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Abstract

In recent years, China’ s coastal zones have been subjected to varying degrees
of pollution, which has affected their development. This article addresses the
current status, causes, international management practices, and prevention and
control measures of coastal zone pollution in China, briefly introducing the
distribution of pollutants across different media in these regions. It proposes
prevention and control measures including pollution source control, ecological
barrier construction, ecological restoration of polluted environments, and re-
gional planning, aiming to provide insights for the formulation of environmental
protection and management policies in China’ s coastal zones.
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Abstract

In recent years, China’ s coastal zones have experienced varying degrees of pollu-
tion, affecting regional development. This article addresses the current pollution
status, causes, international management practices, and prevention and treat-
ment measures for China’ s coastal zones. It provides an overview of pollutant
distribution across different coastal media and proposes measures including pol-
lution source control, ecological barrier construction, ecological restoration of
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polluted environments, and regional planning, aiming to inform environmental
protection and management policy development for China’ s coastal zones.
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Coastal zones are densely populated and economically developed, with over
half of the world’ s population living within approximately 60 km of the coast,
making them an extremely important Earth critical zone for human societal
development. As human activities intensify, large quantities of pollutants are
discharged into coastal zones through various pathways. Environmental pollu-
tion caused by high-intensity human activities has led to functional degradation
of this critical Earth zone. Therefore, investigating the current pollution status
of China’ s coastal zones and proposing rational and effective pollution control
strategies are crucial for ensuring coastal ecological security, protecting public
health, and maintaining sustainable development in coastal regions. This paper
elaborates on the current pollution status, causes, international management
practices, and prevention and treatment measures for China’ s coastal zones,
aiming to provide effective and feasible ideas for coastal environmental protec-
tion and management.

1.1 Current Status of Conventional Pollutant Pollution

Nutrients, petroleum substances, and heavy metals are the primary conven-
tional pollutants currently affecting water and soil quality in China’ s coastal
zones. According to data from recent environmental status bulletins, severely
eutrophic waters in recent years have been concentrated mainly in nearshore
areas such as Liaodong Bay, the Yangtze River Estuary, Hangzhou Bay, and
the Pearl River Estuary [1-3], with eutrophication triggering periodic outbreaks
of Enteromorpha prolifera (Figure 1 [Figure 1: see original paper]).

Inorganic nitrogen and active phosphate are distributed mainly in nearshore ar-
eas including the Yangtze River Estuary, Hangzhou Bay, the coast of Zhejiang,
and the Pearl River Estuary, while petroleum substances are found primarily in
nearshore areas such as Liaodong Bay, the coast of Guangdong, Laizhou Bay,
and Taizhou Bay [2,3]. In coastal sediments, copper, sulfides, and arsenic at
individual monitoring sites exceed standard limits [3]; heavy metal concentra-
tions are relatively high in sediments from nearshore areas including Jinzhou
Bay, Jiaozhou Bay, Hangzhou Bay, the Yangtze River Estuary, Lianyungang,
Hainan, Hong Kong, and the Pearl River Estuary [4,5]. In 2015, red tide occur-
rences reached their lowest level in five years, with 35 incidents detected and
total affected area reduced by 2,835 km? [3].
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1.2 Current Status of Persistent Organic Pollutant Pollu-
tion

Persistent organic pollutants (POPs) have long attracted widespread attention
due to their environmental persistence, bioaccumulation potential, and strong
biological toxicity. POPs have been detected in water, sediments, coastal soils,
and aquatic organisms throughout China’ s coastal zones (Table 1 ). Concen-
trations of organochlorine pesticides and polychlorinated biphenyls (PCBs) in
coastal nearshore waters reach maximum levels of 854 ng/L and 476.9 ng/L,
respectively—tens or even hundreds of times higher than in coastal waters of
other global regions. Correspondingly, concentrations of organochlorine pesti-
cides and PCBs in coastal sediments are also significantly higher than elsewhere
globally, with maximum concentrations reaching 7,350 pg/kg and 169.26 ng/kg,
respectively. Polycyclic aromatic hydrocarbon (PAH) concentrations in coastal
sediments are significantly higher than in the United States and other Asian
countries and regions, but lower than in Europe.

