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Executive summary 

The ocean is vital to all life on Earth, providing many provisioning, regulating and 

supporting services. If human activities are not carefully managed to ensure that they do not 

alter ecosystem structure and function, they may result in damage to the marine environment 

and reduction or loss of crucial ecosystem services. Growing populations and economies and 

the agricultural and industrial requirements for feeding, clothing and housing the worldôs 

population are seriously degrading parts of the marine environment, especially near the coast.  

The lack of sewage and wastewater treatment (especially for the removal of nutrients in 

some areas) and the release of pollutants from industrial, shipping and agricultural activities 

are major threats to the ocean, particularly in terms of food security, safety and maintenance 

of marine biodiversity. The ocean also suffers from the sewage, garbage, spilled oil and 

industrial waste which we collectively allow to go into the ocean every day. Beyond the 

obvious direct link to marine water quality, the volume of pollutants discharged into the sea 

has a direct connection to huge economic costs tied to marine fisheries, marine tourism, and 

human health and safety. Marine pollution also causes environmental degradation, the decline 

in biological diversity, and the loss of ecosystem services, each of which may be difficult to 

account for in monetary terms but is significant nonetheless. 

Often, while production and emission to a large degree is land-based, the marine 

environment is in fact the end recipient. In addition to the well-known eutrophication effects 

from terrestrial nutrient input, the globally growing plastic pollution challenge is another 

prime example of such interactions. The use of the best practicable means to limit the 

creation of waste, discharges and emissions can help control these problems. However, 

continued growth in industrial production means that, even with this help, discharges and 

emissions will increase the inputs of heavy metals and other hazardous substances into the 

ocean. The only way to avoid this result is for innovations in cleaner production methods and 

means of reducing discharges and emissions to keep pace with the growth in production. This 

is particularly the case in areas of rapid industrial growth.  

In the 40 years following the Chinese economic reform and opening policy, China has 

formed a coastal ribbon of high economic development, which has brought with it population 

density and urbanization. Coastal and marine ecosystems are subject to tremendous 

ecological damage and land-based pollution pressures while supporting coastal economic 

development. The ability to sustain development has declined significantly. More than 70% 

of nutrients discharged into the sea are from land-based origins, and these and other sources 

of pollution being leached into the marine environment have led directly to a decline in 

marine water, sediment and biological quality. Changes in the nutrients in coastal water were 

closely related to Chinaôs economy growth rate, development pattern, population growth, as 

well as environmental protection policies and measures. The nutrient inputted to the sea 

increased rapidly during the end of the 1980s to the beginning of the 21st century, with a high 

rate of growth in real GDP. In recent 7 years, the increasing trend in nutrient inputs to the sea 

has been shifted, a steadily decreasing trend has been observed, and the status of coastal areas 

on eutrophication has improved over the last five years. Other than the nutrients, emerging 

contaminants and emerging issues have caused great concerns in China. The abundances of 

floating litter and microplastics in Chinaôs coast were the same order of magnitude as those 

reported in samples from the North Atlantic coast and South Pacific subtropical coast. 

Relatively high abundances of microplastics in water and sediment were recorded in the 

Estuaries and fishing harbors. Emerging contaminants, SCCPs, PBDEs, OCPs and antibiotics 

have been ubiquitous in Chinaôs coast, especially in the Bohai Sea. Beyond the obvious direct 
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link to marine water quality, the volume of pollutants discharged into the sea has a direct 

connection to huge economic costs tied to marine fisheries, marine tourism, and human 

health and safety. Marine pollution also causes environmental degradation, the decline in 

biological diversity, and the loss of ecosystem services, each of which may be difficult to 

account for in monetary terms but is significant nonetheless. 

