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Summary: Modern business conditions require a high level of security in operating systems, that is, risk assessment and avoidance of unexpected events. The consequences of unexpected events are often manifested as workers’ injuries, termination of the technological process and/or damage to material and natural resources. In order to act preventively so the level of safety could be raised, risks at work reduced and worker protected from injury, damage and health disorders, it is necessary to know the causes of accidents at work.

This paper presents the application of the Ishikawa method for the identification of all causes of occupational accidents that can lead to negative consequences and for the selection of the basic cause where corrective action is focused. Also, the new paradigm is shown referred to as Zero Accident Vision - ZAV whose implementation in business systems is to achieve safer conditions and a higher level of protection at work.
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1. INTRODUCTION 
The risk is any real or potential condition that can cause an accident, which results in injury, illness or death of people, damage to or loss of the system, equipment or property and environmental degradation. The risk is a prerequisite for the accident. Since accidents are consequences of risk, they may be predicted by risk identification and analysis. The prevention of accidents is achieved by elimination, control and other measures to reduce risk. 
It is of major importance to determine the dominant causes of accidents in order to undertake preventive and corrective actions. System security and safety at work is to design preventive actions that will prevent accidents at work. Also, corrective measures need to be designed to mitigate the consequences of accidents, especially those that result in workers' injury.
Injury at work is physical, organic or functional damage to the body that occurs at work or in connection with work. It occurs as a result of disharmony between man and the means of labor, on the one hand, and the material conditions of the working environment, on the other. Work injury occurs as a result of the three main etiological factors: the source, the cause and the man. In some injuries man can play the role in the effect of one of the two preceding factors.
2. CAUSES OF ACCIDENTS AT WORK

Research shows that there are a number of factors, of objective and subjective nature, which can be direct and indirect causes of accidents in different work situations. 

Every accident at work occurs because of inadequate reaction of workers to the situation created at a certain moment in the working environment. Causes of accidents occur as an expression of contradictions between man's skills and capabilities and requirements in the workplace for his engagement as organic-physical, mental and social being [3]. 

In practice, the cause is often identified with the source of the accident. The origin of the accident is in fact the state, whereas the cause is a phenomenon which in the present state triggers an action that results in an accident.

Classification of the causes of accidents used in literature [2,3,5] is as follows:

· causes dominated by human (subjective) factor, which refers to the personality of workers,
· objective reasons relating to the degree and duration of objective danger which is connected to the work environment, workplace or social environment.
There is usually a co-relation of both factors to the unadjusted behavior of workers, so when the main causes refer to non-compliance in the workplace, man may be considered responsible because he designs, produces and uses work equipment under certain conditions of a working environment.
The distinction made between subjective and objective factors, as those responsible for the occurrence of accidents, should be taken as relative due to mutually complex effects of these factors.
3. METHODS FOR DETERMINING THE CAUSE OF ACCIDENTS AT WORK

Engineering methods are used to improve the quality, reliability and safety of the process by analyzing the causes and consequences of errors in the working environment system.
Many engineering methods, tools, and techniques are used for the identification of risk factors and the causes of disorders in security systems, that is, cause accidents at work, Figure 1.
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Fig. 1 Methods for determining the cause of accidents at work
3.1 The application of the ISHIKAWA method for determining the causes of accidents at work 

The Ishikawa method belongs to the cause-effect group, and is named after the author Kaoru Ishikawa and is often referred to as a "fishbone diagram," because of its appearance. It is a tool that helps in the identification, sorting and displaying possible causes of a specific problem or quality characteristics of the system. A graphic diagram shows the relation between a given output, and all the factors that influence this output (result) (1(. By applying this method all possible causes are investigated that may lead to certain consequences and thereby the main one is singled out. The Ishikawa diagram is a tool that directs corrective action and represents a good basis for improving the quality of processes and preventive action.
The basic characteristics of this method are (7(:

· a clear visual representation of the possible causes of the phenomenon that is the subject of observation and the consequences of its action, 

· the possibility of analyzing the relationship between the individual causes,

· the determination of the individual causes in the overall structure of the causes (one cause may occur at several points in a diagram - in a number of different groups of causes),

· determining the importance of each cause of the observed result,

· determining the relationship of cause and effect.

