
Chapter 9 
Coastal Pollution 
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Abstract Coastal pollution has been one of the most pressing issues at both regional 
and global levels due to intense pressures from human development, especially in 
recent decades. This chapter presents general scientific knowledge of classic nutrient-
induced coastal eutrophication, heavy metal pollution, organic pollutants such as oil 
and plastics, and radionuclide pollution, followed by representative cases of coastal 
pollution from developing countries—China, South Africa, India, and Thailand— 
to demonstrate how science can improve understanding and tackle the problems 
and impacts of coastal pollution on blue economies. The case studies of pollution 
presented here show examples of the blue economy sectors that can be impacted, 
including human health, fisheries, and tourism. The multiplicity of pollutants, their 
complex interactions, as well as their impact and potential exacerbation due to climate 
change pose challenges that can be confronted by blue economic policies based on 
a better scientific understanding of the issue involved. 
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9.1 Introduction 

As the gateway between the land and ocean, the coastal zone is home to over 50% 
of the world’s human population and produces almost 50% of its gross domestic 
product (GDP).1 However, this vital region has undergone intensified pressures from 
human development ever since the Industrial Revolution. These pressures are further 
amplified by climate change, loss of biodiversity, and pollution (Winther et al. 2020), 
which have adversely impacted human society and impaired the coastal ocean’s and, 
by extension, the global ocean’s, sustainability. Coastal pollution is one of the most 
pressing issues at both regional and global levels (Halpern et al. 2008). In the marine 
environment, pollutants comprise a wide variety of physical, chemical, and biological 
agents, introduced to the coastal ocean via the following pathways. Pollutants (both 
point-source and diffuse) from land may be carried into the coastal ocean via surface 
runoff and rivers, and groundwater, as well as direct discharges of waste waters. 
Pollutants in the marine environment can also result from human activities at sea 
and deposition from the atmosphere (Jickells et al. 2017). The origins of pollutants 
and their distributions are highly spatially and temporally variable around the globe, 
with megacities at the coast emerging as a major source for pollution (Cabral et al. 
2019). This chapter will focus on the general scientific knowledge of classic nutrient-
induced coastal eutrophication, heavy metal pollution, organic pollutants (with oil 
spill and plastics singled out for special attention), and radionuclide pollution. This 
general information will be followed by representative cases of coastal pollution from 
China, South Africa, India, and Thailand to demonstrate how science can improve 
understanding and help tackle the problems and impacts of these coastal pollutants 
on blue economies. 

9.2 Coastal Eutrophication 

Eutrophication is a global phenomenon, primarily caused by the excessive addition 
of nutrients, especially compounds of nitrogen (N) and phosphorus (P) to coastal 
ecosystems. It results in excess phytoplankton production with undesirable distur-
bance to the community structure and to water quality (Rabalais et al. 2009; Malone 
and Newton 2020). 

9.2.1 Global Patterns and Trends 

In the past few decades, coastal eutrophication has dramatically increased worldwide, 
especially in the Northern Hemisphere, along the western margins of the Atlantic 
and Pacific oceans, and in European coastal waters (Steffen et al. 2015). Nitrogen is

1 Data source: https://www.citypopulation.de/en/world/bymap/Coastlines.html. 

https://www.citypopulation.de/en/world/bymap/Coastlines.html
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seen to be the primary cause of eutrophication in most coastal marine ecosystems, 
although phosphorus also plays a role in this process (Howarth 2008; Howarth and 
Paerl 2008). Global anthropogenic N input to the environment is now greater than 
the natural N-fixation in the ocean (140 teragrams (Tg) N yr−1) by 20 Tg N yr−1 

(Steffen et al. 2015). Anthropogenic nutrients are mainly sourced from municipal 
wastewater, fertilizers, the combustion of fossil fuels, and food-related industries, 
among which the largest source are synthetic fertilizers (Table 9.1). 

Most anthropogenic N inputs to the coastal ocean are via river runoff fueled 
by anthropogenic inputs to coastal watersheds, wet deposition within watersheds, 
and riverine transport from watersheds and atmospheric deposition derived from 
both agricultural sources and fossil fuels (Jickells et al. 2017). Direct atmospheric 
deposition contributes about 14% of the total (Malone and Newton 2020), while the 
exports of nutrients from submarine groundwater discharge vary greatly from one 
coastal system to another (Santos et al. 2021), in which the anthropogenic fraction 
is poorly known.

Table 9.1 Global sources of anthropogenic nutrients (N) 

Source Magnitude 
(Tg N 
yr−1) 

Regional contribution (%) Reference 

Synthetic 
fertilizer 

118 Southern 
Asia 

North 
America 

Europe South America Johnson 
and 
Harrison 
(2015), Lu 
and Tian 
(2017) 

71 11 7 6 

Combustion 
of fossil 
fuels 

25–40 Asia Europe North 
America 

Sub-Saharan 
Africa 

Lamsal 
et al. 
(2011)30 20 17 12 

Manure 18 Asia Africa South 
America 

Oceania Europe North 
America 

Zhang 
et al. 
(2017), 
Malone 
and 
Newton 
(2020) 

34.2 17.6 14.2 13.3 11.6 9.2 

Emission of 
ammonia 
from 
agriculture 

10 – Bouwman 
et al. 
(2013) 

Sewage 9 – Malone 
and 
Newton 
(2020) 

Finfish 
aquaculture 

2.6 – 
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9.2.2 Patterns in Developing Countries 

Coastal eutrophication in developing countries is found mainly in East and Southeast 
Asia, off the Iranian coast of the Caspian Sea, off the coasts of the Red Sea, and on 
the African and South American coasts (Fig. 9.1). In terms of the major nutrient 
sources, fertilizer use more than doubled from 2002 to 2012 in Latin America, South 
Asia, East Asia, and Oceania (Malone et al. 2021), with East Asia, especially China, 
being the hotspot of fertilizer use in the early Twenty-first Century (Fig. 9.2). China 
contributed 30.5 Mt synthetic nitrogen in 2016, which was about 30% of the global 
use (Yu et al. 2019). Consequently, eutrophication has been widely observed along 
Chinese coasts, with a slow development from the 1970s to the 1990s and a fast 
increase after 2000 (Wang et al. 2021). Additionally, wastewater discharges may 
facilitate algal blooms and hypoxia in some regions (Table 9.2). For example, a sharp 
increase in nutrient concentrations was observed from 2001 to 2019 in Jakarta Bay, 
Indonesia, related to the increase in human population in the adjacent river basin and 
direct discharge of 60–80% of untreated domestic wastewater (Prayitno and Afdal 
2019; Damar et al. 2020). Moreover, groundwater and atmospheric deposition, as 
well as shrimp farm and harbor effluents, may also be sources of nutrients. For 
example, off the coast of Mexico, dissolved inorganic nitrogen (DIN) levels were 
35–80 times higher than baseline levels of < 0.2 µM of five decades ago and soluble 
reactive phosphorus (SRP) levels increased from 0.1 µM in the 1970s to the 2000s 
by eightfold (González-De Zayas et al. 2020). 