Several challenges are facing global oceans: inadequate knowledge; ineffective 

sector/cross-sector policies, cooperation and governance systems; inadequate solutions and 

incentives to enable and encourage resource efficiency and circular economy approaches; and 

insufficient public and private financing. Multiple global legal and institutional frameworks 

for ocean governance exist but is fragmented, and mostly sector-specific. To achieve 

integrated ocean governance, some concepts such as Blue Economy, Circular Economy, and 

Source to Sea Approach, are emerging and applied by countries. Actions have been taken at 

the global level to target marine pollution such as nutrients, wastewater, marine litter and 

antibiotics. Marine pollution and Ocean governance are now high on the agenda at global, 

regional and national levels. Although laws and policies have been much improved in the last 

ten years, there are still some existing gaps which prohibit China from fully implementing its 

obligations in the international conventions and protect its marine environment and resources. 

The gaps exist in Lack an integrated ecosystem-based view, lack of laws in protection of 

resources and ecosystem, lack of detailed implementation rules and lack of a cross-sector 

implementation mechanism. 

Recently, China has made full use of the substantial foundation accumulated over the past 

40 years of economic reform, and step up efforts to promote ecological civilization 

construction. Pollution control is one the three tough battles which Chinese government must 

win. At present, the China's environmental quality has been going to improve. There is 

tremendous opportunity for China to promote the common welfare of nations by pursuing a 

path of harmony between people and the ocean, promoting conservation and green 

development of the oceans, enhancing ocean-based prosperity, helping to achieve maritime 

security, promoting innovation and contributing to collaborative governance. That is the same 

case for marine pollution governance. China's ecological civilization construction is a useful 

exploration and practice of the sustainable development, providing an economic reference for 

other countries to deal with similar economic, environmental and social challenges.  

IЉEstablishing a holistic mechanism of land-sea coordination in joint marine pollution 

prevention and control 

Significantly enhance the land-sea ecological environment monitoring unity. In 

accordance with the principle of land-sea coordination and the unified plans, optimize the 

construction of a fully covered and refined marine ecological environment monitoring 

network, strengthen gridded and real-time monitoring, and develop the online monitoring for 

the primary rivers and outlets discharging and atmospheric deposition of pollutants into the 

sea. Establish a baseline survey/census system for marine pollution.  

Enhance management and prevent land-based pollution from the agricultural, 

pharmaceutical sectors. Full consideration should be given to improving overall agricultural 

production capacity and to preventing and controlling rural pollution. Environmental 

protection facilities, such as those for handling rural wastewater and refuse, should be 

developed. A variety of assistive measures should be adopted to foster and develop market 

entities for the control of all types of agricultural pollution from non-point sources and for the 

handling of rural wastewater and refuse. Green production way in agriculture should be 

pursed to promote making full use of agricultural wastes. A green finance system is 

encouraged to support the pilot of disposal and harmless treatment of livestock and poultry 
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breeding. Comprehensive utilization of livestock and poultry manure might be gradually 

achieved on the spot. The management of antibacterial drugs used for human and animals 

should be strengthened. Proper procedures should be introduced to restrict the use of 

chemicals such as antibiotics in accordance with the law.  

Further improve China's marine environmental quality target system. China's marine 

environmental quality target system is mainly based on water quality targets, which are often 

expressed by the under-criteria rate of marine functional zoning or clean water (below the 

criteria of grade I, II). Suggest to further enrich the content of China's marine environmental 

quality target system, in addition to the water quality target, the spatial and temporal 

distribution characteristics of marine ecosystems need to be combined, further increase 

marine ecological protection target, such as the biodiversity, habitat suitability, ecosystem 

structure and function, etc., lay the foundation and direction for the marine ecological 

protection work. Strengthen the connection of sorting, indices selecting, and valuing of water 

quality standards between surface water and seawater, and introduce new indices such as total 

phosphorus, total nitrogen, and emerging pollutants. Advance seawater quality standards 

revision. Take a holistic approach for emissions control and water quality target management 

in the river basins and offshore areas.  

Construct an integrated governance mechanism for the River Chief and Bay (Beach) 

Chief systems. In accordance with the holistic approach to conserving our mountains, rivers, 

forests, farmlands, lakes, and grasslands, strengthen coordination of the comprehensive 

management of rivers discharging into sea, bay and estuarine. Establish a joint-action 

mechanism between the River Chief System and Bay Chief System, set a regular consultation 

mechanism and emergency response mechanism, and enhance the capability of pollution 

prevention and control in a holistic approach for land and sea.  

