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AN INTRODUCTION TO THIS LEARNING RESOURCE
This Knowledge Component Learning Resource: Book 12: Safety, Health, Environment, Risk and Quality Control is intended to be used with the Knowledge Component Learner Workbook 12 (Formative Assessment Guide): Safety. Health, Environment, Risk and Quality Control: Sugar Processing Controller NQF 5. It can also be used as a stand-alone information resource (text book).
This Learning Resource provides detailed information on the following topics:
· KM-12-KT01: Quality management (20%)
· KM-12-KT02: Occupational safety, health and environmental protection management concepts (25%)
· KM-12-KT03: Controlling quality (20%)
· KM-12-KT04: Environmental protection and pollution concepts (10%)
· KM-12-KT05: Contamination control (10%)
· KM-12-KT06: Risk control and safety practices (15%) 
 (Note: KM = Knowledge Module, KT = Knowledge Topic)
[bookmark: _Toc195429042][bookmark: _Toc464730913][bookmark: _Toc8994524]
KNOWLEDGE MODULE 12
[bookmark: _Toc8994525]SAFETY, HEALTH, ENVIRONMENT, RISK AND QUALITY CONTROL
Module number: 313908000-KM-12: NQF Level 5: Credits 8
BACKGROUND
1. The concept of safety is understood and applied so as to ensure Occupational Safety.
Safety in the sugar mill, as in any other workplace, simply means “accident prevention”.  Accidents are, to a large extent, caused by negligence.  Safe working habits are therefore one of the first things you will have to learn.  This module ensures that you take note of general safety procedures in your own work area.  By developing a responsible attitude towards yourself and a consideration for the welfare of your fellow workers, accidents can be prevented. 
An accident can be caused by an unsafe act or an unsafe condition and can lead to:
· Personal injuries
· Damage to machinery or equipment
· Damage to the product being manufactured
· The death of an employee
· Increased expenses
As a starting point to ensuring a safe work area, good housekeeping must be maintained.  This means that the work area and surrounding areas of the process should be free of oil, grease and any obstructions likely to injure a person. Materials and processed goods should be stacked safely and correctly.
2. The concept of health is understood and applied.
Safety is not just about working safely with equipment and applying prevention procedures.  It is also about looking after yourself and being aware of health matters.  This includes:
· Hygiene
· Personal protection
3. The concept of the environment is understood and principles to manage the environmental resources sustainably are applied.
Surrounding the sugar mill are natural resources which need to be managed sustainably. These include:
· Air
· Water
· Soil
· Vegetation.  
The environments in which the above-mentioned resources should be managed include:
· In the workplace
· In the community 
Industry interacts with the environment and can affect the quality of life; both for the living environment of the community and the working environment of employees.


1. [bookmark: _Toc8994526]Knowledge Topic 1: Quality management
[bookmark: _Toc8994527]1.1	QUALITY MANAGEMENT SYSTEMS (HACCP, ISO)
[bookmark: _Toc8994528]1.1.1	What is ISO certification?
The International Standard of quality and business management specifies requirements for a food safety management system where an organization in the food chain needs to demonstrate its ability to control food safety hazards in order to ensure that food is safe at the time of human consumption.
All requirements of this International Standard are generic and are intended to be applicable to all organizations in the food chain regardless of size and complexity. This includes organizations directly or indirectly involved in one or more steps of the food chain. Organizations that are directly involved include, but are not limited to, food producers, harvesters, farmers, producers of ingredients, food manufacturers, retailers, food services, catering services, organizations providing cleaning and sanitation services, transportation, storage and distribution services. Other organizations that are indirectly involved include, but are not limited to, suppliers of equipment, cleaning and sanitizing agents, packaging material, and other food contact materials.
ISO was designed for use in all segments of the food chain.
An ISO CYCLE is illustrated by the following diagram:
[image: ]
[image: ]If an organization can demonstrate its ability to control food safety hazards in order to ensure that food is safe at the time of human consumption is can achieve ISO compliance and can be certified as such.
[bookmark: _Toc8994529]1.1.2	HACCP
The HACCP concept (Hazard Analysis Critical Control Point) is an internationally- recognised tool for ensuring food safety. It enables potential consumer risks caused by food consumption to be identified and controlled using preventive measures. A prerequisite for the introduction and maintenance of an HACCP concept are measures of the good hygiene practices (GHP), which are described in the Hygiene Concept of the Sugar Industry.
[bookmark: _Toc8994530]Principles for the development of HACCP concepts
The HACCP concept is based on seven principles for the hygiene of foodstuffs:
a) Identifying any hazards that must be prevented, eliminated or reduced to acceptable levels;
b) Identifying the critical control points (CCP) at the step or steps at which control is essential to prevent or eliminate a hazard or to reduce it to acceptable levels;
c) Establishing critical limits at critical control points which separate acceptability from unacceptability for the prevention, elimination or reduction of identified hazards;
d) Establishing and implementing effective monitoring procedures at critical control points;
e) Establishing corrective actions when monitoring indicates that a critical control point is not under control;
f) Establishing procedures, which shall be carried out regularly, to verify that the measures outlined in subparagraphs (a) to (e) are working effectively;
g) Establishing documents and records commensurate with the nature and size of the food business to demonstrate the effective application of the measures outlined in subparagraphs (a) to (f).
The HACCP concept must be regularly reviewed to ensure that it is always up to date. The HACCP concept must be updated accordingly to reflect any changes to the product or the manufacturing process as well as new scientific discoveries concerning potential risks.
[bookmark: _Toc8994531]1.2	QUALITY ADMINISTRATION AND REPORTING
[bookmark: _Toc8994532]1.2.1	Quality administration
[bookmark: _Toc8994533]Structure of quality administration
Total Quality Management Systems generally are set up in 2 main parts.
The first part focuses on guidance for measuring quality and quality assuring, both before the data collected from a Sugar Mill is used and throughout the process of collecting the data.
The second part focuses on reporting on quality. This includes how and where to report quality, and what quality information needs to be communicated and how often.
[bookmark: _Toc8994534]Measuring Quality and Quality Assurance
This section of the standard gives information on what things should be considered when measuring the quality of, and quality assuring the data and the outputs from the data. The guidance is split into sections based on overarching themes, these could be Hygiene, HACCP, Analyses, Sampling etc. How the quality data is collected is generally set by legislation or an ISO standard. 
Business areas should use this standard to help determine whether an output is fit for purpose and as a basis to help business areas communicate relevant quality information to the users of the statistics.
[bookmark: _Toc8994535]Useful Tools
Many of the potential quality issues with Sugar Mill data are related to how the data are collected, stored, quality assured, and delivered by the data collectors and analysts. Because of this it is important that business areas keep in contact with each other and make sure they understand the importance of these processes.
A determination must also be made as regards how much quality assurance a dataset needs based on the level of risk of quality concerns and in the public interest. This is also often provided by the ISO standard of relevance to the sector.
[bookmark: _Toc8994536]1.2.2	Quality reporting
[bookmark: _Toc8994537]Reporting on Quality
When reporting on quality, changes in quality from a previous measurement should be reported, as well as the maintenance of a quality standard over time, and the quality measured in relation to the industry norms. 
When reporting on quality, the methods used to collect the data should, not only be standardized, but reported along with the data so that relevant comparisons can be made.
[bookmark: _Toc8994538]1.3	QUALITY AUDIT PROCEDURES
Quality audits are the process of systematic examination of a quality system carried out by an internal or external quality auditor or an audit team. It is an important part of an organization's quality management system and is a key element in the ISO quality system standard.
Quality audits can be performed by a dedicated internal Quality Audit team, or can be conducted by an outside Quality Audit team especially were the organization is seeking accreditation for a particular standard or compliance requirement.


