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Executive summary.


This essay examines the evolution, technologies, and regulatory framework of wastewater treatment in the UK. It traces the development of sanitation systems from ancient times to today's advanced infrastructure. Modern wastewater treatment plants use a multi-stage process preliminary, primary, secondary, and tertiary treatment to remove contaminants and ensure safe effluent discharge.
The integration of automation technologies, including flow meters, PLCs, and SCADA systems, has improved efficiency and safety, enabling real-time monitoring, precise chemical dosing, and reduced manual labor.

The essay also outlines the strict environmental regulations in the UK, such as the Environmental Permitting Regulations and ATEX directives, which govern safe operations in WWTPs. It emphasises the importance of automation in enhancing public health and environmental protection, highlighted by the Camelford water contamination incident of 1988 as a cautionary example of human error.
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Introduction.

Instrumentation control and automation are now widely applied in wastewater treatment for various reasons and benefits. A wastewater treatment facility, such as a sewage plant, requires constant monitoring of process variables to ensure the safe and efficient treatment and handling of wastewater from domestic sources. This is crucial because many pathogens and diseases may accompany domestic water waste as it flows from our homes to the wastewater facilities.

A vital and integral part of any modern, developed country is the safe application and processing of drinking and domestic service water. Treating wastewater involves a combination of biological, chemical, and physical methods. Before delving into how wastewater treatment operates safely, it's essential to examine the timeline of developments that have shaped wastewater management in the developed world—now a practice that people often take for granted.
Wastewater treatment has a long history that dates back thousands of years to civilisations such as the Greeks, Romans, and Egyptians, which recognised the need to manage wastewater to prevent disease and maintain cleanliness. Early methods primarily involved simple drainage systems that diverted waste away from populated areas. The Romans, in particular, developed an advanced sewer system, known as the Cloaca Maxima, which transported wastewater to nearby rivers (Cooper, 2001).
[image: A stone wall with a hole in the middle
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[bookmark: _Toc194894703][bookmark: _Toc194895466][bookmark: _Toc194895530]Figure 1- Views of the Cloaca Maxima, part of the subterranean sewer system in Rome, Italy.



During the Middle Ages, urban sanitation declined, which led to frequent outbreaks of disease. It wasn't until the 19th century, with the rise of industrialisation and urbanisation, that modern wastewater treatment began to develop. In the mid-1800s, British scientist John Snow established a connection between contaminated water and cholera outbreaks, prompting governments to invest in sanitation infrastructure (Hamlin, 1990). 

[image: John Snow | The founder of epidemiology | New Scientist] [image: Scientific Image - Cholera Bacteria | NISE Network]
[bookmark: _Toc194894704][bookmark: _Toc194895467][bookmark: _Toc194895531]Figure 2 Scientist John Snow 					Figure 3 - Cholera bacteria under microscope


Around the same time, the construction of London’s sewer system, designed by Joseph Bazalgette, significantly improved public health (Halliday, 1999).
The early 20th century marked significant advancements in wastewater treatment. Initially, primary treatment methods, which removed solid waste through sedimentation, became widely adopted. By the mid-1900s, secondary treatment processes, including biological filtration and activated sludge methods, were introduced to effectively break down organic matter (Tchobanoglous et al., 2014). 
As the late 20th century progressed, further developments led to tertiary treatment methods, such as chemical disinfection and nutrient removal, which provided even higher levels of water purification (Spellman, 2017). 

Today, wastewater treatment advances with innovations in membrane filtration, bioengineered bacteria, and sustainable treatment technologies. These improvements are essential for protecting the environment, conserving water resources, and supporting public health on a global scale. (Metcalf & Eddy, 2014).


[bookmark: _Toc194894738][bookmark: _Toc194895444]Basic Overview of How Wastewater Treatment Plants Work in the UK

Wastewater treatment plants (WWTPs) in the UK play a crucial role in protecting public health and the environment by treating sewage and industrial wastewater before it is released into natural water bodies. The treatment process usually includes preliminary, primary, secondary, and sometimes tertiary stages to remove contaminants and pollutants.(Metcalf & Eddy, 2014).