II. Strength lifecycle management for plastics, and formulates a national action plan for 

marine debris pollution prevention and control 

 Strengthen the source control of plastics debris. Explore the waste reduction and 

harmless management pattern in line with national conditions, and effectively prevent the 

entry into marine environment of microplastics and plastic waste resulting from the 

manufacturing production and individual consumption process, severe weather events and 

natural disasters in coastal regions. Strengthen the management of plastic nurdle, and put on 

file and supervise of the process of ñresin nurdles - plastic products ï usage and circulating of 

commodityò. Encourage extended producer responsibility (EPR) and related mechanisms. 

Promote EPR mechanisms to involve producers, importers and retailers in the establishment 

of resource-efficient product value chains from the design to the end-of-life treatment and in 

financing waste collection and treatment. Forbid to produce and sell personal care products 

containing plastic micro-beads. Introduce technologies in washing machines to better capture 

fibres from wash-loads in both domestic and commercial/industrial uses.  

  Support integrated sustainable waste management. Improve and developing national 

waste regulatory frameworks, including legal framework for EPR, and taking care for 

enforcement and governance. Support capacity development and infrastructure investments 

for improved waste management systems in cities and rural areas through existing 

instruments, and promote access to regular waste collection services and facilitate 

investments in waste management infrastructure in order to prevent plastic waste leakage into 

the sea. Establish sufficient waste reception facilities at harbors in coastal cities in order to 

allow ships to dispose of their waste in an environmentally sound manner.  

Formulate a national action plan for marine debris pollution prevention and control. 
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Promote the establishment of sound national regulatory frameworks on waste management. 

Construct an integrated coordination mechanism for marine debris prevention and control 

across sectors, regions and river basins. Encourage green development, speed up the research 

and application of innovative approach for substitute for plastic products and waste treatment, 

and urge the manufacturing and use of degradable plastic products and substitutes for plastic. 

Strengthen researches on sources, transport and fate of microplastics as well as the impact on 

marine ecological environment, and improve the scientific understanding of microplastics. 

Call on all relevant stakeholders to engage and encourage social organizations, communities 

and the public to reduce plastic waste generation, hold clean-up activities, significantly 

reduce the unnecessary use of single-use plastics, and live green-consumption lifestyle, with 

the aim to prevent and significantly reduce marine microplastic pollution.  

III. Develop a market system which allows economic levers to play a greater role in 

marine environmental governance and ecological conservation 

    Accelerate industrial innovative and green development and transformation in 

coastal areas. Promote industrial upgrading toward to emerging industries and modern 

service industries. Strengthen the construction of industrial zones, promote circular economy 

and green production, build ecological industrial zones, and enhance the integrated and 

recycling utilization of resources. Set the binding requirements including industrial structure 

and layout, resource and environmental capacity loads, and ecological red lines. Strengthen 

the management of project approval, enhance the market entry, compel industrial 

transformation and upgrading, and progressively fall into disuse lagged behind production 

capacity.  

 Improve the system for compensating marine ecology conservation efforts. Persist to 

the principle of ñwho benefits, who compensatesò, comprehensively use fiscal, taxation and 

market measures, adopt the form of incentive instead of subsidies, and establish a 

compensation mechanism for marine ecological conservation.  

 Strictly implement compensation systems for ecological and environmental damage. 

Tighten manufacturersô legal responsibilities for environmental protection, and significantly 

increase the cost of illegal activities. Improve legal provisions concerning marine 

environmental damage compensation, methods for appraising damage, and mechanisms for 

enforcing compensation. In accordance with the law, mete out penalties to those who violate 

environmental laws and regulations, determine compensation for ecological and 

environmental damage by the extent of damage and other factors, and pursue criminal 

liability when violations result in serious adverse consequences.  

