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Abstract: The article presents a comprehensive and cross-cutting review of key marine waste issues,
taking into account: sources, fate, risks, transport pathways, threats, legislation, current challenges,
and knowledge gaps. The growing amount of both human-created waste in seas and oceans and
waste reaching marine ecosystems from land is one of today’s challenges for the global economy and
the European Union. It is predicted that if no decisive steps are taken to limit the amount of this
type of waste, there may be more plastic waste than fish in the oceans after 2050. The influence of
microplastics and nanoplastics on living organisms remains undiagnosed. Within the international
and EU law, solutions are being developed to properly manage waste on board ships and to reduce
the impact of processes related to the recycling of the vessels on the environment. Currently, over 80%
of ships are dismantled in the countries of South Asia, in conditions that threaten the environment
and the safety of workers. After World War 2, large quantities of chemical weapons were deposited
in the seas. Steel containers with dangerous substances residing in the sea for over 70 years have
begun leaking, thus polluting water. For many years, radioactive waste had also been dumped into
marine ecosystems, although since 1993 there has been a total ban on such disposal of radionuclides.
The impact of the COVID-19 pandemic on marine waste generation has also been presented as a
significant factor influencing marine waste generation and management.

Keywords: microplastics; nanoplastics; marine transport; ship recycling; radioactive waste; sustain-
able waste management; chemical weapon; SARS-CoV-2; MARPOL; marine ecosystems

1. Introduction

Marine ecosystems are highly exposed to contamination from human activities. Re-
cently, a growing number of emerging pollutants (i.e., nanoplastics and microplastics) have
been reaching the pristine environments of the Arctic or the Antarctic [1–5]. For years the
oceans have been targeted as a dumping site of industrial waste, chemicals (including
chemical weapons), wastewaters, garbage, and other waste from terrestrial sources. Dump-
ing of some substances, i.e., radionuclides, has been banned in recent years; nevertheless,
they still remain in the environment [6–8].

The development of modern remote sensing techniques, easier access to spatial data,
environmental quality data, and progress in analytical chemistry are all contributing to the
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broadening of knowledge on marine waste. However, there are still serious shortages of
knowledge and information related to the magnitude, location, and temporal variability of
the waste sources and pathways, fate of waste, biological and chemical interactions in the
environment [9–12]. Problems of a legal nature are common in the management of waste
that poses a threat to the seas—the lack of appropriate regulations, the vagueness of or
non-compliance with existing laws, the lack of or inadequate policies and strategies [13–16].

While chemical weapons and radioactive substances no longer enter the seas and
oceans in large quantities, plastics waste still poses a major threat to marine ecosystems.

With rapid population growth, and raising living standards and consumption levels,
annual plastic waste generation is increasing year after year. World production of plastic
materials has been growing for many years. Due to its beneficial properties and low
production cost, plastic has been displacing traditional, natural materials. Unfortunately,
as it becomes waste, it constitutes a great threat to the environment. Of the 350 million
tonnes of annual world plastic, over 90% is not recycled, and it is estimated that 10% ends
up in the seas and oceans, accounting for 85% of marine waste [9,17–21].

The problem of marine debris (consisting mainly of plastic) was noticed in the
1990s [22]. The results of research conducted by a number of authors indicate that 80%
of marine debris comes from land-based sources, and 20% are ship-sourced. More than
636,000 tonnes of waste per year are brought into the sea from ships, and the greatest threat
to the marine environment is posed by cruise vessels [23,24].

As part of the prevention of marine plastic pollution, new legal frameworks and
strategies are being developed. Such actions are undertaken by the European Union, the
United Nations, and the Group of Twenty (G20). The G20, which includes the leading
plastic manufacturers: China, US, and Germany, is responsible for two-thirds of global
plastic waste, created “G20 Action Plan on Marine Litter” [25,26]. The most important
aspect here is plastic waste management through a circular economy approach. Environ-
mentally Sound Waste Management (ESWM) must ensure the lack of possibility of plastic
escape from the economic system (at the stage of: product design, manufacturing and
service delivery, distribution and use, as well as end-of-life management). Government
policy should include, but not be limited to, creating regulations prohibiting the use of
non-recyclable plastic materials and supporting bio-based alternatives, limiting the misuse
of plastic waste in the formal and informal sector, employing extended producer responsi-
bility, and supporting marine protection and conservation plans. It is also crucial to create
instruments and programs for knowledge and innovation development (i.e., R&D projects)
and to co-create collective policy initiatives and actions by all stakeholders, including
producers, consumers, non-governmental organizations, representatives of the informal
sector, policymakers, retailers, trade associations, recyclers, municipalities, and national
authorities [25–27].