[image: How does a wastewater treatment plant work?]
[bookmark: _Toc194894705][bookmark: _Toc194895468][bookmark: _Toc194895532]Figure 4- Basic flow diagram of a UK based waste water treatment plant.

[bookmark: _Toc194894739][bookmark: _Toc194895445]Preliminary Treatment
The first stage of wastewater treatment removes large debris and non-biodegradable materials using screens to capture solid waste and grit chambers to eliminate heavy particles, preventing equipment damage.(Tchobanoglous et al., 2014).

[bookmark: _Toc194894740][bookmark: _Toc194895446]Primary Treatment

During this phase, wastewater is directed into settlement tanks. In these tanks, solids settle at the bottom as sludge while fats, oils, and grease rise to the surface. The settled sludge is removed for further treatment, and the remaining liquid proceeds to the secondary treatment stage (Spellman, 2017).

[bookmark: _Toc194894741][bookmark: _Toc194895447]Secondary Treatment.

This stage focuses on biological treatment, utilising microorganisms to break down organic matter. The two most common methods of secondary treatment are shown below,
 
[bookmark: _Toc194894742][bookmark: _Toc194895448]Activated sludge process

Wastewater is aerated in tanks, allowing bacteria to break down organic pollutants. The mixture is then transferred to a settling tank, where the bacteria settle as sludge, which can be either recycled or removed.

[bookmark: _Toc194894743][bookmark: _Toc194895449]Trickling filters

Wastewater is sprayed over a bed of stones or plastic media, allowing bacteria attached to the surface to break down contaminants (Metcalf & Eddy, 2014). By following these treatment stages, wastewater treatment plants effectively protect water quality and contribute to environmental sustainability.


[bookmark: _Toc194894744][bookmark: _Toc194895450]Tertiary Treatment and Filtration Optional but Increasingly Used.

Some plants apply tertiary treatment to further remove nutrients like nitrogen and phosphorus or to disinfect the water before discharge. Common methods include filtration, which passes water through sand or membrane filters to remove fine particles.


[bookmark: _Toc194894745][bookmark: _Toc194895451]Chemical treatment and disinfecting.

Chemical treatment plays a two-part role: adding coagulants to eliminate phosphorus and using chlorine, ozone, or ultraviolet (UV) light to kill remaining pathogens (Tchobanoglous et al., 2014).  

[bookmark: _Toc194894746][bookmark: _Toc194895452]Sludge Treatment and Disposal 
Sludge collected from primary and secondary treatment is further processed through anaerobic digestion. This is where bacteria break down sludge to produce biogas, which can be used for energy.  This sludge will have a percentage of water content with soluble material, so it must be dewatered. This part of the process uses centrifuges or filter presses to remove water before disposal or use in agriculture as fertiliser (Spellman, 2017).  

[bookmark: _Toc194894747][bookmark: _Toc194895453]Final Effluent Discharge.
After treatment, the cleaned wastewater (effluent) is released into rivers, lakes, or the sea, ensuring compliance with strict environmental regulations such as the Environmental Permitting (England and Wales) Regulations 2016 (UK Government, 2016).
UK wastewater treatment plants follow a structured, multi-stage process to effectively remove pollutants before discharging wastewater into the environment. Advanced treatment technologies and regulatory oversight help maintain water quality and protect ecosystems, which are an integral part of everyday life.


[bookmark: _Toc194894748][bookmark: _Toc194895454]Modern Wastewater Treatment Plants: Key Technologies

Modern wastewater treatment plants rely on automation and control systems to enhance efficiency and regulatory compliance. Key components include flow meters, actuators, and control valves, which work collaboratively to optimise the treatment process.

[bookmark: _Toc194894749][bookmark: _Toc194895455]Flow Meters
Flow meters are essential instruments for measuring water volume and flow rates at various stages of water and wastewater treatment processes. Commonly used types include electromagnetic, ultrasonic, and differential pressure flow meters. Electromagnetic flow meters, for instance, are widely applied due to their high accuracy and suitability for conductive liquids (Metcalf & Eddy, 2014). Ultrasonic meters, which use sound waves, are beneficial for non-invasive flow measurement, while differential pressure meters calculate flow based on pressure drops across obstructions. Integration with automated systems allows for continuous data collection, facilitating real-time monitoring and control to ensure optimal water distribution and process efficiency (Tchobanoglous et al., 2003).