2. [bookmark: _Toc8994539]Knowledge Topic 2: Occupational safety, health and environmental protection management concepts
[bookmark: _Toc8994540]2.1	INTRODUCTION TO OCCUPATIONAL HEALTH AND SAFETY ACT 
[image: ](that regulates workplace safety, health and environmental protection including appointments, compliance audits, repercussion and personal liability)
No. 85 of 1993: Occupational Health and Safety Act as amended by the Occupational Health and Safety Amendment Act, No. 181 of 1993 
[image: ]The purpose of this Act is to provide for the health and safety of persons at work and for the health and safety of persons in connection with the use of plant and machinery; the protection of persons other than persons at work against hazards to health and safety arising out of or in connection with the activities of persons at work; to establish an advisory council for occupational health and safety; and to provide for matters connected therewith.
What does this mean?
The Occupational Health and Safety Act aims to make sure, as far as possible, that:
· Every worker has a safe working environment;
· Reduce incidents and accidents;
· Protect the environment for workers and their communities;
· Produce effective communication between workers, employers and communities.
The OHS Act is not aimed specifically at employers or employees, but at the workplace; we all need to work together to produce a safe and healthy working environment.
The OHS Act should be displayed in your workplace in the form of a poster in a highly visible location.
[bookmark: _Toc8994541]2.2	INTRODUCTION TO THE NATIONAL ENVIRONMENTAL MANAGEMENT ACT
NATIONAL ENVIRONMENTAL MANAGEMENT ACT NO. 107 OF 1998 
To provide for co-operative environmental governance by establishing principles for decision-making on matters affecting the environment, institutions that will promote co-operative governance and procedures for coordinating environmental functions exercised by organs of state; and to provide for matters connected therewith. 
What does this mean?
The National Environmental Management Act aims to ensure that:
· Everyone has the right to an environment that is not harmful to his or her health or wellbeing; 
· The State must respect, protect, promote and fulfil the social, economic and environmental rights of everyone and strive to meet the basic needs of previously disadvantaged communities; 
· Sustainable development must be ensured for future generations;
· Everyone has the right to have the environment protected, for the benefit of present and future generations, through reasonable legislative and other measures 
· Pollution and ecological degradation is prevented; 
· Conservation is promoted.
In essence, this means that the world we live in must be protected and cared for in order for future generations to benefit as we have. This goal can be achieved by ensuring that businesses practice safe and environmentally friendly activities.
[bookmark: _Toc8994542]2.3	INTRODUCTION TO THE COMPENSATION FOR OCCUPATIONAL INJURIES AND DISEASES ACT
The Compensation for Occupational Injuries and Diseases Act, Act 130 of 1993, is the governing Act that deals with occupational injuries and diseases. 
The aim of the COIDA is to provide for Compensation in the case of disablement caused by occupational injuries or diseases, sustained or contracted by employees in the course of their employment, or death resulting from such injuries or disease; and to provide for matters connected therewith. The COIDA basically prevents employees covered by the Act from suing their employers for damages in terms of common law.
[image: ]
Anyone who employs one or more workers must register with the Compensation Fund and pay annual assessment fees. Claims for employees employed in the mining and building industries must be referred to the relevant mutual associations. Claims by employees working for individually liable employers (the state, parliament, the provincial authorities and local authorities which have been exempted from making payments to the compensation fund) must be referred to the employer. 
[bookmark: _Toc8994543]2.4	INCIDENT INVESTIGATION AND REPORTING PROCEDURES
[bookmark: _Toc8994544]2.4.1	Incident investigation
Investigation of workplace accidents and incidents is an essential part of the proactive management of health and safety. Undertaking investigations of both those accidents that result in injury or death, as well as near misses, in a systematic and organised way will benefit any organisation. Analysis of and accurate information about previous accidents and near misses helps to prevent them recurring. Health and Safety Executive inspectors (or local authority Environmental Health Officers, depending on jurisdiction) may also carry out an investigation of an accident within their enforcement powers.
This topic discusses what should be investigated and how an investigation should be carried out, and by whom. It also delves into causation and the necessary training required to ensure those investigating are competent to do so.
1. [bookmark: _Toc8994545]Records 
The uses of accident reports:
· To determine the loss control rating, as a part of supervisors annual performance review
· For inspection by government and insurance officials, and by courts
· For evaluation in cases of liability
· For follow-up and corrective action
Essential information and details for reports and forms:
· [image: ]Where it happened
· Exact location of the incident
· When it happened
· Date and time of occurrence
· Date when the incident was reported
· How it happened
This information provides important facts related to the incident. Sometimes incidents are alleged to have happened days or even weeks before the date on which they were reported. Dates, times and places are important in legal actions and are needed for additional investigating procedures. 
The following must be carefully documented in the reporting system:
· Identify relevant information of the event
· Establish what has happened
· Identify the causes
· Establish the probability of recurrence 
· Determine practical preventive measure based on the above
· Review and follow-up
[bookmark: _Toc8994546]Employers' duties
There is no explicit legal duty to investigate accidents but certain regulations do imply the need to carry out accident investigations.
The Management of Health and Safety at Work Regulations implies that investigating the causes of workplace accidents is considered an essential part of good health and safety management, and of the risk assessment review process. It forms the “check” part of the Plan, Do, Check, Act approach. Some of the employer’s general obligations towards creating a safe working environment include:
a) An employer, in respect of each workplace where employees are performing work in his service, must designate in writing for a period determined by him, one or more full-time employees who are acquainted with conditions at the workplace, as a safety representative for that workplace or for different sections. The employer has a duty to ensure that the safety representative performs his assigned duties and must release the employee from normal duties for the purpose of carrying out the inspection. The employer must ensure that the safety representative reports to him after each inspection and must keep a record, signed by the safety representative.
b) An employer shall in respect of each workplace where two or more safety representatives have been designated establish one or more safety committees which the employer must ensure shall hold meetings at least once in every three months, making available to the committee the current inspection records. The employer must also ensure that the safety committee performs its statutory functions this entails making a suitable meeting place available, releasing committee members to attend the meeting. The employer has to write in the minutes whether any steps had been taken to implement any recommendations made by the safety representative and ensure that the minutes endorsed by him are kept,
c) An employer is obliged to make an evaluation of the risk attached to any workplace condition or situation and take steps to reduce the risk. 
d) An employer is required to take reasonable steps to investigate the circumstances of every accident that is reported.
[bookmark: _Toc8994547]Employees' duties
a) An employee is under a duty to report within 3 days to his/her immediate supervisor any incident in the workplace involving the injury of an employee consequent upon hazardous working conditions or heat stroke or exhaustion or an accident or exposure to a hazardous article. The site of the accident should not be disturbed before the arrival of an inspector.
b) Employees have a duty to co-operate with employers to enable them to fulfil their statutory duties under the Health and Safety legislation related to the workplace. This would include reporting:
· dangerous occurrences
· near misses and accidents whether or not they resulted in injury, damage or disease.
c) Employees are also required to co-operate in an investigation.
[bookmark: _Toc8994548]Requirements for investigation 
As a very basic guide, an incident investigation should follow these four steps:
1) Gathering information.
2) Analysing information.
3) Identifying risk control measures.
4) Producing and implementing an action plan.
Three levels of accident causation are identified through this procedure.
(i) Immediate causes.
(ii) Underlying causes.
(iii) Root causes.
[bookmark: _Toc8994549]What should be investigated?
Ideally, investigation and review should take place for all accidents and incidents. It is important that organisations take a sensible approach to the investigation of accidents, in which case it may not be necessary to fully investigate minor and trivial accidents. An organisation’s procedures for accident investigation should include a procedure for deciding which accidents will be investigated and which will not. It may be helpful for organisations to develop a simple “risk matrix” to help decide which accidents should be investigated 
The time and effort put into the investigation may vary considerably according to the potential severity of injury and/or damage. Significant incidents will usually require a written report although there may be no need to document the results in very minor cases.
[bookmark: _Toc8994550]What will an investigation achieve?
There is a need for both managers and workers to understand why certain events and outcomes occurred, even if the consequences of the accident were comparatively minor on that occasion. This will aid preventing a recurrence of such events.
Employers must be in a position to justify their assessments of risks and any action they have taken or intend to take after an accident, including the review of any relevant risk assessment. This can only be achieved by adequate and robust accident investigation. 
Accidents cost money; understanding the causes of accidents can assist in preventing unnecessary loss as well as providing cost-effective solutions.
The benefits to employers who undertake accident investigation include:
· a better understanding of risk and provision of information for use in risk assessment
· prevention of accidents and incidents in the future
· a powerful vehicle for motivating organisational learning and activating cultural change
· a means of understanding and obtaining information on management systems
· a useful means of demonstrating the status of safety management in an organisation which in turn can be used to assist in litigation claims and developing arguments for lowering insurance premiums
· providing evidence of any discrepancy between what should be in place, eg safe systems of work, and what is actually 
[bookmark: _Toc8994551]2.4.2	Reporting procedures 
The following steps should be followed when reporting to and claiming from the Compensation Fund.
Step 1: 
An accident must be reported when an employee meets with an accident arising out of and in the course of employment resulting in a personal injury for which medical treatment is required.
Written or verbal notice of an injury at work is to be given to the employer before the completion of the shift. Good practice on the side of the employer will be to make a list of all witnesses of the accident for the investigation of the incident. The official form that needs to be completed is W.Cl 2 - Notice of Accident and Claim for Compensation. This form should be completed whenever an employee meets with an accident out of or in course of employment that leads to personal injury or where medical treatment is required or in the case of death. It is the employer's duty to submit the W.Cl 2 within a period of 7 days to the Compensation Commissioner.
Guidelines relating to the completion of the form:
a) Complete ''Part A'', page 1 of the form by providing the full details, sign and date from where indicated.
b) Detach ''Part B'' (an automatic copy of ''Part A'', page 1) by tearing it at the perforation, hand "Part B" to the employee and request him/her to hand it to the doctor/hospital concerned. In serious cases, "Part B" must be handed to the emergency services personnel who have responded to the emergency.
The employee making the claim must submit to a medical examination at a reasonable time and place nominated by the commissioner or mutual association concerned, or by arrangement if the employee cannot go to the office of the nominated medical practitioner.
c) Complete ''Part A'', page 2 of the form by providing the full details.
After the completion of the form, send the form with a certified copy of the employees ID and the first medical report (W.Cl 4) (if available) to the Compensation Commissioner. The doctor should complete the W.Cl 4 form, stating how serious the injury was and how long the employee is likely to be off work. This is sent to the employer who sends it to the Commissioner.
Employers are obligated to report all alleged accidents to the Compensation Commissioner, even if they don't believe the employees report. Good practice on the employer’s side should include the keeping of partially completed W.Cl 2 forms as well as certified copies of all employees' identity documents.
Employees are not responsible for the payment of medical costs. If an employee requests a second doctor's opinion, he/she will be responsible for the payment of the medical costs for the second opinion.
Step 2: 
After receiving and registering the claim, the Compensation Commissioners office should forward a postcard (W.Cl.55) to the employer. A claim number (reference number) is provided on the postcard (W.Cl.55). This number should be used for all paperwork relating to a claim. When the first doctor's report has been submitted with the accident report, the Compensation Commissioner will consider the claim and make a decision.
After the Compensation Commissioner has considered the claim a postcard (W.Cl.56) will be sent to the employer. The W.Cl.56 will only be used by the Commissioner when liability is accepted for payment of the claim. Where a W.Cl.56 is not issued, it normally indicates that the Compensation Commissioner has not accepted liability for any payment. If the worker disagrees with the decision, they can appeal the decision within 90 days by submitting form W929 to the Commissioner.
Step 3:
If the injury continues for a long time (prolonged absence), the medical practitioner must send a Progress Medical Report (W.Cl 5) to the Commissioner. The progress report should be submitted on a monthly basis until the condition is fully stabilised. This informs the Commissioner of how long the employee is off work.
Step 4:
Once the medical practitioner handling the case is satisfied that the employee is fit for duty, the practitioner will issue a Final Medical Report (W.Cl 5), which must be sent to the Compensation Commissioner. In this report the doctor states either that the worker is fit to go back to work or that the worker is permanently disabled. 
The practitioner must send this form to the employer who sends it to the Commissioner. Please note that the Progress Report and Final Medical Report are on the same form (W.Cl 5).
Step 5:
When the employee resumes work, a Resumption Report (W.Cl 6) must be completed and submitted to the Commissioner. Only after every one of these forms has been submitted will the Compensation Commissioner make all of the payments and close the case.
Step 6:
The worker and the employer should keep copies of all the forms.
[bookmark: _Toc8994552]2.5	RISK MANAGEMENT CONCEPTS AND PRACTICES
Risk Management forms an integral part of manufacturing enterprises management system. Through this process risks that can impact on the efficiency, safety and profitability of a company can be identified prior to an occurrence. Mitigating measures that can assist to prevent the occurrence or to manage the effects of an occurrence can be put in place before any incident actually occurs. 
A risk management policy (and its related procedures) should be put in place:
a) Now, if you have not done it before
b) When a change occurs (for example changing work procedures)
c) After an incident or ‘near miss’ occurs
d) At regularly scheduled times appropriate to the level of risk at your workplace.
Sugar mill operators and cane rail operators should consult with affected persons, including external duty holders where necessary, when conducting risk assessments in areas of joint responsibility.
[bookmark: _Toc8994553]2.5.1	Risk registers
A risk register or list for all hazards at a workplace should be developed. Hazards can be classified under any one or more of the following areas:
a) Biological hazards
b) Energy and electricity
c) Hazardous manual tasks
d) Plant and equipment hazards
e) Hazardous chemicals
f) Work environment (Noise, inhalation, etc.).
[bookmark: _Toc8994554]2.5.2	Risk management process
Operations Managers should consult workers and workplace health and safety representatives routinely at all stages to manage risk and to assist in the development of risk management procedures, including when:
a) New work processes/equipment/tools are being designed, purchased or modified (consult early to allow changes to be incorporated)
b) Identifying problem jobs which require assessment
c) Establishing priorities for the assessment of problem jobs and during the risk assessment process
d) Deciding on control strategies to reduce exposure to risk factors
e) Reviewing the effectiveness of implemented control measures and identifying whether further risks of injury have been created by the chosen controls
f) The contents of procedural documents are being decided, as experienced workers can help make sure they are as relevant as possible to the actual work situation.
[image: ]


