
 

 

xvii 

 

LIST OF TABLES 

Table 1-1: Mapping of HBM and SCT constructs for the workplace intervention 
program .............................................................................................................. 15 

Table 3-1: Summary of literature review on workplace health promotion programs 
on nutrition, body weight and physical activity ................................................. 48 

Table 4-1: Classification of body mass index (BMI) ................................................... 93 

Table 4-2: Categorisation of blood pressure .............................................................. 94 

Table 4-3: Categorisation of blood glucose ............................................................... 94 

Table 4-4: Calculation and categorisation of physical activity levels ......................... 98 

Table 4-5: Baseline measures of participants .......................................................... 104 

Table 4-6: Changes in anthropometric measures from baseline at 6-month and 12-
month follow-up .............................................................................................. 107 

Table 4-7: Changes in self-reported fruits and vegetables over the study period 
using data from the short FFQ ......................................................................... 108 

Table 4-8: Mean daily macronutrient and micronutrient intake (95% CI) at baseline 
using data from the 3-day FR ........................................................................... 109 

Table 4-9: Mean intake of food groups (grams, 95% CI) per consumer per day using 
data from the 3-day FR .................................................................................... 116 

Table 4-10: Changes in self-reported physical activity over the study period ........ 117 

Table 4-11A: Pedometer challenge results: categorised by ranking and average daily 
step count ........................................................................................................ 118 

Table 4-11B: Pedometer challenge results, categorised by sedentary, low and 
physically active lifestyle (based on SDSLI, Tudor-Locke et al 2013) ............... 118 

Table 4-12: Statistics on the observed environment characteristics of the worksite at 
the start of the study (Baseline) and at the end of the study (Final) based on 
the CHEW tool .................................................................................................. 121 

Table 4-13: Food and drink items in each of the six vending machines and 
refrigerators at the start (baseline) and end (final) of the study..................... 123 







 

 

xxii 

 

37). Plot shows the Mean of difference 152.43 mL (CI: -190, 494.87), Upper 
level of agreement (LoA) 2213.74 mL (CI: 1628.59, 2798.89), Lower level of 
agreement (LoA) -1908.87 mL (CI: -2494.02, -1323.72) and the Regression line 
(equation: y = 457.31 – 0.101x (CI for regression line -0.645, 0.350)). ........... 263 

Figure 7-4: Bland Altman plot assessing the validity of the Fluid Frequency 
Questionnaire (FluFQ) and the 3-day FR for Alcoholic beverage intake (N = 37) 
using raw data (A) and log transformed data (B). Plot (A) shows the Mean of 
difference 105.94 mL (CI: -49.54, 261.42), Upper level of agreement (LoA) 
1041.86 mL (CI: 776.17, 1307.54), Lower level of agreement (LoA) -829.98 mL 
(CI: -1095.66, -564.30) and the Regression line (equation: y = 143.60 – 0.114x). 
Plot (B) shows the plots for log transformed data to show any relationship in 
the data more clearly. ...................................................................................... 264 

Figure 7-5: Bland Altman plot assessing the validity of the Fluid Frequency 
Questionnaire (FluFQ) and the 3-day FR for Total fluid intake (N = 37). Plot 
shows the Mean of difference 258.38 mL (CI: -127.57, 644.33), Upper level of 
agreement (LoA) 2581.62 mL (CI: 1922.11, 3241.13), Lower level of agreement 
(LoA) -2064.87 mL (CI: -2724.38, -1405.36) and the Regression line (equation: y 
= 211.876 + 0.012x (CI for regression line -0.520, 0.559)). .............................. 265 



 

 

xxiii 

 

LIST OF ABBREVIATIONS 

ACGIH – American Conference of Governmental Industrial Hygienists 

BEVQ – Beverage intake questionnaire 

BMI – Body mass index 

bpm – beats per minute 

°C – degrees Centigrade 

CHEW – Checklist for health promotion environments at worksites 

CI – Confidence interval 

DB – dry bulb temperature 

ET – Effective temperature 

FFQ – Food frequency questionnaire 

FIFO – Fly-in Fly-out 

FR – Food record 

g – Gram 

GT – Globe temperature 

HBM – Health belief model 

ISO – International Standards Organisation 

Kg – Kilogram 

KJ – Kilojoule 

LOA – Limits of agreement 

m – Metre 

MET – Metabolic equivalent of tasks 



 

 

xxiv 

 

µg – microgram 

mg – milligram 

mL – millilitres 

mmHg – millimetres of mercury 

mmol/L – millimoles per litre 

PHS – Predicted heat strain 

RH – Relative Humidity 

SCT – Social cognitive theory 

SD – Standard deviation 

TBW – Total body water 

TWL – Thermal work limit 

USG – Urine specific gravity 

W/m2 – Watts per metre square 

WB – wet bulb temperature 

WBGT – Wet bulb globe temperature 

 



 

 

xxv 

 

ABSTRACT 

The high prevalence of overweight and obesity among workers in the mining 

industry in Australia poses a significant public health risk. There is a high burden 

associated with overweight and obesity among this cohort of workers to both the 

employer and the worker in terms of productivity loss, absenteeism, presenteeism 

(attending work while sick) and increasing risk of chronic diseases such as diabetes, 

hypertension and cancer. Therefore, a workplace health promotion program was 

identified as important and worthy of further investigation. The aim of this thesis 

was to determine the feasibility and effectiveness of a one year workplace health 

promotion program that aimed to reduce the overweight and obesity rates, and to 

improve the hydration status of a cohort of workers in the mining industry. 

A pre-experimental study was conducted to investigate the feasibility and 

effectiveness of a one-year workplace health promotion program to reduce the 

body mass index (BMI) and improve hydration status among participants. The 

results of this study showed that among study completers (n=83), 83.2% of 

participants were either overweight or obese (42.2% overweight and 41% obese) at 

baseline. After one year of the workplace health promotion program, 80.7% of 

participants were either overweight or obese (38.6% overweight and 42.1% obese) 

resulting in a 2.5% decrease in the overall overweight and obesity rates. There was 

an increase in the consumption of core foods, especially fruit intake, from a mean of 

1.1 serves per day to a mean of 1.9 serves per day (P=0.0249), nearly meeting the 
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Australian Dietary Guidelines and the Australian Guide to Healthy Eating of 2.0 

serves per day. Reported physical activity improved in females from 303 MET 

minutes / day to 331 MET minutes / day (P=0.738) but decreased in males from 391 

to 367 MET minutes / day (P=0.751). There was an improvement to the work 

environment at the mine site in terms of being a ‘health promoting worksite’. 

Specifically, the number of posters and signage about healthy nutrition, physical 

activity, smoking and alcohol increased throughout the year. Contents of the 

vending machines and refrigerators at the site were reviewed and an increased 

number of healthier options was included. 

With regards to dehydration and heat stress, 73% of participants started their shift 

dehydrated. By the end of the one-year health promotion program, only 31% of 

participants started their shift dehydrated, an improvement of 58% from baseline. 

Correlation of hydration status of workers with potential risk factors such as age, 

gender, BMI, educational level, physical activity level and smoking status showed no 

significant correlation with any of these risk factors. There was no change in the 

reported average daily fluid consumption from baseline, suggesting underreporting 

as hydration status of participants improved. Among participants who were at risk 

of heat related illness (n=13), identified through a Basic Thermal Risk Assessment, 

the mean urine specific gravity (USG) was 1.021 (Range 1.010 to 1.027) pre-shift 

and 1.024 (Range 1.019 – 1.032) post-shift. Eight were dehydrated pre-shift and 12 

were dehydrated post-shift. All 13 participants had at least two heat strain 

symptoms, namely headache and fatigue. Environmental temperatures during 
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summer with no cloud cover indicated that these workers were at a high risk of 

heat related illness with the predicted heat strain (PHS) index predicting a core 

temperature of 38 degrees being reached within the first two hours of work 

following lunch break. Considering that workers still have to work for five hours 

after the lunch break, this finding is significant for these workers. Under these 

working conditions, hydration status plays a very crucial role in heat dissipation 

from the core of the body. This was clearly demonstrated as correlation of core 

body temperature with potential risk factors such as BMI, pre- and post-shift 

hydration status, fluids consumed during the shift and heat strain symptoms 

showed significant correlation for pre-shift hydration status only (P<0.05). 

The findings presented in this thesis provide evidence that a long term workplace 

health promotion program at an open cut mine site is feasible and improved the 

control of overweight and obesity rates, hydration status and some aspects of 

lifestyle choices. The results suggest that tailored programs can be effective, when 

the nature of the workplace and workers are taken into consideration. In addition, 

this thesis also provides evidence that pre-shift hydration status is the key factor 

determining a worker’s susceptibility to heat stress, and should be addressed as a 

priority for any hydration management guideline for working in hot environments. 

 





 

 

1 

 

CHAPTER 1 – INTRODUCTION AND THESIS CONTEXT 

1.1 Introduction 

The mining industry is one of the largest industries in Australia, employing a cohort 

of workforce with the highest weekly wages of any industry (ABS 2012). Preliminary 

work done at two underground mines in regional New South Wales prior to 

commencement of this research showed that up to 91% of workers in this industry 

were overweight or obese (Polkinghorne et al. 2013). This was higher than the 

national average of 62.8% at that time (ABS 2013). Furthermore, workers in this 

industry had a higher rate of inadequate fruit and vegetable intake and higher 

alcohol consumption than the national averages at that time (Department of Health 

2012). It was therefore important to trial a health promotion intervention in this 

workplace, targeting this unique cohort of workers who are at a higher risk of the 

chronic health effects of overweight and obesity, such as heart disease, diabetes 

and cancer, than any other cohort of workers. This was the genesis of this PhD 

research. 

Workplace health promotion has been established by the World Health 

Organization as one of a number of priority settings for health promotion in the 21st 

century (WHO 2015). The workplace is where over half the global population 

spends anywhere from a third to half of their day. Thus the workplace has become 

the primary hub that influences the physical, mental, economic and social well-

being of workers, their families, their communities and the society. The workplace 
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therefore provides the setting and foundation to support the promotion of health 

of a large captive audience. Based on this context, this research examined the 

mining industry as a setting in which workplace health promotion interventions to 

support healthy lifestyles can be implemented. This is presented in chapter two of 

this thesis. Chapter three presents the general overview of the literature on 

workplace health promotion programs and their effects on health status, especially 

overweight, obesity and physical activity. 

Many workplace health promotion programs have identified nutrition and physical 

activity as key components that can be targeted for improving overweight and 

obesity within the workforce (Oberlinner et al. 2007, Ni Mhurchu et al. 2010, 

Quintiliani et al. 2010, Christensen et al. 2011, Verweij et al. 2011, Robroek et al. 

2012). However, within the mining industry, another important component that 

deserves attention as a target for health promotion programs is hydration status. 

Studies have shown that workers in the mining industry tend to start their shift in a 

dehydrated state (Carter and Muller 2007, Peiffer and Abbiss 2013, Polkinghorne et 

al. 2013, Hunt et al. 2014). This has potential health effects with regard to heat 

stress and heat strain, and should be included in health promotion programs for the 

mining industry, along with nutrition and physical activity.  

This thesis therefore examines nutrition, physical activity and hydration status in a 

context of overweight and obesity among the mining workforce. In addition, heat 

stress and heat strain are also included as a context, given that work in the mining 
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industry is often in hot humid environments, which may be a risk factor for heat 

related illness in overweight and obese workers (Savastano et al. 2009). 

1.2 Health problems of workers in the mining industry 

1.2.1 Overweight and obesity 

Overweight and obesity is a global problem. The prevalence of overweight or obese 

men and women in America is 74% and 64% respectively; the prevalence of 

overweight men and women in Europe is 50% while the prevalence of obese men is 

20% and obese women is 23%; the prevalence of overweight or obesity in Middle 

East and North African men is between 69% and 77% while in women it is between 

74% and 86%; in Southeast Asia the prevalence of overweight men is between 8% 

and 30% while in women it is between 8% and 52% (WHO 2016). A meta-analysis of 

body mass index and all-cause mortality among people who never smoked and 

without any chronic diseases across four continents – Asia, Australia and New 

Zealand, Europe and North America showed a high hazard ratio for all-cause 

mortality among overweight (HR = 1.07 – 1.22)   and obese (HR = 1.45 – 2.76) 

people compared to normal weight people (Global BMI Mortality Collaboration 

2016). According to the 2011-2012 Australian Health Survey, 62.8% of Australian 

adults (69.7% men and 55.7% women) were either overweight or obese (ABS 2013). 

The rate of overweight and obesity by occupation shows that the highest 

proportion of overweight or obese workers are machinery operators and drivers 

(74%) followed by managers (66%) and technicians and trade workers (63%) (ABS 

2011). All three of these occupations are prevalent in the mining industry. Other 
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workplaces are not exempt from this global pandemic. The construction, electricity, 

gas and water, government administration and defence, education and health and 

community services industries have also recorded high proportions of overweight 

and obese workers (ABS 2008). Furthermore, there is a high association between 

overweight and obesity and the development of chronic diseases such as heart 

disease, type 2 diabetes and some cancers (Willcox 2014). It is important to note 

that differences in age and sex of workers across industries and occupations impact 

on these data. Nonetheless, it does reflect the growing problem of overweight and 

obesity in the workplace setting, and in particular in the mining industry in 

Australia. Chapter four of this thesis looks at the nutrition and physical activity 

aspects of the workplace health promotion intervention. 

1.2.2 Dehydration 

Dehydration is a persistent health problem of workers in the mining industry and in 

other workplaces as well. The rate at which miners start work in a dehydrated state 

ranges from 60% to 91% (Hunt et al. 2013, Montazer et al. 2013, Peiffer and Abbiss 

2013, Polkinghorne et al. 2013, Mears and Shirreffs 2015). This is a cause for 

concern as dehydration has been shown to be associated also with cognitive 

impairment, which may lead to increased risk of adverse workplace incidents 

(Lieberman 2007, Ganio et al. 2011, Adan 2012). In addition, dehydration also 

increases the risk of developing heat stress and heat related illness (Brake and Bates 

2003, Bates et al. 2010, Montazer et al. 2013), which is a significant health concern 

for workers in the mining industry, who often work in hot and humid conditions. 
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While different workers have different levels of physiological coping mechanisms to 

work in hot humid conditions, it is still important to identify dehydrated workers in 

such environments and monitor them closely for signs and symptoms of heat strain. 

Therefore, a quick reliable tool to collect fluid consumption data is useful along with 

checking workers’ hydration status. Chapters five and seven present the study on 

dehydration, and the validity of a short FFQ and a fluid frequency questionnaire 

used to collect fruit and vegetables, and fluid consumption data respectively. 

1.2.3 Heat stress and heat strain 

Overweight, obesity and dehydration may invariably contribute to the development 

of potentially fatal heat related illness through heat stress and heat strain 

(Armstrong et al. 2007, Arbury et al. 2014). Possible mechanisms for this include 

heat storage in fatty tissue and lack of enough body water to sweat effectively and 

efficiently (Nadel 1979, Cheung et al. 2000, Savastano et al. 2009). Furthermore, the 

time taken to reach exhaustion and fatigue is considerably faster for workers whose 

core body temperature is between 38 and 40 degrees celsius (Sawka et al. 1992, 

Montain et al. 1994, Latzka et al. 1998). Hence a mining specific workplace health 

promotion intervention should target overweight and obesity, hydration status and 

heat stress/strain so as to maximise the positive health outcomes for workers, both 

in terms of heat related illness and chronic disease prevention. Chapter six presents 

the study on heat stress and heat strain. 
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1.3 Research hypotheses 

Workplaces provide an excellent means by which to reach a wide adult audience 

through targeted health promotion programs. The mining industry is a unique 

workplace that, in Australia, mostly operates on a 12-hour shift roster such that 

workers have little time to engage in any health promoting activity, either during 

work or outside of work. This thesis aims to demonstrate that simple health 

promotion interventions can be implemented in a mining worksite despite the 

many structural and administrative limitations inherent in such a workplace. This 

view is based on an initial hydration intervention in an underground mine site, 

which resulted in improvement in hydration status while also highlighting the 

problem of overweight and obesity among workers in the mining industry 

(Gopaldasani et al. 2012). The main research hypotheses are as follows: 

1. Workplace intervention program that targets the mining workers’ lifestyle 

and their work environment is feasible in the mine site as a workplace.  

