66.3 
 Coloured  (28) / 26.9 (1) / 0.96 (1) / 0.96 (30) / 28.8  
 White   (2) / 1.9 (2) / 1.9 (1) / 0.96   (5) / 4.8 
 Indian - - - - 
 Other - - - - 
Cause of death Gunshot  (46) / 44.2 - - (46) / 44.2 
 Stabbing (28) / 26.9 - - (28) / 26.9 
 Assault  (18) / 17.3 - - (18) / 17.3 
 Hanging  - (5) / 4.8 -   (5) / 4.8 
 Drowning  - - (3) / 2.9   (3) / 2.9 
 Electrocution  - - (1) / 0.96   (1) / 0.96 
 Freak  - - (1) / 0.96   (1) / 0.96 
 Multiple    (2) / 1.9 - -   (2) / 1.9 
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Post-mortem Toxicology 

Targeted LC-MS/MS screening for drugs of abuse was performed on all 104 collected cases. A total of 42 

different substances were detected in various biological specimens and categorized into the following drug groups: 

benzodiazepines, amphetamines, cocaine, opiates and opioids, cannabis, methaqualone, hallucinogens, 

antidepressants, and OTC and/or prescription drugs (Table 2). Figure 1 illustrates the proportional distribution of the 

different substances detected in all 104 cases with diphenhydramine, methaqualone, and methamphetamine, as the 

three most predominant drug findings, present in 35 (33.7%), 32 (30.8%), and 28 (26.9%) cases, respectively, with 

some cases testing positive for more than one analyte. 

 

Table 2 List of detected substances categorised into drug groups. 

Major Drug Groups 
Detected 

Specific Substances Detected 

Benzodiazepines  Diazepam, Nordiazepam, Temazepam, Midazolam  
Amphetamines Methamphetamine, Amphetamine, 3,4-methylenedioxymethamphetamine (MDMA), 

Methcathinone  
Cocaine  Cocaine, Benzoylecgonine  
Opiates and Opioids Morphine, Hydromorphone, Morphine 3-β-D-glucuronide (M3G), Codeine, Tramadol, 

Fentanyl, Norfentanyl 
Cannabis  11-Hydroxy-Δ9-tetrahydrocannabinol (11-OH-THC), 11-nor-9-Carboxy-THC (THC-

COOH) 
Hallucinogens Ketamine, Phencyclidine (PCP) 
Methaqualon Methaqualone 
Antidepressants  Desipramine, Clomipramine, Fluoxetine, Norfluoxetine, Protriptyline, Nortriptyline  
OTC, Prescription, and 

Other Drugs 

Diphenhydramine, Atropine, Metformin, Amlodipine, Acetaminophen, Sibutramine, 
Atenolol, Lidocaine, Diltiazem, Dexamethasone, Reserpine, Ranitine, Salicylamide, 
Doxylamide  

 

 

 

Fig. 1 Distribution of the 42 substances detected in all 104 violent death cases. Multiple substances were detected in 50 cases.  
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Comparative Toxicology 

Psychoactive substances were detected in 60.0% (n = 63) of cases and with more than one drug being 

detected in almost half (𝑛 = 50, 48.1%) of the total cases (Table 3). There was no significant group differences 

between HOM and Others (SUI+ACC) in the type of substances detected. Overall, the substances detected were part 

of the following groups: the OTC/Prescription drugs (n = 46; 44.2%), followed by amphetamines (n = 33; 31.7%), 

methaqualone (n = 32; 30.8%), cannabis (n = 15; 14.4%), opiates/opioids (n = 15; 14.4%), benzodiazepines (n = 8; 

7.7%), antidepressants (n = 6; 5.8%), hallucinogens (n = 5; 4.8%), and cocaine (n = 2; 1.9%). For each of the drug 

groups, detection of substances was more frequent among HOM cases. In terms of group comparisons (HOM vs. 

others), the detection of drugs in homicides was significant for amphetamines (𝜌 = 0.028) and methaqualone (𝜌 =

0.029) only, accounting for 31.7% and 30.8% of all cases. SUI cases tested positive for OTC/prescription drugs (n = 

2; 1.9%), antidepressants (n = 1; 0.96%) such as desipramine, and opiates/opioids (n = 1; 0.96%) such as codeine. 

Drugs present in ACC cases were opiates/opioids (n = 2; 1.9%), benzodiazepines (n = 1; 0.96%), OTC/prescription 

drugs (n = 1; 0.96%), antidepressants (n = 1; 0.96%), and cannabis (n = 1; 0.96%). 

