	Josh Aherne 
	Water Resources and Environmental Monitoring
	2508530




Water Resources and Quality 

Question 1
The discharge of sewage into rivers, lakes and coastal waters has become one of the most significant environmental issues in the United Kingdom. Public concern has increased as reports have shown repeated releases of untreated or partially treated wastewater into natural watercourses. These discharges can contain harmful bacteria and chemicals which damage ecosystems and create health risks if encountering the watercourse.
The main cause of the problem lies in the design of the UK’s sewerage infrastructure. Much of the network was built in the Victorian era and uses combined sewers, which carry both wastewater and rainwater in the same pipe. During periods of heavy rainfall, the system can become overwhelmed. To prevent sewage backing up into homes and streets, storm overflows release excess wastewater directly into rivers and coastal waters (House of Commons Library, 2026). While this mechanism was intended for exceptional weather events, evidence suggests that overflows are being used far more frequently than originally intended.
[image: ]
(House of Commons Library, 2026)

Climate change is not helping either. The UK is experiencing more intense rainfall events, increasing the volume of water entering combined sewers. Population growth and urban expansion have also added pressure to infrastructure that was not designed for current demand. According to the UK Government, ageing assets and under-capacity treatment works are key reasons why pollution continues to occur (DEFRA, 2026).
The environmental impacts are considerable. Excess nutrients such as nitrogen and phosphorus encourage algal blooms, which reduce oxygen levels in water and harm fish and aquatic plants. Pathogens such as E. coli and intestinal enterococci can make water unsafe for recreation. The Rivers Trust states that both treated and untreated sewage are discharged into rivers across the UK daily, affecting wildlife and degrading habitats (The Rivers Trust, 2026). Coastal waters are also affected, leading to beach closures and negative impacts on tourism.
The issue has raised questions about regulation and investment. Water companies have been criticised for paying dividends and executive bonuses while infrastructure has deteriorated. Ofwat the economic regulator for the water sector, has been accused of not requiring sufficient long-term investment. Meanwhile the Environment Agency has increased monitoring and enforcement, but campaigners argue that penalties have not always been strong enough to deter pollution.
Several solutions are available. The most important is sustained investment in infrastructure. This includes separating foul sewage from surface water drainage, increasing storage capacity and upgrading wastewater treatment works. The UK Government has committed significant funding to improve storm overflows and treatment facilities (DEFRA, 2025). However, infrastructure projects will take many years to complete.
Nature-based solutions can also reduce pressure on sewer systems. Sustainable drainage systems (SuDS), such as permeable paving, green roofs and rain gardens, allow rainwater to soak into the ground rather than entering sewers. These measures reduce runoff and provide additional environmental benefits, including improved biodiversity.
Stronger regulation is equally important. Water companies should face meaningful fines when permit conditions are breached, and executive rewards should be linked to environmental performance. Greater transparency through real-time monitoring can also help hold operators accountable and inform the public when discharges occur.
In conclusion, sewage pollution in UK rivers, lakes and coastal waters is caused by ageing infrastructure, increased rainfall and insufficient investment. The consequences for ecosystems, public health and public confidence are severe. Solving the problem will require a combination of engineering upgrades, sustainable drainage, stricter regulation and long-term commitment from government, regulators and water companies. Although progress has begun, substantial work remains to restore the quality of the UK’s waters. (House of Commons Library 2026)

Question 2
Load =  Q x C
C = Concentration (mg/L)
Q = Discharge (m3/s)

86.4 is the conversion factor to convert mg/L x m3/s into kg/day, readings taken per hour. 

86.4 / 24 = 3.6
Hourly Load (kg = Q x C x 3.6)
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Total Nitrate-N load = 747.1kg
Catchment = 321km2
747.1 / 321 = 2.33kg per km2

This calculation is highly significant for water quality management because it combines both nitrate concentration and stream discharge, providing a more accurate measure of the total amount of nitrogen being transported through the catchment. Concentration values alone do not show how much pollutant is actually being exported, particularly during periods of high flow when large volumes of water can carry substantial nutrient loads (Yosemite Technologies 2026).
Determining the nitrate load per unit area allows direct comparison between catchments of different sizes and helps identify whether a catchment is contributing excessive nutrient pollution. It can also be good to undertake monitoring to test mitigation efforts to see if the measures are effective.
Question 3
Global Water Hotspots
Water is essential for life, agriculture, energy production and economic development. Although water covers most of the Earth’s surface, only a small proportion is available as accessible freshwater. Factors such as increasing demand, climate change and pollution have created severe pressures on watercourses around the world. Where water resources are shared between countries or between competing sectors, tensions can develop into conflict. According to the World Water Conflict Chronology, more than 2,700 water-related conflicts have been recorded globally (World Water, 2026). 
This essay examines the main global water hot spots, providing at least one example from each continent. For each case, the nature of the conflict is described, potential solutions are discussed, and we look at how water can be used more sustainably.

