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Abstract

Road traffic collisions (RTCs) are a major contributor to unnatural death worldwide, but
especially in low-to-middle-income countries (LMICs) where motorised transport has rapidly
expanded. A literature review into RTCs and alcohol indicated that it is well recognised that
alcohol intoxication is a key risk factor in RTCs and road traffic fatalities (RTFs). It also
indicated that literature concerning the role of alcohol intoxication in RTFs in South Africa is
limited. Hence, this study aimed to investigate alcohol in RTF victims in five of the major
mortuaries (Salt River, Tygerberg, Paarl, Worcester and George) in the Western Cape Province
between 1 January 2016 and 31 December 2017. Cases were extracted from the Western Cape
Forensic Pathology Service (FPS) internal database, which included demographic and crash
information, together with blood alcohol concentration (BAC) results. In total, 2079 cases over
the two years were included in the study, with most cases admitted in the metropole of Cape
Town (Salt River: n=838, Tygerberg: n=693). The proportion of unnatural deaths were greater
outside the metropole (George, Worcester and Paarl) compared to the metropole (Salt River
and Tygerberg) areas. The majority of fatalities were male individuals (male to female ratio of
3.52:1), with the average age of 35.2 £ 17.2 years. Most victims were pedestrians (n = 1106;
53.7%) and dark wet roads, and highways were noted as risk factors in RTFs. Blood was
submitted for alcohol analysis in 1432 (68.9%) cases, and results were available for 1314
(91.8%) cases. Of the available results, 709 cases (54%) were positive for alcohol (BAC of >
0.01g/100 mL). Of the positive cases, most had a BAC between 0.15 and 0.29 g/100mL and
the overall average BAC was 0.20 g/100 mL. Pedestrians and drivers had the highest median
BACs, and almost a third of all the positive BAC results were from pedestrian deaths. The
findings of this dissertation can contribute to the growing research on alcohol and injury in
South Africa, especially as it relates to RTFs. Insight into vulnerable populations within the
province is highlighted, together with key risk factors associated with RTFs, as well as safety
measures that may be targeted for improvement, especially with regards to driving and walking

on the roads while intoxicated.
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Chapter 1: Introduction and literature review

1.1. Background

Deaths from injuries incurred in road traffic collisions are a global problem. A reported 1.25
million road traffic deaths occurred during the year 2013 in 180 countries of 195 countries
worldwide, with China having the highest RTC deaths at 261,367 deaths, followed by India at
207,551 [1]. These values subsequently increased and road traffic collisions (RTCs) accounted
for approximately 1.35 million deaths in 2016 [2]. While the overall rate of road traffic fatalities
(RTFs) has stabilised over the years in high income regions such as European and American
Nations (approximately 18 deaths per 100,000 population), this is not the case in low- and
middle-income countries (LMICs), where the population and motorisation have
disproportionally increased [2]. In addition, the United Nations” (UN) Sustainable
Development Goal target 3.6, which was to halve the number of RTFs, has not been met.
Instead, the World Health Organisation (WHO) reported in 2018 that road traffic injuries
(RTIs) were the leading cause of death in individuals aged 5 — 29 years, and the eighth leading
cause of death in people of all ages [3]. This was despite progress achieved in some countries
in their legislation (e.g. drunk-driving and reckless-driving laws), vehicle standards (e.g.
availability of seat belts), planning and design of roads, and improving access to emergency

care [2].

LMICs are greatly affected by RTFs, with Africa’s mortality rate being the highest in the world
(26.6 RTFs per 100,000 population in 2016). In addition, vulnerable road users such as
pedestrians and cyclists are greatly affected in RTCs in Africa. Improving progress within road
traffic safety initiatives requires that comprehensive data is available and is assessed,

particularly to identify risks and trends associated with RTFs.

1.1.1. Alcohol and its effects

Alcohol misuse presents critical worldwide public health and economic problems and greatly

affects developing countries, such as South Africa. Alcohol (ethanol or ethyl alcohol) is an



organic compound in which a hydroxyl functional group (—OH) is bound to an aliphatic
two-carbon chain [4]. It is a psychoactive substance, which largely depresses the central
nervous system and has dependence-producing effects [5]. The cardiovascular and respiratory
systems are also adversely affected by alcohol intoxication [6]. Alcohol intoxication is a
physiological condition that may result in psychological alterations of consciousness [7], and
impairment in the physical functioning of an individual. The impairment effects of alcohol are
tightly linked to the amounts ingested (the dose), how quickly alcohol is ingested and the BAC
reaching the brain and interfering with neurotransmission [8]. Both cognitive and psychomotor
functions are impaired by over-consumption of alcohol, which is the underlying cause of many

accidents on the roads, in the home and the workplace [9].

Alcohol abuse is a significant public health problem in South Africa [10]. According to the
Western Cape Government, alcohol was identified as the fifth leading risk factor for death and
disability in South Africa [11]. Given the impairing nature of alcohol intoxication, it has been
widely recognised to contribute to morbidity and mortality, especially in road traffic collisions
[12,13].

1.1.2. Road Traffic Collisions

RTCs have been defined as collisions that occur on a road or street, open to public traffic, that
involve at least one motor vehicle (including a bicycle or motorcycle) and another object, and
where one or more persons have been injured or killed [1,14]. This usually excludes other
transportation collisions such as those on aircrafts, railways, or ships. It is of paramount
importance to define RTCs in a study and to establish the inclusion and exclusion criteria of
the sample investigated, as issues may arise in the reporting of RTCs if definitions differ [15].
Conflicting RTC definitions can result in inaccurate reporting of the RTC data, and thus, affect

the analysis and appreciation of their severity [16].

In this literature review, RTCs will be defined as previously mentioned. An RTF is defined as
a collision on a road involving at least one motor vehicle (including a bicycle or motorbike)
and other objects, persons, or vehicles wherein an individual was killed [17]. Such individuals
include motor vehicle drivers or passengers, motorcyclists, cyclists and/or pedestrians. An
injury that is incurred following an RTC will be defined here as a road traffic injury (RTI).

These injuries may be fatal or non-fatal depending on their severity.

2



1.2. The public health burden of road traffic collisions and road traffic injuries

Globally, the burden of RTCs costs more than 3% of the gross domestic product (GDP) and
about 5% of the gross national product (GNP) in LMICs [18]. These are costs incurred from
hospital bills of RTC victims, insurance claims, and the vehicles lost and damaged in the RTC.
RTCs cost the South African (RSA) economy approximately 7.8% of the GDP in 2010 [17]
and R306 billion in 2012 [19]. In the Western Cape province alone, approximately R21.7
billion was reportedly spent on the outcome of RTCs in 2012 [19].

In South Eastern Iran, in a single hospital centre, it was established that RTIs accounted for
10.4% of the total expenses of the centre during the study period and accounted for 130 times
more than the gross national income per capita [20].This study was done over a one year period,
from April 2012 to April 2013 [20]. Each RTI patient cost the centre fifteen times more than
the average patient in other sections of the hospital. The costs of RTIs and especially after-

crash care are evidently extremely high.

It has been reported that young individuals are at most risk of being injured or dying in RTCs
[2,21,22]. In Ga-Rankuwa in RSA, RTF victims were predominantly between the ages of 25
to 34 years [23], and between 18 and 29 in a separate study in Pretoria [24]. In addition, it has
been reported that males make up most of the RTC victims, with more than 70% of RTC
victims being males in both studies mentioned [23,24]. Men are also more likely to be involved
in risky behaviours when it comes to driving [25]. This is a burden to the economy of a country,
since the most economically productive young individuals are lost to RTIs [26].

In addition to the burden of RTIs, alcohol abuse was estimated to cost the RSA economy 10%
to 12% of the 2009 GDP, which included both tangible and intangible costs [27]. Tangible
assets include amongst others, damage to property, insurance claims and medical expenses,
while intangible costs include pain, grief and suffering as a result of RTCs. Tangible costs were
estimated at R37.9 billion, which is also a great burden to the South African economy. It is
evident that RTCs as well as alcohol abuse are a burden to the GDP of many countries and the
world. Since RTCs occur mostly amongst the youth, this affects the productivity of the

economy and output of businesses as well.



1.3. Legislation regarding alcohol intoxication and driving

Alcohol intoxication negatively impacts one’s ability to drive safely. One means of assessment
of intoxication is through interpretation of alcohol concentration in a biological specimen, most
commonly blood. In RTCs or traffic stops, a law enforcement officer may measure an
individual’s breath alcohol concentration (BrAC) or request the collection of blood to measure
their blood alcohol concentration (BAC). These are the concentrations of alcohol in the breath
or blood stream measured as the weight of alcohol, in grams, per 210 litres of breath or 100
millilitres of blood [28]. BrAC is often used in road blocks to determine if a driver may be

driving drunk due to its non-invasive, quick and inexpensive nature [29].

While alcohol is legal for adult use in most countries, there are laws put in place to regulate
acceptable limits of alcohol in one’s system while driving, in order to reduce road traffic
collisions that are caused by the substance [30]. Alcohol limit compliance may be tested by
breathalysers (most commonly), blood or urine analysis, observational assessment, and
sobriety checkpoints [1]. Breath analysis is used in many countries as a preliminary screening
procedure by law enforcement agencies and others, while blood is used for confirmation [31].
The volatile nature of alcohol is the reason behind the successful measurement of alcohol

concentration in breathalysers.

Breath alcohol testing is very rapid and is non-invasive compared to blood alcohol testing.
BrAC tests are typically easier to perform, can be done at the site of a crash or roadblock, and
do not require invasive collection of specimens. The traffic offender simply blows into the
instrument, which takes less time compared to drawing blood from them when testing for BAC.
Breathalysers do need to be calibrated and the method validated according to international

guidelines.