2. Workplace intervention program that targets the mining workers’ lifestyle 

and their work environment will increase water consumption thus improving 

the hydration status of the workers and decreasing heat related illness. 

3. Workplace intervention program that targets the mining workers’ lifestyle 

and their work environment will decrease consumption of discretionary foods 

while increasing consumption of core foods and promoting household and 

leisure time physical activity thus reducing body mass index. 
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1.4 Research aims and objectives 

The overall aim of this research was to develop, implement and evaluate the 

feasibility and effectiveness of a workplace health promotion intervention program 

among employees of an open cut mining site. The specific aims of the study were 

to: 

• Reduce overweight and obesity rates in the mining workers by 5% after a 

one-year follow-up period. 

• Improve the hydration status of the mining workers by 15% from the 

baseline after a one-year follow-up period. 

The research objectives were to: 

• Improve diet of workers by increasing consumption of core food and 

decreasing consumption of discretionary foods to meet the Australian 

Dietary Guidelines of 2.0 serves of fruit per day, 5.0 serves of vegetables per 

day, 5.5 serves of breads and cereals per day, 2.5 serves of meats and 

alternatives per day, and 3.0 serves of milk and dairy products per day. 

• Improve physical activity of workers to meet the Australian Physical Activity 

and Sedentary Behaviour Guidelines for Adults of 150 to 300 minutes of 

moderate intensity physical activity per week or 75 to 150 minutes of 

vigorous intensity physical activity per week. 

• Increase water intake and decreasing unhealthy drinks to a level that results 

in a urine specific gravity of below 1.020. 
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• Investigate the association of overweight, obesity and dehydration on 

employee risk of heat related illness. 

1.5 Conceptual framework for the study 

Poor diet quality (excess consumption of energy dense nutrient poor foods and 

limited consumption of core foods), lack of physical activity (including sedentary 

work conditions) and dehydration can collectively contribute to overweight and 

obesity, and dehydration and heat stress among workers in the mining industry. 

These health problems can then predispose to the development of chronic diseases, 

which will add to the burden of disease for the workers, the employer, the 

community and the country. The conceptual framework outlined in Figure 1-1 

draws on the literature review and the risk factors that contribute to the potential 

health problems of workers in a workplace. Healthy nutrition, physical activity and 

staying hydrated appear to be the key to maintaining a healthy workforce in any 

workplace (Anderson et al. 2009, Groeneveld et al. 2010, Morgan et al. 2011). 

Monitoring on its own, where this is communicated back to employees, can 

potentially become an indirect intervention as the act of monitoring itself may 

increase workers’ mindfulness of their nutrition, physical activity levels and 

hydration status, thus encouraging them to continuously improve their overall 

health. 
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Figure 1-1: Conceptual framework for the study 

1.6 Theoretical framework for health promotion intervention 

Health promotion is the process of enabling individuals to increase control over 

their health and its determinants, thereby improving their health (WHO 2005). In 

the context of this definition, workplace health promotion can be defined as the 

concerted efforts of employers, employees and the society to improve and maintain 

the health and wellbeing of people at work (European Network for Workplace 

Health Promotion 2007). The responsibility of workers’ health therefore falls on the 

employers and the employees and, by extension, on society. The European Network 

for Workplace Health Promotion (European Network for Workplace Health 
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Promotion 2007) through the Luxembourg Declaration highlights three key ways 

through which workplace health promotion can be achieved. These are: 

1. Encouraging personal development of workers, 

2. Improving the work environment; and 

3. Improving the work organisation.  

Dodson et al (2008) also highlights the importance of complementing workplace 

health promotion interventions with environmental interventions and 

organisational policy to ensure viability and long-term sustainability. Clearly three 

domains can be identified and targeted for workplace health promotion programs 

to maximise the outcome from such programs. These include: the worker, the work 

environment and the organisation. However, it must be noted that organisational 

policy changes usually happen after demonstration of effectiveness of the health 

promotion intervention on the worker and the work environment. Thus the 

workplace health promotion intervention in this study mainly focused on the 

worker and the work environment. 

Several theories and models have been used in health promotion at the individual 

level and interpersonal level (Health Belief Model, Social Cognitive Theory and 

Social Support Theory), environmental level (Social Cognitive Theory), and at the 

community/organisational level (Organisational Change Theory). For this research, 

the Health Belief Model (HBM) and the Social Cognitive Theory were used at the 

individual level, and the Social Cognitive Theory (SCT) at the environmental level. 
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1.6.1 The Health Belief Model (HBM) 

The HBM is one of the oldest and most widely recognised health promotion models 

used to target individual behavioural change. The model predicts that for 

individuals to adopt recommended behaviours, their perceived threats of diseases 

and its severity, as well as the benefits of actions, must outweigh their perceived 

barriers to action (Rosenstock 1974, Green and Murphy 2014). Figure 1-2 

summarises the HBM. 

 

Figure 1-2: Health Belief Model (Nutbeam et al. 2010) 

 

In the HBM, an individual’s perceived susceptibility to disease or illness, as well as 

perceived severity of the disease or illness, are governed by many modifying factors 

(Egger et al. 1999). These modifying factors include the age of the individual, the 

gender, ethnicity and personality, the socioeconomic status and the knowledge 

Perceived 
susceptibility to 
disease/illness 

Perceived 
seriousness/severity 

of disease/illness 

Perceived benefits 
of actions 

Perceived barriers to 
taking action 

Perceived threat 

Outcome 
expectations 

Self-efficacy 
(perceived ability to 

carry out change) 
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base. Egger (1999) goes on to state that of all these modifying factors, the 

knowledge base is one that can be significantly influenced externally through 

education and information. Hence if the perceived threat, which is guided by 

perceived susceptibility and seriousness of a disease or illness, is high but the 

benefits or outcome expectations outweigh the perceived threat, there will be a 

shift towards adoption of a behavioural change. It is important to note that the 

HBM has been found to be more useful when applied to traditional preventative 

health behaviours such as screening and immunisation, but less useful in 

interventions for complex, long term behaviours such as alcohol and tobacco use 

(Janz and Becker 1984). Research has shown that the HBM has been used to 

improve the usefulness of nutrition intervention research (Glanz et al. 1994, 

Trudeau et al. 1998, Tanagra et al. 2013). In this study, the nutrition and physical 

activity intervention components were based on the HBM constructs outlined in 

Table 1-1. Specific intervention components were mapped with the HBM constructs 

as shown in Table 1-1. 

1.6.2 The Social Cognitive Theory (SCT) 

The SCT states that behaviour and learning occur within a social context, with a 

dynamic and reciprocal interaction between the individual, their behaviour and the 

environment (Bandura 1986). Like the HBM, the interaction between the individual, 

the behaviour and the environment is demonstrated by constructs. These include: 

• Outcome expectations – a belief about the value of the consequences of 

behavioural change. 
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• Self-efficacy – confidence or belief in the individual’s ability to perform a 

given behaviour. 

• Collective efficacy – confidence or belief in the group’s ability to perform 

behaviours that bring about a desired change. 

• Self-regulation – controlling oneself through self-monitoring, goal-setting, 

feedback, self-reward, self-instruction and social support. 

• Behavioural/facilitation capability – providing the tools, resources and/or 

environmental changes that make new behaviours easier to perform. 

• Observational learning – belief based on observing similar individuals or role 

models perform a new behaviour. 

• Incentive motivation – the use and misuse of rewards and punishment to 

achieve the desired behaviour. 

• Reinforcement – which can be external, internal, positive or negative. 

Of the various constructs of the SCT, this thesis focused on outcome expectations, 

self-efficacy, self-regulation, behavioural capability, incentive motivation and 

reinforcement. Studies have demonstrated the usefulness of SCT in facilitating the 

adoption of new healthy behaviours towards healthy eating and physical activity 

(Amaya and Petosa 2012, Dennis et al. 2012, Lubans et al. 2012, Morgan et al. 2014, 

Moyer 2014, Hamilton et al. 2015). The SCT constructs used in this thesis have been 

mapped with the intervention components used as shown in Table 1-1. It is 

important to note the overlap between constructs in the HBM and the SCT. 
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In summary both the HBM and the SCT models were used to inform the 

intervention components in this study, which were comprised of individual 

behavioural and environmental interventions. 
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Table 1-1: Mapping of HBM and SCT constructs for the workplace intervention program 

Intervention component HBM construct SCT construct Description of component 
Information and education 
sessions 

• Perceived susceptibility 
• Perceived severity 

• Self-efficacy 
• Behavioural capability 
 

Information and education sessions on 
various health topics related directly and 
indirectly to the work and the workplace 

Handouts • Perceived susceptibility 
• Perceived severity 

• Self-efficacy 
• Self-regulation 
• Behavioural capability 
• Reinforcement 

Printed materials in the form of handouts 
and booklets on the various health topics 

Individualised participant 
feedback 

• Perceived benefits of action 
• Perceived barrier 

• Outcome expectations 
• Self-efficacy 
• Self-regulation 
• Incentive motivation 
• Reinforcement 

Feedback on weight, BMI, blood pressure, 
blood glucose, hydration status, nutrition, 
and physical activity 

Referral to NSW Get Health 
information and coaching 
service 

• Perceived benefits of action • Outcome expectation 
• Self-efficacy 
• Self-regulation 
• Reinforcement 

A six month free weight management 
coaching service 

Pedometer challenge • Perceived barriers 
• Perceived benefits of action 

• Self-efficacy 
• Collective-efficacy 
• Behavioural capability 
• Incentive motivation 

Pedometers were provided to all 
participants and a challenge was set up 
between individuals and between crews 
with prizes for best performances 

Provision of drink machines • Perceived barriers • Self-efficacy Drink machines were provided at various 
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• Perceived benefits of action • Behavioural capability parts of the site to facilitate hydration 

Review of vending machines 
and refrigerated beverages 

• Perceived barriers 
• Perceived benefits of action 

• Outcome expectation 
• Self-efficacy 
• Self-regulation 
• Behavioural capability 

Vending machine contents were reviewed 
and healthy food options included, to 
provide an alternative to the unhealthy 
contents across the site. Skim and light 
milk were provided in addition to full 
cream milk in refrigerators across the site 

5-star healthy rating labelling 
system 

• Perceived severity 
• Perceived benefits of action 

• Outcome expectations 
• Self-efficacy 
• Self-regulation 
• Behavioural capability 
• Reinforcement 

All beverages and food items across the 
site were labelled with a 5-star healthy 
rating labelling system, in which the 
highest number of stars denotes the 
healthiest option 
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CHAPTER 2 – THE MINING INDUSTRY – A UNIQUE 

WORKPLACE 

2.1 Introduction 

Understanding the workplace of miners is important in defining the scope of the 

potential health problems of workers in the mining industry. Such problems can 

include overweight and obesity, dehydration and thermal stress and strain as they 

relate to heat illness. Tracing the history of the development of the mining industry 

from its historic to its present day operations provided an insight into the various 

barriers that today’s workers in the mining industry face, that potentially prevent 

them from adopting healthy dietary habits, engaging in physical activity and staying 

hydrated at all times. 

In order to provide a clear context of the mining industry as a unique workplace, a 

literature review was undertaken. Information from peer reviewed and non-peer 

reviewed sources were included to provide a general overview of the work 

environment in the mining industry. This review also highlighted the lifestyle of 

workers in the mining industry, past and emerging health issues and the mining 

industry’s response to these emerging health issues. This chapter presents the 

results of the review. 
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2.2 A brief history of mining: pre-modern to modern era 

Mining has played an important role in the evolution of civilisation since its 

inception. Humans have used stones, ceramics and metals that have been mined 

close to the surface of the earth (Hartman 1992). Examples of such mining include 

flint (a type of quartz) used to create tools, ceramics used to make a variety of 

objects ranging from bricks to pottery products and metals such as hematite. The 

oldest documented mining site is the “Lion Cavern” found on the Ngwenya 

mountain range in Swaziland dating back 43,000 years (Dart and Beaumont 1967, 

Swaziland_National_Trust_Commission 2014). Red ochre and hematite were the 

minerals of interest having been found at this site. Red ochre was a pigment used as 

body paint for rituals. Hematite is being mined in the region around the Lion Cavern 

today, thus making it the oldest continuously mined region in the world. The 

primitive mining tools used were made of a particular type of stone called dolerite 

and tools consisted of choppers, picks and hammer stones. Up until the industrial 

revolution, these tools persisted in the mining industry. Miners were often required 

to work hard manually digging, shovelling and transporting to the surface ores and 

minerals using wheelbarrows and carts. Young boys at the surface would then sort 

out rocks from solid minerals such as coal.  

The industrial revolution, which began in the 18th century in Britain and later spread 

to the world changed the mining industry radically, with rapid growth and 

technological advances over the ensuing 100 years. Early technological advances in 

the mining industry included the fabrication of better hand held tools from more 
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durable metals. This enhanced the manual mining process, resulting in small 

increments in productivity. It also increased the exposure of workers to more dust 

and diseases. Due to the nature of mining during this era, workers had a 

considerably shorter life span than workers in other industries (Burke and 

Richardson 1978, Brundage and Shanks 2008). 

Further technological advances in the 20th century included advances in machinery 

and related equipment for the mining industry, which converted the mostly manual 

job to a semi-automated one. This meant that miners no longer had to work with 

manual tools but could use machinery that was manually operated by a miner to 

assist in improving efficiency and productivity. Examples of such machinery included 

drills and power tools. This again increased the amount of dust exposure and 

subsequent lung diseases such as chronic obstructive pulmonary diseases (COPD) 

and lung cancers.  

The most recent technological advances of the late 20th and early 21st centuries 

have made most of the mining work fully automated, with miners now relegated to 

the job of overseeing the smooth running of the machines by sitting in the cabin of 

a machine and pushing buttons that allow the machine to do the work. More recent 

advances in technology have successfully eliminated the human factor entirely by 

introducing a fully autonomous mining system, that is, without the need for 

operator intervention (Bellamy and Pravica 2011). It is important to note that 

humans are, however, required to carry out maintenance activities on the 

automated machines to ensure smooth operation. 
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2.3 Mining sites and towns 

Mining sites can be categorised either according to their location or according to 

the mining technique employed at the mine site. Categorising by location, mining 

sites can be either fly-in fly-out (FIFO) or drive-in drive-out (DIDO). Categorising by 

the mining technique employed, mining sites can be either surface or underground. 

2.3.1 Fly-in fly-out (FIFO) mine sites 

FIFO mine sites are sites located in remote areas of the world where employees are 

flown in to work temporarily, often on a roster basis (Moore 1999). This is now the 

preferred method of getting workers to remote areas where the cost of establishing 

a permanent community exceeds the cost of airfares, temporary housing and 

feeding at the work site. FIFO jobs involve working 8-12 hour shifts each day for a 

number of days followed by days off from work, when workers are flown back to 

their homes. 

2.3.2 Drive-in drive-out (DIDO) mine sites 

DIDO mine sites are sites located within 1-2 hours’ drive from a local town. The job 

pattern is similar to FIFO mine sites, involving working 8-12 hour shifts each day for 

a number of days followed by days off from work. DIDO mine sites do not incur the 

costs of airfares, temporary housing or feeding at the work site. Employers may 

however provide bus shuttle services to transport workers to and from the mine 

site and nearby towns. 
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2.3.3 Surface mining sites 

Surface mining sites include open cut (open pit) mining sites, strip mining sites and 

mountaintop removal mining sites. Surface mining involves removal of the soil and 

rocks that overlie a mineral deposit using heavy machinery such as excavators, 

bulldozers and loaders. 

2.3.4 Underground mining sites 

Underground mining sites can be either hard rock or soft rock mining sites. Hard 

rock mining refers to mining metal ores such as iron, copper, tin, lead, gold and 

silver, while soft rock mining refers to mining coal, salt or oil sands. Access to 

underground mining sites can be either through steady declines via tunnels, vertical 

declines via shafts, or via horizontal excavation into a mountain or hill side. Minerals 

are then extracted using machinery and transported to the surface (Hoek et al. 