 Establish a diversified funding mechanism. Integrate various types of marine 

environmental protection funds by central budget, increase financial support, and keep 

supporting the rural environmental governance and Blue Bay restoration actions. Bring into 

full play the initiative of local budget, enhance local financial support, make full use of 

market investment and financing mechanisms, and encourage and attract private, social, 

venture capital and other funds to gather in the area of marine environment protection.  

IV. Strengthen protection and remediation of coastal wetlands, and restore the 

ecological functions of wetlands including water purification 

Improve coastal wetland grading management system. Establish important coastal 

wetlands grading management systems at national and local levels, release in batches the 

national important coastal wetlands list, and identify the control proportion target of coastal 

wetlands at local level. Innovate the protection pattern, and establish the coastal wetland pilot 

national park.  
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Establish degraded coastal wetlands restoration system. In accordance with the natural 

attributes of marine ecosystems and the characteristics of coastal biota, carry out the coastal 

wetland restoration. Implement the restoration projects, including restoring the coastal 

aquaculture farms back to wetlands, culturing densely vegetation, conserving habitat, 

improve the community structure of wetland vegetation, and raise the biodiversity of wetland 

habitats. Expand the coastal wetland area and recover the ecological services of wetland, such 

as water purification, carbon sequestration. By 2020, the restored area of coastal wetland will 

be more than 20,000 hectares.  

V. Strengthen cooperation and exchanges, and jointly address global marine pollution 

Strengthen research on emerging marine environmental issues of global concerns. 

Conduct survey and research on ocean acidification, plastics and microplastics, oxygen 

deficiency in hotspot areas, and comprehensively analyze the emerging marine environment 

issues of global concerns, particularly in the high seas and Polar Regions. Deeply participate 

in the designation of high seas protected areas, environmental impacts assessment of seabed 

development activities, and research on marine environmental protection in Polar Regions, 

and play our part in global marine environmental governance.  

Establish Maritime Community with a Shared Future to jointly address marine 

pollution. With the aid of the 21st Century Maritime Silk Road, carry out pragmatic and 

efficient cooperation and exchange under the framework of the Asian Infrastructure 

Investment Bank, China-Pacific Island Economic Development Cooperation Forum, China-

ASEAN Maritime Cooperation, and Global Blue Economy Partnership Forum etc. 

Strengthen research on marine environmental issues of global concerns, build a broad blue 

partnership, jointly improve the ability to address and control marine pollution. Establish 

China-ASEAN Marine Environmental Protection Cooperation Mechanism, and promote 

international cooperation. Enhance capacity on pollution monitoring and governance through 

sharing knowledge making best use of other relevant efforts in the region such as PEMSEA, 

APEC, NOWPAP and COBSEA, GPML, GPNM, GWI and work together to build a 

community of shared future for mankind.  
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1. Introduction 

Marine pollution is a problem and challenge all countries face, and a priority for China, a 

series of measures have been taken to tackle marine pollution: according to the new cabinet 

restructuring plan, marine pollution, previously overseen by the State Oceanic Administration 

is now under the mandate of the Ministry of Ecology and Environment, and in November 

2018, China and Canada released the Joint Statement between Canada and China on Marine 

Litter and Plastics, China is also taking active parts in global and regional efforts, such as the 

global negotiation process on marine litter, the Coordinating Body on the Seas of East Asia 

(COBSEA) and the Northwest Pacific Action Plan (NOWPAP).  

Chinese President XI Jinping reiterated the importance of marine environment. During his 

visit to Africa in July 2018, he pointed out that the blue economy is incorporated into African 

Agenda 2063 for socioeconomic transformation. China has taken the lead in pushing for 

marine-friendly cooperation and can offer Africa the support it needs to exploit its blue 

world. In a signed article in a Portuguese newspaper, published during his state visit to the 

country, President XI Jinping mentioned that the two countries need to lead the way in 

growing the blue economy by promoting maritime cooperation. Portugal, known for its 

tradition of maritime expedition, has a time-honoured maritime culture and rich experience in 

the exploitation of marine resources. The Blue Partnership between China and other coastal 

states needs to be strengthened to facilitate cooperation in marine research, ocean 

development and protection, port logistics and other areas, and grow blue economy together 

to better harness the vast ocean to the benefit of future generations. 