Research related to water protection is currently focused on urgent topics: eutrophica-
tion, population growth and climate change, plastic waste, creating new legal solutions,
and decision support systems for effective water protection. The mutual interactions be-
tween these problems, which are quite rarely described in a broad sense and in relation to
marine waters, are important, as most studies concern freshwater ecosystems or connect a
few of the abovementioned issues [5,14,28–32].

In 2019, the SARS-CoV-2 virus was identified in China, and the year 2020 witnesses
a rapid growth of the COVID-19 pandemic which has had a significant impact on the
economy and thus on the pollution of the seas and oceans. According to many authors and
sources, the COVID-19 pandemic has both positive and negative influences on the environ-
ment. Frozen anthropogenic activity has reduced emissions of some pollutants [33,34], but
also increased the amount of waste from Personal Protective Equipment (PPE) [35,36].

Research conducted by Patrício Silva et al. [37] indicates that due to the COVID-19
pandemic we are dealing with increased plastic pollution. At the same time, the authors of
this article emphasize that the number of studies in environmental sciences related to the
COVID-19 pandemic is significantly smaller than in other fields, they constitute less than
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3% of all studies. Moreover, only about 20% articles in environmental sciences concern
the problem of waste. Compared to the area of medicine and health, there is a deficit of
publications related to the environmental impact of the COVID-19 pandemic.

The aim of the paper is to widely present the problem of marine waste, taking into
account the most important sources of threats for the seas and oceans, as well as the
legislation, current issues and hotspots, challenges, risks, and knowledge gaps.

The article has been divided into five thematic parts reflecting current problems for
the studied issue: 1. Plastic debris in the marine environment, 2. Ship industry and marine
pollution (ship waste and ships as waste), 3. Chemical weapon munitions dumped at sea, 4.
Radioactive waste dumping at sea, 5. COVID-19 pandemic impact on marine waste generation.

2. Methods and Data Selection

The review of the current state of knowledge considering all marine wastes’ aspects
mentioned above was conducted mainly based on scientific databases as well as reports of
international and non-governmental organizations (NGOs).

The following scientific literature databases were selected for review: Science Di-
rect, Web of Science, Scopus, and Google Scholar. For topics 1, 3, and 4 search strings:
“microplastic”, “nanoplastics”, “plastic debris”, “litter”, “waste”, “chemical weapon”,
“munitions”, “radionuclides”, “radioactive waste”, and “nuclear waste” were used. The
research resulted from this search was filtered to articles concerning marine ecosystems,
thus narrowing the collection to those containing keywords: “marine”, “sea”, and “ocean”.
For topic 2, the following keywords were used: “waste management on board ships”, “ship
recycling”, “ship waste”. In the last stage, for issue 5, the articles containing keywords
“COVID-19 pandemic” and “SARS-CoV-2” were extracted from the results of the previous
searches. The search was conducted for all fields.

The same search scheme was used in the top search engine–Google Search. From the
records, the reports of intergovernmental and international organizations that are the most
important for the studied area were chosen, i.e., of International Maritime Organization
(IMO) and Marine Environment Protection Committee (MEPC), The Baltic Marine Environ-
ment Protection Commission–also known as the Helsinki Commission (HELCOM), The
European Maritime Safety Agency (EMSA), International Atomic Energy Agency (IAEA),
European Centre for Disease Prevention and Control–an agency of the European Union
(ECDP). Moreover, reports from NGOs which focus on marine waste in their activity and
important press releases were taken into account.

The final stage was to analyze the current legal status of the five thematic parts, paying
special attention to international and EU regulations.

For research resulting from the search, relevancy assessment and quality evaluation
were carried out. Consequently, 122 articles, books, book chapters, reports, maps, and legal
acts from 1973–2021 were selected.

