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[bookmark: _Toc124983331]Abstract


This report aims to provide a comprehensive understanding of pollution control risk assessment, including various methods and approaches for assessing and managing risk. The report begins with an overview of risk assessment methods, including generic risk assessment, qualitative risk assessment, and quantitative risk assessment. We also examine specific risk assessment approaches such as the event-tree approach, risk matrix approach, and failure mode and effects analysis. The methodology section outlines the process of allocating a risk assessment strategy, while the risk assessment section examines the identification of high-risk hazards and the development of mitigation strategies. The report also covers the costs of implementing pollution control equipment and the potential financial consequences of non-compliance with laws and regulations. Additionally, the report examines relevant legislation and regulations to ensure compliance with pollution control standards. The report concludes with a discussion of pollution prevention and mitigation strategies and the importance of taking a proactive approach to managing risk.
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1. [bookmark: _Toc124983333]Introduction

the report has highlighted the importance of conducting a risk assessment for pollution control and the benefits of using a risk matrix as a tool for this assessment. The risk matrix allows for a clear and systematic evaluation of potential hazards, making it easy to identify areas of concern and prioritize actions to mitigate or control those risks. Additionally, the report has identified the high-risk pollution hazards that were identified in the assessment and the mitigation measures that can be put in place to address these hazards. The report has also discussed the costs associated with compliance, including consulting fees, laboratory testing, equipment costs, and personnel costs. A cost-benefit analysis was also conducted, comparing the costs of compliance with the costs of non-compliance, as well as the potential benefits of compliance such as the reduced risk of hazards occurring, reduced environmental damage, and cost savings. Overall, this report has demonstrated the importance of conducting a thorough risk assessment, implementing mitigation measures, and considering the costs and benefits of compliance to ensure that the company is protecting the environment and minimizing potential risks.

[bookmark: _Toc124983334]2. Literature Review

[bookmark: _Toc124983335]2.1 Risk Assessment methods

[bookmark: _Toc124983336]2.1.1 Generic risk assessment (GRA)      
[bookmark: _Toc124205032][bookmark: _Toc124982861][bookmark: _Toc124982957][bookmark: _Toc124983337]A GRA is usually a set of guidelines for generic hazards such as drills, slipping, or harmful chemicals as shown in Figure 1 (Hamilton, 2020). These may get evaluated in varied contexts, and it does not define what type of drill gets used or where meaning that it can get easily used in different workplaces. The utilisation of a generic risk assessment saves a lot of time as it reduces the need to conduct extensive evaluations. 
	Hazard
	Control measures

	Drills
	Wear goggles and go through adequate training.

	Slipping
	Wet floor signs, nonslip shoes.

	Harmful chemicals
	Use protective personal equipment and follow the manufacturer’s instructions.








Figure 1. GRA example.


[bookmark: _Toc124205033][bookmark: _Toc124982862][bookmark: _Toc124982958][bookmark: _Toc124983338][bookmark: _Toc124205034]Despite being the cheapest and simplest risk assessment method major companies seldom use it. A GRA is inappropriate because it only covers minimal exposure, but extra care should get
	
	Consequence

	
	Negligible
	Minor
	Moderate
	Major
	Catastrophic

	Probability
	Highly probable
	5
	10
	15
	20
	25

	
	Probable
	4
	8
	12
	16
	20

	
	Possible
	3
	6
	9
	12
	15

	
	Unlikely
	2
	2
	6
	8
	10

	
	Rare
	1
	2
	3
	4
	5


[bookmark: _Toc124205035][bookmark: _Toc124982863][bookmark: _Toc124982959][bookmark: _Toc124983339]taken when working in big groups. Additionally, there is lots of leeway for failure in automatically created RAs because they had not gotten tailored to fit every workplace. (Walter, 2021).

[bookmark: _Toc124983340]2.1.2 Qualitative risk assessment 

Figure 2. Probability and consequence multiplication table to calculate a Risk Rating.

Employers in smaller companies frequently conduct a qualitative risk assessment, as shown in Figure 2, to determine if the well-being of their employees might get jeopardised. The control measures get communicated with stakeholders per the results of this straightforward and affordable instrument, which gets used to assess the seriousness of hazards (HSE, 2003).
For example:
Hazard: Slipping
Control Measures: None; Risk: High
	Risk rating

	Low
	1 – 3

	Moderate
	4 – 6

	High
	8 – 12

	Extreme
	15 – 25



Figure 3. Risk rating index example.
The risk gets calculated using a risk rating index as shown in Figure 3. Slipping could get considered a probable event with a moderate 
effect (4 x 13 = 12), meaning that the risk is High. 
[image: ]A risk rating requires control measures to lower the risk.






Figure 4 Quantitative risk assessment example (Graves, 2000)


Example of an improved RA:
Hazard: Slipping
Control Measures: Wet floor signs and non-slip shoes
Risk: Moderate
(Graves, 2000) identifies a lack of precision as one of the flaws of a qualitative risk assessment. The probability and the consequences are more of an educated guess than they get based on specific data. Additionally, a risk may not get first deemed high risk until it gets evaluated considering various settings and stakeholders. For instance, slipping, in general, might have a moderate consequence, but slipping on a bottle of aggressive dissolvent could be catastrophic.
[bookmark: _Toc124983341]2.1.3 Quantitative risk assessment
Consider qualitative risk assessment in the context of hazard classification. How severe are the consequences for different stakeholders? Such as employees, the environment, and businesses (HSE, 2003). Determining the probability of a hazard (Figure 2) occurring and the risk it (Figure 3) brings allows for the prediction of its consequences. These forecasts get translated mathematically, enabling data modelling. Because they are more than educated estimates, numerical probabilities are precise. (Pesce et al., 2012).
The risk assessment gets diagrammed using various approaches to risk assessment. "Accident scenarios" are developed to foresee hazards, risks, probabilities, impacts, and mitigation techniques (Apostolakis, 2004).
As shown in Figure 4, a quantitative risk business assessment gets mainly based on analysing how the levels of risk affect different parts of the scenario getting assessed.
[bookmark: _Toc124983342]2.2 Risk assessment approaches
[bookmark: _Toc124983343]2.2.1 Event-tree approach (ETA)
[bookmark: _Toc120232356][image: A picture containing table

Description automatically generated]Figure 5. Example of an event tree analysis (Shih, Horng and Lee, 2016).

An event tree analysis is an effective method for determining the likelihood that a risk, such as a fire, flood, or system failure, would occur. Its use is to support management and decision-making processes. There is a chance of 1.00 for the initial hazard. The branch of the event tree gets expanded by the possible occurrences that get anticipated. According to Figure 1, there is a 94% chance that the fire detection system will work. The likelihood that the automatic sprinkler system will function is 81%, and so on. Every situation gets weighed from having a low to significant impact (1-5).
Using ETA is a superb way to visualise the exact sequence of events that follow a risk. However, it is challenging to predict what would happen if a process phase failed partially. On the other hand, an ETA can ascertain whether some pivotal events are significantly leading to failure and if they should be abolished or replaced.
[bookmark: _Toc124983344]2.2.2 Risk Matrix approach
A risk matrix calculates the severity of a hazard using its probability and severity factors and is classified using the following:
Likelihood:
· Very unlikely [1]
· Unlikely [2]
· Highly likely [3]
· Likely [4]
· Very likely [5]
Impact:
· Negligible [1]
· Minor [2]
· Moderate [3]
· Significant [4]
· Severe [5]
By multiplying the likelihood and severity, the risk gets determined. Calculations get conducted using a risk matrix, as shown in Figure 1. For example, a highly unlikely scenario with significant repercussions has a risk classification of 1 x 3 = 3.Figure 6. Risk Matrix example 5 x 5 (Boers, 2017)

A risk matrix is a practical and adaptable tool. The size and variables of the matrix may be easily adjusted, making it possible to apply them in almost any situation. 
[image: Table

Description automatically generated]Slipping, for instance, is likely and can have a moderate effect. According to the risk matrix in Figure 1, the risk score is thus Medium. The risk assessment gets revised once a remedy gets put into place. For example, wet floor signs to prevent slipping make it unlikely, but still moderate getting a risk score of Low Medium.
[bookmark: _Toc124983345][image: Table

Description automatically generated]2.2.3 Failure mode and effects analysis (FMEA)
Figure 7. FMEA template (Forrest, 2019).


The FMEA is a valuable method for analysing the consequences of an anticipated hazard. Firstly, the potential impact of the failure of mitigation methods gets analysed. The severity of the hazard then gets re-assessed and extra control measures are implemented (Figure 7) (Forrest, 2019) asserts that some systems' components should eventually fail and should therefore have anticipated risk assessments. For instance, it is normal for automotive tyres to deteriorate over time. The FMEA gets used to analyse what would happen if the tyres failed and the cause for it. In this case, routine tyre inspections for thread and pressure and frequent tyre replacements will help to reduce the risk of a tyre blowout while driving.


3. [bookmark: _Toc124983346]Methodology

[bookmark: _Toc124983347]3.1 Allocation of a risk assessment strategy

A risk matrix is a good method for a pollution control risk assessment because it allows for a clear and systematic evaluation of potential hazards. The matrix typically includes a grid with different levels of risk on one axis and different types of hazards on the other. This allows for a quick visual representation of the potential risks and their likelihood, making it easy to identify areas of concern and prioritize actions to mitigate or control those risks. 
Additionally, risk matrices can be used to track changes over time and monitor the effectiveness of risk management strategies. Overall, it is a simple, yet effective tool for risk assessment.
The risk matrix as shown in Figure 6 was utilised as the ‘Ratings Tab’ in the risk assessment in Table 1. 


[bookmark: _Toc124983348]3.2 Risk Assessment

Figure 8 shows a risk assessment conducted on the pollution-related hazards of the following:
· Chrome plating
· Galvanising operations
· Grinding
· Welding
· Brazing
· Chemical storage bunds
· Disposal of scrap metal
· Guiltonning
· Cleaning
· Wastewater
· Casting
· Heat treatment
· Surface treatment
· Primary metal production
· Drains to foul water
· Spraying operations

Table 1. Pollution risk assessment.
	 
	Engineering plant risk assessment - POLLUTION

	
	Risk assessment of an engineering plant manufacturing, coating, and spraying metal components.
	DATE VALID FROM: 16/12/2022

	
	Identified risks
	Hazard classification
	Controls
	Residual risk

	
	
	For each hazard, identify the type of harm that could occur e.g. biological, physical, chemical, safety, ergonomic or psychosocial.
	What would happen if the hazard occurred?
	See Risk Ratings Tab
	Potential control measures.
	See Risk Ratings

	
	
	
	
	Severity
	Likelihood
	Risk
	
	Severity
	Likelihood
	Risk

	CHROME PLATING
	Atmospheric pollution
	Chemical
	Hexavalent chromium is a carcinogen (National cancer institute, 2015).

Health risks: cancer, reduced fertility rates, impaired lung function, and coughing (American Lung Association, 2020). 

Contamination of nearby water sources. 

Carcinogen-polluted air risk to nearby residents. 
	4
	5
	20
	Implement proper ventilation and air filtration systems to prevent the release of hazardous chemicals into the air:  exhaust fans, and air scrubbers. Properly dispose of the treated air per local regulations.
 