2000).  

2.4 Lifestyles of workers in the mining industry 

The nature of the work in the mining industry in the pre-industrial era was that of 

hard labour using tools such as picks, shovels, wheelbarrows and carts to mine and 

transport minerals. This activity involved significant physical strain on the body and 

as such miners were mostly physically fit to be able to carry out the job. In those 

times miners had control over their working hours. Senior miners could choose 

when they wanted to go into the mine and when they wanted to come out 

(Metcalfe et al. 1992). Miners generally had no regimented shift hours to work and 

thus the workday and hours were flexible. With the industrial revolution and the 
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increased demand for mineral resources, especially coal, employers were in favour 

of fixed working hours and thus miners no longer had control over their work hours. 

This has persisted, and miners typically now work a 12 hour shift roster with days 

off for a combined total of 41 hours or more per week (Heiler et al. 2000). Common 

working rosters include 2 weeks on and 1 week off, 3 weeks on and 1 week off and 

6 weeks on and 1 week off (Watts 2004). With only enough time to eat and sleep 

after a shift, this work lifestyle has created a host of new health issues for the 

modern miner, compared to the health issues of the pre-industrial miner. 

2.5 Historic legacy of health issues among miners 

Physicians and employers of ancient civilisation were not concerned with the health 

of their workers, as there were no laws that mandated this. As a result, no records 

of workers’ illnesses were kept. Nonetheless, the Greek philosopher Nikander of 

Colophon in 250 BC described his observation of an occupational disease (colic) that 

may have been attributed to exposure to lead (Needleman 1999). Mercury 

poisoning as a disease of slaves was described by Pliny the Elder, in the 1st century 

CE when slaves worked the mines that were contaminated with mercury vapour 

(Emsley 2005). During the middle ages, Georgius Agricola described the primitive 

methods of ventilation and personal protective equipment (PPE) that were in use by 

miners working in metalliferous mines (Weber 2002). Bernardino Ramazzini, who is 

regarded as the father of occupational medicine, described over 54 different 

occupations that were associated with disease (Felton 1997). With the industrial 

revolution, technological advances and industrial growth had a deep impact on 
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occupational related diseases. The most common of these diseases were those 

associated with dust. For example, Percivall Pott, a London surgeon, described the 

association between soot and scrotal cancer among chimney sweeps while Charles 

Thackrah, a physician, described the association between dust and several lung 

diseases (Brown and Thornton 1957, Cleeland and Burt 1995). These various health 

issues were not confined to adult men, but included both women and children. 

In early mines in the United Kingdom, whole families often worked at the mines for 

12 hours or more at a time to earn better wages by the hour. The father and the 

boys would cut the coal from the seams using picks while the mother and daughters 

would transport the coal to the surface by carrying them in baskets on their backs. 

These baskets were held in place by straps that wound around the front of their 

foreheads causing these areas to become bald. The sheer weight of the baskets 

caused severe disfigurements of the back and pelvis of young girls, most of whom 

died during childbirth later in life (Coal Mine History Resource Center n.d.). Physical 

abuse was also quite common, as miners would beat the children if they fell asleep 

at the job. Death of miners was also common as miners were taken underground 

and brought to the surface using wooden buckets lowered and raised using a rope. 

Rope breaks and windlass mistakes often led to miners falling to their deaths. As 

news of mining accidents became known, a commission was set up to investigate 

the working conditions in the mines. After confirming the shocking working 

conditions of miners, the Mines Act of 1842 was implemented, which saw the 

prohibition of all females and boys under ten years of age from working in coal 
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mines (Scottish Mining 2015). Several industrialised countries followed suit and 

Mining Acts now help to protect vulnerable members of the community. 

2.6 Emerging health issues in the mining industry 

By the 20th century, classic occupational diseases such as coal workers 

pneumoconiosis, anthrax and mercury and lead poisoning had declined in incidence 

in industrialised countries, although had not been eradicated. In addition, new 

technology and new materials introduced several new diseases such as asbestosis, 

silicosis, occupational asthma, noise induced hearing loss and chronic obstructive 

pulmonary disease (COPD) all of which are still in existence today although their 

incidence has declined. In most industrialised countries the responsibility for health 

and safety at work is placed on the employer and reinforced by legislation and 

safety standards. This has led to the overall reduction of workplace contaminants 

such as coal dust among others, and thus the overall reduction of the classic 

occupational diseases. In addition, increasing mechanisation and automation of the 

mining industry has led to reduced exposure of workers to possible contaminants 

further reducing the risk of developing an occupational disease. However, with 

improved technology, mechanisation and automation, other health issues are 

increasingly being seen among workers in the mining industry, namely overweight 

and obesity, and musculoskeletal disorders. 

Over the last half-century, the nature of work and the workplace have changed 

significantly. The introduction of computer technology into the workplace in the 

1960s and 1970s, followed by globalization in the 1980s, resulted in increased 
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economic competitiveness (Cooper and Jackson 1997), putting more pressure on 

workers to deliver more profits for industries. This has resulted in mental and 

physical health problems at the workplace, which continue to occur to this day 

(Kahn and Langlieb 2003). Increasing mechanization of many industries has 

dramatically changed the workforce from one that previously had active work 

habits to a passive or even sedentary work lifestyle. Furthermore, new patterns of 

working have emerged, such as 8-hour and 12-hour shift working (with irregular 

work hours and disturbed sleep patterns), which have been associated with 

biological and social problems such as fatigue, insomnia, mood disorders, increased 

cardiovascular disease risk, proneness to accidents and overweight and obesity 

(Harrington 2001, Choobineh et al. 2012). 

Considerable research has been undertaken on the mental and physical health 

problems of workers across multiple workplaces today (Kahn 2003, Choobineh et al 

2012, Harrington 2001, Pollack et al 2007). With modern lifestyles having become 

very busy with family, work, sports/physical activity, leisure and social 

commitments to fit into a limited time, there is a need to be healthy to cope with 

the demands of daily life. An unhealthy worker is likely to be less productive thus 

increasing the cost of presenteeism (the practice of coming to work despite illness 

often resulting in reduced productivity) for the employer and increasing the cost of 

lost productivity from absenteeism (Scuffham et al. 2013). In considering this, 

workplace health promotion has become very relevant to both employers and 

workers. For employers, a workplace health promotion program may decrease costs 
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associated with presenteeism and absenteeism while for the workers, the same 

health promotion program may improve their general health and wellbeing. 

Apart from the health problems associated with shift working mentioned above, 

overweight and obesity, dehydration and heat related illnesses from heat stress are 

specific health problems among workers in the mining industry in Australia 

(Polkinghorne et al. 2013). Another significant health problem among workers in 

the mining industry is musculoskeletal disorders (Aickin et al. 2010, Vearrier and 

Greenberg 2011, Kunda et al. 2013, Saha and Sadhu 2013).  

2.6.1 Overweight and obesity 

Data from a 2004-2005 survey showed that in the Australian mining industry, 76% 

of workers were either overweight or obese (ABS 2008). This is higher than the 53% 

national overweight and obesity rates of adult Australian males for that year. 

Overweight and obesity can potentially lead to the development of chronic diseases 

such as type 2 diabetes, hypertension, hypercholesterolemia, diseases of the 

musculoskeletal system, cardiovascular disease and some cancers (WHO 2003). The 

estimated cost of overweight and obesity to the Australian economy in 2008 was 

$58.2 billion in both direct and indirect healthcare costs, and over $35.6 billion in 

government subsidies (Colagiuri et al. 2010). 

2.6.2 Dehydration 

A pilot study conducted in underground mines in temperate regions of Australia 

showed that up to 61% of workers come to work in a dehydrated state 
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(Polkinghorne et al. 2013). Studies conducted in tropical regions of Australia also 

showed that the majority of underground miners are dehydrated prior to 

commencing work (Brake and Bates 2003). Both of these studies showed that 

workers start their shift dehydrated and tend to remain dehydrated by the end of 

their shift. Dehydration worsens the effects of heat stress on the body and also 

limits effective physiological response to heat stress (Shahid et al. 1999, Donoghue 

et al. 2000). The physiological responses to heat stress by the human body is 

termed heat strain and the main responses include increased skin blood flow 

(vasodilatation) and sweating; the evaporation of which results in a cooling effect. 

However, these responses do have a limit and as core body temperature increases 

due to environmental effects these physiological responses cease to be effective. 

2.6.3 Heat related illness from heat stress 

A number of studies have been undertaken in tropical regions of Australia to assess 

the association between heat strain and heat stress of underground miners, to 

determine the extent and the limits of the human body's ability to cope with the 

demands of thermoregulation in hot working conditions. Heart rate and core body 

temperature monitoring have indicated that short bursts of moderate to intense 

work in hot working environments provide more challenge to thermoregulation 

than self-pacing of work (Brake and Bates 2001, Brake and Bates 2002). An increase 

in heat stress predisposes a worker to the development of heat related illness 

(Mirabelli et al. 2010). Heat related illness includes heat rash, heat cramps, heat 

syncope (fainting), heat exhaustion and heat stroke, which could be potentially fatal 
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(Donoghue et al. 2000, Rae et al. 2008). The first recorded mining-related fatality 

from heat stroke occurred in 1924 in a South African underground gold mine and by 

1930 the recorded mortality rate from heat stroke was 1.5 per 1000 workers per 

year (Wyndham 1974). Between 1930 and 1935 heat stroke had become a major 

health hazard in the underground mining industry. By 1935 artificial ventilation of 

underground mines was introduced, which decreased the incidence of heat stroke 

(Pogue 2006). Nonetheless, heat stroke is still a valid concern in the mining industry 

and more so in overweight and obese workers who have impaired physiologic heat 

dissipation mechanisms due to the subcutaneous layer of fat which acts as a 

thermal insulator (Savastano et al. 2009). Little research has been done to 

determine the association between heat strain and dehydration, and also between 

heat strain and body mass. 

2.6.4 Musculoskeletal disorders 

Diseases of the musculoskeletal system were the highest reported chronic condition 

among overweight and obese Australians, followed by respiratory and 

cardiovascular diseases in 2008 (ABS 2008). In the mining industry, 56% of workers' 

compensation claims are for musculoskeletal injuries (SafeWork Australia 2013). 

Musculoskeletal system injuries have been reported to be more common among 

overweight and obese workers (Pollack et al. 2007), predisposing to absenteeism 

from work and leading to increased utilization of workers' compensation, decreased 

productivity for the employer and increased costs of managing such workers 

(Cawley et al. 2007, Ostbye et al. 2007). 
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2.7 Summary 

The mining industry has undergone significant change over the last century. It has 

continued to evolve from a workplace that relied on hard manual work to one that 

now consists predominantly of heavy industrial machines that do the actual mining 

work, to a future that promises to have fully automated mines (though this is 

nearing reality now). Analogous to this evolution of the mining industry is the 

changing health status of workers from fit and healthy workers, who were at risk of 

occupational diseases from dust and toxic substances exposure, such as 

pneumoconiosis, to overweight and obese workers who are at risk of chronic 

diseases such as Type 2 diabetes, heart disease and musculoskeletal disorders.  
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CHAPTER 3 – GENERAL OVERVIEW OF LITERATURE 

AND METHODS 

3.1 Introduction 

This chapter describes the literature review and methodology of a pre-experimental 

study, with a treatment group only, that assessed a multi-faceted workplace-based 

health promotion program targeting nutrition, physical activity, hydration and heat 

stress. The study was conducted between April 2013 and April 2014 in an open cut 

metalliferous mine. The University of Wollongong's Human Research Ethics 

Committee (HE13/014) approved the study (Appendix 1). A synthesis of the 

literature behind workplace intervention programs guided the study context, 

including intervention components applicable to a mine site as a workplace, 

research design, recruitment of study participants and the initial preparation work 

required for the study to commence. Subsequent chapters include sections that 

describe reviews of the literature and methodological approach for specific 

components of the intervention study related to nutrition, physical activity and 

hydration. 

3.2 Literature review 

A full review of the literature on workplace health promotion interventions was 

undertaken and the results are summarised in Table 3-1. There has been very little 

published research on health promotion intervention programs specific to the 
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mining industry. With emerging health issues in the mining industry becoming more 

prominent (discussed in section 2.6) and studies showing that overweight and 

obese workers were more likely to have increased morbidity and use of health 

services leading to increased workers compensation claims (Cawley et al. 2007; 

Ostbye et al. 2007), it is important to look at the mining industry as a workplace for 

health promotion programs, as these are likely to benefit both the employer and 

the employees. There are numerous published studies on workplace health 

promotion intervention programs across many other workplaces that could 

potentially be applied to the mining industry. A review of the effectiveness of such 

workplace health promotion programs (WHPP) has been reported in three 

systematic reviews by Rongen et al (2013), Geaney et al (2013) and Gudzune et al 

(2013). Upon appraising these reviews and the associated studies in them, it was 

evident that the programs in other workplace settings would be relevant and 

applicable to the mining industry. A detailed review is now provided. 

Rongen et al (2013) investigated the effectiveness of WHPP, looking at the influence 

of study population, study intervention characteristics and study quality on the 

overall effectiveness of WHPP. A total of 18 studies describing 21 interventions 

were included in the review (Rongen et al. 2013). Included studies were those that 

described a primary prevention WHPP aimed at healthy nutrition, physical activity, 

and weight loss or smoking cessation. Only those studies that applied in a 

randomised controlled trial design were included. 
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Geaney et al (2013) reviewed the effectiveness of workplace dietary modification 

interventions alone (for example food provisioning) or in combination with nutrition 

education on employees' dietary behaviour, health status and nutrition knowledge, 

among other outcomes. A total of six studies was eligible for the review (Geaney et 

al. 2013). To be eligible for the review, the studies had to describe changes in 

dietary content of available food, changes in portion size or changes in food choices 

available by increasing availability of healthy options in the workplace or workplace 

canteens or workplace vending machines. Studies also had to be either a 

randomised controlled trial or a quasi-experimental study. 

Gudzune et al (2013) reviewed the effectiveness of dietary, physical activity and 

environmental strategies for the prevention of weight gain among adults in the 

workplace. A total of seven WHPP studies was reviewed (Gudzune et al. 2013). To 

be included in the review, the studies had to evaluate dietary, physical activity and 

environmental interventions on the outcome of body mass index, weight or waist 

circumference change at 12 months or greater. Studies that specifically focused on 

weight loss interventions as opposed to prevention of weight gain were excluded 

from the review. 

All three reviews included findings for nutritional/dietary interventions. Two of the 

reviews included findings for physical activity interventions (Gudzune et al. 2013; 

Rongen et al. 2013) and two of the reviews included findings for environmental 

interventions (Geaney et al. 2013; Gudzune et al. 2013). 
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Table 3-1: Summary of literature review on workplace health promotion programs on nutrition, body weight and physical activity 

Authors Study Settings Types of intervention Duration Impact on health 
status/behaviour 

Atlantis et al. (2004) An effective exercise-
based intervention for 
improving mental 
health and quality of 
life measure. 

 

A randomized 
controlled trial. 

73 participants from 
the Gaming industry 
(Casino) in Australia. 

Group physical activity, 
health education and 
counselling sessions. 

24 weeks. 9.9% (P<0.009) overall 
improvement in 
general health.  

Bandoni et al. (2011) Impact of an 
intervention on the 
availability and 
consumption of fruits 
and vegetables in the 
workplace. 

 

A randomized 
controlled trial. 

 

2,510 workers from 
29 workplaces in 
Brazil. 

Individual – educational 
materials e.g. posters, 
flipcharts etc. 

Environment – 
workplace cafeteria food 
program and culinary 
workshops. 

 

6 months. 15% (P<0.05) increase 
in fruit and vegetables 
consumption in the 
intervention group 
between baseline and 
follow-up. 
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Beresford et al. 
(2001) 

Seattle 5 a Day 
Worksite Program to 
Increase Fruit and 
Vegetable 
Consumption. 

 

A cluster randomized 
controlled trial. 