3. Plastic Debris in the Marine Environment

Plastic waste enters the sea from numerous land and sea-based sources and has differ-
ent sizes and transport mechanisms. Popular macroplastics include: plastic bags and bottles
(from households, streets, coastal tourism, ships via direct or indirect entry—transported
by wind, rivers, tides, and drift), cotton bud sticks (from households via sewage systems
and rivers or tides), fishing nets and lines, injection gun cartridges and plastic sheetings
to protect mussel cultures (from fishery and aquaculture via direct entry—transported
by drift and tides) [38]. The Great Pacific Garbage Patch (GPGP) is the largest of the five
offshore plastic accumulation zones in the world’s oceans (Figure 1). Research carried out
by Lebreton et al. proved that GPGP consists of 79 (45–129) thousand tonnes of plastic,
covering the area of 1.6 million km2. Over 75% of the GPGP mass was carried by debris
larger than 5 cm and at least 46% was comprised of fishing nets. Microplastics accounted
for 8% of the total mass but 94% of the estimated 1.8 (1.1–3.6) trillion pieces floating in the
area [9]. There are currently about 150 million tonnes of plastics in the oceans. Possible
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scenarios indicate that without decisive action to protect marine ecosystems, one tonne of
plastic will correspond to every 3 tonnes of fish by 2025, and by 2050, we can expect more
plastic than fish (by weight). If no action is taken, the global amount of plastics that enter
the oceans is projected to double by 2030 and quadruple by 2050 [25,39].
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Microplastics are defined as plastic debris having particles with at least one dimen-
sion <5 mm, and particles <1 µm are known as nanoplastics [44–46]. Microplastics (MPs)
and nanoplastics (NPs) have been recently detected in the atmosphere [47,48], freshwater
and drinking water resources [28,49,50], wastewater and sewage sludge [51], soils and
plants [52–55], marine ecosystems [17,45], in human and animal organisms [18,56,57], and
even in the waters of the Arctic and the Antarctic [2,3,58].

Microplastics in the environment come from primary and secondary sources. Primary
sources are industrial materials, personal care products (i.e., exfoliating facial cleansers),
and cleaning products additives. MPs are also used in medicine as vectors for drugs.
Primary microplastics include pellets, beads, nurdles, fibers, and powders, and as regards
the material, they are usually polyethylene (PE), polypropylene (PP), and polystyrene
(PS). Secondary microplastics are created from the breakdown of larger plastic debris,
mainly as a result of weathering or aging [17,45,59]. Most microplastics in the aquatic
environment come from household sewage discharge, the application of sewage sludge,
and the spillage of air blasting media. Secondary sources are related to littering and getting
out during improper municipal solid waste collection and disposal, wind dispersal and
atmospheric fallout, soil erosion, surface runoff, and stormwater runoff from urban and
agricultural areas. Tire abrasion was found to be the biggest source of microplastic in many
locations [31,60]. MPs reach the seas indirectly from terrestrial sources (80% of marine litter
comes from terrestrial sources)—from rivers flowing in, wastewater systems, atmospheric
deposition and directly from beaches and coasts, recreational and commercial fishing,
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marine vessels, and marine industry [17,31]. As far as nanoplastics are concerned, the
sources of access to the marine ecosystems are similar (mainly form land-based input). NPs
originate mostly from microplastic weathering. However, small dimensions of particles
enable NPs to be transported along the food chain, in living organisms they may enter cell
membranes, blood circulation, and the brain tissue [46,61].

When studying the effects of MPs and NPs on living organisms, numerous factors
are taken into account, i.e., concentration, particle size, exposure time, particle condition,
environmental condition, polymer type, species, developmental stage, and sex [62]. The
harmful effects of microplastics and nanoplastics are mainly mechanical and toxicologi-
cal in nature. They affect living organisms at different levels, reaching the cellular and
molecular level [18,19,63,64]. Studies on fish have shown the effect of smaller plastic parti-
cles (i.e., size ≤ 20 µm) on behavioral and neurological functions, intestinal permeability,
metabolism, and intestinal microbiome diversity [65]. The impact of NPs and MPs on
human health is still insufficiently recognized [63,66]

Microplastics and nanoplastics, due to the large surface area, hydrophobicity, and
high roughness surface character, have the tendency to accumulate metals, organic and
biological pollution. Therefore, their harmful effects should also be considered as the
carriers of chemical and biological contaminants [61,67].

Regulations on single-use plastic are on the rise globally, the restrictions on the distri-
bution and usage of single-use plastic items are, for example: limits on the use of plastic
bags through the introduction of a fee or a total sales ban, a requirement to use biodegrad-
able straws, stirrers, and cotton buds, numerous municipalities banning the use of public
funds to purchase water in plastic bottles, and introducing the requirements to provide
reusable or biodegradable foodservice ware. Strict regulations apply to a growing num-
ber of countries [68,69]. The EU is the leader in solving the plastic problem; in 2019, the
so-called The Single-Use Plastics Directive [69] was introduced. The directive will prohibit
placing on the market 10 types of single-use plastic products (i.e., cotton buds, cutlery,
plates, straws, stirrers, balloon sticks, food containers, and polystyrene cups); they will
be replaced with alternative products. The regulations will come into force in 2021, so
some products will disappear from the market, and for those that do not have eco-friendly
substitutes, composition restrictions and appropriate recycling targets will be introduced.