Label and store any chemicals used and provide clear guidance on safe handling and disposal to prevent accidents or mistakes.
 
Regularly monitor and test the air quality to detect any potential hazards or issues, and take action to address them.
 
In the event of an accident or emergency, it is essential to have an emergency response plan in place to evacuate the area and seek professional help if needed. Use an emergency shutdown procedure to stop the flow of chemicals and prevent further damage. Seek help from the local fire department or other emergency responders if needed.   
 
	4
	3
	12

	
	
	
	
	
	
	
	
	
	
	
	

	GALVANSING OPERATIONS
	Pipe leak
	Chemical
	Groundwater polluted with natural gas would then evaporate into the air and cause air pollution. 
	4
	3
	12
	Regularly inspect and maintain natural gas pipes to ensure they are in good working order and are not at risk of leaking.

Implement procedures for detecting and responding to natural gas leaks: regular testing and gas detection devices.

Shut down operations and evacuate the area if a natural gas leak is detected.

Use protective equipment, such as masks and gloves, to protect workers from exposure to natural gas.

Implement waste management and disposal procedures to prevent the release of natural gas into the environment.
	4
	3
	12
	

	
	Bacteria and viruses
	Biological
	These hazards can be spread through contact with contaminated surfaces or through the air and can cause illness in workers.
	4
	5
	20
	Implement regular cleaning and disinfection procedures. Use appropriate disinfectant products to clean and disinfect surfaces, equipment, and other areas of the facility regularly.

Provide workers with appropriate training on the safe handling and disposal of hazardous materials, including chemicals and other substances that may get contaminated with bacteria or viruses. 

 Implement effective waste management practices. Use specialized equipment, such as filters and separators, to remove excess metal and other contaminants from wastewater before it gets released into the environment.
	3
	2
	6
	

	
	Loud noises and vibration
	Physical
	Exposure to loud noises over extended periods can cause permanent damage to the ears, leading to hearing loss, tinnitus, and other auditory conditions (NIH, 2018).
 
Loud noises and vibrations can be disruptive to the surrounding community. They can cause disturbance and annoyance to nearby residents. 
 
 Noise pollution can affect the behaviour and communication of wildlife (National Geographic, 2022), while vibrations can cause damage to buildings and other structures (Bédard, 2021).   
 
Vibrations from heavy machinery and other equipment can cause discomfort, fatigue, and damage to the body over time. In severe cases, exposure to vibrations can result in musculoskeletal disorders, such as back pain or hand-arm vibration syndrome (HSE, 2022).
	4
	5
	20
	Install sound-absorbing materials or enclose noisy equipment in soundproofed rooms.

Implement work schedules or procedures that limit exposure to noise and vibration. For example, workers could get rotated between different tasks or areas of the facility to limit their exposure to loud noises and vibrations.

Provide workers with appropriate personal protective equipment (PPE), such as earplugs or earmuffs, and, anti-vibration gloves or insoles, to reduce exposure to noise and vibration. 

Install vibration-damping materials or modify equipment to reduce the level of vibration.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Fumes 
	Chemical
	The fumes account for a high zinc and zinc oxide percentage (Lemke, Hammond, and Thomas, 1960). Inhaling can irritate the respiratory tract, leading to symptoms such as coughing, shortness of breath, and chest tightness. It can also cause metal fume fever, a condition that results from inhalation of metal fumes and is characterised by symptoms such as fever, chills, and muscle aches (Cooper, 2008). In severe cases, inhaling zinc oxide can cause lung damage and difficulty breathing.   
 
	4
	5
	20
	Cotton cloth bag to filter the fumes (Lemke, Hammond, and Thomas, 1960).
 
Use proper ventilation and air filtration systems to capture and remove fumes from the workspace.

Regularly clean and maintain ventilation and air filtration systems to ensure they work effectively.
 
Use fume scrubbers specifically designed to remove harmful substances from the air.
 
 Use protective equipment, such as masks and respirators, to protect workers from exposure to fumes.
 
Regularly monitor and test the air quality to ensure that no harmful levels of fumes are present.
 
Implement proper waste management and disposal procedures to prevent the release of fumes into the environment.  
 
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	GRINDING
	Dust
	Chemical
	 Dust emissions produced during the production of grinding wheels with the use of naphthalene cause skin and eye irritation, and gastrointestinal, neurologic, and renal symptoms (CDC, 1983). Naphthalene can also pollute ground waters and crops.   
 
	4
	5
	20
	Use naphthalene in a closed system, where the chemical is contained and not released into the environment.

Regularly monitor and test the air and water quality to ensure that no harmful levels of naphthalene are released.

Implement proper waste management and disposal procedures to prevent the release of naphthalene into the environment. Regularly clean and maintain equipment to prevent the build-up of naphthalene.

Use protective equipment, such as gloves and masks, to protect workers from exposure to naphthalene.

Use alternative grinding methods that do not involve the use of hazardous chemicals.
	2
	3
	6
	

	
	Particulates
	Chemical
	If particulates such as lead, zinc, chromium, and arsenic are inhaled, damage to internal organs and other parts of the body (Jaishankar et al., 2014).  
	4
	5
	20
	Use air pollution control equipment, such as scrubbers and filters, to remove these pollutants from the air.

Track the levels of particulates and heavy metals in the air and other environmental media, such as water and soil, to identify areas where pollution levels are high and take appropriate corrective actions to reduce them.

Engage with local communities and stakeholders to inform them about the potential impacts of particulates and heavy metals on the environment and human health, and seek their input and feedback on the pollution prevention and control measures implemented. Engagement can help to build trust and provide valuable insights and suggestions for further improvements.
	4
	4
	16
	

	
	Noise 
	Physical
	Exposure to loud noises over extended periods can cause permanent damage to the ears, leading to hearing loss, tinnitus, and other auditory conditions (NIH, 2018).

Loud noises can be disruptive to the surrounding community. They can cause disturbance and annoyance to nearby residents. 

Noise pollution can affect the behaviour and communication of wildlife (National Geographic, 2022), while vibrations can cause damage to buildings and other structures (Bédard, 2021).
	4
	5
	20
	Implement engineering controls, such as sound-absorbing materials and enclosures, to reduce the level of noise generated.

Provide appropriate personal protective equipment (PPE) for workers, such as earplugs and earmuffs, to reduce their exposure to loud noise.

Implement strict noise regulations and enforcement mechanisms to ensure that noise pollution standards and other relevant laws comply.

Engage with local authorities and other stakeholders to educate them about the risks associated with noise pollution and to seek their input on how to minimize these risks.

Invest in research and development to develop new technologies and processes that reduce the noise generated.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	WELDING
	Welding fumes
	Chemical
	Health risks of welding fumes (such as nitrogen oxide) include acute and chronic bronchial inflammatory symptoms, skin, neurological and other diseases (Health and Safety Executive, 2022).   
	4
	5
	20
	Use NO2 scrubbers or other air filtration systems specifically designed to remove NO2 from the air.

'Local exhaust and forced dilution ventilation' (Cancer Council, 2022). Regularly clean and maintain ventilation and air filtration systems to ensure they work effectively.

'Either air supplied or air purifying respiratory protection that filters particulates and ozone ' (Cancer Council, 2022).

'Separate welding activities from other work jobs. Many workers welding in one space can increase welding fume. Use welding screens to protect other workers from the welding arc. Where possible, automate welding activities.' (Cancer Council, 2022).

Regularly monitor and test the air quality to ensure harmful welding fumes are not present.

Implement proper waste management and disposal procedures to prevent the release of welding fumes into the environment.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Noise pollution
	Physical
	Exposure to loud noises over extended periods can cause permanent damage to the ears, leading to hearing loss, tinnitus, and other auditory conditions (NIH, 2018).

Loud noises can be disruptive to the surrounding community. They can cause disturbance and annoyance to nearby residents. 

Noise pollution can affect the behaviour and communication of wildlife (National Geographic, 2022), while vibrations can cause damage to buildings and other structures (Bédard, 2021).
	4
	5
	20
	Implement engineering controls, such as sound-absorbing materials and enclosures, to reduce the level of noise generated.

Provide appropriate personal protective equipment (PPE) for workers, such as earplugs and earmuffs, to reduce their exposure to loud noise.

Implement strict noise regulations and enforcement mechanisms to ensure that noise pollution standards and other relevant laws comply.

Engage with local authorities and other stakeholders to educate them about the risks associated with noise pollution and to seek their input on how to minimize these risks.

Invest in research and development to develop new technologies and processes that reduce the noise generated.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	UV Radiation
	 
	Air pollutant particles carry UV rays through the air. Exposure causes melanoma of the eyes or lungs; other types of cancer (National Institutes of Health, 2015). 
	5
	4
	20
	PPE - Full-face welding helmet with a UV-filtered lens (Cancer Council, 2022). Protect the rest of the body with long trousers, sleeves, and gloves. 

Shielding, and protective screens, to reduce workers' exposure to UV radiation.

Implement strict safety procedures and protocols, such as regular equipment inspections and maintenance, to prevent the release of UV radiation.

Conduct regular safety training for workers to ensure they know the risks associated with UV radiation and the proper use of the equipment and tools.

Engage with local authorities and emergency response teams to develop a plan for responding to any accidents or incidents that may occur.
	3
	3
	9
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Thermal pollution
	Physical
	Risk of burns, contribution to global warming, rising temperatures of nearby water sources.
	4
	4
	16
	Implement engineering controls, such as ventilation systems and exhaust fans, to capture and remove heat and other pollutants from the workspace
 
Appropriate PPE for workers: gloves, protective clothing, and cooling garments to reduce their exposure to heat.
 
Implement strict environmental regulations and enforcement mechanisms to ensure that air quality standards and other pollution-related laws comply.
 
Engage with local authorities and other stakeholders to educate them about the risks associated with heat, and seek their input on minimising these risks.
 
Invest in research and development to develop new technologies and processes that can reduce heat during welding.   
 
	3
	3
	9
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Fuel and insert gases
	 
	Fire and explosion potential. 

Air pollution from acetylene and propane negatively affects workers and the environment. Some potential health effects of fuel gases include dizziness, nausea, and respiratory problems (Public Health England, 2009).
	5
	3
	15
	Ensure that the welding area is free of flammable materials and that all fuel gas cylinders and equipment are properly stored and handled. 

Regularly check and maintain all welding equipment to ensure it is in good working condition.

Use proper ventilation in the welding area to ensure that any harmful gases get dispersed. 

Use fuel gases that have low emissions and are less harmful to the environment.

Provide workers with proper personal protective equipment, such as respirators and gloves, and ensure that they get trained on the use of fuel gases and how to handle any potential hazards.
	4
	3
	12
	

	
	Smog
	Chemical
	Risk of serious injuries or damage to property. 

The reaction of solvents (such as trichloroethylene and perchloroethylene) with air in direct sunlight causes air pollution, known as 'ground-level ozone' (Uzma et al., 2008) contributing to producing smog. Smog is harmful when inhaled by people (Tong et al., 2018) and animals and can cause respiratory issues, also, harmful to plants (Costa et al., 2022).
	3
	4
	12
	Carefully follow the safety guidelines and instructions provided by the manufacturer of solvents.
 