3. [bookmark: _Toc8994555]Knowledge topic 3: Controlling Quality
[bookmark: _Toc8994556]3.1	QUALITY CONTROL VS QUALITY ASSURANCE
The terms "quality control" and "quality assurance" are not synonymous. There is a distinct difference between them both in meaning and purpose. While quality assurance is meant to prevent problems, quality control detects any problems that occur. Each one requires different skills, and separate departments in an organization are responsible for each aspect of the quality guarantee. Internationally recognized standards for both procedures come under the International Organization for Standardization (ISO standards).
Quality control describes a product-based approach rather than a process. In a product life cycle, it comes after the product is made and before it is delivered to customers. The quality control department checks that items conform to specific standards. If changes are necessary, the quality control personnel state what is needed. Compared with quality assurance, quality control is reactive, or corrective, in that it exists to identify defects and correct them. Quality control is usually devised and supervised by engineers and inspectors, particularly in a manufacturing environment.
[bookmark: _Toc8994557]3.1.1	Good manufacturing practices
[image: MCj04418050000[1]]These guidelines provide minimum requirements that a food product manufacturer must meet to assure that the products are of a high quality and do not pose any risk to the consumer or public. Good Manufacturing Practice guidelines provide guidance for manufacturing, testing and quality assurance in order to ensure that a food product (in this case) is safe for consumption. However, all GMP systems have the following general attributes:
· Hygiene: The manufacturing facility must maintain a clean and hygienic manufacturing area.
· Controlled environmental conditions in order to prevent cross contamination of product from other extraneous particulate matter which may render the product unsafe for consumption.
· Manufacturing processes are clearly defined and controlled. All critical processes are validated to ensure consistency and compliance with specifications.
· Manufacturing processes are controlled, and any changes to the process are evaluated. Changes that have an impact on the quality of the product are validated as necessary.
· Instructions and procedures are written in clear and unambiguous language. (Good Documentation Practices)
· [image: ]Operators are trained to carry out and document procedures. 
· Records are made, manually or by instruments, during manufacture that demonstrate that all the steps required by the defined procedures and instructions were in fact taken and that the quantity and quality of the product was as expected. Deviations are investigated and documented.
· Records of manufacture (including distribution) that enable the complete history of a batch to be traced are retained in a comprehensible and accessible form.
· The distribution of the product minimizes any risk to their quality.
· A system is available for recalling any batch of product from sale or supply.
· Complaints about marketed products are examined, the causes of quality defects are investigated, and appropriate measures are taken with respect to the defective product to prevent recurrence.
When a manufacturing plant has these Quality Assurance processes in place they obtain GMP certification. 
[bookmark: _Toc8994558]3.1.2	Control measures
The control measures used to control risks in the sugar industry should be chosen according to their effectiveness. The ‘hierarchy of control’ ranks the ways of controlling the risk from the highest level of protection and reliability to the lowest. Duty holders must always aim to eliminate a hazard, which is the most effective control. If this is not reasonably practicable, you should minimise the risk by working through the other alternatives in the hierarchy.
Several control options are often used in combination. Personal protective equipment (PPE) is usually used in conjunction with other control measures.
Design controls involve the alteration of the work process or physical aspects of the workplace such as the equipment or the workstation. Design controls are preferred as they are permanent and they can eliminate or minimise exposure to the risk factors. Design controls include:
a) Job design/redesign – altering the way a job is done or making changes to the work area, tools or equipment (Sugar industry Code of Practice 2005 (PN11188) Page 17 of 25)
b) Mechanical aids – providing mechanical aids to reduce the physical effort required by workers to do the job.
Administrative controls focus on reducing the amount of time workers are exposed to a risk factor. They are not preferred as they do not remove the cause of the problem, they may be forgotten under stressful conditions and they require ongoing supervision to ensure that they are used. Administrative controls include:
a) Work organisation – rotating workers, avoiding peaks in workflow, etc.
b) Task-specific training – ensuring that workers are trained in their specific work including the use of tools or mechanical aids
c) Maintenance programs – servicing and maintaining tools and lifting equipment on a regular basis
d) PPE – providing PPE such as knee pads or gloves where needed.
Develop and implement solutions that work by:
a) Finding and selecting the best control option. All control options should be considered, however design type controls are best. Interim controls may need to be chosen where permanent controls will take time to implement.
b) Implementing the chosen control. It is recommended that controls be tested prior to implementation where possible to ensure that they are suitable, and
c) Monitoring and reviewing the corrective measures to ensure they are working as planned and they have not created a new risk or problem.
[bookmark: _Toc8994559]3.2	KEY PROCESS STAGES OR FACTORS THAT COULD AFFECT QUALITY (CRITICAL CONTROL POINTS)
Throughout this qualification emphasis has been placed on the quality requirements of the sugar product as it moves through the Sugar Mill or processing plant. Every process has its own particular temperature, pH, pressure or viscosity (etc.) requirements which need to be maintained or met to ensure that the product will meet the desired quality requirements when it leaves a particular process. 
[image: ]
Those parameters within a process which can have an irreversibly negative effect on the final product are identified as critical control points. That means that operators should pay particular attention that the parameters required by a particular process are kept within the recommended norms. If these critical parameters are not adhered to there is a risk for:
· waste
· rework
· recall
Aside from the negative financial implication of spoilt product, there are also Health and Safety risks and Environmental risks (such as undue increase in pressure in a vessel, spillages due to leaking or bursting pipes etc.)
[bookmark: _Toc8994560]3.3	QUALITY INDICATORS AT CRITICAL STAGES
The different steps of sugar production from cane are controlled by sampling and analyzing bagasse, juices, massecuites etc. and by observing readings of meters, gauges and recorders.
At the Milling train, for example, the steam pressure on and the revolution of the engines are recorded. There are indicators which show the lift of the top rollers. Juices from the first, second and last Mill are sampled and analysed.
Mixed juice is weighed and analysed. Of the juice heaters, the temperature is recorded. Filter-cake is weighed and analysed. Clear juice is also analysed continuously.
Of the evaporators the temperature of the juice and pressure of the vapour of all vessels is measured and the syrup concentration is checked. Boiling is checked by means of conductivity, which is recorded for all the pans.
Vacuum in the pan and steam pressure in the steam chest is measured.
All condensates are checked on sugar, as it is very dangerous to have sugar in the boiler feedwater. 
There are a host of other meters in the factory and samples taken and analysed, which are not mentioned here. One of the main duties of both day and night duty employees is the collection and analysis of samples for quality control.
Every operator is required to check the readings of the motors and gauges at his station regularly. For the Supervisor it would be impossible to perform their task of having the factory operate properly without meters, recorders, gauges and the laboratory.
These readings and measurements are recorded and reported by employees to supervisors continuously. It is through these reports that quality can be monitored and maintained and corrective action taken when necessary.
[bookmark: _Toc8994561]3.4	CAUSES OF QUALITY PROBLEMS AND REMEDIAL ACTIONS
[bookmark: _Toc8392530]At each step of the sugar manufacturing process, quality must be managed. Samples need to be taken and process parameters must be adhered to. The sampling and process parameters differ for each process step. 
The quality parameters of each process stage must be identified and adhered to.
As a reminder, the factors that affect quality at the Sugar Juice Extraction stage (Knowledge Module 4), is repeated below. You are invited to identify those quality guidelines for each of the other stages of the sugar manufacturing process.
[bookmark: _Toc8994562]3.4.1	Sucrose Degradation during Extraction
The sucrose which is stored in the cane cells is subject to degradation before it is crushed due to the action of naturally occurring enzymes in the cane stalk. As soon as the cane is crushed the expressed juice comes into contact with adhering extraneous matter and becomes contaminated with soil bacteria. These bacteria commence growing using the sucrose for their growth. The first step in bacterial metabolism is the conversion of sucrose to reducing sugars using enzyme invertase.
The enzymatic breakdown of sucrose occurs primarily due to the invertase present in the cane juice and secondly due to enzymes secreted by the bacteria.
The rate of inversion due to bacteria depends upon the number and activity of the bacteria, pH, temperature and oxygen content of the juice. The number of bacteria is influenced by the cleanliness of the extraction plant and the condition of the cane brought to the factory.
[bookmark: _Toc8392531][bookmark: _Toc8994563]3.4.2	Mill Sanitation
A clean extraction plant will ensure minimal microbial destruction of sucrose. The extraction plant should be designed so that there are no dead corners in juice gutters. Gutters and troughs should be sloped so that bagasse is not held up but flows with the juice stream. All moving parts should be constructed to that they are easily accessible for cleaning. Sucrose losses can be reduced by the use of high pressure water hoses (70 – 95oC) used every 3 to 8 hours. This will dislodge accumulated bacteria around strainers, gutters, elevators etc.
Spillage of juice and cane and leakage from the mill into inaccessible areas is a source of direct loss of sucrose and also sucrose destruction due to inversion and bacterial activity. These losses are difficult to detect by the normal methods of milling control, but they will reveal themselves by smell and by the slimy appearance of parts of the mill caused by “Leuconostoc” bacteria.
Regular inspection of the mills to detect leaks and sources of spills is essential.
Bactericides are available but are expensive, and should only be used when the other methods have failed.
[bookmark: _Toc8392574][bookmark: _Toc8994564]3.4.3	Microbiological factors
[bookmark: _Toc8392575]Conditions favouring microbiological action: Low brix raw juices degrade readily as a result of micro-organism activity. At room temperatures a large range of organisms will ferment sugar juices. Perhaps the most evident micro-organism activity is shown by Leuconostoc mesenteriodes, which are slime-forming bacteria. All cane juices are infected with this bacteria. This bacteria uses sucrose and produces dextran. Dextran is a slimy polysaccharide consisting of glucose units. The production of dextran is favoured by alkaline conditions (pH 8) and room temperature. The leuconostoc bacteria is inactivated above 43°C and is destroyed by heat.
In diffusers where temperatures are considerably higher, mesophilic organisms are rendered inactive, but hyperthermophiles are active. They are generally lactic acid producing bacteria, and are active at temperatures up to 70°C. The pH range from 5 to 6.5 found in mills and diffusers do not have a significant effect on micro-organism activity.
(1) [bookmark: _Toc8392576][bookmark: _Toc8994565]Control of microbiological losses
In diffusers, losses of sugar can be very high if temperatures are not kept well above 70°C. It is not considered feasible to operate diffusers at lower temperatures, as losses under these conditions can be severe.
It is common practice to control diffusers at an average of about 85°C. This ensures that the temperature at no stage drops below 75°C, which is considered to be the minimum operating temperature. Sufficient heater capacity must be installed on scalding juice duty at the feed end of the diffuser, in order to achieve a bed temperature of at least 75°C within a stage.
Scalding juice is circulated through the heaters at the feed end of the diffuser at a rate of about 300% on cane. Under these conditions, raw juice leaving the diffuser is at a temperature of about 85°C.
The use of biocides in cane extraction plants is very expensive, and has seldom proved to be cost-effective. Particularly in diffusers, the attainment of satisfactory levels of temperature is a much simpler, cheaper and effective means of microbiological control.
Each Sugar Mill will have its own Quality Control and Quality Assurance system. These systems are often the main differentiating factor between Sugar brands. You are invited to become familiar with the Quality Management System within the Mill at which you are employed and assist to ensure that quality targets within your company are met.