The production of plastics contributes to climate change. Recent studies conducted
for freshwater ecosystems indicate the interaction of climate change and eutrophication
with MPs [28]. The role of microplastics as a physical, chemical, and biological stressor in a
changing world that may affect ecosystems in a direct and indirect way was highlighted in
the Horton and Barnes study [5]. It is crucial to thoroughly investigate the negative effects
of MPs and NPs on the reduced growth of microalgae and the efficiency of photosynthesis,
as microalgae provide marine ecosystem balance [70,71].

The following research needs concerning plastic waste are highlighted in the literature:
bioaccumulation and biomagnification of microplastics and nanoplastics and associated
chemicals in wildlife and humans [67], developing uniform methods of sample collection,
separation, detection, characterization, and identification of microplastics in aqueous and
solid samples; many authors stress that the lack of universal and validated methods makes
the interpretation and comparing of current research results difficult [44,72,73]. Measures
are also needed to reduce plastic consumption, increase recycling efficiency, drastically
reduce plastic leaking to the environment, as well as the development of oceanic plastic
debris clean up techniques [20,38,39,74].

4. Ship Industry and Marine Pollution
4.1. Ship Operation

Due to cost efficiency, 90–95% of food and commercial goods are transported by
sea, which affects the marine environment. Maritime transport is the source of waste
and pollution entering the seas and oceans in a direct way. Proper waste management
on board ships is extremely important for the protection of marine ecosystems [15,75,76].
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Waste generated by ships under MARPOL (The International Convention for Prevention of
Marine Pollution For Ships) and the EU Directive 2000/59/E, followed by the Directive
2010/65/EU and currently in force DIRECTIVE (EU) 2019/883 OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL of 17 April 2019 must be disposed of to the Port
Reception Facilities [77]. Depending on the type and size, ships may be equipped with
incinerators, compactors, comminuters, or other equipment for onboard waste processing
(Figures 2 and 3) [78–82].
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Waste generated on board ships which contributes to marine pollution is comprised of:

• oily residues and compounds: oily sludge, oily bilge water, waste oil, oily rags,
• plastic,
• food wastes,
• domestic wastes,
• cooking oil,
• ash from incinerators,
• operational wastes,
• cargo residues,
• ozone-depleting substances,
• other non-common waste streams [76].

MARPOL (The International Convention for Prevention of Marine Pollution For
Ships) [83] is the main international convention concerning the prevention of pollution
from ships caused by operational or accidental causes. It was adopted at the International
Maritime Organization (IMO) in 1973.

The Convention was modified in 1978. The Protocol of 1978 was adopted in response
to a number of tanker accidents in 1976–1977 and entered into force on 2 October 1983.
After the revision in 1978, it is known as MARPOL 73/78. Another significant modifi-
cation was made in 1997 when annex VI (Prevention of Air Pollution from Ships) was
added. Amendments are made periodically through the Marine Environment Protection
Committee (MEPC) of IMO [83–86].

As of now, the technical requirements of MARPOL [83] are included in six separate Annexes:

1. Annex I–Regulations for the Prevention of Pollution by Oil,
2. Annex II–Regulations for the Control of Pollution by Noxious Liquid Substances

in Bulk,
3. Annex III–Prevention of Pollution by Harmful Substances Carried in Sea in Pack-

aged Form,
4. Annex IV–Prevention of Pollution by Sewage from Ships,
5. Annex V–Prevention of Pollution by Garbage from Ships,
6. Annex VI–Prevention of Air Pollution from Ships.

According to the amendments to MARPOL Annex V which entered into force on
1 March 2018, ships need to carry:

• Placards posted on board noting the discharge requirements (applicable to ships ≥ 12 m
and fixed and floating platforms),

• A Garbage Management Plan (applicable to ships ≥ 100 GT or certified to carry 15 or
more persons, and fixed and floating platforms),

• A Garbage Record Book (applicable to ships ≥ 400 GT or certified to carry 15 or more
persons, and fixed and floating platforms). The new format of Garbage Record Book
is divided into Part I and II. Part I is applicable to all ships for recording garbage
discharges of plastics, food waste, domestic wastes, cooking oil, incinerator ashes,
operational waste, animal carcasses, fishing gear, and E-waste. Part II is applicable
only to ships that carry solid bulk cargoes for recording discharges of cargo residues
that are: cargo residues (non-HME) and cargo residues (HME).