2,732 workers from 
various workplaces 
including healthcare 
and education in 
Seattle, USA. 

Individual – information 
and education of 
workers using posters, 
brochures and other 
media. 

Environmental – training 
cafeteria staff, vending 
machine modification to 
include fruit and 
vegetables choices and 
nutrition resource kiosk. 

2 years. 0.5 serves/day 
(P=0.06) increase in 
fruit and vegetables 
consumption between 
baseline and follow-
up. 

Block et al. (2008) Development of Alive! 
(A Lifestyle 
Intervention Via 
Email), and Its effect 
on health-related 
quality of life, 
presenteeism, and 
other behavioural 
outcomes. 

 

A randomized 
controlled trial. 
 

787 workers from a 
health insurance 
company in USA. 

Individual – electronic 
media (internet and 
email). 

4 months. OR = 1.57 (P<0.01) for 
improvement in 
perceived health 
status between 
intervention and 
control group.  

OR = 1.47 (P=0.02) for 
decrease in 
presenteeism 
between intervention 
and control group. 
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Braeckman et al. 
(1999) 

Effects of a low-
intensity worksite-
based nutrition 
intervention. 
 

 

A quasi-experimental 
study. 

 

638 male blue-collar 
workforce in 
Belgium. 

Individual – education 
program using various 
mass media, health 
check including weight, 
height, BMI, lipid profile. 

3 months. 51% increase 
(P<0.001) in nutrition 
knowledge but no 
change in lipid profile. 

Dekkers et al. (2011) Comparative 
effectiveness of 
lifestyle 
interventions on 
cardiovascular risk 
factors among a 
Dutch overweight 
working 
population 
 

A randomized 
controlled trial 
 
 

276 overweight 
workers from seven 
workplaces including 
IT companies, 
hospitals, an 
insurance company, 
a bank and a police 
station in 
Netherlands. 

Individual – Self-help 
materials. Phone and 
Internet based lifestyle 
intervention on physical 
activity and nutrition 

2 years with 6 
months 
intervention 

At 6 months – non-
significant average of 
700g decrease in body 
weight. 

 

At 2 years – no 
difference from 
baseline.  
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Goetzel et al. (2009) First-year results of an 
obesity prevention 
program at The Dow 
Chemical Company. 

 

A quasi-experimental 
study. 

8,013 workers from 
nine chemical 
factories in USA. 

Individual – information 
and education on 
physical activity and 
weight management 
using various media 

 

Environmental – 
Environmental prompts 
and point-of-choice 
messaging in vending 
machines and cafeteria 

1 year No observed effect on 
prevalence of 
overweight and 
obesity. 

Goetzel et al. (2010) Second-year results of 
an obesity prevention 
program at The Dow 
Chemical Company. 

 

A quasi-experimental 
study. 

8,013 workers from 
nine chemical 
factories in USA. 

Individual – information 
and education on 
physical activity and 
weight management 
using various media 

 

Environmental – 
Environmental prompts 
and point-of-choice 
messaging in vending 
machines and cafeteria 

 

2 years Intervention group 
able to maintain 
weight i.e. prevent 
weight gain. 

 

Control group gained 
weight with a non-
significant increase in 
BMI of 0.2. 
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Jeffrey et al. (1993) Effects of work-site 
health promotion on 
illness-related 
absenteeism. 

 

A randomized 
controlled trial. 

 

1,242 workers from 
32 workplaces in 
USA. 

Individual – professional 
behaviour change 
classes and voluntary 
negative incentive via 
pay deduction for not 
meeting set goals 

2 years 3.7% (P=0.04) 
reduction in sick days.  

Kwak et al. (2010) Changes in skinfold 
thickness and waist 
circumference after 
12 and 24 months 
resulting from NHF-
NRG In Balance 
project. 

 

A randomized 
controlled trial. 

 

 

 

553 workers from six 
workplaces in 
Netherlands. 

Individual – pedometer, 
tailored advice on 
nutrition and physical 
activity. 

 

Environmental – 
changes in food 
products at cafeteria, 
environmental prompts. 

2 years Reduction in skin fold 
thickness and waist 
circumference 
(Cohen’s d of 0.26 at 
12 months (P<0.001) 
and 0.44 at 24 months 
(P=0.005) but no 
changes in weight or 
BMI. 
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Lemon et al. (2010) Step ahead a worksite 
obesity prevention 
trial 
among hospital 
employees. 

 

A cluster randomized 
controlled trial. 

806 workers in six 
hospitals in USA. 

Individual – information 
via newsletter, website 
and other printed 
materials. 

 

Environmental – 
environmental prompts 
at stairwells and 
cafeteria, changes to 
cafeteria food. 

2 years No changes in BMI. 

Linde et al. (2012) HealthWorks: results 
of a multicomponent 
group-randomized 
worksite 
environmental 
intervention trial. 

 

A randomized 
controlled trial. 

1,747 workers across 
six workplaces in 
USA. 

Individual – information 
on healthy eating via 
newsletters, 
pedometers. 
 

Environmental – 
increase availability of 
healthy food at reduced 
prices in cafeteria and 
vending machines, 
point-of-purchase 
promotional materials, 
environmental prompts. 

 

2 years No changes in BMI or 
weight. 
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McEachen et al. 
(2011) 

Testing a workplace 
physical activity 
intervention. 
 

A cluster randomized 
trial. 

1,260 workers from 
44 worksites in the 
UK. 

Individual – information 
and education on 
physical activity, 
reminders and fridge 
magnets to track 
physical activity, team 
challenges. 

12 months with a 
3 month 
intervention 
component 

No changes in physical 
activity compared to 
baseline. Non-
significant increase in 
BMI of 0.22 from 
baseline. 

Nurminen et al. 
(2002) 

Effectiveness of a 
worksite exercise 
program with respect 
to perceived work 
ability and sick leaves 
among women with 
physical work. 
 

A randomized 
controlled trial. 

260 female workers 
in dry-cleaning 
services industry in 
Finland. 

Individual – Physical 
activity counselling 
sessions by 
physiotherapist. 

15 months with 8 
month 
intervention 
component 

11% improved 
perceived work ability 
but no difference in 
sick days. 

Puig-Ribera et al. 
(2008) 

Change in workday 
step counts, wellbeing 
and job performance 
in Catalan university 
employees. 
 

A randomized 
controlled trial. 

70 university 
workers in Spain. 

Individual – information 
and education on 
physical activity and 
walking routes. 
Provision of pedometer. 

9 weeks Increased step count 
(+659 steps, P<0.01) 
for sedentary 
participants. 
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Robroek et al. (2012) Cost-effectiveness of 
a long-term Internet-
delivered worksite 
health promotion 
programme on 
physical activity and 
nutrition. 

 

A cluster randomized 
controlled trial. 

924 workers from six 
workplaces in 
Netherland. 

Individual – internet 
program tailored to 
individual including self-
monitoring, action 
oriented feedback and 
contact with health 
professionals. 

2 years Increase in vegetables 
intake only (OR of 
1.43). No increase in 
fruit intake or physical 
activity. 
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3.2.1 Effectiveness of individual targeted nutrition intervention 

strategies  

Nutritional/dietary interventions included a focus on increasing fruits and 

vegetables consumption and decreasing fat, sugar and alcohol intake. To achieve 

these outcomes, interventions used strategies such as food labelling, nutrition 

education and counselling. Rongen et al (2013) included two studies that had 

nutritional/dietary intervention as a focus of the WHPP (Robroek et al. 2012, Block 

et al. 2008). Both studies were randomised controlled trials that utilised electronic 

media (Internet and email) as tools to administer the interventions. Both studies 

showed a small effect on outcomes following the intervention, with the Internet 

based intervention study having a non-significant increase in vegetables 

consumption after two years of the study (effect size of 0.15 (CI -0.28, 0.57)) and 

the email based study having a significant increase in behavioural change towards 

increased fruit and vegetables consumption (effect size of 0.25 (CI 0.11, 0.39)). This 

could be explained by the study period as the Internet based intervention was 

conducted over a two-year period while the email based intervention study was 

conducted over a three-month period. Research has demonstrated that short-term 

interventions tend to have relatively more success than long-term interventions but 

are not sustainable over a long period (Jeffery et al. 2000). It is therefore important 

to cautiously interpret results of short-term intervention studies when comparing 

against the outcomes of long-term intervention studies. Intervention studies of 

greater than 6 months highlight the importance of long-term sustainability of 

behavioural and dietary changes. 
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Geaney et al (2013) included six studies all of which had dietary intervention as a 

focus of the WHPP. Two studies increased availability and accessibility of fruit and 

vegetables at vending machines (Beresford et al., 2001; Sorensen et al., 1999), two 

studies used food labelling for fruit and vegetables at canteens (Bandoni et al., 

2010; Steenhuis et al., 2004), one study increased the availability of low-fat 

products, and fruit and vegetables (Steenhuis et al., 2004) while one study offered 

taste tests for healthy foods (Sorensen et al., 1999). Five of the six studies 

introduced nutrition education programmes with menu planning, educational 

materials in the form of posters, presentations and newsletters, individual nutrition 

counselling and personal advice (Beresford et al., 2001; Sorensen et al., 1999; 

Steenhuis et al., 2004; Braeckman et al., 1999; Bandoni et al., 2010). The primary 

outcome for all six studies was changes in dietary behaviour. Dietary intakes were 

assessed using food frequency questionnaires in four studies (Backman et al., 2011; 

Beresford et al., 2001; Sorensen et al., 1999; Steenhuis et al., 2004), one-day food 

records in one study (Braeckman et al., 1999) and a survey to calculate portions of 

fruit and vegetables consumed in one study (Bandoni et al., 2010). No pooled effect 

size analysis was done due to heterogeneity of the studies. However, five of the 

studies investigated fruit and vegetables consumption as part of the primary 

outcome, with four of the studies reporting a significant increase in fruit and 

vegetables consumption. The four studies with a significant increase in fruit and 

vegetables consumption had different intervention durations ranging from three 

months to 24 months, with higher effect sizes observed in short duration 
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interventions and lower effect sizes with longer term follow-up (Backman et al., 

2011; Beresford et al., 2001; Sorensen et al., 1999; Steenhuis et al., 2004). This 

provides evidence that short duration interventions are relatively more successful 

than long duration interventions but the sustainability of the program is 

questionable. 

Gudzune et al (2013) included five studies with dietary intervention components. 

Two studies utilised diet and nutritional counselling (Dekkers et al. 2011, Goetzel et 

al. 2010), one study changed the food content of vending machines and cafeteria to 

healthy options (Linde et al. 2012), and two studies utilized nutrition education 

delivered through nutrition education displays and newsletters (Lemon et al. 2010, 

McEachen et al. 2011). All five studies had a primary outcome of preventing weight 

gain. There were no active weight loss programs in any of the five studies. Primary 

outcome measures in all five studies were changes in BMI at 12 and 24 months, 

weight change at 12 and 24 months and waist circumference change at 12 and 24 

months. Gudzune et al. (2013) defined the meaningful difference between groups 

as 0.5kg of weight change or 0.2 kg/m2 BMI or 1.0 cm of waist circumference 

change per year based on Williamson’s epidemiologic description of weight change 

(Williamson 1993). Using the criteria, only one of the five studies was able to show a 

meaningful change from baseline (Goetzel et al. 2009). This same study succeeded 

at preventing increased BMI and weight gain at 24 months. This study utilized an 

individualized dietary intervention component comprising mostly of dietary 

counselling (Goetzel et al. 2010). Using the criteria of waist circumference change of 
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1.0 cm over 12 months, only one of the five studies was able to show this change 

from baseline (Kwak et al. 2010). This study succeeded at preventing waist 

circumference increase at 24 months. In addition, this study utilized personalized 

food diaries, calorie advice and education on maintaining energy balance, dietary 

behaviours and self-monitoring. It is clear from this review that dietary intervention 

programs that are specifically tailored to individuals are more effective than a 

generalized group level intervention. However, it is also well known that individually 

tailored dietary interventions are very expensive and time consuming to run, 

especially in workplaces that employ a large workforce. Generalized group level 

dietary interventions may be effective if combined with other elements of a WHPP, 

such as physical activity and environmental strategies. 

3.2.2 Effectiveness of individual targeted physical activity intervention 

strategies 

Physical activity interventions included a focus on increasing leisure time physical 

activity in addition to increasing workplace physical activity. Components of the 

interventions included walking, active commuting, exercise education and 

counselling, use of pedometers, periodic campaigns and challenges targeting 

physical activity and use of on-site gymnasiums. Rongen et al (2013) included 14 

studies with physical activity as a focus of the WHPP. Four studies used group 

physical exercise programs, six studies used education and counselling sessions on 

physical activity and four studies used individualized exercise programs with or 

without a pedometer. The duration of the physical activity intervention programs 
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ranged from four months to two years. Eight of the 14 studies had health status 

(subjectively determined through short questions) as an outcome measure. Five of 

the eight studies had statistically significant changes in perceived health status with 

the highest change in the short-term studies of up to six-month duration (Nurminen 

et al. 2002, Atlantis et al. 2004, Block et al. 2008, von Thiele Schwarz et al. 2008, 

Robroek et al. 2012). Ten of the 14 studies had sickness absence/productivity as an 

outcome measure. Four of those 10 studies had significant decreases in sickness 

absence translating to increased productivity (Jeffery et al. 1993, Block et al. 2008, 

Puig-Ribera et al. 2008, Zavanela et al. 2012). In summary, the effect size for health 

status as an outcome ranged from 0.0 to 0.58 while the effect size for sickness 

absence/productivity ranged from 0.03 to 1.33. The duration of the intervention of 

the studies with statistically significant effect sizes ranged from nine weeks (effect 

size 1.33) to 24 months (effect size 0.69). This demonstrates that short duration 

physical activity interventions may have a larger effect size but may not be more 

sustainable than long duration physical activity interventions. However, it is still 

important to note that there is an effect size with long-term physical activity 

interventions that, if sustainable, could lead to cumulative health benefits for 

workers. 

Gudzune et al. (2013) included seven studies with diet and physical activity as a 

focus of the WHPP. These studies combined physical activity and a dietary 

intervention component to further strengthen the primary outcome measure of 

changes in BMI, weight and waist circumference changes at 12 and 24 months. Six 
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studies used exercise education and counselling sessions (Dekkers et al. 2011, 

Goetzel et al. 2010, Lemon et al. 2010, Linde et al. 2010, Hivert et al, 2007 and 

Matvienko et al. 2001) and four studies used periodic physical activity challenges 

with or without a pedometer (Kwak et al. 2010, Lemon et al. 2010, Linde et al. 2012 

and McEachen et al. 2011). The duration of these intervention programs ranged 

from three months to 24 months. Of the seven studies, two studies were able to 

demonstrate a statistically significant change in BMI, one after 12 months of 

intervention (McEachen et al. 2011) and the other after 24 months of intervention 

(Goetzel et al. 2009). Only one study had statistically significant change in weight 

gain prevention at both 12 and 24 months after the intervention (Goetzel et al. 

2009). Lastly, only one study had statistically significant change in prevention of 

waist circumference increase at 24 months after the intervention (Kwak et al. 2010). 

With regard to physical activity interventions, it would appear that while short 

duration intervention programs have a large effect size, a long duration intervention 

program is likely to be more effective, if sustainable, and have a better health 

outcome than a short duration program. 

3.2.3 Effectiveness of environmental intervention strategies 

Environmental interventions included training cafeteria workers, new company 

catering policies, modified selections in vending machines, point-of-choice labelling, 

environmental prompts to increase awareness of healthy eating, walking groups, 

indoor and outdoor walking routes and increasing availability and decreasing price 

of healthy food options in cafeteria and vending machines. Geaney et al (2013) 
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included four studies that utilized environmental changes in addition to dietary 

components of the WHPP (Braeckman et al. 1999, Sorensen et al. 1999, Beresford 

et al. 2001, Bandoni et al. 2011). All four studies used a number of environmental 

interventions, as mentioned above. Three of these studies measured fruit and 

vegetables consumption as an outcome of the intervention program (Sorensen et 

al. 1999, Beresford et al. 2001, Bandoni et al. 2011) and one study measured BMI, 

blood lipids and dietary changes as outcomes (Braeckman et al. 1999). Fruit and 

vegetable consumption increased significantly in all three studies that measured 

this as an outcome. It is important to note here that dietary interventions 

supported by environmental changes in a WHPP may be more effective than dietary 

interventions alone as highlighted by the three studies that utilised both 

environmental changes as well as individual behavioural changes (Sorensen et al. 