4. [bookmark: _Toc8994566]Knowledge topic 4: Environmental protection and pollution concepts
[bookmark: _Toc8994567]4.1	ENVIRONMENTAL POLLUTION CONCEPTS 
Environmental pollution is any substance, emission, product or by-product of industrialisation which causes or has the potential to cause fouling, contamination or destruction of ground, air or water resources. This pollution may have a temporary or permanent effect.
It is caused by emissions which are generated by industrial processes which pass, or are transported beyond the confines of the organisation.
Industry has a moral responsibility to accept their role in society, with the emphasis on the short or long term effects of today's manufacturing and marketing policies.
They also have a legal responsibility in terms of the OHS Act to prevent any process, substance or emission affecting the community, either on a day-to-day basis, or as the effect of a major hazard incident.
Common sources of pollution include:
· Volatile organic compounds.
· Ozone depleting chemicals (CFC's or Chloroflourocarbons, Carbon Tetrachloride, Methyl Chloroform, Trichloroethanes).
· Asbestos.
· Dusts.
· Lead laden combustion fumes or leachate from dumps.
· Carbon Monoxide generated from fuel consumption.
· Acid or alkali dumps into water drainage systems as well as any toxic chemicals or carcinogenic substances which may not, in themselves be toxic, but pose a threat to the ecological balance and systems (e.g. insecticides, pesticides, organic phosphates, etc).
· Carbon products from various combustion processes, (power stations, boilers, etc.).
· Benzene, petroleum products leaching through ground soils or into water supplies (often from poorly controlled "run off").
· Formaldehydes (especially when they are incinerated).
· Packaging products which contain PVC's etc. or other materials which are not biodegradable.
Environmental Awareness and protection is not only the job of "industry". We must all play our part in ensuring that we, and our children, can live in a pollutant and hazard free environment.
Each employee is advised to assist with pollution control. 
· Report, not only accidents, but anything that you see that you believe could be harmful to the environment.
· Ensure that you follow all laid down procedures when shutting down equipment.
· Do not allow dust to accumulate in and around your work area.
· Ensure that you know exactly what to do in case of an environmental emergency.
· The Work Instructions that you use have been designed to ensure that the safest and healthiest method of performing a task has been identified - always follow them.
· Ensure that you read, and understand, the Material Safety Data Sheets for any hazardous substances that are used in your work area.
· Never loosen a coupling or a flange on any pipeline unless you have been authorised to do so.
· Do not store large amounts of hazardous substances in your work area.
· Pay special attention, and follow, the rules and suggestions contained in any Environmental Awareness training course.
· Never pour chemicals (cleaning fluids, paraffin oil etc.) down drains.
· If special waste containers for various items (paper, glass, plastics, metals etc.) are provided, always use them.
· Never burn plastics in the open air.
[bookmark: _Toc8994568]4.2	SOURCES OF AND IMPACT OF CONTAMINANTS ON THE NATURAL ENVIRONMENT SPECIFIC TO THE SUGAR MILLING INDUSTRY
Sugar Mill effluent cannot be discharged directly into a river or stream. Although sugar is non-toxic, it provides a food source for aerobic bacteria which consume the dissolved oxygen in the water faster than it can be replaced. Fish and other aquatic life subsequently “suffocate” in the deoxygenated water. When there is no more oxygen, anaerobic organisms begin to multiply, producing methane, hydrogen sulphide and ammonia. The water stinks and tastes bitter. Usually insoluble metals become soluble, turning the water black. The sugar concentration in the water may only be in parts per million, but its effect on aquatic life is devastating.
[bookmark: _Toc8228451][bookmark: _Toc8994569]4.2.1	Sources of pollution in a factory
Running losses occur continuously, to a greater or lesser extent. Leaking joints and overflowing tanks are common examples. Careful operation can all but eliminate running losses. Cleaning losses occur only during cleaning operations. Heater and evaporator scale are examples of this.
(1) [bookmark: _Toc8228452][bookmark: _Toc8994570]Running losses
· Milling and Diffusion. Gutters should collect spillages and return it to process. Leaks must be attended to.
· Clarification: Filter cake spills can be carried away in floor washings and overload the effluent plant.
· Evaporation and Pan Boiling: Entrainment can contaminate the cooling water system, which could overload the effluent plant if some cooling water is bled off to the effluent plant.
· Centrifugation: Leakages and overflowing gutters can be a source of pollution.
· Drying: Sugar dust may not be a serious pollution hazard, but does represent a loss of pol.
· Bagasse: Bagasse undergoes slow biological degradation.
· Fly Ash: Scrubbers separate fly ash from boiler gases. Scrubber water (or smuts water) is high in suspended solids.
· Lubricants: Drains from the crushing mills are the main sources of oil contamination.
· Condensate: Though not of high purity, the high temperature is unacceptable.