Many authors stress the particular threat to marine environment caused by cruise
ships. Cruises are nowadays one of the fastest-growing segments in the tourism sector
with 27.2 million passengers in 2018 [79,87–90]. The largest vessels of this type may carry
more than 6500 passengers on board and over 2000 crew, which makes them little towns
on sea waters. Therefore, sustainable solutions are needed for the mitigation of the neg-
ative impact of this type of tourism on the environment. They are considered in two
scenarios—sustainable technology solutions limiting the negative impact of cruise ships on
the environment, or creating an alternative to cruise ships [79,89,91].
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4.2. Ship Recycling

Ships end their economic life after 22–30 years. Due to high labor costs, care for safety
conditions, and strict environmental regulations in developed countries, ship recycling
takes place mainly in less developed countries located in Asia. Currently, over 80% of ships
are dismantled in the countries of South Asia, in conditions that threaten the environment
and the safety of workers. In addition, the development of a common policy and legislation
for the recycling of end-of-life vessels is a global and controversial issue [92–94].

In the disposal, the owner applies procedures such as: abandonment, breaking, decom-
missioning, demolition, dismantling, disposal, recycling, scuttling, and scrapping [92,94].
Recycling of end-of-life vessels is performed mainly in Bangladesh, India, Pakistan, China,
and Turkey. According to data from 2016, 35%, 30%, 22%, 9%, 3.7% of the gross tonnage
of recycled vessels (GTRV) were placed in facilities located in these five countries, re-
spectively, and merely 0.3% of the GTRV underwent recycling in other countries of the
world [15,75,95]. When dismantling the vessel, the following on-board hazardous sub-
stances constitute a particular hazard for the environment and human health: asbestos,
polychlorinated biphenyls (PCBs), glass fiber, solid foam, and waste oils [93].

The need for creating sustainable shipbreaking and ship recycling facilities (sustainable
SSRI) was recognized on an international level by The Hong Kong International Convention
for the Safe and Environmentally Sound Recycling of Ships adopted in 2009, which has not
yet entered into force. The European Union has taken its own actions in this respect. The
European Commission is working on new laws enforcing the recycling of ships in facilities
that meet the requirements of the EU and have been entered in European registers. The
aim is to reduce the impact of processes related to the recycling of the EU vessels on the
environment and human health. The EU Ship Recycling Regulation entered into force on
30 December 2013 [92,94]. EU regulations prohibit or restrict the installation and use of
hazardous materials on board ships; moreover, the European List of ship recycling facilities
was created. The inventory of hazardous materials and ship recycling plan becomes an
integral part of the ship recycling procedure. From 31 December 2018, large commercial
EU vessels may only be recycled in safe ship recycling facilities included in the list [94,96].
Green ship recycling (GSP) means that recycling is oriented towards proper safety and
environmental conditions. This requires, however, not only greater investment in the design
and construction of ship recycling facilities but also in their later operation. More expensive
equipment and technologies are used, and procedures related to Environmentally Sound
Management are implemented. Many authors stress the need for further development of
financial instruments to facilitate safe and sound ship recycling [15,94,97].

5. Chemical Weapon Munitions Dumped at Sea

European, Russian, Japanese, and United States coasts are the areas most affected by
chemical weapons (CW) dumped into the seas (Figure 1). Although chemical weapons
were used as early as the 4th century BC, the threat to the seas and oceans appeared
after their mass dumping in the 20th century. After World War 2, 40,000–50,000 tonnes
of chemical weapons were deposited in the Baltic Sea, including 15,000 chemical warfare
agents [98–100]. So far, the following dumped toxic agents have been detected in marine
ecosystems: Tabun, Sarin, Soman, mustard gas, nitrogen mustard, sulphur mustard, phos-
gene, diphosgene, chloride, chloroacetophenone, hydrogen cyanide, cyanogen chloride,
arsine, Clark I, Clark II, Adamsite, Lewisite, and additives [101].

