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[bookmark: _Toc710446155]1.0 Question 1
Ongoing Sewage Discharge into our Waterways and the Resulting Decline of Water Quality

Throughout the UK, and more prominent in recent years, the condition of our lakes, rivers and coastal waters, has become both a massive environmental and political issue. With the rise in untreated sewage being dumped, even during non-storm events, it has caused environmental groups to speak up about the pollution being caused, is threating ecosystems and public health during recreational activities. Over recent years public concern has greatly increased as the issues and effects have come to light. The layout of the old wastewater infrastructure means that these dumping spots have always been there, however with the increasing population they are seeing far more use, putting the sustainability of these into question.

Throughout the UK, the most common infrastructure for wastewater, are the Victorian combined sewer lines. Theses sewer systems collect both rainwater and raw sewage from properties and put them into the same system. During intense weather conditions, including period of high-volume rainfall, the sewer lines get filled up by the rainwater, and to prevent the sewage backing up in the streets or peoples' properties, the wastewater is dumped out into the waterways. Whilst dumping is allowed during those periods, recent map data from the “Surfers Against Sewage” suggests sewage is being dumped even when there has not been any rain.

The untreated sewage can introduce large quantities of nutrients, especially phosphate and nitrates, into rivers and lakes. Stated by Earthwatch Europe, 2023, “this causes a process called eutrophication, where excessive algae growth on the surface of the water, increases the levels of bacteria, which in turn reduces the dissolved oxygen levels in the water”. The dissolved oxygen is what allows the aquatic organisms to survive. Furthermore, as we drink freshwater from these watercourses, the pollution can increase the cost and complexity to make the water safe to consume.

In addition to polluting rivers and lakes, the sewage also pollutes coastal waters and beaches. During heavy periods of rainfall, is known that several beaches across England and Wales must put temporary pollution warnings up. These can impact tourism during summer periods and as the effects on beaches are much more easily seen, it reduces the public's confidence in water companies, not that there seems to be much left anyway.
On the other hand, despite the widespread criticism of the water companies, there are more factors other than negligence. History tells us that most of the UK sewage system was constructed over a century ago, where it was not designed to handle the modern population, and growing urban expansion, whilst also handling the increasing rainfall.

There are a handful of ways that this issue can be resolved, or have the impacts mitigated, however, most of them are not necessarily economically viable, due to the scale of the projects. It is necessary the policy changes and infrastructure improvements work hand in hand.

The first option would be for the combined sewer system to be removed and replaced with a system that separates both rainwater and sewage. This solution would require a huge cost to water companies or government bodies, as well as cause massive disruption all across the country. They require long term planning and construction works, so take time to implement. A project that was recently completed that covers this solution is the Tideway Tunnel in London, and according to the BBC News, 2024 “cost close to £5bn and took 8 years to complete”. Another option would be to construct more wastewater treatment facilities, to allow for an increase in capacity.

A more sustainable solution to help mitigate the volume of rainwater entering the sewer system, is the sustainable drainage system, that policy has required it to be utilized for new construction projects. Potential methods include green roofs, soakaways, and retention ponds. These methods are used to slow the flow of the rainwater into the sewer systems, reducing overflow risk.

A more policy base solution, is to increase the monitoring of the sewage dumping spots and tighten up of the restrictions. Real-time monitoring technology can provide accurate sewage discharge rates. Allowing for more transparency from water companies.


[bookmark: _Toc421581072]2.0 Question 2

The catchment area is 321 Km^2.
	Time (S)
	Discharge m^3 s^-1
	Nitrate – N mg L^-1

	18:00
	2.18
	3.22

	19:00
	2.15
	3.31

	20:00
	2.1
	3.34

	21:00
	2.18
	3.39

	22:00
	2.35
	3.36

	23:00
	2.29
	3.39

	00:00
	2.29
	3.39

	01:00
	2.35
	3.4

	02:00
	2.38
	3.36

	03:00
	2.55
	3.37

	04:00
	2.55
	3.4

	05:00
	2.61
	3.42

	06:00
	2.61
	3.45

	07:00
	2.69
	3.45

	08:00
	2.8
	3.48

	09:00
	2.97
	3.4

	10:00
	3.14
	3.45

	11:00
	3.37
	3.47

	12:00
	3.6
	3.4

	13:00
	3.09
	3.36

	14:00
	2.61
	3.37

	15:00
	2.1
	3.45

	16:00
	1.95
	3.5

	17:00
	2.01
	3.6


Table 1 – Nitrate-N concentration and discharge of a stream in a 24-hour period

Load = Q x C

Q = discharge (m^3/s)
C = nitrate concentration (mg/L)