In driving under the influence (DUI) of alcohol cases, blood (or breath) is commonly collected
to determine the BAC and interpreted against per se levels identified in a country or region’s
legislation. If above the per se level, this evidence may be sufficient for a conviction [32].
These per se concentrations vary among different countries [33] . In South Africa, the Road
Traffic Act (No. 93 of 1996) indicates that “No person shall on a public road occupy the
driver's seat of a motor vehicle the engine of which is running, while the concentration of
alcohol in any specimen of blood taken from any part of his or her body is not less than 0.05

gram per 100 millilitres, or occupy the driver's seat of a motor vehicle the engine of which is



running, while the concentration of alcohol in any specimen of breath exhaled by such person
is not less than 0.24 milligrams per 1000 millilitres” [34]. In South Africa, the current BAC
limit is therefore 0.05 g/100 mL for ordinary drivers and 0.02 g/100 mL for professional drivers
[34].

Countries like Hungary, the Czech Republic, Libya [35], Morocco [35], Romania and Slovakia
have a zero BAC limit [36]. In the United Kingdom (UK), USA, Mexico and Canada, the BAC
limitis 0.08 g/100 mL Turkey has a BAC limit of 0.05 g/100 mL for private drivers (individuals
driving their own vehicles) and a zero tolerance policy for public drivers (all public transport,
bus, taxi, commercial and official transport) [37]. In the USA, the per se BAC is 0.08 g/100
mL, while the zero tolerance BAC level varies from state to state, for example, 0.02 g/100 mL
in Georgia and 0.00 g/100 mL in the District of Columbia [38]. These levels determine the
fines, fees and penalties in different states, and the BAC is a frequent determination in a

forensic toxicology laboratory, especially in DUI cases.

While it has been illustrated that there may not be any significant differences between BrAC
and BAC ratios [39,40]; there are physiological factors that may alter the BrAC, such as an
individual’s breathing rate and pattern, the temperature of their breath and also the functioning
of their lungs [41]. Due to this, inferring BAC from BrAC is not advisable and may be biased.
BrAC may be related to BAC at equilibrium, and conversion ratios of BAC:BrAC is 2000:1,
2100:1 or 2300:1 have been proposed based on the legislation of a country. However, it should
be noted that these ratios may have high inter-individual variability. In South Africa, the legal
BrAC is 0.24 mg per 1 000 mL, which results in a ratio of BAC to BrAC of 2100:1 in the law.

An offender may face serious criminal charges if found to be driving under the influence of
alcohol, hence it is very important that BAC be determined accurately and correctly. It has been
suggested that the reduction in BAC legal limit may reduce the number of RTCs that occur in
a country. In 2019, Scherer and Fell reported that between 1982 and 2014 in the USA, there
was a 10.4% reduction in RTFs after the legal drunk-driving limit was reduced from 0.10
g/100mL to 0.08 g/100 mL [42]. A study conducted by Karakus et al. in 2015 have shown that
drivers with a BAC level of 0.05 g/100 mL were more likely to be involved in a car accident
than drivers with a zero BAC [37].

These per se concentrations provide an objective means of determining whether someone is
intoxicated according to legislation, despite the understanding that physiological factors such

as tolerance (whether functional or metabolic) may result in inter-individual differences in



BAC and/or relative intoxication. Nevertheless, the BAC and BrAC, thus provide means of
determining when to prosecute individuals who may be driving intoxicated according to the

law.

14. Effects of alcohol on driving

Symptoms of alcohol intoxication are largely dose-dependent. At a lower dose this may include
euphoria, flushed skin and decreased social inhibition. At higher doses, intoxication may result
in impairment of balance, judgement and decision-making ability, as well as nausea and grey-
or black-outs [43,44].

With reference to driving; alcohol intoxication affects vision, decreases reaction times, reduces
concentration, causes drowsiness and impairs motor functions [45]. It has also been shown to
impair judgement and perception, which may result in a driver’s failure to obey road rules and

engage in risky behaviour [45].

Alcohol intoxication has thus shown to be a risk factor for injuries and fatalities resulting from
road collisions [46]. Driving a motor vehicle safely requires clear vision and perception,
controlled steering, appropriate processing of information and attention [47]. Different
functions may be impair by alcohol in a dose dependent manner, and this is usually correlated

with the level of intoxication as measured by the BAC as indicated in Table 1 below [48].



Table 1: Effects of increasing BAC an average individual’s physiology and resulting impairment [49]

Blood - Alcohol Stage of Alcoholic | Clinical Signs and Symptoms
Concentration Influence

(9/100 mL)

0.01-0.05 Subclinical Effects are not obvious, and behaviour appears normal by ordinary

observations

Impairment can only be seen through tests

0.03-0.12 Euphoria Increased talkativeness, sociability, Oand self confidence
Decreased information processing

Decreased efficiency in critical performance skills

0.09-0.25 Excitement Drowsiness, Impaired balance
Emotional swings

Increased reaction time, decreased rection time

Confusion Disorientation, dizziness, Disturbances in vision and perception of
colour, motion.

Lack of emotion

Stupor Vomiting, impaired consciousness,

Loss of motor functioning skills

Coma Severe depression, unconsciousness,

possible death, depressed or abolished reflexes

death Death due to respiratory dysfunction.

A BAC of 0.01 to 0.02 g/100 mL has less noticeable effects compared to a BACs of 0.15 g/100
mL, where there is a loss of balance and substantial impairment in vehicle control. Alcohol is
usually associated with RTCs more than all other drugs combined [50]. A review of the effects
of alcohol by Moskowitz and Florentino in 2000, showed that alcohol impairs some driving
skills at lower concentrations (~0.02 g/100 mL) such as attention and tracking [48]. A BAC
concentration of 0.05 g/100 mL showed a significant impairment of driving skills, and 94% of

studies reviewed, showed that a BAC of 0.08 g/100 mL may lead to extensive impairment [51].

Bivona et al. (2015) studied 32 healthy participants whose BAC levels were measured while
consuming wine to get to at least 0.05 g/100mL. The driving of the participants was then
assessed [30].The authors revealed that at a BAC of at least 0.05 g/100 mL, tonic and phasic
alertness, attention and vigilance were significantly impaired. It was concluded from this study
that alcohol has a negative effect on driving skills even at BACs of approximately 0.05 g/100
mL, which is the current legal limit in RSA.



1.5. Road traffic collisions and alcohol

Road traffic fatalities are one of the major causes of death worldwide, and alcohol is one of the
leading risk factors that contribute to road traffic fatalities [1,49]. In 2002, in the United States
of America (USA), 17,419 (41%) of 42,815 RTFs were related to alcohol [22]. A 2011 study
by de Carvalho Ponce et al. [19] in Brazil, reported that alcohol was associated with nearly half
of all road traffic fatalities in Sao Paulo. A Norway report illustrated that in many RTFs,
between 20% and 50% of the victims have post-mortem BACs above legislated limits, ranging
from 0.15 - 0.18 g/100mL [52].

It should be noted that population sizes and rates of RTFs per 100,000 are not always
considered or reported, thus caution is required in comparing these studies. In addition, while
it is possible for other drugs, especially central nervous system depressant drugs, to play a role

in RTFs, this falls outside of the scope of discussion in this dissertation.

The limited available South African studies do however report similar results. Du Plessis et al.
[23] reported 50.3% of RTF cases in Ga-Rankuwa had a BAC greater than 0.01 g/100 mL and
92.9% of the positive cases had a BAC > 0.05 g/100mL. In RSA in 2002, 51.9% of 2,372 cases
of fatal injury, had elevated BACs greater than 0.01 g/100 mL [53]. This data showed that
pedestrians, followed by drivers, had the highest BACs. Drivers had a mean BAC of 0.17 g/100
mL, which was three times the legal limit [53]. Du Plessis et al. concluded by mentioning that
the high levels of RTFs is a concern in RSA, as well as the high BACs that were found in these

fatalities, which exceed the permitted legal limit in South Africa.

1.6. Blood alcohol analysis in post-mortem medico-legal cases

In RSA, the Inquests Act of 1959 specifies that all suspected unnatural deaths must undergo a
post-mortem in order to ascertain the cause and manner of death [54]. RTFs are one category
of unnatural deaths, and victims of RTFs must undergo an autopsy by an authorised forensic
medical practitioner (National Health Act, 2003) [55]. A variety of biological samples may be
sampled for post-mortem toxicological analysis in medico-legal investigations, and these

include blood (peripheral and central), urine, vitreous humour, gastric contents and tissue



(liver, muscle tissue) [56]. For alcohol analysis, femoral blood is recommended, however,
vitreous humor is a valuable specimen in cases of decomposition, trauma or exsanguination
[57].

An individual’s BAC at analysis may not be the same as that at the time of death, as there are
several factors and post-mortem artefacts that may alter the BAC. Post-mortem blood
specimens are typically collected in 2% w/v sodium fluoride (with potassium oxalate) to
prevent bacterial action and act as a preservative, and also refrigerated for preservation.
Microbial fermentation and/or contamination may produce alcohol from glucose in the blood
after death [58]. Sodium fluoride preservation may reduce the enzymatic or bacterial alteration
of glucose to form alcohol and inhibit the degradation of alcohol. Other microorganisms may
also break down alcohol and contribute to its elimination from the blood, decreasing post-
mortem BAC [58]. It has been suggested that comparison of urine and blood alcohol
concentration ratios may assist in determining whether an individual was in a state of

absorption or elimination of alcohol around the time of death [57].