[image: Foxboro IGP20-D22C21F-M1L1 I/A Series Mass Flowmeter | eBay]
[bookmark: _Toc194894706][bookmark: _Toc194895469][bookmark: _Toc194895533]Figure 5 foxboro IGP20 flow meter, with high and low iputs needing a manifold

[bookmark: _Toc194894750][bookmark: _Toc194895456]Actuators
Actuators are devices that control mechanical movement—such as the opening and closing of valves—in response to electrical signals from a central control system. Electric actuators offer precision and are ideal for systems requiring accurate positioning, while pneumatic actuators are commonly used in explosive or hazardous environments due to their safety and reliability (EPA, 2006). When integrated with Programmable Logic Controllers (PLCs) and Supervisory Control and Data Acquisition (SCADA) systems, actuators enable automated, real-time process adjustments, enhancing the responsiveness and efficiency of water and wastewater treatment operations (WEF, 2017).
[image: A close-up of a mechanical device
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[bookmark: _Toc194894707][bookmark: _Toc194895470][bookmark: _Toc194895534]Figure 6 – Electrically operated valve actuator 

[bookmark: _Toc194894751][bookmark: _Toc194895457]Control Valves
Control valves manage fluid flow and pressure in treatment systems, working with actuators and sensors to optimize operations based on real-time data and ensure regulatory compliance.(Hammer & Hammer, 2012). Effective valve control is key to maintaining consistent process conditions and minimizing chemical and energy use.
[image: RS PRO Ball Valve Type Pneumatic Actuated Valve 3/4In, 10 Bar, 9108513]
[bookmark: _Toc194894708][bookmark: _Toc194895471][bookmark: _Toc194895535]Figure 7Actuator control valve complete
[bookmark: _Toc194894752][bookmark: _Toc194895458]Automation and Control Systems
Modern wastewater treatment plants use automation technologies like SCADA and PLCs to integrate flow meters, actuators, and control valves. This allows for remote monitoring and centralized control, enhancing efficiency by optimizing chemical dosing, reducing energy use, and increasing system reliability while minimizing manual labor.(Tchobanoglous et al., 2003; WEF, 2017). Continued advancements in smart sensors and machine learning are expected to further refine process control and operational performance.

Before modern electrical instrumentation, pneumatic and hydraulic control systems were vital for automating wastewater treatment plants in the UK, especially in explosive atmospheres (ATEX). These systems provided safer alternatives to early electrical equipment that did not meet ATEX safety standards. In the mid-20th century, pneumatic systems were widely used to control valves and actuators in high-humidity environments like anaerobic digesters, while hydraulic systems, though more complex, were utilized for high-force applications.(Blevins, 2001).
Unlike early electrical systems, which could generate sparks and therefore required special explosion-proof housing, pneumatic systems were inherently safe because they used compressed air and not electricity. Control signals were transmitted using 3–15 psi standards in pneumatic loops, often regulated by bellows, diaphragms, and relays (Considine, 1993).
The technology complemented pre-ATEX safety protocols in hazardous zones, but the ATEX Directive 2014/34/EU made certified electrical and electronic equipment mandatory in potentially explosive atmospheres across Europe, including the UK.(Health and Safety Executive, 2016). Many older pneumatic systems were phased out or integrated with modern ATEX-rated PLCs and instrumentation. However, some legacy UK plants continued using pneumatic or hydraulic systems into the 1990s, especially in rural or small-scale facilities, due to their low maintenance costs and fail-safe characteristics.(Water UK, 2005). Modern retrofits often involve hybrid control architectures, where pneumatic actuation is maintained but governed by electronic ATEX-compliant controllers.
[image: ATEX Zones Explained]

[bookmark: _Toc194894709][bookmark: _Toc194895472][bookmark: _Toc194895536]Figure 8- Atex zoning for class and material grouping. Risk assessment drawings needed to select equipment with manufacturer data.


