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Preface 

This mini-dissertation is presented in article format as per guidelines of Annals of Work 

Exposure and Health, which is the potential journal for publication. The guidelines are presented 

in chapter 3. The journal requires that references in text should be in the form Jones (1995), or 

Jones and Brown (1995), or Jones et al. (1995). If there are more than two authors it should be 

in the form Jones and Brown (1995) and Hospath et al. (2006) or at the end of the text in the 

form (Jones and Brown, 1995; Hospath et al., 2006). References in the reference list at the end 

should be in alphabetic order, using the Harvard Style of abbreviation and punctuation.  

The Annals of Work Exposure and Health is published for British Occupational Hygiene Society 

by the Oxford University Press, hence the style of language throughout this mini-dissertation is 

British English.  

The mini-dissertation is outlined as follows: 

Chapter 1 – Overview, giving background of the research topic, importance of study, aim and 

objectives as well as hypothesis. 

Chapter 2 – Literature review, focusing on literature relevant to this study. 

Chapter 3 – Research article, with study protocol, findings, interpretations and conclusions. 

Chapter 4 – Concluding chapter, with concluding remarks, limitations, workplace 

recommendations and recommendations for future studies. 
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Abstract 

Introduction: Solar ultraviolet radiation (UVR) is an unavoidable physical workplace hazard to 

which outdoor workers such as car guards may be excessively exposed. A potential high risk of 

excessive exposure increases their cumulative exposure as well as the risk of solar UVR-related 

negative health effects. The main aim of this study was to quantify the exposure of car guards to 

solar UVR. 

Methods: The exposure of outdoor car guards to solar UVR was measured for five consecutive 

days during early spring (September 2017) in South Africa using electronic UVR dosimeters. 

One electronic dosimeter was attached to the upper arm of each participant, using adjustable 

straps. From these measurements, the exposure of the nape of the neck, forehead, nose, cheek 

and hand were estimated. The onsite ambient solar UVR on a flat, horizontal, unshaded surface 

was measured concurrently. The sun-related knowledge, behaviour, and attitudes of the car 

guards were evaluated using questionnaires.  

Results: All the solar UVR exposure levels are presented in standard erythemal dose (SED) 

units, where 1 SED = 100 J/m². The median exposure of all the car guards was 0.89 SED, with 

total daily exposure ranging from 0.02 SED – 5.01 SED. Total personal daily solar UVR 

exposure as a percentage of the ambient solar UVR exposure (measured on a flat surface) was 

24%. The results from the questionnaire indicated that sleeved shirts and hats were the most 

commonly used sun-protection measures (worn by 70% and 80% respectively) when compared 

to sunglasses and sunblock (30% and 30% respectively). Most (80%) of the car guards never 

had sun-safety education and training in either their past or present occupations. As a result, 

except for skin cancer, they did not know about the health effects of sun exposure, the meaning 

of the ultraviolet index and its use, or what a sun protection factor is. 

Conclusion: The exposure of car guards on several body sites was in excess of the TLV. 

Considering the high levels of solar UVR reported on most days throughout the year in South 

Africa, more studies quantifying the personal exposure of outdoor workers are necessary. The 

inclusion of sun-related variables, such as knowledge, behaviour, and attitudes in future studies 

will strengthen the knowledge base for decision-making and planning of sun awareness 

campaigns for employers and car guards. 

Keywords: Solar UVR, personal exposure, car guards, electronic dosimeters, sun behaviour, 

behaviour and attitudes 
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Chapter 1: Introduction 

1.1 Overview and problem statement 

Ultraviolet radiation (UVR) is radiant energy that is emitted by natural and artificial sources 

(ICNIRP, 2010). Ultraviolet radiation emitted by the sun is known as solar UVR. The amount of 

solar UVR reaching the earth’s surface is dependent on the geographical location and can be 

enhanced or attenuated by meteorological as well as other factors (Makgabutlane and Wright, 

2015). South Africa receives high levels of solar UVR because of its low latitude and high 

interior altitude (Makgabutlane and Wright, 2015). High ultraviolet indexes (UVI) occur regularly 

throughout the year, even on some days during winter, although winter is characterised by 

moderate levels of UVI (WHO, 2009; Wright et al., 2013). People living in South Africa are thus 

at risk of receiving excessive solar UVR levels.  

Exposure to solar UVR is known to have beneficial as well as detrimental effects on human 

health. Solar UVR aids in the synthesis and production of endogenous vitamin D, which serves 

various functions within the human body. Excessive solar UVR exposure is an environmental 

risk for sunburn, which together with other factors can induce the development of skin cancer 

(melanoma skin cancer and non-melanoma skin cancers (NMSC)) (Lucas et al., 2016; WHO, 

2017b). Systemic reviews and meta-analyses have shown that people who are occupationally 

exposed to solar UVR are at a higher risk of developing NMSC (squamous and basal cell 

carcinoma) than those who are not occupationally exposed (Bauer et al., 2011; Schmitt et al., 

2011; Fartasch et al., 2012). Chronic exposure to solar UVR can also induce 

immunosuppression, skin photo-aging and eye disorders (Wright et al., 2011). 

The risk of developing solar UVR effects of the skin varies for different individuals; it depends on 

the sensitivity of the skin upon exposure to sunlight. This sensitivity is determined by, among 

others, skin pigmentation brought about by melanin. Individuals are classified into six skin 

photo-types based on their skin pigmentation (ICNIRP, 2010), as discussed in detail in Chapter 

2. The risk of developing eye diseases and immunosuppression is the same for all individuals, 

irrespective of skin type (WHO, 2017a). 

Exposure limits serve as guidelines for exposure. When complied with, the risk of developing 

detrimental effects due to exposure is extremely low and undetectable in some cases. The 

threshold limit value (TLV) that is mostly used is that set by the International Commission on 

Non-Ionizing Radiation Protection (ICNIRP) and by the American Conference of Governmental 

Industrial Hygienists (ACGIH) which is 30 J/m² over 8 hours and 109 J/m² (1.09 SED) when 

weighted with the International Commission on Illumination (CIE) action spectrum (Moehrle, 

2003; ICNIRP, 2010).  
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1.2 UVR exposure measurement 

Exposure to solar UVR is quantified using personal dosimetry. For this study, New Zealand 

Electronic Dosimeter badges (Department of Electrical and Computer Engineering, University of 

Canterbury, Christchurch, New Zealand), referred to as electronic dosimeters throughout the 

study, were used. Details on the characteristics and method of operation of these dosimeters 

are discussed in Chapter 2. 

1.3 Importance of the study 

Outdoor workers are a high-risk group. They are exposed to high levels of solar UVR throughout 

their working shifts (Wright et al., 2012). In most outdoor occupations, except during breaks, the 

workers are unable to choose their work locations (whether to work in shaded or unshaded 

areas) (Gies and Wright, 2003). Their tasks are mainly located in direct sunlight and as such 

they cannot avoid exposure to solar UVR.  

Studies conducted in South Africa (Wright et al., 2013; Linde et al., 2015; Wright et al., 2015; 

Makgabultane and Wright, 2015) have shown that outdoor workers are overexposed on most of 

their working days, with the risk of potential sunburn and other solar UVR-related adverse 

effects being higher in these occupations. However, the last-mentioned finding has to be 

validated for the different categories of outdoor workers by quantifying their exposure to solar 

UVR. In a pilot study that was done for one day during spring, a car guard was found to be 

exposed to high levels of solar UVR (Wright et al., 2015). This serves as motivation to evaluate 

exposure in a larger group of car guards over a longer duration.  

Knowledge about the sun and its related effects, usually attained through workplace sun safety 

education and training programmes, has been shown to improve the overall sun-related 

behaviour and attitudes in some exposed people (Malak et al., 2011). Good sun behaviour 

includes the use of sun-protective measures such as long-sleeved clothing, wide-brimmed hats, 

sunglasses with Ultraviolet A (UVA) and Ultraviolet B (UVB) filters, sunblock as well as shade 

whenever possible (ICNIRP, 2010; WHO, 2017b). These behaviours can reduce the total 

amount of solar UVR received by exposed people and therefore their risk of related adverse 

health effects (Stanton et al., 2004).  In South Africa, the sun-related knowledge, behaviour and 

attitudes of outdoor workers have never been evaluated. 

1.4 Aims and objectives 

The aim of the study is to quantify the solar UVR that car guards are exposed to throughout 

their working shifts.  

The aim will be achieved through the following objectives:  
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• To measure personal exposure to solar UVR using electronic dosimeters. 

• To assess sun-related knowledge, behaviour and attitudes using a questionnaire. 

• To make recommendations to car guards and the security company on how to limit 

exposure to solar UVR. 

1.5 Hypothesis 

A large number of studies have shown that the exposure of outdoor workers to solar UVR 

always exceeds the TLVs because of inability to control the source (Hammond et al., 2009; 

Siani et al., 2011; Serrano et al., 2013). It was found that if outdoor workers receive 20% of total 

ambient solar UVR, then outdoor workers of all skin types will be at risk of sunburn on at least 

one or more days throughout the year, especially individuals with fair skin types (Wright et al., 

2012). Makgabultane and Wright (2015) found that outdoor workers may receive 84.11% of 

ambient solar UVR rather than the 20% previously reported. Furthermore, the risk of sunburn 

was found on one or more days throughout the year, including in winter, for outdoor workers of 

all skin types.   

Hypothesis 1: Daily exposure of car guards to solar UVR exceeds the TLVs and their potential 

risk of sunburn is high.  

Studies on sun-related knowledge, behaviour and attitudes are scarce. In the few that have 

been conducted, outdoor workers’ sun-related knowledge and behaviours have been reported 

to be inadequate (Reinau et al., 2013). Sun-related attitudes were reported not to be affected by 

sun-related knowledge, since outdoor workers in some studies had knowledge about the sun, 

its effects and the importance of good sun-related behaviour, but still opted to work in the sun 

without proper protective measures (Burwell, 2004; Kearney et al., 2013).  

Hypothesis 2: Car guards have no knowledge about solar UVR and its related effects; they also 

do not practise good sun behaviour.  

 

1.6 References 

Bauer A, Diepgen TL, Schmitt J. (2011) Is occupational solar ultraviolet irradiation a relevant 

factor for basal cell carcinoma? A systemic review and meta-analysis of the epidemiological 

literature. Br J Dermatol; 165: 612–625. 

Burwell CE. (2004) Agricultural community is aware of skin cancer risks. J Extension; 

42(2)4RIB5. Available from: URL:  http://www.joe.org/joe/2004april/rb8.php. (accessed 11 

September 2017). 

http://www.joe.org/joe/2004april/rb8.php


4 

Fartasch M, Diepgen TL, Schmitt J, Drexler H. (2012) The relationship between occupational 

sun exposure and non-melanoma skin cancer. Dtsch Arztebl Int; 109(43): 715–720. 

Gies P, Wright J. (2003) Measured solar ultraviolet radiation exposure of outdoor workers in 

Queensland in the building and construction industry. Photochem Photobiol; 78(4): 342–348. 

Hammond V, Reeder AI, Gray A. (2009) Patterns of real-time occupational ultraviolet radiation 

exposure among a sample of outdoor workers in New Zealand. Public Health; 123: 182–187. 

International Commission on Non-Ionizing Radiation Protection (ICNIRP). (2010) ICNIRP 

statement on protection of workers against ultraviolet radiation. Health Phys; 99(1): 66–87. 

Kearney GD, Lea CS, Balanay J et al. (2013) Assessment of sun safety behavior among 

farmers attending a regional farm show in North Carolina. J Agromedicine; 18: 65–73.  

Linde K, Nkogatse M, Wright C. (2015) Farm workers’ exposure to high percentage of ambient 

UVR in Limpopo – a pilot study. SAIOH 29 – 31 October 2014 Conference Proceedings. OHSA; 

21(1): 32. 

Lucas RM, Norval M, Wright CY. (2016) Solar ultraviolet radiation in Africa: a systemic review 

and critical evaluation of the health risks and use of photoprotection. Photochem Photobiol Sci; 

15: 10–23. 

Makgabutlane M, Wright CY. (2015) Real-time measurement of outdoor worker’s exposure to 

solar ultraviolet radiation in Pretoria, South Africa. S Afr J Sci; 111: 1–7. 

Malak AT, Yildirim P, Yildiz Z, Bektas M. (2011) Effects of training about skin cancer on farmers’ 

knowledge level and attitudes. Asian Pac J Cancer Prev; 12:117–120. 

Moehrle M, Dennenmoser B, Garbe C. (2003) Continuous long-term monitoring of UV radiation 

in professional mountain guides reveals extremely high exposure. Int J Cancer; 103: 775–778.  

Reinau D, Weiss M, Meier CR et al. (2013) Outdoor workers’ sun-related knowledge, attitudes 

and protective behaviours: a systemic review of cross-sectional and interventional studies. Br J 

Dermatol; 168: 928–940. 

Schmitt J, Seidler A, Diepgen TL, Bauer A. (2011) Occupational ultraviolet light exposure 

increases the risk for the development of cutaneous squamous cell carcinoma: a systematic 

review and meta-analysis. Br J Dermatol; 164: 291–307. 

Serrano A, Canada J, Moreno C. (2013) Solar UV exposure in construction workers in Valencia, 

Spain. J Expo Sci Environ Epidemiol; 23: 525–530.  



5 

Siani A, Casale JR, Sisto R et al. (2011) Occupational exposures to solar ultraviolet radiation of 

vineyard workers in Tuscany (Italy). Photochem Photobiol; 87: 925–934. 

Stanton WR, Janda M, Baade PD, Anderson P. (2004) Primary prevention of skin cancer: a 

review of sun protection in Australia and internationally. Health Promot Int; 19: 369-378. 

World Health Organisation (WHO). (2009) Ultraviolet radiation: global solar UV index-archived, 

11 December 2009. Available from: URL: http://www.who.int/uv/resources/archives/fs271/en/ 

(accessed 13 March 2016). 

World Health Organisation (WHO). (2017a) The known effects of UV. Available from: URL: 

http://www.who.int/uv/faq/uvhealtfac/en/index5.html (accessed 10 November 2017). 

World Health Organisation (WHO). (2017b) The known effects of UV. Available from: URL: 

http://www.who.int/uv/faq/uvhealtfac/en/index2.html (accessed 20 September 2017).   

Wright CY, Coetzee G, Ncongwane K. (2011) Ambient solar UV radiation and seasonal trends 

in potential sunburn risk among schoolchildren in South Africa. SAJCH; 5(2): 33–34. 

Wright CY, Brogniez C, Ncongwane KP et al. (2012) Sunburn risk among children and outdoor 

workers in South Africa and Reunion Island coastal sites. Photochem Photobiol; 89: 1226–

1233. 

Wright CY, Albers PN. (2013) Comparison of two personal ultraviolet index monitors for sun 

awareness in South Africa. S Afr J Sci; 109: 1–2. 

Wright C. (2015) Sun exposure and outdoor work: a South African perspective. SAIOH 29 – 31 

October 2014 Conference Proceedings. OHSA; 21(1): 28. 