Avoid using the solvents in areas where there are open flames or sparks.
 
Store the solvents in a safe and well-ventilated area.
 
Label the solvents and their containers, and provide clear guidance on safe handling and storage to prevent accidents or mistakes.
 
Regularly inspect and maintain the welding equipment and the area where the welding gets exercised to ensure that it is in good condition and free of any potential ignition sources.
 
In the event of a fire or explosion, it is essential to have an emergency response plan in place to quickly evacuate the area and call for professional help to extinguish the fire and prevent further damage. Include a plan for using fire extinguishers, water spray systems, or other methods, and seek help from the local fire department if needed. 
	2
	2
	4
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Particulates
	Chemical
	If particulates such as lead,zinc, chromium, and arsenic get inhaled, damage to internal organs and other parts of the body (Jaishankar et al., 2014).  
	4
	5
	20
	Use air pollution control equipment, such as scrubbers and filters, to remove these pollutants from the air.

Track the levels of particulates and heavy metals in the air and other environmental media, such as water and soil, to identify areas where pollution levels are high and take appropriate corrective actions to reduce them.

Engage with local communities and stakeholders to inform them about the potential impacts of particulates and heavy metals on the environment and human health, and seek their input and feedback on the pollution prevention and control measures implemented. Engagement can help to build trust and provide valuable insights and suggestions for further improvements.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	BRAZING
	Metal smoke/fumes
	Chemical
	Metal smoke and fumes may contain carcinogenic materials such as cadmium, nickel, beryllium, chromium, and arsenic' (The University of Alabama, 2022).

Chronic respiratory problems may result from exposure. Also, heart disease and other gastrointestinal issues (The University of Alabama, 2022).

'There are reproductive hazards related to exposure. An increase in miscarriages and delayed conceptions occurs among welders or their spouses. Studies indicate that welders who work with stainless steel had poor sperm quality compared to men who did other work' (The University of Alabama, 2022). 
	5
	5
	25
	Use low-fume or fume-free brazing materials. These materials get designed to minimise the number of fumes and gases released during the brazing process, reducing the risk of exposure for workers.

To reduce the risk of exposure to harmful fumes and gases and provide additional protection for workers in the event of an accidental release of hazardous materials: Provide workers with personal protective equipment (PPE) such as respirators and protective clothing.

To prevent accidents and reduce overall pollution maintain and clean brazing equipment to ensure that it is in good working condition and is not releasing excessive levels of fumes and gases. Use ventilation systems to remove fumes and gases from the workspace to prevent workers from inhaling harmful substances. 
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Volatile organic compounds
	Chemical
	Exposure to VOCs negatively affects human health: eye, nose, and throat irritation; headaches, dizziness, and fatigue; and allergic skin reactions. Some VOCs have also gotten linked to cancer and other serious health problems. 
	4
	5
	20
	Use low-VOC or VOC-free products. Many cleaning, painting, and other maintenance products are available with lower VOCs. Using these products can help reduce VOC emissions in the factory.

Implement good housekeeping practices. Properly storing and handling products that contain VOCs and regularly cleaning and maintaining equipment can help reduce the number of VOCs released into the air.

Use ventilation and air cleaning systems. Installing ventilation systems and air cleaning devices can help remove VOCs from the air inside the factory.

Some manufacturing processes may produce VOCs as a by-product. In these cases, it may be possible to use alternative technologies that either do not produce VOCs or produce lower levels of them.

Developing a comprehensive sustainability plan that includes goals and strategies for reducing VOC emissions can help ensure that the facility has taken a comprehensive approach to reducing its environmental impact.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Hazardous air pollutants
	Chemical
	Exposure to HAPs can negatively affect human health, including cancer, respiratory problems, neurological effects, and reproductive and developmental problems. Children, the elderly, and people with pre-existing health conditions are particularly at risk.

HAPs can harm plants and animals, and some HAPs are known to be toxic to certain species. HAPs can also contribute to the formation of ground-level ozone, which can harm ecosystems and lead to smog.
	4
	5
	20
	Adopting cleaner production techniques, such as reducing the use of hazardous chemicals and increasing the efficiency of processes, can help reduce the emission of HAPs.

Installing control technologies, such as scrubbers and filters, can help reduce the emission of HAPs by capturing and removing them before they get released into the air.

In some cases, it may be possible to use safer alternatives to hazardous chemicals that produce fewer or no HAPs.

Developing a comprehensive sustainability plan that includes goals and strategies for reducing HAP emissions can help ensure that the facility has taken a comprehensive approach to reducing its environmental impact.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Noise pollution
	Physical
	VOCs can also contribute to the formation of ground-level ozone, a major component of smog. Ozone can cause respiratory problems, particularly for people with asthma and other respiratory conditions.
	4
	5
	20
	Implement engineering controls, such as sound-absorbing materials and enclosures, to reduce the level of noise generated.

Provide appropriate personal protective equipment (PPE) for workers, such as earplugs and earmuffs, to reduce their exposure to loud noise.

Implement strict noise regulations and enforcement mechanisms to ensure that noise pollution standards and other relevant laws comply.

Engage with local authorities and other stakeholders to educate them about the risks associated with noise pollution and to seek their input on how to minimize these risks.

Invest in research and development to develop new technologies and processes that reduce the noise generated.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	                                                                                                                                                                  CHEMICAL STORAGE BUNDS
	Spills and leaks
	Chemical
	VOCs can also have negative environmental impacts. Ground-level ozone can harm plants and ecosystems. Some VOCs are also potent greenhouse gases and trap heat in the Earth's atmosphere contributing to global warming.
	5
	3
	15
	Regularly inspect and maintain the bund to ensure it is in good condition. Check for cracks or other damage to the bund walls, the drainage system, and pipes or valves.

Ensure that the bund got designed to contain the type and volume of chemicals getting stored and that it is accurately labelled and has clear and accessible emergency procedures

Have emergency response plans in place to deal with any spills or leaks that do occur. Including the deployment of spill containment and clean-up equipment, the notification of relevant authorities, and the provision of appropriate medical treatment for any workers exposed to the spilled chemicals.
	4
	4
	16
	

	 
	Chemical gases
	Chemical
	The release of dangerous gases during chemical reactions can pose additional risks to workers and the environment.
	4
	3
	12
	Segregate different types of chemicals to prevent them from coming into contact with each other. Store incompatible chemicals in separate areas or use barriers or dividers to prevent them from mixing.
 
Label all chemicals and containers, and provide clear guidance on the safe handling of chemicals to prevent accidents or mistakes.
 
Use chemical compatibility charts or other resources to identify potential chemical reactions and take steps to prevent them.
 
Regularly inspect and test the bund and its contents to detect any potential chemical reactions and take action to prevent them from occurring.
 
In the event of a chemical reaction, it is essential to have an emergency response plan in place to quickly contain and neutralise the reaction to prevent it from causing harm to people or the environment. Seek professional help if needed. 
	3
	3
	9
	

	 
	
	
	
	
	
	
	
	
	
	
	

	 
	Structural failure
	Physical
	The construction of a chemical storage bund is at risk of failing or collapsing if it has not gotten designed or constructed to withstand the pressures and stresses associated with the stored chemicals, which may result in the release of toxic substances into the environment.
	5
	3
	15
	Develop and implement effective design and construction standards. 

Use materials resistant to chemical corrosion and deterioration, and leak detection and monitoring systems to detect and respond to any spills or leaks.

Implement regular inspection, maintenance, and testing programs. Include regular visual inspections to identify any potential structural issues or deterioration and diagnostic tests, such as pressure testing, to ensure that the bunds are functioning well and can contain any spills or leaks.
	4
	3
	12
	

	 
	Fire and explosion
	Physical
	Some chemicals may be flammable or reactive, and if they are not stored properly, they may ignite or explode, causing damage to the bund and potentially releasing hazardous chemicals into the environment.
	5
	4
	20
	Implement safety protocols and procedures to prevent ignition sources, such as open flames, sparks, or electrical equipment, from coming into contact with chemicals. Prohibit smoking or open flames in the area. 

Use explosion-proof equipment and ventilation systems, and ground and bond all electrical equipment.
 
Store chemicals in appropriate containers to keep them away from sources of heat or ignition.
 
Regularly inspect and maintain the bund and its contents to detect potential hazards or issues that could lead to a fire or explosion. Check for leaks, corrosion, or other damage to the bund or its contents, and take action to repair or replace any damaged or faulty equipment.
 
In the event of a fire or explosion, it is essential to have an emergency response plan in place to quickly evacuate the area and call for professional help to extinguish the fire and prevent further damage. Include a plan for using fire extinguishers, water spray systems, or other methods, and seek help from the local fire department if needed.   
 
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	DISPOSAL OF SCRAP METAL
	Noise pollution
	Physical
	Exposure to loud noises over extended periods can cause permanent damage to the ears, leading to hearing loss, tinnitus, and other auditory conditions (NIH, 2018).

Loud noises can be disruptive to the surrounding community. They can cause disturbance and annoyance to nearby residents. 

Noise pollution can affect the behaviour and communication of wildlife (National Geographic, 2022), while vibrations can cause damage to buildings and other structures (Bédard, 2021).
	4
	5
	20
	Implement engineering controls, such as sound-absorbing materials and enclosures, to reduce the level of noise generated.

Provide appropriate personal protective equipment (PPE) for workers, such as earplugs and earmuffs, to reduce their exposure to loud noise.

Implement strict noise regulations and enforcement mechanisms to ensure that noise pollution standards and other relevant laws comply.

Engage with local authorities and other stakeholders to educate them about the risks associated with noise pollution and to seek their input on how to minimize these risks.

Invest in research and development to develop new technologies and processes that reduce the noise generated.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Fire and explosion
	Physical
	Risk of fire or explosion if not handled appropriately leading to fatal injuries and damage to the property. 
	5
	4
	20
	Implement safety protocols and procedures to prevent ignition sources, such as open flames, sparks, or electrical equipment, from coming into contact with chemicals. Prohibit smoking or open flames in the area. 

Use explosion-proof equipment and ventilation systems, and ground and bond all electrical equipment.
 
Store chemicals in appropriate containers to keep them away from sources of heat or ignition.
 
Regularly inspect and maintain the bund and its contents to detect potential hazards or issues that could lead to a fire or explosion. Check for leaks, corrosion, or other damage to the bund or its contents, and take action to repair or replace any damaged or faulty equipment.
 
In the event of a fire or explosion, it is essential to have an emergency response plan in place to quickly evacuate the area and call for professional help to extinguish the fire and prevent further damage. Include a plan for using fire extinguishers, water spray systems, or other methods, and seek help from the local fire department if needed.   
 
	5
	3
	15
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Hazardous waste
	Chemical
	 Improper disposal of hazardous waste can pose a risk to both human and environmental health.
	4
	3
	12
	Implement a comprehensive waste management plan. This plan should outline the steps that will get taken to identify, handle, store, and dispose of the hazardous waste following all relevant laws and regulations.
 
Provide workers with appropriate training on safe handling. Train how to: identify hazardous waste, label and store it, and dispose of it.
 