[bookmark: _Toc194894753][bookmark: _Toc194895459]Wastewater Treatment Plants in the UK Regulations and Safety

Wastewater treatment plants (WWTPs) in the UK must adhere to stringent regulations to ensure environmental protection, public health, and worker safety. Key pieces of legislation include the Water Industry Act 1991, the Environmental Permitting Regulations 2016, and the Water Framework Directive. Additionally, these plants must comply with health and safety regulations such as the Dangerous Substances and Explosive Atmospheres Regulations (DSEAR) and the ATEX directives, which address the management of explosive atmospheres.

[bookmark: _Toc194894754][bookmark: _Toc194895460]Environmental Regulations

The Water Industry Act 1991 established the regulatory framework for water and sewerage services in England and Wales. This legislation outlines the responsibilities of water companies and mandates compliance with environmental standards set by the Environment Agency (EA) (UK Government, 1991).
The Environmental Permitting (England and Wales) Regulations 2016** require WWTPs to obtain permits for discharging treated effluent into natural water bodies. These permits limit pollutants such as biochemical oxygen demand (BOD), ammonia, and phosphorus to prevent water pollution (UK Government, 2016).
The Water Framework Directive (2000/60/EC), an EU regulation adopted into UK law, mandates improving water quality across Europe. WWTPs must help achieve "good ecological status" for all water bodies and comply with specific effluent discharge standards (European Parliament, 2000).

[bookmark: _Toc194894755][bookmark: _Toc194895461]Health and Safety Regulations: ATEX and DSEAR

WWTPs involve the use of chemicals and biological processes that create hazardous environments, particularly due to flammable gases such as methane and hydrogen sulfide. To mitigate these risks, plants must adhere to the ATEX directives and DSEAR regulations.
ATEX Directives.

The ATEX (Atmosphères Explosibles) directives include two main regulations:

1. ATEX 153 (Directive 1999/92/EC) – This regulation focuses on worker protection from explosive atmospheres. Employers are required to conduct risk assessments, classify hazardous zones, and implement measures to prevent explosions (European Parliament, 1999).

2. ATEX 114 (Directive 2014/34/EU) – This regulation governs the equipment and protective systems used in explosive atmospheres. All machinery, electrical systems, and protective devices installed in these hazardous areas must be certified under ATEX standards (European Parliament, 2014).


[bookmark: _Toc194894756][bookmark: _Toc194895462]DSEAR Regulations

Assessing risks of dangerous substances and classifying hazardous zones for explosive atmospheres. Implementing measures to minimize explosion risks and using ATEX-certified equipment in these areas.(HSE, 2022).
Other key regulations affect WWTPs. The Health and Safety at Work Act 1974** imposes a general duty on employers to protect workers from risks associated with wastewater treatment operations. This includes ensuring the proper maintenance of treatment equipment and training employees on hazard management (UK Government, 1974).

The Control of Substances Hazardous to Health (COSHH) Regulations 2002 requires WWTPs to assess and control exposure to hazardous chemicals, such as disinfectants and coagulants used in water treatment (HSE, 2021).
UK wastewater treatment plants operate under rigorous regulations to ensure both environmental protection and worker safety. The Environmental Permitting Regulations and Water Framework Directive govern effluent discharge, while ATEX and DSEAR regulations ensure the safe handling of explosive and hazardous substances. Compliance with these regulations is critical for maintaining high safety and environmental standards in the wastewater industry.

[bookmark: _Toc194894757][bookmark: _Toc194895463]The Impact of Automation and Reduced Manning on Safety and Efficiency in Wastewater Treatment Plants

The implementation of automation and a reduction in staffing at wastewater treatment plants have significantly improved safety and operational efficiency. By minimising human exposure to hazardous chemicals and biological substances and enabling continuous 24-hour monitoring, automation effectively lowers workplace risks and ensures consistent process control. Advanced control systems, which do not require breaks and are less prone to human error, further enhance plant performance and help maintain compliance with regulatory standards (Tchobanoglous et al., 2014).