The danger posed by chemical weapons dumped in the sea is related to the progressive
corrosion of barrels. The course of this process is influenced by many factors, e.g., physical
and chemical properties of sea water, depth of flooding, properties of containers. It was
prognosed that 2–3 cm thin steel containers can resist corrosion for up to 40–60 years, and
over 70 years have passed since the end of World War 2. The second type of threat is the
exploitation of marine areas, fishing (trawl nets), construction of gas pipelines, laying cables,
and erecting offshore wind farms, as a result of which the containers may be damaged and
toxic substances may be released. Spreading of only one-sixth of the munitions deposited
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in the Baltic Sea could destroy any life in this ecosystem for one hundred years [10,100,102].
The substances released are bioaccumulated in marine organisms, and the major human
health risk at this time appears to arise from acute exposure to an agent by either accidental
recovery or by munitions washed ashore onto beaches [98,101,102]. Although the problem
of sunken chemical weapons has been known for years, there is still a knowledge deficit
about the persistence, bioaccumulation, and adverse effects on humans and biota. Research
is ongoing, but it is difficult to determine in detail the number and locations where CW
were sunk, and many of these locations will never be recognized [10,103].

6. Radioactive Waste Dumping at Sea

Radioactive waste was dumped into the oceans from 1946 till 1993. The first dumping
site was located in the Northeast Pacific Ocean, in the vicinity of the California coast.
In 1975 the London Convention 1972 entered into force and the dumping of high-level
radioactive waste at sea was banned. In 1983, a ten-year moratorium on low-level waste
dumping in seas and oceans was implemented, and since 1993 there has been a total ban
on such disposal of radionuclides. However, it should be added that not all countries
complied with the bans and, e.g., the former Soviet Union continued dumping radioactive
waste in the Arctic Seas and in the Northwest Pacific under national legislation, and
this practice involved low, intermediate as well as high-level radioactive waste. The total
amount of radionuclides disposed in marine ecosystems is approximately 8.5 × 104 TBq.
The maximum decay corrected inventory of radioactive waste dumped at sea was reached
in 1982 and was estimated at 4.5 × 104 TBq, nowadays it is less than 2.0 × 104 TBq, and it
is predicted to be reduced to less than 1.0 × 104 TBq by 2050 [6,7].

A global inventory of anthropogenic radioactive material entering the marine envi-
ronment is maintained by the International Atomic Energy Agency (IAEA) and includes
radionuclides from two sources: (i) dumping at sea of radioactive waste, (ii) accidents
and losses at sea involving actual or potential releases of radioactive material into the
marine environment [7]. The report does not include radioactive substances originating
from controlled discharges or accidents from land-based nuclear installations, inputs from
past nuclear weapons testing and other military activities, and inputs related to natural
radioactivity. According to IAEA, the sources of radioactive material entering the marine
environment are as follows: waste dumping at sea including radioactive waste and pack-
aging (nuclear reactor pressure vessels, with and without fuel; solid waste; liquid waste);
moreover radioactive materials enter the sea from accidents and losses (nuclear-powered
navy ships and submarines, nuclear weapons and military vessels capable of carrying
such weapons, nuclear powered civilian ships, nuclear energy sources used in spacecraft,
satellites and acoustic signal transmitters, radioisotope thermoelectric generators, i.e., for
lighthouses power supply, sealed radiation sources). Conducted analyses showed most
low- and intermediate-level radioactive waste dumped in the Atlantic and Pacific Oceans
and in the Arctic Seas between 1946 and 1993 was located in Atlantic and Arctic dumping
sites, the least in Pacific sites, 53.43%, 44.87%, and 1.70% of total activity, respectively. At
the North Atlantic, tritium (3H) together with other beta and beta-gamma emitters (90Sr,
134Cs, l37Cs, 55Fe, 58Co, 60Co, 125I, and 14C) accounted for over 98% of the total activity of
the waste. The Arctic Seas were dominated by 90Sr and 137Cs, as well as 60Co, 63Ni, and
152Eu, representing 86% and 12% of the total inventory, respectively. Low-level radioactive
waste dumped at the Northeast Atlantic sites and the high-level radioactive waste dumped
by the former Soviet Union in the Arctic Seas and in the Pacific Ocean account for more
than 93% of the activity of all the radioactive material dumped at sea [6,7,41].

The main sources of anthropogenic radionuclides in the Baltic Sea include discharges
from nuclear facilities in the Baltic Sea basin (nuclear power plants and research reactors),
discharges from nuclear reprocessing plants (Sellafield in England, and La Hague in France),
the Chernobyl accident (1986), and atmospheric testing of nuclear weapons (conducted by
the United States and the Soviet Union mainly in the 1950s and 1960s) [104].
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Since 1963, the sinking of several nuclear submarines has been confirmed. In the
Atlantic Ocean, two of them were from the USA Navy—(Thresher in 1963 and Scorpion
in 1968), three others from the Soviet Union Navy (K-8 in 1970, K-219 in 1986, and K-278
Komsomolets in 1989). Two submarines belonging to the Navy of the Russian Federation
sank in the Arctic Seas (K-141 Kursk in 2000, K-159 in 2003). The studies conducted so
far confirmed the presence of 60Co in sediment samples collected in the vicinity of the
Scorpion and Thresher submarines, and 137Cs in water and sediment samples near the
wreck of the Komsomolets. Only one of the submarines, Kursk, sank at a small depth
(108 m) from which it was possible to raise the wreck pieces from the sea floor in 2001, and
as regards K-159, which sank at a depth of 238 m, the possibility of the salvage is being
considered [7,8,105].