  

http://www.who.int/uv/resources/archives/fs271/en/
http://www.who.int/uv/faq/uvhealtfac/en/index5.html
http://www.who.int/uv/faq/uvhealtfac/en/index2.html


6 

Chapter 2: Literature review 

Introduction  

Exposure to the sun, referred to as solar UVR, affects human health. An in-depth understanding 

of solar UVR is therefore important. The literature study in this section will focus on the 

following: UVR and its classes, factors affecting the levels of solar UVR reaching the earth’s 

surface, individual factors, biological effects of solar UVR, dosimeters quantifying UVR, 

legislation and exposure limits. The relevant studies on solar UVR and occupational exposure 

will also be reviewed in this section 

2.1 Ultraviolet radiation and its classes 

Ultraviolet radiation is a type of radiant energy, which forms part of the optical spectrum that 

consists of UVR, visible light and infrared radiation (IR) emitted by the sun. Only 5% of the UVR 

emitted by the sun reaches the earth’s surface. However, the individual photons of UVR have 

the greatest energy when compared to those of visible light and IR, implying, therefore, that 

UVR is more capable of causing detrimental biological effects. UVR is divided into three spectral 

bands, characterised by their varying properties as well as resulting biological effects. Those 

are: Ultraviolet C (UVC), from band 100–280 nm, Ultraviolet B (UVB) from 280–315 nm and 

Ultraviolet A (UVA) from 315 – 400 nm (ICNIRP, 2010). UVA is further subdivided into UVA2 

(320 – 340 nm) and UVA1 (340 – 400 nm), based on their effectiveness in causing erythema 

(sunburn or redness of the skin) (Morganroth et al., 2013). Most UVB and all UVC are absorbed 

by the stratospheric ozone as well as other chemicals in the atmosphere and thus do not reach 

the earth’s surface. Natural sunlight is composed of 95% of UVA and to a lesser extent UVB 

making up the remaining 5% (ICNIRP, 2010).  

2.2 Factors affecting the levels of solar UVR that reaches the earth’s surface 

The levels of solar UVR reaching the earth’s surface are affected by factors such as 

meteorological, geographical, temporal or environmental (reflectors) and aerosols among 

others. They determine the total ambient solar UVR and may also influence the UVR to which 

humans are exposed.  

2.2.1 Meteorological factors  

 2.2.1.1 Stratospheric ozone 

Ozone (O3) is a triatomic form of oxygen and about 90% of the earth’s ozone is found in the 

stratosphere, forming the ozone layer (EPA, 2016; NASA, 2017). Ozone is created naturally 

from atmospheric oxygen in the presence of UV light. High-energy ultraviolet rays (UVC) break 
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down the bond in the oxygen molecule, resulting in atomic oxygen molecules, which then bind 

to natural oxygen (O2) to form O3. Ultraviolet rays in the UVB spectrum are absorbed by O3, 

after which the O3 splits into molecular oxygen (O2) and atomic oxygen. The resulting atomic 

oxygen reacts with O2 to reproduce O3 (NASA, 2013). Hence, UVC and most UVB light is 

filtered out by the ozone layer and do not reach the earth’s surface.  

Ozone is destroyed by chlorine and bromine atoms. These atoms are released when ozone-

depleting substances such as chlorofluorocarbons, hydrochlorofluorocarbons and halons, to 

mention a few, are exposed to intense UV light in the stratosphere. Ozone is destroyed more 

quickly than it is created, causing a decreased concentration of O3 in the stratosphere (NASA, 

2013; NASA 2017), and thinning of the ozone layer. Ozone depletion (low concertation of 

ozone) results in increased levels of ambient solar UVR (EPA, 2016). Increased levels of 

ground solar UVR have been recorded in Alaska, Canada, Greenland and Scandinavia in 

reaction to the ozone depletion in the Arctic during the spring of 2011 (NASA, 2013).  

Ozone is a dominant factor controlling surface levels of solar UVR in areas with cloud-free skies 

and low aerosol levels (Bais et al., 2015).  

2.2.1.2 Clouds 

Clouds can enhance solar UVR reaching the earth’s surface through reflection, refraction or 

scattering and can also attenuate it through absorption (Bais et al., 2015). The location, 

percentage cover, optical thickness and liquid water content of the clouds determine whether 

solar UVR will be attenuated or enhanced (Makgabutlane and Wright, 2015). A study conducted 

in Spain found that clouds can enhance the levels of ambient solar UVR by up to 22% (de 

Miguel et al., 2011). Attenuation normally occurs on an overcast day with heavy cloud cover 

almost preventing solar UVR from reaching the earth's surface. Light cloud cover, on the other 

hand, can reduce the amount of solar UVR reaching the ground by 50% (IARC, 2012). 

However, exposure to solar UVR can still occur even with cloud-covered skies. Maximum UVI 

values close to 10 and averages of about 3 have been reported in one study conducted in Brazil 

on a day with cumulus cloud cover (Silva, 2010).  

2.2.1.3 The position of the sun 

2.2.1.3.1 Solar zenith angle 

The solar zenith angle (SZA) is the angle between the overhead (point in the sky above a 

bystander) and the centre disc of the sun. It determines the intensity of solar UVR as it reaches 

the ground. The smaller the SZA, the more intense the solar UVR on the earth's surface. The 

intensity of solar UVR varies throughout the day and the year, owing to continuous changes in 
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the SZA (Makgabutlane and Wright, 2013). The SZA has an indirect relationship with ambient 

solar UVR levels. 

The SZA was shown to have a high influence on solar UVR reaching the ground throughout the 

year in general.  This led to the conclusion that the position of the sun was the dominant factor 

that determined the amount of solar UVR reaching the surface in Pretoria during 2012 when 

compared to other meteorological factors (ozone and cloud cover) (Makgabutlane and Wright, 

2013). Similarly, SZA was found to be the major factor controlling solar UVR reaching the 

surface of Norway between 1995 and 2007 (Dahlback and Bjertness, 2008). Several studies 

conducted elsewhere also reported that SZA was the dominant factor influencing the solar UVR 

reaching the earth’s surface (McKenzie et al., 2003; Hicke et al., 2008).  

2.2.1.3.2 Time of day 

The position of the sun changes throughout the day, with the highest position being reached 

around solar noon. Solar UVR at the earth’s surface around solar noon is usually intense, 

because the UVR rays travel a small distance to reach the surface, since the sun is directly 

overhead (highest position). In the early morning and late afternoons, ambient solar UVR is less 

intense because the sun’s rays travel to the earth’s surface at an angle, which reduces their 

intensity (EPA, 2010; FDA, 2013). 

2.2.1.3.3 Season  

The angle of the sun relative to the earth determines the levels of solar UVR reaching the 

surface during different seasons. In summer, the levels of solar UVR reaching the earth’s 

surface are higher when compared to other seasons because the angle of the sun in relation to 

the earth is more direct (EPA, 2010; FDA, 2013; Makgabutlane and Wright, 2015).  

2.2.2 Geographical factors 

2.2.2.1 Altitude 

Solar UVR is excessive at higher altitudes because there is less atmosphere to absorb solar 

UVR rays and decreased air mass through which the solar UVR rays pass (Lucas et al., 2006; 

FDA, 2013).  An increase in altitude results in an increase in the sunburn effectiveness of the 

sun (FDA, 2013), as well as a risk of damage to the eyes (EPA, 2010). For every 1000-m 

increase in altitude, the risk of skin cancer increases by a percentage of about 10–12 (IARC, 

2012). The mean daily solar UVR dose measured in three areas with different altitudes were 

shown to increase with increasing altitude. The mean daily solar UVR doses recorded were 11.9 

SED, 21.4 SED and 28.6 SED at altitudes of 500 m, 1500 m and 2500 m respectively (Antoine 

et al., 2007) 
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2.2.2.2 Geographic latitude 

Areas that are closer to the equator (having lower latitudes) receive the greatest levels of solar 

UVR because of the position of the sun, being directly over the equator (FDA, 2013; Bais et al., 

2015). At that position, the UVR rays travel a short distance to reach the earth’s surface. The 

layer of ozone in these areas is also thinner, as opposed to the areas that are furthest from the 

equator (EPA, 2010; FDA, 2013). The exposure of outdoor workers working in areas situated at 

low latitudes exceeds the recommended occupational exposure limit (Carey et al., 2014). 

People living in these areas are at increased risk of developing adverse biological effects of 

solar UVR (Diepgen et al., 2012). An indirect relationship between the incidence of non-

melanoma/melanoma skin cancer (discussed later) and geographical latitude has been reported 

in some countries (WHO, 2017a). South Africa is among the countries receiving high levels of 

solar UVR throughout the year because of its low latitude (30°S, 22°E), among others 

(Makgabutlane and Wright, 2015). 

2.2.3 Surface reflectors 

Some environmental surfaces reflect the solar UVR that reaches them, thus enhancing the 

levels received by a bystander (Carey et al., 2014). These surfaces include sand, asphalt, snow, 

grass, water and metal (ICNIRP, 2010). The texture of these environmental surfaces affects 

their reflectivity (Bais et al., 2015). It has been reported that metal and sand reflect up to 30% of 

the available solar UVR, while asphalt reflects about 10% and water even less; it is capable of 

reflecting about 9% (Carey et al., 2014). Grass can reflect about 0.8 – 1.6%, while snow, on the 

other hand, can reflect up to 90% of solar UVR (ICNIRP, 2010). Reflection is important, since 

anatomical sites that are usually photo-protected, for example the eye that is normally protected 

by the brow ridge and the eyelids, are exposed through the reflected solar UVR (ICNIRP, 2010). 

Unprotected sites receive increased levels of solar UVR in the presence of reflectors.  

2.2.4 Aerosols 

Aerosols are natural (from sea salts and dust generated by wind) or anthropogenic (organic 

particles such as haze, smoke) particles suspended in air. They absorb and scatter sunlight. It 

has been reported that levels of solar UVR reaching the earth’s surface are reduced in the 

presence of atmospheric aerosols. Ambient solar UVR levels can be reduced by up to 50% in 

places that are polluted and to more than 90% in places where burning of biomass occurs (Bais 

et al., 2015).  
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2.3 Individual factors 

The total solar UVR to which a person is exposed is determined by individual factors, namely 

behaviour and attitude as well as methods of protection (Gies, 2007). Genetic predisposition 

and the overall health status of the person influences the risk of developing solar UVR related 

effects in people who are exposed (Gies, 2007). These factors are important, especially for 

people who spend long periods outdoors, such as the participants in this study. 

2.3.1 Behaviour and attitude 

The behaviour and attitudes of the workers add to the list of factors that determine the total 

dose received upon exposure to solar UVR. Good sun behaviour includes avoiding sunlight 

exposure during hours of peak solar UVR intensity, seeking shade whenever possible when 

outdoors and using the appropriate protection measures, such as wearing protective clothing 

and applying sunscreen (Diepgen et al., 2012). It has been reported that adverse effects of 

solar UVR, especially skin cancers, can be prevented by good sun behaviour. In terms of 

gender, male workers have been reported to be more exposed than female workers (Carey et 

al., 2014). In addition, previous reports have shown that females are more likely to use sun 

protective measures than males (Kearney et al., 2014; Norval et al., 2014). Furthermore, socio-

demographic status, such as level of education, influences the overall behaviour of workers 

upon exposure (Kearney et al., 2014). People residing in low socio-economic and remote areas 

were reported to be most exposed to solar UVR (Carey et al., 2014). Although the 

aforementioned findings were not justified, it can be argued that in most major cities the levels 

of atmospheric pollutants are high, attenuating the solar UVR reaching the ground and thus total 

UVR received by dwellers.   

People with higher socio-economic status are less likely to be assessed for solar UVR exposure 

than their counterparts. In a study assessing sun safety behaviour among farmers in North 

Carolina, farmers with less education were found, based on their reports, to work outdoors (in 

direct sunlight) more often than the ones with higher education (Kearney et al., 2013). It was 

further reported that when outdoors, farmers with college or higher education used sun safety 

measures such as sunscreen, wide-brimmed hats, hats with back flaps, long-sleeved collared 

shirts, gloves and sunglasses. These farmers were found to be more aware of the benefits of 

using sun safety measures (Kearney et al., 2013).  

In a study by Burwell (2004), 60% of farmers in a sample size of 722 were found to be aware 

that exposure to sunlight was a risk factor for skin cancer. However, 50% still decided to work in 

the sun without any form of head protection or with hats providing low protection, such as 

baseball style caps. In terms of attitudes, it can be argued that even if the workers have 

knowledge about solar UVR exposure and its effects, they may still not take precautionary 
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safety measures when working outdoors. This may be because some safety measures may not 

be permitted in their work. The employer may not be supplying any safety measures and as a 

result, workers may resort to using what they already have, such as wearing a baseball cap 

instead of a wide-brimmed hat. Some may perceive themselves as not being at risk of 

developing adverse effects. In some cases, the workers may not be using safety measures 

because they are not aware of solar UVR exposure effects because they have not received any 

information and training. 

2.3.2 Methods of protection 

Outdoor work has been reported in the literature to be associated with the development of 

adverse health effects due to solar UVR. Unlike hazards in indoor situations and other hazards, 

solar UVR as a hazard cannot be controlled at its source. To limit the exposure and UVR dose 

received by the workers, safety measures such as personal protective equipment remain a 

priority (ICNIRP, 2010).  

2.3.2.1 Skin protection 

2.3.2.1.1 Sunscreen  

Different types of sunscreen available in the market protect the skin in different ways, 

depending on the type of filter in the sunscreen. They can form a barrier that absorbs, scatters 

or reflects solar UVR striking the skin. The effectiveness of protection, however, depends on 

proper use of sunscreens. This includes applying a density of 2 mg/cm² on skin parts that are 

likely not be covered by clothing, at least 30 minutes before exposure and reapplying every 2 

hours (Morganroth et al., 2013).  When used properly, sunscreens can reduce moles, which are 

risk factors for melanoma, the incidence of actinic keratosis (a precursor for squamous cell 

carcinoma (SCC)) as well as sunburn risk (Narayanan et al., 2010; Olsen et al., 2015; Lucas et 

al., 2016). Sunscreens with a high sun protection factor (SPF) can also protect against UV-

induced immunosuppression (Diepgen et al., 2012).  It has been reported that not all outdoor 

workers use sunscreen unless supplied by the employer and those who do use sunscreen 

rarely apply it properly (Reinau et al., 2012), thereby indirectly increasing their risks of 

developing detrimental effects of solar UVR due to exposure (Morganroth et al., 2013).  

2.3.2.1.2 Clothing 

Clothing provides varying degrees of protection against solar UVR, depending on the UV 

protection factor (UPF) of the fabric (Weber et al., 2007). Clothes that have a high UPF are 

usually made from thick, tightly woven and heavy fabric. Materials made from polyester, wool, 

nylon or silk have higher UPF than materials made from cotton, viscose, rayon and linen. Dark-
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coloured and unbleached clothing also have high UPF (Gies, 2007; Morganroth et al., 2013). 

However, these types of clothing are characterised by heat and the resultant thermal discomfort, 

making them undesirable for outdoor activities, especially on hot days. In a study evaluating 

acceptance and usability of personal protection against solar UVR, coveralls with high-UPF 

fabric were found to be less preferred. The workers associated this type of clothing with 

increased sweating and failure to maintain a pleasant body climate, especially in hot conditions 

(Weber et al., 2007). Thermal comfort can increase or decrease the UVR exposure of an 

individual. The choice of clothing worn especially by outdoor-based people is usually motivated 

by atmospheric temperature conditions (Antoine et al., 2007) and such clothes are consequently 

not always effective.   

2.3.2.2 Eye protection 

Sunglasses and contact lenses can protect the eyes against solar UVR, reducing the total 

optical dose. They can effectively protect the eyes against both direct and diffuse solar UVR 

(Lucas et al., 2016). The level of protection offered by different types of sunglasses varies, 

depending on the filter properties of the lens. Lenses of some sunglasses have both UVA and 

UVB filters, implying that they do not allow transmission of rays from either of these spectral 

bands through the lens. While some have only UVA or UVB filters, the ones with only a UVA 

filter will allow the transmission of UVB rays and vice versa. Others have neither UVA nor UVB 

filters. These lenses will allow transmission of UVR rays into the eye. Ideal sunglasses, 

providing maximal protection, are those that have lenses with both UVA and UVB filters and that 

wrap around the eye or have side shields. These will protect the eye as well as surrounding 

area by also blocking UVR rays from lateral directions (Weber et al., 2007). Outdoor workers in 

one study preferred sunglasses with wrap-around protection to other sunglasses (Weber et al., 

2007).  