Table 1 Pollution status of persistent organic pollutants in coastal zones of
typical countries and regions worldwide

1.3 Current Status of Emerging Pollutant Pollution

Research on emerging pollutant pollution in coastal zones primarily involves
endocrine disrupting chemicals (EDCs), microplastics, pharmaceuticals and per-
sonal care products (PPCPs), perfluorinated compounds, and brominated flame
retardants. As shown in Table 2 , concentrations of pharmaceuticals/antibiotics
in China’ s coastal waters and sediments are significantly higher than in other
countries and regions; EDC concentrations are comparable to or lower than
other regions, but EDC concentrations in rivers entering the sea can be as high
as 28,600 ng/L, representing an important pollution source. Concentrations of
brominated compounds and microplastics in coastal sediments are lower than
in other Asian countries/regions and Europe; perfluorinated compound concen-
trations in water are comparable to Europe and lower than other Asian coun-
tries/regions. Overall, emerging pollutant pollution in China’ s coastal zones
warrants greater attention, particularly antibiotic pollution, while other pollu-
tants including microplastics should not be neglected (Figure 2 [Figure 2: see
original paper]).
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2 Analysis of Causes of Coastal Zone Pollution

China’ s coastal zones support multiple functions including urbanization, port
and coastal industrial zone construction, oil and gas development, and aqua-
culture, leading to resource overexploitation and intensified unhealthy spatial
competition. Rapid urbanization and port/coastal industrial park construction
have caused pollutant emissions to increase dramatically, placing greater pres-
sure on coastal environmental carrying capacity. China’ s coastal urbanization
rate has increased by more than one percentage point annually. According to
investigation reports from the State Oceanic Administration, the Penglai 19-3
oilfield spill accident contaminated approximately 6,200 km? of seawater in areas
surrounding and northwest of the Penglai 19-3 oilfield.

China is a major aquaculture nation. Since 1992, China’ s total marine product
output has consistently ranked first globally, reaching 9.34 million tons in 1992,
including 2.42 million tons from marine aquaculture. According to projections,
China’ s aquaculture output will exceed 40 million tons by 2020, with increased
production depending primarily on marine aquaculture. The rapidly developing
marine aquaculture industry has imposed enormous impacts on coastal wetlands,
nearshore waters, and other coastal environments, becoming an important pol-
lution source in nearshore areas.

Coastal wetlands serve as the most important ecological barrier for intercepting
pollutants in coastal zones. However, protection of coastal wetlands in China is
typically subordinated to economic development and regional growth. Over the
past 50 years, China has lost 53% of its temperate coastal wetlands, 73% of its
mangroves, and 80% of its coral reefs. This loss of coastal wetlands has caused
a sharp decline in the self-purification capacity of coastal zones.

2.2 Unreasonable Regional Industrial Structure and In-
creasing Total Pollution Emissions

The characteristics of low-end, resource- and energy-intensive industrial struc-
tures in China’ s coastal zones have not fundamentally changed. Marine devel-
opment and utilization remain extensive, and the situation of low-quality, inef-
ficient, and low-benefit resource exploitation persists. Coastal industrial park
construction predominantly involves “heavy,” “land-intensive,” and “pollution-
intensive” enterprises, with relatively few tertiary industry establishments. High-
energy-consumption, high-pollution projects inevitably intensify resource and
environmental pressures on coastal zones, causing atmospheric, water, and soil
pollution. Over the past decade, wastewater, waste gas, and solid waste emis-
sions in southeast coastal regions have increased by 60%, 120%, and 190%,
respectively, posing serious threats to coastal environmental quality.

Marine aquaculture in China remains primarily extensive, resulting in
widespread direct discharge of wastewater from aquaculture operations and
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zones.