Simplified Waste water flow diagram for a raw sugar factory
[image: C:\Users\Scientific Roets\Pictures\sugar factory.jpg]
(2) [bookmark: _Toc8228453][bookmark: _Toc8994571]Cleaning losses
(a) Heaters: Scale can be handled by the solids disposal system, or the effluent plant.
(b) Clarifier: Over long stops, stale juice may have to be dumped. Dumping should be spread over few days so as not to overload the effluent plant.
Evaporators, Pans and Boilers: When chemical cleaning is used, spent chemicals may be disposed of safely by being added very slowly to the effluent system. A specialist company must be used to handle hazardous waste e.g. Lead acetate waste from the laboratory and spent caustic soda from evaporator cleaning
[bookmark: _Toc8228446][bookmark: _Toc8994572]4.2.2	The general standard for waste water or effluent released from a Sugar Mill
· Colour, taste and odour : Shall not contain any substance in a concentration capable of producing colour, taste or odour
· pH shall be between 5.5 – 9.5
· Dissolved oxygen : Shall be at least 75% saturated
· Typical (faecal) E. coli : Shall not contain any typical (faecal) E. coli per 100 ml
· Temperature : Shall not exceed 35°C
· Chemical oxygen demand : Shall not exceed 75 mgl-1
· Conductivity : Shall not be increased by more than 75 milli-Siemens per meter over that of the intake water
· Suspended solids : Shall not exceed 25mgl-1
· Sodium: Shall not be increased by over 90mgl-1 above that of the intake water
· Soap, oil, grease : Shall not exceed 2.5mgl-1
[bookmark: _Toc8994573]4.3	GENERAL RULES RELATED TO WASTE CONTROL AND MANAGEMENT 
The term “waste” refers to any type of waste that happens during any part of the production process.  It can refer to materials waste, time wastage & waste of services (such as electricity and compressed air).  But no matter what kind of waste you are referring to, wastage ultimately leads to loss of productivity.
[bookmark: _Toc8994574]4.3.1	Waste management
Waste is costly.  The earth is a closed system and any nutrients and resources being taken out of the system (and buried in a landfill or burnt) are resources lost to us.  Aesthetically waste causes various forms of pollution, from land to water pollution to blocked drains caused by littering.
It is therefore important to follow the waste hierarchy wherever possible:
· Waste minimisation
· Reduce
· Re-use
· Recycle
The wasteful economy: waste is generated at all stages of extraction, production and consumption
[image: ]
Noteworthy facts:
· To produce one ton of paper, 100 tons of water are used.
· For every litre of beer you drink, 10 litres of water have been used in the fermenting process.
· Producing one cell phone requires 75 kg of resources.
· A toothbrush requires 1.5 kg of resources – coal, oil and water – for its production.
Generating less waste ensures that smaller amounts enter landfill sites and saves valuable space. This drastically delays the need to clear new areas and destroy natural habitats.
The sugar mills manage waste by:
· Determining the origin of waste streams; 
· Classifying waste into categories, 
· Implementation of on-site waste management systems
· Managing the disposal of waste in accordance with NEM: Waste Act
[bookmark: _Toc8994575]4.3.2	Importance of good housekeeping
The potential sources of pollution given above readily indicate how important good housekeeping is. A clean factory produces less effluent, looks better, loses less pol, has fewer accidents and is a great place to work in.
[bookmark: _Toc8994576]4.4	THE IMPACT OF ENVIRONMENTAL POLLUTION ON NATURAL RESOURCES, COMMUNITIES AND THE ECONOMY
Since we share everything on Earth with every living thing on the planet, what happens in one area affects everything too, no matter how far away. Pollution or the introduction of different forms of waste materials in our environment has negative effects to the ecosystem we rely on.
There are many kinds of pollution, but the ones that have the most impact to us are Air and Water pollution.
[bookmark: _Toc8994577]4.4.1	The Consequences of Pollution
How does pollution affect humans? In the following paragraphs, we will enumerate the consequences of releasing pollutants in the environment. We cause most of the pollution and we will suffer the consequences if we don’t stop. We are already seeing its effects in the form of global warming, contaminated seafood, increased cases of lung diseases and more.
(1) [bookmark: _Toc8994578]Air Pollution Effects
We release a variety of chemicals into the atmosphere when we burn the fossil fuels we use every day. We breathe air to live and what we breathe has a direct impact on our health.
· Breathing polluted air puts you at a higher risk for asthma and other respiratory diseases.
· When exposed to ground ozone for 6 to 7 hours, scientific evidence show that healthy people’s lung function decreased and they suffered from respiratory inflammation.
· Air pollutants are mostly carcinogens and living in a polluted area can put people at risk of Cancer.
· Coughing and wheezing are common symptoms observed in urban areas.
· Damages the immune system, endocrine and reproductive systems.
· High levels of particle pollution have been associated with higher incidents of heart problems.
· The burning of fossil fuels and the release of carbon dioxide in the atmosphere are causing the Earth to become warmer. 
· The toxic chemicals released into the air settle into plants and water sources. Animals eat the contaminated plants and drink the water. The poison then travels up the food chain – to us.
(2) [bookmark: _Toc8994579]Water Pollution Effects
Just like the air we breathe, water is vital to our survival. We need clean water to drink, to irrigate our crops and the fish we eat live in the waters. We play in rivers, lakes and streams – we live near bodies of water. It’s a precious resource that can easily be polluted and the contamination can be transferred to us and affect our health.
· Diseases such as amoebiasis, typhoid and hookworm are caused by polluted drinking water.
· Water polluted by chemicals such as heavy metals, lead, pesticides and hydrocarbon can cause hormonal and reproductive problems, damage to the nervous system, liver and kidney damage and cancer – to name a few. Being exposed to mercury causes Parkinson’s disease, Alzheimer’s, heart disease and death.
· A polluted beach causes rashes, hepatitis, gastroenteritis, diarrhea, encephalitis, stomach aches and vomiting.
· Water pollution affects marine life which is one of our food sources. Remember the stories of contaminated shellfish and how those who ate them died?
We live in an ecosystem where the action of one has the potential to affect the many. This can be a good or a bad thing, depending on what the action is. Our mistakes has polluted the environment that we live in and we are waking up and owning to the fact. We are trying to reverse the damage. The good news is that every positive action counts. The small effort you make towards a greener environment can start a healing ripple effect. We may still save what is left of our natural resources and make the world a better place to live in for our future generation.
[bookmark: _Toc8994580]4.5	GLOBAL WARMING AND GREEN PRODUCTION
[image: ]Green manufacturing is the renewal of production processes and the establishment of environmentally-friendly operations within the manufacturing field. Green manufacturers research, develop, or utilize technologies and practices to lessen their impact on the environment.
Sustainable manufacturing is the creation of manufactured products through economically-sound processes that minimize negative environmental impacts while conserving energy and natural resources. Sustainable manufacturing also enhances employee, community and product safety.
The goal of green manufacturing is to prevent pollution and save energy through the discovery and development of new knowledge that reduces and/or eliminates the use or generation of hazardous substances in the design, manufacture, and application of chemical products or processes.
Companies must be more environmentally conscious, focus on sustainable practices and materials, and become more socially responsible corporations. Current manufacturing activities have caused the degradation of the environment, the depletion of resources at an accelerated rate, global warming, and affected the quality of life. 
New technologies and the short life cycle of products consumes resources that hinder sustainable growth. Thus, companies have to transform their manufacturing activities, not only to increase competitiveness but to consider the impact of their activities on the environment in a socially responsible manner. Environmentally conscious manufacturing, when practiced, addresses environmental concerns and provides the means of managing the depletion of resources. Enhancing the understanding of the practices of Environmental Conscious Manufacturing or “Green” manufacturing and their reduced impacts on the environment will enable companies to develop their green manufacturing strategies. 
The schematic below provides the 8 issues where manufacturing companies can reduce their impacts.
[image: Related image]
5. [bookmark: _Toc8994581]Knowledge topic 5: Contamination control
[bookmark: _Toc8994582]5.1	PEST CONTROL PRINCIPLES AND PRACTICES
[bookmark: _Toc8994583]5.1.1	Controlling pests within the factory environment
Did you know that the bubonic plague that killed millions of people in Europe in the 1600’s was because the people were living in a dirty environment? Rats carried the disease and were everywhere. Rats and mice leave droppings in the product.
Active measures should be taken to control and limit pest activity throughout all process, storage and handling areas. Risk assessment methods are used to identify potential problems with all classes of animals (e.g. birds, insects, reptiles and mammals) whether they are wild, feral or domestic. Records are maintained to show that risks from pests are adequately managed and consistently under control. Animals should, wherever possible, be excluded from the grounds of sugar milling establishments and the area surrounding stores. 
Where the presence of pests is unavoidable, procedures are implemented to protect the product from potential contamination. Wherever there is a significant risk from pests, access points are proofed against their entry. Doors are to be kept closed whenever possible and be close-fitting and proofed against pests when closed. Buildings should be kept in good repair and condition, to prevent pest access and to eliminate potential breeding sites. Holes, drains and other places where pests are likely to gain access should be kept sealed wherever possible. Where sealing is not possible, measures such as wire mesh screens should be used to reduce the possibility of pest entry. Pest infestations should be dealt with promptly and any actions taken should be compatible with the hygiene and quality requirements of the product. Only appropriately qualified/trained personnel should carry out any control treatment required. 
In cases where shooting is undertaken as part of the pest control programme, lead, or other toxic ammunition, should not be used. All bait containers should be fixed in their intended position unless there is a specific reason why this is not appropriate. Open bait containers and loose baits should not be positioned in areas where their use may result in a hazard to the sugar products.
Pest control procedures must be documented and no materials designed to kill or deter pests must be allowed to contaminate the product. 
Pest control records include: 
· Details of any poisons used, including safety data sheets; 
· Qualifications of personnel involved in pest control activities; 
· Map(s) indicating the location of any bait stations and with what they are baited; 
· Records of any pests found; 
· [image: ]Details of corrective actions implemented. 
[bookmark: _Toc8994584]5.1.2	Rodents
Trapping of rodents has become the method of choice because traps do not employ the use of toxic materials, provide quick results and allow the removal of the rodents for proper disposal to avoid odours and insect issues associated with dead rodents. 
Rodents are responsible for 90% of the complaints against food companies and 90% of these complaints are due to mice.
Rodents are nocturnal and thus seldom seen during the day, unless disturbed.
Signs of rodent activity include:
· Rodent droppings: These are most commonly found along the edge of walls, at the back of stairs and difficult to clean gaps. To check if droppings are of living rodents, remove the droppings and check the same space over the next few days for new droppings. If the rodents are still living in the area, new droppings will occur, as rodents always follow the same routes.
· Rodent tracks: As rodents always follow the same route, little trails develop where the tracks have cleared away any debris.
· Rodent burrows: Rodents live in warm nests created by shredded bits of paper, plastics and materials. Burrows are a sign of long-term infestation.
· Gnawing teeth marks: Rodents will eat just about anything and leave visible tooth marks on plastic containers and wooden structures.
· Urine stains: Rodents have no bladder control and urinate frequently as they move about, leaving small stains.
Adequate precautions must be kept in place to keep rats and mice out of the manufacturing environment.
· The entire factory environment should be such that rodents do not have hiding places.
· Ensure an active rodent and insect control program
The reasons for such a program include: 
· Producers must apply food safety principles when producing foodstuffs for human consumption as prescribed by law. 
· Significant losses may occur due to consumption by rodents and/or contamination by rodents. 
[image: ]When containing the population of rodents and insects (like flies) one indirectly reduces the risk for infections and sickness to humans. 
[bookmark: _Toc8994585]5.1.3	Insects 
Insect infestation in a factory is a sign of poor cleaning practices and/or poor material inspection. 
There are three groups of insects that might infest a factory
· Crawling – Cockroaches, ants etc. These insects are able to enter any small cracks and crevices. The best way of controlling access by crawling insects is to ensure all gaps are sealed. 
· Flying Insects – Flies, moths, bees etc. These insects are excluded from the mill by screens and strip curtaining. Any doors used to access the factory should have insect light traps (insectocute) units on the inside to attract any insects.
· Stored product insects – Weevils. These are generally found in grain, but spread rapidly once they enter the mill. Good stock rotation are essential to avoid infestation.
Insects are controlled by:
· Removing nesting places (good stock rotation, cleaning practices and housekeeping).
· Removing food and water (good cleaning and storage practices).
· Keeping them out (good maintenance of structures and screening).
· Chemicals (licensed operators may use pesticides under controlled circumstances and no chemicals may be stored on-site with raw chemicals).
[bookmark: _Toc8994586]5.1.4	Birds
[image: ]Birds must not be allowed access to any part of the factory, including warehousing. The most effective way to control birds is to build them out and maintain the structures so that birds have no access points. The perimeter must be checked for signs of activity (droppings, nests) regularly and immediate action must be taken to remove the birds.
All pests or signs of activity must be reported to the Operations Manager, noting:
· What was seen.
· Where it occurred.
· When it was seen in as much detail as possible.
This is reported to the Operations Manager, who records it on a sighting log and contacts the service technician. The service technician is to visit the plant within 24 hours and take corrective action.
[bookmark: _Toc8994587]5.2	PRODUCT CONTAMINATION AND DETERIORATION CAUSED BY EQUIPMENT OR FACILITIES
[bookmark: _Toc8994588]5.2.1	Sources of contamination
Contamination of the sugar product can occur on the land, during harvesting, post-harvest (during transportation), during processing and packaging and even during storage before sale. Types of contamination includes Leuconostoc microorganisms, molds, yeasts and microorganisms, pieces of glass, sand, cigarette butts, pieces of fabric or wire.
Product can be contaminated by four main sources:
· The people present in the workplace and their clothing. 
· Other product that is already contaminated. 
· Dirty work premises and equipment. 
· Insects and vermin. 
Thus, the intention of food safety is to prevent food poisoning (the transmission of disease) and to maintain the quality of the product through all stages of processing, until it is finally eaten by humans. 
The presence of spoilage bacteria, taints or foreign material, may not necessarily cause food poisoning, but can still result in considerable loss if the product cannot be used.
If the factory in which sugar is manufactured is clean, then the chances of contamination by foreign objects or diseases will be considerably reduced.
Food hazards can be present, introduced, grown or survive (PIGS) at any point in the manufacturing process.
There are three types of food safety hazards that can occur:
· P - Physical food safety hazards
· C - Chemical food safety hazards
· B - Biological food safety hazards
(1) [bookmark: _Toc8994589]Physical food safety hazards
Physical contamination of feed may be caused by dirt, hair, stones, soil, cigarettes or cigarette butts, nails, nuts and bolts, jewellery, match sticks, bone fragments, feathers, pieces of plastic or foil packaging material, stems, seeds, sticks and leaves, buttons, string and fibres or any other foreign substance.  
(2) [bookmark: _Toc8994590]Chemical food safety hazards
Chemical contaminants of sugar may include pesticides, medicines, detergents, disinfectants or any other chemical substance that could find its way into the food chain. Residue monitoring and evaluation programs identify ingredients containing harmful residues and remove them from the food chain. These residues include toxins from natural sources or from pesticides administered too soon before harvest. A number of agricultural chemicals (pesticides, herbicides, and fertilizers) may leave potentially hazardous residues in foods, and chemical contamination during manufacture is also possible. Where compounds that might enter the food chain are known or believed to be hazardous, there are limits on the maximum amount that may be present in foods. This acceptable daily intake is set by determining the highest lifetime level of intake that causes no detectable effect, and dividing it by a safety factor of 100. 
Pesticides: At the farm level, all crop protection products must be approved for their intended use. They should only be used in accordance with the manufacturer’s instructions and any relevant codes of good practice should be observed. Compliance with ‘harvest intervals’ should be ensured. Pesticides (including herbicides, fungicides and wood preservatives) should be stored in an appropriate well ventilated and secure area. This area should be constructed in such a manner as to contain spillages in the case of accidents. They should be kept in the original container and not transferred to e.g. unmarked containers such as drink bottles. Appropriate protective clothing and masks should be worn when handling, mixing or using these products, as indicated on the label of the product. 
Other On-Farm Chemicals: These include detergents, sterilisers/cleaning agents, disinfectants, feed additives, fertilisers, fuel oils, lubricants etc. As with pesticides, all other chemicals must be handled, stored, used and disposed of in a manner that minimises the risk of contamination of the crop as well as the risk of accidental ingestion/uptake by animals/crops. 
(3) [bookmark: _Toc8994591]Biological food safety hazards
Biological contamination can be caused by bacteria, yeasts, protozoa, molds and viruses, which may come as a result of poor sanitation, poor quality management and poor hygiene practices. Bacteria and fungi are the principal types of micro-organisms that cause food spoilage and food-borne illnesses. Sugar cane may be contaminated by micro-organisms at any time during harvest, storage, processing, distribution, handling or preparation. The primary sources of microbial contamination are soil, air, humans, animals, plant surfaces, sewage, and food processing machinery or utensils.
It is the responsibility of each role-player in the sugar processing chain to ensure that the sugar remains safe and is of a high quality. If each role-player in the chain keeps accurate records of what they did to the product while it was in their care, then it will be easy to trace any problems back to their source and, in so doing, solve the problem. This is called “traceability”.
[bookmark: _Toc8994592]5.3	PREVENTATIVE ACTIONS FOR MICROBIAL AND MYCOTOXIN CONTAMINATION
[bookmark: _Toc8994593]5.3.1	MIcrobial
(1) [bookmark: _Toc8994594]What is the significance of microbial infection and contamination on sugar production?
The mere presence of microorganisms in/on sugarcane and in the sugarcane factory is not the main issue; it is what these organisms do in/on the cane and process streams that has caused many headaches for many years in sugarcane processing industries worldwide, and still continues to do so today.
Contaminating microorganisms use sucrose to sustain their metabolic processes, and in return produce gums, alcohols and/or organic acids. These products of microbial metabolism are then excreted into the surrounding environment (i.e. the sugarcane stalks and relevant processing streams). 
Two major actions of contaminating microorganisms are:
· The removal of sucrose from the sugar production process (by using it to grow and reproduce), directly resulting in reduced sucrose availability for sugar production, 
· Producing gums from the sucrose, resulting in a multitude of problems in sugarcane processing which include reduced pol analysis, clarification, evaporation and crystallisation rate of sucrose, factory capacity, scale formation, crystal shape, exhaustibility of massecuites, molasses purity and gelling of molasses. Gums can seriously reduce the efficiency of both raw sugar manufacturing and refining.
(2) [bookmark: _Toc8994595]Measures to control the invasion of microorganisms in sugarcane
1) Clean harvested canes: Harvested cane should be free from mud and trash and should be loaded in a proper manner in the trucks so that no fractures or damage occurs to the sugarcane stalk which helps in preventing further invasion sites for microorganisms.
2) No delay in clarification step after extraction: The clarification process should be immediately followed by the extraction step. In this process, addition of lime takes place that increases the pH of the juice to about 8.0 and rapid heating to 80-100°C for destruction of microorganisms. This step in sugar processing reduces the growth and proliferation of microorganisms by 99.99%. Although microorganisms are killed in this process, dextran and mesophilic or thermophilic spores are not killed.
3) Maintenance of high temperatures in diffuser: In diffusion plants, during sugar processing maintaining high temperature is an efficient way for controlling microorganisms.
4) Cleaning of the equipment and maintenance of hygiene: Sugar processing requires good hygiene for controlling microorganisms. Maintenance of this by adequate awareness for cleaning the equipment is required for avoiding the build-up of microorganisms like slime producers 
[bookmark: _Toc8994596]5.3.2	Mycotoxins 
A mycotoxin is a toxic secondary metabolite produced by organisms of the fungus kingdom and is capable of causing disease and death in both humans and other animals. The term 'mycotoxin' is usually reserved for the toxic chemical products produced by fungi that readily colonize crops including sugar cane.
Examples of mycotoxins causing human and animal illness include aflatoxin, citrinin, fumonisins, ochratoxin A, patulin, trichothecenes, zearalenone, and ergot alkaloids such as ergotamine.
One mold species may produce many different mycotoxins, and several species may produce the same mycotoxin.
To design strategies for the reduction or elimination of mycotoxins, knowledge about their fungal sources are needed. The growth of fungi in crops and agricultural products is the main cause of toxin formation and related to the concentration of the toxic substances. Many factors are involved in enhancing the formation of mycotoxins. They are:
· Plant susceptibility to fungal infestation
· Suitability of fungal substrate
· Temperate / climate
· Moisture content
· Physical damage of plant due to insects and pests.
Toxin-producing fungi may invade at pre-harvesting period, harvest-time, during post-harvest handling and in storage. 
The prevention of mycotoxins in our environment is a big task. In general, prevention of the contamination of fungi and their mycotoxins in agricultural commodities can be divided into these following three levels.
(1) [bookmark: _Toc8994597]Primary prevention
The step of prevention should be initially carried out before the fungal infestation and mycotoxin contamination. This level of prevention is the most important and effective plan for reducing fungal growth and mycotoxin production. Several practices have been recommended to keep the conditions unfavorable for any fungal growth. These include:
· development of fungal resistant varieties of plants;
· control field infection by fungi of crop;
· making schedule for suitable pre-harvest, harvest and post-harvest;
· lowering moisture content of plant, after post harvesting and during transportation;
· Store product at low temperature whenever possible;
· Using fungicides and preservatives against fungal growth;
· Control insect infestation in stored product with approved insecticides.
(2) [bookmark: _Toc8994598]Secondary prevention
If the invasion of some fungi begins in the product at an early phase; this level of prevention will then be required. The existing toxigenic-fungi should be eliminated or its growth must be stopped to prevent further deterioration and mycotoxin contamination. Several measures are suggested as follows:
· Stop growth of infested fungi by re-drying the products;
· Removal of contaminated product;
· Inactivation or detoxification of mycotoxins contaminated;
· Protect stored products from any conditions which favour continuing fungal growth.
(3) [bookmark: _Toc8994599]Tertiary prevention
If the product is already heavily infested by toxic fungi, the primary and secondary preventions will not then be feasible. Any action would not be as effective as the practices mentioned above, since it will be quite late to completely stop toxic fungi and reduce their toxin formation. However, some measures should be done to prevent the transfer of fungi and their health hazardous toxins in highly contaminated product into the human food chain or the environment. 
Only a few practices are recommended:
· Complete destruction of the contaminated product;
· Detoxification or destruction of mycotoxins to the minimal level.


