Imogen Lloyd-James
1907207
Marine and Coastal Science Exam
12/01/2021


Section A
Plastic debris results in an estimated $13bn p.a. cost from damage to marine ecosystems (financial losses to fisheries and tourism), as well as time spent cleaning the beaches. (BBC, 2020). 
(a) Using a “source – pathway - sink” approach, evaluate key pollution impacts 
     [25]
(b) Critically appraise the technological solutions currently being trialled to    help
     mitigate against this plastic tide [25]




Since the invention of plastics in the 1800s, the issue of plastic pollution continues to be a largely discussed topic in modern day due to the drastic environmental damages that is poses to our marine ecosystems. Plastic production rates and input of plastic into marine environments have increased significantly since the 1950s. Now, plastic is considered as a major form of marine pollution globally. Pollution from marine plastic has large environmental, economic, cultural and aesthetic costs which will be discussed later in this essay. Plastic pollution is so overwhelming that it can now be found in every ocean in the world. The main worry is the destructive impact it has on marine animals due to entanglement or ingestion which can have direct mortality rates or have sublethal effects like intestinal blockages and reduced feeding. At this point over 260 species have been reported to ingest or become entangled in plastic debris at some point which is a huge and worrying statistic. Many countries have recognised that plastic pollution is in the marine environment and that it should be considered a big issue, however, there has been no one technique that has been used of found to be effective due to the lack of a consistent methodology. Therefore, it is more challenging to monitor trends and compare plastic pollution in different areas of the world. There are multiple sources that when transported by winds and rivers, show a large temporal and spatial variability in plastic litter levels. So, what is most commonly used is the pathway-sink-method which I will be discussing next. 
The pathway-sink-method allows us to question and highlight where the pollutants themselves come from, how they travel to the sinks, what the consequences will be, and how we can manage it. It requires us to question, can we cut it off from the source? And can we implement management to prevent this pollution? If so, what method would be best? Since the ocean is downstream from almost every terrestrial location, a lot of the plastic that ends up in the oceans is generated on land, most of it being due discarded litter and poor management of plastic litter. As it does not decompose, it continues to travel in the ecosystem until it is worn down into microplastics which are less than 5mm in size and cause irreversible damage to marine life, and as 80% of marine microplastics come from freshwater runoff coming from land-based sources, and the other 20% coming from sources in the ocean. However, the sources of plastic marine pollutants are rather varied, and include municipal outflows, beach litter, and dumping from ships and other vessels. Waste becomes litter when it is disposed of improperly in the wrong place, and it can be transported by wind or rain, washed away in storm drain during floods, and by rivers and other types of waterways. Once in this cycle, it will be carried to the sea and causes significant damage. Damage like I have previously mentioned such as entanglement and ingestion, but plastic can also be used as rafts for marine life which can cause issues with non-native species coming in and thriving, this is not a massive issue as invasive species are normally terrestrially bad rather than an issue in ocean systems, but it is damaging, for example the identification of the lionfish in the Caribbean. Plastic waste also increases the growth of pathogens in the ocean. A recent study has found that when coral comes has any contact with plastic, it then has an 89% chance of contracting disease, compared to the original 4% without the presence of plastics, and due to the hydrophobic nature of some organic pollutants, a lot of those pollutants end up concentrated in the plastic. This gets ingested by marine life and released into their systems causing poor health and fatality. 
Many technical solutions have been created and implemented to control plastic pollution. However, there must be technology that is efficient and sustainable as well as being cost effective. One solution that has been mentioned is the development and implementation of technologies that do two things. Stop plastics from entering waterways altogether and collects the plastic litter itself. Despite this, there is few information and little focus on this technology, so definite results are tough to achieve which creates issues for policy implementation as there is not a reliable source of information on the current technology. There are some innovative techniques that focuses on the different lifecycle stages of plastics, and aim to develop the production, consumption and waste management of plastics so that the whole system has been improved. One suggestion that has been made is the development of substitutes that are natural and less harmful to the environment by being biodegradable, so bioplastics made from food waste, starch, seaweed etc. Despite the positive’s bioplastics would have, there still is an issue that is a problem for a lot of plastic pollution prevention methods, which is the cost of the alternate materials, and the question of If the materials themselves can do what plastic does. Then the next phase after that would be the actual production of goods and services using the natural substitutes for plastic. This would require a collective effort from manufacturing companies, in house R&D labs, outside STI’s and the government. However, it is very difficult to produce these bioplastics in the quantity that would be needed for large distribution, as the production of bioplastics is much more costly than the production of cheap plastic. 
Some strategies have already been invented, for example the 2011 Honolulu Strategy which aimed to reduce the ecological, human health and economic impact of marine debris globally. However, this strategy proved to be ineffective, much like that of the MARPOL initiative which was expected to generate much more promising results than it has. In conclusion, plastic pollution is a growing issue that needs have a huge amount of focus put on it if we are going to prevent further ecological damage. But I feel that there is simply is not enough information to allow the technologies that are so desperately needed to be developed. From my own research it is clear that many methods have been designed, but none have been successful enough to create on a global scale. 