The design of cause-effect diagrams enables problem solving when it is necessary (6(:

· to identify possible causes, i.e. to determine the underlying reasons for a specific result or problem, and
· to analyze the existing problems in the implementation of corrective actions.
Sequence of activities for the implementation of the Ishikawa method is as follows:
· defining problem /consequences/errors,
· selecting structure of maximum seven causes (e.g. people, equipment, materials, environment, methods, measurability, data system, etc.),
· developing diagrams and analysis of all causes,
· evaluating the level of impact including the proposed sequence of measures its their elimination.
Advantages of this method are reflected in the following (6(:

· Determining the cause of the problem using a structured approach.
· Active participation of team members and use of their knowledge of the considered process.
· Presentation of cause-effect relationships in a clear and easily readable way.
· Integrationg of the knowledge and skills of the team members about the observed processes.
· Identification of areas in which data should be collected for further study.
In particular, the cause-effect diagram is analysed, and then data collected from the process are compared with the diagram to determine the most influential factor that causes a problem under consideration (4(. Based on the established most influential cause, corrective measures are determined that need to be implemented in order to eliminate it.

The aim of the Ishikawa method is to determine the relationship between the cause and the effect, with the ultimate goal of selecting the dominant causes and initiating priority action to reduce the negative impact of the consequence, in our case an accident at work.

Figure 2 shows the Ishikawa diagram of causes of occupational accidents with general categories and sub-categories of possible causes of the accident. Once designed, the diagram can become a "living tool" which is further improved by entering the details of newly acquired knowledge and experience.

The Ishikawa method is applied to accident situation which resulted in a minor worker’s injury that occurred while controling the cooling system of the Kamatsu PC 450 LC hydraulic excavator. Due to slipping on the working platform and a number of circumstances that can be characterized as a general lack of caution at work, the worker fell down and got minor back injury after slightly being caught by the tracks , Figures 3 and 4.
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Fig. 2 The Ishikawa diagram of the cause of accidents at work
[image: image4.emf]Fig. 3 The Ishikawa diagram - minor worker’s injury
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Fig. 4 The place where the injury occurred - Kamatsu PC 450 LC hydraulic excavator 
3.2 Zero Accident Vision – ZAV

Modern business conditions, the pursuit of sustainable development and a high level of security and safety at work need to pay special attention to the development of a safety culture in the business system. It implies a maximal avoidance of accidents at work and the way to realize “the zero accident vision”. The difference between traditional safety management and the Zero Accident Vision concept is given in Table 1 (8,9(.

Table 1: Zero Accident Vision compared to traditional safety management
	Traditional safety management (accident prevention)
	Zero Accident vision

	Zero accident is an (unrealistic) goal 
	Zero accident is an ambition - a journey

	Preventing accidents
	Creating safety

	Risk management
	Safety leadership and business excellence

	Safety is mainly a tactical and operational challenge
	Safety is a strategic challenge

	Risk assessment and control is the basis for safety improvements
	Long-term commitment is the basis for safety improvements

	Focus on management systems
	Focus on culture, learning and systems

	Compliance-(We have to( (external motivation)
	Compliance-(We want to( (intrinsic motivation)

	Safety is a priority
	Safety is a value

	Safety or OSH as intependet silo(s)
	Safety is an integrated part of doing bussines

	Safety is perceived as a cost factor
	Safety is perceived as an investment

	Safety is associated with prescriptions, paper work, and owned only by a few champions
	Safety is inspiring, (alive( and (owned( by all members of organisation

	Workers( behaviour (human error) is part of problem
	Workers are empowered to come up with solutions-they are part of the solution

	Safe behaviour is desirable
	Safe behaviour is the norm

	Incidents are failures
	Incidents are opportunities for learning

	Safety is designed or prescribed by experts
	Safety is co-created by all members of the organisation (having a learning attitude)

	Safety management should always be rational
	Safety management is rational but also founded on ethics

	Safety culture is important 
	A safety and (just( culture is important

	Safety and health are in practice two distnct worlds
	Zero accidents and zero harm are ethically amd practically closely interconnected

	Safety is only relevant internally (and for the authorities)
	Safety is also relevant for bussines partners and external stakeholders

	Safety improvement is triggered by internal processes (Plan, Do, Check, Act)
	Safety improvement is triggered also by learning from the experiences of others


4. CONCLUSION
Quality management tools have become indispensable in dealing with problems related to all areas of human activity. Working conditions are safer if the accidents at work are reduced to a minimum. Risk assessment and discovering the causes of accidents enables the control of effectiveness of the security, safety and health at work and management of the system with the least number of failures, i.e. accidents with workers’ injuries.
The Ishikawa method is applied for the detection and analysis of the root causes of these problems and unwanted accidents in the organization in order to define preventive and corrective measures for the improvement of processes with increased risk. By analyzing the underlying causes through three stages, data are collected, their analysis performed and the identified causes are finally validate.

The focus of future development of safety and health at work will be at the sustainable development of the society as a whole, with an emphasis on "culture of prevention". The application of the Ishikawa method to notice the causes of occupational accidents on the way towards achieving the zero vision accidents builds up a culture of prevention, which provides better organization status in the society and position at the labor market, greater profitability and more social and economic benefits for the society as a whole.
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