About 33% (n = 13) of tinsmith workers were reported to wear sunglasses at work on a daily 

basis throughout the year, while another 33% were reported to wear sunglasses only on 

summer workdays (Weber et al., 2007).   

2.3.2.3 Additional measures 

With the knowledge of how solar UVR affects outdoor workers, organising and planning shifts in 

such a way that more work is done during hours with low ambient solar UVR, such as in the 

early mornings and late afternoons, can protect workers from excessive exposure to high levels 

of solar UVR (WHO, 2017c). The rotation of workers can further limit the total solar UVR dose 

received by individual workers. Although the aforementioned additional measures of protection 

are effective, they are not practicable in most outdoor occupations (Gies, 2007), such as in the 

case of car guards being investigated in this study.   
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2.3.3 Genetic predisposition and health 

Solar UVR causes immunosuppression as detailed under biological effects later. In individuals 

with diseases that suppress the immune system, such as human immunodeficiency virus (HIV) 

and acquired immunodeficiency syndrome (AIDS), the risk of developing adverse effects of 

solar UVR is higher than in those without the diseases. The incidence of SCC of the skin is high 

in these individuals. This is because a suppressed immune system is not effective in combatting 

tumour development (Lucas et al., 2016). In 2016, it was reported that 12.7% of the South 

African population was living with HIV and AIDS (Statistics South Africa, 2016). Since solar UVR 

suppresses the immune system, it indirectly increases the likelihood of getting infections. 

Genetic factors and the use of certain medications can result in increased sensitivity of the skin 

to solar UVR (Gies, 2007). 

2.3.4 Occupation 

Outdoor occupations increase the overall exposure of the occupants to solar UVR. This, 

therefore, means that outdoor workers are exposed to higher levels of solar UVR when 

compared to indoor-based workers and the general population. The exposure of outdoor 

workers has been shown in many studies to exceed the recommended occupational exposure 

limit for unprotected skin as set by the ICNIRP (Gies and Wright, 2003; Antoine et al., 2007; 

Hammond et al., 2009; Siani et al., 2011; Serrano et al., 2013; Makgabutlane and Wright, 

2015). In most outdoor occupations, the workers are not at liberty to perform their work in 

shaded or sunny areas, hence their exposure levels are usually high. Outdoor workers are at 

increased risk of solar UVR-related adverse effects (Reinau et al., 2012). 

2.4 Ultraviolet index  

The UVI gives a measure and description of the level of solar UVR on the earth’s surface. It is 

presented in numerical form, ranging from 0 to 11+. The higher the index value, the higher the 

intensity of ambient solar UVR and the greater the risk of developing solar UVR-related adverse 

effects over a short exposure period (WHO, 2017b). A UVI value of 3 and greater indicates that 

the levels of ambient solar UVR are capable of causing adverse effects on exposed individuals 

and protective measures must be used when outdoors (Allinson et al., 2012; WHO, 2017b). The 

UVI is used as a tool to communicate with the public about solar UVR and alert them to the 

need for sun-protective practices (WHO, 2017b). This unit could aid in altering the behaviour 

and attitudes of the population to solar UVR if it is known and clearly understood. In most 

settings, the public has low to average knowledge about UVI, and the level of understanding of 

UVI is even lower (Italia and Rehfuess, 2012).  
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In South Africa UVI is monitored by UVI networks stationed at six South African Weather 

Services (SAWS) sites: Pretoria, Cape Town, Cape Point, Durban, De Aar and Port Elizabeth. 

Although UVI is usually given by the SAWS in summer, the forecast values are not widely 

broadcasted (Wright et al., 2013). Since the ambient solar UVR levels are mostly high 

throughout the year in South Africa (Norval et al., 2014), with the exception of winter when 

levels may be moderate, UVI is also relatively high. Nevertheless, moderate ambient solar UVR 

levels remain associated with the risk of adverse effects if chronic exposure occurs, especially 

in individuals with lighter skin types (WHO, 2017b). 

Not much is known about the knowledge and understanding that the population of South Africa 

has regarding UVI. A study by Wright and Albers (2011) found that 77% of a sample size of 

2254 workers reported that they had heard about UVI, even though response bias was 

suspected to be high. These findings, however, cannot be extrapolated to all workers in South 

Africa. 

2.5 Biological effects  

Exposure to solar UVR can lead to adverse health effects. The skin and eyes are the organs of 

the body that are most affected. Solar UVR also causes immunosuppression. The suppression 

of the immune system by prolonged exposure to solar UVR predisposes individuals to other 

negative health effects. 

2.5.1 The skin 

The skin is the largest human organ. This integument forms a barrier separating the internal 

environment of the body from the external surrounding environment. It consists of three layers, 

the hypodermis, dermis and epidermis (ICNIRP, 2010, Scanlon and Sanders, 2011). The 

hypodermis is the innermost layer, made up of adipose and loose connective tissue that 

connects the dermis to the muscles. The connective tissue of this layer contains collagen fibres, 

elastin fibres, white blood cells (responsible for destroying pathogens) as well as mast cells 

(produce substances that bring about inflammation). The adipose tissues consist of fat-storing 

adipocytes. The dermis is the middle layer, composed of irregular fibrous connective tissue. 

This layer is characterised by strength given by collagen fibres, as well as elasticity from elastic 

fibres. Both the hypodermis and dermis are vascular (Scanlon and Sanders, 2011). 

2.5.1.1 Epidermal layer 

The epidermis forms the outermost avascular layer, which is further divided into five layers, 

namely the stratum basale, stratum spinosum, stratum granulosum, stratum lucidum and 
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stratum corneum. The types of cells found in the epidermis are keratinocytes, melanocytes, 

Langerhans and Merkel cells (Scanlon and Sanders, 2011).  

2.5.1.1.1 Keratinocytes, Langerhans cells and Merkel cells  

The keratinocytes synthesise and store keratin (a waterproof fibrous protein). The synthesis of 

keratinocytes occurs in the stratum basale (innermost layer of the epidermis closer to the 

dermis). As new ones are synthesised, the old ones are pushed into the upper layer of the 

epidermis. The movement of these cells farther away from the dermis causes their death and 

eventual falling off the skin. The Langerhans cells are mobile cells originating from the red bone 

marrow. They are responsible for engulfment of any foreign substance in the epidermis via 

phagocytosis. The engulfed substances are moved to the lymph nodes where they will be 

presented to the lymphocytes, triggering an immune response. Lastly, the Merkel cells, located 

in the stratum basale, are responsible for the sensation of touch (Scanlon and Sanders, 2011). 

2.5.1.1.2 Melanocytes 

Melanocytes are found in the lower epidermis and they produce melanin (tyrosine-derived), 

which is responsible for the skin's pigmentation. The organelles in the melanocytes 

synthesising, storing and transporting melanin are melanised melanosomes. These organelles 

absorb and scatter light energy differently, depending on their melanin content (Narayanan et 

al., 2010). In darker skin types melanin is produced in high amounts, while the opposite is true 

in lighter skin types (Scanlon and Sanders, 2011). Melanin affords natural photo-protection 

against UVR (Wright et al., 2011).  There are two types of melanin, namely eumelanin, the black 

melanin, and phaeomelanin, the red melanin. Eumelanin is photo-protective in that upon 

absorption of a UVR photon it scavenges free radicals, while phaeomelanin produces reactive 

oxygen species, which are phototoxic. Production of these types of melanin and their ratio 

depend on the genetic make-up of each person (ICNIRP, 2010). The ratio of the types of 

melanin in individuals is responsible for the varying sensitivities observed when people are 

exposed to solar UVR. 

2.5.1.1.3 Stratum corneum  

The stratum corneum, being the outermost layer of the epidermis, separates the inner layers as 

well as internal body constituents from the external environment. It is discussed in detail here, 

as it serves as the first line of defence against solar UVR and other environmental, biological 

and chemical hazards. This layer is a composite structure consisting of corneocyte cells, 

containing keratin, which are bonded by intercellular lipids and corneodesmosomes (modified 

desmosomal protein junctions, which are crucial for stratum corneum cohesion) (Biniek et al., 

2014; Haftek, 2015). The keratin renders the stratum corneum waterproof, preventing water loss 
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and entry (Scanlon and Sanders, 2011). The intracellular keratin filament matrix is formed in the 

cytoplasm of the corneocytes when hydrogen bonds between keratin filaments form a complex 

with filaggrin (filament-forming proteins, which bind to the keratin fibres in the corneocytes). This 

matrix is responsible for the stiffness of the stratum corneum. It provides the tissue with rigidity 

which aids in the stratum corneum maintaining its dimension and integrity when exposed to 

external mechanical as well as internal osmotic stresses (Biniek et al., 2014).  

2.5.1.2 Ultraviolet radiation and the skin 

Ultraviolet radiation damages the cells in the skin and alters immunological functions, resulting 

in skin effects. Ultraviolet radiation energy is absorbed by biomolecules in the skin called 

chromophores that include deoxyribonucleic acid (DNA), urocanic acid, aromatic amino acids 

(proteins) and melanin. A biological response is initiated when chromophores absorb UVR 

(Morganroth et al., 2013). The penetration of solar UVR rays into the skin is dependent on the 

wavelength range and energy levels. Ultraviolet A rays penetrate deep into the dermis, also 

interacting with layers of the epidermis, while UVB rays only penetrate the upper layers of the 

epidermis (Biniek et al., 2014). 

Although exposure to solar UVR has adverse effects on individuals of all skin types, the dose 

required to elicit some effects varies among individuals. The reaction of the skin to solar UVR 

upon exposure depends on its type. According to the Fitzpatrick scale, the skin is classified into 

six types with differing sensitivities. The ICNIRP further groups skin types into melano-

compromised, melano-competent and melano-protected (ICNIRP, 2010). Table 1 gives a 

summary of the skin types incorporating both systems. 

Table 1:  Skin types per Fitzpatrick classification system and ICNIRP (Fitzpatrick, 

1988; ICNIRP, 2010; Wright et al., 2011) 

Skin 
type 

Constitutive 
skin colour 

Phenotypic 
characteristics 

Sunburn 
history 

Sensitivity UVR to 
elicit 

sunburn 
(SED)* 

Group as 
per ICNIRP 

I White (fair-
skinned) 

Blue, hazel or 
brown eyes; 
blonde or red 
hair 

Burns 
and peels 
always, 
never 
tans 

Extremely 
sensitive 

2–3 Melano-
compromised 

II White Green or hazel 
eyes; blond, 
red or brown 
hair 

Burns, 
peels, 
tans 
slightly 
after 
repeated 

Very 
sensitive 

2.5–3 Melano-
compromised 
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exposure 

III White/light 
brown 

Blue, hazel or 
brown eyes; 
brown 

hair 

Mild burn, 
moderate 
tan 

Moderately 
sensitive 

3–5 Melano-
competent 

IV Light brown Dark eyes; 
brown hair 

Burns 
rarely, 
always 
tans 

Tolerant to 
UVR  

4.5–6 Melano-
competent 

V Brown  Brown eyes; 
dark brown or 
black hair 

Burns 
rarely, 
always 
tans 

Variable 6–20 Melano-
protected 

VI Black  Brown eyes; 
dark brown or 
black hair 

Burns 
rarely 
although 
sunburn 
is difficult 
to detect, 
always 
tans  

Relatively 
insensitive 

6–20 Melano-
protected 

*Standard Erythemal Dose (SED): quantity of solar UVR required to produce erythema (sunburn) 

2.5.1.3 The effects of solar UVR on the skin 

The effects of solar UVR on the skin can be acute or chronic. Acute effects include sunburn and 

skin pigmentation (tanning), while chronic effects include photo-aging and skin cancers. 

2.5.1.3.1 Sunburn  

Sunburn occurs because of excessive exposure to solar UVR and is a risk factor for skin cancer 

(Wright et al., 2011). It is characterised by erythema as the major sign of sunburn, peeling of the 

skin and in the worst cases oedema as well as blistering of the skin. The onset of erythema 

depends on the skin type. Upon exposure to solar UVR individuals with skin type I experience 

immediate erythema that can persist for about two weeks. With moderate skin pigmentation 

(type III – VI), the erythema normally occurs 3 to 6 hours after exposure and peaks at 12 to 24 

hours. It can persist for a few days, after which it subsides (Morganroth et al., 2013). Episodes 

of intense sunburn are a risk factor for the development of skin cancer, especially melanoma 

(Lucas et al., 2006; Blesic et al., 2016). The intensity of erythema is directly proportional to 

lower wavelength. Therefore, UV rays in the UVB spectrum are considered responsible for 

intense sunburn. The rays in the UVA2 spectrum also contribute to sunburn, albeit to a lesser 

extent (Morganroth et al., 2013).   
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When the skin is exposed to solar UVR, energy from UVB rays are absorbed by DNA, leading to 

the formation of cyclopyrimidine dimers and pyrimidine-pyrimidone photoproducts. These 

photoproducts are responsible for the inflammatory response observed on sunburnt skin. 

Ultraviolet B also increases synthesis of prostaglandin E2 and production of nitric oxide, which 

cause erythema (Morganroth et al., 2013).   

Two measures are used to describe sunburn sensitivity, namely minimum erythemal dose 

(MED) and standard erythemal dose (SED). The MED is the dose of UVR required to produce 

perceptible erythema 8 – 24 hours after exposure. It is specific for each individual and will 

depend upon tanning abilities, the adaptation of the individual to UVR and the source of UVR 

(Lucas et al., 2006; ICNIRP, 2010). One (1) MED is equivalent to 210 J/m² (Wright et al., 2011). 

The SED, on the other hand, quantifies the ability of a source of UVR to produce erythema and 

is a standard quantity for source measurements as well as an international standard unit for 

reporting personal solar UVR exposure (ICNIRP, 2010; Wright et al., 2011). The SED, unlike the 

MED, is independent of skin type (Lucas et al., 2006). One (1) SED is equivalent to 100 J/m² 

(Wright et al., 2011).  

In 2013, the rate of sunburn in outdoor workers was reported to range from 50 – 80% (Reinau et 

al., 2013). A South African study by Makgabutlane and Wright (2015) showed that outdoor 

workers received about 84% of the total solar UVR that reached the earth’s surface, concluding 

that there was a risk of sunburn for outdoor workers of all skin types throughout the year. 

Another South African study found that on days with high temperatures described as hot days, 

outdoor workers experienced sunburn (Mathee et al., 2010). The aforementioned findings 

indicate that outdoor workers are exposed to high levels of solar UVR, with the associated risk 

of sunburn increasing their risk of developing skin cancers such as basal cell carcinoma (BCC) 

and melanoma. 

2.5.1.3.2 Skin pigmentation (tanning) 

The main cause of tanning (melanogenesis) of the skin is exposure to solar UVR. More 

specifically, UVA can cause both immediate and delayed tanning, while UVB is only responsible 

for delayed tanning. During absorption of UVA energy by the skin's pre-existing melanin, the 

melanin precursors and melanin metabolites become oxidised, resulting in pigment darkening 

(tanning). Depending on the level of exposure and the resultant dose received, tanning can be 

transient, persistent or delayed. Transient tanning is characterised by a greyish colour and 

usually lasts for a few minutes after exposure, while in persistent tanning, the colour of the 

exposed skin becomes dark brown, lasting for hours after exposure. Both transient and 

persistent tanning occur immediately after exposure. In contrast, delayed tanning occurs 72 

hours after exposure and is due to an increased number as well as the activity of melanocytes 
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caused by solar UVR exposure. A tanned skin affords photo-protection against solar UVR, with 

a tan induced by UVA affording an SPF of about 1.4, whereas a tan induced by UVB affords an 

SPF of about 3. This, however, does not imply that individuals with tanned skin will not be at risk 

of developing other detrimental effects due to solar UVR exposure (ICNIRP, 2010; Morganroth 

et al., 2013).   