Section B
“Swaths of UK coastline are eroding at an alarming rate. Yet the government lacks a coherent action plan” (Financial Times, 2020: 34)

Critically compare and contrast the changing coastal application of hard and soft engineering. (50 marks)


Coastal defence and engineering is an aspect of conversation that is crucial to manage in the correct manor in order to preserve our coastline, the surrounding biodiversity, as well as taking the economic impact of such procedures. The coast being in retreat effects all parts of our environment and society as be use it extensively for tourism, industry, urban development etc. The contemporary issue of coastal erosion is especially prominent on the East coast of England, as well as in Wales. A diachronic approach to coastal defence has been attempted and investigated for a long time and considers the two ends of the coastal defence spectrum, and their effects on our coasts. The best example of this would-be Cape May, America. There as three aspects that are focused on when it comes to coastal management, and those are the durability of the different approaches, as well as the cost and effectiveness of them. If we look at a place that is being impacted by coastal erosion, such as Brighton, both soft and hard engineering has been implemented in order to maximise the effect if coastal erosion but to also preserve the surrounding area and the local community. Traditionally, civil engineers have resorted to hard engineering projects for coastal defence, constructing structures such as tetrapod’s and revetments like the kind that we see on Swansea Bay. However, with climate change continuing to affect our oceans and coastlines through sea level rise for example, the government needs to implement adaptable and multifunctioning designs so that this issue can be prevented in a sustainable manner, as our coastal environment is fragile and needs to be treated that way. It is my opinion that coastal management needs to include both hard and soft engineering approaches for it to have a positive and safe impact, projects like ‘building with nature’ in the Netherlands could inspire possible plans as it is proactive rather than damaging. I will be discussing both hard and soft defence further.  
Looking at hard engineering, it utilises manmade built structures which generate a controlled disturbance in natural processes. Materials most used in this method are metals and plastics, like iron, polythene and nylon alongside wood, smart materials and concrete, so often hard engineering projects are more expensive to construct.  Examples include sea walls like tetrapod’s, Groynes, revetments like riprap and maybe gabions, which can be a sea wall or revetment etc. All these methods of hard engineering have both positives and negatives when it comes to their effects on the environment. Using sea walls as an example, they provide amazing and effective protection from coastal damage, for up to 30 years, however they can increase the strength of longshore currents, which results in quick removal of the beach, similarly they reflect the wave energy which removes and steepens beach profiles. The same goes for revetments, which are manmade slopes that absorb wave energy and decrease the amount that is reflected out. However, they only protect against erosion and not flooding so they lack the ability to be adapted into multifunctional systems, unless built with other hard engineering methods which would not be cost effective. Revetments are also unsuitable from a recreational and fishing perspective due to the steep slopes. Riprap revetments would be the cheapest in terms of cost, but it has a low conservation value which shows just how difficult it is to come up with a solution that takes into account the durability, cost and effectiveness. Groynes and offshore breakwaters have been said to be very useful in terms of the effectiveness as they slow down the energy of the wave before it reaches the beach, but construction is costly which adds another issue. This highlights just how tough it is to develop a coastline management strategy that ticks all the boxes of durability, cost and effectiveness with just one method like hard engineering. Take Bournemouth for example, which has been seeing drastic effects of coastal erosion, had to revaluate their entire management plan in order to develop on the already existing Groynes and other hard engineering methods, as they obviously were not being as effective as needed. 