Fig. 9.1 Global sites of observed coastal eutrophication, with those in developing countries in dots 
and in other countries in triangles (Data source Diaz et al. [2011] and references in Table 9.2). 
The shaded areas have dissolved oxygen (DO) level less than 61 µmol kg−1 at the depth of 300 m 
(Data source World Ocean Atlas 2018 [www.ncei.noaa.gov]). Note that countries with more data 
available may show relatively more eutrophic areas compared to countries with less data

http://www.ncei.noaa.gov
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Fig. 9.2 Fertilizer use in 
different regions around the 
globe since 1960. Figure 
revised from Wang (2022) 
with data available from the 
International Fertilizer 
Association (http://ifadata. 
fertilizer.org/ucSearch.aspx)

9.2.3 Impacts of Eutrophication 

The most noticeable consequences of coastal eutrophication include the occurrence 
and/or expansion of hypoxic (oxygen concentration ≤ 61 µmol kg−1), or even anoxic, 
areas when excess organic matter produced in surface waters sinks below the pycn-
ocline, where its remineralization consumes oxygen, resulting in associated organ-
ismal, fisheries, and geochemical effects (Rabalais et al. 2014). Additionally, coastal 
acidification may be induced by CO2 produced as a byproduct of aerobic respiration 
(Wallace et al. 2014). Eutrophication can also increase harmful algal bloom (HAB) 
occurrence and intensity and may reduce oxygenated habitat and harm biodiversity, 
ecosystem function, and human well-being. Furthermore, changes in nutrient compo-
sition and stoichiometry (nutrient ratios) have been observed in many coastal waters 
where eutrophication occurs, including increases in the concentration of ammonium 
and bioavailable organic nitrogen and phosphorus, and increases in elemental ratios 
of nitrogen to phosphorus and nitrogen to silicate. For example, in the Bohai Sea 
the ratios of inorganic N:P and N:Si increased from 2–45 and 0.1–1.26, respectively 
during the 1980s–1990s to 20–87 and 0.68–2.89 in the 2000s (Wang et al. 2021). 
Globally, coastal eutrophication areas with associated hypoxia coincide with major 
population centers and watersheds that deliver large amounts of nutrients (Diaz and 
Rosenberg 2008). Largely as a consequence of land-derived anthropogenic N inputs, 
surface chlorophyll-a (as a proxy of phytoplankton production) increased by 10% in 
the coastal ocean in 1998–2003 and the frequency of HABs appears to be increasing, 
for which eutrophication is at least partially responsible (Malone and Newton 2020). 

Since 1950, coastal hypoxic areas have spread exponentially worldwide to over 
500 known systems in 2015, with many more systems likely being affected, espe-
cially in developing countries, where monitoring may be sparse even in waters 
with untreated human and agricultural waste (Breitburg et al. 2018). Most marine 
ecosystem services are likely to be negatively affected by hypoxia, although to 
varying degrees (Laffoley and Baxter 2019). More than 10% of the worldwide coral 
reefs are at elevated risks of hypoxia (Altieri et al. 2017). Coral bleaching in the

http://ifadata.fertilizer.org/ucSearch.aspx
http://ifadata.fertilizer.org/ucSearch.aspx
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Great Barrier Reef is promoted by eutrophication (Malone et al. 2021). Land-derived 
nutrient inputs are one of the main drivers of expanding hypoxia in the Baltic Sea, 
leading to the creation of the largest man-made hypoxic area in the world, extending 
almost 70,000 km2 in 2019 (Carstensen and Conley 2019). The resultant cyanobac-
teria blooms produce toxins that affect recreation and fisheries in this region. Oyster 
landings in the Chesapeake Bay (USA) declined by up to sixfold from 1950 to 2000, 
corresponding with a tripling of the hypoxic water volume (Tian 2020). 

In Chinese coastal waters, phytoplankton blooms have appeared with increasing 
spatial extent and frequency in the Bohai Sea, the Yellow Sea, the inner shelf of the 
East China Sea, and the northern shelf of the South China Sea. Persistent summer 
hypoxia appeared as early as the late 1950s on the inner shelf of the East China 
Sea off the Yangtze River estuary and the spatial extent expanded from about 1,800 
km2 in 1959 to > 15,400 km2 in 2006, which has been attributed to elevated nutrient 
input due to fertilizers used in the Yangtze watershed (Malone and Newton 2020). 
Reported toxic algal blooms along the coast increased from none in the 1950s to 
more than a total of 100 in the 1990s due to an increase in the nutrient input from 
the Yangtze River (Yan et al. 2002), which adversely impacted local aquaculture and 
other marine services. In Algoa Bay, South Africa, wastewater discharges are the 
dominant source of inorganic nutrients to the nearshore environment, representing 
71% of total DIN and 62% of dissolved inorganic phosphorus (DIP) loads, which 
has yielded, in part, increased algal blooms and hypoxia (Lemley et al. 2019). 

9.3 Heavy Metal Pollution 

Heavy metals are a group of naturally occurring elements with a density greater 
than 4 g cm−3, including metals and metalloids such as arsenic (Duffus 2002). 
Heavy metal pollution is a serious issue because of the toxicity, persistence, and 
non-biodegradable nature of these metals. Such pollution is usually most severe in 
coastal areas adjacent to highly industrialized and urbanized regions. Anthropogenic 
activities have dramatically increased concentrations of metals in coastal zones, with 
zinc, copper, chromium, lead, nickel, mercury, and cadmium being of most concern. 

9.3.1 Global Patterns 

Heavy metals in coastal environments originate from natural and anthropogenic 
sources. The lowest metal concentrations are observed in North America and the 
Arctic. The most metal-polluted region is observed along the Egyptian Mediter-
ranean coast due to metals from industries, sewage, irrigation, and urban runoff. The 
concentrations of heavy metals vary greatly in coastal systems around the globe (Lu 
et al. 2018). Unlike eutrophication, however, a consistent temporal trend of metal 
contamination on a global scale is lacking, although metal concentrations show a
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decrease for lead in surface waters by nearly an order of magnitude compared to 
~ 200 picomol kg−1 during the 1970s (Boyle et al. 2014) and a slight increase for 
mercury in higher trophic level organisms (Ebinghaus et al. 2021). 

Natural sources of heavy metals include weathering of rocks and volcanic activ-
ities. For example, in the Red Sea-Gulf of Aqaba coast of Saudi Arabia, iron, 
manganese, cadmium, copper, zinc, and chromium are mostly of terrestrial origin, 
derived from weathering of nearby pre-Cambrian basement rocks, and Tertiary and 
Quaternary sedimentary rocks (El-Sorogy et al. 2020). The major anthropogenic 
sources of heavy metals include reclamation and dredging (which mobilize heavy 
metals to elevated levels relative to sediment quality guidelines), traffic emissions, 
agricultural and sewage discharges, and industrial effluents in countries with rapid 
industrial growth. In particular, lead pollution arises from aerosol deposition and ship 
moorings, and lead levels may be maintained because of semi-closed characteristics 
and circulation pattern of coastal embayments (Gao and Chen 2012; Zhuang and 
Gao 2014). In the Arabian Gulf countries, heavy metals mainly derive from activities 
related to oil refining and petrochemical industries, desalination plants, coal combus-
tion, and oil pollution due to oil spills from cargo ships and oil tankers, as well as 
from drilling platforms (Pekey 2006; Naser 2013; El-Sorogy et al. 2020). Fishing 
trawler and shipping activities, such as repairing, fueling, greasing and painting of 
ships, may aggravate metal contamination in coastal areas (Jilani 2015). Each indi-
vidual metal may enter the environment from various sources in different regions 
and some may have the same sources in the same region (Lu et al. 2018). 

As metals in coastal waters tend to be bound by suspended particles and sink to 
the seafloor, coastal sediments are generally the major reservoirs of heavy metals and 
overlying seawater may have low levels of dissolved heavy metals (Liu et al. 2021). 
For the same reason, estuaries serve as sink locations of past metal contamination 
(Ridgway and Shimmield 2002). In downstream areas, however, estuarine dynamics 
such as waves and tidal currents may promote re-suspension of bottom sediments, 
leading to desorption and release of heavy metals in the suspended particles from 
sediments into the water column. Sediments comprised of fine particles tend to have 
relatively high metal concentrations due to their high specific surface area in surface 
adsorption and ionic attraction (Zhuang and Gao 2014). 