Vitreous humour (VH) is commonly used when blood may be contaminated or the body is very
decomposed [58]. In a study by Honey et al. [59] in 2005, of 322 consecutive cases analysed
for BAC and vitreous alcohol concentration (VAC), 71% of the cases had a VAC that exceeded
the BAC, which is consistent with the higher ratio of ethanol distribution into the VH at
equilibrium. It was suggested that in cases where there may be post-mortem production of
alcohol or contamination of the specimen, a higher BAC may be obtained, making VAC a more
suitable specimen for determining the concentration of alcohol in victims [59]. VH is
anatomically separated from the gut and is less susceptible to bacterial contamination, and is
often less prone to the effects post-mortem drug redistribution [60]. VH may be used for alcohol
analysis in cases of suspected post-mortem redistribution, post-mortem synthesis (in
decomposed cases) as well as in cases where blood cannot be sampled [61]. At equilibrium,
and when a person is eliminating ethanol, there is a suggested ratio between vitreous humor
and whole blood ethanol concentrations. When this ratio is above one it may suggest an
individual is eliminating alcohol whereas if the ratio (VH:WB) is less than one, it may suggest
recent ingestion of ethanol, or alternatively, there may have been some post-mortem ethanol

synthesis (in a decomposing case for example).

In RSA, only post-mortem blood is routinely collected for alcohol analysis; however, there

may be a few cases in which the medical practitioner conducting the autopsy will collect VH



for alcohol analysis. It is of paramount importance that specimens of appropriate quality and

quantity are sampled for analysis, so to support reliable interpretation of the results [62].

Qualitative and quantitative analysis of BAC (or VAC) in the toxicology laboratory, is typically
carried out using headspace sampling and gas chromatography with flame ionisation detection
[57]. While this is the global gold standard of testing, it should be noted that even if the result
is reliable, it depends on the sample submitted to the laboratory. There may be variation in
concentrations of alcohol in blood collected from different sites post-mortem [63]. This may
be due to post-mortem redistribution, or even post-mortem diffusion from the stomach if there
was recent ingestion of alcohol. Storage and handling considerations are thus extremely
important in testing biological samples for alcohol.

1.7. Interpretation of post-mortem alcohol concentrations

Forensic toxicologists are often asked to provide an expert opinion in criminal or inquest cases
where the role of impairment with drugs and/or alcohol in an event or death is in question.
Interpreting post-mortem BACs does present some challenges, which should be considered in
most cases. It must be noted that the alcohol present in blood after death, may be due either
solely to ingestion of that alcohol, or some form of microbial synthesis of alcohol, or both [64].
This has triggered the investigation and development of biomarkers to help in the investigation

of such cases [59].

Post-mortem samples in forensic toxicological analysis can be numerous and present
difficulties compared to clinical specimens, due to putrefaction and autolysis of specimens
[56]. There are several factors that can influence putrefaction post-mortem, that may increase
or decrease blood alcohol concentration [56]. Factors that decrease alcohol concentration in
blood alcohol samples include evaporation, enzyme-mediated oxidation and the activity of
microorganisms [65]. It is thus important that the case and individual history, specimen type
and handling, analytical techniques and post-mortem artefacts are all assessed before making
a conclusion on a case. In the case of RTFs, the cause of death is usually due to the trauma
associated with the accident. The role of alcohol intoxication is, however, important for
determining the circumstances of the case and becomes particularly important in cases where

insurance must be paid out.
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1.8. Conclusion

Transportation is an important part of our lives, and the world has become so connected that
humans need to travel from one place to another. The development of this technology has
costed the world millions of deaths per year, most of which are people in the economically
productive age group. There are many factors that cause RTCs, and research has proven that
alcohol is one of the major factors that cause morbidity and mortality associated with RTCs,
especially for drivers and pedestrians. In South Africa, there is a dearth of literature on the
influence of alcohol in RTFs. It was therefore deemed important to further investigate RTFs in
key cities and towns in Western Cape, where the largest proportions of RTFs are autopsied and
investigated. The outcome of this research can contribute to existing literature and be used
when implementing and enforcing laws surrounding drunk-driving in the country. It can also
be used to help researchers understand more about the role of alcohol intoxication in RTF

victims in this country.
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Chapter Two: Manuscript

2.1. Abstract

Road traffic collisions (RTCs) are a major contributor to unnatural death worldwide and
alcohol intoxication is a recognised risk factor that contributes to this burden. South Africa is
not exempted from this, and the rate of RTCs and associated fatalities continues to rise.
Literature on the role of alcohol intoxication in road traffic fatalities (RTFs) in South Africa is
limited. This prompted a retrospective assessment of these cases at Tygerberg, Salt River,
Paarl, George and Worcester mortuaries in the Western Cape province, South Africa. Case
details were obtained from routinely collected data stored in internal Forensic Pathology
Service (FPS) databases. This included demographic details, scene information and blood
alcohol concentration results. Ethics approval was obtained from the University of Cape Town
(HREC: 332/2018) and from the Western Cape Government, Department of Health
(WC/201805/045). RTFs admitted to the five mortuaries from 1 January 2016 to 31 December
2017 were included in the study (n = 2079). Male individuals made up the majority of
individuals, where the male to female ratio was 3.52:1 and the average age was 35.2 £ 17.2
years. More than half of the victims were pedestrians (n = 1106; 53.7%). There are several
factors that were noted as risk factors in RTC, and these included dark and wet roads, as well
as highways. Blood was submitted for alcohol analysis in 1432 (68.9%) cases, and results were
available for 1314 (91.8%) cases. Of the available results, 709 cases (54%) were positive for
alcohol (BAC of >0.01 g/100 mL). Of the positive cases, most had a BAC between 0.15 and
0.29 g/100 mL and the overall average BAC was 0.20 g/100 mL. Drivers and pedestrians were
the road user groups with the highest mean BAC. Almost a third of all the positive BAC results
were from pedestrians. Research on alcohol and injury in South Africa is growing and the
findings of this dissertation can contribute especially as it relates to RTFs. Insight into
vulnerable populations within the Western Cape Province is highlighted, together with
important risk factors associated with RTFs, as well as safety measures that may be targeted

for improvement, especially with regards to driving and walking on the roads while intoxicated.
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2.2. Introduction

Road traffic collisions (RTCs) are reported to account for approximately 1.35 million deaths
worldwide each year [1]. In 2018, road traffic injuries (RTIs) were reportedly the eighth leading
cause of death in people of all ages, with young children and adults between 5 and 29 years of
age as well as pedestrians, cyclists, and motorcyclists being noted as particularly vulnerable
[1]. Low-and middle-income countries (LMICs) are greatly affected by RTCs, and RTI rates
are highest within the African region [1]. Common risk factors in RTCs include improper road
infrastructure and vehicles, speeding, unsafe driving, and driving under the influence of alcohol

and/or other impairing substances [1].

Despite the global efforts made to improve motor vehicle and road safety, and the legislative
efforts to address speeding, wearing of seatbelts and drunk driving; RTIs and death rates
continue to rise in low income countries [1]. In 2016, Africa was estimated to have the highest
continental road traffic fatality (RTF) rate of 26.6 per 100,000 people [1]. Increased
development has brought with it an increase in motorisation; however, safety infrastructure and
regulations may not have progressed at the same rate. In the Republic of South Africa (RSA),
the RTF rate in 2016 was estimated at 25.9 per 100,000 people. Despite adequate legislation,
it is evident that the enforcement of safety standards (e.g. seatbelts), speeding and drunk driving

laws is inadequate.

Alcohol misuse presents a critical worldwide public health and economic problem. In RSA,
the estimated harm of alcohol to the economy in 2009 was 10% to 12% of the gross domestic
product (GDP), which included both tangible and intangible costs [2]. Given that ethanol (the
psychoactive ingredient in alcohol) affects the central nervous system, it is well known to
impair one’s overall judgement, behaviour and driving skill, which may result in one’s failure

to obey road rules and engage in risky behaviour on the road [3].

The risk of being involved in an accident increases with alcohol intoxication and further
increases when combined with psychoactive drugs. Understanding and combatting the
involvement of alcohol in RTFs is therefore a global concern. One means of doing this is
through the analysis of alcohol in breath (BrAC) and or blood (BAC) and using the results in
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legal matters and for insurance purposes. There is a direct correlation between a driver's BAC
and their risk of being involved in an RTC, especially as BAC increases above 0.08 g/100 mL
[4]. In RSA, the National Road Traffic Act (No. 93 of 1996, section 65(2)(b)) states that a
person on a public road is not allowed to occupy the driver’s seat while the engine is running,
while the concentration of alcohol in any specimen of blood taken from any part of his or her
body is not less than 0.05 g/100 mL, or 0.02g/100 mL for professional drivers [5].

In cases where the RTC is fatal, toxicological analysis for alcohol and other drugs may be
performed to identify their role in the collision. This data is extremely important for public
health as well as for inquest or criminal court cases. In published studies from Sweden and
Norway, approximately 20% to 50% of drivers in fatal RTCs had reported BACs above most
legal limits, ranging between 0.15 — 0.18% [6,7]. In RSA, very few in-depth investigations of

the role of alcohol in RTFs are available.

The purpose of the current study was to investigate the characteristics of RTFs admitted to five
of the major forensic mortuaries in Western Cape (WC) province, RSA, and the role of alcohol

intoxication in these cases.

2.3 Materials and methods

Study design and population

This study was a cross-sectional, retrospective review of RTF cases admitted at each of the five
of the major mortuaries within the WC province, namely Salt River, Tygerberg, Paarl, George
and Worcester mortuaries. The five mortuaries chosen in the study have the highest unnatural
death caseloads in the WC.