6. [bookmark: _Toc8994600]Knowledge topic 6: Risk control and safety practices
[bookmark: _Toc8994601]6.1	RISK CONTROL CONCEPTS 
[bookmark: _Toc8994602]6.1.1	Risk Management
In recent years, OH&S legislation has moved from a prescriptive approach to one of risk management. Essentially the risk management process can be represented as follows.
[image: C:\Users\Scientific Roets\Pictures\HAZARDS.jpg]
Where exposure to machinery and equipment hazards cannot be eliminated or substituted for machinery and equipment of improved design, risk controls must be applied to the hazards to prevent or reduce the risk (chance) of injury or harm. Workplace health and safety laws require the highest order control be applied.
Higher order machinery and equipment risk controls are preventative by nature, are effective and durable for the environment it is used in, and deal directly with the hazard at its source.
Lower order machinery and equipment risk controls, such as personal protective equipment (PPE), can prevent injuries, but are generally not as effective as higher order controls, as they rely more on worker behaviour, maintenance programs and supervision.
Administrative controls use systems of work to reduce risk by providing a framework of expected behaviours. Examples are rotation of staff to reduce exposure to a hazard, or a documented safe system of work, such as ‘lockout tagout’. These types of controls rely on extensive instruction, information, training and supervision. In terms of time and ongoing administration by managers and employers to ensure the desired behaviour occurs, administrative controls can be the most expensive and least effective form of hazard control.
Note: The use of PPE and administrative controls are low or last order controls used to deal with any residual risk associated with the hazard. As such, these last order controls can be used in support of higher order controls that deal with a hazard at its source and should not be considered as the sole means of control. These types of risk controls require constant monitoring and reinforcement.
For example, there are four basic categories of warning and safety signs. The categories, their usage, colour and shape are shown below:
[image: ]
Effective machinery and equipment risk controls reflect some or all of the following characteristics:
· The hazard is controlled at its source
· Contact or access to the hazard is prevented
· Sturdy construction (correct materials with few points of potential failure)
· Fail-safe (failure of the control system to be effective will result in machinery shut-down)
· Tamper-proof design (as difficult as possible to bypass)
· Presents minimum impediment to machinery and equipment operator
· Easy to inspect and maintain
· Does not introduce further hazards through the risk control action.
[bookmark: _Toc8994603][image: http://www.store-safe.com/ProductImages/Safety%20Signs/Hazard%20Warning%20Signs/PW26.jpg]6.2	EQUIPMENT AND MECHANICAL SYSTEM SAFETY
[bookmark: _Toc8994604]6.2.1	Mechanical hazards
Machinery and equipment have moving parts. The action of moving parts may have sufficient force in motion to cause injury to people.
When assessing machinery and equipment for possible mechanical hazards, consider:
· Machinery and equipment with moving parts that can be reached by people
· Machinery and equipment that can eject objects (parts, components, products or waste items) that may strike a person with sufficient force to cause harm
· Machinery and equipment with moving parts that can reach people, such as booms or mechanical appendages (arms)
· Mobile machinery and equipment, such as forklifts, pallet jacks, earthmoving equipment, operated in areas where people may gain access.
Common mechanical hazards and associated risks for machinery and equipment are shown below.
	Hazard
	Risk