 

Multiple Substances  

Substances were present in 63 cases, 50 of which had multiple substances present. Table 4 shows the 

toxicology data of each cases in which more than one substance was detected. As mentioned above, the three most 

prevalent drugs in these 104 violent deaths were diphenhydramine (n = 35; 33.7%), methaqualone (n = 32; 30.8%), 

and methamphetamine (n = 28; 26.9%), and 34 (68%) of cases with multiple substance present had two or more of 

these three drugs present (Figure 1). Table 4 also illustrates the counts of cases in various drug combinations between 

these three substances: (I+II), diphenhydramine and methamphetamine; (I+III), diphenhydramine and methaqualone; 

(II+III), methamphetamine and methaqualone; and (I+II+III), diphenhydramine, methamphetamine, and 

methaqualone. Of all 50 violent deaths positive for multiple substances, 5 (10%) cases had diphenhydramine and 

methamphetamine present, 8 (16%) had diphenhydramine combined with methaqualone, 1 (5%) had 

methamphetamine and methaqualone, and 20 (40%) had all three drugs present.  

 

Toxicology and Cause of Death 
 

Table 5 provides the proportional distribution of drug groups present in the different causes and manners of 

death. The most common substances detected in gunshot-related homicides were OTC/prescription drugs (n = 22) 

with 18 cases positive for diphenhydramine, methaqualone (n = 18) and amphetamines (n = 16). In stabbing-related 

cases, drugs detected included OTC/prescription drugs (n = 10; 6 cases positive for diphenhydramine), amphetamines 

(n = 7), and cannabis (n = 5). OTC/prescription drugs (n = 11) with 10 cases positive for diphenhydramine, 

methaqualone (n = 9) and amphetamines (n = 9) were detected in assault cases and amphetamines (n = 1) and 

methaqualone (n = 1) in homicides due to multiple causes. The substances detected in all five cases of suicides were 

OTC/prescription drugs (n = 2), antidepressants (n = 1), and opiates/opioids (n = 1). In accidental deaths, drugs were 

detected in drowning only: opiates/opioids (n = 2), benzodiazepines (n = 1), cannabis (n = 1), antidepressants (n = 1), 

and OTC/prescription drugs (n = 1).  
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Table 3 Comparative toxicology of psychoactive substances in all violent deaths. 

Violent Deaths 
HOM 
(n=94) 

SUI 
(n=5) 

ACC 
(n=5) 

Total 
(N=104) HOM vs. Others 

(Fisher’s Exact Test) 
(n) / % of the total no. of cases 

Overall Toxicology 
Substances detected (58) / 55.8 (3) / 2.9 (2) / 1.9 (63) / 60.6 𝜌 = 0.510 
Multiple Substances (47) / 45.2 (2) / 1.9 (1) / 0.96 (50) / 48.1 𝜌 = 0.323 

Specific Drug Groups 
Benzodiazepines (7) / 6.7 - (1) / 0.96 (8) / 7.7 𝝆 = 𝟎. 𝟓𝟔𝟖 

Nordiazepam (3) / 2.9 - - (3) / 2.9 𝜌 = 1.000 
Diazepam (2) / 1.9 - - (2) / 1.9 𝜌 = 1.000 
Temazepam (2) / 1.9 - - (2) / 1.9 𝜌 = 1.000 
Midazolam (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 

Amphetamines (33) / 31.7 - - (33) / 31.7 𝝆 = 𝟎. 𝟎𝟐𝟖 * 
Methamphetamine (28) / 26.9 - - (28) / 26.9 𝜌 = 0.059 * 
Amphetamine  (15) / 14.4 - - (15) / 14.4 𝜌 = 0.351 
MDMA (2) / 1.9 - - (2) / 1.9 𝜌 = 1.000 
Methcathinone (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 

Cocaine (2) / 1.9 - - (2) / 1.9 𝝆 = 𝟏. 𝟎𝟎𝟎 
Opiates/Opioids (12) / 11.5 (1) / 0.96 (2) / 1.9 (15) / 14.4 𝝆 = 𝟎. 𝟏𝟓𝟔 

Morphine 3-β-D-glucuronide (7) / 6.7 - - (7) / 6.7 𝜌 = 1.000 
Codeine  (3) / 2.9 (1) / 0.96 (1) / 0.96 (5) / 4.8 𝜌 = 0.072 * 
Morphine  (2) / 1.9 - - (2) / 1.9 𝜌 = 1.000 
Hydromorphone  (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 
Tramadol  - - (1) / 0.96 (1) / 0.96 𝜌 = 0.096 
Fentanyl  - - (1) / 0.96 (1) / 0.96 𝜌 = 0.096 
Norfentanyl  (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 

Cannabis (14) / 13.5 - (1) / 0.96 (15) / 14.4 𝝆 = 𝟏. 𝟎𝟎𝟎 
THC-OH (11) / 10.6 - (1) / 0.96 (12) / 11.5 𝜌 = 1.000 
THC-COOH (3) / 2.9 - - (3) / 2.9 𝜌 = 1.000 

Methaqualone (32) / 30.8 - - (32) / 30.8 𝝆 = 𝟎. 𝟎𝟐𝟗 * 
Hallucinogens (5) / 4.8 - - (5) / 4.8 𝝆 = 𝟏. 𝟎𝟎𝟎 

Ketamine  (4) / 3.8 - - (4) / 3.8 𝜌 = 1.000 
PCP (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 