Implement appropriate controls to prevent the release of hazardous waste into the environment. Use specialised equipment, such as filters and separators, to remove contaminants from wastewater before getting released.   
	3
	2
	6
	

	
	Air and water pollution
	Chemical
	The release of pollutants into the air and water can have negative impacts on the health of workers and the local ecosystem.
	4
	4
	16
	Implement appropriate waste management practices. Use specialised equipment, such as filters and separators, to remove hazardous contaminants from wastewater before they get released into the environment.

Adequately store and handle hazardous materials, such as chemicals and fuels, to prevent them from leaking or spilling into the air or water. Use secondary containment systems, such as tanks or dikes, to prevent the release of hazardous materials into the environment.

Implement regular monitoring and testing of the air and water near the facility to identify any potential sources of pollution and take action to prevent or mitigate their impact.
	3
	3
	9
	

	GUILTONNING
	Noise pollution
	Physical
	Exposure to loud noises over extended periods can cause permanent damage to the ears, leading to hearing loss, tinnitus, and other auditory conditions (NIH, 2018).

Loud noises can be disruptive to the surrounding community. They can cause disturbance and annoyance to nearby residents. 

Noise pollution can affect the behaviour and communication of wildlife (National Geographic, 2022), while vibrations can cause damage to buildings and other structures (Bédard, 2021).
	4
	5
	20
	Implement engineering controls, such as sound-absorbing materials and enclosures, to reduce the level of noise generated.

Provide appropriate personal protective equipment (PPE) for workers, such as earplugs and earmuffs, to reduce their exposure to loud noise.

Implement strict noise regulations and enforcement mechanisms to ensure that noise pollution standards and other relevant laws comply.

Engage with local authorities and other stakeholders to educate them about the risks associated with noise pollution and to seek their input on how to minimize these risks.

Invest in research and development to develop new technologies and processes that reduce the noise generated.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	CLEANING
	Chemicals
	Chemical
	Cleaning chemicals can irritate the eyes, skin, and respiratory system and can be fatal in large enough doses.   
	4
	4
	16
	Ensure that workers got trained on the safe handling of chemicals, and that appropriate protective gear, such as gloves and respirators, is worn when working with these substances.   
	4
	3
	12
	

	
	Bacteria and viruses
	Biological
	Bacteria and viruses can be spread through contact with contaminated surfaces or through the air and can cause illness in workers. 
	4
	5
	20
	 Ensure that proper cleaning and disinfection procedures are in place to prevent the spread of these hazards.
	3
	2
	6
	

	WASTEWATER
	Hazardous chemicals
	Chemical
	Harmful to the health of workers if they are not properly treated or disposed of.
	4
	4
	16
	Implement wastewater treatment and disposal processes to prevent the chemicals from spreading or causing harm, including using specialized equipment or chemicals to remove or neutralize the hazardous chemicals in the wastewater and properly storing and disposing of the treated wastewater per local regulations.
 
Label and store any chemicals used in wastewater treatment processes.
 
Provide clear guidance on the safe handling and disposal of wastewater to prevent accidents or mistakes.
 
Regularly monitor and test the wastewater to detect any potential hazards or issues and take action to address them as needed.
 
In the event of an accident or emergency, it is essential to have an emergency response plan in place to quickly contain and clean up any spilled waste spilled to prevent it from spreading and causing harm to people or the environment. Use absorbent materials to soak up the spilled waste and seek professional help.   
	3
	2
	6
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Bacteria and viruses
	Biological
	Bacteria and viruses can be spread through contact with contaminated surfaces or through the air and can cause illness in workers. 
	4
	5
	20
	Filtration and sedimentation remove solid particles and other debris from wastewater.

Disinfection with chlorine or ozone kills bacteria and viruses.

Activated sludge or biofiltration breaks down organic matter and removes nutrients that can support bacterial growth.

Implement proper waste management practices, such as regular cleaning and maintenance of wastewater systems and equipment.

Train workers on how to handle wastewater safely.
	3
	2
	6
	

	CASTING
	Carbon monoxide 
	Chemical
	Toxic to humans when inhaled. It can cause headaches, dizziness, nausea, and chest pain. In severe cases, carbon monoxide poisoning can lead to loss of consciousness and death (NHS Choices, 2019).
 
 When released into the air, it can contribute to the formation of ground-level ozone (NASA, 2006), which is a major component of smog (US EPA, 2015). Ozone can cause health problems, including respiratory issues (American Lung Association, 2020a), and damage plants and crops (WHO, 2000). 

In addition, carbon monoxide can enter water bodies and affect aquatic life. It can reduce the amount of dissolved oxygen in the water and harm fish and other aquatic organisms (Chislock, 2013).   
	4
	5
	20
	Implement energy-efficient processes and technologies to reduce carbon dioxide emissions. Investing in renewable energy sources (solar or wind power) can help reduce the facility's reliance on fossil fuels and reduce its carbon dioxide emissions.
 
 'provide effective general ventilation to dilute levels of carbon monoxide (Cooke et al., 2017).
 
Install carbon monoxide detectors and alarms to alert workers to the presence of the gas.
 
Provide appropriate personal protective equipment (PPE) for workers, such as respirators and protective clothing, to reduce their exposure to carbon monoxide.
 
Implement strict safety procedures and protocols, such as regular equipment inspections and maintenance, to prevent the release of carbon monoxide.
 
Conduct regular safety training for workers to ensure that they are aware of the risks associated with carbon monoxide and the proper use of the equipment and tools.
 
Engage with local authorities and emergency response teams to develop a plan for responding to any accidents or incidents that may occur.

Implement carbon capture and storage (CCS) technologies that capture carbon dioxide emissions and store them underground or in other secure locations to prevent the carbon dioxide from being released into the atmosphere.
 
Plant trees and other vegetation around the facility to help absorb carbon dioxide from the air and reduce its environmental impact.   
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Dust
	Chemical
	Compressed air to blow the sand off the mould creates dust that causes health issues if inhaled.   
	4
	3
	12
	Provide engineering controls such as enclosure or extraction for compressed air blow down of moulds' (Cooke et al., 2017). 
 
 'Ensure that the dispense point of the mixer is as close as possible to the mould box' (Cooke et al., 2017). 
 
 'Dispense the sand mixture at as slow a speed as practicable to reduce dust generation' (Cooke et al., 2017). 
 
 'use respiratory protective equipment (RPE)'(Cooke et al., 2017). 
 
 Only remove and store PPE in designated areas to avoid contamination. 
'use respiratory protective equipment (RPE)'(Cooke et al., 2017). 

Only remove and store PPE in designated areas to avoid contamination.
	2
	2
	4
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Chemicals
	Chemical
	Benzene sulphonic acid (BSA) catalyst is corrosive to the eyes skin and lungs when inhaled or absorbed by the skin (WHO, 2021).
	5
	4
	20
	Replacing BSA with another catalyst that does not contain benzene must be considered (as a benchmark standard of control) where reasonably practicable. It is however appreciated that this is not straightforward and care needs to be taken so the quality of the casting is not affected.' (Cooke et al., 2017).
 
Use PPE when dealing with it (such as goggles, gloves, long sleeves, and trousers). Only remove and store PPE in designated areas to avoid contamination.
 
Use BSA in a closed system, where the catalyst is contained and not released into the environment.
 
Regularly monitor and test the air and water quality to ensure that no harmful levels of BSA are released.
 
Implement proper waste management and disposal procedures to prevent the release of BSA into the environment.
 
Regularly clean and maintain equipment to prevent the build-up of BSA.
 
Use alternative catalysts that do not pose the same pollution risks as BSA.   
	4
	3
	12
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Furnace dust
	Chemical
	Inhalable FFP/dust and metal fumes get produced during furnace work.
	4
	4
	16
	Use PPE (protective clothing/goggles).

Only remove and store PPE in designated areas to avoid contamination.

Implement engineering controls, such as scrubbers and filters, to capture and remove pollutants from furnace emissions before they get released into the atmosphere.

Install exhaust ventilation systems to capture and remove pollutants from the workspace.

Implement strict environmental regulations and enforcement mechanisms to ensure compliance with air quality standards and other pollution-related laws.

Engage with local authorities and other stakeholders to educate them about the risks associated with furnace work and to seek their input on minimising these risks.

Invest in research and development to develop new technologies and processes that can reduce the release of pollutants from furnace work.
	3
	3
	9
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Fumes 
	Chemical
	During knockout/shakeout, if the molten metal comes into contact with the air, it can release harmful fumes. Additionally, if not properly sealed, it can release chemicals or particulate matter into the air.   
	4
	5
	20
	LEV, automation, and segregation (e.g. carried out in another area or carried out on the night shift with no one else in the building)' (Cooke et al., 2017). 

Use proper ventilation and air filtration systems to capture and remove harmful fumes and particulate matter.

Ensure that the molten metal does not come into contact with the air during the knockout process. Use a submerged knockout system, where the mold is submerged in water before the casting is removed.

Seal the mold to prevent the release of chemicals or particulate matter.

Use protective equipment, such as masks and gloves, to protect workers from exposure to harmful substances.

Clean and maintain equipment regularly to prevent the build-up of harmful substances.

Implement proper waste management and disposal procedures to prevent the release of pollutants into the environment.

Regularly monitor and test the air and water quality in their operations to ensure that they are not releasing harmful pollutants into the environment.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Dye penetrant containing CI Solvent Red 164 
	Chemical
	The CL solvent in the dye penetrant can evaporate into the air, potentially leading to air pollution. CL solvent is a volatile organic compound (VOC) with a high vapour pressure at room temperature, which contributes to the formation of ground-level ozone and other air pollutants.

If the dye penetrant containing CL solvent is disposed of improperly, it can enter waterways and contaminate water sources. CL solvent is harmful to aquatic life and negatively affects ecosystems.

The dye penetrant and any excess material that gets wiped off during the inspection process generates waste that must get adequately managed to prevent pollution.
	5
	4
	20
	Avoid all skin contact (this may mean changing the way the azo dye gets used) (Health and Safety Executive, 2014).
 
Wear gloves classed as suitable for use with organic chemicals (frequent changes and maintenance of gloves are essential) (Health and Safety Executive, 2014). 
 
Avoid spray application (Health and Safety Executive, 2014). 
 
Use effective extraction systems where vapours or spray may get released (Health and Safety Executive, 2014).
 
Take extreme care when carrying out tasks where there may be exposure to those working with dye penetrants (disposing of contaminated material, cleaning the dye off the test piece, and maintaining the extraction system) (Health and Safety Executive, 2014).
 
Inform other workers who carry out tasks or work nearby to take particular care (Health and Safety Executive, 2014).
 
Use the dye in a closed system, where it gets contained and not released into the environment.
 
Regularly monitor and test the air and water quality to ensure that no harmful levels of the dye are released.
 
Implement proper waste management and disposal procedures.
	4
	3
	12
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Dust
	Chemical
	Dry sweeping releases settled dust back into the air that can contain metal particulates. 
	3
	5
	15
	Wear a dust-proof face mask or use automated vacuums. 

Only remove and store PPE in designated areas to avoid contamination.

Ensure the area is well-ventilated.
	3
	2
	6
	

	HEAT TREATMENT
	Fumes 
	Chemical
	Inhaling fumes from a molten carburizing salt bath that may contain potassium or sodium cyanide can be fatal and life-threatening (Government of Canada, Canadian Centre for Occupational Health and Safety, 2018). 