9.3.2 Patterns in Developing Countries 

In various countries, different regions may be dominated by different metals. For 
example, iron is the most abundant heavy metal in surface sediments of the Red 
Sea-Gulf of Aqaba coast of Saudi Arabia, along the coast of Pakistan, and in the 
coastal waters of Nigeria with a range from 1,413–3,374 µg g−1, although still 
about an order of magnitude lower than in the Brisbane River, Australia (Olaifa 
2005; Saher and Siddiqui 2016; El-Sorogy et al. 2020). In the surface sediments of 
Ulsan Bay, Korea, zinc is the most abundant metal, with a mean concentration of 
362 µg g−1, higher near industrial complexes; however, mercury and cadmium with
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mean concentrations of 0.16 and 0.40 µg g−1, respectively are the metals posing a 
very high potential ecological risk (Ra et al. 2014). The Bay of Bengal, Bangladesh is 
highly polluted by cadmium, chromium, copper, mercury, nickel, lead, and uranium, 
mainly due to agricultural, domestic and industrial wastes directly discharged into 
the waterways (Kibria et al. 2016). In the surface sediments in Mejillones Bay, Chile, 
cadmium is the only metal whose values are high relative to the average concentration 
in Earth’s crust (Valdes et al. 2005). 

The metal hotspots in China are usually located in estuaries and nearshore 
regions where industrial and domestic sewage discharge and the metal concentrations 
decrease sharply with the distance offshore or away from the estuary (Gao and Chen 
2012; Rui et al. 2013; Liu et al. 2021). Metal pollution of copper, nickel, lead, and zinc 
in the Bohai Sea, surrounded by highly industrialized regions, is more serious than 
in the South Yellow Sea and the Changjiang River Estuary, while less severe than in 
the Pearl River Estuary. The metal concentrations in the Bohai Sea are comparable to 
those in heavily polluted coastal areas in European countries (Lu et al. 2018). Likely 
related to industrial wastes, cadmium pollution is the most serious in coastal areas of 
the Bohai Sea. In southern China, the coastal sediments of Guangdong province are 
enriched in lead, zinc, and cadmium, due to development of nearby industrial sectors 
and rapid urbanization in these areas, while metal levels in the coastal sediments of 
Guangxi and Hainan provinces are relatively low (Wang et al. 2013). 

9.3.3 Impacts of Heavy Metals on Coastal Ecosystems 

Some metals (such as iron, copper, zinc, manganese, nickel) are essential for 
organisms, but are toxic when their concentrations are above certain thresholds. A 
few other metals—such as mercury, lead, silver, and cadmium—are toxic to marine 
organisms even when present in minute amounts. For example, in the Baltic Sea 
the established threshold concentration of mercury is 20 µg kg−1 in fish muscle, of 
lead is 26 µg kg−1 in fish liver, and of cadmium is 137.3 µg kg−1 in mussel tissues 
(Ebinghaus et al. 2021). Heavy metals have diverse negative effects on marine 
organisms including, but not limited to, increased energy demand and impaired 
development and reproduction, which depend on metal concentration, speciation, 
interactions with receptor sites, uptake into the organisms, and other factors (Cabral 
et al. 2019). Since metals are not degradable during biological uptake and release, 
they tend to accumulate through food webs in higher trophic levels, especially in 
top predators (Vareda et al. 2019). For example, in the coastal sediments near Santa 
Rosalía, Mexico, metal pollution due to copper mining and smelting over the past 
century has caused accumulation of metals in a local seaweed (Rodríguez-Figueroa 
et al. 2009). In the Persian Gulf, concentrations of arsenic, cadmium, lead, and 
mercury exceeded the maximum allowable levels in international commerce in 
fish muscles (Cunningham et al. 2019). Thus, metal contamination in coastal 
systems may render water and sediments unsuitable for marine aquaculture, which
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potentially reduces seafood stocks and affects the blue economy of the region, and 
bioaccumulation of metals through the trophic chain poses risks to human health. 

9.4 Oil Spills 

Oil spill pollution results from the leaking of crude oil or oil products from work sites 
or reservoirs to natural environments due to the accidents or regular operations during 
petroleum exploration, development, refining, storage and transportation (Ramseur 
2017). 

9.4.1 Global Patterns 

The major sources of oil spill pollution include oil tanker accidents, offshore oil 
exploration leaks and blowout accidents. Long-term input sources include oily 
sewage discharge from port and ship operations, natural seabed leakage, and erosion 
of oily sedimentary rocks (Guo 2004). From the 1970s to 2020, statistics from oil 
transportation activities show that there were 1,847 oil spills (more than 7 tons) from 
oil tankers, and the total amount of oil spills reached 5.86 million tons.2 Among 
them, there were 11 oil spills with more than 100,000 tons leakage in each inci-
dent, including the oil spill of Atlantic Express off Tobago, West Indies, which 
leaked 287,000 tons in 1979; the oil spill of ABT Summer at 700 nautical miles off 
Angola, which leaked 260,000 tons in 1991; and the oil spill of Castillo De Bellver 
off Saldanha Bay, South Africa, which leaked 252,000 tons in 1983. The statistics 
also demonstrate that the frequency of spills greater than 7 tons from tankers has 
decreased over the past 50 years. As the region with the highest oil production in the 
world, oil spills occur frequently in the Middle East. From 1967 to 2010, accidental 
oil spills in the Arabian Sea amounted to about 1 million tons of oil, which is about 
10 times as much as the annual long-term oil spills of the entire Persian Gulf region 
(Danish 2010). 

In addition, crude oil spills caused by drilling platform accidents are also an 
important source of marine oil spill pollution. In 1979, an outburst occurred in the 
exploratory well of Kestock 1 in the Gulf of Mexico, and approximately 140 million 
gallons of crude oil was discharged into the sea. In 2010, about 300 barrels of crude 
oil leaked from a drilling platform of the American Mobil Oil Company in Nigeria. 
On April 20, 2010, due to the explosion of BPs Deepwater Horizon drilling rig in the 
Gulf of Mexico, a large amount of oil spilled over a period of nearly three months. 
The maximum daily oil spill volume reached 126,000 tons, covering 2,500 square

2 Data source: www.itopf.org/fileadmin/data/Documents/Company_Lit/Oil_Spill_Stats_public 
ation_2020.pdf. 

http://www.itopf.org/fileadmin/data/Documents/Company_Lit/Oil_Spill_Stats_publication_2020.pdf
http://www.itopf.org/fileadmin/data/Documents/Company_Lit/Oil_Spill_Stats_publication_2020.pdf
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kilometers of seawater, making it the most serious oil spill in American history (Beyer 
et al. 2016). 

9.4.2 Pattern in Developing Countries 

The developing countries of South and West Asia are adjacent to the Indian Ocean, 
which is the main route connecting the Pacific Ocean, the Middle East and the 
Mediterranean Sea. Oil spills occur frequently in this region. The following were 
large oil spills in the Indian Ocean from 2017 to 2018: Chennai oil spill, Sharjah oil 
spill, Al Khiran oil spill, and Mubarak village oil spill (Naz et al. 2021). Nigeria is 
the 11th largest oil producer in the world, and the extraction and processing of oil 
in this area have caused significant oil spill pollution (Sam et al. 2016). In the past 
50 years, approximately 10–13 million tons of oil have been spilled into the Niger 
Delta due to oil spills, of which only 33% have been recovered (Nwilo and Badejo 
2006; Kadafa 2012). In China, from 1990 to 2010, about 22,035 tons of oil flowed 
into Chinese waters due to oil tanker accidents. The average annual loss is 1,049 
tons, and more than 70 accidents have leaked more than 50 tons of oil each (Xiong 
et al. 2015). In 2018, there was a major oil spill from the oil tanker of Sanchi offshore 
Shanghai due to a ship collision and 111,510 tons of condensate oil leaked (Pan et al. 
2021). 