Antidepressants (4) / 3.8 (1) / 0.96 (1) / 0.96 (6) / 5.8 𝝆 = 𝟎. 𝟏𝟎𝟐 
Norfluoxetine (3) / 2.9 - (1) / 0.96 (4) / 3.8 𝜌 = 0.337 
Fluoxetine  - - (1) / 0.96 (1) / 0.96 𝜌 = 0.096 
Desipramine - (1) / 0.96 - (1) / 0.96 𝜌 = 0.096 
Clomipramine (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 
Protriptyline  - - (1) / 0.96 (1) / 0.96 𝜌 = 0.096 
Nortriptyline  - - (1) / 0.96 (1) / 0.96 𝜌 = 0.096 

OTC/Prescription Drugs  (43) / 41.3 (2) / 1.9 (1) / 0.96 (46) / 44.2 𝝆 = 𝟎. 𝟓𝟎𝟔 
Diphenhydramine  (34) / 32.7 (1) / 1.9 - (35) / 33.7 𝜌 = 0.159 
Lidocaine  (7) / 6.7 - - (7) / 6.7 𝜌 = 1.000 
Diltiazem (2) / 1.9 - (1) / 0.96 (3) / 2.9 𝜌 = 0.264 
Acetaminophen  (1) / 0.96 (1) / 0.96 - (2) / 1.9 𝜌 = 0.184 
Atropine  (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 
Metformin  (1) / 0.96 (1) / 0.96 - (2) / 1.9 𝜌 = 0.184 
Amlodipine  (1) / 0.96 (1) / 0,96 - (2) / 1.9 𝜌 = 0.184 
Atenolol  (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 
Doxylamine  - (1) / 0.96 - (1) / 0.96 𝜌 = 0.096 
Dexamethasone  - - (1) / 0.96 (1) / 0.96 𝜌 = 0.096 
Ranitine  (2) / 1.9 - - (2) / 1.9 𝜌 = 1.000 
Reserpine  (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 
Salicylamine  (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 
Sibutramine  (1) / 0.96 - - (1) / 0.96 𝜌 = 1.000 

 

   *Statistically significant 
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Table 4 Cases positive for multiple substances with the combination of the three most prevalent drugs detected. 

ID Drugs present in cases tested positive for ‘multiple substances’ Combinations  
(I, II, III) 

1 Diazepam, Nordiazepam  
2 Methamphetamine, Amphetamine  
4 Diphenhydramine, Methamphetamine, Amphetamine, THC-COOH I+II 
9 Cocaine, Benzoylecgonine, Atropine,   

14 Diphenhydramine, Methamphetamine, Amphetamine, Methaqualone I+II+III 
15 Diphenhydramine, Methamphetamine, Methaqualone I+II+III 
17 Diphenhydramine, Amphetamine, Methaqualone, Morphine, Hydromorphone I+II+III 
21 Diphenhydramine, Methamphetamine, Amphetamine, Methaqualone, Morphine-3-β-D-glucuronide I+II+III 
23 Diphenhydramine, Methamphetamine, Amphetamine, Methaqualone, Morphine-3-β-D-glucuronide I+II+III 
24 Metformin, Amlodipine  
30 Diphenhydramine, Methamphetamine, Amphetamine I+II 
36 Diphenhydramine, Methaqualone, THC-COOH I+III 
40 Diphenhydramine, Methaqualone, Atenolol, Clomipramine I+III 
41 THC-OH, Lidocaine, Norfluoxetine  
42 Methaqualone, Norfluoxetine THC-OH, Nordiazepam, Morphine-3-β-D-glucuronide  
43 Diphenhydramine, Methamphetamine, MDMA, Temazepam, Diltiazem, THC-OH I+II 
44 Diphenhydramine, THC-OH, Methaqualone, Norfluoxetine, Lidocaine I+III 
45 THC-OH, Fluoxetine, Protriptyline, Nortriptyline, Norfluoxetine, Tramadol, Nordiazepam, Diltiazem, Fentanyl, 

Dexamethasone 
 

46 Diphenhydramine, Methaqualone, THC-OH, Nordiazepam, Reserpine, Ranitine I+III 
48 Diphenhydramine, Methamphetamine, Methaqualone, THC-OH I+II+III 
49 Lidocaine, THC-OH, Ketamine, Norfentanyl, Temazepam, Diltiazem  
50 Diphenhydramine, Methaqualone, MDMA, THC-OH I+III 
54 Diphenhydramine, THC-COOH  
56 Amphetamine, Codeine  
59 Diphenhydramine, Methamphetamine, Amphetamine, Methaqualone, Diazepam, Morphine-3-β-D-glucuronide I+II+III 
60 Amphetamine, Codeine  
62 Methcathinone, PCP, Codeine  
63 Diphenhydramine, Methamphetamine, Amphetamine, Methaqualone I+II+III 
64 Metformin, Amlodipine  
65 Diphenhydramine, Methamphetamine, Methaqualone, Salicylamide, Morphine-3-β-D-glucuronide I+II+III 
66 Acetaminophen, Codeine, Diphenhydramine, Doxylamine  
67 Diphenhydramine, Methamphetamine, Amphetamine, Methaqualone, Morphine, Morphine-3-β-D-glucuronide I+II+III 
70 Diphenhydramine, Methamphetamine, Amphetamine, Methaqualone, Cocaine, Ranitine, Morphine-3-β-D-