2.5.1.3.3 Skin thickening and related effects 

Exposure to solar UVR, especially UVB, causes thickening of the epidermal layers of the skin. 

After several exposures to UVB within one to several weeks, the stratum corneum becomes 

three- to five-fold thicker. When exposure ceases, the stratum corneum returns to its normal 

thickness within one to two months. This thickening of the stratum corneum affords protection to 

the basal keratinocytes and melanocytes by absorbing the UVB before it can reach these cells 

(ICNIRP, 2010). It is; however, unclear what the exact dose of UVB is that can elicit stratum 

corneum thickening, since exposure levels as low as 2 SED can cause acute detrimental effects 

such as erythema in sensitive individuals (ICNIRP, 2010).  

In addition, solar UVR alters the mechanical properties and thus barrier function of the stratum 

corneum in the skin (Biniek et al., 2014). The intracellular keratin filament matrix described 

earlier is a target for solar UVR (particularly UVB). When affected, the stratum corneum loses its 

dimension and integrity, resulting in intercellular cracking and chapping (Biniek et al., 2014).  

2.5.1.3.4 Photo-aging  

Photo-aging occurs mostly on sun-exposed anatomical sites. In photo-aged skin, collagen fibrils 

in the connective tissue of the dermis are disorganised and damaged by matrix 

metalloproteinases (MMPs). The transcription of MMPs is controlled by transcription factor 

activator protein-1, whose activity is increased by UVR, which in turn will result in increased 

transcription of MMPs. Solar elastosis also accumulates in the upper layer of the dermis. Photo-

aging is characterised by drying of the skin, the formation of wrinkles, freckled pigmentation, 

prominent skin furrows, loss of elasticity and the development of telangiectasia (dilation of 

capillaries). Ultraviolet A and UVB are both responsible for photo-aging. However, since UVA 

penetrates deeper into the skin because of its longer wavelength and its greater abundance in 

the atmosphere as well as on the earth's surface, it is believed to play a greater role in the 

pathogenesis of photo-aging (ICNIRP 2010; Morganroth et al., 2013). 

2.5.1.3.5 Skin cancers 

The International Agency for Research on Cancer (IARC) classifies solar UVR as a group 1 

carcinogen (IARC, 2012). The most carcinogenic type of solar UVR is UVB because it causes 



20 

direct DNA damage, as opposed to UVA, which damages DNA indirectly. High exposure to 

solar UVR, whether cumulative or intermittent, is a risk factor for the development of skin 

cancers (Norval et al., 2014).   

When UVB is absorbed by DNA, structural damage occurs in the DNA, resulting in the formation 

of photo-products such as cyclobutane pyrimidine dimers and pyrimidine 6-4 pyrimidone. The 

cyclobutane pyrimidine dimers are produced when covalent bonds form between the C5 and C6 

carbon atoms of two adjacent pyrimidines. The pyrimidine 6-4 pyrimidone, on the other hand, 

results when a covalent bond forms between the C6 and C4 carbon atoms of two adjacent 

pyrimidines. These mutations, if not repaired, will eventually lead to the development of skin 

cancer (Narayanan et al., 2010; Diepgen et al., 2012; Morganroth et al., 2013). 

Ultraviolet A is not readily absorbed by DNA like UVB; instead the skin generates ROS upon 

exposure to UVA. Reactive oxygen species cause increased production of 8-oxo-7, 8-

dihydroguanine, which is a major promutagenic DNA lesion that may result in cytosine-to-

adenine and guanine-to-thymine mutations. Ultraviolet A also causes the formation of 

cyclobutane pyrimidine dimers. These mutations are involved in the development of skin 

cancers (Narayanan et al., 2010; Morganroth et al., 2013).    

Generally, UVR absorption also causes mutations in the p53 tumour suppressor genes, which 

play a role in DNA repair. When these genes are mutated they lose their function and as a 

result, damaged cells accumulate and skin cancer develops (Narayanan et al., 2010; Yam and 

Kwok, 2014). The mutated p53 tumour suppressor genes are more involved in the pathogenesis 

of non-melanoma skin cancers (NMSC) than in melanoma skin cancer (Morganroth et al., 

2013).  

Furthermore, the absorption of UVR by chromophores in the skin causes immunosuppression 

through various pathways. One of these pathways is a reduction in the number and functions of 

Langerhans cells, which are antigen-presenting cells in the skin. When these cells are 

irradiated, they activate the Th2 cells. These Th2 cells, in turn, will cause the activation of 

suppressor T cells, resulting in suppression of an immune response. The other pathway in 

which UVR causes immunosuppression is by stimulating the production of cytokines such as 

interleukin (IL)-1, IL-10, TNF-α, as well as inhibition of IL-12. In addition to those two pathways, 

UVR also plays a role in the isomerisation of urocanic acid into its immune suppressant isomer, 

known as cis-urocanic acid. The resultant immunosuppression facilitates the development of 

skin cancer (Morganroth et al., 2013).  

Skin cancers occur because of long-term, in some cases intermittent, exposure to high levels of 

solar UVR (Morganroth et al., 2013). Even though outdoor workers are exposed to high levels of 
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solar UVR throughout their working life, skin cancer (due to occupational exposure) is still not 

yet recognised as an occupational disease in South Africa.   

Skin cancers that may develop because of exposure include melanoma, non-melanoma (BCC 

and SCC) and actinic keratosis.  Non-melanoma skin cancers and melanoma skin cancer 

account for a third of all histologically diagnosed cancers in South Africa and multiple cancers 

can exist in an individual (Norval et al., 2014). These skin cancers are most common in males 

(NCR, 2011), with a higher incidence among individuals with a fair skin type (Diepgen et al., 

2012).  

1. Melanoma  

The incidence of melanoma in South Africa is among the highest in the world (SAMAB, 2010). 

Melanoma arises from the melanocytes (Scanlon and Sanders, 2011). The major risk factors for 

melanoma are intense intermittent exposure to solar UVR and frequent episodes of sunburn, 

especially during childhood (Lucas et al., 2006; Scanlon and Sanders, 2011; Blesic et al., 2016). 

Furthermore, the individual’s history of NMSC adds to the risk of developing melanoma (Olsen 

et al., 2015). Ultraviolet radiation has been shown to play a role in the mutagenesis of CDKN2A 

(encodes tumour suppressor proteins) and BRAF (encodes serine/threonine protein kinase B-

raf). These two genes are involved in the pathogenesis of melanoma (Morganroth et al., 2013).  

2. Non-melanoma skin cancer 

Non-melanoma skin cancers have the highest incidence rates when compared to melanoma 

skin cancer in South Africa. The two types of NMSC include BCC and SCC. These types of 

cancers arise from epidermal tissue and normally occur on photo-exposed sites, especially on 

the neck, face and arms (Antoine et al., 2007; Diepgen et al., 2012; Morganroth et al., 2013). In 

some cases, the cancers occur on sites that are normally protected from the sun, such as the 

soles of the feet, implying therefore that solar UVR is usually not involved in the aetiology. In 

terms of progression, NMSC progresses slower than melanoma skin cancer (Antoine et al., 

2007). These skin cancers both have a direct relationship with solar UVR exposure and an 

inverse relationship with skin pigmentation (Narayanan et al., 2010). High occupational 

exposure to solar UVR, such as in the case of outdoor work, has been shown to be associated 

with increased risk of the development of NMSC (DGUV, 2016).  

(a) Basal cell carcinoma 

In South Africa, BCC is the most common form of NMSC in both males and females (NCR, 

2011), with the incidence being higher in the 65 – 74 years age group. Basal cell carcinoma 

arises from the basal cells of the epidermis (Diepgen et al., 2012). This form of cancer occurs in 



22 

various types, which are differentiated by their clinical characteristics as nodular, cystic, 

pigmented, multicentric, ulcerative or morphoea-like (Diepgen et al., 2012). Nodular, cystic and 

morphoeic tumours usually occur on the face, while multicentric tumours are mainly confined to 

the trunk. The nodular type, being the most common type of BCC, is characterised by a papule 

with telangiectasia (capillary dilation) at times, with a central non-healing erosion or ulcer 

(Diepgen et al., 2012). Basal cell carcinoma seldom spreads to other organs although it is 

capable of causing local tissue destruction, which results in significant damage (Narayanan et 

al., 2010; Diepgen et al., 2012; Morganroth et al., 2013). Basal cell carcinoma has high 

morbidity rates, which place a burden on the healthcare system. The major risk factor for BCC is 

intense intermittent exposure to solar UVR, as well as associated episodes of sunburn. Most 

studies concur with the fact that these risk factors, especially during the childhood and 

adolescent stages, play a major role in the development of BCC later in life (Cheng et al., 2010; 

Morganroth et al., 2013; Yam and Kwok, 2014). Basal cell carcinoma on the head and neck has 

been reported to be to be associated with long-term exposure of these anatomical sites to solar 

UVR (Cheng et al., 2010).  

(b) Squamous cell carcinoma  

A less common, albeit the most fatal form of NMSC in the general South African population, is 

SCC (NCR, 2011). It arises from the squamous cells in the skin. From the surface, SCC 

appears as hard, erythematous papules (small bumps on the skin) that are smooth, scaly or 

ulcerated, characterised by itching, pain and bleeding at times. Squamous cell carcinoma is 

able to metastasize (spread) to other organs, although the level of risk of metastasis depends 

on the subtype of SCC. On the ear or lip, SCC that has features such as poor tumour 

differentiation and perineural invasion (cancer spreading to the space around a nerve) is 

associated with higher risk of metastasis (Morganroth et al., 2013). Cumulative chronic 

exposure to solar UVR is a risk factor for SCC (Lucas et al., 2016). In many African (black) 

people in South Africa, the incidence of SCC has increased because of a large number of this 

population having compromised immunity (Norval et al., 2014; Wright et al., 2015). Diepgen et 

al (2012) stated that people having SCC are at a 50% risk of developing another malignant skin 

lesion in 3–5 years. Other studies have also demonstrated that occupational solar UVR 

exposure increases the risk of developing SCC and that the exposure-response curve of SCC 

has no plateau phase (Schmitt et al., 2011; Diepgen et al., 2012). This, therefore, implies that 

the risk of developing SCC increases with increasing exposure to solar UVR without reaching a 

steady state. Cheng et al. (2010) found that patients who were diagnosed with SCC reported 

having had a lifetime of exposure to high doses of solar UVR. They also found that skin 

reactions due to sun exposure (erythema, sunburn, tan) during childhood and adolescents, 

unlike in BCC, were not associated with the development of SCC. Their findings confirm the 



23 

association between total cumulative lifetime exposure to solar UVR and risk of SCC 

development.  

The appearance of rough erythematous papules known as actinic keratosis on sun-exposed 

body sites such as the dorsal side of the hand and forearm, as well as on the face, can be a 

precursor for SCC (Diepgen et al. 2012; Morganroth et al., 2013). Actinic keratosis can be 

identified by palpation (examination by touch) and visual inspection. Although actinic keratosis 

does not always progress into SCC, standard treatment is required because it is not possible to 

determine if the actinic keratosis will eventually progress into SCC or not (Morganroth et al., 

2013). 

3. Merkel cell carcinoma  

Solar UVR is also a risk factor for Merkel cell carcinoma (MCC), cancer arising from the Merkel 

cells. This cancer is fatal when compared to the cancers discussed earlier and it can spread to 

local tissue as well as distant body organs. Externally MCC appears as an erythematous or 

violet firm, dome-shaped nodule, which is usually painless and increases rapidly in size. It often 

develops on sun-exposed anatomical sites such as the head, neck and extremities (Ma and 

Brewer, 2014; NIH, 2015). In other countries, a high incidence of MCC has been shown in the 

elderly population (>50 years), more frequently in males than in females (NIH, 2015). In South 

Africa, incidence rates are not known, since the National Cancer Registry does not make 

mention of MCC.   

2.5.1.3.6 Vitamin D production (positive effect) 

The living cells in the epidermis contain a form of cholesterol which, upon skin exposure to 

ultraviolet light, is converted to vitamin D. Vitamin D absorbs calcium and phosphorus from food 

in the small intestine, takes part in maintaining muscle strength and aids in the effective 

operation of insulin for regulating glucose levels in the blood. In addition, vitamin D protects 

against the development of some cancers, as well as infections caused by bacteria and viruses. 

It is also stated that about 15 minutes of solar UVR exposure a few times a week is sufficient for 

the synthesis of endogenous vitamin D. However, depending on the dose received, as well as 

the sensitivity of the skin, solar UVR exposure of 15 minutes can be enough to elicit negative 

effects such as erythema (Scanlon and Sanders, 2011). 

2.5.2 The eye 

The structures of the eye that are prone to damage by solar UVR include the eyelids, cornea, 

lens and to a lesser extent the retina. The eyes’ anatomical positioning, the eyelids (especially 

during squinting and closure), the pupil constriction and the brow ridge naturally protect the eye 
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from solar UVR rays coming from overhead sources and/or various other directions. However, 

the eye is not well protected when the UVR rays are coming in directly from the front or sides of 

the eye (ICNIRP, 2004). Exposure of the eye is mostly dependent on reflection and scattering. 

This occurs even when a person is facing away from the sun. On average, 50% of ocular 

exposure to solar UVR is due to scattering and reflection from clouds (Behar-Cohen et al., 

2014), as well as other reflectors. The exposure of the eye is also dependent on the SZA. At a 

high SZA, the brow ridge and superior orbital rim cast a shadow protecting the eye, with the 

opposite being true at lower SZAs (Behar-Cohen et al., 2014). The level of UVB that reaches 

the cornea in the early morning (between 8:00 and 10:00) and mid-afternoon (between 14:00 

and 16:00) was found to be twice as high as the levels during solar noon (Sasaki et al., 2011). 

Thus, excessive exposure of the eye to solar UVR can occur even during hours with low 

ambient solar UVR, usually considered to have low potential for UVR damage (Behar-Cohen et 

al., 2014).  

The UVR transmitted into the eye can be attenuated before reaching other internal structures 

within the eye. Rays of UVR with wavelengths shorter than 290 are absorbed by the cornea, 

while those with longer wavelengths (300–400 nm) are almost entirely absorbed in the lens 

(ICNIRP, 2010; Yam and Kwok, 2014). In contrast to the skin, no form of adaptation offering 

some protection exists for the eye. Moreover, since the eye is not melanised, there is no varying 

sensitivity between individuals. Ultraviolet radiation can have adverse acute and chronic effects 

on the eyes (ICNIRP, 2010). 

2.5.2.1 Acute effects  

Exposure of the eye to sunlight can result in photokeratoconjunctivitis, which is sunburn of the 

tissue on the eyeball and eyelid (ICNIRP, 2010; Lucas et al., 2016). The 

photokeratoconjunctivitis is characterised by an inflammatory reaction in the cornea and 

conjunctiva. The symptoms include itchiness and increased tearing, which transitions into 

severe pain and photophobia several hours after exposure. These symptoms usually subside 

within 24–48 hours after exposure (ICNIRP, 2010). This condition usually occurs in people 

exposed to a high intensity of solar UVR, such as those at high altitudes or those working in 

high reflective surfaces. In a South African study, outdoor workers reported that they had painful 

eyes and blurred vision on days with hot weather (Mathee et al., 2010). A review study stated 

that the aforementioned symptoms could be an indication of ocular sunburn (Lucas et al., 2016).  