As mentioned above, radionuclides enter the seas and oceans as a result of accidents
of nuclear power plants, the largest events of that category occurred in Chernobyl (today’s
Ukraine, 1986) and in Fukushima (Japan, 2011). As a consequence of the Chernobyl nuclear
power plant disaster, initial radiation exposure in contaminated areas was due to short-
lived 131I (with a half-life of eight days), and for marine ecosystems long-lived 137Cs
(with a half-life of 30 years) is the main hazard; moreover, in the marine ecosystems,
raised concentrations of two others radionuclides present in the fallout, 134Cs and 90Sr,
are observed. Presently, 137Cs is the main indicator of anthropogenic radioactivity in the
Baltic Sea. Compared to Chernobyl, releases from Fukushima Daiichi nuclear power plant
were considerably smaller (estimated at 10–15% of the Chernobyl value) [56,104,106,107].
Literature sources give divergent data on the total activity released during accidents at
both power plants. An extensive analysis, comparison, and compilation of the data from
different sources is found in the work by Steinhauser et al. [107]. The Chernobyl accident
is responsible for 82% of 137Cs input to the Baltic Sea, 14% come from nuclear weapons
tests, and 4% from nuclear fuel reprocessing facilities in Sellafield (England) and La Hague
(France) [56]. For 90Sr, the proportions are reversed—81% come from the atmospheric
testing of nuclear weapons and 13% from the Chernobyl release [106]. In recent years,
nuclear reprocessing plants in Western Europe (Sellafield and La Hague) have become a
minor source of radionuclides due to significant reductions in discharges [104].

7. COVID-19 Pandemic Impact on Marine Waste Generation—What We Know about
Threats for Marine Ecosystems at the Beginning of 2021
7.1. Ship Recycling

Rahman et al. [108] studied the impact of SARS-CoV-2 pandemic on ship recycling
using Weibull tonnage estimation and scenario analysis method. During the SARS-CoV-2
pandemic, the international supply chain reached a historically low level due to measures
taken to minimize the spread of the virus. As a result of disruption of the global supply
chain, ship recycling facilities located mainly in Asia may be affected by problems related
to the lack of manpower for dismantling and disturbed transportation of ships that are to
be recycled. The authors pointed out that EU ship recycling facilities can act as a buffer in
the crisis. At the same time, it was emphasized that the pandemic has a varied impact on
the industry and may as well be an opportunity to reframe our mode of production and
consumption patterns towards more sustainable pathways.

7.2. Ship-Generated Waste—Fewer Cruise Ships, Less Waste

One of the first COVID-19 outbreaks happened on board the cruise ship Diamond
Princess (February 2020), and in Australia, the cruise ship Ruby Princess became the largest
source of coronavirus infections (March 2020). The pandemic had a very negative impact
on the cruise industry, the cruises were banned for several months. It is predicted to be
the biggest challenge this industry has ever faced [109]. However, the restriction of this
type of tourism has had a significant influence on the reduction of the broadly understood
negative impact on the environment, including the decrease of waste produced on board
the ships [33,110]. The analysis shows that since March 2020 there has been an almost
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total collapse of the cruise market—in none of the following months was the number of
100,000 passengers exceeded, as compared to 1,600,000 passengers of this type of ships
per month in the peak months of 2019 (from May to September). At the same time, a
freeze in the activity of passenger ships was recorded from March to May 2020, and then
the number of passengers was gradually increasing, reaching in peak months 100,000
passengers per month, similar to the amounts from 2019 [111]. Although cruise ships
constitute ca. 1% of the merchant fleet, they generate over 25% of ship-sourced waste
(3.5 kg/passenger/day) [112]. It can, therefore, be expected that the reduction of this type
of tourism caused by COVID-19 pandemics will have a positive impact on the state of
marine ecosystems.

