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This paper explores the wider environmental impacts and implications of the COVID-19 pandemic and subsequent lockdowns to the natural environment. Before paying particular attention to pollution in coastal and marine environments via the analysis of global and organisational responses, explicitly, Surfers Against Sewage. Positive outcomes have been experienced as a result of the pandemic, namely with regard to air quality improvements and noise, beach, surface and groundwater pollution reduction. Conversely, negative outcomes have also become evident with regard to worldwide plastic pollution, increase in waste, less efficient recycling and increases in medical waste. 
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In December of 2019 the world saw the introduction of a new coronavirus (SARS-CoV-2) originating from Wuhan, China, its corresponding respiratory disease (COVID-19) became responsible for causing a global pandemic (Patrício Silva et al., 2021). Consequently, the World Health Organisation (WHO) upgraded COVID-19 to the status of a worldwide health crisis based upon the rising quantity of cases at the global scale (Saadat et al., 2020). Globally, the pandemic introduced mutual and novel challenges to be faced by both weak and sophisticated health care organisations (Wang et al., 2020a, 2020b; Wang and Su, 2020). The transmission of COVID-19 is attributed to respiratory interaction, primarily through tiny droplets whilst talking, coughing or sneezing (Howard et al., 2020; World Health Organisation, 2020). Founded on the methods of transmission, governments and the WHO endorsed personal safety as a means to nullify the extent of COVID-19. Personal Protection Equipment (PPE) in the form of masks and gloves in particular, were employed by health care organisations and public health agencies around the world to stagnate the extent of the disease (Leung et al., 2020; Rubio-Romero et al., 2020). Numerous countries’ health establishments advocated the usage of face masks in public locations, these include; Germany, USA, UK, Singapore, Hong Kong and China, to name but a few (Feng et al., 2020). Otherwise healthy persons attire a face mask for safeguarding when interacting with infected or suspected persons, whilst infected/suspected diseased persons attire face masks to counteract its spread (World Health Organisation, 2020). The donning of face masks contributes to lowering the emission of respiratory droplets from diseased persons, in addition to diminishing the extent of COVID-19 infections (ECDC, 2020). 

Presently, face masks have become worldwide habitual items of uniform for individual safeguarding in daily life activities. Donning a face mask of some kind is accepted to be superior than not donning a face mask with regard to safeguarding the wearer and others from COVID-19 (Chua et al., 2020). The wider global community has adopted the use of masks in direct retaliation to the pandemic and its associated respiratory impacts (Konda et al., 2020; Lepelletier et al., 2020). As a direct consequence of the pandemic, increased quantities of face masks were used, resulting in the surge of face masks as waste items, to the extent of becoming an environmental concern and causing novel, down the line environmental issues (Fadare and Okoffo; Patrício Silva et al., 2020) in particular relating to future issues regarding sustainable waste managing practices (Ilyas et al., 2020). 

The COVID-19 pandemic has not only disturbed the health care and financial sectors, but has additionally stretched to affect other sectors such as the environment (Bai et al., 2020; Sohrabi et al., 2020; Bherwani et al., 2020b; Lai et al., 2020; Wang et al., 2020c). Recently published literature postulates that the environmental indicators most likely impacted by COVID-19 are “surface and groundwater, beaches, noise, municipal and medical solid wastes, water and wastewater treatment and air quality” (Zambrano-Monserrate et al., 2020).

The subsequent sections of this report will address and analyse the environmental impacts, future implications and responses to the COVID-19 pandemic, in both positive and negative lights.  
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Reduced anthropogenic-environment activity resulting from worldwide lockdowns due to the COVID-19 pandemic has been attributed to positive environmental impacts. To name but a few, worldwide improvements have been observed in air quality, noise, beach, surface and groundwater pollution. Whilst on the other hand, PPE, stay at home orders and lockdown measures have been attributed to less efficient recycling, increased waste generation in particular municipal and medical waste and consequently, increased contributions to worldwide plastic pollution. 
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Air Quality Improvements