2.3 Prominent Cross-Administrative Region Characteris-
tics and Difficulties in Monitoring and Governance

Rivers constitute the primary input source of pollutants to coastal seas. Ac-
cording to surveys, land-based pollutants account for 87% of total pollutants
entering the Bohai Sea, with pollutants discharged through estuaries represent-
ing 95% of land-based pollutants. Among China’ s rivers entering the sea, those
flowing into the Pacific, Indian, and Arctic Oceans cover approximately 65.2%
of China’ s total land area. This vast watershed area encompasses numerous
administrative divisions. Additionally, China’ s coastline extends from the Yalu
River estuary at the China-Korea border in the north to the Beilun River estuary
at the China-Vietnam border in the south, with a total length of approximately
18,100 km. These factors substantially increase the difficulty of monitoring and
governing coastal zone pollution.

2.4 Weak Environmental and Legal Awareness, Inadequate
Science and Technology, Unable to Meet Regional Sustain-
able Development Planning and Administrative Regulation
Needs

Weak environmental and legal awareness has led to prominent problems of
exceeding-standard discharge into the sea and direct sewage discharge in coastal
areas. In November 2013, China’s marine environmental monitoring department
monitored 156 land-based sewage outfalls, finding that half discharged sewage
exceeding standards into adjacent sea areas. According to information from the
Guangxi Environmental Protection Department, the coastal cities of Qinzhou,
Beihai, and Fangchenggang discharge over 30 million tons of untreated sewage
directly into the sea annually.

Regional sustainable development planning and administrative regulation for
coastal zones require in-depth understanding of coastal processes and cultiva-
tion of relevant scientific research personnel. China’ s coastal zone discipline de-
velopment started late, with insufficient research investment and weak scientific
foundations. The country lacks scientific and technical personnel and training
institutions in coastal zone disciplines, and scientific innovation provides inade-
quate guidance and support for coastal zone development and utilization. These
limitations restrict national decision-making capabilities in regional sustainable
development planning and administrative regulation for coastal zones, causing
blind regional development and consequent environmental pollution problems.
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3 International Coastal Zone Management Practices

The United States is one of the earliest countries to conduct coastal zone plan-
ning and management. In 1972, the U.S. Congress passed the Coastal Zone
Management Act (CZMA), revised in 2000, covering coastal habitats and biodi-
versity, hazards, water quality, dependent uses, public access, and community
development [25]. The U.S. emphasizes cooperative management between fed-
eral and state governments in coastal zone management, essentially implemented
by coastal states and local governments, while actively developing coastal envi-
ronmental assessment programs using multi-agency data .

The European Union initiated coastal zone management pilot projects in 1996,
establishing corresponding indicators for sustainable coastal development, and
has recently shifted focus toward “land-sea coordination” in integrated coastal
zone management, emphasizing coordinated development of various activities
in coastal zones [26, 27].

The Asia-Pacific region, with its long coastlines and vast coastal zones, has con-
sistently emphasized coastal environmental management, particularly strength-
ening coastal management legislation and comprehensive practices since 1995.
Asia-Pacific countries and regions adopt Integrated Coastal Zone Management
(ICZM) as their basic concept, gradually developing multi-level management
practices including coastal vulnerability assessment, embedding advanced as-
sessment and management methods in traditional coastal systems, and intra-
governmental and inter-governmental cooperation [28].

In addition to governments and the United Nations, non-governmental organi-
zations such as Future Earth Coasts (FEC), Mangrove Action Project (MAP),
and The Nature Conservancy (TNC) also play important roles in coastal zone
management.

https://www.epa.gov/national-aquatic-resource-surveys/national-coastal-
condition-reports