glucuronide 
I+II+III 

72 Diphenhydramine, Methamphetamine, Methaqualone I+II+III 
73 Diphenhydramine, Methamphetamine, Methaqualone I+II+III 
74 Diphenhydramine, Methamphetamine, Methaqualone I+II+III 
75 Diphenhydramine, Methamphetamine I+II 
76 Midazolam, Lidocaine  
77 Diphenhydramine, Methamphetamine, Methaqualone I+II+III 
80 Diphenhydramine, Methaqualone I+II 
84 Diphenhydramine, Methamphetamine, Methaqualone I+II+III 
86 Diphenhydramine, Methamphetamine, Methaqualone I+II+III 

90 Lidocaine, Ketamine  
91 Diphenhydramine, Methaqualone, THC-OH I+II 
95 Diphenhydramine, Methamphetamine, Methaqualone I+II+III 
98 Diphenhydramine, Methamphetamine, Methaqualone, THC-OH I+II+III 
100 Diphenhydramine, Methamphetamine, Methaqualone I+II+III 
101 Diphenhydramine, Methaqualone I+II 
102 Methamphetamine, Methaqualone II+III 
103 Diphenhydramine, Methamphetamine I+II 

 

 

 

 

 

 

 

 

 

I, Diphenhydramine; II, Methamphetamine; III, Methaqualone. 
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Table 5 Proportion of drug groups in different apparent causes of death. 

Major Drug 
Classes 

HOM SUI ACC 
Total 

(N=104) 
Gunshot 
(N=46) 

Stabbing 
(N=28) 

Assault 
(N=18) 

Multiple 
(N=2) 

Hanging 
(N=5) 

Drowning 
(N=3) 

Electrocution 
(N=1) 

Freak 
(N=1) 

(n) / % of total no. of cases 
Benzodiazepines    (5) / 4.8   (1) / 0.96   (1) / 0.96 - - (1) / 0.96 - -   (8) / 7.7 

Amphetamines (16) / 15.4   (7) / 6.7   (9) / 8.7 (1) / 0.96 - - - - (33) / 31.7 
Cocaine   (1) / 0.96   -   (1) / 0.96 - - - - -   (2) / 1.9 

Opiates/Opioids   (7) / 6.7   (3) / 2.9   (2) / 1.9 - (1) / 0.96 (2) / 1.9 - - (15) / 14.4 

Cannabis   (6) / 5.8   (5) / 4.8   (3) / 2.9 - - (1) / 0.96 - - (15) / 14.4 

Methaqualone (18) / 17.3   (4) / 3.8   (9) / 8.7 (1) / 0.96 - - - - (32) / 30.8 

Hallucinogens   -   (4) / 3.8   (1) / 0.96 - - - - -   (5) / 4.8 
Antidepressants   (2) / 1.9   (1) / 0.96   (1) / 0.96 - (1) / 0.96 (1) / 0.96 - -   (6) / 5.8 

OTC/Prescription 
Drugs and Others (22) / 21.2 (10) / 9.6 (11) / 10.6 - (2) / 1.9 (1) / 0.96 - - (46) / 44.2 

 

Discussion  

This preliminary research study reports the first prospective and comparative post-mortem toxicology data 

on drugs of abuse in violent deaths (suicide, homicide, and accidents) in Cape Town, South Africa. The study is in 

accord with previous research that psychoactive substances are commonly detected in victims of violent death [27,31–

33,38–44]. Additionally, with almost half of the cases positive for the detection of more than one drug, the findings 

support the existence of an association between substance use and violent death, which requires further investigation. 

Interestingly, the three most commonly detected drugs or drug groups, diphenhydramine, methamphetamine, and 

methaqualone, are consistent with the drug use epidemiology of Cape Town and fall under the five most widely used 

drugs in the entire district [63]. The results suggest a high prevalence of drugs of abuse in the cohort of violent deaths 

studies. This indicates the necessity of toxicological investigation in these cases to distinguish the nature of 

contribution of intoxication to death. 

 

Cases  

In this study, nearly all of the decedents were male. This correlates with Darke’s 2009 findings in which 

over three-quarter (78.4%) of victims of violent death were males [33]. Compared with the other death groups in the 

study, homicides involving males, accounting for 88.5% of all deaths, were significantly higher (𝜌 = 0.006) than 

female homicides (Table 1). Consistent with a recent national study on violence- and injury-related fatalities, male 

mortality rates are consistently and significantly higher, with the highest male to female mortality ratios in homicides 

occurring in metropolitan regions of South Africa [50]. Interestingly, Connor et al. (2013) in Colorado, United States, 

examined the gender differences in the presence of substances in violent suicides and homicides and found that drugs 

associated with homicide (cannabis, amphetamines, and cocaine) are more prevalent in males, while substances 

(opiates and antidepressants) related to suicide are more common among females [64]. In this study, amphetamines, 

cannabis and methaqualone were found to be associated with male homicide, while antidepressants and 

opiates/opioids were present in female suicide victims (none in male suicide victims) (Part D, Appendix A, Table 1). 