Periods of worldwide government backed lockdowns have enabled the opportunity to justify direct positive anthropogenic environmental impacts. Abrupt declines in carbon-based emissions ensued due to the temporary cessation of industries, means of transportation and workplaces. Polluting gas emissions in 2020 were observed to decline by approximately 50% from 2019 rates in New York, USA. Whilst China experienced a near 30% reduction in nitrogen dioxide and 25% reduction in carbon-based emissions throughout lockdown periods (Lau et al., 2020). The Chinese ministries of ecology and environment reported an 11.4% enhancement in air quality since 2019. Nitrogen dioxide emissions in Northern Italy, Spain and the UK also significantly reduced (Ficetola and Rubolini, 2020). Findings in Delhi, India signified constraints to human activity reduced nitrogen dioxide concentrations by 65.90% over the lockdown stage (Mahato et al., 2020).

Additional studies (Cadotte., 2020) (Watts and Kommenda, 2020) found that in several of the world’s major cities, reductions in air pollutants were recorded over the initial lockdown periods. Robust parallels were drawn between high levels of tropospheric nitrogen dioxide and COVID-19 deaths (Ogen, 2020). Comparable conclusions were proposed in northern Italy in that correlations between COVID-19 deaths, PM10 particle counts and ozone gas concentrations were observed (Coccia, 2020).       
 
Noise Pollution Reduction

Defined as the increased intensities of sound, produced from various anthropogenic activities such as machinery, automobiles and the construction industry, noise pollution can result in unfavourable effects towards living organisms (Goines and Hagler, 2007; Zambrano-Monserrate et al., 2020). Furthermore, human-sourced noise pollution is reported to negatively affect wildlife by altering the equilibriums of discovery and evasion between predators and prey in addition to negatively affecting invertebrates (Solan et al., 2016). Conversely, lockdown periods have authorised people to remain home, thus reducing financial pursuits and communication at global scales, leading to the overall reduction in noise levels in the majority of cities (Zambrano-Monserrate et al., 2020).  Over lockdown episodes noise levels in Delhi, India were observed to have reduced by 40-50% (Somani et al., 2020). As a result, inhabitants were then able to hear birdsongs, an instance not possible beforehand (Gandhiok and Ibra, 2020). At the global scale, significantly fewer aircrafts and vehicles were flying as a result of aerial transport limitations, which has overall contributed to lowering noise pollution levels. To contextualise, German commercial air travel was reduced by more than 90%, road-based traffic reduced by more than 50% and trains ran at a frequency of less than 25% of the customary rates (Sims, 2020). All in all, providing an opportunity for flora and fauna to recover from persistent human interaction.      

Beach Pollution Reduction

The lack of human presence has led to general levels of pollution on beaches reducing significantly. Beaches along Egypt’s 3500km coastline epitomise key environmental capital assets, their safety from overexploitation is paramount (Masria et al., 2014). Providing amenities like leisure, tourism and aggregate materials, certain Egyptian beaches experience inconsiderate human activity resulting in beach pollution (Partelow et al., 2015; Lucrezi et al., 2016; Zambrano-Monserrate et al., 2020). Beaches on the Egyptian North coast heavily benefitted from the lockdown periods upon the closure of public beach access routes and beach use, now appearing cleaner and with greater water clarity (Egypt Today, 2020a). Comparable observations were recorded at many other renowned beaches, for example, Salinas (Ecuador), Acapulco (Mexico) and Barcelona (Spain), where beaches appeared more sediment-nourished and with greater water clarity (Zambrano-Monserrate et al., 2020). Observed reductions in beach-water pollution occurred in several areas of Bangladesh, Malaysia, Thailand, Maldives and Indonesia, where domestic and industrial levels of wastewater declined (Zambrano-Monserrate et al., 2020). 

Water Pollution Reduction

Waterways in Egypt have experienced high levels of pollution via the discharge of inadequately treated industrial and domestic wastewater (Mostafa and Peters, 2016; Abdel-Satar et al., 2017). The River Nile supplies 65% of Egypt’s industrial water needs (Abdel-Satar et al., 2017) as such, during lockdowns, the Nile and two of its main tributaries are expected to vastly improve their water quality. This is a direct result of industries operating at lower capacities and not excreting wastewater overflow (CAMPAS, 2020). The primary source of oil contamination in the river is attributed to the delays of visitor vessels, therefore the water quality of the Nile can be anticipated to improve (Shara and Moustafa, 2009). Water pollution in the Mediterranean Sea was predicted to decline due to reduced activity in the Nile basin. Main shipping routes saw fewer vessels in the basin, with a 15% decline in income at the Suez Canal throughout the initial lockdown (Breisinger et al., 2020). 