Africa: The Nile River Basin
The Nile River is one of the world’s longest rivers and is shared by 11 countries. The most significant current dispute involves Ethiopia, Sudan and Egypt over the Grand Ethiopian Renaissance Dam. Ethiopia views the dam as a major source of renewable electricity and economic growth, while Egypt fears that reservoir filling and drought conditions could reduce flows to a country that relies on the Nile for almost all of its freshwater needs (Nile Basin Initiative, 2026).
The dispute illustrates how upstream development can threaten downstream water security. A practical solution is a legally binding agreement covering reservoir filling rates, drought management and real-time data sharing. Joint monitoring and trust-building measures could help all parties benefit from hydropower while reducing risk to downstream users.
Sustainable water use in the Nile Basin also requires improved irrigation efficiency in Egypt and Sudan, watershed protection in Ethiopia and regional cooperation through institutions such as the Nile Basin Initiative (Nile Basin Initiative, 2026).

Asia: The Indus River Basin
The Indus River is shared primarily by India and Pakistan. The basin supports more than 300 million people and underpins Pakistan’s irrigation-based agriculture. Political tensions between the two countries, particularly over Kashmir, have increased concerns about upstream dams and diversions (World Bank, 2018).
The 1960 Indus Waters Treaty is widely regarded as one of the most successful transboundary water treaties in the world. Despite several wars and recurring disputes, the treaty has remained in force and has provided a formal mechanism for conflict resolution (World Bank, 2018).
However, climate change is increasing glacier melt, altering river flows and intensifying floods and droughts. Updating the treaty to include climate adaptation, improved hydrological data sharing and ecosystem protection would strengthen long-term water security. Sustainable water use also depends on reducing leakage in irrigation canals, adopting drip irrigation and shifting away from highly water-intensive crops.

Europe: The Danube River Basin
The Danube River flows through or borders 19 countries, making it the world’s most international river basin. Unlike some other hotspots, the main issues are not military tensions but disputes over pollution, navigation, hydropower and habitat conservation (ICPDR, 2026).
Agricultural runoff, untreated wastewater and industrial pollution have historically degraded water quality. At the same time, river engineering has reduced wetlands and biodiversity. These competing pressures require coordinated management among many countries.
The International Commission for the Protection of the Danube River (ICPDR) provides an effective model of cooperation by coordinating pollution control, flood management and ecological restoration (ICPDR, 2026). Sustainable use in the basin includes restoring floodplains, reducing nutrient inputs and upgrading sewage treatment works.

North America: The Colorado River Basin
The Colorado River supplies water to seven U.S. states, several Native American tribes and Mexico. It supports around 40 million people and extensive agricultural areas. However, the river has been over-allocated for decades, and prolonged drought combined with climate change has reduced flows significantly. Reservoirs such as Lake Mead and Lake Powell have reached historically low levels (U.S. Bureau of Reclamation, 2026).
The conflict is largely between urban areas, farmers, environmental interests and different states competing for shrinking supplies. Solutions include renegotiating water allocations, investing in wastewater recycling, reducing outdoor water use and modernising irrigation.
More sustainable use also involves pricing water to reflect scarcity, encouraging drought-tolerant landscaping and protecting environmental flows needed for river ecosystems and delta wetlands.

South America: The São Francisco River Basin
The São Francisco River is one of Brazil’s most important rivers and supports hydropower, irrigation, fisheries and domestic water supply. Conflict has emerged over inter-basin transfers, dam construction and declining flows caused by drought and land degradation.
Communities downstream argue that water diversions and regulation have reduced ecological health and livelihoods. Farmers and cities, meanwhile, depend on a reliable supply.
Potential solutions include setting minimum environmental flows, improving watershed restoration and strengthening enforcement of water permits. Reforestation of degraded catchments can improve infiltration, reduce erosion and enhance dry-season flows. Sustainable use also requires more efficient irrigation and improved urban water management.