1999, Beresford et al. 2001, Bandoni et al. 2011). 

Gudzune et al (2013) included five studies in their review that had an environmental 

component of the WHPP. These studies had a duration ranging from three months 

to 24 months. Two studies showed improvements in BMI and weight status of 

participants, but these improvements were not significant. One study showed a 

significant improvement in BMI and weight of participants (Goetzel et al. 2009). This 

study utilized an individualized diet and physical activity intervention component 

comprised mainly of diet and physical exercise counselling and an environmental 

intervention comprising point-of-choice messaging in cafeteria and vending 

machines, environmental prompts to encourage employees to make healthy food 
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choices, setting health objectives as a component of the sites' management goals, 

providing training on health-related topics and compiling and sharing feedback to 

worksite. Another study showed significant improvement in waist circumference 

with no changes in weight or BMI (Kwak et al. 2010). This study utilized 

environmental interventions comprising changing food options to healthy options 

at cafeteria, workshops and signs promoting healthy eating and instructions on 

keeping a food diary. 

From these reviews, there is a moderate level of evidence that individually targeted 

dietary and/or physical activity interventions combined with environmental 

interventions can prevent weight gain and help make the WHPP sustainable over a 

long period. However, preventing weight gain and getting workers to reduce their 

weight are two very different outcomes. It would seem that preventing weight gain 

is easier than getting workers to reduce their weight. Nonetheless, this should be 

seen as a first step in getting workers back to their healthy weight. 

Following the review of literature, successful workplace interventions were 

identified and shortlisted as possible interventions in this study to be trialled in a 

mine site (Appendix 4). Details of the general methodology for this study will now 

be discussed. 
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3.3 Methodology 

3.3.1 Study context 

This study was carried out at Cowal Gold Mine (CGM), a drive-in drive-out (DIDO) 

open cut metalliferous mine site. The mine is operated by Barrick (Australia Pacific) 

Limited. It is located approximately 40 kilometres northeast of West Wyalong and 

approximately 350 kilometres west of Sydney, New South Wales (Figure 3-1). The 

process for the extraction of Gold at CGM involves drilling, blasting, leaching, 

extraction, and smelting. Workers in outdoor processing areas are therefore 

exposed to very hot environmental temperatures during the summer months, while 

workers in the smelting room are exposed to bursts of very high environmental 

temperatures during the smelting process. 

 

Figure 3-1: Map showing location of Cowal Gold Mine, NSW, Australia (Source: 
Google maps) 
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3.3.2 Research design 

A pre-experimental study design was utilised. The choice of a pre-experimental 

study was determined by a lack of a control site that was willing to participate in the 

study, due to the fact that the mining industry was moving into a period of cost 

cutting and consolidation at the time of the project planning. Another factor that 

informed the choice of the study design was that it was impossible to accurately 

match two mines due to their individual design, size of the mines, the workforce 

and the management structure. For example, the test mine selected for this study 

was a non-unionised open cut mine whereas most other mines in NSW are 

unionised. It was considered that this study design would provide information 

about the feasibility and effectiveness for a specific type of mining worksite (open 

cut mine) and the model may then be able to be used to build future research for 

other mine sites. The main criterion for selection of the study site was a willingness 

to participate in the study and an interest in the health of workers at the site. Pre- 

and post-intervention measures were conducted at the study site. The primary 

outcomes or dependent variables for this study were: changes in BMI; and 

hydration status. Secondary outcomes included: dietary habits, specifically fruit, 

vegetable, core foods, discretionary foods and fluids consumption; changes in 

physical activity patterns; and heat stress assessments. All participants passed 

through the same study protocol (Figure 3-2). All measures were taken for each 

participant at baseline and at six and 12-month follow-up to evaluate short and 

mid-term effects of the health promotion program. 
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Figure 3-2: Study protocol 

 

 

6-month assessment 
N = 98 

(Fluid frequency questionnaire, weight, blood pressure, blood glucose 
and urine specific gravity measurements) 

Environmental 
intervention 

Behavioural 
intervention 

Recruitment drive 
N = 450 

Baseline assessment 
N = 141 

(Questionnaires (n=105), food record (n=43), weight, height, blood 
pressure, blood glucose and urine specific gravity measurements) 

12-month assessment 
N = 89 (n=83 for participation at all three time points) 

(Questionnaires (n=33), food record (n=25), weight, blood pressure, 
blood glucose and urine specific gravity measurements) 

Consented to participate 
N = 157 
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3.3.3 Participants 

CGM has about 450 workers, including contractors. Workers were required to drive 

to the mine site as this was a DIDO site. Majority of the workers commuted to the 

mine site on shuttle buses with transit times of 1-2 hour one-way with a total transit 

time of 2-4hrs in a day. Workers worked either an 8-hr shift or a 12-hr shift. A cross-

section of the workforce showed that workers could be categorised into indoor 

workers (administrative /office staff) and outdoor workers (truck drivers, drillers, 

other heavy machinery operators, surveyors and field workers). Outdoor workers 

are further divided into four crews – A, B, C and D – with each crew working a four 

days-on and four days-off (one cycle) roster throughout the year, with alternating 

cycles of day and night shifts. 

3.3.4 Eligibility criteria 

Workers were considered eligible for the study if they worked at the mine site either 

as a primary employee of CGM or as a contractor. All workers were invited to 

participate in the study and no one was excluded from the study unless they 

voluntarily opted not to partake. Severe disability and other health conditions that 

may exclude participants were not anticipated in the workforce, as workers at the 

mine were required to be in a reasonably healthy condition to work at the mine. 

3.3.5 Sample size calculation 

The sample size determination for this study was based on a previous study of 

health promotion intervention in the mining industry (Polkinghorne et al. 2013) 

where 13% of workers adopted the health promotion intervention at the study site. 
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Using data from the study of Polkinghorne et al (2013), for an infinite population, 

the sample size (n) was calculated as follows: 

 

𝑛𝑛 =
𝑍𝑍2𝑝𝑝𝑝𝑝
𝑒𝑒2

 

Where Z = 1.96 (95% confidence level), p = 0.13, q = 0.87 and e = 0.05 (precision of 

5%) 

n = 174 

Correcting for the finite population from which available to sample, the following 

corrected sample size has been calculated as follows: 

𝑁𝑁 =
𝑛𝑛

1 + 𝑛𝑛 − 1
𝑆𝑆

 

Where N = corrected sample size, n = sample size for infinite population, S = 

population size available (450 workers) 

N = 125 

To account for a 10% attrition rate during the study, a sample size of 137 was 

anticipated. This represented about one-third of the number of workers at the mine 

site. 
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3.3.6 Recruitment 

All potential participants were informed about the study three months prior to the 

study commencing. Strategies to maximise participant recruitment included: 

• Information bulletins being circulated during weekly safety meetings and 

monthly training sessions;  

• Shift supervisors on each crew also informing potential participants of the 

study during the pre-shift meetings; and 

• A participant information sheet detailing the study objectives, procedures 

and what would be required of participants being made available to all 

potential participants and posted on all notice boards. 

Participation in the study was completely voluntary. 

3.3.7 Consent, privacy and confidentiality 

All workers who agreed to participate in the study were given a participant 

information sheet (Appendix 2) along with an informed consent form (Appendix 3). 

Upon reading the participant information sheet, workers signed the attached 

informed consent form, thus completing their recruitment into the study. The 

participant information sheet contained a paragraph on confidentiality, stating how 

information collected from participants would be secured and de-identified. In 

addition, the informed consent form explicitly stated that participants were free to 

withdraw from the study at any time, taking any data with them, thus covering 

consent, privacy and confidentiality of data. 
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3.4 Initial preparation 

3.4.1 Meeting with stakeholders 

Prior to commencing the research study, meetings were held with the work, health 

and safety team at the mine site. The members of the team included the health and 

safety manager, the health and safety advisor and two health and safety officers. At 

this initial meeting, the broad aims of the research were discussed, including the 

pool of employees from which the participants of the study would be drawn, the 

feasibility of the different components of the study, the onsite facilities available 

and the onsite support that would be provided. A key point from the discussion was 

that the daily running of mine operations would not be compromised in any way. 

That meant that all aspects of the research would have to be worked around the 

daily routine activities of the mine. 

Another series of meetings was held with each of the four crews on their respective 

training days. During these training days, each one week apart, a presentation was 

made to the crews introducing the research study and explaining the aims of the 

study, what would be required by participants and the benefits of the study to 

employees. Opportunity to ask questions from the researcher was also provided to 

clarify any aspect of the research study. Once all questions had been answered, 

employees were given a participant information sheet and an informed consent to 

participate in the study. This process was repeated for all crews, and participants 

were thus recruited from within each crew. 
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3.4.2 Mine site induction and team training 

A compulsory two-day mine site induction for the researcher was funded by the 

management, to enable the researcher to have access to all areas of the mine site. 

For any sensitive areas of the mine, the researcher was accompanied by a 

representative of the mine. In addition, support was provided to the researcher by 

two members of the health and safety team, each with certified first aid training, to 

enable collection of some health data under supervision by the researcher. The 

researcher ensured that the two members of the health and safety team were 

adequately trained to use the same protocol as the researcher, to collect data. 

3.4.3 Implementation of the study  

The thesis consisted of two studies. The first study consisted of two separate 

processes. The first process was the participants’ measures, which included 

completion of a questionnaire, a food record, measurement of the weight, height, 

blood pressure, blood glucose and hydration status. Specific details of these 

measurements are provided in chapters four and five. The second process was the 

implementation of the intervention component, which consisted of: information 

and education sessions based on diet and nutrition, hydration, heat stress, 

fluid/water consumption, physical activity and chronic diseases such as diabetes, 

heart disease and cancer; detailed individual feedback on hydration status, dietary 

habits and physical activity levels; presentations and information booklets and 

posters on healthy nutrition, physical activity, hydration and heat stress; use of e-

bulletin boards and notice boards to disseminate health promotion information as 
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well as referring participants to the free NSW Get Healthy information and coaching 

service for weight management; review of vending machines and refrigerated 

beverages on site to provide healthier food options; using the 5-star healthy rating 

labelling system to encourage healthy choices; and a pedometer challenge between 

the crews to facilitate physical activity on and off site.  

The second study was the assessment and measurement of heat stress and heat 

strain among high-risk workers such as the shot firers and the processing workers. 

Heat stress and heat strain measurements were conducted during the summer 

months when the pre-shift and post-shift hydration status, the fluids consumed 

during the shift, the tympanic temperature (surrogate for core body temperature), 

and the heart rate and assessment of heat strain symptoms were measured. Details 

are provided in chapter six. 

3.4.3.1 Implementation of participants’ measures 

During the meeting with the work, health and safety team, it was determined that 

all participants’ measures would be collected prior to the start of the shift, as 

participants reported to the front gate. A first aid room was located at the front 

gate prior to entering the mine site. This first aid room consisted of three separate 

areas, a reception area, an examination/treatment area and a toilet. The reception 

area was used by participants to complete the questionnaires while waiting to 

measure their weight, height, blood pressure, blood glucose and hydration status. 

Upon their completing the questionnaires, instructions on completing the food 
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record were given to participants, who were then ushered to the 

examination/treatment room to complete all other measures. 

3.4.3.2 Implementation of intervention components 

At the meeting with the work, health and safety team, it was determined that some 

of the proposed intervention components of the study were feasible, while others 

were not. Appendix four provides the full list of proposed interventions. 

Presentations on health themes/topics would be included in all department safety 

meetings, which occurred on a fortnightly basis. In addition, the mine site e-bulletin 

board and the various notice boards around the mine site would be used to 

promote the health theme of the month. Contents of vending machines would 

remain the same, with respect to the removal of unhealthy food and drink choices 

but allowance would be made to include healthy options, commensurate with 

labelling of contents using the 5-star healthy rating labelling system. Details of the 

rating system are provided in chapter four. The onsite gymnasium facilities would 

not be made available for promoting physical activity as this was reserved for 

training of emergency rescue personnel, and no time would be given to workers to 

make use of the onsite gym during their shift. The use of pedometers during work 

was considered inherently safe for use by participants while working at the mine. 

Provision of more water drinking stations around the mine site was also feasible as 

this was already being planned by management though yet to be implemented. 
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3.4.3.3 Implementation of heat stress and heat strain measurements 

At the meeting with the work, health and safety team, it was determined that 

access and transportation to any area of the mine where workers were at risk of 

heat stress and heat strain would be granted for the purpose of monitoring and 

evaluation. During this part of the study, the researcher was accompanied at all 

times by a representative of the mine, for health and safety reasons. 

3.5 Limitations 

Several proposed intervention components were not implemented (Appendix 4): 

due to the sensitive nature of the mining operation at this mine site; due to the 

limited resources that could be provided by the mine site during a time of cost 

cutting and industry consolidation; and due to lack of available time for the 

participants during their shift to engage in some of the active intervention 

components such as use of the onsite gym to increase physical activity. While these 

limitations did not allow for the full suite of proposed interventions to be 

implemented, a good number of health promotion interventions were able to be 

implemented, centred on the individual participant and the work environment. In 

addition, as a result of cost cutting and consolidation, a number of participants 

were lost, leading to a reduced number of participants at the end of the study. 

3.6 Summary 

The reviews of the literature highlight the effectiveness of workplace health 

promotion programs (such as construction, health care, transportation and 

manufacturing industry) across different worksites, using different strategies. The 
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main strategies used were dietary, physical activity and environmental 

interventions. To achieve health status outcomes, notably BMI and weight changes, 

dietary interventions alone were less effective than a combination of dietary and 

physical activity interventions (Gudzune et al. 2013, Rongen et al. 2013). In previous 

research, the introduction of a supportive environment through incorporation of 

changes in the workplace proved more effective when combined with dietary 

and/or physical activity interventions targeted at individuals (Geaney et al. 2013, 

Gudzune et al. 2013). There is also evidence to suggest that while short duration 

interventions may have an apparently initial success, gradually they tend to 

attenuate, thus questioning long-term sustainability and effectiveness. Long 

duration interventions may not appear to be as effective as short duration 

interventions but the cumulative effect of long duration interventions, especially 

with frequent contact to ensure engagement in the program, the overall health 

status of workers would make this more sustainable in terms of improving health of 

workers as well as improving productivity (Rongen, Robroek et al. 2013). 

For the current study, 35% (n = 157) of the available workers from the mine site 

were successfully recruited into the study. This number exceeded the required 

sample size of 137. While the full suite of proposed health promotion interventions 

could not be implemented, a good number of interventions was implemented 

within the confines of the operations of the mine, with as much support as possible 

from the work, health and safety team at the mine site.  
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CHAPTER 4 – FEASIBILITY AND EFFECTIVENESS OF THE 

INTERVENTION ON THE OUTCOME OF OVERWEIGHT 

AND OBESITY AMONG SURFACE MINE WORKERS 

4.1 Introduction 

Overweight and obesity are directly dependent on nutrition and energy intake, as 

well as energy expended through physical activity. Healthy nutrition depends on a 

number of personal and environmental factors such as nutrition, knowledge and 

literacy and the types of foods and beverages available, including through worksite 

canteens and vending machines. Lack of physical activity and increased 

sedentariness through sedentary leisure-time behaviour or sedentary work roles 

have been associated with overweight and obesity (Choi et al. 2010; Stewart-Knox 

et al. 2012). This chapter presents the findings of the workplace health promotion 

intervention program and the impact of the program on selected health measures 

including weight, BMI and physical activity. 