In RSA, all suspected unnatural death cases must undergo a forensic autopsy by an authorised
medical practitioner within the Forensic Pathology Service (FPS) [8,9]. Currently in WC, there
are 16 forensic mortuaries, which together receive an annual caseload of approximately 11,000
unnatural death cases [10]. The caseloads include all cases of unnatural deaths, which includes
suicide, homicide, accidents, RTF, procedural-related death and other deaths in which death is
not natural. The two busiest mortuaries cover the Cape Town metropole, with Tygerberg
covering the east metropole and Salt River mortuary covering the west of the metropole. Each

of these mortuaries currently admits over 4000 cases per annum. Both facilities are also
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academic facilities, providing training for undergraduate and postgraduate students at the
University of Stellenbosch and the University of Cape Town respectively. Paarl, George and
Worcester are the three biggest mortuaries outside of Cape Town, each receiving
approximately 300 to 600 cases per annum, and are the major mortuaries covering the West

Coast, Eden / Central Karoo, and Cape Winelands / Overberg areas respectively.

Inclusion criteria

For the purpose of this study, a fatal RTC was defined as a collision on a public road involving
at least one motor vehicle (including light to heavy vehicles and bicycles), and another object,
person, and/or vehicle, wherein an individual was fatally injured. Such individuals included
motor vehicle drivers or passengers, motorcyclists, cyclists and pedestrians. Fatalities
involving trains were not included within this study. This study included all cases of RTFs
admitted to the specified mortuaries between 1 January 2016 and 31 December 2017. In cases
where information was not available or missing, the data was indicated as such and excluded

when analysing that particular variable.

Data collection and analysis

The data was extracted from the WC FPS internal database in which routinely collected data
from all provincial mortuaries is stored. Cases are classified as RTF based on the cause of death
as determined by the pathologist based on their examination of the individual and their
expertise. Data collected included demographic information about the deceased (sex and age),
circumstantial information of the RTC (location and time of incident(s) and scene information),
and blood alcohol and toxicological results (where available). Data was made confidential by
allocating unique study numbers to the cases included in the study. The data was documented
in Microsoft® Office Excel® (Microsoft, Redmond, Washington, US) and transferred to SPSS
IBM statistics 25 (Armonk, NY:IBM Corp) for further analysis.

The total number of cases admitted to the five mortuaries was recorded as well as the total
number of RTFs recorded in the different mortuaries. Data were descriptively analysed
according to age, sex, alcohol concentration, holiday and non-holiday season (holidays were
defined as the national public holidays of South Africa, in both years and they excluded

Sundays, 2016 holidays were obtained from https://www.timeanddate.com/holidays/south-
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africa/2016 and 2017 holidays were obtained from
https://www.timeanddate.com/holidays/south-africa/2017), months and the condition of the
road to investigate the characteristics of road traffic accident fatalities and assess the role of
alcohol intoxication in these cases. Categorical data was analysed using Pearson’s chi-squared
tests to assess any association between characteristic variables. Significance was reported at a

p value of 0.05

Ethical approval

Ethical approval was obtained from the University of Cape Town’s Faculty of Health Science
Human Research Ethics Committee (HREC: 332/2018), as well as the Western Cape
Government Ethics Committee (WC/201805/045) before the commencement of the project.

2.4. Results

2.4.1 Overview of data

In the WC province, a total of 18,446 cases of unnatural death were admitted at the five
different mortuaries from 1 January 2016 to 31 December 2017, of which 8,898 and 9,548 were
admitted in 2016 and 2017 respectively (Figure 1). Of the total cases, 2,079 (11.3%) cases were
reported as RTFs over the two years (2016: n=1070; 2017: n=1009). Figure 1 shows the
overview of the cases received in both years, cases that were excluded and included in the
study, cases where BAC was requested and the results obtained, as well as the number of cases
that were positive or negative for BAC. The criteria used to establish significance was a P value
of 0.05.
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Figure 1: Overview flow chart showing the breakdown of the number of cases received in each year, the

number of cases where BAC was requested and the results received versus those outstanding*.

*Qutstanding results were cases where BAC was requested but the results were not yet received.

Table 1 illustrates the total number of cases admitted in each of the five WC mortuaries and
the total number of RTFs admitted in each of these mortuaries over the period of 2016 and
2017. The west (Salt River mortuary) and east metropole (Tygerberg mortuary) of the city of
Cape Town both had the highest total mortuary admissions as well as RTF cases. Despite
having the lower-case intakes, Paarl, Worcester and George had the higher proportion of RTFs
in relation to their overall caseload over the two years (16.7%, 21.7%, and 13.7% respectively).
The total mortuary admissions fluctuated between the years; however, RTFs were higher in
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overall number in 2016. There were significantly less RTFs in 2017 (p < 0.0001), but no
significant difference was observed in the proportion of RTFs between the mortuaries in 2016

and 2017 (additional results can be seen in Appendix A).

Table 1: Number of cases admitted to the five major Western Cape forensic mortuaries and the

percentage of road traffic fatalities as a proportion of total relative cases over 2016 and 2017.

Mortuary Name 2016 2017 Combined years

(Area covered) [WOEll Total RTFs Total Total RTFs Overall total

admissions (n) (%) admissions (n) (%) admissions / RTFs (%)

SEURCTEOVES S 3649 346 (9.5%) 3880 347 (8.9%) 7529 / 693 (9.2%)
metropole

George (Eden/ XK
Central Karoo)
Paarl (West 519 90 (17.3%) 591 95 (16.1%) 1110/ 185 (16.7%)
coast
Tygerberg (East Y 428 (11.4%) 4143 410 (9.9%) 7908 / 838 (10.6%)
metropole

Worcester (Cape [REE] 162 (25.0%) 631 116 (18.4%) 1280 /278 (21.7%)
winelands /
Overberg

8898 1070 (12.0%) 9548 1009 18,446 /2,079 (11.3%)
(10.6%)

44 (13.9%) 303 41 (13.5%) 619/ 85 (13.7%)

2.4.2 Demographic data
Demographic data was analysed based on the total number of RTFs admitted in both years
(n=2079), except where indicated. The sex was unknown in one of the cases in Salt River

mortuary.
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Table 2: Overall number of road traffic fatalities showing the number of victims (male versus female)

within different age groups and according to the specific mortuary

Age M/ F* Total M/ F* Total M/ F* Total M/ F* Total M/ F*

(Years) (% M of total)  Cases (% M of total) Cases (%M of total) ~ Cases (%M of total) ~ Cases (%M of

total)
0-12 40/19 (68) 59 46/15 (75) 61 23/10 (70) 33 6/3 (67) 9 5/3(63)

1317 8/4 (67) 12 23/3 (88) 26 6/5 (54) 11 2/0 (100) 2 6/0 (100)

18-25 105/28 (79) 133 140/36 (80) 176 28/15 (65) 43 11/3 (79) 14 21/10 (68)
26-35 162/38 (81) 200 170/44 (79) 214 49/15 (76) 64 17/4 (81) 21 43/8 (84)

36-45 101/16 (86) 117 118/29 (80) 147 48/12 (80) 60 8/3 (73) 11 19/6 (76)

46+ 127/44 (74) 171 165/49 (77) 214 45/22 (67) 67 22/6 (79) 28 54/10 (84)

Total 543/149 (78) 692 662/176 (78) 838 199/79 (72) 278 66/19 (78) 85 148/37 (80)

*M / F: male to female counts; %M of total: percentage of male cases to total cases within that mortuary for
the specific age group.

2.4.2.1 Sex

Most RTFs in the study involved males (77.8%, n = 1618) compared to females (22.2%, n =
460) (1 case of unknown sex). George had the highest percentage of male victims at 84.2%,
and Salt River had the lowest percentage of male victims at 78.3% compared to other
mortuaries. There was no significant difference in the ratio of each sex between the mortuaries
(p = 0.875). Table 2 shows the proportion of males to females, placed in specific age ranges

and according to each mortuary. Males in general were the most frequent victims.

2.4.2.2 Age

The mean age across all mortuaries was 35.2 + 17.2 years. The age was unknown in one case
in 2017, whereby only skeletal remains were recovered. Of the remaining 2078 cases, the
minimum age admitted was one year and the maximum age was 102 years, both from
Tygerberg mortuary. Both sexes had the least number of victims under the age of 17 years,
which increases between the ages of 18 — 35 years old. Table 2.2 shows that the ages of 13 to
17 years had the least number of victims compared to all other age groups across all the
mortuaries. This age group had the least number of victims and thus the authors of this research
acknowledge that it is a limitation. The age group of 26 to 35 years old formed the highest

percentage across all the mortuaries and was the most vulnerable to RTFs in this study.
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Figure 2: Distribution of victim age group by mortuary, in relation to specific mortuary intake between
2016 and 2017. Each age group in each mortuary is represented by a percentage based on the total

number of cases in the mortuary.

Figure 2 illustrates that the age group of 26 — 35 years old was highest in all mortuaries except
for Worcester. The age group that was highest in Worcester was 36-45 years old, followed by
46+ years old. The distribution of road traffic fatalities in the respective age groups was
relatively even amongst the mortuaries. The victims in the metro areas typically appear to be

younger victims.

2.4.3 Road user

This study included six road user groups (Table 3). More than half of the RTF victims were
pedestrians (1106; 53.7%). Drivers and passengers followed at 382 (18.4%) and 410 (19.7%)
respectively. The remaining 11.2% consisted of motorcyclists, cyclists and “other” road users.

“Other” road users included people that fell off a utility vehicle (truck), minibus taxi users,
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truck users and an unidentified road user group, where the victim was not reported as any of

the above-mentioned road user groups.