In developing countries like India and Bangladesh, water pollution is commonplace; household and industrial waste are discarded into waterways, more specifically rivers (Islam and Azam, 2015; Islam and Huda, 2016; Bodrud-Doza et al., 2020; Yunus et al., 2020). Nationwide lockdowns saw key industrial pollution sources dramatically decreasing or outright stopping, resulting in the decline of waterways’ pollution (Yunus et al., 2020). The rivers Ganga and Yamuna attained water purity levels at the acceptable limit (Singhal and Matto, 2020). Elsewhere, upon the prohibition of public congregations, declined tourist numbers and fewer water events, water pollution in countless locations reached all-time low levels, such as the Grand Canal of Italy (Zambrano-Monserrate et al., 2020).    
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Increased Waste Generation

Global food consumption has increased since the advent of the COVID-19 pandemic and the subsequent lockdown measures. The result is a growth in the demand for food and the production of organic solid waste (Mostafa et al., 2021). This growth of civic waste (organic and inorganic) production encompasses both direct and indirect effects on natural environments; air, water and soil contamination (Islam et al., 2016). The worldwide government mandated lockdown measures founded an increasing demand towards online grocery shopping and home delivery. The resulting knock-on effect is that household waste quantities from packaging material has increased (Somani et al., 2020; Zambrano-Monserrate et al., 2020). Recycling this waste is the widely accepted method of inhibiting pollution, saving energy and preserving natural resources (Ma et al., 2019). However, several countries, including the USA, deferred waste recycling actions in order to minimise the risk of transmitting COVID-19 based on the apprehension of diffusing the disease throughout recycling amenities (Somani et al., 2020). In Europe, particularly Italy forbade diseased individuals from categorising their waste items into recycling (Zambrano-Monserrate et al., 2020). The overall outcome was the disturbance of the usual waste management practices, waste salvage and recycling endeavours; causing greater rates of landfilling and the seepage of pollutants into the environment (Islam and Rume, 2020). In short, the production of waste (organic and inorganic) accompanies a diverse array of environmental impacts, pertaining to; “soil erosion, deforestation, air and water pollution” (Mourad, 2016; Schanes et al., 2018). 

Increased Medical Waste and Plastic Pollution
         
In order to dispose of PPE and other medical waste the duty falls to the accountability of the PPE wearer (Luan and Ching, 2020). Among many developed nations, one in particular that has experienced sudden surges in PPE ending up as litter is the USA (Calma, 2020). The abrupt global increase in the total of litter produced as PPE items is attributed to becoming a large issue (Bhat et al., 2021). Such an issue, that PPE items may be erroneously identified as food items to fauna (Hellewell et al., 2020). Improper discarding of disposable gloves and masks, and other plastic objects, have been attributed to littering in several public places in several countries (Patrício Silva et al., 2021).


Unregulated plastic waste poses major concerns and subsequent implications to natural ecosystems. Issues relating to healthy natural environments have received fewer considerations from government bodies, the scientific community and the public. The abandonment of national agreements on restricted single-use plastics have enabled the use of more plastic products (Patrício Silva et al., 2020). The waste management industry as a whole halted the opportunity to revoke disposable plastic bag bans, despite the fact that single-use plastic items can still act as a vector for COVID-19, however plastic packaging is vital for medical equipment packaging (Prata et al., 2020; Bir, 2020). 
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It is widely suggested that the positive environmental impacts may only be momentary, however, governments and persons alike should strive to learn from the periods of lockdown and apply this to decreasing future levels of pollution (Yunus et al., 2020). The act of recycling waste presents itself as an obligatory ecological matter that should be placed at the forefront of environmental concern in all countries (Liu et al., 2020). As a result, recycling is regarded a vital process of controlling pollution, maintaining natural resources and energy preservation (Varotto and Spagnolli, 2017; Ma et al., 2019). 
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Formed in Cornwall in 1990, Surfers Against Sewage (SAS) as its name suggests began as a response from the surfing community to the concerns of raw sewage in the UK’s nearshore waters (Surfers Against Sewage, 2021). Upon water quality campaign successes from its inception through the 2000s, SAS has developed into an NGO, gaining charity status. One that now isn’t just surfers solely concerned about sewage but encompasses the protection of waves, oceans, beaches, marine wildlife and coastal communities across local, national and international scales through digital activism and grassroots action implemented by SAS employees & regional representatives (Surfers Against Sewage, 2021). SAS’s current focal point is aimed at tackling marine litter, specifically plastic-based litter (Surfers Against Sewage, 2021). SAS amplified existing campaigns and established new campaigns in response to the pandemic, predominantly through the use of online media. In general terms, SAS’s response to the pandemic comprised of consulting, involving and collaborating with the public, councils, marine conservation organisations, the government, retailers and private companies (Surfers Against Sewage, 2021).