The fumes can also lead to fire and explosions (FASM, 2022).  
	5
	4
	20
	Handle the salt mixture with care and wear PPE. Only remove and store PPE in designated areas to avoid contamination.

Ensure the area is well-ventilated; use enclosed salt baths or other containment systems to prevent the release of toxic fumes into the surrounding environment.

Implement strict safety procedures and protocols to prevent fires and explosions, such as regularly inspecting and maintaining equipment and using flame-resistant materials in the salt bath.

Conduct regular safety training for workers to ensure they know the risks associated with salt baths and their proper use.

Engage with local authorities and emergency response teams to develop a plan for responding to any accidents or incidents that may occur.
	4
	3
	12
	

	
	
	
	
	
	
	
	
	
	
	
	

	                                                                                                                                                                                          SURFACE TREATMENT
	Hazardous air pollutants
	Chemical
	Exposure to HAPs can negatively affect human health, including cancer, respiratory problems, neurological effects, and reproductive and developmental problems. Children, the elderly, and people with pre-existing health conditions are particularly at risk.

HAPs can harm plants and animals, and some HAPs are known to be toxic to certain species. HAPs can also contribute to the formation of ground-level ozone, which can harm ecosystems and lead to smog.
	4
	5
	20
	Adopting cleaner production techniques, such as reducing the use of hazardous chemicals and increasing the efficiency of processes, can help reduce the emission of HAPs.

Installing control technologies, such as scrubbers and filters, can help reduce the emission of HAPs by capturing and removing them before they get released into the air.

In some cases, it may be possible to use safer alternatives to hazardous chemicals that produce fewer or no HAPs.

Developing a comprehensive sustainability plan that includes goals and strategies for reducing HAP emissions can help ensure that the facility has taken a comprehensive approach to reducing its environmental impact.
	4
	4
	16
	

	 
	
	
	
	
	
	
	
	
	
	
	

	 
	Particulates
	Chemical
	Iparticulateses such as lead,zinc, chromium, and arsenic are inhaled, damage to internal organs and other parts of the body (Jaishankar et al., 2014).  
	4
	4
	16
	Use air pollution control equipment, such as scrubbers and filters, to remove these pollutants from the air.

Track the levels of particulates and heavy metals in the air and other environmental media, such as water and soil, to identify areas where pollution levels are high and take appropriate corrective actions to reduce them.

Engage with local communities and stakeholders to inform them about the potential impacts of particulates and heavy metals on the environment and human health, and seek their input and feedback on the pollution prevention and control measures implemented. Engagement can help to build trust and provide valuable insights and suggestions for further improvements.
	4
	4
	16
	

	 
	
	
	
	
	
	
	
	
	
	
	

	 
	Volatile organic compounds
	Chemical
	Exposure to VOCs negatively affects human health: eye, nose, and throat irritation; headaches, dizziness, and fatigue; and allergic skin reactions. Some VOCs have also gotten linked to cancer and other serious health problems. 
	4
	5
	20
	Use low-VOC or VOC-free products. Many cleaning, painting, and other maintenance products are available with lower VOCs. Using these products can help reduce VOC emissions in the factory.

Implement good housekeeping practices. Properly storing and handling products that contain VOCs and regularly cleaning and maintaining equipment can help reduce the number of VOCs released into the air.

Use ventilation and air cleaning systems. Installing ventilation systems and air cleaning devices can help remove VOCs from the air inside the factory.

Some manufacturing processes may produce VOCs as a byproduct. In these cases, it may be possible to use alternative technologies that either do not produce VOCs or produce lower levels of them.

Developing a comprehensive sustainability plan that includes goals and strategies for reducing VOC emissions can help ensure that the facility has taken a comprehensive approach to reducing its environmental impact.
	4
	4
	16
	

	 
	
	
	
	
	
	
	
	
	
	
	

	Primary metal production
	Organic pollutants (cyanide and sulfuric acid; slag and fly ash; chromium and nickel compounds.)
	Chemical
	Organic pollutants affect human health (they are carcinogenic (Carpenter, 2011))) and the environment, including air and water pollution, soil contamination, and the destruction of natural habitats (Environment, 2017). In some cases, these pollutants can even accumulate in the food chain (Fattore, 2002), leading to long-term health problems for humans and animals. 
	5
	4
	20
	Implement best practices in mining and extraction processes, such as using closed-loop systems to minimise the release of pollutants into the environment.

Use more efficient and environmentally friendly methods for smelting and refining metals, such as electric arc furnaces and hydro-metallurgical processes.

Develop and implement advanced waste treatment technologies, such as biological treatment systems, to effectively remove pollutants from waste streams.

Implement strict regulations and enforcement mechanisms to ensure that metal producers comply with environmental laws and standards.

Engage with local communities and other stakeholders to educate them about the risks associated with organic pollutant production and seek their input on minimising these risks.

Invest in research and development to develop new technologies and processes that can reduce the production of organic pollutants during metal production.
	4
	4
	16
	

	 
	Bacteria, viruses, and other microorganisms
	Biological
	Some drains may carry pathogens that can cause infections or other health problems if they come into contact with open wounds or mucous membranes.
	4
	5
	20
	Ensure that drains are properly maintained and kept clean. 

Regularly clean and disinfect the drains to remove debris and kill harmful microorganisms.
	3
	2
	6
	

	SPRAYING OPERATIONS
	Harmful fumes and gases. These can contain volatile organic compounds (VOCs) and other toxic chemicals.
	Chemical
	Inhaling VOCs can cause eye and respiratory irritation, dizziness, and headaches.  (US EPA, 2018).
	5
	5
	25
	Use low-VOC or VOC-free coatings to reduce the release of harmful fumes and gases into the air.

Install a ventilation system to remove fumes and gases from the air and prevent them from being inhaled by workers or released into the surrounding environment.

Use personal protective equipment (masks and respirators) to protect them from inhaling harmful fumes and gases.
	4
	4
	16
	

	
	Noise pollution
	Physical
	Exposure to loud noises over extended periods can cause permanent damage to the ears, leading to hearing loss, tinnitus, and other auditory conditions (NIH, 2018).

Loud noises can be disruptive to the surrounding community. They can cause disturbance and annoyance to nearby residents. 

Noise pollution can affect the behaviour and communication of wildlife (National Geographic, 2022), while vibrations can cause damage to buildings and other structures (Bédard, 2021).
	4
	5
	20
	Implement engineering controls, such as sound-absorbing materials and enclosures, to reduce the level of noise generated.

Provide appropriate personal protective equipment (PPE) for workers, such as earplugs and earmuffs, to reduce their exposure to loud noise.

Implement strict noise regulations and enforcement mechanisms to ensure that noise pollution standards and other relevant laws comply.

Engage with local authorities and other stakeholders to educate them about the risks associated with noise pollution and to seek their input on how to minimize these risks.

Invest in research and development to develop new technologies and processes that reduce the noise generated.
	4
	4
	16
	

	
	
	
	
	
	
	
	
	
	
	
	










4. [bookmark: _Toc124983349]Pollution prevention and mitigation strategy

[bookmark: _Toc124983350]4.1 Identification of high-risk hazards
After an extensive risk assessment getting conducted, the following remained high-risk, even with control measures getting put in place:
· Spills and leaks
· Fire and explosion
· Carbon monoxide
· Organic pollutants
· Fumes 
· Particulates
· Noise
Table 2. Pollution hazards – pollution mitigation measures.
Pollution Hazard                                   Pollution mitigation measure
	Spills and leaks leading to air, water, or soil pollution.
	Elimination
1. Properly store and handle hazardous materials: This includes using appropriate containers and following proper handling procedures to minimize the risk of spills and leaks. Under COSHH (HSE, 2019) chemicals must be stored in appropriate, labelled containers and access to those must get secured to prevent access from vulnerable people. Heavy containers must not get placed on the high shelves.

Substitution
2. Substitute dangerous chemicals with milder ones where possible. For example, instead of using hydrochloric acid in metal cleaning and etching processes, a less toxic alternative such as citric acid can be used. Similarly, using water-based coolants and lubricants, instead of oil-based ones, can also reduce the impact of spills and leaks.
 
Engineering controls
3. Contain the spill from spreading if possible. Use absorbent materials such as sand, earth, or chemical absorbents.
4. Minimise the impact: If the spill cannot get contained, take steps to minimise the impact on the environment. Divert it away from sensitive areas or use barriers to prevent it from spreading.
5. Install secondary containment systems, such as dikes or berms, to contain spills and leaks and prevent them from spreading.
6. Using drip pans or drainage systems to collect and contain spills and leaks.
7. Installing alarms or automatic shut-off valves to quickly detect and stop spills and leaks.
8. Design equipment and processes to minimize the potential for spills and leaks.
9. Provide training to workers: Workers should be trained on proper handling and storage procedures, as well as on the emergency response plan. To comply with COSHH (HSE, 2019) the training must include procedures for what to do in an event of a spill or leak and the name of the person to whom this should get reported to.
10. Regularly inspect and maintain equipment: This includes checking for signs of wear and tear and repairing or replacing equipment as needed to prevent spills and leaks.


Administrative controls

11. Implement an emergency response plan: This should include procedures for identifying and responding to spills and leaks, as well as for evacuating workers and alerting the appropriate authorities.
12. Once the spill gets contained or the impact minimised, it is essential to clean up the spill as soon as possible. Use specialised equipment such as vacuums or absorbent pads.
13. Dispose of hazardous waste properly. Under (Natural Resources Wales, 2021) ‘keep waste to a minimum’ and transfer it to appropriate authorities. 
14. Report the spill to the appropriate authorities as soon as possible.
15. Having effective containment and clean-up systems in place can help to minimize the impact of spills and leaks. For example, using absorbent materials, such as clay or sand, to contain spills can help to prevent chemicals from spreading and causing further damage.
16. Using air filtration systems to remove pollutants from the air.
17. Implementing good housekeeping practices to prevent the build-up of fumes.
18. Regularly inspecting and maintaining equipment to prevent leaks and spills.
19. Designing equipment and processes to minimize the potential for fumes.
20. Using pollution control equipment, such as scrubbers or catalytic converters, to remove pollutants from emissions before they are released into the environment.
21. Regularly monitor the air quality in the factory and conduct quality audits.
22. Consider using alternative methods that produce fewer fumes, such as using non-toxic chemicals or implementing recycling and waste reduction programs.
23. Implement a Hazardous waste management plan and dispose of any hazardous waste according to local and federal regulations.
24. Implement proper PPE (personal protective equipment) for employees to protect them from inhaling fumes.
25. Use exhaust fans or air conditioning systems to reduce the concentration of fumes.
26. Implement a proper maintenance schedule for the ventilation systems and other equipment to ensure they are functioning properly and efficiently.
27. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.


PPE

28. Have appropriate PPE equipment, such as absorbent materials and protective gear per COSHH regulations (HSE, 2019) and The Personal Protective Equipment at Work Regulations 1992 (gov legislation, 2015). Examples of PPE: Gloves, boots, eye protection, respirators, protective clothing, emergency showers, and eye wash stations.