Table 3: Table of type and number of road traffic fatality victim (percentages of total cases per

mortuary) according to the mortuary admission over 2 years (2016-2017) [N = 2079]

Mortuary | Cyclist [n (%0)] Driver [n Motorcyclist Other [n Passenger [n | Pedestrian Total [n
(%)] [n (%)] (%)] (%)] [n (%)] (%)]
George 2 18 3 6 24 32 85
(2.4%) (21.2%) (3.5%) (7.1%) (28.2%) (37.6%) (100.0%)
Paarl 10 51 7 5 38 74 185
(5.4%) (27.6%) (3.8%) (2.7%) (20.5%) (40.0%) (100.0%)
Salt River 17 108 47 2 113 406 693
(2.5%) (15.6%) (6.8%) (0.3%) (16.3%) (58.6%) (100.0%)
Tygerberg 6 143 54 10 139 486 838
(0.7%) (17.1%) (6.4%) (1.2%) (16.6%) (58.0%) (100.0%)
Worcester 2 62 6 4 96 108 278
(0.7%) (22.3%) (2.2%) (1.4%) (34.5%) (38.8%) (100.0%)
Total 37 382 117 27 410 1106 2079
(1.8%) (18.4%) (5.6%) (1.3%) (19.7%) (53.2%) (100.0%)

Figure 3 shows the percentage distribution of victims by age groups and road user type.
Pedestrians were the most common victims in all age groups. The percentage of driver victims
was similar in the ages between 18 — 25 and 36 to 45, as well as 26 — 35 and 45+. There were
no drivers below the ages of 18, which is consistent with the legal driving age. There were also
no motorcyclists under the age of 18, despite the permitted age of driving a motorbike is that

of 16 years.
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Figure 3: Percentage distribution of victims by age group* and victim type (2016-2017)

2.4.4 Temporal analysis

The data obtained in its secondary form was not specific or detailed enough to determine the
occurrence of RTFs during the day or at night. The first quarter comprised of January, February,
and March. The second quarter comprised of April, May, and June. The third quarter comprised
of July, August, and September. The fourth quarter comprised October, November, and
December. The fourth quarter of the year had the greatest number of RTFs recorded (27%).
The third quarter (July to September) had approximately 25% and the second quarter had the

least number of accidents, with approximately 23%.

No significant differences were observed between the two years with regards to the month of
incident (p<0.05). It is observed from figure 4 that approximately 15% of RTFs occur during
the holiday periods. Holidays were defined as the national public holidays of South Africa, in

both years and they excluded Sundays.
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Figure 4: the number of RTFs occurring on holidays and non-holidays where BAC was collected and

results received. (n=1314).

2.4.5 Road conditions and weather

Figure 5 illustrates the associations between the different road conditions and the different
mortuaries. Dimension 1 and Dimension 2 show the coordinates needed to specify the points
of association. The closer the different mortuaries are to the conditions indicated on the map,
the closer the association of the mortuary to the road and weather conditions. From the map we
see high association of dark roads and incidents occurring in George. Tygerberg mortuary
deaths (mortuary with highest RTF incident rate) is associated with highway roads. Salt River
mortuary deaths (second highest RTF incident rate) is associated with good lighting but wet

roads. Conditions were obtained for routinely collected data by the forensic pathology officers.

29



The conditions (weather, road) are based on information obtained from the Lab27 form, which
is used to capture the details of the case, therefore differences may exist in the definitions used
by individuals completing the form.
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Figure 5*: Correspondence map of area and road condition.

*The closer the items are together the higher the association. Conditions categories used were taken from the data
base. The data was tabulated in a contingency table, with the mortuary forming part of the rows and road type

forming part of the at the columns. The rows and columns are then spread out on the diagram along the axis.

2.4.6 Blood alcohol concentration data

2.4.6.1 Blood alcohol concentration results

Blood alcohol concentrations (BACs) equal or greater than 0.01 g/100 mL were considered as

a positive BAC. Collection of post-mortem specimens for ancillary tests such as toxicology is
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the prerogative of the medical practitioner and depends on the case circumstances. Blood for
BAC analysis may not be collected in cases exhibiting advanced decomposition, where there
is not enough blood, or if the victim was an infant. Of the 2,079 RTF cases admitted, BAC was
requested in 1,432 (68.9%) cases. From the cases where BAC was requested, results were
available for 1,314 (91.8%) cases (Figure 2.1). The results for the remaining 118 (8.2%) cases
were still outstanding at the time of this study. Cases where BAC results were not available

were excluded from further analysis.

Of the total 1,314 cases where BAC was received, alcohol was detected in 709 (54%) of these
cases (2016: n=362, 51.1%; 2017: n=347, 48.9%). In the cases where BAC was positive (>0.01
g/100 mL), the maximum BAC was 1.20 g/100 mL and the mean was 0.20 g/100 mL with a
standard deviation of 0.10g/100mL. There was no significant difference between the mean
BAC in 2016 and 2017 (p = 0.2413). The mean BAC in both 2016 and 2017 was 0.11 g/100
mL and the standard deviation was 0.569/100mL. The majority of victims (55.6%) had a BAC
of 0.15—0.29 g/100 across the mortuaries in positive BAC cases, which made up 55.6% of the
positive cases.

Table 4: Distribution of blood alcohol concentration results across the different mortuaries, showing

the BACs requested, and the results of those received.

George Paarl Salt River Tygerberg Worcester Total
n (%) n (%) n (%) n (%) n (%) n (%)

BAC requested (% 37 (43) 160 (86) 461 (66) 609 (73) 165 (59) 1432 (68)
of total RTFs per
mortuar

BAC results 19 (51) 111 (69) 439 (95) 583 (96) 162 (98) 1314 (92)
received (%
according to no.

6 (32) 45 (41) 198 (45) 279 (47) 77 (48) 605 (46)
0 (0) 4(4) 18 (4) 21(4) 2 (1) 45 (3.4)
0 (0) 4 (4) 15 (3) 33 (6) 1(1) 53 (4.1)
0(0) 8(7.2) 34 (8) 42 (7) 13 (8) 97 (7.4)
0 (0) 20 (18) 45 (10) 60 (10) 20 (12) 145 (11)
9 (47) 19 (17) 88 (20) 101 (17) 32 (20) 249 (19)
3(16) 10 (9) 35 (8) 43 (7) 14 (9) 105 (8)
1(5) 1(1) 6 (1) 4(1) 3(2) 15 (1.1)
111 439 583 162 1314

TOTAL 19
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Table 4 shows the different BACs, and the breakdown of the number of victims that had a
certain BAC. The minimum BAC in George was 0.2 g/100 mL. Forty-five cases across all
mortuaries (6.3%) had a BAC between 0.1 and 0.05 g/100 mL. In total, 650 cases (49.5%)
where BAC was requested, and results were obtained had a BAC <0.05 g/100 mL. In Paarl,

Salt River, Tygerberg and Worcester, the BAC level for the majority of victims was 0.2 — 0.29
g/100 mL.

As shown in Figure 6, amongst the outstanding results, 2.4% of these cases were from Paarl,
making it the mortuary with the highest number of outstanding cases, followed by Tygerberg
at 1.3%. The two mortuaries where there was a high number of cases where BAC was not

requested compared to the other categories were Worcester and George, with 5.4% and 2.3%
respectively.
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Figure 6: Distribution of alcohol results (% Road Traffic Fatalities) across mortuaries (N=2079)
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2.4.7 Blood Alcohol Concentration in the different mortuaries

Greater than 50% of the victims where blood was collected for BAC had a positive BAC in all
the mortuaries in both years. Most victims had a BAC which fell in the ranges between 0.15
and 0.29 g/100 mL in both years (Figure 7). George had the highest rate of positive BAC cases
(68.4%), compared to all the mortuaries, and 47.4% of the victims had a BAC between 0.2 and
0.29 g/100 mL. There was very little variation in BAC in the other mortuaries investigated.
Tygerberg mortuary was the only mortuary with a median BAC that was less than 0.05 g/100
mL (median BAC of 0.03 g/100 mL). There was one outlier in Salt River mortuary, with a
BAC of 1.2g/100ml. This was a 70 years pedestrian. The RTF was at night and the weather

condition was partly cloudy.
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Figure 7: Box plot depicting median blood alcohol concentration per mortuary. In Salt River, there
was one outlier. It is very unlikely that a BAC of 1.2 g/100 mL is plausible, therefore this can be

associated with an analytical or laboratory error.
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2.4.8. Alcohol and road user group

Drivers and pedestrians recorded higher median BACs (Figure 8) than other road users. Almost
all cyclists were found to have no alcohol in their blood. There was no significant difference in
the median BAC in the road user group between mortuaries. There was one an outliner case,
which was a pedestrian, and had a BAC of 1.20g/100 mL. The pedestrian was a 70 years old

male from Salt River.

Box plots of the BAC by Victim Type
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Figure 8: Box plot showing the median blood alcohol concentration and inter quartile range (IQR) in
each victim type category. The cyclist user group has five outliers, with higher than the mean
BAC. Passengers also show two outliers, while the pedestrian user group shows one outlier,

which is a possible analytical or laboratory error.
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There was a significant difference in the median BAC between the pedestrian road user group
and the cyclists, motor-cyclists and passengers. No significant difference was observed in the

median BAC between the pedestrians, drivers and the other road user group (p = 0.13).

2.4.9 Blood alcohol concentration related to legislation

BACs were compared to the legislation in driving under the influence of alcohol (DUI) cases,
for which the legal per se limit is 0.05 g/100 mL. Figure 9 shows level of per se intoxication
according to victim type and mortuary. This was to compare the level of intoxication of road

users, and the relation that the BAC compared to that of the national BAC legal limit in drivers.