2.5.2.2 Chronic effects  

The chronic effects of solar UVR exposure on the eye include pterygium, ocular surface 

squamous neoplasia, droplet keratitis, pingueculum, cataracts as well as malignant tumours of 

the eyelid.  
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Pterygium is characterised by an opaque cornea occurring in response to a fibrous ingrowth 

(hyperplasia of the bulbar conjunctiva) over the cornea tissue, causing ocular irritation and 

affecting vision (ICNIRP, 2010; Zoroquiain et al., 2016). The prevalence of PT is mostly high in 

regions with low latitudes and close proximities to the equator (Zoroquiain et al., 2016). This 

provides the evidence to support the association between pterygium and solar UVR exposure. 

The incidence of pterygium was found to be twice as high in outdoor workers when compared to 

indoor-based workers (Luthra et al., 2001; Lucas et al., 2016).  

Ocular surface squamous neoplasia represents a range of corneal and conjunctival epithelial 

lesions that may be either precancerous or cancerous (Yam and Kwok, 2014; Zoroquiain et al, 

2016). Solar UVR exposure has been reported to play a major role in the development of ocular 

surface squamous neoplasia, since the incidence of ocular surface squamous neoplasia tends 

to be high in populations living in countries that receive high levels of solar UVR, such as 

Australia and Saharan Africa (Yam and Kwok, 2014). The two chronic conditions, ocular surface 

squamous neoplasia and pterygium, may be related and may coexist in the same individual 

(Hirst et al., 2009; Chui et al., 2011).  

Droplet keratitis is the removal of lipids in the cornea affecting transparency. Also associated 

with chronic exposure to solar UVR is pingueculum, a benign tumour growth on the connective 

tissue of the conjunctiva (ICNIRP, 2010).  

Cataracts, on the other hand, namely clouding of the lens resulting in impaired vision that can 

eventually result in blindness, develop naturally as part of the ageing process. However, 

exposure to UVB has been shown to increase the risk of the development of cataracts (ICNIRP, 

2010). According to the World Health Organisation (2017d), an estimated 20% of cataracts 

cases may be caused by excessive exposure to UVR. 

Ultraviolet radiation exposure also causes malignant tumours of the eyelids (upper and lower) 

as well as of the medial and lateral canthus. The malignant tumours are BCC and SCC of the 

eyelid. Basal cell carcinoma of the eyelid accounts for about 90% of diagnosed eyelid malignant 

tumours, while SCC accounts for about 9% of diagnosed eyelid malignant tumours. Ultraviolet B 

is strongly associated with the incidence of ocular malignancies; especially SCC and chronic 

occupational exposure were reported to increase the risk of its development (Yam and Kwok, 

2014). The mechanism of solar UVR in causing malignant tumours of the eyelid is similar to that 

of the skin mentioned earlier (Narayanan et al., 2010; Morganroth et al., 2013). Excessive 

exposure to solar UVR is also a risk factor for the rare type of SCC of the cornea or conjunctiva, 

which is more common in populations living in low-latitude regions (Lucas et al., 2016). 
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2.6 Dosimeters for measuring personal exposure to solar UVR 

Various types of dosimeters are used to measure personal exposure to solar UVR. 

Polysulphone dosimeters are chemical UV photoresponsive films that operate on the principle 

of changing absorbance. The absorbance of the PS film increases in a dose-dependent manner 

upon exposure to solar UVR (Moehrle et al., 2003; Feister et al., 2013). The second type of 

dosimeters are electronic dosimeters equipped with photodetectors that can convert the UVR 

detected into volts or currents (Feister et al., 2013; Bais et al., 2015). Calculations using 

formulae are done to convert the levels of UVR detected by the dosimeters into accepted UVR 

units. The response of the electronic dosimeters mimics the CIE erythemal action spectrum 

(Blesic et al., 2016), which indicates the sun-burning response. There are also Bacillus subtilis 

(B. subtilis) spore films, which are made of cultures of highly sensitive DNA of immotile spores 

that can produce a spectral response corresponding to erythema (Feister et al., 2013; Bais et 

al., 2015). When B. subtilis spore films are exposed to UVR, the quantity of proteins synthesized 

by the B. subtilis during germination compared to those synthesised by a B. subtilis of a spore 

film exposed to a defined UVR serves as an indicator of UVR irradiance (Moehrle et al., 2003). 

The response of biological spore dosimeters estimates the biologically effective dose (DNA-

damaging) solar UVR (Blesic et al., 2016). 

Most of these dosimeters are small and light in weight, allowing work to proceed as normal 

when worn by a worker. All these types of dosimeters have been employed at least more than 

once in studies quantifying the exposure of workers to UVR (Moerhle et al., 2003; Wright et al., 

2007; Hammond et al., 2009; Siani et al., 2011; Serrano et al., 2013; Hault et al., 2016).  

In this study, electronic dosimeters from the Department of Electrical and Computer 

Engineering, University of Canterbury, Christchurch, New Zealand will be used. The main 

component that detects UVR in these dosimeters is the Schottky photodiode, which was 

manufactured from aluminium gallium nitride ternary alloys and has a spectral response that 

closely matches the erythemal action spectrum (Chow et al., 2000; Wright et al., 2007). The 

photodiode detects the erythemal UVR irradiance as photocurrents, which are converted into 

voltage by a trans-impedance amplifier. The voltage measurements are recorded by a ten-bit 

analogue-to-digital converter, then stored in counts in the Electrically Erasable Programmable 

Read-Only Memory, which can store up to 32 000 measurements (Wright et al., 2007). The 

Schottky photodiode, together with all the other electronics, is enclosed in a 

polytetrafluorethylene waterproof case. This case has a 1.2 mm thick diffusing plane above the 

photodiode, giving the dosimeters a good cosine response (Wright et al., 2007; Hammond et al., 

2009). All the dosimeter electronics are protected from humidity and have temperature stability 

over a range of 0 - 65°C (Wright et al., 2007). 
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2.7 Legislation and exposure limits 

South Africa has no legislation governing exposure to solar UVR, nor does it have an 

occupational exposure limit (OEL) for exposure to solar UVR. However, the Occupational Health 

and Safety act (Act 83 of 1993) states in section 8 that an employer has to provide and 

maintain, as far as possible, a work environment that is safe and without risk to the health of the 

employees (DoL, 1993). Elsewhere, the ACGIH has established TLV similar to those of the 

ICNIRP. The action spectrum defines the relative effectiveness of different wavelengths 

because wavelengths are not equally effective in producing biological effects (ICNIRP, 2010). 

Exposure to solar UVR over the entire action spectrum is cumulative. Thus, the TLVs are given 

for defined wavelengths, since in personal dosimetry it is not practicable to measure exposure 

at each wavelength in the spectrum. The TLVs are also given as biologically effective doses. 

Using the ACGIH action spectrum, which differs from the CIE action spectrum, the TLV in terms 

of effective dose is 30 J/m² and when using the CIE action spectrum, this value corresponds to 

109 J/m². The equation below is used to calculate the relation between the two action spectra 

and 30 J/m² can be translated into 109 J/m² (Moehrle et al., 2003).  

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑜𝑠𝑒 𝐶𝐼𝐸 = 3.63 × 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑜𝑠𝑒 𝐴𝐶𝐺𝐼𝐻 

These guidelines are regarded as ceiling values for the eyes and as recommended values for 

the skin because individuals have different susceptibilities to skin’s associated effects owing to 

the variations in skin photo-types. The risk of the development of both acute and delayed effects 

associated with solar UVR is limited when an individual is exposed to levels of solar UVR that 

are below the guideline. However, it has been stated that the guideline is hardly met in outdoor 

occupations because of lack of control over the source of UVR (ICNIRP, 2010). It is therefore 

important for outdoor workers always to use protective measures so as to lessen the total dose 

received as well as avoiding its adverse health implications.  

2.7.1 Units of measurement 

One SED, as indicated earlier, is equivalent to 100 J/m², therefore 109 J/m² equals 1.09 SED. In 

the present study, the units of solar UVR irradiance will be expressed in SED. The limit to which 

the personal exposure will be compared is the 1.09 SED.  
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3.1 Abstract 

Introduction: Solar ultraviolet radiation (UVR) is an unavoidable physical workplace hazard to 

which outdoor workers such as car guards may be excessively exposed. A potential high risk of 

excessive exposure increases their cumulative exposure as well as the risk of solar UVR-related 

negative health effects. The main aim of this study was to quantify the exposure of car guards to 

solar UVR. 

Methods: The exposure of outdoor car guards to solar UVR was measured for five consecutive 

days during early spring (September 2017) in South Africa using electronic UVR dosimeters. 

One electronic dosimeter was attached to the upper arm of each participant, using adjustable 

straps. From these measurements, the exposure of the nape of the neck, forehead, nose, cheek 

and hand were estimated. The onsite ambient solar UVR on a flat, horizontal, unshaded surface 

was measured concurrently. The sun-related knowledge, behaviour and attitudes of the car 

guards were evaluated using questionnaires. 

Results: All the solar UVR exposure levels are presented in standard erythemal dose (SED) 

units, where 1 SED = 100 J/m². The median exposure of all the car guards was 0.89 SED, with 

total daily exposure ranging from 0.02 SED – 5.01 SED. Total personal daily solar UVR 

exposure as a percentage of the ambient solar UVR exposure (measured on a flat surface) was 

24%. The results from the questionnaire indicated that sleeved shirts and hats were the most 

commonly used sun-protection measures (worn by 70% and 80% respectively) when compared 

to sunglasses and sunblock (30% and 30% respectively). Most (80%) of the car guards never 

had sun-safety education and training in either their past or present occupations. As a result, 

except for skin cancer, they did not know about the health effects of sun exposure, the meaning 

of the ultraviolet index and its use, or what a sun protection factor is. 

Conclusion: The exposure of car guards on several body sites was in excess of the TLV. 

Considering the high levels of solar UVR reported on most days throughout the year in South 

Africa, more studies quantifying the personal exposure of outdoor workers are necessary. The 

inclusion of sun-related variables, such as knowledge, behaviour, and attitudes in future studies 

will strengthen the knowledge base for decision-making and planning of sun awareness 

campaigns for employers and car guards. 

3.2 Introduction 

The sun is the main natural source of ultraviolet radiation (UVR). All living beings are exposed to 

solar UVR when in outdoor settings. Solar UVR is a known human carcinogen, linked to 

melanoma and non-melanoma (basal cell carcinoma (BCC) and squamous cell carcinoma 

(SCC)) skin cancers (IARC, 2012). Experimental as well as epidemiological studies have 
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reported an association between solar UVR exposure and skin cancers. In South Africa, non-

melanoma skin cancers are among the cancers with the highest reported incidence in both 

males and females (NCR, 2011). The main risk factor for non-melanoma skin cancers, 

especially SCC, is cumulative solar UVR exposure (Lucas et al., 2016). Outdoor workers are 

subject to high cumulative exposure when compared to the general population. A relationship 

between outdoor work and non-melanoma skin cancers has been established and reported 

(Bauer et al., 2011; Schmitt et al., 2011; Fartasch et al., 2012). 

Solar UVR also induces sunburn, skin photo-aging, immunosuppression and eye disorders such 

as photokeratoconjunctivitis, pterygium, ocular surface squamous neoplasia, droplet keratitis 

and cataracts (ICNIRP, 2010; Yam and Kwok, 2014; Lucas et al., 2016; Zoroquiain et al., 2016). 

The risk of skin effects differs for all humans. More specifically, individuals with fair (lighter) skin 

types are at higher risk of negative skin effects because they have less protective melanin when 

compared to individuals with darker skin types (ICNIRP, 2010). The effects on the eye and 

immune system are independent of skin type and thus the risk is the same for all humans 

(WHO, 2017). 

Studies quantifying personal exposure of outdoor workers in different industries have shown 

that workers are exposed to high levels of solar UVR, defined as levels above the international 

commission on illumination (CIE) threshold limit value (TLV) of 1.09 SED (Hammond et al., 

2009; Siani et al., 2011; Serrano et al., 2013; Makgabutlane and Wright, 2015). 

Furthermore, there is a positive relationship between ambient solar UVR levels and the risk of 

sunburn. Makgabutlane and Wright (2015) found that an outdoor worker may be exposed to 

84% of the total ambient solar UVR. This implies that, depending on the ambient solar UVR 

levels, an outdoor worker of any skin type is at risk of sunburn on most days of the year. The 

actual risk for each individual will depend on skin photosensitivity and sun-protective practices. 

However, a number of studies have reported poor sun-protective practices among different 

outdoor workers (Burwell, 2004; Hammond et al., 2009; Kearney et al., 2014). 

The aim of the study was to measure the solar UVR to which car guards, security workers who 

observe parked cars to prevent theft, are exposed during their working shifts, using electronic 

UVR dosimeters. The data were used to determine total daily solar UVR exposure, 10-minute 

exposure (SED/10 min), and personal exposure as a percentage of the ambient solar UVR 

measured on a flat surface – a common metric for comparison between studies of personal 

exposure. The data was also used to calculate exposure of other anatomical sites (nose, 

forehead, nape of the neck, check, hand) to solar UVR. The median solar UVR exposure level 

of all the car guards and the overall maximum exposure were also determined from the data. 

The personal exposure was compared to the TLV to assess whether car guards received solar 
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UVR in excess of the TLV. Furthermore, the sun-related knowledge, behaviour, and attitudes of 

the car guards were evaluated using a questionnaire. 

3.3 Materials and methods  

3.3.1 Study area and design 

The study was carried out in Potchefstroom, North West Province. This province forms the 

southern part of the Kalahari Desert, which receives sunshine almost all year round. The town 

of Potchefstroom has a low latitude of 26°S, an altitude of 1 378 m and relatively clear skies 

throughout most of the year. Therefore, this area may receive substantial levels of solar UVR, 

placing individuals who spend extended periods outdoors, such as outdoor workers, at 

increased risk of high exposure. These outdoor workers are in turn at higher risk of developing 

adverse health effects resulting from their potential high exposure. The specific area where the 

car guards worked (name withheld) had no form of shade, making this setting and these 

outdoor workers an ideal study population. 

3.3.2 Study population 

Car guards working at a shopping centre with minimal shading in the parking lots were chosen 

as study participants. A working shift constituted 15 car guards and all of them were recruited. 

Participants who were eligible to take part in the study were those who were 18 years and older 

and worked shifts of six or more hours for five or more days a week during the measurement 

period. This study was approved by the Human Research Ethics Committee (HREC) of the 

North-West University (Reference number: NWU-00039-17-A1). 

3.3.3 UVR dosimeters and calibration  

The electronic UVR dosimeters used to quantify personal solar UVR exposure in this study were 

from the Department of Electrical and Computer Engineering, University of Canterbury, 

Christchurch, New Zealand. These dosimeters are designed to measure erythemal UVR (280–

320nm), have on-board data logging as well as data download capabilities (Wright et al., 2007; 

Hammond et al., 2009). All the dosimeters were powered by lithium coin cell batteries, which 

powered the dosimeters fully during UVR measurements and entered sleep mode outside 

measuring time. They were reusable, had a high sampling rate, did not saturate on daily 

measurements and had a linear response and record time-stamped non-integrated UV 

irradiance. The last-mentioned characteristic is important, since changes in UVR exposure 

throughout the day are quantified. 
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The dosimeters were programmed to record measurements from 09:00 to 15:00, South African 

Standard Time (SAST), on each day at one-minute intervals. This interval was chosen because 

the UVR dosimeters are sensitive to frequent UVR changes, which may be brought about by a 

change in cloud patterns or solar zenith angle or the position of the sun in the sky relative to the 

horizon (Wright et al., 2007). All the UVR measurements stored in the electrically erasable 

programmable read-only memory of the dosimeters were downloaded at the end of data 

collection onto a computer, using a USB link. 