As an organisation, SAS has highlighted numerous impacts to beach, marine and coastal environments throughout the duration of the pandemic. Initially, SAS were quick to acknowledge and inform that COVID-19 may be transmitted in untreated sewage, particularly after periods of high rainfall whereby combined sewage overflow occurs, resulting in incompletely disinfected sewage entering UK waterways (Surfers Against Sewage, 2020). In response, SAS updated their Safer Seas Service, thereby providing a real time water quality information service at outflow pipe locations across the UK (Surfers Against Sewage, 2020). 

As mentioned in the former chapters of this report, waste management and plastic pollution have been attributed to negative environmental impacts during the pandemic. The work of SAS is heavily focussed on organised, regional beach cleans. Prior to the pandemic, SAS were previously campaigning to introduce government backed legislations to eliminate certain single use plastic items from UK. However, the pandemic resulted in temporary relaxations to the 5p plastic bag charge for online deliveries, the delay of single use item bans to plastic straws, stirrers, condiment sachets and cotton buds in addition to establishments refusing refillable beverage containers due to COVID-19 transmission (Surfers Against Sewage, 2021). Due to the nature of the lockdowns, SAS have been left unable to implement their Mass Unwrap scheme, a campaign to unwrap shopping items in-store before placing them into reusable bags, boxes or containers to raise awareness over single-use packaging (Surfers Against Sewage, 2021). Upon the easing of lockdown measures nearing summer, the UK saw pleasant weather attracting crowds to beaches and coastal areas for recreation. Significant visitor influxes to beaches in close proximity to urban areas such as Brighton have experienced widespread plastic pollution build-ups due to the use of single use plastic takeaway food and drink receptacles (Surfers Against Sewage, 2021). Finally, SAS identified a new wave of marine plastic pollution in the form of PPE, predominantly, masks and gloves (Surfers Against Sewage, 2021).  

Post-lockdown SAS studies indicate that beach litter mainly originates from human littering, particularly according to their Brighton beach case study (Surfers Against Sewage, 2021). Upon emerging from the initial lockdown, SAS issued a post-pandemic pollution poll, the final results of which highlighted increased education on the impacts of plastics and reductions in plastic production as the main actions desired by the British public (Surfers Against Sewage, 2021). Firstly, SAS issued blogs titled Plastic free in a time of COVID; offering suggestions to plastic alternatives for daily use items (Surfers Against Sewage, 2021). Lastly, SAS introduced Digital Ocean School, a series of 14 online lessons available to all pertaining to the impacts of marine pollution (Surfers Against Sewage, 2021). 