	Time (S)
	Nitrate load

	18:00
	7.02

	19:00
	7.12

	20:00
	7.01

	21:00
	7.39

	22:00
	7.90

	23:00
	7.76

	00:00
	7.76

	01:00
	7.99

	02:00
	8.00

	03:00
	8.59

	04:00
	8.67

	05:00
	8.93

	06:00
	9.00

	07:00
	9.28

	08:00
	9.74

	09:00
	10.10

	10:00
	10.83

	11:00
	11.69

	12:00
	12.24

	13:00
	10.38

	14:00
	8.80

	15:00
	7.25

	16:00
	6.83

	17:00
	7.24


Table 2 – Nitrate load over a 24-hour period

Total daily load = 207.52
Average nitrate load = 207.52 / 24 = 8.65

86.4 converts mg/l x m^3 to kg/day

8.65 * 86.4 = 747.06 kg/day

Load per km^2 = 747.06 / 321 = 2.33kg/km^2/day

The nitrate concentration and discharge of a stream was measured of a 24-hour period, for a catchment area of 321km^2, and the data collected was used to calculate the total nitrate concentration per km^2.

Firstly, the nitrate load for each hour was calculated by multiply the stream discharge and the nitrate concentration together. The hourly values were then added up to find the total nitrate load in 1 day. Then the hour values were averaged to find the average nitrate load. To convert the figure into from mg/l to kg/day a conversion factor of 86.4 was used.

From the calculations it showed that the stream exported 747 kg of nitrate per day for the entire catchment area. To find per km^2 the 747 kg / day value is dived by the total area of 321km^2.

2.33kg/km^2/day

It is important to standardise the nitrate load per km^2 for different catchment areas because it allows for meaningful results that can be compared against different river basins with different sizes. This is because larger catchments are going to naturally transport more volume of dissolved material such as nitrates, due to the larger discharge volumes. The value per km^2 can provide a far more accurate indication of the intensity of pollution.

The results might be a bit deceiving as it indicates a stable nitrate concentration over the monitoring period, however, due to the increase of discharge over the early morning to midday period, it resulted in more volume of water with dissolved nitrate to be transported. This shows a strong link between stream discharge and concentration of dissolved material.

With regards to water quality, elevated levels of dissolved nitrate in water are a significant issue as this leads to eutrophication in rivers and lakes. This increase in dissolved nutrients can allow for the growth of algae leading to increase of bacteria and a decrease in dissolved oxygen levels which negatively effects the aquatic ecology, such as damaging fish populations.

The potential sources for dissolved nitrates within a catchment area include, agricultural runoff, such as livestock waste, sewage discharge, or land use pollution. The volume of nitrates suggests that the pollution is from a constant source rather than a short intense pollution period such as sewage discharge.

This data collection and calculations are essential for policy making for the use in water catchment management and environmental regulation. Organisations and government bodies, The Environmental Agency for example. Use the collated nitrate monitoring data to allow for them to identify hot spots and locate possible sources, to assess compliance with local water quality standards and assess long term effects on the ecology. Furthermore, monitoring nitrate concentration levels, allows these bodies to assess current policies and determine whether stricter policies need to be implemented. Aswell as determine if the implemented mitigation strategies such as improved fertilizer management and improved wastewater sewer systems have had any meaningful impacts.
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[bookmark: _Toc1007189069]3.1 Africa
In Africa, the most significant water hot spot, is the Nile River Basin, involving Ethiopia, Sudan, and Egypt. The main conflict is over the Grand Ethiopian Renaissance Dam on the Blue Nile, close to the border of Ethiopia and Sudan. Ethiopia sees the dam as essential for hydroelectric power and economic development, while Egypt fears that upstream control of Nile flows could reduce water availability for agriculture, drinking water and food security. The Nile is especially sensitive because Egypt depends heavily on it for freshwater. A realistic solution would be a legally binding agreement on dam filling, drought management, and shared monitoring between the countries.
[image: ]
Figure 1 – Shows the water hot spot and the dam location with where the water flows.


[bookmark: _Toc1305520487]3.2 Asia
In Asia, the Indus River Basin is a major water hot spot between India and Pakistan. Both countries rely on the Indus system for irrigation, agriculture, and hydropower. The conflict is made more serious by political tension between the two countries and by climate change impacts on Himalayan glaciers and seasonal river flows. Although the Indus Waters Treaty has historically helped manage the river, ongoing disputes over dams and water timing remain a concern. The best solution is to protect and strengthen the treaty, improve data sharing and create joint climate adaptation plans.
[image: ]
Figure 2 – Indus river flow through Pakistan.
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In Europe, a key water issue is the Danube River Basin. It is the second largest in Europe and therefore flows through and borders many countries including Germany, Austria, Hungary, Serbia, Romania, and Bulgaria. The conflict is about competing uses, including navigation, hydropower, agriculture, urban water supply, and pollution control. Pollution from industry, sewage and farming affects downstream users and ecosystems. The solution is to continue international river basin management, along with coordinated pollution regulation and shared water quality monitoring.
[image: ]Figure 3 - Shows the Danube River.