	Fire and explosion
	Elimination
1. Properly store and handle hazardous materials: This includes using appropriate containers and following proper handling procedures to minimize the risk of spills and leaks. Under COSHH (HSE, 2019) chemicals must be stored in appropriate, labelled containers and access to those must get secured to prevent access from vulnerable people. Heavy containers must not get placed on the high shelves.

Substitution
2. Substitute dangerous chemicals with milder ones where possible. For example, instead of using hydrochloric acid in metal cleaning and etching processes, a less toxic alternative such as citric acid can be used. Similarly, using water-based coolants and lubricants, instead of oil-based ones, can also reduce the impact of spills and leaks.

Engineering controls
3. Implement a fire prevention plan, which should include using fire suppression systems such as sprinklers and fire extinguishers per The Fire Precautions (Workplace) Regulations 1997, Part III, Regulation 4 (UK Legislation, 2023).
4. Following The Fire Precautions (Workplace) Regulations 1997, Part III, Regulation 5 & 6 (UK Legislation, 2023) emergency routes must be clearly labelled, clear of obstructions, be adequately illuminated and in good working order,
5. Implement LEV ventilation systems to help dissipate CO emissions and prevent them from accumulating in the facility. Under COSHH (HSE, 2016) the employer is responsible and must make sure that the LEV ‘supplier is competent to define, design and install a suitable LEV system to meet the performance intended by design’. They are responsible to check its performance regularly and run a logbook to record all the maintenance. Also, keeping ‘training records for everyone. This includes refresher training. Changes to the work process mean that the LEV may also need to change, and staff may need retraining.’
6. Install explosion-proof equipment and implement other prevention measures, such as pressure relief valves and explosion isolation systems.
7. Regularly inspect and maintain equipment: This includes checking for signs of wear and tear and repairing or replacing equipment as needed to prevent fires and explosions. Ensure that all electrical equipment, all gas, and fuel systems are maintained and that all electrical wiring is in good condition.
8. Implement good housekeeping practices.
9. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.
10. Regularly monitor and control levels of flammable and explosive materials and gases in the factory.

Administrative controls
11. Workers should get trained on proper handling and storage procedures and the emergency response plan.
12. Implement proper housekeeping practices to ensure the facility is clean and free of clutter, which can reduce the risk of fire.
13. Develop a fire and explosion response plan and provide employees with proper training and resources to respond quickly to fire and explosion.
14. Establish procedures for regular inspections and maintenance of equipment and storage areas to prevent fire and explosion hazards.
15. Establish procedures for the safe handling, storage, and disposal of flammable materials and chemicals.
16. Develop procedures for the proper labelling and identification of flammable materials and storage areas.
17. Implement a Hazardous waste management plan and dispose of any hazardous waste according to local, and federal regulations.
18. Establish a reporting system for employees to report potential fire and explosion hazards.
19. Develop procedures for emergency response and evacuation in the event of a fire or explosion.
20. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.
21. Implement a safety culture in the factory by promoting safety awareness and encouraging employees to report hazards.
22. Develop and enforce policies to prohibit smoking or other activities that could cause a fire or explosion near flammable materials.
23. Implement a training program for employees on safety and emergency procedures.
24. Establish a program for regular monitoring of the facility to detect and prevent fire and explosion hazards
25. Implement fire and explosion risk management plans, such as fire and explosion risk assessments, to identify and mitigate hazards.

 PPE
26. Have appropriate PPE equipment, per COSHH regulations (HSE, 2019) and The Personal Protective Equipment at Work Regulations 1992 (gov legislation, 2015). Examples of PPE: Gloves, boots, eye protection, respirators, protective clothing, emergency showers, and eye wash stations.

	Carbon monoxide pollution
	Elimination
1. Use renewable energy: Utilizing renewable energy sources such as solar, wind or hydropower can decrease the amount of carbon monoxide emissions produced by the factory

Substitution
2. Switch to cleaner burning fuels: Using natural gas or propane instead of coal or oil can significantly reduce carbon monoxide emissions.

Engineering controls
3. Use equipment and machinery designed to minimise CO emissions.
4. Implement LEV ventilation systems to help dissipate CO emissions and prevent them from accumulating in the facility. By COSHH (HSE, 2016) the employer is responsible and must make sure that the LEV ‘supplier is competent to define, design and install a suitable LEV system to meet the performance intended by design’. They are responsible to check its performance regularly and run a logbook to record all the maintenance. Also, keeping ‘training records for everyone. This includes refresher training. Changes to the work process mean that the LEV may also need to change, and staff may need retraining.’
5. Install CO2 detectors in the facility to alert employees of the presence of CO2.
6. Regularly inspect and maintain all equipment and machinery to ensure that they operate correctly and do not produce excess CO emissions. By the Climate Change Act 2008 (UK legislation, 2021) the company must set up a carbon budget to control CO2 emissions. The budgetary period ‘must be such that the annual equivalent of the carbon budget for the period is at least 34% lower than the 1990 baseline.
7. Train employees on the dangers of CO and how to recognise the symptoms of CO poisoning, which include headache, dizziness, weakness, nausea, and shortness of breath.
8. Establish and follow emergency procedures for responding to CO leaks or emissions, including evacuating the facility if necessary.
9. Implement safety procedures and protocols, such as emergency evacuation plans, to ensure the safety of employees in the event of a CO emergency.
10. Using CO-sensitive paint on walls and ceilings, which can change colour when exposed to high levels of CO, as an indication of CO leakage.
11. Consider using alternative methods that produce less CO, such as electric equipment or equipment that uses natural gas instead of fossil fuels.


Administrative controls

12. Develop a CO response plan and provide employees with proper training and resources to recognize and respond to high levels of CO.
13. Establish procedures for regular inspections and maintenance of equipment and storage areas, especially combustion sources such as boilers and generators, to ensure that they are operating efficiently and not producing excess CO.
14. Establish procedures for the safe handling, storage, and disposal of materials that can produce CO when burn or decompose.
15. Develop procedures for the proper labelling and identification of materials and storage areas that can produce CO.
16. Establish a reporting system for employees to report potential CO hazards.
17. Develop procedures for emergency response and evacuation in the event of a CO emergency.
18. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.
19. Implement a safety culture in the factory by promoting safety awareness and encouraging employees to report hazards.
20. Implement a training program for employees on safety and emergency procedures.
21. Establish a program for regular monitoring of the facility to detect and prevent CO hazards
22. Implement CO risk management plans, such as CO risk assessments, to identify and mitigate hazards.
23. Consider using alternative methods that produce less CO, such as electric equipment or equipment that uses natural gas instead of fossil fuels.

PPE

24. Have appropriate PPE equipment, per COSHH regulations (HSE, 2019) and The Personal Protective Equipment at Work Regulations 1992 (gov legislation, 2015). Examples of PPE: Gloves, boots, eye protection, respirators, protective clothing, emergency showers, and eye wash stations.


	Organic pollutants
	Elimination
1. Identify and eliminate sources of organic pollutants, such as by switching to safer chemicals or implementing more efficient processes.

Engineering controls
2. Monitor the air quality in the facility to ensure that it meets acceptable levels and to detect any increases in organic pollutant levels.
3. Use carbon filters to remove organic compounds from the air.
4. Implement LEV ventilation systems to help dissipate organic pollutants and prevent them from accumulating in the facility. Under COSHH (HSE, 2016) the employer is responsible and must make sure that the LEV ‘supplier is competent to define, design and install a suitable LEV system to meet the performance intended by design’. They are responsible to check its performance regularly and run a logbook to record all the maintenance. Also, keeping ‘training records for everyone. This includes refresher training. Changes to the work process mean that the LEV may also need to change, and staff may need retraining.’
5. Installing air filtration systems to remove pollutants from the air.
6. Implement good housekeeping practices to prevent the build-up of pollutants.
7. Using pollution control equipment, such as scrubbers or catalytic converters, to remove pollutants from emissions before they are released into the environment.
8. Regularly monitor air quality in the factory and conduct quality audits.
9. Consider using alternative methods that produce fewer pollutants, such as using non-toxic chemicals or implementing recycling and waste reduction programs.
10. Implement proper waste management practices, such as properly disposing of all hazardous materials and implementing recycling programs.

Administrative controls
11. Properly store and handle hazardous materials: This includes using appropriate containers and following proper handling procedures to minimize the risk of spills and leaks. Following COSHH (HSE, 2019) chemicals must be stored in appropriate, labelled containers and access to those must get secured to prevent access from vulnerable people. Heavy containers must not get placed on the high shelves.
12. Establish and follow emergency procedures for responding to releases or spills of organic pollutants, including evacuating the facility if necessary.
13. Develop a CO response plan and provide employees with proper training and resources to recognize and respond to high levels of CO.
14. Establish procedures for regular inspections and maintenance of equipment and storage areas, especially combustion sources such as boilers and generators, to ensure that they are operating efficiently and not producing excess CO.
15. Establish procedures for the safe handling, storage, and disposal of materials that can produce CO when burn or decompose.
16. Develop procedures for the proper labelling and identification of materials and storage areas that can produce CO.
17. Establish a reporting system for employees to report potential CO hazards.
18. Develop procedures for emergency response and evacuation in the event of a CO emergency.
19. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.
20. Implement a safety culture in the factory by promoting safety awareness and encouraging employees to report hazards.
21. Implement a training program for employees on safety and emergency procedures.
22. Establish a program for regular monitoring of the facility to detect and prevent CO hazards
23. Implement CO risk management plans, such as CO risk assessments, to identify and mitigate hazards.
24. Consider using alternative methods that produce less CO, such as electric equipment or equipment that uses natural gas instead of fossil fuels.

PPE
25. Have appropriate PPE equipment, per COSHH regulations (HSE, 2019) and The Personal Protective Equipment at Work Regulations 1992 (gov legislation, 2015). Examples of PPE: Gloves, boots, eye protection, respirators, protective clothing, emergency showers, and eye wash stations.

	Fumes
	Elimination
1. Identify sources of fumes in the facility and eliminate them if possible, or switch to less toxic materials or processes.

Engineering controls
2. Implement LEV ventilation systems to help dissipate fumes and prevent them from accumulating in the facility. By COSHH (HSE, 2016) the employer is responsible and must make sure that the LEV ‘supplier is competent to define, design and install a suitable LEV system to meet the performance intended by design’. They are responsible to check its performance regularly and run a logbook to record all the maintenance. Also, keeping ‘training records for everyone. This includes refresher training. Changes to the work process mean that the LEV may also need to change, and staff may need retraining.’
3. Monitor the air quality in the facility to ensure that it meets acceptable levels and to detect any increases in fumes levels.
4. Using air filtration systems to remove pollutants from the air.
5. Implement good housekeeping practices to prevent the build-up of fumes.
6. Regularly inspecting and maintaining equipment to prevent leaks and spills.
7. Design equipment and processes to minimize the potential for fumes.
8. Use pollution control equipment, such as scrubbers or catalytic converters, to remove pollutants from emissions before they are released into the environment.
9. Regularly monitor the air quality in the factory and conduct quality audits.
10. Consider using alternative methods that produce fewer fumes, such as using non-toxic chemicals or implementing recycling and waste reduction programs.
11. Implement a hazardous waste management plan and dispose of any hazardous waste according to local, and federal regulations.
12. Implement proper PPE (personal protective equipment) for employees to protect them from inhaling fumes
13. Use exhaust fans or air conditioning systems to reduce the concentration of fumes.
14. Implement a proper maintenance schedule for the ventilation systems and other equipment to ensure they are functioning properly and efficiently.
15. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.