[bookmark: _Toc194894758][bookmark: _Toc194895464]Enhanced Safety through Automation

One key advantage of automation in wastewater treatment plants (WWTPs) is the decreased risk to workers from hazardous environments. The process involves dealing with biological contaminants, toxic gases like hydrogen sulfide and methane, and chemicals such as chlorine, all of which can pose serious health hazards.(Spellman, 2017). Traditional manual operations often required personnel to enter hazardous areas, increasing exposure risks. Automation has reduced this need by allowing remote monitoring and control of critical processes. SCADA systems enable effective management of operations without direct personnel involvement in dangerous environments.

[image: SCADA - 2]
[bookmark: _Toc194894710][bookmark: _Toc194895473][bookmark: _Toc194895537]Figure 9- SCADA image of an operator interface for control of water treatment plant.


Screenshots display live data from flow meters, pressure transmitters, and level-measuring equipment. The output from the transmitter is typically in the range of 4-20 milliamp, where 4 represents zero and 20 indicates full scale. It is crucial that the zero value is never utilised, as a break in the cable or instrument could cause the zero value to be reported. This could mask the actual issue and lead to misinterpretation of the data.

The milliamp value is then inputted into a programmable logic controller via an analogue-to-digital converter, as shown in the picture below.

[image: ADC Series Analog to Digital Signal Converter main product photo.]
[bookmark: _Toc194895474][bookmark: _Toc194895538]Figure 10- Analogue to digital DIN rail connected converter
The programmable logic controller (PLC) operates primarily with digital inputs, represented as 0s and 1s. However, some PLCs, such as those from Rockwell, allow for separate analog input cards. Typically, many of the new transmitters come equipped with analog-to-digital converters built into their heads.

Automation has transformed wastewater treatment plants by enabling real-time, 24-hour monitoring. Unlike traditional manual operations, modern control systems use sensors and actuators to continuously assess conditions and make immediate adjustments automatically.Spellman, 2017).
Dissolved Oxygen (DO) sensors in aeration tanks help maintain oxygen levels within optimal ranges for microbial activity, which enhances the efficiency of biological treatment processes. Likewise, pH and turbidity sensors monitor changes in water quality and activate automated corrective measures to prevent regulatory violations and environmental harm (Tchobanoglous et al., 2014).
Predictive maintenance algorithms have improved plant reliability by identifying potential equipment wear and failure risks before they happen. Sensors integrated with SCADA systems collect performance data, enabling AI-driven analytics to schedule maintenance proactively. This approach helps reduce downtime and lower repair costs (Metcalf & Eddy, 2014).

​One notable example of human error leading to a significant public health incident in the UK is the Camelford water pollution event of 1988, however related to the drinking water side. 

[image: Lowermoor water treatment works]

[bookmark: _Toc194895475][bookmark: _Toc194895539]Figure 11Aluminium sulphate was dumped in the wrong tank at Lowermoor water treatment works
On July 6, 1988, a tanker driver mistakenly delivered 20 tonnes of aluminum sulfate—a chemical used in water treatment—to the wrong tank at the Lowermoor Water Treatment Works near Camelford, Cornwall. Instead of being added to the appropriate storage tank, the chemical was introduced directly into the treated water supply. This contamination affected the drinking water of approximately 20,000 residents and up to 10,000 tourists.

[image: Notice in newspaper]

[bookmark: _Toc194895476][bookmark: _Toc194895540]Figure 12The water authority told the public about the incident 16 days later in a newspaper advert



[bookmark: _Toc194895465]Conclusion.

In conclusion, control and automation in the wastewater industry are essential for operational efficiency, safety, and environmental sustainability. As treatment processes grow more complex, automation ensures precision and reliability to meet stringent regulatory standards. This compliance is crucial for protecting water quality and public health.

Automation systems monitor chemical levels, flow rates, and system performance in real time, reducing human error and enabling swift responses to any irregularities. This leads to fewer personnel exposures to hazardous substances and lowers the risk of workplace injuries and long-term health effects.

Additionally, automated systems enhance transparency and accountability by facilitating compliance reporting, preventive maintenance, and informed decision-making. Overall, integrating advanced control technologies not only improves the reliability and efficiency of wastewater treatment but also supports the industry's alignment with modern safety standards. As the demand for clean water rises, automation becomes a vital element in fostering a safer and more resilient future for communities.
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