9.4.3 Impacts of Oil Spills 

Marine oil spills are mainly composed of crude oil and its derivatives in a flammable, 
explosive, and complex toxic chemical mixture. These pollutants released to the 
environment on a short-term and limited spatial scale may cause adverse impacts on 
marine and coastal environments such as beach contamination and a wide range of 
biological effects, for example, habitat destruction, reduced growth, disease, impaired 
reproduction, impaired physiological health, and mortality of fish, invertebrates, 
birds, and sea mammals (Beyer et al. 2016), so that beach tourism and ecolog-
ical resources are adversely affected. Thus, such pollution is regarded as an essential 
environmental concern by marine scientists and relevant government agencies. Oil 
spills require days to years to clean up, and can stay in marine waters for decades, 
becoming a long-term pollutant. Due to its intensity, temporal and spatial scales, the 
damage caused by an oil spill may have a very long-term impact on coastal marine 
ecosystems.
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9.5 Plastics Pollution 

Plastics are synthetic organic polymers made by polymerization of monomers 
extracted from petroleum or natural gas (Derraik 2002). 

9.5.1 Global Patterns 

Plastics were invented more than 100 years ago and are widely used in daily life 
and industrial production. In the past half century, the global total plastic production 
increased by nearly 250 times, from 1.5 million tons in 1950 to 368 million tons 
in 2019 (PlasticsEurope 2020). Due to special physical and chemical properties of 
plastics, plastic fragments can disperse in the natural water environment and be 
transported long distances by ocean currents. Now plastics are the main component 
of marine litter (Galgani et al. 2021). It may take hundreds of years before they are 
finally deposited in seafloor sediments (Ryan 1987; Hansen 1990; Goldberg 1995, 
1997). 

Riverine input is the main source of plastics to the ocean, transporting 1.15 million 
to 2.41 million tons of plastic wastes each year (Lebreton et al. 2017), although some 
plastics originate from various marine activities, for example, commerce, recreation, 
fisheries and aquaculture (Haward 2018). It is estimated that 640,000 tons of fishing 
gear is discarded in the ocean every year, accounting for about 10% of the total marine 
debris (Li et al. 2016). Plastics, like other organic materials, eventually degrade, but 
at a very slow rate (Andrady 2015). Some natural processes accelerate the degra-
dation process, such as UV-induced photodegradation, thermal reactions, polymer 
hydrolysis, and microbial degradation. 

Plastic fragments found in the marine environment vary in size, with a continuous 
distribution of particle sizes from nanometers to meters. According to their sizes and 
forms, plastic particles (fragments, fibers or plastic beads) with a diameter of less than 
5 mm are usually defined as microplastics. These small plastic particles come from the 
decomposition of large plastic fragments, fabrics and polymer materials on clothes, 
and small plastic beads used in cosmetics and other consumer products (Browne 
et al. 2011; Ladewig et al. 2015; Napper and Thompson 2016; Cesa et al.  2017). 
Microplastics are mainly distributed by ocean currents, wind and river outflows (Ng 
and Obbard 2006; Barnes et al. 2009; Martinez et al. 2009) and are transported to 
remote locations, including islands in the middle of the ocean (Ivar do Sul et al. 
2009), polar regions (Barnes et al. 2010), and the deep ocean (Lozano and Mouat 
2009; Reineccius et al. 2020). Deep ocean troughs and trenches may be one of the 
largest microplastic sinks on the planet.
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9.5.2 Patterns in Developing Countries 

The rivers from the Asian continent are one of the most important sources of plastics 
into the ocean; the 20 rivers from which most plastic pollution enters the ocean are 
mainly located in Asia (Lebreton et al. 2017). The top 20 countries for waste discharge 
of mismanaged plastic in 2010 include 13 Asian countries; China, Indonesia, and 
the Philippines are the top three, emitting 8.82, 3.22, and 1.88 million metric tons 
of plastics per year, respectively. Microplastic pollution has been widely detected in 
the natural aqueous environment of developing countries, for example, China, India 
and South Africa (Chae and An 2017; Dahms et al. 2020; Singh et al. 2021). 

9.5.3 Impacts of Plastics Pollution 

The hazards of microplastics to aquatic organisms can be divided into three types: 
physical, chemical, and biological hazards. Microplastics can be ingested and accu-
mulated by low-trophic level plankton, causing physical internal wear and blockage, 
which can lead to reduced feeding efficiency, energy deficiency, and injury or death 
(Browne et al. 2008; Murray and Cowie 2011; Wright et al. 2013). Components 
leached from microplastics can be toxic, such as some persistent organic pollutants, 
carcinogenic and endocrine-disrupting compounds (Mato et al. 2001; Oehlmann et al. 
2009; Talsness et al. 2009). Microplastics can cause diseases in organisms that ingest 
them through pathogens adsorbed to the surface of the microplastics (Zettler et al. 
2013; Kiessling et al. 2015). Because of their potential to compromise food security, 
food safety, and consequently human health, microplastic pollution is of growing 
concern as the presence of microplastics in marine animals used for human food is 
an emergent global phenomenon (Galgani et al. 2021). Due to their special physical 
and chemical properties, microplastics can also be a carrier of other environmental 
pollutants, and have a significant impact on environmental behaviors of heavy metals 
and some hydrophobic organic compounds (Ashton et al. 2010; Law and Thompson 
2014; Alimi et al. 2018). 

9.6 Radionuclide Pollution 

Radionuclide pollution refers to the introduction of radioactive materials into the 
ocean by human activities, leading to elevated radioactivity relative to natural 
baselines, causing harm to organisms.



9 Coastal Pollution 265

9.6.1 Global Patterns 

Much of the radioactivity in the waters, biota and sediments of the ocean is from 
natural sources. Significant inputs from human activities since the 1940s, however, 
have resulted in additional radioactivity in the ocean above natural background levels 
(Ebinghaus et al. 2021). Anthropogenic radionuclides in the coastal ocean mainly 
originate from three sources: (a) products from nuclear explosions (e.g., 90Sr, 131I, 
and 35S), transported into the ocean via atmospheric deposition; (b) discharges from 
nuclear power plants and nuclear submersibles (e.g., 137Cs, 90Sr, 66Mn, and 60Co), 
in cooling water and wastes; and (c) radionuclides generated from medical radiation 
applications and nuclear research, including 131I, 32P, 3H, 14C, etc., and discharged in 
aqueous form. In recent years, nuclear leakage due to nuclear accidents has become 
another source of radionuclide pollution. For example, after the Fukushima Dai-ichi 
Nuclear Power Plant incident, the activities of 134Cs and 137Cs measured three months 
later in seawaters off Japan increased 10–1,000 times over prior levels off Japan 
(Buesseler et al. 2017). Radioactive discharges from nuclear power reactors to the 
ocean were orders of magnitude less than those from weapons testing, reprocessing 
plants and major accidents and most of such discharges tend to decrease over time 
with improved technology, even though the number and scale of nuclear power plants 
have increased (Ebinghaus et al. 2021). 

The level of radionuclide pollution of the ocean is higher in the Northern Hemi-
sphere than in the Southern Hemisphere due to nuclear tests mostly carried out in 
the Northern Hemisphere, for example, 2.9 ± 0.8 Bq m−3 of 137Cs in 45-50ºN, while 
1.5 ± 0.2 Bq m−3 in 45–50ºS (Duran et al. 2004). For the same reason, the Pacific 
Ocean is more contaminated than the Atlantic Ocean and radionuclide pollution is 
much less seen in developing countries than in developed countries. Enclosed and 
semi-enclosed seas, as well as coastal areas, have higher radionuclide concentrations 
than the open ocean. Radioactivity in surface waters is usually greater than in the 
intermediate and bottom layers of the ocean (Ma 1981). Due to its persistence caused 
by radionuclide pollutants being relatively long-lived (e.g., the half-life of 239Pu is 
2.4 × 104 years), radionuclide pollution usually lasts relatively long in the marine 
environment (Yang et al. 2015). 