[bookmark: _Toc768279445]3.4 North America
In North America, the Colorado River Basin is a major water hot spot involving the western United States and Mexico. The river supplies water to cities, agriculture, and ecosystems across states such as California, Arizona, Nevada, Colorado, and Utah, as well as northern Mexico. Constant and overuse of the water with drought from climate change have reduced flows and lowered reservoir levels in Lake Mead and Lake Powell. The solution should involve reducing agricultural water demand, improving the irrigation efficiency, and renegotiating allocation agreements.
[image: ]
Figure 3 - Shows the Colorado River Basin.


[bookmark: _Toc1400512638]3.5 South America
In South America, the conflict and hot spot around Amazon Basin is increasing. Although it contains huge freshwater resources, it is mainly threatened by deforestation, along with mining, pollution, and hydroelectric dam construction, particularly in Brazil, Peru, and Bolivia. The conflict is between economic development, energy generation, indigenous rights, and ecosystem protection. The Amazon River, flowing through the Amazon rainforest has a very high biodiversity. The solution should include stronger protection of rainforest areas, limits on illegal mining, improved environmental impact assessments and greater involvement of indigenous communities in decision making.
[image: ]Figure 5 – Shows the Amazon River basin.

[bookmark: _Toc1352413664]3.6 Australia
In Australia, the Murray-Darling Basin is a major example of water conflict within the same country. The basin supports large areas of irrigated agriculture, but excessive use and drought have damaged river flows, wetlands, and water quality. Conflicts occur between farmers, towns, state governments, and environmental needs. The solution is stricter water allocation, better irrigation efficiency, environmental flow protection, and stronger monitoring of water extraction.
[image: ]
Figure 6 – Shows the Murray-Darling basin.
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Chloride concentration = 0mg/l

	Stream
	Q(mg/l) [flow]
	Temperature C
	D (oxygen deficit)
	DO (oxygen deficit)


	A
	3.7
	21
	4.49
	

	B
	
	
	
	

	C
	6.2
	19.4
	3.58
	


Table 3 – Temperature and flow data from 3 given streams

QB = QC – QA = 6.2 - 3.7 = 2.5

TB = (QC * TC) - (QA * TA) / QB

TB = (6.2 * 19.4) - (3.7 * 21) / 2.5 = TB = 17.03 C = 17 C

DB = (QC * DC) - (QA * DA) / QB

DB = (6.2 * 3.58) - (3.7 * 4.49) / 2.5 = 2.23

Using information provided from Figure 7, it can be seen that 17C is 9.7, 19.4C is 9.2 and 21C is 8.9.

DOB = 9.7 - 2.23 = 7.47

	Stream
	Q(mg/l) [flow]
	Temperature C
	D (oxygen deficit)
	DO (oxygen deficit)


	A
	3.7
	21
	4.49
	4.41

	B
	2.5
	17
	2.23
	7.47

	C
	6.2
	19.4
	3.58
	5.62


Table 4 – Update and completed table for streams A, B and C

[image: ]
Figure 7 shows to the maximum dissolved oxygen concentration saturation table from Lake Stewards of Maine.


The dissolved oxygen concentration of stream B was calculated using mass balance approach where stream A and stream B mix and combine to make stream C. the flow of stream B was calculated by subtracting the flow of stream, C by the flow of stream A. Using the result, the temperature was able to be calculated. The temperate is an essential part to be able to calculate the dissolved oxygen. As we have to use the table from figure 7 to be able to find the maximum dissolved oxygen concentration saturation, which along with the oxygen deficit value that was calculated, the dissolved oxygen is able to be calculated. Stream B had a calculated temperature of 17C which has a maximum of 9.7mg/l saturation, where then the relationship with dissolved oxygen can be calculated to find a value of 7.47mg/l.

To compare against stream A where it had a dissolved oxygen concentration of 4.41mg/l, stream B had a higher concentration, so therefore it was able to help improve the quality of the water to allow for stream C to have a concentration of 5.62mg/l.

Dissolved oxygen concentration is one of the most important values to collect to be able to determine the health and pollution on a river or lake. This is because the aquatic ecology such as fish relies of the dissolve oxygen to survive and if the concentration value plumets, it means that they can no longe survive in that water.

The low dissolved oxygen concentration in stream A suggest that there is a higher demand for oxygen, most probably due to pollution flowing into the stream, such as sewage discharge or agricultural runoff. When pollution levels in a stream increase it puts a demand on the dissolved oxygen to help break down the organic matter. When the pollution levels from stream A mix with the higher dissolved oxygen concentration in stream B, the dissolved oxygen helps breakdown the organic material, so allows for the dissolved oxygen concentration to improve from stream A whilst using the dissolved oxygen from stream B.

These results show that policy for monitoring should include all points where two streams meet to form another or consider an entire catchment area rather than focus on one specific point, as it will help have a full understanding of where the pollution is coming from. With the monitoring it can allow for agencies to monitor the health of the streams, and if the dissolved oxygen concentration gets to low, they can start an investigation to find and put a stop to the source of the pollution, to help prevent further damage to the aquatic ecology.
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