4.2 Literature review 

According to the World Health Organization (WHO) and the Australian 

Commonwealth Government, the workplace has been recognised as a priority 

setting for health promotion programs, including workplace nutrition and physical 

activity programs (WHO 2007, National Preventative Health Taskforce 2008). The 

workplace has been identified as an ideal health promotion setting in which to 

target adults. This is because adults spend more than half of their waking life at 
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work (Malik et al. 2014, Reed et al. 2014). Workers in the mining industry spend 

considerably more hours at work if they work a 12-hour shift, thus making their 

workplace the main avenue for any health promotion intervention programs for this 

cohort of workers. These workers are a particularly difficult cohort of workers to 

gain access to (George et al. 2012), and they generally tend to be overweight or 

obese and physically inactive (Joyce et al. 2013, Polkinghorne et al. 2013) thus 

increasing their risk of chronic diseases. This makes the mine site an ideal workplace 

setting for health promotion, especially for nutrition and physical activity programs. 

A detailed literature review on workplace health promotion programs and their 

effects on health outcomes and behaviours was presented in section 3.2. The rest of 

this literature review will highlight individual components of workplace health 

promotion programs and their importance in influencing workers’ behaviours and 

practices as well as their relevance to the employer. 

4.2.1 Diet and nutrition 

Worksites that have canteens and that provide food to workers can directly 

influence their food and nutrient intake (Previdelli et al. 2010). Provision of energy-

dense nutrient-poor foods could potentially contribute to overweight and obesity at 

the workplace, particularly where other options are limited. Vending machines are 

often stocked with energy-dense nutrient-poor food choices that could potentially 

contribute excess dietary energy among workers (Lawrence et al. 2009, Kelly et al. 

2012). Workers' knowledge, perceptions of, and barriers to, healthy nutrition are 

also crucial in promoting health of workers (Sabinsky et al. 2007, Escoto and French 
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2012, Escoto et al. 2012). This knowledge may influence what workers eat at home, 

what foods they bring to work and their choices from food outlets (French et al. 

2007 and Devine et al. 2003). 

4.2.2 Physical activity 

Physical activity is defined as “any activity that gets your body moving, makes your 

breathing become quicker and your heart beat faster.” (Department of Health 

2014). In essence physical activity involves movements produced by skeletal 

muscles that result in energy expenditure (Caspersen et al. 1985). The domains of 

physical activity include – occupational (at the workplace), household and leisure 

time (for example, recreational activities, exercise and sports) (Samitz et al. 2011). 

Sedentary behaviour on the other hand is defined as prolonged time spent sitting or 

lying down (except for sleeping) (Department of Health 2014). Physical activity and 

sedentary behaviour can be considered polar opposites and Ekelund et al. (2016) 

have shown that the detrimental effects of daily sedentary behaviour can be 

eliminated by engaging in moderate intensity physical activity for 60-75 minutes per 

day. Owen et al. (2000) have shown that environmental determinants of lifestyles, 

especially in a workplace setting, can influence both habitual physical activity 

through active use of workplace environment (for example, staircases) and facilities 

(for example, workplace gym) and even habitual sedentary activity through the 

workplace environment (for example, use of elevators) and facilities (for example, 

use of emails and telephones rather than walking to colleagues’ offices). 
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The mining industry as a workplace poses a considerable challenge with regards to 

engaging workers in physical activity. Many occupations in the mining industry have 

become sedentary in nature and this has been elaborated on in Chapter 2.  As such 

many workers now lack the daily-recommended physical activity in their everyday 

work, predisposing them to chronic diseases such as hypertension and diabetes, 

thereby increasing their morbidity and mortality (McEachan et al. 2008). Lack of 

physical activity and increased sedentariness through sedentary behaviour or 

sedentary work roles have been associated with overweight and obesity (Choi et al. 

2010; Stewart-Knox et al. 2012). Occupational physical activity that meets the 

national guidelines for physical activity may be protective against overweight and 

obesity in the absence of leisure time physical activity (LTPA). On the other hand, 

low LTPA coupled with a sedentary work role will contribute to overweight and 

obesity (Steeves et al. 2012). It could be argued that workers in the mining industry 

are exposed to high job loads that are physically demanding in nature, but this is 

not necessarily applicable to all workers as many processes in the mining industry 

are automated. For example, workers in an open cut mine are usually sitting inside 

an air-conditioned cabin of the heavy machine they are operating. This could be 

contributing to the very high rates of overweight and obesity in the mining industry. 

Furthermore, the mining industry utilises shift working, which may limit 

opportunities to engage in sufficient physical activity both at work and at home. In 

addition, the lack of physical activity can lead to work-related illnesses and 

prolonged recovery, which increases the financial burden of the employer from 

absenteeism, sick days, lost productivity and cost of hiring and training new 
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employees (Medibank 2005). Workplace physical activity programs are thus a sound 

investment for employers: to reduce the financial burden of poor employee health; 

to be seen as being more socially responsible towards their employees; and to 

improve corporate image and be a workplace of choice for highly qualified and 

experienced employees. 

Such a workplace physical activity program can reduce sick leave and absenteeism 

by 25%, decrease workers compensation costs by 40%, decrease disability 

management costs by 24% and improve productivity of both the employer and the 

employee (HAPIA 2010). Research has also demonstrated that for every $1 spent on 

workers’ health, a return on investment of up to $4 is seen (Henke et al. 2011 and 

Baicker et al 2010). As such, planning and implementation of a workplace health 

promotion program focusing on nutrition and physical activity are beneficial to both 

the employer and the employee. 

4.2.3 Summary 

Individual behavioural (knowledge, attitudes and practices) as well as 

environmental (worksite canteens and vending machines) components of a 

workplace health promotion program may be synergistic in improving the health 

status of miners with respect to overweight and obesity. Such a synergy may be 

instrumental in the long-term sustainability of a workplace health promotion 

program. In addition, it would appear that the benefits to the employer far 

outweigh the costs of running such a program. The detailed methodology of such a 

program is outlined below. 
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4.3 Methodology 

4.3.1 Design 

Two formal measurement periods were selected for diet, nutrition and physical 

activity measures, while three formal measurement periods were selected for 

weight, height, body mass index, blood pressure and blood glucose measurements. 

The baseline measure for diet, nutrition and physical activity was conducted in April 

2013, with one-year follow-up in May 2014. The baseline measure for weight, 

height, body mass index, blood pressure and blood glucose level was conducted 

between January and March 2013. The second measure for weight, height, body 

mass index, blood pressure and blood glucose measurements was conducted in 

August 2013. The third and final measure for weight, height, body mass index, 

blood pressure and blood glucose measurements occurred after one year, between 

January and March 2014. Further details are provided in figure 3.2, above. 

4.3.2 Participants 

A total of 157 participants consented to participate in the study, of which 141 

provided baseline data. Of these 141 participants, 105 completed the diet, nutrition 

and physical activity questionnaire and 69 of these also completed the 3-day food 

record. At the one-year follow-up, 89 participants took part in the study measures 

(36.9% attrition rate). Of these 89 participants, 33 completed the diet, nutrition and 

physical activity questionnaire and 25 also completed the 3-day food record. 

Further details are provided in figure 3.2, above. 
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With regard to measures of weight, height, body mass index, blood pressure and 

blood glucose measurements, 141 participants completed these measures at 

baseline, 98 participants completed these measures at the mid-point of the study 

and 89 participants completed these measures at the one-year follow-up. Further 

details are provided in figure 3.2, above. 

4.3.3 Measures – instruments and procedures 

4.3.3.1 Questionnaires 

A) General questionnaire 

A general questionnaire was developed comprising seven sections using validated 

questions from the 2011 New South Wales Population Health Survey which were 

originally based on the Active Australia Survey developed and validated by the 

Australian Institute of Health and Welfare (Appendix 5 footnotes). 

• Section 1 collected demographic information from participants, including 

age, gender, suburb of home address and educational qualifications, as well 

as non-demographic information, including clothing worn at work, number 

of hours worked, part of body used most during work and any work-related 

injuries.  

• Section 2 collected information on smoking status. The already validated 

questions in this section were adapted from the 2011 New South Wales 

Population Health Survey. 
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• Section 3 collected information on hydration perception, practices and 

barriers to hydration at work. The already validated questions in this section 

were adapted from the 2011 New South Wales Population Health Survey. 

• Section 4 collected information on health status, focusing on diabetes and 

hypertension. The already validated questions in this section were adapted 

from the 2011 New South Wales Population Health Survey. 

• Section 5 collected information on physical activity. The already validated 

questions in this section were adapted from the 2011 New South Wales 

Population Health Survey. 

• Section 6 collected information on fruit and vegetable consumption. A 

validation of this part of the questionnaire was undertaken comparing the 

responses from the 3-day food record. Details of this validation study are 

presented in chapter seven.  

• Section 7 collected information on fluid consumption using a Fluid 

Frequency Questionnaire. A validation of this part of the questionnaire was 

undertaken comparing the responses from the 3-day food record. Details of 

this validation study are presented in chapter seven. 

B) 3-day food record 

In addition to the general questionnaire, participants were also given a 3-day food 

record to complete (Appendix 6). This food record consisted of instructions, an 

example of how and what to fill in the record, and three days (two weekdays and 

one weekend day) of record sheets to be used to record food and drinks consumed. 
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A Microsoft Excel 2010 database was created and used to document all nutrition 

decisions regarding the food record if food items in the FoodWorks software did not 

directly correlate with an item recorded by participants. This decision was then used 

throughout the data entry process for all similar food record entries into the 

FoodWorks software (Appendix 20). Of the 69 participants who completed the 3-

day food record at baseline, 26 were unusable as their average energy intake was 

lower than their basal metabolic rate, leaving 43 useable food records. 

C) Type 2 Diabetes risk assessment questionnaire 

The Australian Type 2 diabetes risk assessment questionnaire was also given to 

participants to take home and return upon completion (Department of Health 

2013).  

D) Administration of questionnaires 

The general questionnaire was administered to all participants by the primary 

researcher. Upon completing this questionnaire, participants were given the 3-day 

food record and instructed on how to complete it using the example provided in the 

food record as a guide. The general questionnaire was administered prior to shift 

commencement. The 3-day food record and the diabetes risk assessment 

questionnaires were given to the participants to take home and return upon 

completion. 
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4.3.3.2 Physical measures 

The weight, height, body mass index, blood pressure and blood glucose 

measurements were undertaken by the primary researcher with assistance from 

two members of the mine site’s health and safety team who had certified first aid 

training. These measures were collected prior to shift commencement after 

completion of the general questionnaire. All physical measures were undertaken in 

accordance with the World Health Organisation’s stepwise approach to chronic 

disease risk factor surveillance guidelines (WHO 2013). Measures taken included: 

height and weight from which the body mass index was calculated (weight in 

kilograms (kg) divided by height in metres squared); and blood pressure and blood 

glucose. 

A) Height 

The height was measured using a portable stadiometer (Wedderburn Portable 

Stadiometer). The stadiometer was setup against a wall to provide support during 

measurement. Participants were asked to remove their footwear and headgear 

before standing on the stadiometer board. However, none of the participants 

agreed to remove their footwear as the standard issued steel capped boots were 

too cumbersome to remove and put on again. The primary researcher reviewed the 

time required to remove and put on the steel capped boots and concluded that the 

time taken to remove and put on the boots would increase the transit time for each 

participant. This would not be favourable to mine operations, as it would delay the 

start of shift work. Participants were therefore allowed to stand on the stadiometer 
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with their boots on and subtractive corrections were made with regard to the 

additional height contribution from the boots for both males and females. This was 

considered reasonable, as all boots were standard issue and had the same height 

contribution from the soles of the boots for both males and females. The procedure 

followed to measure the height was in accordance with the Guide to Physical 

Measurements of the WHO steps manual (WHO 2013). 

B) Weight 

The weight was measured using a digital precision weighing scale with 50 gram 

increments (A & D Precision Scale UC-321). The scale was placed on an even, firm, 

flat surface. Participants were asked to remove any accessories they carried that 

would contribute to their weight. These included utility belts, helmets and radios. 

Participants weighed in with boots. This was necessary in order to keep to the time 

constraints of starting the shift on time, as discussed above. As the boots were 

standard issue, a representative sample of the boots was taken and each pair was 

weighed and the average weight calculated for the boots. The weight of the boots 

was then subtracted from the recorded weight to get the actual weight without the 

boots. No correction factor was applied for the standard issue clothing worn (shirt 

and trouser) for two reasons. First, the weight of the clothing was negligible and 

secondly, participants were always weighed in their standard issue clothing before 

starting their shift and would thus nullify the weight contribution of the clothing in 

relation to change of weight between the measures. Otherwise, participants’ 
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weight was measured in accordance with the Guide to Physical Measurements of 

the WHO steps manual (WHO 2013). 

C) Body Mass Index 

The body mass index was calculated from the weight and the height using the 

following formula: 

Body Mass Index = W / H2 

Where W = Weight in kilograms and H = Height in metres 

The body mass index was then used to classify participants’ weight and the risk of 

associated health problems, as shown in table 4.1 

Table 4-1: Classification of body mass index (BMI) 

CLASSIFICATION BMI RISK OF OTHER RELATED HEALTH PROBLEMS 

Underweight < 18.50 Low (but risk of other clinical problems increased) 

Normal range 18.50 - 24.99 Average 

Overweight 25.00 – 29.99 Increased 

Obese 30.00 + Moderate to Severe 

 

D) Blood pressure 

Both the systolic and diastolic blood pressures were measured using a vital signs 

monitor (WelchAllyn Spot Vital Signs Device). Four cuff sizes were used ranging 

from small to extra-large depending on the circumference of the participant’s upper 

arm. The blood pressure was measured in accordance with the Guide to Physical 
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Measurements of the WHO steps manual (WHO 2013). The systolic and diastolic 

blood pressures were used to categorise participants into a blood pressure 

category, as shown in table 4-2. 

Table 4-2: Categorisation of blood pressure 

CATEGORY SYSTOLIC BLOOD 
PRESSURE (mmHg) 

DIASTOLIC BLOOD 
PRESSURE (mmHg) 

Low Blood Pressure 
(Hypotension) 

< 90 < 60 

Desired 90 - 119 60 - 79 

Pre-hypertension 120 - 139 80 - 89 

Hypertension > or = 140 > or = 90 

 

E) Blood glucose 

The blood glucose was measured using a glucometer (Accu-Chek Advantage). 

Participants were asked to state how long prior to testing they had eaten any food, 

or drunk any fluid other than water, prior to testing. This information was used to 

categorise the blood glucose into fasting blood glucose (FBG), two-hour post 

prandial (2HPP) and random blood glucose (RBG) as shown in table 4-3. 

Table 4-3: Categorisation of blood glucose 

CATEGORY Blood Glucose Range (mmol/L) 

Random blood sugar 3.9 - 7.8 

Fasting blood sugar 5.0 - 7.2 

2-hr post prandial < 10 
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4.3.4 Measures – Intervention 

The health promotion intervention program was implemented from two 

perspectives: the individual participants and the work environment. The 

components of the health promotion intervention program that targeted individual 

participants were information and education, focused with reinforcement of 

positive dietary and physical activity behaviours through individualised participant 

feedback of their nutrient consumption, physical activity levels, physical measures 

(weight, body mass index, blood pressure and blood glucose levels), and through 

the Type 2 diabetes risk assessment tool. Participants also were referred to the free 

NSW Get Healthy Information and Coaching Services if they were identified as being 

overweight. A pedometer challenge was established, involving healthy competition 

between groups as well as individuals, using a pedometer to record the step count 

at the end of the day just before retiring to bed. The components of the health 

promotion intervention program that targeted the work environment, included 

provision of drink machines around the site, a review of the vending machines and 

refrigerated beverages on site and use of a 5-star healthy rating labelling system for 

food and beverages. 

 

 

 



 

96 

 

4.3.4.1 Intervention strategies focusing on individuals 

A) Information and education 

Specific information and education sessions were delivered to the participants over 

the study duration. Handouts of education sessions were also provided to 

participants. Topics of the focus included: 

• Diet, nutrition and chronic diseases risk (Appendix 7) – This topic discussed 

food intake goals for adult Australians, recommendations for preventing 

diet-related chronic disease risk, tips to add variety to meals, tips to limit 

added sugar consumption, tips to limit excess salt consumption and tips to 

eat less-saturated fats. 