I will now be discussing soft engineering methods. Soft engineering is where the natural environment is used to help reduce coastal erosion and river flooding. It is widely expected that this method will pave the way for future conservation efforts which is a huge positive as it has much better environmental credentials than that of hard engineering methods and is more in line with the desire to use methods that are effective, cost effective and durable. Attention is now being shown the soft engineering that provides ecosystem services and provides a dualism between ecosystem benefits and protection. The first example I will be looking at is Beach Nourishment, which from an ecological sense its not the best for conservation, however its lack of concrete is a benefit. This method is the constant replenishment of large quantities of sand to the beach system which causes the beach to extend seawards, which improves the quality of the beach and develops storm protection. Despite this, it does include dredging which will damage the natural environment already there and can cause erosion and increase in toxicity. Increased development pressure can also be a result due to cost and misguided sense of security. An example of a failed beach replenishment project would be the Wrightsville Beach project in North Carolina. This saw 3 million cubic yards of sand be pumped onto 14,000 feet of beach. Up until 1970, parts of the beach were replenished but much of that was later lost. Around 1975, there were worries surrounding the steepness of the beach, so a bulldozer was brought in to flatten beach slope, however by 1977 the beach was steep again and a scarp had been formed. The total amount that was spent on this project was over $1 million in 1966. So, this is an example of a method might be considered less cost effective, durable or effective for the beach. 
Another example of soft engineering would be the Relocation of Property. An example of this would be Englands “Green Line” policy which encourages the diversion of building beyond a given line. This land is then left for conservation value. If there are properties built beyond the set green line will not be protected if they are at risk to coastal erosion. This is a promising method as the coastline is very useful in terms of biodiversity, so finding a balance between human settlements and the coast I feel is going to be the way forward in the conservation field. However, there are often issues with people that already have big investments in the coastal area, therefore creating friction with people. This method will become more useful as our sea levels continue to rise. Minsmere in Suffolk used this strategy and now has an abundant and healthy nature reserve that is being continued to develop and improve, providing benefits to the local area in terms of tourism, while conserving the precious ecosystem at the same time. Other methods of soft engineering that use natural protection systems would be salt marshes, mangroves, seagrass and coral which when applied right, can have massive socio-environmental benefits, however they are all on the backburner for now in terms of coastal protection value. 
In conclusion, I feel that multi-functional coastal defences are going to be a crucial aspect of coastal land management moving forward. As I have just discussed, both hard and soft engineering have their pro and cons when it comes to trying to achieve cost effectiveness, durability and effectiveness all at once. Its clear to me that hard engineering provides us with a perhaps more aggressive method of coastal protection but lacks in the cost effective and effectiveness area. Then we have soft engineering which I feel if the better option of the two. Even though some methods of soft engineering can create issues with members of the public, and in some cases be ineffective when it comes to beach protection, I feel that due to its environmentally benefitting nature, as well as its cheaper construction prices for some methods, it is the better option. But where soft engineering is lacking, hard engineering can step in. So, a multi-functional concept which hasn’t been widely considered yet, I feel is a promising way forward as it considers both types of engineering whilst creating public social benefits in addition. Its an extremely rare method and would require a unique construction method, however I feel that assessing certain areas of our coastline and identifying which areas would benefit from a multi-functional method of protection would allow us to progress massively in the management of our coastlines. 

