9.6.2 Patterns in Developing Countries 

Along the entire coast of China in regions where nuclear power plants are located, one 
or more of the three anthropogenic radionuclides, 3H, 90Sr, and 137Cs, are detectable at 
environmental baseline levels of 0.2–11 Bq L−1, 0.3–2.4 mBq L−1, and 0.5–3.5 mBq 
L−1, respectively in the seawater and sediments. 54Mn, 58Co, 60Co, 65Zn, 95Zr, 110mAg, 
124Sb, 134Cs, and 144Ce are not detected in the seawater and 54Mn, 58Co, 60Co, 95Zr,
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110mAg, 134Cs, and 144Ce are not detected in the sediments.3 The activities of these 
radionuclides indicate little radionuclide pollution due to nuclear power plants in 
Chinese coastal zones. The overall level of anthropogenic radionuclides in marine 
organisms in Chinese seas decreased from late 1970s to the late 1990s (Tang and 
Shang 2005). For example, the activity of 137Cs in fish flesh was in the range of 
128–1340 Bq kg−1 in 1976–1981 and decreased to 0.03–0.08 Bq kg−1 in 1997– 
1998 in Chinese coastal waters. In 2015, the activity of 137Cs was almost identical 
before and after the Fukushima incident, indicating that the impact of the incident 
on Chinese seas was minor (Wu et al. 2012). Most of 239,240Pu in the East China 
Sea and Yellow Sea are retained in the continental shelf sediments, and 50–80% of 
137Cs is contained in sediments (Nagaya and Nakanura 1992). The activity of 137Cs 
in the surface seawater decreases in the order: the South China Sea, the Sulu and 
Indonesian Seas, and the Bay of Bengal and the Andaman Sea, while the Sulu and 
Indonesian Seas have the highest 239,240Pu activity in these regions (Yamada et al. 
2006). 

9.6.3 Impacts of Radionuclide Pollution 

Exposure to large amounts of radioactivity is life threatening to humans and other 
organisms. According to the World Health Organization, the dose threshold for acute 
radiation syndrome for humans is about 1000 millisieverts. Marine organisms can 
take up and accumulate radionuclides through seawater, sediments, feeding, and 
uptake by the body surface, serving as carriers and transporters of marine nuclear 
pollutants (Benitez-Nelson et al. 2018). Accumulation of radioisotopes inside organ-
isms via the food chain results in much higher radioactivity levels than in the ambient 
environments, which severely damages the health of organisms. 

9.7 Mitigations Against Coastal Pollution 

After the impacts of coastal pollution on humans became better known, strategies 
for mitigating these pollutants have been adopted, based on ever-growing scientific 
understanding of their sources to coastal waters and the fates of these pollutants. 
For example, based on the scientific knowledge of the role of nutrient inputs on 
coastal eutrophication, many European and North American countries began to limit 
the use of chemical fertilizers and initiated steps to reduce nutrient loadings to the 
coastal ocean in the 1970s. Consequently, nutrient discharges in these areas peaked 
in the 1980s and 1990s (Reusch et al. 2018). Most of the nutrient reductions have 
come from improvements in wastewater treatment plants, for example, for the Baltic

3 Available from National Nuclear Safety Administration of China at http://nnsa.mee.gov.cn/ztzl/ 
haqnb. 

http://nnsa.mee.gov.cn/ztzl/haqnb
http://nnsa.mee.gov.cn/ztzl/haqnb
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Sea (Boesch 2019). Management of nutrients, both N and P, and carbon inputs has 
reduced coastal hypoxia in a few systems, such as the Hudson River and Chesapeake 
Bay in the United States and the Mersey Estuary in England (Parker and Oreilly 
1991; Jones 2006; Boesch 2019). However, in most cases these practices fail to 
reduce eutrophication. Associated eutrophication, hypoxia, and other environmental 
problems such as algal blooms and coastal acidification have persisted both at regional 
and global scales. 

As for heavy metal pollution, after the hazardous effects of heavy metals became 
well recognized, particularly on human well-being, the use of heavy metals has been 
constrained and their emission is monitored worldwide. Bans on leaded fuels and 
antifouling paints, and mercury regulations, have been implemented in European 
countries and the United States (Lu et al. 2018). In addition, wastewater has been 
treated to remove heavy metals before being discharged, using strategies based on the 
scientific knowledge of these metals. Following these mitigations, levels of metals 
have significantly decreased in coastal waters and surface sediments in most areas, 
although the decrease in surface sediments is relatively slow. However, there are 
observed increases in concentrations of metals in higher trophic-level fish species in 
spite of some decreases in emissions (Ebinghaus et al. 2021). 

In terms of oil spills, improved safety measures regarding the phaseout of single-
hull tankers came into effect in 2003 and at the same time maritime inspections started 
as a measure for cargo owners to demand higher safety standards for oil tankers, which 
likely has resulted in a decreasing global trend in terms of shipping accidents leading 
to oil spills (Ebinghaus et al. 2021). Moreover, significant improvements have been 
achieved in oil spill forecasting and response, and understanding of oil spill impacts 
has been aided by advances in modeling, the use of satellites, and other techniques 
such as ultrasound and artificial intelligence (NOAA 2020). 

The remediation of the microplastic waste has been proposed as part of both 
upstream (e.g., wastewater treatment plant, waste management and bioplastics) and 
downstream (e.g., physico-chemical and biological remediation) solutions (Wong 
et al. 2020). More than 60 countries have introduced bans and levies to curb single-use 
plastic waste (UNEP 2018). A variety of measures have been implemented including, 
but not limited to, gear marking, onshore collection, disposal and recycling, and 
alternatives to single-use plastics (Food and Agriculture Organization of the United 
Nations 2016). 

9.8 Cases of Coastal Pollution in Developing Countries 

Typical cases of pollution in the Pearl River Delta in China and the iSimangaliso 
Marine Protected Area in South Africa, and along the coasts of India and Thailand, 
are presented below (Fig. 9.3a). These regions experience pollution with different 
substances and levels, and with different degrees of scientific understanding, which 
makes them good models to show how science can help us understand and tackle 
pollution problems.
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Fig. 9.3 Sites of cases of coastal pollution. a locations of the developing countries where these 
sites are located, b the Pearl River Delta in China, c the iSimangaliso Marine Protected Area in 
South Africa, d India, and e Thailand
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9.8.1 The Pearl River Delta in China 

The Pearl River Delta (PRD) is located on the northern shelf of the South China Sea 
and covers about 4,000 km2 marine area and 56,000 km2 land area, including the 
large cities of Hong Kong, Macao, Shenzhen, and Guangzhou (Fig. 9.3b). The Pearl 
River, with an annual water discharge of ~ 3.26 × 1011 m3 and a drainage area of 4.5 
× 105 km2, is the 17th largest river in the world in terms of freshwater discharge (Dai 
et al. 2014). The ocean and humans are inextricably linked in the PRD via various 
key social and economic activities. 

Coastal eutrophication and associated issues: Since the 1980s, rapid industrial 
and agricultural development and urbanization have input large amounts of anthro-
pogenic nutrients into the Pearl River Estuary and onto the adjacent continental shelf 
(Huang et al. 2003; Callahan et al. 2004; Harrison et al. 2008). Sewage discharge 
in the PRD increased more than seven fold from 2100 Mt in the 1980s to 15,100 
Mt in the 2000s (Ma et al. 2009). As a result, the coastal waters in the PRD, espe-
cially around Hong Kong, are affected by persistent and increasing eutrophication. 
This deteriorating situation may increase the frequency of HABs, expand the area 
of hypoxic zones and lead to other ecosystem disruptions such as loss of habitat for 
bottom-dwelling fish. 