[bookmark: _Toc66899693]SAS’s response to the pandemic’s environmental implications associated with the environment is clearly one of increased digital activism. The mantra; See it, Snap it, Share it, comprises the methodology of photographing beach litter and sharing to social media channels. To those able to access beaches in the age of the pandemic, SAS promoted the use of hashtags on social media sites (Facebook, Twitter and Instagram)MiniBeachClean and IsolationClean became substitutes for organised group beach cleans during lockdown periods (Surfers Against Sewage, 2021). Another hashtag, ContactlessCoffee, penned by SAS and CitytoSea promotes reusable coffee cup usage when feasible (Surfers Against Sewage, 2021). The ReturnToOffender and Generation Sea: Plastic Protest campaigns resumed and amplified previous online campaigning over lockdown periods, finding the 12 brands responsible for over half of the UK’s plastic pollution between March and May 2020, with the intent of holding big businesses accountable for the full life-cycle of their products and subsequent pollution (Surfers Against Sewage, 2021). 600 organised beach clean-ups have been scheduled when UK Government guidelines permit (Surfers Against Sewage, 2021). It is clearly evident that digital activism was heavily amplified in place of in-person campaigns during pandemic lockdown periods for SAS. Their most recent digital campaign during the pandemic is pushing for the government introduction of a Deposit Return Scheme for certain products and Extended Producer Responsibility by 2023; pandemic lockdowns have been opportunities to boost SAS’s digital presence and participate in activism when in-person activism is not feasible (Surfers Against Sewage, 2021).    
Evaluations and Recommendations
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Looking to the future, there are a few different mitigative strategies that come to mind in order to curb environmental impacts from possible future pandemics, in particular respiratory pandemics. Firstly, the global community could cooperatively prepare for environmental issues that do not pose immediate and direct threats to humans such as biodiversity, whereby, attaining the same level of preparation towards issues that directly affect humans such as flooding (Pannell and Adamowicz, 2020). Global Environmental Sustainability comprises of eight combined environmental strategies acting as pillars; sustainable industrialisation, use of green & public transport, use of renewable energy, wastewater treatment & reuse, waste recycling & reuse, ecological restoration & ecotourism, behavioural change in daily life and finally, international cooperation (Rume and Islam, 2020). The concept of environmental sustainability could aid to minimise the environmental effects of future pandemics or global crises through a long-term viewpoint instead of the currently employed short-term viewpoints. Constructing resilient socio-economic-environmental frameworks could also aid economically to emerge from future pandemics in a manner with as little economic, social and environmental impacts as possible (Sharma et al., 2020).  
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Surfers Against Sewage as an organisation may appear exclusive to some, due to its name ‘Surfers’, as such SAS may only appeal to coastally-located and surf-sport partaking individuals, not the wider populace. A key point with regard to possible hinderances in achieving greater traction in their work. Digital activism is widely used to tackle environmental ocean issues. However, raising awareness online is only good to an extent. At some point, physical action must be undertaken to address the issues highlighted, although acknowledging that this is difficult to do so during a pandemic and lockdowns. SAS has voluntary regional representatives and 20 employees (all based in Cornwall). In order to gain greater national traction in their work, should there be employed regional representatives nationwide, a more holistic implementation of their response to the pandemic may be achieved. 

During the initial lockdown period of the pandemic, SAS particularly heightened its ReturnToOffender campaign. Pressurising the greatest offenders of branded plastic litter found on UK beaches through social media methods of See it, Snap it, Share it, as means to reduce their single-use plastic packaging. Demonstrably effective, however an additional element of increased public education is required to promote individual responsibility and accountability rather than solely pressuring manufacturers to change their behaviour. A shared responsibility between the general public and manufacturers is required for the responsible disposal of plastic packaging. Organised beach clean participants, when permitted according to Government guidelines must wear PPE (masks and gloves). After the first lockdown more COVID-19 PPE was found during beach cleans i.e., N95 surgical masks and plastic disposable gloves. Which highlights the difficulty of ‘returning’ found PPE to its offender and the oddity of having to use/wear PPE to clean up PPE. 

In a post-lockdown UK, reconciling increased coastal tourism, staycations, with reducing marine litter was appointed as a key issue. The majority of beach litter is attributed to littering from takeaway food and drink containers, as reported in SAS’s post-pandemic case study. SAS’s approach to plastic pollution is; stopping the problem at source and cleaning up pollution from UK beaches. In response, SAS’s Digital Ocean School provided educational opportunities when beach cleans and educational facilities were off-limits due to lockdown measures.

SAS are highly effective at raising awareness and campaigning, online in particular, this was amplified during COVID-19 especially throughout periods of lockdown as substitutes for in-person campaigns and events. However, solely campaigning online may not be indicative of the actual state of UK beaches. Especially given that information is submitted by individuals (through see it, snap it, share it and hashtag usage) and as such not exactly peer-reviewed. This could be producing a skewed version of reality, given that the majority of beach litter is attributed to littering and increased SAS online campaigning occurred during lockdowns and stay-at-home orders. With the studies indicating, those who live nearer to beaches and coastal areas care more about environmental quality and beach aesthetics than their in-land counterparts.