In Figure 9, 29.2% of all the fatal RTAs involved pedestrians with BACs >0.5 g/100 mL.
Drivers and pedestrians were the road user groups where more victims were intoxicated (BAC
> 0.05 ¢g/100 mL) according to the legal limit. In the other category, the percentage of

intoxicated victims was similar.
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Figure 9: Intoxication level according to victim type. The intoxication level <0.05 g/100 mL does not

include cases where BAC was not detected (0.0 g/100 mL)

2.5 Discussion and Conclusions

Driving under the influence of alcohol is a key risk factor in RTCs, which may result in
disability as well as death [11]. Alcohol intoxication while driving increases the risk of being
involved in a road traffic fatality. In the Western Cape province, it has been established that
RTFs constituted 9% of all deaths [12]. In this study, RTFs accounted for approximately 11.3%
of all deaths in the regions investigated. There are very few studies relating to RTFs in RSA,
especially in the Western Cape Province, hence comparing this study with other studies was
challenging. In a study done in Salt River in 2013 and 2014, RTFs constituted 9.4% and 8.7%
respectively [13]. However, the study in Salt River only comprised one mortuary and did not

give a reflection of other mortuaries in the province.
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Table 1 illustrated that the west metropole (Salt River mortuary) and east metropole (Tygerberg
mortuary) in the study had the highest mortuary admissions of 7529 and 7908 RTCs
respectively compared to the other mortuaries. The two metropoles serve a larger area in the
province, with a larger population density. In the metropoles, the overall total RTF percentages
were lower compared to other mortuaries, and that could be due to multiple factors including

increased intake of homicides in the metropole compared to the outer regions.

The current study found that approximately 78% of the RTCs examined in the study involved
males and 22% involved females (ratio 3.5:1). This is in accordance with the study done in Ga
Rankuwa and Pretoria where the male victims were approximately 78% and females were 22%
[14]. In a study done in Mthatha in the Eastern Cape province in South Africa, the male to
female ratio was 2.6:1, which was lower than the ratio in this study [15]. The study done in
Mthatha used medical records in one hospital from January 1993 to December 2004 and this
data must have increased since then, since there has been an increase in RTFs worldwide [16]

and as a result the difference in the RTF male to female ratio.

Males naturally take more risks than females, which may involve driving under the influence
of alcohol and driving at very high speed. Males are over four times more likely to die from all
accidental causes than are females [17]. The proportion of male to female victims who were

involved in RTFs did not differ between the different mortuaries.

The mean RTF age for all victims was 35 years. The mean RTF age amongst the male victims
was 35.35 + 16.70 and the mean RTF age amongst the females was 34.78 + 18.61. According
to the WHO, in the year 2000 and 2012, RTFs mostly affected people between the ages of 30
and 49 years and the second group affected by RTFs was between the ages of 15 and 29 years
[18]. Although the age category used in this study is different from the WHO classification,
which makes it a challenge to compare the two groups, the age group mostly affected in this
study was between 26 and 35 years (Figure 2), which is within the two mentioned categories.
Findings in this study coincide with the global findings of more than half of RTFs being
amongst people between the ages of 15 and 44 years [18].

The mean age in this study is different from the study by De Carvalho Ponce et al. [19], where
the mean age of the male RTF victims was slightly younger than the female RTA victim. The
difference could be due to the number of victims in the study. We can see from both studies
that the majority of the victims were young. Young drivers are generally not likely to obey the

road speed limits and are also less likely to change their driving behaviour to accommodate the
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conditions of the road [21]. This is different to a study done in China, where older adults were

more likely to die in RTFs than young people [22].

RTF victims with the highest BAC were between the ages of 36 and 45 years old. A study in
Sao Paulo had a similar result to that found in this study, with the victims being 35 to 44 years
old and an average age of 37.8 = 18.1 years [19]. Conversely, the study by Papalimperi et al.
[20], found that younger drivers (21 — 30 years of age) with a positive BAC were more likely
to be involved in RTFs. According to De Carvalho Ponce et al. in 2011, the economically active
status of this age group most likely makes them vulnerable [19]. They are also the most mobile
age group compared to people below the age of 21 and above the age of 40 years, which makes
them more vulnerable to road traffic accidents. Studies often refer to percentages or whole
numbers of cases without taking population size into account. This can hinder comparison

between studies and the effect of population size is often not considered.

In this study, more than half of RTF victims were pedestrians, followed by passengers and
drivers. Among the pedestrians the highest number of victims were likely to be intoxicated.
There are limited tools that govern pedestrians under the influence of alcohol who pose a
danger to themselves and others by walking on or near roads [12]. This happens especially in
informal settlement areas where pedestrians attempt to cross highways without using the
bridges between their houses and drinking establishments. Pedestrians also sustain more severe
injuries compared to other road user groups [23]. In most cases, pedestrians cannot be arrested
for public drunkenness unless their intoxication is visible, or they are committing other crimes
[12]. It is evident that more needs to be done to curb the number of pedestrians involved in
RTFs. It has been suggested by Hutchinson et al. that breathalysers to detect drunk driving are
the only potential effective policy option to reduce RTFs that involve pedestrians as well as to

make roads safe for all pedestrians (sober and intoxicated) [24].

Most positive BACs were obtained in drivers above the age of 18 years (the legal driving age
in RSA). In the Western Cape, part of the initiative to reduce alcohol related harm is to persuade
the national government to implement graduated alcohol limits for drivers with a zero limit for
drivers who have recently obtained their drivers license [12]. This has the potential to reduce
the number of lives lost due to RTFs, but it may also increase the laboratory case load to levels
that could not be handled.

Unfavourable road conditions, such as dark and wet, slippery roads were identified as common

risk factors. RTFs investigated at the George mortuary were predominantly associated with
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dark roads, which are deemed hazardous environmental factors [25]. Other mortuaries did not
show which distinctive characteristic they were associated with between highway roads,
lighting, tar roads and wet roads. RTFs occurring in good environmental conditions and good
road structures show that there are other factors that cause the high rate of RTFs, such as speed
and alcohol intoxication. Regular maintenance and development of roads and educating drivers

on how to adjust their driving behaviour at night could help decrease fatal RTCs [26].

The highest rate of RTFs in this study occurred between October and December (27%), which
may be associated with the festive season in December. In the month of December, most South
African businesses close, and people travel to different provinces for leisure and to visit family
and friends, hence December is a busy time. A study by Foster et al. [27] of young Swiss men
found that alcohol related accidents were highest on Christmas, New Year and on the evening
of national holidays. Given the numerous factors that affect the occurrence of RTFs (darkness,
alcohol consumption, abnormal weather conditions), it is difficult to identify specific seasonal
effects on RTFs [28].

In this study, BAC results were received in 91.8% (n = 1314) of the cases where BAC was
requested. Over half (54%, n =709) of these cases had a BAC >0.01 g/100 mL, which indicates
a high prevalence of alcohol detection in these cases. In Ga-Rankuwa (Pretoria), 50% of the
cases examined had a BAC > 0.01g/100 mL [14]. Another study in Pretoria found that 52% of
the RTA victims had a positive BAC [29]. Although these studies were done in different parts
of South Africa, it can be suggested that there is a relatively high prevalence of positive alcohol
detection in RTFs, and alcohol should be considered as a risk factor in RTFs involving all road

users.

The mean BAC in this study was 0.20 g/100 mL, which is three times more than the BAC legal
limit. Other RSA studies reported mean BACs of 0.20 g/100 mL + 0.13 g/100 mL [14] and
0.17 + 0.09 g/100 mL [29]. This shows that a large proportion of fatal RTCs are well over the
per se limit, and it is very likely in these cases that alcohol played a contributing role in death.
While one must consider that it is a post-mortem result, a BAC of 0.20 g/100 mL would cause
substantial impairment of vehicle control, attention to driving/walking and necessary visual
and auditory information processing. It also illustrates that there are many individuals
(especially drivers) who are driving over the per se limit. If the legal limit is changed to zero,
then it would be worth monitoring these cases going forward to isolate any changes in this

pattern.
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Drinking and driving is a problem in the Western Cape province and the rest of South Africa,
with 29.15% of victims found in this study with a BAC of more than the legal driving limit of
0.05 g/100 mL. In 2016, the Western Cape province accounted for 9% of all RTFs in South
Africa [12]. The Western Cape Government aims to reduce the harm done by alcohol by
increasing research and data collection to monitor and evaluate systems related to alcohol [30].
Among other alcohol reduction measures, law enforcement, involving the community and
educating people of the harms caused by alcohol are some of the ways in which the Western
Cape government aims to reduce RTFs caused by alcohol [30].

The George mortuary had the lowest admission numbers; however, more than 68.4% of the
victims had BAC that was greater than 0.05 g/100 mL. However, just under half of the cases
sent for BAC analysis did not have a report. The low number of cases, together with the missing
data could provide some reasons as to why this was observed. Under 50% of cases were
submitted for BAC analysis and it may have been that there was a history of drinking in those

cases, and therefore the pathologist took blood for analysis.

2.6. Limitations

Limitations in this research included the fact that the data used in this study was secondary
data, which means that the data was not compiled by the researcher and the researcher did not
have control over errors that could have been made during data capturing. The conditions
(weather, road) are based on information obtained from the Lab22 form, which is used to
capture the details of the case, therefore differences may exist in the definitions used by
individuals completing the form. There was missing data due to the lack of recording at the
time of the accident, which is unfortunately the nature of retrospective studies. Another
limitation is that some of the values were entered incorrectly, which resulted in exaggerated
BAC levels. These cases had BAC results greater than 1g/100mL, which is not possible in

humans.