In the last decade, summer hypoxia was frequently observed off the Pearl River 
Estuary, with an increasing area and intensity (e.g., Su et al. 2017; Zhao et al. 2020). 
In 2014, the area of bottom hypoxia was about 3,000 km2 southwest of Hong Kong 
(Su et al. 2017). A decreasing trend of ~ 2 ± 0.9 µmol kg−1 yr−1 was shown in the 
annual minimum DO concentration in the bottom water adjacent to Hong Kong over 
the period 1990–2014 (Qian et al. 2018). Associated with the decrease in DO was 
an increase in the annual maximum surface concentration of DIN at a rate of ~ 1.4 
± 0.3 µmol kg−1 yr−1 under almost constant bottom temperatures, suggesting that 
eutrophication is the most plausible driver of oxygen deficiency in this region. 

In contrast, before the 1990s only small-scale and short-lived hypoxia events 
were recorded in this area (Yin et al. 2004), but since then, these events have been 
increasing in intensity, frequency, and geographic extent. Hypoxia has been growing 
and has reached an alarming level in the Pearl River Estuary. If the current trend 
continues, large-scale hypoxia could spread and may eventually offset the progress 
made by the costly sewage treatment and cause severe ecological and environmental 
damage. 

Eutrophication/hypoxia in the PRD is primarily caused by the ecosystem’s 
responses to the increasing nutrient discharge from the Pearl River and local sewage 
effluents. As direct waste products from human activities and the most reactive 
nitrogen species, ammonium discharge resulted from domestic sewage (67%), agri-
cultural wastes (25%), and industrial wastes (8%) in 2017 (National Bureau of 
Statistics and Ministry of Ecology and Environment 2018). Meanwhile, increasing 
discharge of organic pollutants also modulates biogeochemical pathways and ecolog-
ical consequences, and further increases the severity of eutrophication/hypoxia in 
the PRD. Cyclonic vortices and centers of convergence in the coastal transition zone
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between the Pearl River Estuary and the adjacent continental shelf create a stable 
water column with weak mixing and long residence time, and accumulate nutrients 
and organic matter that result in eutrophication and hypoxia development (Li et al. 
2020). In addition, passages of typhoons can cause stirring up of bottom waters so 
that hypoxia is disrupted, while nutrients stirred up from the bottom foster primary 
production and subsequent hypoxia reinstatement in 6–12 days (Kuss et al. 2021; 
Zhao et al. 2021). Ocean acidification in coastal waters is further greatly aggravated 
with the development of bottom water hypoxia due to a reduction in the acid–base 
buffering capacity of seawater. 

Heavy metal pollution: Besides eutrophication, hypoxia and coastal acidification, 
other factors also contribute to the deterioration of the coastal ecosystem in the PRD. 
Coastal sediments in the offshore waters of Hong Kong are the most polluted by 
heavy metals in southern China, with high levels of copper, lead, zinc, cadmium, 
and mercury. There were significantly high heavy metal concentrations, especially 
zinc (200 mg kg−1) and chromium (130 mg kg−1), in sediments deposited in 1975– 
1985, consistent with the rapid development in coastal areas in China, particularly the 
PRD, and increasing discharges of contaminants from local industrial, agriculture and 
urban activities due to China’s reform and opening-up policy (Ye et al. 2020). Over the 
period 1986–1992, heavy metal concentrations displayed a downward trend, likely 
related to economic adjustment. The high heavy metal concentrations after 1992 were 
related to a new economic reform driven by economic transition in 1992 with the 
concentrations in surface sediments of 91 mg kg−1 for chromium and 145 mg kg−1 for 
zinc. Heavy metals in waters of the Pearl River Estuary mainly come from wastewater 
of the metallurgical industry, electroplate industry and corrosion of metal equipment 
in ports, boats and ships, and overland runoff of mining areas upstream (Huang and 
Onyx 2004). 

Ecological and economic impacts and science and technology applied to deal 
with the environmental issues: Eutrophication/hypoxia and metal pollution affect 
local fisheries in the PRD. In terms of food resources, fish and crustaceans are less 
tolerant to reduced oxygen levels than gastropods and bivalves, so that for resource 
use sectors and communities reliant on fish and crustaceans, greater impacts are 
expected from hypoxia on productivity and size of stocks. Metal contamination may 
render water and sediments unsuitable for marine aquaculture, which potentially 
reduces seafood stocks in the PRD, and subsequently may reduce the benefits of 
marine aquaculture to the blue economy of the region. 

To deal with deteriorating water quality in the PRD, regular monitoring of water 
quality has been carried out by the Hong Kong Environmental Protection Depart-
ment and by local environmental agencies on the mainland China since the 1990s. 
Environmental measures such as wastewater treatment in the large cities of the PRD 
before wastewater is discharged have been implemented. These measures have been 
effective in reducing nutrient point-source inputs to the Pearl River Estuary; conse-
quently the upper Estuary has become relatively clean since the beginning of the 
Twenty-first Century. However, large amounts of anthropogenic nutrient inputs and 
resultant eutrophication have tipped the lower Estuary and adjacent shelf areas into
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seasonal hypoxia, despite intermittent summertime mixing of coastal waters by trop-
ical cyclones (Qian et al. 2018). The risk of eutrophication and hypoxia is rapidly 
increasing around Hong Kong despite the massive sewage treatment project (Qian 
et al. 2018). 

Due to strengthening of pollution controls by local government and relocation 
of industries to mainland China, heavy metals in coastal sediments of Hong Kong 
increased before the early 1990s and dropped afterward (Wang et al. 2013). The 
strengthening of environmental controls imposed by local governments, such as the 
construction of sewage interception pipe networks at the upstream and establish-
ment of wastewater treatment plant in the PRD and industrial transformation and 
upgrading, likely explain the lower concentrations of chromium, nickel, copper, and 
zinc in the top sediment layers in this region (Gao et al. 2017). However, the average 
chromium, nickel, copper, and lead concentrations in surface sediments still exceed 
the threshold effect level values of 52.3, 15.9, 18.7, and 30.2 mg kg−1, respectively, 
but lower than the probable effect level values of 160.4, 42.8, 108.2, and 112.2, 
indicating some degree of potential adverse ecological effects. 

9.8.2 The iSimangaliso Marine Protected Area in South 
Africa 

The iSimangaliso Wetland Park (10,700 km2) located in Maputaland on the east coast 
of South Africa (Fig. 9.3c), encompasses a diverse variety of terrestrial, coastal and 
marine environments. Declared a UNESCO World Heritage Site in 1999, iSiman-
galiso is the single largest formally protected area along the South African coastline. 
Limited sediment exchange with the ocean occurs and the absence of any major 
riverine inputs north of St. Lucia Estuary results in remarkably clear offshore waters. 

Pesticide pollution: Despite their protected status, seemingly pristine coastal and 
marine habitats are threatened by pollution, originating largely from activities occur-
ring within catchment areas external to the Wetland Park. Maputaland has a long 
history of pesticide use and pesticide pollution is probably the single most serious 
contamination threat to the region. Beginning in the mid-1940s, organochlorine 
pesticides (OCPs) were widely used on agricultural crops and to control the spread 
of insect-borne diseases. Large quantities of insecticides—including hexachlorocy-
clohexanes (HCHs), aldrin, heptachlor, and endosulfan—were used on commercial 
sugarcane and citrus fruit farmlands, while aerial spraying with DDT was employed 
to combat tsetse fly that spread African trypanosomiasis and mosquitos that spread 
malaria. As in many other developing countries impacted by malaria, use of DDT in 
South Africa is permitted for indoor residual spraying (IRS) purposes and DDT is 
typically applied annually during the late summer months to the inside of dwellings 
as the primary method of malaria control (Maharaj et al. 2019). 