It is important to note however, that the low sample size of the study limits further discussion. The high male 

predominance in violent deaths found in this study requires further investigation to understand underlying 

circumstances and monitor future trends in gender-based violence that results in death.  
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 Of all 104 violent deaths, 66.3% (n=69) of the victims belong to the Black African race and most of them 

(n=64, 92.8%) died in homicidal circumstances. This may suggests that Black African individuals are more likely to 

die a violent death, particularly in the form of homicide, than any other population group. However, given the fact 

that consent was obtained prospectively in this study, several cases were either lost or permission to collect samples 

was denied by the decedent’s next-of-kin. According to Matzopoulos et al. (2015), Black African and Coloured 

victims of violence- and injury-related deaths had comparable rates of homicide in South Africa, 2009, with the 

highest risk of homicide among the Coloured population group [50]. However, in metro areas, homicide rates were 

highest in Black African individuals, and in non-metro areas, they were highest in Coloured individuals [50]. Due to 

several limitations in this study, further discussion in terms of racial differences in violent fatalities in Cape Town is 

restricted and needs a larger sample size for future research.   

 

Post-mortem Toxicology 

 Among the 42 substances detected in this study, the three drugs most commonly present in these 104 cases 

of violent death were diphenhydramine, methaqualone, and methamphetamine. Diphenhydramine is a first generation 

antihistamine that blocks the effects of histamine, a natural chemical produced in the body during an allergic reaction. 

It is used to relieve symptoms of allergy such as rashes, itchiness, watery eyes, runny nose, and sneezing. Given that 

diphenhydramine is mostly detected simultaneously in combination with methamphetamine and methaqualone, the 

high prevalence of diphenhydramine obtained in this study is indicative of it being either an adulterant used to “dilute” 

a drug, to increase the quantity of the drug, to reduce manufacturing costs, and/or to change the drug potency to 

produce a desired effect when taken together. Methaqualone, known as mandrax (usually mixed with cannabis) in 

South Africa, is a synthetic, barbiturate-like, anxiolytic, and sedative-hypnotic drug. It was originally medically 

prescribed to treat insomnia and anxiety due to its CNS depressant properties. Methaqualone increases the activity of 

gamma-aminobutyric acid (γ-Aminobutyric acid or GABA) receptors, which then reduces blood pressure, breathing 

rate, and heart rate, leading to a state of deep relaxation. Owing to its high potential for abuse, methaqualone rapidly 

became a popular recreational drug and its use was banned in several countries around the world.  

 

In South Africa, the mandrax tablet, in which the main ingredient is methaqualone, is usually crushed and 

combined with cannabis in various ways: “white pipe” – cannabis mixed with mandrax and smoked in a cannabis 

pipe [65]; “cremora” – finely ground mandrax sprinkled on cannabis; and “double barrel” – cannabis mixed with two 

crushed mandrax tablets [66]. Mandrax was originally manufactured with diphenhydramine (250mg 

methaqualone/25mg diphenhydramine). Therefore, the detection of methaqualone-diphenhydramine drug 

combination in this study indicates that the clandestine market is likely to be using similar preparation methods as it 

is reported to produce a greater sedative/hypnotic effect than methaqualone alone [67]. Smoking mandrax with 

cannabis produces a greater “rush”, the effects are similar to other depressants and last for several hours as 

methaqualone tends to enhance the main active component of cannabis (∆9-THC). Therefore, the results of the study 

on the detection of multiple substances correlate to the use of cannabis and methaqualone, as well as other sedatives 

such as benzodiazepines with methaqualone. This together with the presence of diphenhydramine may suggest that 

drug users seek greater hypnotic-sedative effects than those produced by methaqualone alone. However, this needs 

to be further correlated to the quantitation in varying biological specimens and further investigation into the drug 

profiling of mandrax tablets/powder is required.  
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Known as tik in South Africa, methamphetamine is a highly addictive CNS stimulants. Methamphetamine 

is illegally trafficked and sold as a euphoriant and aphrodisiac drug mainly for recreational use. Medically, 

methamphetamine is used in low doses in the treatment of narcolepsy and attention deficit disorders. The drug can 

increase alertness, increase brain function, and elevate the mood of the drug user. Methamphetamine abuse can induce 

psychosis, unpredictable behaviours, mood alterations, and delusions. It is metabolized to amphetamine (active), p-

OH-amphetamine and norephedrine (both inactive). The high prevalence of methamphetamine detected in violent 

fatalities is consistent with the methamphetamine epidemiology of South Africa, which is increasing at alarming rates, 

especially within the Cape Town area [53,63,68,69].  