Analysing this data against the demographic population data of all unnatural death admissions
within the various mortuaries was not performed as this was outside the scope of the project.
This could assist in determining whether the prevalence of males or particular age groups are
higher in the overall case intake of unnatural deaths (i.e. there are more males in general that

are dying unnaturally).
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Almost 10% of the cases did not have BAC results returned. This is because the results were
not yet available before the conclusion of this project. The blood alcohol cases are analysed by
The National Department of Health Forensic Chemistry Laboratory (mandated to provide
toxicological testing for state mortuaries and FPS). In addition, just over 30% of cases did not

have blood collected for volatiles analysis. This has the potential to skew the data.

2.7. Future research

There are very few studies done on the contribution of alcohol to RTFs in South Africa. More
research in this area would enable a broader view of these cases. A continuation of this study
in the form of routine data collection and reporting would support public health and
government initiatives through data-driven decision making. It is recommended that all
mortuaries be included in future studies and that specific data, such as time and date of death,
the type of vehicle, speed limit and conditions be recorded. This is data that is obtained by FPS
for the inquest or criminal case, but is not necessarily routinely recorded, and thus was not
available for this project.

2.8 Conclusions

This study indicates that alcohol intoxication does play a role in RTFs in five key mortuaries
in the Western Cape, as more than 50% of the cases with BACs requested were found to be
positive for alcohol. In addition, a great proportion of these cases had a BAC that was greater
than 0.05 g/100 mL, which is the legal drunk driving limit in South Africa. This data supports
other published studies indicating that males and particularly the youth are at risk for RTFs. It
also highlights the issue of alcohol intoxication in pedestrians and the need for greater efforts
in providing more secure and easily accessible walkways for pedestrians. Monitoring the
location of specific alcohol selling establishments and their relation to the location of pedestrian
deaths could play an important role in this. The use of mortuary data is of relevance in
implementing public health strategies and this study illustrates its use in investigating RTFs

and the presence of alcohol in these cases.
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APPENDICES

Appendix A: Extended results

Appendix A shows the proportion of RTF with different variables.
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local/national ethical guidelines and approvals have been adhered to and confirmed.

4.1.2. Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
competing interests include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/registrations, and grants or other funding. Authors must
disclose any interests in two places: 1. A summary declaration of interest statement in the title
page file (if double-blind) or the manuscript file (if single-blind). If there are no interests to
declare then please state this: 'Declarations of interest: none'. This summary statement will be

ultimately published if the article is accepted.
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2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of
the journal's official records. It is important for potential interests to be declared in both places

and that the information matches. More information.

4.1.3. Additional information
Multiple submissions is not acceptable to the Editor, and any such papers, together with future
submissions from the authors, will be rejected outright. Submission also implies that all authors

have approved the paper for release and are in agreement with its content.

4.1.4. Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent publication' for more information), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will not
be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyrightholder. To verify originality, your

article may be checked by the originality detection service Crossref Similarity Check.

4.1.5. Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Articles should make no assumptions about the
beliefs or commitments of any reader, should contain nothing which might imply that one
individual is superior to another on the grounds of race, sex, culture or any other characteristic,
and should use inclusive language throughout. Authors should ensure that writing is free from
bias, for instance by using 'he or she’, 'his/her" instead of 'he' or 'his', and by making use of job
titles that are free of stereotyping (e.g. ‘chairperson’ instead of ‘chairman’ and 'flight attendant’

instead of 'stewardess').

4.1.6. Author contributions

For transparency, we encourage authors to submit an author statement file outlining their
individual contributions to the paper using the relevant CRediT roles: Conceptualization; Data
curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing -
original draft; Writing - review & editing. Authorship statements should be formatted with the

names of authors first and CRediT role(s) following. More details and an example
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4.1.7. Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original submission.
Any addition, deletion or rearrangement of author names in the authorship list should be made
only before the manuscript has been accepted and only if approved by the journal Editor. To
request such a change, the Editor must receive the following from the corresponding
author: (a) the reason for the change in author list and (b) written confirmation (e-mail,
letter) from all authors that they agree with the addition, removal or rearrangement. In the case
of addition or removal of authors, this includes confirmation from the author being added or

removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor considers
the request, publication of the manuscript will be suspended. If the manuscript has already been
published in an online issue, any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your
article is more suitable in one of our other participating journals, then you may be asked to
consider transferring the article to one of those. If you agree, your article will be transferred
automatically on your behalf with no need to reformat. Please note that your article will be

reviewed again by the new journal. More information.

4.1.8. Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a 'Journal Publishing Agreement’' form or a

link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale
or distribution outside the institution and for all other derivative works, including compilations
and translations. If excerpts from other copyrighted works are included, the author(s) must
obtain written permission from the copyright owners and credit the source(s) in the article.

Elsevier has preprinted forms for use by authors in these cases.
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For gold open access articles: Upon acceptance of an article, authors will be asked to complete
an 'Exclusive License Agreement' (more information). Permitted third party reuse of gold open

access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More

information.
Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

4.1.9. Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in
study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such

involvement then this should be stated.

Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies which allow authors to
comply with their funder's open access policies. Some funding bodies will reimburse the author

for the gold open access publication fee. Details of existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial license. For
authors requiring a commercial CC BY license, you can apply after your manuscript is accepted

for publication.

4.1.10. Open access
This journal offers authors a choice in publishing their research:

Subscription

o Articles are made available to subscribers as well as developing countries and patient
groups throughour universal access programs.

o No open access publication fee payable by authors.

o The Author is entitled to post the accepted manuscript in their institution's repository
and make this public after an embargo period (known as green Open Access). The published
journal article cannot be shared publicly, for example on ResearchGate or Academia.edu,
to ensure the sustainability of peerreviewed research in journal publications. The embargo
period for this journal can be found below.
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Gold open access

. Articles are freely available to both subscribers and the wider public with permitted
reuse.

o A gold open access publication fee is payable by authors or on their behalf, e.g. by
their researchfunder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer

review criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they
do not alter or modify the article.

The gold open access publication fee for this journal is USD 2650, excluding taxes. Learn
more about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our open access page for
further information. Authors can also self-archive their manuscripts immediately and enable
public access from their institution's repository after an embargo period. This is the version that
has been accepted for publication and which typically includes author-incorporated changes
suggested during submission, peer review and in editor-author communications. Embargo
period: For subscription articles, an appropriate amount of time is needed for journals to deliver
value to subscribing customers before an article becomes freely available to the public. This is
the embargo period and it begins from the date the article is formally published online in its

final and fully citable form. Find out more.
This journal has an embargo period of 12 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher
Academy offers several interactive modules, webinars, downloadable guides and resources to

guide you through the process of writing for research and going through peer review. Feel free
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to use these free resources to improve your submission and navigate the publication process
with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture
of these). Authors who feel their English language manuscript may require editing to eliminate
possible grammatical or spelling errors and to conform to correct scientific English may wish

to use the English Language Editing service available from Elsevier's Author Services.

4.1.11. Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used
in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your
article for final publication. All correspondence, including notification of the Editor's decision

and requests for revision, is sent by e-mail.
Submit your article
Please submit your article via https://ees.elsevier.com/fsi/default.asp?pg=login.asp.

5. PREPARATION
5.1.1. NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the
creation and uploading of your files. The system automatically converts your files to a single

PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a
single file to be used in the refereeing process. This can be a PDF file or a Word document, in
any format or layout that can be used by referees to evaluate your manuscript. It should contain
high enough quality figures for refereeing. If you prefer to do so, you may still provide all or
some of the source files at the initial submission. Please note that individual figure files larger

than 10 MB must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/ book title, chapter title/article title, year of publication, volume number/book

chapter and the article number or pagination must be present. Use of DOI is highly encouraged.
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The reference style used by the journal will be applied to the accepted article by Elsevier at the

proof stage. Note that missing data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential
elements needed to convey your manuscript, for example Abstract, Keywords, Introduction,
Materials and Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be
included in your initial submission for peer review purposes. Divide the article into clearly

defined sections.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant
text in the manuscript, rather than at the bottom or the top of the file. The corresponding caption

should be placed directly below the figure or table.

5.1.2. Peer review

This journal operates a double blind review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper. The
Editor is responsible for the final decision regarding acceptance or rejection of articles. The

Editor's decision is final. More information on types of peer review.

5.1.3. Double-blind review
This journal uses double-blind review, which means the identities of the authors are concealed
from the reviewers, and vice versa. More information is available on our website. To facilitate

this, please include the following separately:

Title page (with author details): This should include the title, authors' names,
affiliations, acknowledgements and any Declaration of Interest statement, and a complete

address for the corresponding author including an e-mail address.

Blinded manuscript (no author details): The main body of the paper (including the
references, figures, tables and any acknowledgements) should not include any identifying

information, such as the authors' names or affiliations.
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5.1.4. REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with
an editable file of the entire article. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. The electronic text
should be prepared in a way very similar to that of conventional manuscripts (see also the Guide

to Publishing with Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and ‘grammar-
check'’ functions of your word processor.

5.1.5. Article structure

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed

literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher.
Methods that are already published should be summarized, and indicated by a reference. If
quoting directly from a previously published method, use quotation marks and also cite the

source. Any modifications to existing methods should also be described.
Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion

of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may

stand alone or form a subsection of a Discussion or Results and Discussion section.

5.1.6. Essential title page information

. Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.
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. Author names and affiliations. Please clearly indicate the given name(s)
and family name(s) of each author and check that all names are accurately spelled. You can
add your name between parentheses in your own script behind the English transliteration.
Present the authors' affiliation addresses (where the actual work was done) below the names.
Indicate all affiliations with a lowercase superscript letter immediately after the author's
name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

. Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility includes
answering any future queries about Methodology and Materials. Ensure that the e-
mail address is given and that contact details are kept up to date
by the corresponding author.