Due to their environmental persistence and susceptibility to long-range transport, 
the intensive use of OCPs in Maputaland led not only to widespread contamination
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in the areas where they were applied, but also in the neighboring ecosystems of 
iSimangaliso. Transport of sediment from contaminated catchment areas remain an 
importance source of legacy OCPs, particularly for large fluvially dominated systems 
such as Lake St. Lucia (Buah-Kwofie and Humphries 2021). While the majority of 
this contamination is attributable to past use, the illegal and continued use of obso-
lete OCP stocks on farmlands surrounding iSimangaliso has been suspected (Buah-
Kwofie and Humphries 2017, 2021). Furthermore, while malaria control operations 
permit the limited use of DDT, thousands of homesteads across large areas of Maputa-
land that border conservation areas are routinely sprayed. Today, iSimangaliso’s lake 
and wetland systems represent vast contaminated sinks in the landscape, harboring 
substantial quantities of sediment-bound pesticides that originated from catchment 
areas outside of the park boundary (Humphries 2013; Buah-Kwofie and Humphries 
2017). The continued presence of significant DDT concentrations detected within 
sediments (74–510 ng g−1) and biological tissues (390–5,000 ng g−1) (Buah-Kwofie 
and Humphries 2021) suggest that ongoing IRS practices remain an important source 
of environmental contamination in the region, indicating a conflict between the need 
to protect human health against malaria and protection of coastal ecosystems from 
DDT pollution. 

Ecological impacts and science and technology applied to deal with the envi-
ronmental issues: While offering a highly effective and low-cost approach to pest 
control, the release of OCPs into the environment is accompanied by significant 
ecological and human health concerns. Because of their high toxicity and tendency 
to bioaccumulate through the food web, many OCPs have been linked with several 
adverse toxicological responses in both humans (Bornman and Bouwman 2012; 
Ferguson et al. 2013) and wildlife populations (Delong et al. 1973; De Guise et al. 
1995; Tubbs and McDonough 2017). The accumulation of OCPs in local fish species 
is prevalent, with tissue analyses revealing the presence of particularly high concen-
trations of HCHs, DDTs, endrin, and methoxychlor (Buah-Kwofie et al. 2018). While 
a variety of teratogenic, reproductive, and neurotoxic effects have been reported in 
fish exposed to environmentally significant levels of OCPs (Martyniuk et al. 2020), 
such effects remain largely understudied in local fish species. 

Pesticides also impact adjacent coral reef systems, diminishing their value as 
blue economy resources. The proximity of coral reef communities found along the 
Maputaland coastline exposes a diverse variety of marine organisms to the long-
term effects of pesticide pollution. Remarkably high OCP concentrations (450– 
3000 ng g−1 wet weight) have been detected in soft corals and sponges from several 
shallow reefs along the coastline (Porter et al. 2018), rivalling some of the highest 
pesticide levels reported in marine organisms globally. Although the toxicological 
impacts of OCP pollution on Maputaland reefs are yet to be studied, monitoring 
studies have indicated a steady decline in soft coral cover of almost 1% per year 
over the past 25 years (Porter and Schleyer 2017). It is speculated that the observed 
decline in cover of soft coral (54% in 1993 to 36% in 2014) may be associated 
with prolonged exposure to OCPs (Porter and Schleyer 2017; Porter et al. 2018). 
Moreover, it is likely that OCPs bioaccumulate in other reef-associated fauna (e.g.,



9 Coastal Pollution 273

crustaceans, fish and turtles), potentially affecting coral reef ecosystems in the region 
more broadly. 

To deal with the pesticide pollution, use of most OCPs in South Africa was banned 
in the early 2000s, with the exception of DDT, which continues to be used for disease 
vector control in the northeastern malaria-endemic regions of the country. Despite 
the widespread occurrence of pesticide pollution in Maputaland, little is known about 
the specific long-term toxicological impacts of these contaminants on ecosystems 
and biological communities. So far, there have been no meaningful attempts from 
management authorities to assess or mitigate the effects of pesticide contamination. 
Of particular relevance is the continued use of DDT in areas surrounding iSiman-
galiso. While promoted by the World Health Organization and South African Depart-
ment of Health, evaluating the trade-off between disease control and related adverse 
effects on human and ecosystem health is severely constrained by inadequate data. 

9.8.3 India 

India is the 7th largest country by area and second largest by population (~1.3 billion) 
in the world, with over 25% of its population residing in the coastal areas (Fig. 9.3d). 
The coastal zone of India is the location of many cities (such as Mumbai, Chennai, 
Kolkata, Visakhapatnam, Kochi, Mangalore etc.). In addition, 14 major rivers drain 
into the Bay of Bengal and the Arabian Sea from India’s east and west coasts, 
respectively (Rao 1979). Due to urbanization, coastal areas have become hotspots for 
pollution. Apart from industrial and agricultural effluents, there have been growing 
concerns over pollution associated with heavy metals, microplastics, and oil pollution 
in recent years. 

Microplastic pollution: India is one of the leading consumers of plastics in the 
world, with an annual consumption of nearly 5.6 million tons (Toxics link 2014), 
which is a significant portion of global consumption. The River Ganges is the second 
largest plastic polluter to the global ocean (Lebreton et al. 2017). The highest concen-
trations of microplastics are found in metropolitan cities such as Mumbai (west coast 
of India; Maharana et al. 2020), Chennai (east coast of India; Sathish et al. 2019), 
and the River Ganges (Goswami et al. 2020). However, sediments found along the 
east coast of India are relatively less polluted with microplastics than sediments of 
the west coast of India (Ranjani et al. 2021). 

Eighty percent of the plastic debris in India is derived from land-based sources 
such as rivers and by the human population, mainly at coastal places (Lebreton et al. 
2017). The most frequently identified polymer types of microplastic materials in 
sediments along the east coast and west coast of India are polyethylene (47%) and 
polypropylene (18.8%); other polymer types are polystyrene, polyethylene terephtha-
late, and polyamide (Ranjani et al. 2021). India produces nearly 2.5 MTPA (million 
tons per annum) of polypropylene, where demand is 2.1 MTPA; the rest is exported 
to other southeast Asian countries (Veerasingam et al. 2017).
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Oil spills and tarballs: In India, oil pollution is another concern due to the existence 
of several oil rigs and significant transport of oil by ship, as international shipping 
routes traverse the Arabian Sea and Bay of Bengal. Oil spills were more frequent in 
the offshore waters off Gujarat (41.6%), Maharashtra (34.8%), and Goa-Karnataka 
(23.5%) based on data in 2017 (Suneel et al. 2019). Oil residues in the form of 
tarballs are observed along the west coast of India, especially along the coasts of Goa 
and Gujarat (Suneel et al. 2016). Tarballs were first reported in the peer-reviewed 
literature on Indian beaches by Nair et al. (1972). The main sources of tarballs are 
emergent oil spills from ships and oil platforms along international ship transport 
routes and in areas of offshore production. Due to the monsoon circulation patterns 
in the northern Indian Ocean, these floating tarbars reach the coasts of India. 

Ecological and economic impacts and science and technology applied to deal 
with the environmental issues: Plastics and oil pollution affect fisheries and beach 
tourism in India, negatively impacting the country’s blue economy. Ingestion of 
plastic materials has been reported in lower trophic levels of the food chain, such 
as fish, mollusk, crab, and shrimp, which eventually may affect humans (Kumar 
et al. 2018; Naidu 2019; Piarulli et al. 2019; Daniel et al. 2020). In addition, due 
to the existence of a long coastline around India, beaches are another hotspot for 
microplastic accumulation introduced due to tourism and recreational activities. Oil 
spills cannot dissolve in water and form a thick sludge that can suffocate marine 
life such as fish, mammals, and seabirds, and can hamper photosynthetic activity by 
blocking sunlight (Dicks 1998) so as to damage marine ecosystems such as coral 
reefs. The science on oil spills is limited in terms of their fate, origin, and transport 
along the east and west coasts of India. 