4 Suggestions for Coastal Zone Pollution Prevention and
Treatment Measures in China

4.1 Pollution Source Control

Pollution source control is the most effective and economical prevention and
treatment measure for coastal zone pollution. Land-based and sea-based sources
are the two major pollution sources, with land-based pollution—primarily from
river input, sewage discharge, and agricultural non-point sources—dominating.
Pollution source control should coordinate both land and sea.
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For land-based pollution control: (1) Advocate for green production-oriented
industrial layout in policy, actively promote clean production technologies,
and eliminate technologically backward, heavily polluting enterprises; (2)
Strengthen centralized sewage treatment and total quantity control, calculate
environmental capacity of sea-entering rivers and marine areas based on
pollutant concentrations and distribution, and reasonably establish pollution
acceptance capacity and non-point source pollutant reduction targets for each
sea area; (3) Emphasize and strengthen effective control of agricultural non-
point source pollution, promote rational application technologies for pesticides
and fertilizers to improve utilization efficiency, and develop environmentally
friendly pesticides and fertilizers; (4) Effectively monitor all land-based pollu-
tion sources, strengthen regional pollution prevention and control coordination,
enhance environmental monitoring, and gradually establish a comprehensive
coastal zone environmental monitoring and management system to strengthen
environmental monitoring and early warning capabilities.

For sea-based pollution control: (1) Effectively monitor offshore oil and gas plat-
forms, vessels, and port-adjacent industries, strictly control pollutant emissions,
establish emergency response mechanisms and contingency plans for sudden pol-
lution incidents (such as oil spills), and develop and gradually improve real-time
offshore pollution monitoring, emergency monitoring, and corresponding infor-
mation support systems; (2) Strengthen dynamic tracking and monitoring of off-
shore dumping activities, strictly control total dumping quantities, increase law
enforcement against dumping activities, regularly assess environmental quality
of dumping areas, and establish and improve offshore dumping monitoring and
management systems; (3) Rationally plan and manage nearshore aquaculture ac-
tivities, promote and encourage ecological aquaculture, strictly monitor seedling,
feed, and drug inputs, promote development of environmentally friendly feed-
ing drugs, and plan and implement environmental monitoring and ecological
restoration projects for nearshore aquaculture zones.

4.2 Ecological Barrier Construction

Coastal zone ecological barriers currently consist primarily of coastal shelterbelts
and coastal wetlands, functioning mainly to improve coastal ecological environ-
ments, resist natural disasters, intercept land-based pollutants, improve soil
(particularly saline-alkali soil) habitats, and conserve water sources. Construc-
tion of coastal ecological barriers will have considerable potential for preventing
and controlling pollution caused by nutrients and heavy metals in coastal zones.
For example, typical coastal wetlands (such as tropical mangroves) can effec-
tively reduce heavy metal inputs into soils and oceans.
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4.3 Ecological Restoration Technical Measures for Coastal Zone Pol-
luted Environments

Microbial remediation plays an important role in coastal zone pollution treat-
ment, particularly for petroleum and pesticide contaminated environments. Mi-
crobial degradation of organic pollutants offers advantages of high efficiency,
low cost, and no secondary pollution.

Phytoremediation of coastal zone polluted environments is achieved primarily
through cultivation of salt-tolerant and marine plants. Currently identified salt-
tolerant plants with strong pollutant absorption and degradation capabilities
include Salicornia, Suaeda, reed, Jerusalem artichoke, and oil sunflower. Ma-
rine plants usable for pollution remediation are mainly seagrass and macroalgae.
Macroalgae are more commonly used in nearshore aquaculture, particularly co-
cultivation in fish farming areas, effectively absorbing N and P nutrients while
improving aquaculture economic benefits. Seagrass has high heavy metal ab-
sorption capacity and shows potential for heavy metal pollution remediation in
coastal zones.

Compared with bioremediation methods, photodegradation has advantages of
fewer limiting conditions and wider application range, and is considered an
effective method for degrading and removing pollutants in coastal nearshore
waters and soils.

4.4 Regional Scientific Planning for Sustainable Development

Future coastal zone development requires transforming economic growth pat-
terns, strengthening regional scientific planning, promoting industrial structure
adjustment, and paying close attention to regional environmental quality and
protection issues, with emphasis on regional development and environmental
regulation formulation. Taking the national “Belt and Road” strategy as an
opportunity, China should vigorously develop the “blue carbon economy” [29].
Coastal zone scientific development should be incorporated into government per-
formance assessment, implementing sustainable development strategies and eco-
logical compensation mechanisms. Meanwhile, basic science and key technology
research in coastal zone disciplines should be strengthened, along with research
investment and personnel training. Through these multiple measures, China can
achieve stable, safe, and healthy sustainable development of its coastal zones.
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