Australia: The Murray–Darling Basin
The Murray–Darling Basin is Australia’s largest river system and supports most of the country’s irrigated agriculture. Over-abstraction, prolonged drought and salinity have contributed to major ecological decline, including wetland degradation and fish kills (Murray–Darling Basin Authority, 2026).
The main conflict is between irrigators, regional communities and environmental groups. Farmers need water for crops such as cotton and rice, while conservationists argue that too much extraction threatens river ecosystems.
The Murray–Darling Basin Authority coordinates basin-wide management. Sustainable solutions include enforcing extraction limits, purchasing water for environmental purposes, improving metering and adopting less water-intensive farming practices (Murray–Darling Basin Authority, 2026).
Antarctica: Freshwater Stored in Ice
Antarctica does not face conventional disputes over rivers, but it contains approximately 70% of the world’s freshwater in ice form (British Antarctic Survey, 2026). The principal concern is accelerating ice loss due to global warming, which contributes to sea-level rise and may alter long-term freshwater availability.
The conflict here is indirect: nations benefit from activities that emit greenhouse gases, while the environmental consequences are shared globally. The key solution is rapid reduction of carbon emissions and continued international scientific cooperation under the Antarctic Treaty System.
Although each hotspot has unique circumstances, several principles apply globally to improve the sustainability of water use. Reducing demand is often more effective than developing new water supplies. Water-efficient appliances, leakage reduction programmes and public behaviour change can significantly lower household and industrial consumption.
Agriculture accounts for around 70% of global freshwater withdrawals, so improving irrigation efficiency is particularly important (World Water, 2026). Techniques such as drip irrigation, precision farming and selecting crops that require less water can substantially reduce demand while maintaining agricultural productivity.
Wastewater recycling also offers considerable benefits. Treated wastewater can be reused for irrigation, industrial processes and, in some cases, indirect potable supply, reducing pressure on rivers and aquifers. Protecting forests, wetlands and floodplains is equally important because these ecosystems regulate runoff, improve water quality and support biodiversity.
Effective governance is essential to ensure that water is allocated fairly and used efficiently. Transparent institutions, accurate monitoring and participation by local communities can improve decision-making and reduce conflict. In transboundary river basins, international cooperation through treaties, joint commissions and open data sharing is critical for building trust and coordinating management.
Finally, reducing greenhouse gas emissions is fundamental to sustainable water management because climate change is increasing the frequency and severity of droughts, floods and glacier loss (British Antarctic Survey, 2026). Together, these approaches can help secure freshwater resources for both human use and ecosystem protection.

Conclusion
Water hotspots occur on every continent where competing users depend on limited or shared freshwater resources. In Africa, the Nile illustrates tensions between hydropower development and downstream dependence. In Asia, the Indus demonstrates the importance of durable treaties. In Europe, the Danube shows how cooperative institutions can manage complex environmental pressures. North America’s Colorado River highlights the consequences of over-allocation, while South America’s São Francisco and Australia’s Murray–Darling reveal the ecological costs of excessive abstraction. Antarctica reminds us that climate change threatens the planet’s largest freshwater reserve.
Despite these challenges, water does not have to be a source of conflict. Effective governance, technological innovation, ecosystem restoration and international cooperation can transform shared water resources into opportunities for sustainable development. Using water more efficiently and protecting natural systems will be essential if future generations are to enjoy secure and healthy freshwater supplies.

Question 4

DO = DOs – D

DO = Dissolved Oxygen 
DOs = Saturation Dissolved Oxygen
D = Oxygen Deficit

Chloride Concentration = 0 mg/L
At 21°C: DOs = 8.86 mg/L
At 19.4°C: DOs = 9.10 mg/L

DO(a) = 8.86 - 4.49 = 4.37 mg/L
DO(b) = 9.10 - 3.58 = 5.52mg/L

DO(b) = Q(a) DO(a) + Q(c) DO(c) / Q(a) + Q(c)

DO(b) = (3.7 x 4.37) + (6.2 x 5.52) / 3.7 + 6.2 
DO(b) = 16.17 + 34.22 / 9.9
DO(b) = 50.39 / 9.9 = 5.09 mg/L
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Sewage discharge indicators, England
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