Using sunlight as a source of solar UVR, all the UVR dosimeters were calibrated during the 

period of 24 – 28 August against the research-grade Solar Light 501 UV biometer sensor at the 

Bolepi House, South African Weather Services in Pretoria (23.7°S, 28.2°E), South Africa. This 

biometer detects solar UVR in the wavelength range of 280 nm – 340 nm and has erythemal 

UVR as an output. The levels recorded are reported in minimal erythemal dose (MED), where 1 

MED = 210 J/m² and for this study the MED values were converted to SED, using equation 1 

given below: 

𝑆𝐸𝐷 =  
𝑈𝑉𝑅 𝑟𝑒𝑐𝑜𝑟𝑑𝑒𝑑 𝑏𝑦 𝑏𝑖𝑜𝑚𝑒𝑡𝑒𝑟 (𝑀𝐸𝐷) 

210
 × 100.  Equation 1 

For each dosimeter, calibration coefficients were calculated by fitting a second order polynomial 

function to the measures of the biometer against the measures of the UVR dosimeter, as can be 

seen in one example given below in Figure 1. The calibration coefficients unique to each 

dosimeter in its calibration equation were used to convert the counts obtained with the UVR 

dosimeter during the car guard measurement campaign to erythemal UVR units (SED). 
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Figure 1:  Dose-response graph of erythemal exposure in counts from a dosimeter 

against erythemal exposure in SED from the Solar Light Pty Ltd 501 UV 

Biometer 

3.3.4 Procedure for personal exposure measurements 

Using adjustable straps, all consenting participants were asked to attach an electronic 

dosimeter on the outer side of their left upper arm at the start of the shift. The attached 

dosimeter is shown in Figure 2 below. 

At the end of each shift, the dosimeters were removed from the participants and placed in an 

impervious container, where they were stored until the next day of data collection. 
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Figure 2:  A photo showing the position of the electronic dosimeter on the left 

upper arm of one participant. 

3.3.5 Procedure for measurement of ambient solar UVR  

To determine the percentage of ambient solar UVR received by the participants, one dosimeter 

was placed on a flat, horizontal, unshaded area at the work site. Equation 2 below was used to 

calculate the exposure of each participant as a percentage of ambient UVR: 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑎𝑠 𝑎 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑎𝑚𝑏𝑖𝑒𝑛𝑡 𝑈𝑉𝑅 =
𝑃𝑒𝑟𝑠𝑜𝑛𝑎𝑙 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 (𝑆𝐸𝐷)

𝐴𝑚𝑏𝑖𝑒𝑛𝑡 𝑈𝑉𝑅(𝑆𝐸𝐷)
 ×  100  Equation2 

3.3.6 Questionnaires  

The questionnaire used in this study was designed by the researchers and its content has been 

validated. 

All the participants filled in a questionnaire, which was used to evaluate their knowledge, 

attitudes, and behaviour pertaining to solar UVR exposure. The data from the questionnaires 

were then recorded using the REDCap Software (Version 6.1.3) for later analysis. 

3.3.7 Data analysis 

All solar UVR exposure results are represented in SED, where 1 SED = 100 J/m² normalized to 

298 nm. The exposure data were compared to the TLV of 1.09 SED effective dose of UV per 

day, developed using the CIE action spectrum (Moehrle et al., 2003). 

Exposure of other anatomical sites (forehead, nape of the neck, nose, cheeks and hands) was 

calculated using equation 3 below: 

𝑇𝐷𝐸 =  (𝐷𝐸 𝑢𝑝𝑝𝑒𝑟 𝑎𝑟𝑚 ∗  
100%

45%
) ∗ 𝐸𝑃𝐴 𝑜𝑓 𝑎𝑛𝑎𝑡𝑜𝑚𝑖𝑐𝑎𝑙 𝑠𝑖𝑡𝑒  Equation 3 
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where:  

• TDE is total daily exposure to be calculated. 

• DE is the daily exposure on the upper arm (site where dosimeter was attached. 

• 100% is the exposure of the vertex as a percentage of the ambient solar UVR, while 

45% is the exposure of the upper arm as a percentage of ambient UVR  

• EPA is the exposure as a percentage of ambient UVR for the anatomical site in 

question; percentages are available from Wright et al. (2011). 

Findings from a study by Wright et al. (2011) were used to develop this equation. 

The statistical package SPSS IBM Corp (IBM SPSS Statistics for Windows, Version 22.0. 

Armonk, NY: IBM Corp, 2013) was used to analyse the data collected. The distribution of 

continuous variables was tested for normality using formal tests, i.e. the Kolmogorov-Smirnov 

test and the ShapiroWilk test, and graphical methods, i.e. histograms and Q-Q plots. The 

median, minimum and maximum were used for reporting descriptive statistics. These were the 

only tests that were done because the aim of the study was to evaluate the exposure of car 

guards to solar UVR during their working shift, in order to compare it with the TLV to determine 

overexposure and indicate any risk of acute effects using the exposure levels. Correlations and 

evaluation of the relationship between car guards and exposure sites were outside the scope of 

this study. 

3.4 Results 

3.4.1 Characteristics of surrounding area and study population 

At the shopping centre, there were brick buildings with painted corrugated iron roofing in the 

area where the participants worked. The horizontal surface of the area was asphalt concrete. 

The minimum distance between the participants and the buildings was about three to five 

meters, while the maximum distance was in the range of six to 15 meters. There were small 

trees in the work area. Only eight car guards participated in the exposure measurements and 

wore electronic dosimeters as described earlier in 3.2.4. However, 10 car guards completed the 

questionnaire, which evaluated sun-related knowledge, behaviour and attitudes. The basic 

demographic information on these participants is presented in Table 1. 
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Table 1:  Basic demographic information on the participants.  

Variable Scale used n (%) 

Gender  

 

Female  

Male 

6 (60) 

4 (40) 

Age Years 

      

Mean (range) 

39 (33–55) 

Ethnicity  

 

White  

Black  

 2 (20) 

 8 (80) 

Level of education 

 

No schooling 

Primary (Grade 1-7) 

Secondary (Grade 8-12) 

Tertiary  

No response 

 4 (44) 

 0 

 5 (45) 

 0 

 1 (10) 

HIV status 

 

Negative 

Positive 

Do not know 

Do not want to say 

 3 (30) 

 1 (10) 

 4 (40) 

 2 (20) 

 

3.4.2 Solar UVR exposure  

3.4.2.1 Ambient conditions  

The ambient environmental conditions during the study period in the area where the car guards 

worked are represented in Table 2. The total daily ambient solar UVR was recorded by 

dosimeters as described in 3.2.5 above. These readings varied considerably from the local 

noon ultraviolet index (UVI) values reported for Potchefstroom during the study period (du Preez 

and Wright, personal communication, 2017). The dry bulb temperature for the five days 

measured around solar noon ranged from 26 °C – 32.4 °C. Clear skies with no cloud cover were 

observed during the period of measurements. 
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Table 2:  Measured and reported onsite daily ambient environmental conditions 

from 18 – 22 September 2017. 

Date  Total daily 
onsite 

ambient solar 
UVR (SED) 

Ultraviolet index 
values  

converted to 
SED 

Daily temperature (°C) 

(dry bulb) 

 

Daily humidity 
(%) 

18-09-2017 1.18 8.62 28.9 18.7 

19-09-2017 1.26 8.86 26.0 22.6 

20-09-2017 1.23 9.14 28.7 16.2 

21-09-2017 1.14 9.48 28.3 23.4 

22-09-2017 1.42 9.65 32.4 12.6 

Note: SED, standard erythemal dose, and 1 SED = 100 J/m².  The values for temperature, humidity and 
wet-bulb globe temperature (WBGT) index were measured using the 3M QUESTemp° 36 (S/N 
TEH040046). 

 

The diurnal patterns in solar UVR at 10-minute intervals over the five days of the study period 

are represented in Figure 3. The graphs on each day follow a sinusoidal pattern. This is an 

indication that the levels of solar UVR reaching the surface are low in the early morning, 

increase as the day progresses to reach a peak in the hours around local solar noon, followed 

by a decrease to lower levels in the late afternoons. 

 

Figure 3:  The onsite ambient solar UVR in 10-minute time intervals from 18 – 22 

September 2017. 

0

0,01

0,02

0,03

0,04

0,05

0,06

0 20 40 60 80 100 120 140 160 180 200

S
o
la

r 
U

V
R

 (
S

E
D

) 

Time series over days 



47 

3.4.2.2 Personal solar UVR exposure 

The daily solar UVR exposure levels of the car guards at 10-minute intervals as well as the 

corresponding ambient levels are depicted in Figure 4. The personal exposure of the car guards 

varied between the car guards and throughout the day. The personal exposure of most of the 

car guards followed the same pattern as the ambient solar UVR, with peaks occurring between 

11:30 and 13:00. More specifically, the maximum personal exposure obtained from car guard 

number eight (8) was 0.07 SED at 12:20, while the maximum ambient UVR was 0.24 SED at 

12:10. 

 

Figure 4:  Personal and ambient solar UVR levels throughout the shift at 10-minute 

intervals. 
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The total daily exposure on the upper arms of all the participants on all five days was lower than 

the TLV of 1.09 SED as defined using the CIE spectrum. The quantified median exposure of all 

the car guards over the five days was 0.29 SED, with a maximum exposure of 0.63 SED. 

3.4.2.3 Personal solar UVR exposure as a percentage of ambient UVR 

The exposure of all the car guards as a percentage of ambient solar UVR over the study period 

is represented in Figure 5. Car guard 1 was exposed to the highest percentage of the ambient 

solar UVR when compared to the other car guards.  The overall exposure of the car guards as a 

percentage of ambient UVR was 24%. 

 

Figure 5:  Solar UVR exposure of car guards as a percentage of ambient UVR and 

the average percentage exposure as a percentage of ambient solar UVR 

of all the car guards. 

3.4.2.4 Estimations of solar UVR levels on other anatomical sites  

Equation 3 was used to calculate the total daily levels of solar UVR to which the forehead, nape, 

nose, cheeks and hands of the car guards were exposed. All the calculated solar UVR levels on 

the anatomical sites were higher than the levels that were measured on the upper arm and most 

were in excess of the TLV. The total daily exposure of each car guard on the abovementioned 
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exposure of the above anatomical sites as well as that measured on the upper arm, was 0.89 

SED (range 0.02 SED – 5.01 SED). 

 

Figure 6:  Solar UVR (SED) on different anatomical sites of car guards and a line 

graph showing TLV. 
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study period. Wide-brimmed hats were worn by 80%, while long-sleeved shirts were worn by 

50% of the participants during working hours. 

Sun-related behaviour during work and leisure time is presented in Table 3. 

Table 3:  Responses to sun-related behaviour during work and leisure periods   

Behaviour Scale used Work: n 
(%) 

Leisure: n (%) 

Application of sunblock 

 

     Never 

     Sometimes 

     Always  

7 (70) 

1 (10) 

2 (20) 

8 (80) 

2 (20) 

0 (0) 

Wear a hat  

 

     Never 

     Sometimes 

     Always 

0 (0) 

3 (30) 

7 (70) 

2 (20) 

5 (50) 

3 (30) 

Type of hat 

 

     Never 

     Cap with back straps 

     Cap with neck covering 

     Baseball cap 

     Wide-brimmed hat 

     Beanie 

     Doek 

     Hard hat  

0 

0 

0 

1 (10) 

8 (80)  

1 (10) 

0 

0 

2 (20) 

1 (10) 

1 (10) 

4 (40) 

3 (30) 

0 (0) 

0 (0) 

0 (0) 

Type of clothing worn 

 

     T-shirt short sleeve 

     T-shirt long sleeve 

     Shirt short sleeve 

     Shirt long sleeve 

     Coverall no sleeve 

     Coverall short sleeve 

     Coverall long sleeve 

1 (10) 

1 (10) 

1 (10) 

5 (50) 

0 (0) 

1 (10) 

3 (30) 

3 (30) 

2 (20) 

6 (60) 

2 (20) 

0 (0) 

1 (10) 

1 (10) 

Wear eye protection 

 

     Never 

     Sometimes 

     Always 

7 (70) 

1 (10) 

2 (20) 

7 (70) 

2 (20) 

1 (10) 

Note: All values are in percentages (%), the total is not always 100% because some participants chose 
more than one option. 

 

3.4.3.2 Sun-related knowledge 

The majority of participants did not know the meanings of UVI and SPF, as can be seen from 

Figure 7. Sixty percent of the participants knew that the sun affects the skin negatively; although 

skin cancer was the only known negative effect. Knowledge about the sun being hottest 

between 12:00 and 14:00 was reported by only four participants (results not shown in figure 7). 
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Figure 7:  Sun-related knowledge of participants, responses presented in 

percentages 

3.4.3.3 Attitudes 

Sun-related attitudes are presented in Figure 8. Most participants knew the importance of 

protecting the skin using clothing and sunblock, as well as the eyes with sunglasses, yet most 

did not wear eye protection or apply sunblock when at work. Sixty percent of the participants did 

not know whether sunblock was expensive or not, while 50% did not use sunblock because they 
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with 40% of these participants reporting that they sunbathed to darken their skin. 

0 20 40 60 80 100 120

Have you received information about the sun

Do you know of UVI

It is good to spend some time in the sun

The sun is a risk factor for skin cancer

People with dark skin suffer from sun effects

Darker skin burns as easily as light skin

The sun causes permenant damage to skin

Do you know about SPF

People with light skin have to use sunblock

People with dark skin have to use sun block

Percentage of responses (%)

I do not know No Yes



52 

 

Figure 8:  Sun-related attitudes, responses presented in percentages of 

participants. 
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meteorological factors, specifically sun position, which changes as the day progresses. In the 

early and late hours of the day, the levels of solar UVR reaching the surface are lower, resulting 

in less intense ambient solar UVR. This is because the sun’s rays travel to the surface at an 

angle as a result of the position of the sun relative to the overhead position (the highest point in 

the sky above a bystander) (EPA, 2010). The ambient solar UVR peaked at around local noon, 

particularly between 12:00 and 12:10 pm (SAST) on all the days of the study period. 

The daily personal exposure to solar UVR as well as peak exposure time varied for the car 

guards. This can be explained by sun-related behaviour as well as different working practices 

throughout the day. This personal exposure, however, followed a similar pattern as the ambient 

solar UVR, although the exposure levels of some car guards peaked either before or after the 

peak time of the ambient solar UVR levels. The ambient solar UVR can be used where possible 

in outdoor occupations to schedule work periods to avoid exposure to a high level of solar UVR 

(Hammond et al., 2009). 

The total daily exposure of all the car guards at the anatomical site measured (upper arm) was 

below the TLV. Interestingly, the total daily exposure calculated for the other anatomical sites, 

namely forehead, nose, cheeks, nape of neck and hands of the car guards, was higher than that 

quantified on the upper arms. Most of this exposure was in excess of the TLV. These findings, 

therefore, imply that although there was no risk of developing acute effects of solar UVR such 

as sunburn on the upper arms, the risk was present for other anatomical sites such as the 

forehead, nape, nose, cheeks and hands. The car guards’ risk of developing adverse effects 

related to chronic exposure cannot be avoided irrespective of exposure levels being below or in 

excess of the TLV. The median solar UVR exposure of all the car guards in this study was 0.89 

SED, with a maximum of 5.01 SED. This implies that although 50% of the total daily solar UVR 

exposure levels of car guards were below 0.89 SED; the risk of excessive exposure and 

associated health effects was high throughout the study period. 