The Indian government is committed to reduce plastic usage by encouraging 
reducing, recycling, and reuse of plastics. As a result, 10 beaches in India have won 
blue flags by 2021 (https://www.blueflag.global/all-bf-sites), an eco-label certificate 
awarded by the Foundation for Environmental Education to beaches and sustainable 
beach tourism operators that meet a comprehensive set of requirements. 

9.8.4 Thailand 

Thailand is located between the Gulf of Thailand and the Andaman Sea (Fig. 9.3e), 
with a coastline of 3,219 km (DMCR 2015) and a population of about 69 million in 
2020 (UN Data 2020). 

Water pollution: The first major water pollution event in Thailand occurred 
in 1970, named the “molasses incident”, caused by a spill of molasses into the 
Mae Klong River, which resulted in elimination of fish in the river and massive 
cockle mortality, covering several thousand acres in the coastal zone (Ludwig 1976). 
Water pollution has increased due to deterioration of watersheds caused by agricul-
tural development, industrialization, and rapidly growing population since 1965 and 
sharply since 1985 (World Bank 2020). Eutrophication is increasing in frequency 
as well. Between 2007 and 2020, 86 algal blooms were reported along the Thai

https://www.blueflag.global/all-bf-sites
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coastal zone. DO concentrations below 122 µmol kg−1 have occurred in the upper 
Gulf of Thailand, predominantly caused by domestic wastes, with ammonia the main 
contributor from agriculture and aquaculture sources (PCD 2000). 

Water pollution in the Gulf of Thailand has two sources: (a) primary untreated 
metropolitan, urban and industrial wastewater; and (b) water contamination by agri-
cultural nutrients, which contributes to coastal eutrophication and oxygen depletion 
events, killing organisms in the upper Gulf of Thailand. Domestic sewage, industrial 
effluents, and agricultural runoff each year are estimated to be 9.6, 9.9, and 178 × 
106 m3 d−1, respectively (Dumrongthai 2019; ONREPP 2020). 

Additionally, oil pollution has degraded water resources in the estuarine and 
coastal environments since the 1950s due to oil spill accidents, industrial activities, 
and shipping along the coast (Boonyatumanond et al. 2007). Moreover, emerging 
organic pollutants such as cosmetics, pharmaceutical drugs (including acetylsali-
cylic acid, caffeine, and ibuprofen), and skincare products (such as synthetic musk 
and UV filters) in wastewaters may pose a high risk to aquatic organisms in Thailand’s 
estuaries and coastal zones (Juksu et al. 2020). Heavy metals have high concentra-
tions in the sediments of the Chao Phraya estuary and the Gulf of Thailand, e.g., 
1.04 mg kg−1 for cadmium, 213 mg kg−1 for copper, 50.7 mg kg−1 for chromium, 
98.1 mg kg−1 for lead, and 643 mg kg−1 for zinc (Wijaya et al. 2013). 

Ecological and economic impacts and science and technology applied to deal 
with the environmental issues: Water pollution affects fisheries and tourism in Thai-
land. Contaminated waters have resulted in habitat degradation, human health vulner-
ability, and marine ecosystem damage in the Gulf of Thailand and Andaman Sea 
(Wattayakorn 2006). Mass shellfish death occurred more frequently after 2006 in 
shellfish farms in the upper Gulf of Thailand (DMCR 2020). Microplastic fibers 
were found in 82.76% of demersal fish and 57.14% of pelagic fish in Thai waters 
(Klangnurak and Chunniyom 2020). The decline of Rastrelliger brachysoma, a 
commercially exploited fish species, due to poor reproduction, may be caused by 
pollutants such as heavy metals and oil (Senarat et al. 2017). Increasing plastic waste 
accumulation in Thai marine ecosystems has become an additional acute stress to an 
already overstressed fisheries (overfishing) and marine wildlife, and impacts tourist 
destination images. 

To address the water pollution problem in Thailand, untreated metropolitan, urban 
and industrial wastewater is the top priority concern of government management that 
intends to support the master plan of SDG 14 in Thailand (ONREPP 2020). Currently, 
the industrial sector is reducing pollutant loads due to the wastewater outflow control, 
required by the Pollution Control Department in Thailand (PCD). The master plan for 
water quality management in Thailand (2018–2037) is as follows: (a) improve and 
maintain surface water quality, and (b) improve and maintain coastal marine quality 
(NESDC 2018). The PCD has taken actions on marine debris on beaches and in 
coastal seas to limit the ever-growing consumption and disposal of plastics under the 
government and private sectors, and to increase society’s engagement (PCD 2020).
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9.9 Knowledge and Capacity-Building Gaps 

In terms of scientific understanding, given the vast diversity of coastal contaminants, 
coupled with climate change and associated processes, it is extremely challenging to 
have a complete understanding of the distribution of contaminants in coastal water, 
sediments, and biota, their interactions, and synergistic short- and long-term effects 
on coastal ecosystems on regional and global scales. Further studies are needed at 
the community and population levels to improve knowledge of the ecotoxicity of 
coastal pollutants. Socio-economic impacts of coastal pollution are rarely quanti-
tively assessed. Research needs to be advanced in how to transfer the best available 
science acquired into actionable strategies and schemes. 

In terms of observations, insufficient or non-existent monitoring of coastal pollu-
tants, especially in developing countries, results in a significant gap in understanding 
of the impacts of anthropogenic pollutants on coastal waters. There is a need for more 
coordinated spatial and temporal sampling of pollutants, within a global strategy. A 
long-term monitoring of essential indicators and processes is required (see Chap. 14). 

In terms of capacity building, standardized measurement techniques and protocols 
need to be applied at an optimized resolution to detect temporal trends and for ease of 
comparisons between researchers and geographic regions. There is a need to develop 
laboratory and in-situ facilities that can improve knowledge and monitoring of pollu-
tants. There are major gaps in the capacities of most developing countries to monitor 
concentrations of pollutants in coastal areas. There are inadequate infrastructures 
for effective waste collection and managements. A database of pollutants in coastal 
areas as well as a scientist network would be desirable. An integrated modelling 
and forecasting framework is proposed to serve cross-scale and interdisciplinary 
synthesis, diagnosis and simulations of key processes, allowing prediction of future 
changes. Improving awareness, information and education and communicating scien-
tific findings to management and policy makers are crucial steps in helping advance 
monitoring strategies and measures to effectively preserve the marine environment 
and to sustainably utilize coastal resources. Joint efforts are sought from academia, 
industry, and government agencies to understand physical, chemical, and biological 
factors, socio-economic drivers, and governance affecting coastal pollution in order 
to identify the sources and mediate existing coastal pollution around the globe and 
adapt to climate change for future healthy developments of coastal systems. 

9.10 Implications for Blue Economy 

Several sectors of blue economy are affected or have the potential to be affected 
by the wide variety of organic and inorganic pollutants reaching coastal seas. They 
disrupt coastal water quality, and the biogeochemical and ecological functions of such
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interconnected ecosystems as mangroves, seagrasses, and corals reefs (see Chaps. 2– 
3). As a consequence, such pollution has an impact on ecosystem health, products 
and services, and the aesthetic value of coastal habitats. Our cases of pollution from 
selected developing countries show examples of the blue economic sectors that can 
be impacted: human health, fisheries, and tourism. The multiplicity of pollutants, 
their complex interactions, as well as their impact and potential exacerbation due to 
climate change pose challenges that can be confronted by blue economic policies 
based on a better scientific understanding of the issues involved. 
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