[bookmark: _Toc66899696]Conclusion

This report finds the impacts of lockdown periods on global environmental issues; air quality, waste management and pollution (noise, beach, plastic and water), with consideration towards flora and fauna. Overall, lockdowns spanning the pandemic period have been environmentally successful in the short term, particularly when considering the lack of beach, water and noise pollution due to reduced anthropogenic activity. However, once lockdown measures were/have been lifted, pollution levels can be observed in a state of return to previous levels. Organisations like Surfers Against Sewage have adapted to a strong online campaigning presence in light of the pandemic, transferring much of their effort to digital formats in an effort to confront marine plastic litter. Whilst online campaigning can appeal to a broad range of people and raise awareness, it is not without its pitfalls of kickstarting actual in-person environmental conservation practices.  

Finally, it is established that COVID-19 will produce and produces positive and negative impacts to the environment. However, the short-term positive impacts are outweighed by the longer-term negative impacts. Temporarily lowering emissions of polluting gases over a short time period (lockdowns) is not a sustainable nor pragmatic method of environmental conservation. This proposal can also be applied to waste management, recycling, PPE disposal and plastic pollution. In the event of future pandemics, disregarding environmental impacts may lead to prolonged and more complex issues to resolve, but the employment of the environmental sustainability model could holistically address and synergise potential environmental issues.    
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Appendix


ACBA 7007 SLS - Surfers Against Sewage Summary Sheet

Formed in Cornwall in 1990, Surfers Against Sewage as its name suggests began as a response from the surfing community to the concerns of raw sewage in the UK’s nearshore waters. Upon water quality campaign successes from its inception through the 2000s, SAS has developed into an NGO, gaining charity status. One that now isn’t just surfers solely concerned about sewage but encompasses the protection of waves, oceans, beaches, marine wildlife and coastal communities across local, national and international scales through digital activism and grassroots action implemented by SAS employees & regional representatives. SAS’s current focal point is aimed at tackling marine litter, specifically plastic-based litter. 

Environmental implications of the COVID-19 pandemic:
· Lockdown easing & nice weather (summer) has seen significant visitor influxes to beaches resulting in widespread plastic pollution build-ups - e.g. takeaway pints
· New wave of plastic pollution - masks, gloves and other PPE
· Temporary relaxation of the 5p plastic bag charge for online deliveries
· Single use: plastic straws, stirrers & cotton buds ban was delayed to October 2020, condiment sachets  
· Refusal of refillable coffee cups
· Lockdowns left SAS unable to implement their Mass Unwrap scheme - campaign to unwrap shopping items in-store then placing into bags, boxes or containers to raise awareness over single-use packaging
· Post-lockdown studies indicate beach litter mainly originates from people littering
· COVID-19 may be transmitted in untreated sewage; events of Combined Sewage Overflow (incomplete disinfection process after high rainfall)  

Surfers Against Sewage response to the pandemic?
· Consulting, involving and collaborating with the public, councils, marine conservation organisations, the government, retailers and private companies 
· Post-pandemic pollution poll – main actions the public want are; increased education on the impacts of plastic and reductions in plastic production
· Plastic free in a time of COVID; offering plastic alternatives to daily items 
· Increased digital activism:
- ContactlessCoffee – CitytoSea & SAS promoting reusable coffee cups 
- WavesofOptimism – individually submitted artwork to appreciate UK beaches
- ReturnToOffender & Generation Sea: Plastic Protest - continued online campaigning found the 12 brands responsible for over half of the UK’s plastic pollution i.e. holding big businesses accountable for the full life-cycle of their products and their pollution & 600 organised beach clean-ups 
· - MiniBeachClean & IsolationClean - unable to organise group beach cleans during lockdown periods (government guidelines)
· See it, Snap it, Share it
· Pushing for government introduction of a Deposit Return Scheme and Extended Producer Responsibility by 2023
· Digital Ocean School – 14 online lessons highlighting the impact of marine pollution aimed towards everyone
· Updating their Safer Seas Service - real time water quality information
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