Administrative controls
16. Establish and follow emergency procedures for responding to the release of fumes, including evacuating the facility if necessary.
17. Develop a fumes response plan and provide employees with proper training and resources to recognize and respond to high levels of fumes.
18. Establish procedures for regular inspections and maintenance of equipment and storage areas to prevent leaks and spills of materials that can produce fumes.
19. Establish procedures for the safe handling, storage, and disposal of materials that can produce fumes.
20. Develop procedures for the proper labeling and identification of materials and storage areas that can produce fumes.
21. Establish a reporting system for employees to report potential fumes hazards.
22. Develop procedures for emergency response and evacuation in the event of a fumes emergency.
23. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.
24. Implement a safety culture in the factory by promoting safety awareness and encouraging employees to report hazards.
25. Implement a training program for employees on safety and emergency procedures.
26. Establish a program for regular monitoring of the facility to detect and prevent fumes hazards.
27. Implement recycling and waste reduction programs to reduce the number of fumes generated by the factory.
28. Consider using alternative methods that produce fewer fumes, such as using non-toxic chemicals.
29. Establish a chemical inventory management system to track the usage and disposal of chemicals.
30. Implement a hazard assessment program to identify and evaluate the potential hazards of the chemicals used in the factory
31. Provide employees with appropriate personal protective equipment (PPE) to protect them from inhaling fumes.

PPE
26. Have appropriate PPE equipment, per COSHH regulations (HSE, 2019) and The Personal Protective Equipment at Work Regulations 1992 (gov legislation, 2015). Examples of PPE: Gloves, boots, eye protection, respirators, protective clothing, emergency showers, and eye wash stations.

	Particulates
	Elimination
1. Identify sources of particulates in the facility and eliminate them if possible, or switch to less toxic materials or processes.



Engineering controls
2. Monitor the air quality in the facility to ensure that it meets acceptable levels and to detect any increases in particulate levels.
3. Use local exhaust ventilation (LEV) systems to capture and remove particulates at the source. LEV can be especially effective when combined with a dust collection system. Under COSHH (HSE, 2016) the employer is responsible and must make sure that the LEV ‘supplier is competent to define, design and install a suitable LEV system to meet the performance intended by design’. They are responsible to check its performance regularly and run a logbook to record all the maintenance. Also, keeping ‘training records for everyone. This includes refresher training. Changes to the work process mean that the LEV may also need to change, and staff may need retraining.’
4. Use high-efficiency particulate air (HEPA) filters.
5. Use wet grinding techniques instead of dry grinding, as this can help to reduce the number of particulates released into the air.
6. Use air filtration systems to remove pollutants from the air.
7. Implement good housekeeping practices to prevent the build-up of fumes.
8. Regularly inspecting and maintaining equipment to prevent leaks and spills.
9. Design equipment and processes to minimize the potential for fumes.
10. Use pollution control equipment, such as scrubbers or catalytic converters, to remove pollutants from emissions before they are released into the environment.
11. Regularly monitor the air quality in the factory and conduct air quality audits.
12. Consider using alternative methods that produce fewer fumes, such as using non-toxic chemicals or implementing recycling and waste reduction programs.
13. Implement a Hazardous waste management plan and dispose of any hazardous waste according to local and federal regulations.
14. Implement proper PPE (personal protective equipment) for employees to protect them from inhaling fumes.
15. Use exhaust fans or air conditioning systems to reduce the concentration of fumes.
16. Implement a proper maintenance schedule for the ventilation systems and other equipment to ensure they are functioning properly and efficiently.
17. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.

Administrative controls
18. Establish and follow emergency procedures for responding to the release of particulates, including evacuating the facility if necessary.
19. Develop a fumes response plan and provide employees with proper training and resources to recognize and respond to high levels of fumes.
20. Establish procedures for regular inspections and maintenance of equipment and storage areas to prevent leaks and spills of materials that can produce fumes.
21. Establish procedures for the safe handling, storage, and disposal of materials that can produce fumes.
22. Develop procedures for the proper labelling and identification of materials and storage areas that can produce fumes.
23. Establish a reporting system for employees to report potential fumes hazards.
24. Developing procedures for emergency response and evacuation in the event of a fumes emergency.
25. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.
26. Implement a safety culture in the factory by promoting safety awareness and encouraging employees to report hazards.
27. Implement a training program for employees on safety and emergency procedures.
28. Establish a program for regular monitoring of the facility to detect and prevent fumes hazards.
29. Implement recycling and waste reduction programs to reduce the number of fumes generated by the factory.
30. Consider using alternative methods that produce fewer fumes, such as using non-toxic chemicals.
31. Establish a chemical inventory management system to track the usage and disposal of chemicals.
32. Implement a hazard assessment program to identify and evaluate the potential hazards of the chemicals used in the factory.
33. Provide employees with appropriate personal protective equipment (PPE) to protect them from inhaling fumes.

PPE
34. Have appropriate PPE equipment, per COSHH regulations (HSE, 2019) and The Personal Protective Equipment at Work Regulations 1992 (gov legislation, 2015). Examples of PPE: Gloves, boots, eye protection, respirators, protective clothing, emergency showers, and eye wash stations.


	Noise 
	Elimination
1. Install quiet equipment: Replacing loud equipment with quieter models can help to reduce noise levels at the facility.

Engineering controls
2. Use noise barriers such as walls or fencing around the facility to reduce noise levels in the surrounding area.
3. Use noise-absorbing materials such as insulation or sound-absorbing panels to the walls and ceiling of the facility to reduce noise levels.
4. Install vibration isolators, such as spring mounts or rubber pads, to reduce the transmission of vibration from equipment to the surrounding area.
5. Use air filtration systems to remove pollutants from the air.
6. Implementing good housekeeping practices to prevent the build-up of fumes.
7. Regularly inspect and maintain equipment to prevent leaks and spills.
8. Design equipment and processes to minimize the potential for fumes.
9. Use pollution control equipment, such as scrubbers or catalytic converters, to remove pollutants from emissions before they are released into the environment.
10. Regularly monitor the air quality in the factory and conduct air quality audits.
11. Consider using alternative methods that produce fewer fumes, such as using non-toxic chemicals or implementing recycling and waste reduction programs.
12. Implement a Hazardous waste management plan and dispose of any hazardous waste according to local and federal regulations.
13. Implement proper PPE (personal protective equipment) for employees to protect them from inhaling fumes.
14. Using exhaust fans or air conditioning systems to reduce the concentration of fumes.
15. Implement a proper maintenance schedule for the ventilation systems and other equipment to ensure they are functioning properly and efficiently.
16. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.

Administrative controls
17. Schedule maintenance and other noisy activities during non-peak hours, such as an early morning or late at night, to reduce the impact of noise on the surrounding community.
18. Develop a community outreach program: Engaging with the community and keeping them informed about noise and vibration control efforts can help to build trust and improve relations between the facility and the community.
19. Develop a fumes response plan and provide employees with proper training and resources to recognize and respond to high levels of fumes.
20. Establish procedures for regular inspections and maintenance of equipment and storage areas to prevent leaks and spills of materials that can produce fumes.
21. Establish procedures for the safe handling, storage, and disposal of materials that can produce fumes.
22. Develop procedures for the proper labelling and identification of materials and storage areas that can produce fumes.
23. Establish a reporting system for employees to report potential fumes hazards.
24. Develop procedures for emergency response and evacuation in the event of a fumes emergency.
25. Conduct regular safety inspections, audits, and drills to identify and address potential hazards and improve response time.
26. Implement a safety culture in the factory by promoting safety awareness and encouraging employees to report hazards.
27. Implement a training program for employees on safety and emergency procedures.
28. Establish a program for regular monitoring of the facility to detect and prevent fumes hazards.
29. Implement recycling and waste reduction programs to reduce the number of fumes generated by the factory.
30. Consider using alternative methods that produce fewer fumes, such as using non-toxic chemicals.
31. Establish a chemical inventory management system to track the usage and disposal of chemicals.
32. Implement a hazard assessment program to identify and evaluate the potential hazards of the chemicals used in the factory.
33. Provide employees with appropriate personal protective equipment (PPE) to protect them from inhaling fumes.

PPE
34. Have appropriate PPE equipment, per COSHH regulations (HSE, 2019) and The Personal Protective Equipment at Work Regulations 1992 (gov legislation, 2015). Examples of PPE: Gloves, boots, eye protection, respirators, protective clothing, emergency showers, and eye wash stations.














[bookmark: _Toc124983351]4.2 Pollution control equipment

Table 3. Pollution control equipment
	Equipment
	Visual Representation
	Features
	Cost

	Absorbent materials for spills

	
[image: ]Figure 8. (Hazchem Safety, 2022)




	The chemical absorbent spill kit shown in Figure 9 is great for the company. Due to its mobility, it is easy to maneuver and allows for fast action on spills. The kit contains:
· 1 x Medium Wheelie-bin (240 liters)
· 8 x Absorbent socks 8cm x 3m
· 120 x Absorbent pads 40cm x 50cm
· 4 x Disposal Bags & Ties
· 1 x Instruction and contents sheet
· Absorbent Capacity: 200 Litres

	£297.24 excl. VAT.

	PPE
	
[image: ]
Figure 9. Industrial Safety Helmet (Amazon, 2022c)

[image: ]
Figure 10. Safety goggles (Screwfix, 2022)


[image: ]
Figure 11. Ear defenders (Screwfix, 2022)
[image: ]
Figure 12. Stanley waterproof safety boots (Toolstation,2022)
[image: ]
Figure 13. Insulated safety gloves (Mstore, 2022)
[image: ]
Figure 14. Face guard (Amazon, 2022)
[image: ]
Figure 15. Half respiratory mask (Screwfix, 2022 )




	· Hard hat: to protect the head from falling objects






· Safety glasses or goggles: to protect the eyes from flying particles or splashes of chemicals
· Earplugs or earmuffs: to protect the hearing from loud noises



· Steel-toed boots: to protect the feet from falling objects or rolling objects



· Gloves: to protect the hands from cuts, abrasions, and chemical splashes


· Face shield: to protect the face from flying particles or splashes of chemicals


· Respirator: to protect the respiratory system from dust, fumes, or other airborne contaminants
	£19.90 inc VAT






£9.99 inc VAT



£7.99 inc VAT




£59.98 inc VAT





£13.8       inc VAT




£43.99 inc VAT





£11.99 inc VAT

	 Fire extinguisher

	
[image: A group of fire extinguishers

Description automatically generated with medium confidence]Figure 16. Foam, water, and CO2 extinguishers (FIRE protection shop, 2022)

	The extinguisher set shown in Figure 11 contains the primary extinguishers needed. 
· Foam extinguisher for the class A & B fires, 
· Water for general purposes 
· CO2 for electrical equipment.