 

Comparative Toxicology 

 An important observation from this post-mortem toxicological study is the notable differences between the 

toxicology of violent homicide, non-overdose suicide, and accidental cases. Psychoactive substances most frequently 

detected in the HOM group were amphetamines (primarily methamphetamine), methaqualone, and cannabis. Due to 

the cultural significance and pharmacological nature of psychostimulants such as amphetamines, they are more likely 

to be present in homicide victims [3,33,64]. Various studies in the literature have recognised and discussed the 

association between the use of amphetamines, increased aggression and violent behaviour [2,3,54,70]. This study’s 

findings are therefore consistent with similar comparative studies in which amphetamines, such as methamphetamine, 

are more prevalent in homicide victims than suicide victims [33,64]. Similarly, consistent with other reports, cannabis 

was also found to be more prevalent in homicide victims [33,34,71,72]. However, unlike methamphetamine, cannabis 

is less likely to induce violent behaviour due to its sedating effects. Some studies found that low doses of cannabis 

can momentarily inhibit violent and aggressive behaviour, hence depressing CNS activity in general [2]. When taken 

in large amounts, cannabis can have psychoactive properties similar to hallucinogens which initiates paranoia, fear, 

anxiety, and psychosis, which can potentially result in an aggressive outbreak [73]. Moreover, cannabis is one the 

major drugs illicitly produced and trafficked around the world, which implies that substance users have a greater risk 

of exposure to economic-compulsive and systemic violence [74]. The context of presence of these drugs together 

requires further interpretation. For example, the use of cannabis may assist in alleviating the ‘come-down’ from a 

methamphetamine high.  

 

Unique to this study, homicide victims were more likely to test positive for methaqualone. This correlates 

with the World Drug Report finding that methaqualone use has become concentrated in South Africa [74]. As 

mentioned above, methaqualone is a synthetic drug with sedative and hypnotic effects. However, the drug possesses 

various side effects such as euphoria, psychosis, and physical and psychological dependency, which may increase the 

risk of systemic violence. A South African study conducted in the late 90’s by Parry et al. (2005) found a high 

prevalence of methaqualone use among trauma patients, especially in Cape Town, and recognised the need to further 

research the underlying causes of such trends [75]. Likewise, in a 2004 study investigating the drug-crime nexus in 

South Africa, Mandrax was found to be the second most commonly detected drug among arrestees, hence reflecting 

the distinctive drug market established in this country [52]. The extent to which the mandrax combinations directly 

or indirectly encourage violent behaviour is unknown. Again, the possible use of these drugs together needs to be 

contextualised further within the boundaries of post-mortem toxicological information and inferences.  

 

Psychoactive substances present in the SUI cases – non-overdose suicides due to violent acts – were 

antidepressants and opiates/opioids, such as desipramine and codeine, respectively. This is consistent with two 



14 
 

previous studies conducted on the toxicology of suicide by means other than overdose in which pharmaceuticals 

(benzodiazepines, antidepressants, psychotics) and opioids were most commonly detected [33,42]. In clinical 

grounds, antidepressants are used to treat symptoms of depression. However, some researchers claim that 

antidepressants have paradoxical effects which may aggravate depression [46]. Although the relationship between 

antidepressants and suicide risk still remains unclear, numerous studies reports the presence of these drugs in suicide 

victims [35,38]. Opiates/opioids compounds relieve pain and produce sedation. There is currently no evidence of an 

association between the use of opiates/opioids intoxication and violence [2]. As they tend to depress brain activity, 

opiates/opioids are unlikely to be involved in any form of fatal violence while intoxicated. Given that pharmaceutical 

drugs, such as antidepressants and opiates/opioids, are prescribed substances for medical use, their presence in suicide 

victims who died from a violent death and not from a drug overdose may be a manifestation of psychopathology in 

these individuals who may be susceptible to suicide (e.g. antidepressants - mood disorders) [33]. For instance, in one 

suicide case, desipramine was detected in the urine sample. Interestingly, Darke et al. (2007, 2009) reports that the 

toxicology of suicides reveal that the use of suicide methods other than drug overdose are more common among drug 

users [24,42]. Due to the low study population size, we are unable to investigate this correlation in this study. This 

study does indicate however, that further research is required to investigate the identified possible association between 

drug use and methods of suicidal death in a South Africa context. 

 

Multiple Substances 

 The presence of more than one substance was detected in 50 (48.1%) cases overall, of whom 40% (n=20) 

had a combination of diphenhydramine, methamphetamine, and methaqualone. The drug combination of 

diphenhydramine-methaqualone was detected more frequently than diphenhydramine-methamphetamine and 

methamphetamine-methaqualone. This may depend upon the findings in particular biological samples and the 

pharmacokinetic and pharmacodynamics characteristics of the drugs involved. The use and abuse of methaqualone-

diphenhydramine drug combination has been reported to be associated with physiological complications such as 

violent reactions, psychosis, overdose and drug-dependency [76]. In terms of physiology, the anticholinergic 

properties of diphenhydramine has been shown to reduce the metabolism of methaqualone, thus increasing the 

hypnotic potency of methaqualone, an effect desired by drug users and abusers [76,67,77,78]. This is likely why the 

clandestine manufacturing of methaqualone with diphenhydramine has continued. The presence of methaqualone-

diphenhydramine drug combination in this study may reflects the on-going availability from illegal manufacturing in 

and around the Cape Town area, which consequently suggests that economic-compulsive and/or systemic violence is 

associated with the use and abuse of methaqualone.  