A car guard in a pilot study was found to be exposed to high levels of solar UVR throughout his 

working shift (Wright, 2015). The daily mean exposure to solar UVR of farmworkers in another 

pilot study was 1.21 SED (median = 1.16 SED), with a maximum daily exposure of 1.62 SED 

(Linde et al., 2015). Another study found that the exposure of an outdoor worker to solar UVR 

ranged between a UVI of 0.29 – 4.66 and 2.09 – 4.66 on the days when solar UVR was 

quantified (Makgabutlane and Wright, 2015). Although the previously mentioned studies were 

also conducted in South Africa, comparing the findings is challenging because of the differences 

in regions (altitudes and latitudes), seasons in which the solar UVR was quantified, areas of 

work (albedo effects), type of dosimeters used as well as differences in the anatomical sites 

chosen for the attachment of dosimeters. 
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Interestingly, the exposure of the car guards as a percentage of ambient solar UVR at 24% was 

higher than the 20% hypothesized by Wright et al. (2013), albeit lower than the 84% found by 

Makgabutlane and Wright (2015) and differing from the 46% reported by Linde et al. (2015). 

Considering the high levels of solar UVR reaching the surface of South Africa throughout the 

year, the car guards in this study are at risk of overexposure and experiencing the adverse 

effects of solar UVR on days with very high or extreme ambient solar UVR levels. 

In other studies, construction workers in Spain were found to receive a median of 13.9% of the 

total daily ambient solar UVR (Serrano et al., 2013). In agreement with our findings, outdoor 

workers in a New Zealand study received 20.5% of the total daily available ambient solar UVR 

(Hammond et al., 2009). 

Furthermore, mention has to be made of the fact that the car guards do not have any breaks 

during their shift. The implication is therefore that their cumulative daily exposure exceeds that 

of other outdoor workers who have breaks spent in shaded areas. This can be evaluated to 

identify outdoor occupations with high cumulative daily exposure to motivate the establishment 

of tailored control measures for various outdoor occupations. 

3.5.2 Sun-related behaviour, knowledge and attitude 

Generally, the practice of using shade and protective clothing can reduce the levels of solar 

UVR received by exposed individuals as well as the risk of related adverse health effects 

(Stanton et al., 2004). In this study, all the participants used some form of sun protection 

measure, with protective clothing such as sleeved shirts (100%), wide-brimmed hats (80%) or 

baseball caps (10%) being used most often, especially during work hours. Similarly, Carey et al. 

(2014) found that clothing (80.4%) and hats (72.2%) were the most frequently used sun-

protective measures among a group of workers in Australia. In addition, Peters et al. (2016) 

reported similar findings among a group of outdoor construction workers, with hats used by 79% 

of the workers and sleeved shirts by 82% of the workers. Consistent with other studies 

(Dobbinson et al., 2008; Malak et al., 2011; Peters et al., 2016), the least used sun-protective 

measures were sunglasses and sunblock. This may be due to one or all of the following factors: 

firstly, the participants do not know that the sun (solar UVR) can have adverse effects on the 

eyes, since the skin was the only organ reported to be affected negatively by the sun; secondly, 

the majority of participants do not know the importance of applying sunblock when outdoors and 

thirdly, they have the perception that sunblock is not affordable for them 

The use of sun-protective measures in this study was influenced by the setting, since most 

participants wore sleeved shirts, long trousers and wide-brimmed hats more frequently when at 

work than during leisure time. Similar to our study, Peters et al. (2016) found that sun protection 
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scores of outdoor construction workers were higher at work (2.5) than during leisure time (2.3), 

concluding that better sun behaviour is practised when at work than during leisure periods. 

Receiving information and training has been proven effective in improving the knowledge as 

well as attitudes of outdoor workers (Malak et al., 2011). The security company to which the car 

guards are independently contracted never gave the car guards sun safety information and 

training when they started work. Thus, the participants in this study have limited knowledge 

about the sun and its effects. In a systemic review of cross-sectional and interventional studies, 

the majority of workers in outdoor occupations in various studies were reported to have limited 

or no knowledge about the sun and its effects (Reinau et al., 2013). Only a few knowledge 

aspects are discussed here. 

The UVI is a tool that was developed to inform the public about the intensity of solar UVR as 

well as to give advice on protective measures (Hault et al., 2016). None of the participants in 

this study had heard or knew about UVI and its implications, which is the same as reported for 

the majority of German outdoor workers (Hault et al., 2016). In contrast, Wright and Albers 

(2011) found that about 77% of South African adults working at one of the biggest research 

companies in South Africa knew about UVI. Although not reported, most of those workers might 

have had a higher socioeconomic status when compared to outdoor workers in this study. 

Most of the participants in this study (60%) knew that spending extended periods outdoors 

exposed to the sun is a risk factor for skin cancer and perceived themselves at risk of this 

disease. Surprisingly, some still wore short-sleeved shirts and baseball caps and did not apply 

sunblock. Comparable to our findings, 70% of landscapers considered themselves at risk of skin 

cancer (Nahar et al., 2013). 

A high percentage (70%) of the participants perceived dark skin as attractive; however, only a 

minority (40%) of these participants reported engaging in sunbathing practices. In a study by 

Wright and Albers (2011), 10% of South African adults were reported to sunbath regularly to 

darken their skin. These findings are different from those in most international studies (Bridges 

and Ehrlich, 2005; Madgwick et al., 2011; Kearney et al., 2014), where most participants 

engage in tanning practices. Findings in this study differ from those of most international studies 

because 80% of our study participants naturally have dark skin because of their ethnicity and 

constitutive skin phototype (African blacks of skin type V and VI) and thus may not see the need 

to sunbath. 

Even though only one participant reported to be living with human immunodeficiency virus 

(HIV), an estimated 7.06 million of the South African population is HIV positive (STATS SA, 

2017). Since both HIV and solar UVR suppress the immune system (WHO, 2017), the outdoor 
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worker who is HIV positive is at a higher risk of developing solar UVR-related negative effects, 

such as skin cancers, when compared to those who are HIV negative. This is because, in the 

case of skin cancer, the suppressed immune system is not effective enough to combat tumour 

development (Lucas et al., 2016). 

3.6 Conclusion  

The total daily exposure to solar UVR of several car guards was high. The median exposure 

was 0.89 SED, with a maximum of 5.01 SED, indicating the risk of solar UVR related effects. 

For outdoor workers, cumulative exposure is also important, implying that all workers 

irrespective of solar UVR exposure levels measured during the study period are at risk of 

chronic solar UVR effects such as SSC and eye disorders. The personal exposure of the car 

guards as a percentage of ambient UVR was quite high, considering the high UVI levels that are 

reported throughout most days of the year in the town of Potchefstroom. With this percentage, 

exposures above the TLV can be expected on days with high UVI levels. In follow-up studies, 

the exposure of a larger group of car guards to solar UVR throughout the year. In addition, 

concurrent behaviour using self-administered diaries can be incorporated. 

The measured onsite ambient solar UVR was low when compared to the reported UVI values. 

Therefore, instrumentation bias is suspected and follow-up studies are needed to validate the 

findings of this study. 

The car guards maintain better sun-protective practices when at work compared to outdoor 

workers in other studies. This may be attributed to the fact that the protective measures used at 

work (sleeved shirts, wide-brimmed hats as well as long trousers) are part of workplace uniform 

requirements. Studies evaluating the use of clothing and hats among informal outdoor workers 

will provide information as to whether the use of protective clothing and hats is voluntary or 

employer-led. The provision of sun safety education and training in the workplace is a necessity 

if the knowledge of the car guards about the sun and its effects is to be improved. 
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Chapter 4: Concluding chapter 

4.1 Final conclusions 

Exposure to solar UVR is associated with detrimental effects on human health. The frequency 

and duration of exposure to solar UVR are of major importance (WHO, 2017b). In chronically 

exposed individuals, the risk of developing solar UVR-related effects is always present, 

irrespective of low or high exposure. The use of protective measures by individuals is the only 

method of reducing the levels of solar UVR they receive, unlike in other hazards where the 

source can be controlled. Sun-safety information and training can improve behaviour, which 

includes the use of protective measures, as well as sun-related knowledge and to a lesser 

extent attitude (Malak et al., 2011; Reinau et al., 2013). 

The general aim of the study was to measure the levels of solar UVR to which car guards are 

exposed during their day shifts, using electronic dosimeters from the Department of Electrical 

and Computer Engineering, University of Canterbury, Christchurch, New Zealand. In addition, 

the sun-related knowledge, behaviour and attitudes of the car guards were evaluated using 

questionnaires designed and validated for this study. This was a baseline study, since the 

exposure of car guards to solar UVR, as well as their sun-related knowledge, behaviour and 

attitudes, has never been investigated in South Africa. The car guards working at a local 

shopping centre took part in this study. 

According to the measurements in this study, the median solar UVR exposure of all the car 

guards during their day shift from 18 – 22 September was 0.89 SED (range 0.02 SED – 5.01 

SED) and their exposure as a percentage of ambient solar UVR was 24%. The maximum value 

indicates that the risk of adverse effects of solar UVR was present for some car guards 

throughout the five days of measurement. The data from the questionnaire indicate that the 

majority (80%) of the car guards had not received sun safety education in either their past or 

current outdoor occupations. However, in spite of that, some basic sun-protective measures, 

such as sleeved shirts, long pants and hats, were used. Although the majority (90%) of the car 

guards were aware that they spent too much time in the sun and reported worrying about the 

sun when outdoors, most did not use all the basic sun-protective measures, which include 

sunblock and sunglasses in addition to the clothing mentioned earlier. Moreover, though most 

(70%) of the car guards reported that it was important to practise good sun behaviour when 

outdoors, none of them did this. Nevertheless, it has to be mentioned that some behaviour, 

such as the use of shade, could have been hampered by the distance of the post of the car 

guard to the available shade and by not having free time (lunch breaks) to use the shade. 
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4.2 Hypotheses  

The following hypotheses were made:  

Hypothesis 1: Daily exposure of car guards to solar UVR exceeds the TLV and their potential 

risk of sunburn is high. 

The findings of this study indicate that the solar UVR exposure on the quantified site were below 

the TLV throughout the measuring period. However, the calculated exposure of other 

anatomical sites especially the nape of the neck and cheeks were in excess of the TLV. 

Therefore, all the car guards were exposed to solar UVR in excess of the TLV on one or more 

anatomical sites during the measurement period. Their overall exposure as a percentage of 

ambient solar UVR was 24%. All these results show that there was a risk of sunburn throughout 

the study period. The actual occurrence of sunburn, however, depends on skin photosensitivity 

as well as the use of personal protective measures. Since the calculated exposure is based on 

the quantified exposure, the hypothesis is accepted. 

Hypothesis 2: The car guards have no knowledge about solar UVR and its related effects; they 

also do not practise good sun behaviour. 

Good sun behaviour is regarded as using full protective measures, which include wide-brimmed 

hats, long-sleeved shirts or shirtsleeves reaching the elbow, sunblock on skin sites that are not 

covered by clothing and sunglasses. The majority of car guards in this study had no sun-related 

knowledge, including knowledge about solar UVR and its associated effects. This may be due 

to the fact that none of them received sun safety education and training in their past or current 

occupations. In addition, the data indicated that the car guards did not practise good sun 

behaviour. Although all of them wore sleeved shirts and 80% wore wide-brimmed hats, only 

20% always applied sunblock and none of them wore sunglasses. The hypothesis is therefore 

accepted. 

4.3 Limitations  

4.3.1 Exposure measurements 

• For logistical reasons, budget constraints and an insufficient number of electronic 

dosimeters, only car guards working at one geographical location (Potchefstroom) were 

investigated and therefore the results in this study are not representative of exposure to 

solar UVR of all car guards in South Africa. 
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• The study was only conducted for a period of five days. Measuring exposure over a 

longer period especially during the warmest seasons would give more accurate 

estimations of the exposure of the car guards to solar UVR. 

• The upper arm was used as an anatomical site for measurements. It has been shown in 

various studies that more solar UVR is received on horizontally orientated anatomical 

sites than on vertically orientated anatomical sites (ICNIRP, 2010; Wright et al., 2011). 

The site where the dosimeter was attached also resulted in the dosimeter being 

perpendicular to the sun throughout the day, receiving only 24% of the ambient UVR.  

• The ambient solar UVR levels measured were low when compared to the reported 

ambient solar UVI levels. This raises concern about instrumentation bias. Therefore, 

measuring exposure again using the electronic dosimeters employed in this study 

together with other types of dosimeters will validate the findings of this study. 

4.3.2 Sun-related knowledge, behaviour and attitudes 

• As with exposure measurements, only a small number of car guards completed the 

questionnaire. The number was sufficient to be representative of the car guards working 

at the shopping centre; however, it was not sufficient to represent the entire population 

of outdoor workers in South Africa. The findings from this study can nevertheless serve 

as a baseline for outdoor workers with the same characteristics as the participants in this 

study. 

4.4 Workplace recommendations 

4.4.1 Administrative measures  

Receiving sun-related information and training has been reported to improve the knowledge, 

behaviour and attitudes of some workers (Burwell, 2004; Malak et al., 2011; Reinau et al., 

2013). According to the Occupational Health and Safety Act 85 of 1993 (DoL, 1993), information 

and training is the responsibility of the employer. Although the car guards are independently 

contracted to a security company responsible for general safety and security at the shopping 

centre, the security company may offer training as a gesture of goodwill.   

The training may include the following aspects: 

• Potential health risks associated with exposure to the sun (specifically solar UVR). 
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• Precautionary measures that can be taken by the car guards to protect themselves 

against the health risks, as well as measures taken by the security company to protect 

the car guards against the hazard to which they are exposed.  

• The necessity, correct use as well as replacement per contract of the protective 

measures. 

• The importance or necessity of wearing solar UVR monitoring devices when requested. 

• The duties of the car guards in respect of protective measures, as they are the ones who 

are exposed. Important duties in this regard include wearing personal protective 

equipment such as wide-brimmed hats, long-sleeved shirts, long trousers, sunglasses 

and broad-spectrum sunblock. They should use shade-providing structures when 

possible. 

4.4.2 Personal protective equipment 

Basic protective measures against solar UVR include protective clothing (such as wide-brimmed 

hats, sleeved shirts or t-shirts, long trousers or coveralls with long sleeves and pants, and 

sunglasses) as well as topical application and reapplication of sunblock with a high SPF. The 

use of shade-providing structures when possible is also recommended (ICNIRP, 2010; Lucas et 

al., 2016; WHO, 2017a). Most of the workers already used some of the basic protective 

measures, since these were part of the workplace uniform. Measures that were not used are 

recommended below: 

• Sunglasses with UVA and UVB filters must always be worn when outdoors, irrespective 

of weather conditions.  Although sunglasses vary, those that are tight-fitting and have a 

wrap-around design are reported to provide better protection (Weber et al., 2007; 

Morganroth et al., 2013). 

• Broad spectrum sunblock with an adequate SPF (at least SPF 30 or greater). This can 

be applied at least 30 minutes before exposure to sunlight to all sites that are not 

covered with clothing.  Sunblock must be applied at a density of 2 mg per cm2 of skin; 

this is approximately two full tablespoons for an average sized adult. The sunblock 

should be reapplied every two hours when outdoors. Proper use of sunblock has been 

reported to decrease the risk of sunburn effectively and regular use can possibly 

decrease the risk of skin cancer as well as photoaging (Lucas et al., 2016). 

• Shade-providing structures such as umbrellas. Large handheld umbrellas with a dark 

fabric colour must preferably be used. These can prevent about 90% of solar UVR from 
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reaching the operator (Lucas et al., 2016). However, for the umbrella to be effective, it 

must be held in such a way that it blocks the sun. 

4.4.3 Health surveillance 

• Since the car guards are exposed to solar UVR on a daily basis for a long duration, 

they are at risk of excessive exposure as well as related adverse effects. It is 

therefore recommended that they undergo health evaluations, where their skin and 

eyes can be assessed to determine if there are any signs of solar UVR damage and 

their personal risk levels can be determined. This can be done at primary health care 

centres. 