	Rotating shafts, pullies, sprockets and gears
	Entanglement

	Hard surfaces moving together
	Crushing

	Scissor or shear action
	Severing

	Sharp edge – moving or stationary
	Cutting or puncturing

	Cable or hose connections
	Slips, trips and falls (e.g. oil leaks)



[bookmark: _Toc8994605]6.2.2	Non-mechanical hazards
Non-mechanical hazards associated with machinery and equipment can include harmful emissions, contained fluids or gas under pressure, chemicals and chemical by-products, electricity and noise, all of which can cause serious injury if not adequately controlled. In some cases, people exposed to these hazards may not show signs of injury or illness for years. Where people are at risk of injury due to harmful emissions from machinery and equipment, the emissions should be controlled at their source.
[image: ]When assessing machinery and equipment for possible non-mechanical hazards, consider how machinery and equipment can affect the area (environment) around them.
[bookmark: _Toc406645833][bookmark: _Toc8994606]6.2.3	Know the difference between unsafe acts and unsafe conditions.
[bookmark: _Toc8994607](1)	Unsafe Conditions
Faulty equipment such as machines, engines, pumps, vehicles, electrical apparatus and hand tools that could cause injury, and which in general, could have been corrected, create unsafe conditions. Examples of unsafe conditions include:
· Machines with unguarded pulleys, gears or other dangerous moving parts.
· Slippery floors.
· Sharp objects.
· Unsafe storage.
· Poor lighting.
· Improper ventilation.
· Noise.
If you see any hazardous conditions whilst doing your job, be sure to report it to your supervisor who will see that it is made safe.
[bookmark: _Toc8994608][image: ..\SHE\Posters\Beneath Load.jpg](2)	Unsafe Acts
An unsafe act is that violation of a commonly accepted safety rule, which is sure to cause an accident or incident.  Unsafe acts account for more than 80% of accidents and incidents. Examples are:
· Operating vehicles, tools or equipment without the necessary permission.
· Working at unsafe speeds.
· Making safety devices inoperative, or by removing machine guards.
· Unsafe loading of vehicles.
· Cleaning, adjusting or oiling moving machinery.
· Failing to use personal protective equipment such as goggles, gloves, safety shoes, etc.
Most accidents CAN be prevented if everybody adheres to safety rules and takes care when the situation demands it.  
[bookmark: _Toc8994609]6.3	BASIC ELECTRICAL SAFETY 
The proper mixture of suspended sugar dust represents a potential explosive atmosphere that may result in a catastrophe. The only missing ingredient is a source of ignition. Any electrical equipment, that is improperly selected installed or maintained, can present that source of ignition. Only electrical equipment that is specifically approved for use in atmospheres that may contain dust in explosive or ignitable mixtures should be used.
[image: ]Electricity follows the path of least resistance. The human body offers little resistance to electricity. Electrical injury, including electrocution, can result from contact with electricity. Even low voltages can cause serious injury or death, depending on the amperage and the path that the current takes through the body. 
Electricity must be respected. Since a variety of electrical equipment is present in sugar plants, only qualified, certified electricians should install and maintain electrical equipment. Such electrical equipment includes motors, controls, tools and lighting. Employees without proper training and supervision by a knowledgeable person should not attempt to perform any electrical work.
Employees should:
· Report broken or defective electrical equipment to their employer immediately; for example, broken conduits, exposed electrical conductors, missing covers or bolts in controls, and improper electrical equipment.
· Reset a circuit breaker only once; if it trips a second time, consult a qualified electrician to determine the cause of the overload.
· Do not bypass fuses; if a fuse blows, replace it with a fuse of the same (proper) size.
· Do not use metal ladders around electrical equipment; use only nonconductive ladders, such as wood or fiberglass.
· Ground all electrical equipment and systems properly.
· Do not run extension cords under rugs, across walkways, through walls, etc.
· Use extension cords rated for the service required.
· Extension cords should be inspected before use for nicks cuts or breaks in the insulation; the ground prong on the extension cord should never be removed.
· Electrical tools may provide a source of ignition and should not be used in ignitable or explosive atmospheres.
· Electrical tools should be inspected before use for cracks in the housing or cord. Double-insulated electrical tools are preferred.
· If you are wet or standing in water, never touch any electrical equipment.
· Do not overload electrical circuits.
· Stay away from power lines. Pay particular attention to moving equipment that may contact these lines. Remember that these lines are not insulated and current may arc to equipment that comes in close proximity to them.
· Label electrical circuits and fuses to indicate the equipment they control.
[bookmark: _Toc8994610]6.4	EMERGENCY RESPONSE
The purpose of an emergency plan is to prepare employees for anticipated emergencies, both natural and man‐made. Natural disasters include: Fire, Flood, Storm, Earthquake, Tornado, Hurricane, Loss of Power or Water, and Gas Leaks. The emergency plan should address both preparation and mitigation strategies as well as the response during a disaster and the recovery process after the disaster has passed. 
Man‐made disasters are hazards resulting from human intent, negligence, error, or the failure of a man‐made system. Examples include disasters from violent or criminal acts (active shooter, terrorist attacks) and chemical spills. The emergency plan should address only the most relevant threats to a property. For example, if the property is located in a residential area far from industrial threats of plant explosions or chemical spills, then these man‐made disasters are not required for the property’s emergency plan. It is highly recommended that all emergency plans are reviewed and vetted by local emergency service agencies, including those located on‐campus.
(1) [bookmark: _Toc8994611]Supplies & Resources Checklist
An emergency plan should contain lists and contact details of the resources that need to be called on in an emergency. Such lists can include:
· Emergency services (Fire brigade, Police, Ambulance service, etc.)
· List of supply sources and contacts (e.g. Maintenance contractors, building contractors etc.)
· List of volunteer organizations active in disaster recovery
· List of staff with specialized training (e.g. First AID, CPR, AED)
(2) [bookmark: _Toc8994612]Building and Systems Checklist
Every area of the plant needs to have:
a) Fire sprinkler systems with…
· Shutoff valves chained or locked open
· Regular tests of inspector drains, fire pumps
b) Perimeter, entry security systems and locks
· Protect against unauthorized entry to mechanical, electrical, sprinkler, generator rooms, fuel storage, chemical storage and other critical areas.
c) Fire alarm systems
· Regularly tested
· Off‐site monitored
· Trouble signals and false alarms promptly corrected
· If your fire alarm system communicates by a radio or other wireless signal, verify that the system communicates at 3G or 4G – 2G communication is being phased out by the wireless communication industry.
(3) [bookmark: _Toc8994613]Communications Checklist
· Consider installing communication boxes at areas of refuge that link the property directly to emergency services.
· Annually test emergency lines to verify that they work and that emergency services have the correct location of the call.
· Install a mass notification system (e.g. mass e‐mail or text message systems) that provides a timely means to notify all people in all the buildings of threats and give instructions as to responses.
· Provide backup electric power (e.g., uninterruptible power supplies, backup generators) to run communications systems.
· Consider installation of a special panic alarm system in sensitive or critical areas.
· Test systems regularly and train employees in the use of the various communications systems.
· Have emergency communication equipment (e.g. special cell phones, emergency radios) available for use in the event that all primary communication channels are unavailable.
· Train employees not to discuss sensitive information over communication channels that are not secure (e.g. cell phones).
· Designate who is to contact whom within the building and with outside organizations.
· Provide a contact list to all who might need it and keep the list up‐to‐date. Regularly test the notification protocol through drills and exercises.
· Develop a system to account for staff, occupants, tenants and contractors. Ensure that the information can be accessed offsite in the event of an emergency.
· Provide occupants with information on how to report suspicious people or activities.
· Develop a process for communicating to employees and occupants the current security situation and reminding them of steps that should be taken in the event of an incident.
· Consider a contact information checklist to include owners, staff, tenants, law enforcement, other government agencies, hospitals, insurance providers, neighbors and emergency service contractors. For emergency service contact information checklists, include vendors in charge of electrical, Information Technology, elevators, generators, heating, air conditioning, plumbing, sewage, restoration companies, etc.
(4) [bookmark: _Toc8994614]Emergency Supplies Checklist
· Water.
· Battery‐powered radio and extra batteries
· Solar powered cell phone battery charger.
· Flashlight and extra batteries
· First Aid kit
· Whistle to signal for help
· Dust or filter masks, readily available in hardware stores, which are rated based on how small a particle they filter
· Moist towelettes for sanitation
· Wrench or pliers to turn off utilities
· Plastic sheeting and duct tape to “seal the room”
· Garbage bags and plastic ties for personal sanitation
(5) [bookmark: _Toc8994615]General Preparedness Checklist
· Establish a relationship with the local emergency authorities.
· Locate the latest building plans, including Site, Architectural, Structural, Mechanical (HVAC and Plumbing), Electrical and major Improvements. Store multiple copies of digital plans both on site and off site. Consider “cloud” storage so that plans can be accessed from anywhere in case of local inaccessibility. Plans will be essential for recovery activities.
(6) [bookmark: _Toc8994616]Power Outage Preparation Checklist
· If there is a history of outages, contact your electric service distribution utility and schedule a meeting with their customer relations representative to discuss the needs of your facility and what can be done to upgrade reliability.
· Determine the critical loads in the building and investigate connecting them to existing emergency generators or consider installing a new one. In addition to code required items and egress lighting, consider lights and receptacles in critical areas such as electric rooms, emergency operations posts, and management office; sewage lift pumps (if any); and one elevator per bank.
[bookmark: _Toc8994617]6.6	DUST EXPLOSION AND SPONTANEOUS COMBUSTION RISKS
[image: Image result for dry dust explosion safety sign]Any carbohydrates dust (sugar, flour, meal etc.) can burn and burn explosively. Four conditions are necessary for an explosion to occur.
· The dust concentration must exceed 40g m³ of air (for a dust particle diameter of 0.08 microns). 
· The air humidity must be below 60%.
· The oxygen content of air must be 10 – 125 (it is actually well above this).
· A source of ignition (electric or electrostatic spark, a cigarette, a naked flame etc.) of sufficient energy must be present.
Operators working in areas where dry sugar is handled must be aware of the danger of dust explosions, must be trained to use firefighting equipment and must always be alert for conditions that could cause an explosion.
The owner / operator of a sugar processing or handling facility is faced with choices in the safety measures that can be combined to meet the requirements of these Standards. One or more of the following approaches to safety must typically be employed:
· Housekeeping Measures: Eliminate or minimize combustible dust accumulation by design or controlled operating procedures.
· Equipment Grounding & Appropriately Rated Electrical Systems: Eliminate or minimize the build-up of static electricity and periodically inspect that such measures remain effective, combined with the use of electrical systems designed for the hazardous area in which they are applied
· Equipment Venting: Discharge the products of combustion to atmosphere safely.
· Equipment Isolation: Introduce barriers to flame propagation that can prevent a primary dust explosion from amplifying into a typically much more severe secondary event.
· Equipment Suppression: Prevent the development of a dust explosion by detecting its earliest stages and extinguishing its progress by the injection of an appropriate quenching agent
· Spark Detection: Optically detect the presence of hot particles in a pneumatic air flow or conveyor belt before they reach process equipment within which they become a source of ignition
The following types of process equipment are typically found where sugar dust is processed or handled: 
· Filters / Dust Collectors
· Vertical Conveyors (e.g. bucket elevators)
· Horizontal Conveyors (e.g. belt conveyors)
· Silos, Bins & Hoppers
Where sugar dust and air are mixed together in a confined space, the consequences of a dust explosion are the greatest. Filtration equipment handling a combustible dust almost certainly contains a hazardous concentration of material under normal operating conditions. Other items of equipment may only temporarily carry a ‘combustible load’ of hazardous material, perhaps during start up, shut down, loading or unloading. However, while that combustible load is present, the risk is no less severe. If the potential for a combustible load cannot be eliminated, protection measures are required. The table below presents typical sources of ignition that have been identified:
	Dust Cloud Ignition Sources