In 2020, the guidance on the gradual and safe resumption of operations of cruise ships
in the European Union in relation to the COVID-19 pandemic was created as well as disin-
fection of environments in healthcare and non-healthcare settings potentially contaminated
with SARS-CoV-2, which points out the procedures of dealing with waste produced on
board ships [113,114].

7.3. New Type of Marine Pollution—Coronavirus Waste

During COVID-19 pandemics, the volume of medical waste has risen up to 40%,
and thus an increased generation of hazardous waste has been observed (i.e., about 600%
increase in Hubei province, China) [36]. The amount of hazardous waste generated daily
from each infected person is estimated to be 3.4 kg [36], in the pandemic, 129 billion face
masks and 65 billion gloves are used worldwide every month [36,115], 22 kg of plastic
waste is generated for every 1000 coronavirus tests (RT-PCR technique) [116]. Production
of municipal waste has also increased, which has overloaded waste collection and disposal
systems. The efficiency of plastic recycling has decreased substantially not only due to the
inefficiency of existing installations but also in relation to the reduction of manufacturing
and commercial activity—economic recession, workers of waste sector falling ill, increased
recycling costs—resulting from, among other things, from the necessity to ensure workers
safety and to adapt to sanitary restrictions. During the pandemic, municipalities have
reduced revenues which makes the chances to invest in proper waste management slimmer.
Due to the slowdown in industrial activity, the production of industrial and commercial
waste has decreased [36,117].

To deal with the SARS-CoV-2, the use of Personal Protective Equipment (PPE) has
increased significantly, mostly face masks, but also gloves, protective suits, boots, visors,
test kits, plastic containers, bandages as well as single-use food containers and plastic
bags [36]. PPE become plastic waste (macroplastics pollution in the marine environment)
after usage. In 2020, a great increase in the number of news reporting the pollution of the
seas and oceans by PPE waste is noted, the waste becoming a new form of pollution called
coronavirus waste. PPE waste is a significant burden on the environment, particularly to
the marine ecosystems [118].

Research shows that the biggest threat is posed by commonly used face masks, which
may become macroplastics floating or sinking in marine waters, they are made of materials
with a density both lower and higher than water, and due to their structure (non-woven
fabric) they are a source of microplastics entering the environment, but also a potential
vector of chemical pollutants (i.e., flame retardants) [119,120]. Production of face masks
has increased more than a dozen times in recent months, in China 200 million masks were
produced a day as of June, which is 20 times more than at the start of February [119,120].

COVID-19 pandemic has resulted in a significant increase in plastic waste generation
worldwide (mainly due to the increased use of PPE). At the same time, the plastic recycling
system has become less efficient, leading to increased plastic waste leaking to the marine
environment. This may lead not only to a significant rise in the amount of waste in seas
and oceans, but it may also shift the main sources of marine litter—PPE becoming the
main threat [119,121]. The proper disposal of Personal Protective Equipment, as well as the
development of appropriate recycling technologies for disposable (single-use) PPE used in
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the healthcare sector and in our homes, becomes a global challenge [35]. Rethinking and
optimizing plastic waste management under the COVID-19 pandemic becomes a necessity
and a technological challenge to be solved in the near future [122].

8. Conclusions

The conducted analysis shows that plastic debris presently constitutes the greatest
and most current threat. However, all of the abovementioned anthropogenic activities
require action as a source of pollution of the seas and oceans. Reducing the negative
impact of waste on the marine environment is a challenge for citizens and governments;
industry including the maritime shipping industry (comprising building, registration,
operation, and ship recycling); international organizations, committees, decision-makers,
and regulatory bodies; worldwide NGOs and researchers. It calls for:

1. Creating and developing effective law tools related to the prevention of marine
pollution (the main requirements in this field: new laws and policies, new research),

2. Promoting innovative solutions to the problem of floating marine debris and nanoplas-
tics and microplastics. Further research on the impact of NPs and MPs on the en-
vironment and living organisms. Proper disposal, as well as the development of
appropriate recycling technologies for disposable (single-use) Personal Protective
Equipment (the main requirements in this field: new laws and policies, new research),

3. Safe and sustainable ship recycling. Creating financial instruments supporting Green
Ship Recycling (the main requirements in this field: new laws and policies,
new research),

4. Efficient management of ship-generated waste (the main requirements in this field:
new laws and policies, new research),

5. Finding a solution to a problem of chemical weapons and radioactive waste dumped
in the sea (the main requirements in this field: new laws and policies, new research),

6. Further studies on the influence of the COVID-19 pandemic on the marine ecosystems
(the main requirements in this field: above all, new research need).
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