4.5 Recommendations for future studies 

1. Since high UVIs are recorded in most parts of South Africa throughout the year, 

more studies quantifying the exposure of outdoor workers to solar UVR are 

needed, to enable an overall estimation of the exposure and the patterns of 

exposure of outdoor workers to solar UVR. 

2. Self-reported diaries on concurrent practices and behaviours may be included in 

future studies. 

3. Future studies should include large sample numbers, preferably sample outdoor 

workers in different industries countrywide and be conducted over a longer 

period to give a proper estimate of the exposure of outdoor workers in South 

Africa to solar UVR. 

4. The electronic dosimeters used in this study, as well as another type of 

dosimeter, must be used in follow-up studies in order to validate the findings of 

this study. 

5. Researchers who use electronic dosimeters, which require straps to be attached 

to the participants, should consider having coloured straps in different colours so 

that participants can choose the colour of strap they prefer. This is because 

some of the car guards in the current study had cultural and spiritual beliefs 

regarding the wearing of black straps, which led to most of them not taking part in 

the study and some withdrawing from the study. 

6. In this study, wide-brimmed hats, sleeved shirts and long trousers were the 

main/only protective measures used by car guards when at work. Follow-up 

studies can evaluate the effectiveness of these measures in protecting the skin 
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against solar UVR. This can be done by placing two dosimeters, one underneath 

the clothing and the other outside the clothing adjacent to the one underneath, 

then determining the difference between the solar UVR levels on the outside 

dosimeter and those on the inside dosimeter. 

7. More studies on sun-related knowledge, behaviour and attitudes of outdoor 

workers are needed since, except the findings of this study, there is no 

information on these aspects. Results on sun-related knowledge, behaviour and 

attitudes of more groups of outdoor workers can be used to develop/motivate 

sun-awareness campaigns. 

8. Future studies investigating sun-related knowledge, behaviour and attitudes must 

be done on a larger sample size, so that relationships between knowledge and 

behavioural practices, knowledge and attitudes as well as differences between 

the use of protective measures at work and during leisure can be evaluated and 

statistical correlations can be made to support the findings. 

9. Follow-up studies can also evaluate the effectiveness of providing information 

and training in improving sun-related behaviour and attitudes in a group of 

workers who have received such information and training. 

10.  The choice of using available protective measures, such as shade, can also be 

evaluated in future studies. 

11. Data on behaviour, knowledge and attitudes of outdoor workers elsewhere have 

shown that the behaviour and attitudes of participants vary by gender and age as 

well as by skin type (Kearney et al., 2013). All these aspects were not taken into 

account in this study because of the small sample size. These aspects can be 

evaluated in future studies. 
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Annexures 

Annexure A (sun related behaviour, knowledge and attitudes questionnaire)  

Part A: Participant questionnaire on the amount of sun received and practices 
during work and off-duty time. 

 
 
 PART 1: BIOGRAPHICAL DATA / PERSONAL INFORMATION (Mark the correct box with 
and X) 
Work site: Date :    

Gender       Male   Female  Age    

Ethnicity  White  Black  Indian  Coloured  

What is your highest level of education?  No schooling Grade:    

Do you know your HIV status? Negative Positive I do not know I do not want to say 

PART 2: THIS SECTION IS ABOUT THE WORK (JOB)  YOU DID BEFORE YOU BECAME A CAR 
GUARD: Make a cross (X) on the box with the answer that is true for you.  
A1) Did you work in an outdoor occupation (job) in the past? No Yes 

If your answer to A1 above is Yes, then continue with Question A2 to A4. If your answer to A1 is No go to 
Question A5. 

A2) How many years did you work in the past outdoor job?   

A3) How many hours a day did you work outside in your previous job?   

A4) Did you receive sun safety education and training in your previous job? 

I did not receive training Once Two or more times 

PART 3: THIS SECTION IS ABOUT THE  JOB YOU ARE DOING NOW AS A CAR GUARD 
Fill in the answer for Question A5 to A7. 
A5) How long (months or years) have you been working as a car guard?  

A6) How many days a week do you work?   

A7) How many hours a day do you work?   

For question A8 to A9 you are required to make a cross (X) on the box with the answer that is true for you. 

A8) Did you receive sun safety education and training in job you hold now? 

No, I did not receive training Once Two or more times 

If your answer to A8 above is No, go to A10 

A9) if you did receive training, which of the following aspects did the training in your current job cover? (tick all 
applicable) 

How to use 
sunscreen 

Importance of 
covering your skin 
with long sleeved 
clothes 

Importance of 
eye- protection 

Importance of staying 
in the shade 
whenever possible 

Importance of 
skin checks 

Health effects of 
prolonged 
exposure to the 
sun  

PART 4: THIS SECTION IS ABOUT YOUR PERSONAL PRACTICES (OR YOUR BEHAVIOUR) 
WHEN YOU ARE AT WORK. 
A10) In which type of area do you spend your breaks (lunch and tea times)? Write down your answer. 

 

A11) Do you apply sunblock while working in the sun? 

Never Sometimes Always 

If your answer to A11 above is Never, go to A14 

A12) If you do apply sunblock, on which parts of your body do you apply sunblock while in the sun? Please choose 
all that is true for you. 

Participant code: 

_________ 
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Face Neck  Arms  Legs 

A13) How often do you reapply sunblock when outdoors during working hours? 

Never Sometimes Always 

A14) How often do you wear a hat when outdoors during working hours? 

Never Sometimes Always 

A15) Mark the type(s) of hat you wear when outdoors during working hours? (Mark all that apply to you with an X) 

 
 

  
  

  

A16) Which type of clothes do you wear most of the time during working hours? (Mark the type of clothes you wear 
during working hours with X) 

T-shirt Shirt Coveralls 

Short sleeve 
 

Long sleeve  Short sleeve  Long sleeve  No sleeves, 
long pants 

Short sleeves,  long 
pants 

 Long sleeves, 
long pants 

      
 

A17) How often do you wear eye-protection (sunglasses) when outdoors during working hours? 

Never Sometimes Always 

If your answer to A17 above is Never, go to A19 

A18) Mark the type of eye-protection you wear during working hours. Otherwise go to A28. 

Non-Prescription 
sunglasses with UVA 
and UVB lenses 

Prescription 
sunglasses with 
tinted lenses 

Prescription sunglasses 
with plain lenses (no 
tinting) 

Goggles Wrap-around 
goggles 

  

 

 
 

PART 5: THIS SECTION IS ABOUT YOUR PERSONAL PRACTICES ( OR YOUR BEHAVIOUR) 
DURING OFF-DUTY TIME.  Make a cross (X) on the box with the answer that is true for you. 
A19) Do you spend time in the sun during your off-duty time? 
Never Sometimes Always 

If your answer to A19 above is Never, skip A20 

A20) How many hours do you spend in the sun per day during your off-duty time?  

A21) Do you apply sunblock when outdoors during your off-duty time? 

Never Sometimes Always 

 If your answer to A21 above is Never, go to A25 

A22) On which parts of your body do you apply sunblock when outdoors during your off-duty time? Please mark  
all that is true for you with an X. 

Face 
 

Neck Arms Legs 

A23) How often do you reapply your sunblock when outdoors during your personal time? 
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Never Sometimes Always 

A24) What is the Sun Protection Factor (SPF) of the sunblock you use during your off-duty time? 

I do not know 15  30 and  higher 

A25) Which type of clothing do you wear when outdoors during your off-duty time? Mark all that is true for you with 
an X 

T-shirt Shirt Coveralls 

Short sleeve Long sleeve Short sleeve  Long sleeve Long sleeves, 
long pants 

No sleeves, 
long pants 

Short sleeves, 
long pants 

 

      

A26) Which type(s) of hat(s) do you wear during your off-duty time? Mark all that apply to you with an X 

Never 

 
 

  
  

  

A27) How often do you wear eye-protection (sunglasses) when outdoors in your off-duty time? 

Never Sometimes Always 

If your answer to A27 above is Never, skip A28 

A28) if you wear eye protection, which type of eye-protection do you wear when outdoors in your off-duty time 

Non-Prescription 
sunglasses with UVA 
and UVB and tinted 
lenses 

Non-prescription 
sunglasses with UVA 
and UVB lenses 

Prescription lenses 
with no tinting 

Goggles Wrap-around goggles 

  

 

  

 

Part B: Knowledge and attitudes of outdoor workers regarding the sun 

          
 
 
 

PART 1:  THIS SECTION IS ABOUT YOUR GENERAL KNOWLEDGE ABOUT THE SUN AND ITS 
HEALTH EFFECTS. Make a cross (X) on the box with the answer that is true for you. 
B1) Have you received any information about the sun and its 
health effects? 

No Yes 

If your answer to B1 is No, skip B2 

B2) Where did you receive the information about the sun and its 
health effects? (Write down your answer) 

 

B3) Do you know what ultraviolet radiation is? No Yes 

B4) Do you know the meaning of the Ultraviolet index (UVI)? No Yes 

Participant code: ___________ 
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B5) What time of the day is the sun the hottest? (Mark the first box if you do not know or write down your answer 
in the second box)  

I do not know  

B6) It is good to spend a little time in the sun every 
day 

No Yes I do not know 

 B7) Spending a lot of time in the sun is the most 
important risk factor for skin cancer 

No  Yes I do not know 

B8) How is your health affected when you work in the sun for a long time? (Mark the first box if you do not know 
or write down your answer in the second box) 

I don’t know  Answer:  

B9) Do people with darker skin colour suffer from health effects caused by the sun? 

No Yes I do not know 

B10) Do people with darker skin burn as easily as people with lighter skin? 

No Yes I do not know 

B11) When the sun burns your skin it causes a permanent damage.  

No Yes 

PART 2: THIS PART IS ABOUT YOUR KNOWLEDGE OF THE WAYS OF PROTECTING 
YOURSELF AGAINST THE SUN.  Make a cross (X) on the box with the answer that is true for 
you.   
B12) Do you know what a sunscreen’s sun protection factor (SPF) means? 

No Yes I have heard of it but I do not know what it means 

B13) Do people with lighter skin colour have to use sunscreen? 

No Yes I do not know 

B14) Do people with dark skin colour have to use sunscreen? 

No Yes I do not know 

B15) What type of clothing prevents more of the sun from reaching the skin surface? 

Lighter coloured clothing Darker coloured clothing I do not know 

PART 3: THIS SECTION IS ABOUT YOUR ATTITUDES WHEN SPENDING TIME IN THE SUN. 
Make a cross (X) on the box with the answer that is true for you. 
Answer B16 and B17 if you know what UVI is 

B16) Do you look at the ultraviolet index (UVI) when planning to go 
outside? 

No Yes  

B17) Would you change your plans to go outside if you knew that the 
ultra violet index (UVI) level was? 

No Yes  

B18) Do you worry about sun when working outside No Yes 

B19) I spend too much time in the sun. No Yes 
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B20) I stay for long periods of time in the sun to darken my skin. No Yes 

B21) Somebody that has a darker skin is more attractive. No Yes 

B22) I enjoy spending time in the sun. No Yes 

B23) I think I am at risk of skin cancer. 

No Yes I do not know 

PART 4: THIS SECTION IS ABOUT YOUR ATTITUDES TOWARDS WAYS OF PROTECTING 
YOURSELF AGAINST THE SUN.  Make a cross (X) on the box with the answer that is true for 
you. 
B24) Protecting yourself against the sun is important when you are 
driving or in a car/taxi as a passenger. 

No Yes 

B25) It is important to work or stand in the shade (where there is no sun such as under a tree or shelter when it 
is available) when it is hot. 

No  Yes I do not know 

If your answer to B25 is Yes, then answer B26 below 

B26) Why do you work in the shade when it is available (where there is no sun such as under a tree, shelter or 
indoor areas)? 

Somebody tells me to work there It is cooler It protects me from the sun 

B27) It is important to protect your skin with clothes that have long sleeves 

No Yes I do not know 

If your answer to B27 is Yes, then answer B28 below 

B28) Why do you wear clothes with long sleeves when working outside in the sun? 

Somebody tells me to wear long sleeved 
clothing 

I look good in long 
sleeved clothing  

It protects my skin from the sun 

B29) It is important to wear sunglasses to protect my eyes from the sun 

No Yes I do not know 

If your answer to B29 is Yes, then answer B30 below 

B30) Why do you wear sunglasses when you are outside in the sun? 

Somebody tells me to wear it I look good in sunglasses It protects my eyes from the sun 

B31) It is important to wear a hat when you are outside in the sun 

No  Yes I do not know 

If your answer to B31 is Yes, then answer B32 below 

B32) Why do you wear a hat when you are outside in the sun? 

Somebody tells me to wear it I look good in a hat It protects my head and face from the sun 

B33) It is important to apply sunblock whenever you go outside in the sun. 

No Yes I do not know 

If your answer to B33 is Yes, then answer B34 below 
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B34) You apply sunblock when outside in the sun because........(Mark the answer that is true for you) 

Somebody tells me to apply sunblock Sunblock protects my skin from being burned by the sun. 

B35) Sunblock is too expensive No Yes 

B36) I do not have time to apply sunblock No Yes 

 
Part C: Work-site specific questionnaire to be filled in by operations manager and 
researcher       

 
Operation Code  
Date   
Total number of outdoor workers  
Duration of breaks (minutes) Morning Lunch Afternoon 

   
WORKPLACE PROVISION OF SUN PROTECTION MEASURES 
The following section (C1 to C6) refers to sun protection measures that are provided by the 
company to outdoor workers. Make a cross (X) on the box with the answer that applies to your 
company. 
C1) Which type of hat does the company issue to outdoor workers? (Mark all applicable options) 

The company does not 
issue hats to outdoor 
workers 

  

  
 

 

C2) Which type of clothing does the company  issue to outdoor workers? (Mark all applicable options) 

The company 
does not issue 
clothing to 
outdoor workers 

Short sleeve 
T-shirt 

Long 
sleeve T-
shirt 

Short sleeve 
shirt 

Long 
sleeve 
shirt 

Long 
sleeve, 
long 
pants 
coveralls 

Sleeveless, 
long pants 
coveralls 

Short 
sleeve, 
long 
pants 
coveralls 

   
    

C3) Which type of eye protection does the company issue to outdoor workers? (Mark all applicable options) 

The company  does 
not issue  eye 
protection 

Prescription 
sunglasses 
with UVA 
and UVB 
lenses 

Non-
prescription 
sunglasses 
with tinting 

Non-
prescription 
sunglasses 
with no tinting 

Goggles  Wrap-around 
glasses 

 

  

 

  

C4) Is there shade provided for use by the outdoor workers during 
breaks? 

No Yes 

Description of shade: 
 
 
 

C5) How often has your company offered sun safety education and training to outdoor workers in the last 12 
months? 

Never Once Two times More than 2 times 
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C6) Which of the following aspects did your company’s sun safety education and training cover (tick all applicable) 

Not applicable How to use 
sunscreen 

Importance of covering 
your skin with long 
sleeved clothes 

Importance of 
eye protection 

Importance of 
staying under 
shade 

Importance 
of skin 
checks 

      SURROUNDING STRUCTURES (OBSERVATIONS MADE BY RESEARCHER) 

C7) Type of buildings Brick Concrete Corrugated iron 

C8) Type of roof Concrete slab Tile Corrugated iron 
(shiny) 

Thatch 

C9) Distance between workers and nearest building(s) 
in metres 

 

C10) Type of horizontal surface (ambient measurements) 
 

Grass 
 

Paving Soil  Sand  Concrete 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



74 

Annexure B: Language editing certificate  

 