. Present/permanent address. If an author has moved since the work
described in the article was done, or was visiting at the time, a 'Present address' (or
'Permanent address') may be indicated as a footnote to that author's name. The address at
which the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.

5.1.7. Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your
article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any).

Please have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,

including spaces, per bullet point).

5.1.8. Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be avoided,
but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in

the abstract itself.

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to
the online article. The graphical abstract should summarize the contents of the article in a

concise, pictorial form designed to capture the attention of a wide readership. Graphical
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abstracts should be submitted as a separate file in the online submission system. Image size:
Please provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally more.
The image should be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi.
Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical

Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their

images and in accordance with all technical requirements.

5.1.9. Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling
and avoiding general and plural terms and multiple concepts (avoid, for example, ‘and’, 'of').
Be sparing with abbreviations: only abbreviations firmly established in the field may be

eligible. These keywords will be used for indexing purposes.

Acknowledgements

Please provide Acknowledgements as a separate file and remove this from the manuscript. List
here those individuals who provided help during the research (e.g., providing language help,
writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United
States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or
other research institution, submit the name of the institute or organization that provided the
funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

71


https://www.elsevier.com/authors/journal-authors/graphical-abstract
https://www.elsevier.com/authors/journal-authors/graphical-abstract
https://webshop.elsevier.com/illustration-services/

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many
word processors build footnotes into the text, and this feature may be used. Should this not be
the case, indicate the position of footnotes in the text and present the footnotes themselves

separately at the end of the article.

5.1.10. Artwork

Electronic artwork General points

. Make sure you use uniform lettering and sizing of your original artwork.

. Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

. Number the illustrations according to their sequence in the text.

. Use a logical naming convention for your artwork files.

. Indicate per figure if it is a single, 1.5 or 2-column fitting image.

. For Word submissions only, you may still provide figures and their captions, and tables
within asingle file at the revision stage.

. Please note that individual figure files larger than 10 MB must be provided in separate
source files.A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as'
or convert the images to one of the following formats (note the resolution requirements for line

drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500
dpi is required.
Please do not:

. Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.

o Supply files that are too low in resolution.

. Submit graphics that are disproportionately large for the content.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF),
or MS Office files) and with the correct resolution. If, together with your accepted article, you
submit usable color figures then Elsevier will ensure, at no additional charge, that these figures
will appear in color online (e.g., ScienceDirect and other sites) regardless of whether or not
these illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the
costs from Elsevier after receipt of your accepted article. Please indicate
your preference for color: in print or online only. Further information on the preparation of

electronic artwork.

Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the
figure itself) and a description of the illustration. Keep text in the illustrations themselves to a

minimum but explain all symbols and abbreviations used.

5.1.11. Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body.
Be sparing in the use of tables and ensure that the data presented in them do not duplicate
results described elsewhere in the article. Please avoid using vertical rules and shading in table

cells.

5.1.12. References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results’ or 'Personal communication'. Citation of a reference as 'in press'

implies that the item has been accepted for publication.
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Reference links

Increased discoverability of research and high quality peer review are ensured by online links
to the sources cited. In order to allow us to create links to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are
correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they may

already contain errors. Use of the DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C.,
Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser
Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in

the same style as all other references in the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should
include the following elements: author name(s), dataset title, data repository, version (where
available), year, and global persistent identifier. Add [dataset] immediately before the reference
so we can properly identify it as a data reference. The [dataset] identifier will not appear in

your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation Style
Language styles, such as Mendeley. Using citation plug-ins from these products, authors only
need to select the appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's style. If no template
is yet available for this journal, please follow the format of the sample references and citations
as shown in this Guide. If you use reference management software, please ensure that you
remove all field codes before submitting the electronic manuscript. More information on how

to remove field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the

following link:
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http://open.mendeley.com/use-citation-style/forensic-science-international

When preparing your manuscript, you will then be able to select this style using the Mendeley

plugins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/ book title, chapter title/article title, year of publication, volume number/book
chapter and the article number or pagination must be present. Use of DOI is highly encouraged.
The reference style used by the journal will be applied to the accepted article by Elsevier at the
proof stage. Note that missing data will be highlighted at proof stage for the author to correct.
If you do wish to format the references yourself they should be arranged according to the

following examples:

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual

authors can be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...." List:
Number the references (numbers in square brackets) in the list in the order in which they appear

in the text. Examples:
Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci.

Commun.
163 (2010) 51-59. https://doi.org/10.1016/].S¢.2010.00372.
Reference to a journal publication with an article number:

[2]J). van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article.
Heliyon.

19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.
Reference to a book:
[3]W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.

Reference to a chapter in an edited book:

75



[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S.
Jones, R.Z.Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York,
2009, pp. 281-304.

Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003
(accessed 13 March 2003).

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak
wilt disease and surrounding forest compositions, Mendeley Data, v1, 2015.
https://doi.org/10.17632/ xwj98nb39r.1.

5.1.13. Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article
are strongly encouraged to include links to these within the body of the article. This can be
done in the same way as a figure or table by referring to the video or animation content and
noting in the body text where it should be placed. All submitted files should be properly labeled
so that they directly relate to the video file's content. . In order to ensure that your video or
animation material is directly usable, please provide the file in one of our recommended file
formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect. Please supply 'stills' with your files: you can choose any
frame from the video or animation or make a separate image. These will be used instead of
standard icons and will personalize the link to your video data. For more detailed instructions
please visit our video instruction pages. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print

version for the portions of the article that refer to this content.

5.1.14. Data visualization
Include interactive data visualizations in your publication and let your readers interact and
engage more closely with your research. Follow the instructions here to find out about available

data visualization options and how to include them with your article.
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5.1.15. Supplementary material

Supplementary material such as applications, images and sound clips, can be published with
your article to enhance it. Submitted supplementary items are published exactly as they are
received (Excel or PowerPoint files will appear as such online). Please submit your material
together with the article and supply a concise, descriptive caption for each supplementary file.
If you wish to make changes to supplementary material during any stage of the process, please
make sure to provide an updated file. Do not annotate any corrections on a previous version.
Please switch off the "Track Changes' option in Microsoft Office files as these will appear in

the published version.

5.1.16. Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research
data refers to the results of observations or experimentation that validate research findings. To
facilitate reproducibility and data reuse, this journal also encourages you to share your
software, code, models, algorithms, protocols, methods and other useful materials related to
the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are
sharing data in one of these ways, you are encouraged to cite the data in your manuscript and
reference list. Please refer to the "References" section for more information about data citation.
For more information on depositing, sharing and using research data and other relevant

research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives

them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly
link your dataset to your article by providing the relevant information in the submission system.

For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your

published article on ScienceDirect.
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In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw
and processed data, video, code, software, algorithms, protocols, and methods) associated with
your manuscript in a free-to-use, open access repository. During the submission process, after
uploading your manuscript, you will have the opportunity to upload your relevant datasets
directly to Mendeley Data. The datasets will be listed and directly accessible to readers next

to your published article online.
For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data
into one or multiple data articles, a new kind of article that houses and describes your data.
Data articles ensure that your data is actively reviewed, curated, formatted, indexed, given a
DOI and publicly available to all upon publication. You are encouraged to submit your article
for Data in Brief as an additional item directly alongside the revised version of your
manuscript. If your research article is accepted, your data article will automatically be
transferred over to Data in Brief where it will be editorially reviewed and published in the
open access data journal, Data in Brief. Please note an open access fee of 600 USD is payable
for publication in Data in Brief. Full details can be found on the Data in Brief website. Please

use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why during
the submission process, for example by stating that the research data is confidential. The
statement will appear with your published article on ScienceDirect. For more information, visit

the Data Statement page.
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6. AFTER ACCEPTANCE
6.1.1. Availability of accepted article

This journal makes articles available online as soon as possible after acceptance. This concerns
the Journal Pre-proofs (both in HTML and PDF format), which have undergone enhancements
after acceptance, such as the addition of a cover page and metadata, and formatting for
readability, but are not yet the definitive versions of record. A Digital Object Identifier (DOI)
is allocated, thereby making it fully citable and searchable by title, author name(s) and the full
text. The article's PDF also carries a disclaimer stating that it is an unedited article. Subsequent

production stages will simply replace this version.

6.1.2.  Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:
in addition to editing text, you can also comment on figures/tables and answer questions from
the Copy Editor. Web-based proofing provides a faster and less error-prone process by

allowing you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative

methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use
this proof only for checking the typesetting, editing, completeness and correctness of the text,
tables and figures. Significant changes to the article as accepted for publication will only be
considered at this stage with permission from the Editor. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before replying,
as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your

responsibility.

6.1.3. Offprints

The corresponding author will, at no cost, receive 25 free paper offprints, or alternatively a
customized Share Link providing 50 days free access to the final published version of the article
on ScienceDirect. The Share Link can be used for sharing the article via any communication
channel, including email and social media. For an extra charge, paper offprints can be ordered
via the offprint order form which is sent once the article is accepted for publication. Both

corresponding and co-authors may order offprints at any time via Elsevier's Author Services.
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Corresponding authors who have published their article gold open access do not receive a Share
Link as their final published version of the article is available open access on ScienceDirect

and can be shared through the article DOI link.

6.1.4.  Author orders

When your article is published, you can commemorate your publication with printed author
copies of the journal issue, customized full-color posters, extra offprints, and more. Please visit
http://webshop.elsevier.com to learn more.

7. AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything

from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article

will be published.
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