• Physical activity and its importance (Appendix 8) – This topic discussed the 

health benefits of physical activity, the national physical activity guidelines 

and how to stay physically active. 

• Physical activity and chronic disease risk (Appendix 7) – This topic discussed 

the four steps for better health for Australian adults with regard to physical 

activity. Information on types of physical activity was also provided and 

categorised into sedentary, light, moderate and vigorous activities. 

• Heart disease (Appendix 9) – This was one of two chronic diseases topics 

that were covered in the information and education interventions. This topic 

discussed the risk factors for development of heart disease, including high 

blood pressure, high cholesterol level, overweight and obesity and physical 

inactivity. The topic showcased heart attack as the most common 
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manifestation of heart disease and how to recognise an imminent heart 

attack. 

• Diabetes (Appendix 10) – This was the second chronic diseases topic that 

was covered in the information and education interventions. This topic 

discussed what diabetes is, the types of diabetes, recognising symptoms of 

diabetes, knowing the risk of diabetes by using the Type 2 Diabetes Risk 

Assessment Tool and management of diabetes. 

B) Individualised participant feedback 

• Nutrition – Each participant was given nutritional feedback based on both 

the questionnaire and the 3-day food record. Feedback included number of 

serves of fruits and vegetables consumed per day compared with the 

Australian Dietary Guidelines and the Australian Guide to Healthy Eating 

(NHMRC 2013a and 2013b); percentage of total and saturated fats and 

carbohydrates consumed, compared with the Macronutrient guidelines of 

the Nutrient Reference Values for Australia and New Zealand, to reduce the 

risk of chronic disease (NHMRC 2015); grams of dietary fibre consumed 

compared with the Macronutrient guidelines of the Nutrient Reference 

Values for Australia and New Zealand (NHMRC 2015); amount of sodium 

consumed compared with minerals and trace elements guidelines of the 

Nutrient Reference Values for Australia and New Zealand (NHMRC 2015) 

and finally, the amount of alcohol consumed compared with the Australian 

guidelines to reduce health risks from drinking alcohol (NHMRC 2009). The 

feedback also contained general recommendations and guides to serve sizes 
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for core food groups such as vegetables, fruits, breads and cereals, meat and 

alternatives, and milk and dairy products. 

• Physical activity – Each participant was given feedback on their physical 

activity levels based on the answers provided in the questionnaire. The 

questions used to assess and categorise physical activity were based on the 

National Australian Health Survey Users’ Guide 2011-2013 (ABS 2013). Table 

4-4 outlines the calculation and categorisation of physical activity levels used 

to provide feedback to participants. 

Table 4-4: Calculation and categorisation of physical activity levels 

EXERCISE LEVEL Scoring criteria 

Sedentary Score less than 50 

Low Score 50 to <800 

Moderate Score 800–1600, or >1600 but with less than 2-hrs of 
vigorous exercise 

High Score >1600 and with 2-hrs or more of vigorous exercise 

Formula for calculating score: 

No. of times activity undertaken in last week x average time per activity (minutes x 
intensity) 
Intensity value was estimated based on the three categories of exercise as follows 
(Ainsworth et al 2000):  
• 2.5 for walking  
• 5.0 for moderate exercise  
• 7.5 for vigorous exercise  
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• Physical measures – Each participant was given feedback on their BMI, blood 

pressure and blood glucose levels using the categories outlined in tables 4-1 

to 4-3. 

C) Other interventions 

• Referral to NSW Get Healthy Information and Coaching Services – Each 

participant whose BMI was in the overweight and obese category were 

given an optional referral to the NSW Get Healthy Information and Coaching 

Service delivered by NSW Health, a six month free coaching service aimed at 

helping individuals reduce weight. 

• Pedometer challenge – To encourage physical activity, a pedometer 

challenge was organised as part of the intervention program. The challenge 

was to do at least 10,000 steps per day. It is recognised that walking 10,000 

steps per day is likely to meet the current physical activity guideline of 30 

minutes of moderate intensity physical activity per day for at least 5 days of 

the week (Le-Masurier et al. 2003). The cohort of workers in this workplace 

were mostly sedentary hence during the analysis 5,000 steps was used as 

the cut-off instead of 10,000 steps as research has shown that this is a good 

benchmark for Step-defined sedentary lifestyle index in adult population 

(Tudor-Locke et al. 2010). The challenge was organised between each of the 

four crews A, B, C and D as a group challenge to facilitate peer support of 

participants within each of the crews. Prizes such as t-shirts and caps were 

awarded for the most physically active crew and a $50 sports shop voucher 

was awarded for the most physically active person overall. 
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4.3.4.2 Intervention strategies focusing on the work environment 

The work environment was assessed using the Checklist for Health Promotion 

Environments at Worksites (CHEW) (Oldenburg et al 2002). Based on the baseline 

information obtained from the CHEW, the following interventions were 

implemented: 

• Provision of drink machines around the site – water bubblers were provided 

and strategically placed across the entire site to ensure ready availability for 

workers without having to go to the break room to replenish water supplies. 

• Review of the vending machines and refrigerated beverages – a review of 

the contents of the vending machine and refrigerated beverages was 

conducted using the Checklist of Health Promotion Environments at 

Worksites (CHEW) and healthier snack (popcorn, weight watchers bars and 

tuna lunch) and drink options (water, reduced fat and skim milk) were 

introduced in all vending machines and in all refrigerators across the work 

site. 

• Use of a 5-star healthy rating labelling system for food and beverages – A 5-

star healthy rating labelling system for foods and beverages was used to 

inform participants about their choices of healthy food and drinks. This 

labelling system was developed by the Australian government in 

collaboration with industry partners and public health and consumer groups. 

The labelling system rated the overall nutritional profile of packaged foods. 

At the time of the study, this labelling system was being proposed by the 
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Australian government and was thus trialled in this study with permission. 

Healthier food and beverages were defined as having 3.5 stars and above. 

Figures 4-1 and 4-2 illustrate the 5-star healthy rating labelling system for 

selected vending machine and refrigerated products. 

•  

 

Figure 4-1: The 5-star healthy rating labelling system for selected vending machine 

products 
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Figure 4-2: Beverage and Snack vending machine before (left) and after (right) the 

5-star healthy rating labelling system  
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4.3.5 Data processing and analysis 

All data were entered into the statistical software IBM SPSS version 21 with the 

exception of the 3-day food record data, which was entered into the software 

FoodWorks version 7 (Xyris Software) using the Ausnut 2007 food database to 

analyse the food record entries. Mean, median and standard deviations are 

provided as summary indices for all data. Independent and paired sample t-test, chi 

square test and ANOVA were used to compare means across different time points 

of data collection with respect to weight, body mass index, blood pressure and 

blood glucose levels. Correlation analysis was used to assess the magnitude and 

direction of relationships between dependent and independent variables including 

age, gender, body mass index, crews and work location. Post-hoc statistical power 

was calculated for student t-Test using the observed effect size. The last 

observation data for participants who dropped out of the study were retained and 

used as their final data point where possible, making this an intention-to-treat 

analysis. A One-sample t-test was used for comparison of serves to the Australian 

Dietary Guidelines and the Australian Guide to Healthy Eating. Statistical 

significance was set at a P-value of <0.05. 

4.4 Results 

A total of 157 participants was recruited through a recruitment drive, as previously 

outlined in figure 3.2. At the baseline assessment, 141 participants (109 males and 

32 females) out of the 157 recruited into the study participated. However, during 

each data collection phase not all participants completed all sections of the 
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questionnaire. Hence data are presented for the number of participants who were 

able to provide complete data sets.  

4.4.1 Anthropometric measures 

The average age of all participants was 39 years with a range of 20 to 64 years. 

Males constituted 77% of this population (n=109) while females constituted 23% 

(n=32). The average weight of the participants was 95.8kg (95% CI 92.8, 98.7) and 

78.8kg (95%CI 72.7, 84.8) respectively in males and females. The average body mass 

index was 30 kg/m2 (95% CI 29.1, 30.8) in males and 28 kg/m2 (95% CI 26.2, 30.2) in 

females. Table 4-5 outlines the baseline measures of anthropometric variables. 

Table 4-5: Baseline measures of participants 
 

 Males (n = 109) Females (n = 32) 

 Mean SD Mean SD 

Age (years)a 39 11 40 11 

Weight (kg) 95.8 15.4 78.8 16.9 

Height (cm) 178.8 6.2 167.0 5.8 

BMI (kg/m2) 29.9 4.4 28.2 5.5 

Systolic blood pressure (mmHg) 130.7 12.6 126.5 19.7 

Diastolic blood pressure (mmHg) 82.1 8.4 79.3 11.6 

Blood glucose (mmol/L) 6.4 1.4 5.7 1.5 

SD – standard deviation, BMI – body mass index 
a n = 78 males and 26 females 
 



 

105 

 

At the start of the study, 83% of the participants who completed anthropometric 

measures at all study times were overweight or obese. This is not surprising given 

that 90% of workers in an underground mine in a similar geographic region were 

overweight and obese (Polkinghorne et al. 2013). As overweight and obesity are risk 

factors for chronic diseases, including diabetes and hypertension, blood pressure 

and blood glucose measurements were also relevant. The average blood glucose, 

systolic and diastolic blood pressures were within the normal range for participants’ 

ages. Over the study period, for male participants, there were minimal changes in 

weight, body mass index, systolic blood pressure and blood glucose levels as 

indicated by the negligible effect size ranging from 0.04 to 0.12. Among female 

participants, there were changes in weight and body mass index, with small to 

moderate effect size across the group. In addition, there were no differences 

between those workers who predominantly worked in an office (mainly 

administrative staff) and those who worked in the field (truck drivers, drillers and 

maintenance personnel). Shift timing did not appear to influence any measured 

parameters. Figure 4-3 presents the trend in changes in body mass index of the 

study population at baseline, the midpoint of the study and at the end of the study, 

while table 4-6 presents the changes in the anthropometric measures over the 

study period. 
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Figure 4-3: Change in BMI Category (%) from baseline to midpoint (6-month) and 

final (12-month) (n = 83, P = 0.113 (Chi squared analysis for BMI category)) 
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Table 4-6: Changes in anthropometric measures from baseline at 6-month and 12-month follow-up 

 Baseline Midpoint 
(6-month follow-up) 

Final  
(12-month follow-up) 

   

 Mean (SD) Mean (SD) Mean (SD) F (df) P-valueb Effect size 
(Cohen’s d) 

Weight (kg) 
Males (n = 65) 
Females (n = 18) 

 
95.9 (15.5) 
79.2 (17.2) 

 
95.8 (15.2) 
79.2 (17.5) 

 
96.5 (15.5)a 

80.3 (17.8) 

 
3.578 (2, 63) 
4.519 (2, 16) 

 
0.034 
0.028 

 
0.10 
0.36 

BMI (kg/m2) 
Males (n = 65) 
Females (n = 18) 

 
29.6 (4.3) 
28.5 (5.6) 

 
29.6 (4.3) 
28.5 (5.8) 

 
29.8 (4.4)a 

28.8 (5.8) 

 
3.485 (2, 63) 
4.774 (2, 16) 

 
0.037 
0.024 

 
0.10 
0.37 

Systolic blood pressure (mmHg) 
Males (n = 65) 
Females (n = 18) 

 
130 (12) 
127 (21) 

 
130 (10) 
123 (16) 

 
133 (11)a 

123 (18) 

 
3.944 (2, 63) 
1.217 (2, 16) 

 
0.024 
0.322 

 
0.11 
0.13 

Diastolic blood pressure (mmHg) 
Males (n = 65) 
Females (n = 18) 

 
81 (8) 
81 (14) 

 
82 (7) 
80 (11) 

 
82 (7) 
80 (11) 

 
1.388 (2, 63) 
0.226 (2, 16) 

 
0.257 
0.800 

 
0.04 
0.03 

Blood glucose (mmol/L) 
Males (n = 65) 
Females (n = 18) 

 
6.7 (1.5) 
5.5 (1.1) 

 
6.6 (1.6) 
5.9 (0.7) 

 
7.3 (2.0)a 

5.7 (1.1) 

 
1.110 (2, 63) 
0.883 (2, 16) 

 
0.021 
0.433 

 
0.12 
0.10 

a Significantly different from midpoint (6-month follow-up) after adjusting for age and socioeconomic status, b ANOVA
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4.4.2 Diet and nutrition measures 

At baseline, the reported average daily serves of fruits were the same in males 

(n=109) as in females (n=32) (Mean – 1.5 serves/day for both, SD – 1.3 and 1.0 

respectively) while the reported average daily serve of vegetables was higher in 

females (1.9 serves/day, SD – 1.3) than in males (1.6 serves/day, SD – 1.0). 

Over the study period, there was a trend towards a reported increase in 

consumption of fruits and vegetables serves, though this was not statistically 

significant (Table 4-7). 

Table 4-7: Changes in self-reported fruits and vegetables over the study period 

using data from the short FFQ 

 Baseline Final  
(12-month follow-up) 

 

 Mean (SD) Mean (SD) P-valueb 

Fruits (serves / day) 

Males (n = 20) 
Females (n = 10) 

 
1.8 (2.0) 
1.5 (1.0) 

 
2.0 (1.5) 
1.2 (0.5) 

 
0.428 
0.306 

Vegetables (serves / day) 

Males (n = 20) 
Females (n = 10) 

 
1.4 (0.9) 
1.6 (1.4) 

 
1.9 (1.2) 
2.3 (1.4) 

 
0.065 
0.054 

a based on a 5-day week, b Paired t-test 

Table 4-8 presents the baseline intake of macronutrients and micronutrients among 

male and female participants. Of the 141 participants in the baseline assessment, 

69 completed the 3-day food diary, of which 43 were usable. Among male 

participants, carbohydrates contributed 40% of total energy intake, fats contributed 

30% of total energy intake, proteins contributed 20% of total energy intake and 

alcohol contributed 10% of total energy intake. Among female participants, 
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carbohydrates contributed 43% of total energy intake, fats contributed 32% of total 

energy intake, proteins contributed 21% of total energy intake and alcohol 

contributed 4% of total energy intake. 

Table 4-8: Mean daily macronutrient and micronutrient intake (95% CI) at baseline 

using data from the 3-day FR 

 Male (n = 30) Female (n = 13) 

Macronutrients   

Energy (KJ) 9915 (8753, 11078) 7235 (5836, 8634) 

Carbohydrate (g)   255 (219, 290)   195 (144, 247) 

Total Fat (g)     84 (71, 97)     65 (50, 79) 

Saturated fat (g)     35 (29, 41)     28 (22, 35) 

MUFA (g)     32 (27, 37)     23 (17, 28) 

PUFA (g)     11 (9, 13)       9 (6, 12) 

LC n-3 PUFA (g)  0.43 (0.26, 0.60)  0.17 (0.08, 0.26) 

Protein (g)   126 (112, 140)     90 (74, 106) 

Sugars (g)   120 (91, 149)   104 (70, 138) 

Fibre (g)     27 (23, 31)     21 (17, 25) 

Alcohol (g)  14.0 (5.0, 23.0)    2.0 (-0.1, 3.9) 

Micronutrients   

Sodium (mg) 2863 (2447, 3278) 2359 (1940, 2779) 

Potassium (mg) 3857 (3376, 4339) 3004 (2499, 3509) 

Calcium (mg)   872 (746, 997)   827 (676, 978) 

Iron (mg)     15 (13, 18)     14 (10, 18) 

Zinc (mg)     19 (15, 22)     12 (9, 14) 

Folate (DFE) (µg)   502 (380, 623)   453 (310, 596) 

Niacin (mg)     68 (61, 76)     48 (38, 58) 

Thiamin (mg)    3.0 (2.0, 4.1)    1.7 (1.1, 2.2) 
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Figures 4-4 to 4-9 present comparisons of baseline and final average daily serves of 

core foods between the Australian National Health Survey (ABS 2016), and the 

Australian Dietary Guidelines/Australian Guide to Healthy Eating (NHMRC 2013a 

and 2013b). Recommended guidelines were set for persons by averaging male and 

female recommendations.  