	High Probability of Occurrence
	Low Probability of Occurrence

	Hot bearings
	Electrical

	Welding and cutting
	Static electricity

	Belt slippage and misalignment
	Lightning

	Foreign objects caught in machinery
	Metal and stone sparks

	
	Spontaneous combustion



[image: Image result for sugar dust explosion safety sign]
[bookmark: _Toc8994618]6.7	FIRE RISKS AND PREVENTATIVE MEASURES
A fire or an explosion can have serious consequences for your company:
· Injury and loss of human life
· Damage to machines, transport facilities and storage space
· Production interruptions
· Loss of income
· Repair / Replacement costs due to damaged machines
· Loss of customers
Fire and explosion protection in the sugar industry
Sugar dust is highly explosive and requires good extraction systems and explosion protection. The drying, cooling and conveying processes hold a high risk of fire. 
Hot work (Welding and/or cutting operations)
[image: ]A source of fires in mills is hot work or welding operations. Hot work, by definition, means work involving electric or gas welding, cutting, brazing, or similar flame producing operations. Since hot work has both fire and explosion potential, sugar mill employers must pay particular attention to welding, cutting and brazing.
Except under those conditions that require that hot work be conducted inside the facility, hot work should be conducted outside the facility. When hot work must be conducted at your mill, enforce these important rules:
· Hot work is only performed by qualified artisans.
· Ensure that a hot work permit is completed before any hot work commences and is signed off once the work is complete and the area deemed safe.
· Keep welding or cutting equipment clean and in good operating condition.
· Sweep floors clean for a 35-foot radius from the hot work operation; wet down combustible floors or cover them with an approved fire-retardant material.
· Watch for fire in the hot work area for at least 30 minutes after the hot work is complete.
· Supply the firewatcher with a standby fire extinguisher.
· Keep equipment on which hot work is being performed:
· Cleared of all combustible materials
· Protected by shields in flammable areas
· Purged of all flammable vapor
· Remove combustible materials from the opposite side of all heat-conducting materials receiving hot work.
· Use approved shields to protect all combustible materials in hot work areas.
· Close off all spouts, conveyors and elevator legs so that slag and sparks do not fall into other locations.
· Use metal containers to catch molten metal from welding or cutting.
· Maintain proper oxygen pressure when cutting to reduce the production of extra sparks and slag.
[bookmark: _Toc8994619]6.8	ACCESS AND MOVEMENT CONTROL
The need for access control in any manufacturing facility is acknowledged. Access control systems can be as basic as key entry systems or as complex as facial scanning. The obvious benefit of access control systems is to limit the entry of unauthorized intruders or personnel into areas in which they are not allowed. Access control assists to protect a business against damage and theft, protects employees from harm and provides a deterrent to acts of sabotage or malicious intent. It is especially important to ensure that people, with no knowledge of the dangers of the factory, should be kept out of the manufacturing area.
Manufacturing enterprises have the further challenges of ensuring safe arrival and storing of parts and raw materials, secure manufacturing processes, protection against theft and casualties, and reliable delivery of finished goods to ensure customer satisfaction.
Controlling access to and within the site and protecting information and automation systems from breaches is also essential. Physical or digital security lapses, whether accidental or malicious, can cause significant damage, particularly when those lapses harm personnel, the equipment or environment, or compromise quality.
[bookmark: _Toc8994620]6.8.1	Reasons for an access control system
· Keeping a record of who is coming and going: Controlling your employee, vendor, visitor, and maintenance staff access. 
· Control access to highly secured areas or dangerous areas. For manufacturing facilities this means different areas of the manufacturing facility might need different security access in order to keep unauthorized people out.  Examples include raw materials and parts inventory, work-in-process (WIP), staging areas, cleaning areas, inspection areas, testing areas, finished product areas.  
· You may need to keep out or provide limited access to cleaning people, vendors, employees from specific areas and fired employees.
· Access is monitored. With some keyless entry systems, each authorized user can be assigned a specific code with which to gain access. Also, keyless entry systems provide a log so you can see who gained access to a secure area and when. 
[bookmark: _Toc8994621]6.8.2	Access into confined spaces
The Sugar Mill factory consists of a range of vessels (bins, silos, tanks, evaporators), some of which require human entry for their maintenance and cleaning. 
Entry into any confined space is hazardous because these spaces may contain harmful substances or represent oxygen deficient environments or there may be a bridging condition or a build-up of product on the sides which could fall and bury an employee, known as engulfment.
Most fatalities suffered by employees who have entered bins, silos or tanks, resulted when:
· Employees entered bins, silos or tanks without authorisation (entry into confined space permit)
· Employees entered bins, silos or tanks without proper personal protective equipment.
· Employees entered bins, silos or tanks without following proper safety procedures.
· Employees were in bins, silos or tanks while product was flowing and equipment was running, and were sucked under the product.
· Employees were in bins or silos and fell through bridged areas (see the figure below).
[image: ]
No employee should ever enter bins, silos or tanks under a bridging condition. Similarly, no employee should enter bins, silos or tanks where a build-up of product on the sides of the confined space could fall and bury the employee.
[bookmark: _GoBack]Product stuck to the sides of bins, silos or tanks should always be dislodged from above. If a boatswain’s chair is used, it should never be positioned so that collapsing product could engulf the employee.
Before allowing entry into any confined spaces, the procedure for entering of confined spaces must be complied with at all times and a permit completed for each entry. Similarly, all vessels should be checked for a person inside, before man-holes are closed and put into operation.
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