 

Poly-drug or poly-substance use, where two or more substances are used at the same time, is very common 

in South Africa. For instance, the “white pipe” in which cannabis is smoked with methaqualone. Mandrax and 

methamphetamine are both among the leading drugs of abuse in South Africa [68]. The use and abuse of 

methamphetamine, locally known as ‘tik’ is most common among the Coloured population of Cape Town in the 

Western Cape. It became the most widely used drug among poor communities because it is relatively cheap compared 

to other drugs. Tik use has now become a crucial heath issue in South Africa due to its association with gang-related 

crime, high-risk behaviour, aggression and violence [63,68,79]. In this study, a high frequency of diphenhydramine-

methaqualone-methamphetamine drug combination was obtained in homicidal deaths, particularly among gunshot 

and stabbing cases. This finding supports the fact that both methaqualone (mandrax) and methamphetamine may both 

be crucial substances involved in drug markets related with gang warfare in Cape Town. The reasons for using 
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multiple substances simultaneously remains unclear, however, one explanation for the combinations found is that 

smoking methaqualone may help drug users to sleep and relax after the “rush/high” experienced from using 

methamphetamine. For example, the effects of tik (crystal methamphetamine) including euphoria, increased CNS 

activity, anxiety, sweating, and palpitations  are much stronger and last longer than the other forms of 

methamphetamine, however, the “crash” experienced is much worse [80]. Therefore, the sedating and hypnotic effects 

of methaqualone and diphenhydramine may be used to relieve some of the unpleasant side-effects of 

methamphetamine. This may be true for other sedating drugs such cannabis and benzodiazepines. Further studies are 

necessary to investigate the role and extent of poly-drug use, particularly the methaqualone-methamphetamine-

diphenhydramine combination in South Africa in order to understand its association with fatal violence. This indicates 

the necessity for quantitative post-mortem toxicology in violent fatalities, so as to investigate the contributory nature 

of the combinations of these drugs in violent fatalities.  

 

Limitations and Improvements 
 
 Like all research, this study has some limitations. Firstly, the study is preliminary in nature with a simple 

descriptive and qualitative design, therefore, no control group was used and no quantitative conclusions can be made 

on the results obtained as this requires a larger undertaking. Increasing the size and extent of the study would allow 

forensic researchers to make quantitative and comparative inferences for future use. For example, research in gender 

differences in drugs detected in violent deaths, toxicological comparisons between different types of unnatural deaths 

with the inclusion of control groups, evaluating drug combinations in violent fatalities in a South African context, 

and long-term studies looking at the trends and patterns in drug detected among deaths due to violence. This study 

has produced the preliminary data to indicate necessity of these further investigations. Secondly, due to the limited 

duration of the study, a relatively small sample size was used. This affected the ability to conduct certain statistical 

tests on the data collected. For instance, both SUI and ACC groups only had 5 cases each in total. Statistically accurate 

and representative information could not be drawn from the results, which was therefore described using relative 

proportions and percentages. This study did indicate the alarmingly high prevalence of homicides in comparison to 

other violent deaths within a time period in the West Metropole of Cape Town.  

 

The authors investigated drugs other than alcohol as South African studies show there is a high prevalence 

of ethanol in violent fatalities [81], and hence the focus of this study on the presence of other drugs. However, the 

study has indicated that in future alcohol analyses should be performed in conjunction with analyses for drugs of 

abuse. Importantly, although the study examined the prevalence of substances that are present at the time of death, 

the results do not directly or indirectly correlate with the level of intoxication in the substance user at the time of the 

incident. The results obtained on drugs detected were pooled together from all samples (femoral blood, heart blood, 

urine, bile, and/or vitreous humor) analysed for each case, therefore the substance(s) detected in each specimen 

analysed may differ from each other (see Appendix A). Additionally, the proportions of substances present and drug 

users obtained in the study is likely to be an underestimate due to various circumstantial factors, such as the death of 

drug users who did not use drugs prior to death but died of a drug-related violent death.  

 

It is important to mention that due to limited time and resources, no replication tests were conducted during 

the toxicological analysis, which are vital for confirmatory detection for future studies. The authors suggest to perform 

confirmatory analyses, preferably using a different analytical technique and instrument, and conducting quantitative 
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analyses on interesting findings. In terms of specimen sampling, although blood analyses provide a measure of recent 

consumption, they do not provide any information on long term patterns. Although hair was collected in this study, 

due to limited analytical resources and scope of the project it was not analysed. Hair analysis would provide a larger 

period of time to look into the patterns of drug use and abuse over the time prior to the violent incident and hence 

should be considered for future research. In addition, due to time and cost considerations, the analytical component 

of this project is a preliminary screening based on the ABSciex iMethod (Part A, Appendix C) which screens against 

a database. In future, a method validation for criteria relevant to the research outcome should be conducted. Finally, 

post-mortem data is limited to victims at the Salt River mortuary and, as such, no inferences on the presence of drugs 

in perpetrators can be drawn as it was not possible to distinguish victims and perpetrators in the violent cases recorded.  