There was a statistically significant difference in the average per consumer daily 

serves of vegetables at baseline and at the end of the study when compared with 

the National average (P=0.004 and P=0.005 respectively). 

 

Figure 4-4: Comparison of average daily serves of Vegetable with Australian 

National Health Survey and Australian Dietary Guidelines/Australian Guide to 

Healthy Eating 
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Average daily serves of fruits were calculated with and without fruit juice 

contributions. With fruit juice contributing to the average daily serve of fruit, there 

was a statistically significant increase of 0.8 serves from the baseline (P=0.0249). 

 

Figure 4-5: Comparison of average daily serves of Fruit with Australian National 

Health Survey and Australian Dietary Guidelines/Australian Guide to Healthy Eating 
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Figure 7-5: Bland Altman plot assessing the validity of the Fluid Frequency 

Questionnaire (FluFQ) and the 3-day FR for Total fluid intake (N = 37). Plot shows 

the Mean of difference 258.38 mL (CI: -127.57, 644.33), Upper level of agreement 

(LoA) 2581.62 mL (CI: 1922.11, 3241.13), Lower level of agreement (LoA) -2064.87 

mL (CI: -2724.38, -1405.36) and the Regression line (equation: y = 211.876 + 0.012x 

(CI for regression line -0.520, 0.559)).  
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Rice (Baked) Rice,white,boiled without added salt    

Rice Crackers Biscuit,savoury cracker,rice    

Rissole Burger patty/rissole,beef,commercial,grilled/fried 
without oil/fat    

Roast carrot Carrot,mature,peeled,baked without oil    

Roast lamb Lamb,easy carve shoulder,untrimmed,baked/roasted    

Roast pumpkin Pumpkin,peeled,baked without oil,nfs    

Rolled Oats Oats,rolled,raw 1 serve   

Roses chocolates Chocolate,dark,fondant/cream filled 2 pieces (nfs)   

Salad Salad,caesar,no dressing    

Salad (cheese, carrot, lettuce, red onion, 
cucumber 

 Cheese,nfs (0.2 cup) + 
Carrot,mature,peeled,boiled,drained (0.2 cup)+ 
Lettuce,iceberg,raw 0.2 cup + Onion,mature,white 
skinned,peeled,raw (0.2 cup) + 
Cucumber,common,peeled,raw (0.2 cup) 
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Salad roll - meat, tomato, cheese + 
lettuce 

Bread roll,from white flour (1 roll lunch style), 
Meat,raw,nfs (80 g), Tomato,common,raw (2 slices), 
Cheese,nfs (1 slice pre-packed), Lettuce,iceberg,raw 
(0.5 shredded/chopped) 

   

Salad Sandwich (chicken, tomato, 
cheese, lettuce) 

Bread,from white flour (2 slice) + Chicken,cooked,nfs 
(1 medium slice) + Tomato,common,raw + 1 slice 
cheese, nfs + Lettuce,iceberg,raw (1 large leaf)    

Salad wrap Wrap,flat white bread w crumbed fried chicken,salad 
& mayonnaise,fast food style    

Salami Salami,nfs    
Salt Salt,table,non-iodised    

Sandwich - tuna/egg w/ 2 slices brown 
bread 

Bread,brown,from white & wholemeal flour + 
Tuna,canned,nfs (1 small can) + 
Egg,chicken,whole,cooked,nfs ( 1 med)    

Sanitarium grain biscuit Biscuit,savoury crispbread,white & wholemeal wheat 
flour w grains & seeds    

Satsuma Fruit,fresh,nfs    
Sausage Sausage,beef,grilled    
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Sausages and vegetables Sausage,beef,grilled + Mixed 
vegetables,frozen,boiled/microwaved,drained    

Schweppes lemonade can Soft drink,lemonade,intense sweetened    

Scotch & coke Alcoholic soda,bourbon & cola based    

Scotch Steak Beef,fillet,scotch,lean,fried,olive oil    

Seafood Salad Seafood,mixed,poached,w creamy dressing & lettuce 1 punnet 150 g?  

Shallot Shallot,peeled,boiled 1 teas 0.5 serve (2 shallot 
bulbs)  

Singapore noodles Chicken,stir fry,soy based sauce,hokkien noodle & 
mixed vegetables (1 serving)    

Small seeve mashed potato Potato,peeled,boiled,mashed,nfs (1 small)    

Solo soft drink lemon Soft drink,lemonade    

Soup (packet) Soup,chicken noodle,instant dry mix,cup style    

Spaghetti bolognese - small Spaghetti in meat sauce,canned    

Spices/coriander Spice,mixed spice (cinnamon,nutmeg & cloves) + 
Coriander,fresh,leaves & stem    

Spiral pasta Pasta,white wheat flour based,boiled from dry,no 
added salt    
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Steamed veg - cauliflower carrots brocc 
(1 packet) 

Mixed vegetables (broccoli,cauliflower,carrot),w white 
sauce    

Steamed veg - peas corn brocc beans (1 
packet) 

Pea,green,fresh,boiled,drained (75 g) + 
Sweetcorn,frozen,boiled,drained (75 g) + 
Broccoli,fresh,boiled,drained (75 g) 
+(Bean,green,fresh,boiled,drained (75g) 

   

Sugar Sugar,white,granulated/lump    

Suimin Bacon Cup Noodles  Soup,chicken noodle,instant dry mix,cup style    

Sun Rice Thai Green curry  Chicken,curry,green,Thai restaurant style    

Taziki Dip Dip,cucumber & yoghurt,Indian restaurant style    

Tea with 3 equal tabs & UHT milk  Tea,regular,no milk,brewed from leaf/teabags (150 ml) 
+ FABULOUS FULL CREAM MILK UHT (100 ml)    

Tea, milk, Sweetener (2 cups)  
Tea,regular,no milk,brewed from leaf/teabags (400 ml) 
+ milk regular (100 ml) + Sweetener,powder,nfs (1 
individual packet)    

Tinned peaches - one peach Peach,canned in intense sweetened liquid,drained (75 
g)    
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Tinned apricots & cream Apricot,canned in syrup,drained (150 g?) + 
Cream,regular thickened,35% fat ( 1 tb?)    

Tinned chopped tomatoes Tomato,canned in tomato juice,nfs    

Toast - White bread (Helga's) HELGAS CONTINENTAL TRADITIONAL WHITE BREAD 
TOASTED    

Toasted ham sandwich Sandwich,white bread,tablespread,ham & 
cheese,toasted    

Tomato Relish Relish, corn (only relish option)    

Trail bar (Be Natural) BE NATURAL ALMOND APRICOT BAR (40G)    

Tub of lite yoghurt (strawberry) PAULS FRUIT YOGHURT STRAWBERRY LITE    

Tubs of Yoghurt Yoghurt,flavoured,nfs (2 Tub)    

Tuna (in tomato & onion) Tuna,flavoured,canned in water,drained    

Tuna (sweet chilli) Tuna,flavoured,canned in water,drained    

Tuna (w lime & pepper) Tuna,flavoured,canned in water,drained    

Tuna sandwiches Bread,from white flour (4 slice) + Tuna,canned,nfs (1 
small can)    

Tuna with hot chilli Tuna,flavoured,canned in water,drained    

Veal Veal,cooked,nfs    
Water (everyone) Water,tap 2 glasses 2 cups  
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White Coffee No Sugar Coffee,from instant coffee powder,w full fat milk   

Where they 
have put 
weight range - 
have used 
highest 
number in 
FoodWorks 
e.g. 100-150 g 
uses 150 g 

White Coffee Triple Shot (1 cup) Coffee,from instant coffee powder,no milk (180 mL) + 
Milk,cow,fluid,regular fat (~3.5%) (70 mL)    

White tea tea (200 ml) + milk, regular fat (50 ml)    

Wine  wine, nfs    
Wine Spritzer  Wine,nfs + Water,carbonated/soda 3/4 cup 0.75 cup (cooked)  
Mince/Vege/Pasta Pasta,beef/vegetable filled,boiled,w tomato-based 

sauce    

Two fruits  Fruit,fresh,nfs 1 fruit   
Biltong  Beef jerky, all flavours    

Hot Cross Bun  Bun,with dried fruit,iced (finger bun)    

Mentos Sugar confectionery,mint flavoured,hard & chewy    

Chicken loaf (Steggles) Chicken,breast,lean,smoked    
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MIXED DISHES DECISIONS ON MIXED DISHES 
Cheese and cracked pepper 
chicken with pasta 

Mixed vegetables,frozen,boiled/microwaved,drained 10% + Chicken,breast,lean,baked 40% + Cheese,cheddar 
(mild,tasty & vintage styles) 10% + Pasta,wholemeal wheat flour based,boiled from dry,no added salt 40% 
Pepper,ground,black/white 

Carbonara pasta Pasta,white wheat flour-based,dry (regular pasta), Sauce,pasta,cream-based,added beef & ham 

Commercial sandwiches, rolls, 
wraps and burgers As per FSANZ sandwiches, rolls, burgers and wraps measures program 

Pasta in cream based sauce Pasta,white wheat flour based,boiled from dry,no added salt 60% + Sauce, nfs  40% 

Pasta & sauce,tomato based Pasta,white wheat flour based,boiled from dry,no added salt 60% + Sauce,pasta,tomato-based,commercial,heated 40% 

Soup,pea & ham,homemade Water 75% + Pea,green,fresh,cooked,no added fat 25% + Ham,leg,non-canned,lean 25% 

Beef,casserole 
cut,untrimmed,stewed,no added 
fat 

Beef,cooked,nfs 50% + Mixed vegetables,frozen,broccoli & carrot & corn,cooked 25% + Sauce, nfs 25% 

Soup,meat & vegetable Water 75% + Mixed vegetables,frozen,broccoli & carrot & corn,cooked 12.5% + Beef,cooked,nfs 12.5% OR Chicken 
12.5% 

Meatballs,beef,lean,served w 
tomato-based prepared sauce Beef,mince,fried,ns oil,nfs 60% + Sauce,pasta,tomato-based,commercial,heated 40% 

Thai Green Chicken Curry Chicken,breast,lean,stir-fried 30% + Rice,white,boiled with added salt 40% + capsicum 5% + green beans 5% + coconut 
cream 20% 

Lasagne beef/chicken Pasta,white wheat flour based,boiled from dry,no added salt 25% + Sauce,pasta,tomato-based,commercial,heated 25% 
+ Beef,cooked,nfs 40% OR Chicken 40% + Cheddar cheese 5% + onions 5% 

Chicken enchiladas Bread,flat (pita/lebanese),white 20% + chicken breast 40% + Onion 5% + Capsicum 5% + Sauce,pasta,tomato 20% + 
lentils 5% + cheese 5% 
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Pasta,beef/vegetable 
filled,boiled,w tomato-based 
sauce 

Sauce,pasta,tomato-based,commercial,heated 25% + Beef,mince,fried,ns oil,nfs 20% + Mixed vegetables,frozen,broccoli 
& carrot & corn,cooked 20% + Pasta,white wheat flour based,boiled from dry,no added salt 35%  

Pasta,cheese & vegetable 
filled,no sauce,fast food style 

Mixed vegetables,frozen,broccoli & carrot & corn,cooked 35% + Pasta,white wheat flour based,boiled from dry,no 
added salt 55% + Cheese nfs 10% 

Rice,fried,with mixed vegetables 
& chicken,ns oil 

Mixed vegetables,frozen,broccoli & carrot & corn,cooked 25% + Chicken,breast,lean,stir-fried 25% + Rice,white,boiled 
without added salt 50% 

Chicken,stir fry,soy based 
sauce,hokkien noodle & mixed 
vegetables 

Mixed vegetables,frozen,broccoli & carrot & corn,cooked 25% + Chicken,breast,lean,stir-fried 25% + Pasta,white wheat 
flour based,boiled from dry,no added salt 50% 

Pasta,salad,with vegetables Pasta,white wheat flour based,boiled from dry,no added salt 75% + Mixed vegetables,frozen,broccoli & carrot & 
corn,cooked 25% 

Fried rice,white, mixed 
vegetables Mixed vegetables,frozen,broccoli & carrot & corn,cooked 35% + Rice,white,boiled without added salt 65% 

Beef,curry,vindaloo,Indian 
restaurant style 

Beef,cooked,nfs 80% + Onion, cooked nfs 5% + Garlic 1.5% + Ginger 1.5% + Spices assorted 1% + Oil,cooking nfs 1% + 
Water 10% 

Beef teriyaki Noodles Beef,cooked,nfs 40% + Noodle,boiled,nfs 50% + Mixed vegetables,frozen,broccoli & carrot & corn,cooked 8% + 
Oil,cooking 1% + Teriyaki sauce 1% 

Pasta bolognese,Italian 
restaurant style 

Sauce,pasta,tomato-based,commercial,heated 30% + Beef,mince,fried,ns oil,nfs 30% + Pasta,white wheat flour 
based,boiled from dry,no added salt 40%  

Pasta in cream-based 
sauce,reconstituted from dry mix 
w milk & butter 

Pasta,white wheat flour based,boiled from dry,no added salt 60% + Milk full cream 30% + Butter,salted 10%+ Dry mix 
30g 

Rissole,beef & vegetables,fried Beef,mince,fried,ns oil,nfs 80% + Mixed vegetables,frozen,peas & corn,cooked 20% 

Beef,stir fry,chow mein (beef & 
noodles),Chinese restaurant style 

Beef,mince,fried,ns oil,nfs 70% + Onion,cooked 2% + Cabbage,cooked 2% + Celery,cooked 2% + Carrot,cooked 2% + 
Green beans,cooked 2% + Egg Noodle,boiled,nfs 20% 

Sushi,chicken Rice,white,boiled with added salt 70% + Chicken,breast,lean,fried,ns oil 25% + Cucumber 4.9% + Nori 0.1% 
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Appendix 21 – Characteristics and activities performed by each Similar Exposure Group (SEG)  

SEG 
No. 

SEG Name Roster 
Pattern 

Shift 
duration 

Work 
location 

Activity Description 

SEG01 Shot firer 7 days on / 
7 days off 

12 hrs/day Outside in 
direct sun 

The Preparation and set-up of a blast area which includes: 
Demarcate the blast loading area by ensuring adequate barriers 
and/or bunting is correctly erected; Set up of signs, and flashing 
lights where appropriate; Dipping of holes and recording (where 
required) on drill/blast plan; Identify holes that require re-
drilling, are damaged or contain water; Backfill holes where 
necessary 

Blast loading activities which include: Laying out of Explosive 
Accessories; Priming blast holes; Loading explosives into blast 
holes; Checking of product column rise to design; Stemming of 
blast holes; Clean-up of blast area; Tie in of blast pattern to 
Design; Security of the blast area; Reporting of lost accessories 
or incidents on the shot 

The preparation for the firing of shots including: Inspection of 
the tie in (walk the shot); The allocation of blast guard locations; 
Ensuring blast guards are trained and competent in their duties; 
Liaising with the others and blast guards prior to clearing the 
area; Ensure the clearance of all personnel and equipment from 
the blast exclusion zone 

The firing of explosives and post blast examination 
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SEG02 Processing personnel 4 days on / 
4 days off 

12 hrs/day Outside in 
direct sun 

Identifying and reporting potential hazards to eliminate risks; 
Use risk management systems to ensure a safe workplace; 
Undertake daily plant inspections and report faults; Use fixed 
and mobile plant equipment in accordance with procedures; 
Support the maintenance team in the completion of 
maintenance schedules and repair work. 

SEG03 Drillers 4 days on / 
4 days off 

12 hrs/day AC vehicle 
Cabin 

Setup and operate drilling rig; Drill holes to explore for mineral 
deposits and also for setting up of explosive charges by short 
firers; Record drilling activity 

SEG04 Maintenance personnel 4 days on / 
4 days off 

12 hrs/day Under 
cover shed 

Carry out scheduled maintenance of fixed plant and mobile 
plant; Carry out repairs on faulty plant and mobile equipment 

SEG05 Office personnel 5 days / 
week 

8 hrs/day AC office Various activities including administrative, geological mapping, 
health and safety, human relations among others. 

 