The extinguisher sets should get placed appropriately across the site with adequate, easily visible labels and signs.
Placement of the extinguisher sets across the site should get clearly outlined in staff training and updated on regular fire training sessions.
	Cost: £95.99 inc. VAT.


	CO2 detectors

	[image: A picture containing electronics

Description automatically generated]

Figure 17. CO2 detector (Argos, 2022)


	The CO2 detector shown in Figure 12 is available through Argos and has the following features:
· 10-year sensor life
· 3 x AA batteries
· 7-year manufacturer guarantee

	£20 inc. VAT

	Ventilation system

	Figure 18. 


	
	

	Explosion-proof equipment

	[image: ]

Figure 19. Industrial 12W LED explosion proof light (Amazon, 2022)



	The Figure 13 lighting tube is appropriate for the booths located throughout the site. For primary lighting on the ceiling, larger lighting tubes should get used.
· Explosion-proof
· Waterproof
· Dustproof
· Heat resistant
· Low energy

Other explosion-proof equipment can include explosion-proof motors, switchgear, and enclosures.
	£65.99 inc. VAT

	Pressure relief valves

	There are many pressure relief valves suitable for different machinery, and extra care is to get taken when equipping a specific piece of equipment with a compatible valve. An example of this valve is shown in Figure 20.
[image: ]
Figure 20. Safety relief valve (bes, 2022)
	Tanks or containers holding flammable substances, such as compressed natural gas (CNG) or propane, should utilise pressure-relief valves. It is a crucial safety element that helps stop the tank or vessel from rupturing or bursting if the internal pressure rises to an unsafe level.
	
	N/A

	Explosion isolation systems

	
[image: ]
Figure 21. Explosion-proof exhaust fan (Amazon, 2022b)

[image: ]
Figure 22. Automatic fire extinguisher (fireprotectiononline, 2022)

Figure 23. 












Figure 24






Figure 25
	1. Explosion vents: designed to allow an explosion to vent to the outside of a building rather than allowing it to build up pressure inside.





2. Explosion suppression systems: These use specialized chemicals or mechanical means to extinguish an explosion as it is occurring.


3. Explosion barriers: physical barriers designed to contain an explosion within a confined area, preventing it from spreading to other parts of the facility.
4. Explosion relief panels: designed to release pressure in the event of an explosion, helping to prevent damage to the facility.
5. Explosion isolation valves: used to shut off the flow of gases, or other combustible materials, in the event of an explosion, helping to prevent it from spreading.

	£179.85 inc VAT









£78.92 exc VAT








	Fume detection system

	
[image: ]
Figure 26. MERLIN GDPX+ 16 zone gas detection system (cveshop, 2022)
	The fume detection system notifies management and employees of the existence of harmful gases so that they may take the necessary precautions to safeguard the workers, such as evacuating the area. A ventilation system may also get connected.
· 16 zone detection and gas pressure proving system
· Ability to test tightness on the pipework downstream, of the gas valve

	£963.90 inc. VAT

	Air quality monitoring system
	Figure 27
	
	

	High-efficiency particulate air (HEPA) filters
	
[image: ]
Figure 28. HEPA Filter for Powders and Particulates (Insulation Merchant, 2022)


	· Easy removal of powders and particulates
	£603.50 exc VAT

	Sedimentation tanks
	
[image: ]
Figure 29. Water Settlement Tank (Northern Tank Store, 2022)


	· 6800l capacity
· 10-year warranty with NTS
· Great for filtering wastewater
	£2430 exc VAT

	Activated carbon filters
	
[image: ]
Figure 30. Commercial activated carbon filter panel (Just fans, 2022)

	· Disposable
· Controls odors
· Max operating temperature is 40C so an air coolant might be necessary
	

	Noise absorbing panels
	Figure 31. 
	
	

	Vibration isolators
	Figure 32.
	
	

	Hazardous materials containers
	
	
	



4.3 Costs of compliance vs non-compliance

To fully understand the costs and benefits of compliance, it is important to conduct a cost-benefit analysis. This analysis compares the costs of compliance with the costs of non-compliance, as well as the potential benefits of compliance such as the reduced risk of hazards occurring, reduced environmental damage, and cost savings.
4.3.1 Costs of compliance
· Consulting fees: This includes the cost of hiring an environmental consultant or firm to conduct the assessment. According to (GOV, 2022) the cost of consulting with the environment agency is £100/h exc. VAT. Also, if asked for more information, if the company fails to do so after three failed attempts, there is a charge of £1200 per notice. Furthermore, the following are other costs the environment agency charges:

Permit charges:
Fire prevention plan = £1241
Emissions management plan = £1241
Odour management plan = £1241
Noise and Vibration management plan £1246
Waste Recovery Plan = £1231

Overall: £6200

Change of information within the applications during the process: £1930

· Laboratory testing: This includes the cost of collecting and analysing samples of air, water, soil, or other materials to assess the presence and levels of pollutants. Laboratory testing costs can vary widely depending on the type of testing required and the number of samples being analysed.
· Equipment costs: These are outlined in Table 3. The minimum cost will be … to purchase at least one of every piece of equipment and it will be … if purchased 20 of each.
· Personnel costs: This includes the cost of staff time spent on the assessment, including conducting site visits, collecting, and analysing samples, and preparing the final report. For instance, the average wage of a safety engineer is £49149 p/a (Reed, 2022) and the average wage of a data analyst is £35313 p/a (Reed, 2023).
· Travel costs: This includes the cost of travel and accommodation for staff conducting the assessment if the assessment site is in a different area than the company's headquarters. These costs can widely vary depending on how far and where in the UK the staff must travel.
· Reporting costs: This includes the cost of preparing the final report, including writing, printing, and binding. This can be done by various employees with different wages. The cost of printing will include an initial cost of purchasing printing equipment.
· Technology Costs: data management systems, document management systems, monitoring tools, virtual training platforms, learning management systems, and other e-learning tools. The company may wish to create an app for some of these systems which can cost £45000 or more for more advanced systems (Software Development Uk, 2021).
· Recruitment Costs: job adverts, interviews, and background checks. Creating job adverts is usually free however interviews are time costly for the employees.
· Training costs: On average, it costs £1530 to train one employee (Hardcastle, 2021).
· Storage and Preservation Costs: physical storage, off-site storage, and digital storage. 

It's important to note that these costs can vary widely. It's also important to compare costs from different firms as well as local regulations as costs can vary.

To manage the costs associated with conducting a pollution risk assessment, the following recommendations are made:
· Shop around and get quotes from multiple environmental consulting firms to compare costs and ensure the best value for the company.
· Consider using in-house staff for tasks such as collecting and analysing samples, which can help to reduce costs.
· Rent or borrow equipment, rather than purchasing it, to save on upfront costs.
· Prioritize the areas of the facility that need to be assessed to minimize costs.
· Conduct regular cost analysis to identify and control cost leakage.
· Implement automation to increase efficiency, reduce labour costs and minimize errors.
· Regularly review and update the compliance program to ensure it remains effective and cost-efficient.
· Provide regular training and education to employees to ensure they are aware of their compliance responsibilities and stay up to date with regulations.
· Develop and use a centralized library of training materials to minimize costs associated with creating new materials.
· Provide regular training and education to employees to ensure they are aware of their compliance responsibilities and stay up to date with regulations.
· Regularly review and update the compliance program to ensure it remains effective and cost-efficient
Optimize the recruitment process to minimize costs and maximize the chances of hiring the right candidates.
· Look for opportunities to invest in clean energy systems that can reduce emissions and provide cost savings in the long term.
· Seek the advice of legal and regulatory compliance experts as necessary to ensure compliance with all relevant regulations and minimize legal risks.
· Establish a regular schedule for internal audits and adhere to it to ensure compliance is continuously monitored.
4.3.2 The costs of non-compliance include:

· Fines and penalties from regulatory agencies for not conducting proper pollution risk assessments or for failing to implement measures to control emissions and protect the environment. Following The Pollution Prevention and Control (England and Wales) Regulations 2000, Part VI, Regulation 32 (UK Legislation, 2023b) if the employer fails to comply with any regulation or requirement related to pollution control they shall be liable ‘on summary conviction, to a fine not exceeding £20,000 or to imprisonment for a term not exceeding six months or to both’ or ‘on conviction on indictment, to a fine or to imprisonment for a term not exceeding five years or to both’. However, the average fine fornon-compliancee is £150000 (CHAS, 2020).
· Legal fees associated with defending against enforcement actions or lawsuits brought by regulatory agencies or community members.
· Costs associated with implementing measures to control emissions and protect the environment, such as installing new equipment or retrofitting existing equipment.
· Reputational damage to the company and loss of business because of negative publicity associated with non-compliance.
· Clean-up costs if contamination is found on-site and needs to be cleaned.
· Legal fees if the company is sued by an employee or community member for health issues related to pollution. The average hourly fee for lawyers is between £340 - £495 exc VAT; the cost of defending a straightforward claim usually costs up to £13500 exc VAT. (DHM Stallard, 2017).
· Loss of production and production downtime when the company is forced to shut down until they are compliant.
· Per The Fire Precautions (Workplace) Regulations 1997, Part IV, Regulation 11 (UK Legislation, 2023), the employer shall be guilty of an offense if being under a requirement to do so, he fails to comply with any provision of the workplace fire precautions legislation; that failure places one or more employees at serious risk in case of fire; that failure is intentional or is due to his being reckless as to whether he complies or not. The employer shall be liable to ‘a fine or imprisonment for a term not exceeding two years, or both’.
· Sick pay if an employee becomes sick due to work, this depends on their yearly wage but on average it is, over £100 per day (CHAS, 2020).
· Increased insurance premiums (CHAS, 2020).

4.6 Compliance strategy
The compliance strategy proposed is designed to help the company comply with relevant laws and regulations related to pollution prevention and control and workplace fire safety. This is important because non-compliance can result in significant financial penalties and potential legal action, as well as reputational damage and loss of business. By following this strategy, the company can reduce the risk of non-compliance and protect itself from costly penalties and legal action.
The strategy includes several key elements that are designed to ensure compliance:
1. Establish a compliance team that is responsible for monitoring and enforcing compliance with relevant laws, regulations, and company policies related to pollution prevention and control, and workplace fire safety.
2. Invest in the proposed mitigation strategy and compliance activities.
3. Develop a system for identifying and reporting potential compliance issues, including a confidential hotline or email address for employees to report concerns.
4. Conduct regular compliance audits and risk assessments to identify and address potential vulnerabilities.
5. Establish clear policies and procedures for addressing compliance issues, including disciplinary actions for non-compliance.
6. Ensure that all relevant information is accurately and timely reported to the management, including any identified compliance risks and incidents.
7. Continuously monitor and update the compliance program to keep up with any changes in laws and regulations.
8. Establish a system of monitoring and testing to demonstrate compliance on an ongoing basis.
9. 

6. [bookmark: _Toc124983356]Conclusion

findings from the report, highlighting the most important and relevant information.
restate the main objectives and research questions addressed in the report.
provide a summary of the key points discussed in the report.
discuss the practical implications of the findings, and makes recommendations for future research or action.
identify any limitations of the research and suggests areas for further research to build on the findings of the report.
provide an overall conclusion that sums up the main findings and recommendations of the report and its significance for the field or industry.
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