   

Conclusions 

This study provides the basis for future research into investigating post-mortem toxicology of violent 

fatalities in Cape Town, South Africa. Consistent with international research, psychoactive substances were present 

in the majority of violent deaths related to homicide, non-overdose suicide, and accidents. However, notable 

differences were observed in the toxicology of the different types of violent death in terms of victim demographics, 

circumstances of death, and suspected manner of death. The findings recognize the existence of a complex and 

dynamic relationship between substance use and deaths due to violent acts in a South African setting. While there are 

limitations to the interpretation and use of the data obtained in this study, the overall outcome has paved the way for 

future investigation to unravel some aspects of the interactions between drug use and violence-related mortality in 

South Africa. Further work, using toxicological data as a research tool, is essential to explore the extent and full nature 

of the identified relationship.  

 

Key points  

1. Drugs of abuse are prevalent in 60.0% of victims of violent deaths due to homicidal, suicidal, and accidental 

circumstances in this study. 

2. More than one substance was detected in almost half of the victims of violent death.  

3. Notable differences in toxicology findings were observed in terms of victim demographics, circumstances of 

death, manner of death, and drugs present. 

4. The finding of methaqualone, methamphetamine, and diphenhydramine combinations is particularly common in 

violent fatalities in Cape Town, South Africa.  

5. Toxicological analyses are important and useful research tools to investigate the involvement of drugs of abuse 

in violence-related mortality issues, and need to be utilised in further investigation of these larger issues.  
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demonstrate that the independent ethics committee or institutional review board explicitly 

approved the doubtful aspects of the study. 

 

The following statements should be included in the text before the References section: 

Ethical approval: “All procedures performed in studies involving human participants were in 

accordance with the ethical standards of the institutional and/or national research committee and 

with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.” 

 

For retrospective studies, please add the following sentence: 

“For this type of study formal consent is not required.” 

 

2) Statement on the welfare of animals 

The welfare of animals used for research must be respected. When reporting experiments on 

animals, authors should indicate whether the international, national, and/or institutional guidelines 

for the care and use of animals have been followed, and that the studies have been approved by a 

research ethics committee at the institution or practice at which the studies were conducted (where 

such a committee exists). 

 

For studies with animals, the following statement should be included in the text before the 

References section: 

Ethical approval: “All applicable international, national, and/or institutional guidelines for the 

care and use of animals were followed.” 
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If applicable (where such a committee exists): “All procedures performed in studies involving 

animals were in accordance with the ethical standards of the institution or practice at which the 

studies were conducted.” 

 

If articles do not contain studies with human participants or animals by any of the authors, please 

select one of the following statements: 

“This article does not contain any studies with human participants performed by any of the 

authors.” 

“This article does not contain any studies with animals performed by any of the authors.” 

“This article does not contain any studies with human participants or animals performed by any 

of the authors.” 

 

Informed Consent 

All individuals have individual rights that are not to be infringed. Individual participants in studies 

have, for example, the right to decide what happens to the (identifiable) personal data gathered, to 

what they have said during a study or an interview, as well as to any photograph that was taken. 

Hence it is important that all participants gave their informed consent in writing prior to inclusion 

in the study. Identifying details (names, dates of birth, identity numbers and other information) of 

the participants that were studied should not be published in written descriptions, photographs, 

and genetic profiles unless the information is essential for scientific purposes and the participant 

(or parent or guardian if the participant is incapable) gave written informed consent for 

publication. Complete anonymity is difficult to achieve in some cases, and informed consent 

should be obtained if there is any doubt. For example, masking the eye region in photographs of 

participants is inadequate protection of anonymity. If identifying characteristics are altered to 

protect anonymity, such as in genetic profiles, authors should provide assurance that alterations 

do not distort scientific meaning. 

 

The following statement should be included: 

Informed consent: “Informed consent was obtained from all individual participants included in 

the study.” 

 

If identifying information about participants is available in the article, the following statement 

should be included: 
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“Additional informed consent was obtained from all individual participants for whom identifying 

information is included in this article.” 
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5. Budget  

 

Resource Item  Cost (Rands) 
Administrative  Printing & Copying 200.00 
Travel  Fuel 400.00 
Consumables  Plastic containers (x2) 466.85 

Evidence bags Provided  
15mL Falcon tubes 1072.00 
50mL Falcon tubes 1262.00 
4mL Grey-top tubes 474.00 
10mL Red-top tubes 162.12 
Envelopes  Provided   
Markers  Provided 
Self-stick Labels Provided 
Cello tape  Provided 
Scissors   Provided 
Ice packs Provided 
1.5mL Eppendorf tubes 275.00 
Pipettes  321.21 
Acetonitrile  1718.00 
De-ionized water Provided  

TOTAL R     5950.91   
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