Oceans flow over nearly three-quarters of our planet and hold 97 % of the planetôs water. 

The ocean is vital to all life on Earth, providing many provisioning, regulating and supporting 

services. They provide living and non-living resources, facilitate shipping and other maritime 

uses, and play a key role in the global climate and weather system. Oceans and Coasts are the 

very basis of much of the worldôs economy. 350 million jobs around the world are linked to 

the oceans1.  

The marine environment, its resources and its biodiversity are under increasing threat from 

sewage, garbage, spilled oil and industrial waste which we collectively allow into the ocean 

every day. Pollution from both maritime and terrestrial sources has therefore drawn growing 

attention, it is roughly estimated that 80 % of marine plastic debris comes from land, though 

there is not sufficient evidence to corroborate that, what can be said with certainty is there are 

very significant regional differences in the degree to which waste is subject to collection and 

management, either as wastewater or solid waste (UNEP, 2016). A study estimated the total 

number of floating macro and microplastic pieces in the open ocean to be 5.25 trillion, 

weighing 269,000 tonnes (UNEP, 2016). 8,300 million metric tons (Mt) of virgin plastics 

have been produced to date; 6,300 Mt of plastic waste has been generated as of 2015; of this 

waste, 9% has been recycled, 12% incinerated, and 79% has accumulated in landfills or the 

natural environment; 12,000 Mt of plastic waste will be in landfills or in the natural 

environment by 2050 under current production and waste management trends (Geyer et al, 

2017). Globally, over 80% of all wastewater (over 95% in some developing countries) is 

discharged without treatment (WWAP, 2017). Long-term solutions including improved 

governance at all levels as well as behavioural and system changes will support the transition 

to a circular economy and sustained Oceans. 

                                                             
1 ²Ƙȅ ŘƻŜǎ ŀŘŘǊŜǎǎƛƴƎ ƭŀƴŘ-ōŀǎŜŘ Ǉƻƭƭǳǘƛƻƴ ƳŀǘǘŜǊΚ ¦b 9ƴǾƛǊƻƴƳŜƴǘ ǿŜōǎƛǘŜΣ 
ƘǘǘǇǎΥκκǿǿǿΦǳƴŜƴǾƛǊƻƴƳŜƴǘΦƻǊƎκŜȄǇƭƻǊŜ-ǘƻǇƛŎǎκƻŎŜŀƴǎ-ǎŜŀǎκǿƘŀǘ-ǿŜ-ŘƻκŀŘŘǊŜǎǎƛƴƎ-ƭŀƴŘ-ōŀǎŜŘ-
ǇƻƭƭǳǘƛƻƴκǿƘȅ-ŘƻŜǎ-ŀŘŘǊŜǎǎƛƴƎ-ƭŀƴŘ  

https://www.unenvironment.org/explore-topics/oceans-seas/what-we-do/addressing-land-based-pollution/why-does-addressing-land
https://www.unenvironment.org/explore-topics/oceans-seas/what-we-do/addressing-land-based-pollution/why-does-addressing-land
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This report aims to review the current statuses and policies on marine pollution in China, 

take stock of ongoing global and national ocean initiatives, and then recommend how China 

can contribute to these efforts, and how CCICED and China could work further with regard 

to marine pollution, in short- and long-term perspectives as well as at national, regional and 

global levels. The report will first look at marine pollution in China, specifically on nutrients, 

marine litter, short-chain chlorinated paraffins (SCCPs), polybrominated diphenyl ethers 

(PBDEs), Organochlorine Pesticides (OCPs), Polychlorinated biphenyls (PCBs), Polycyclic 

aromatic hydrocarbons (PAHs) and antibiotics, identify status and sources of marine pollution 

in China, impact on the ecosystems, and existing coastal and ocean pollution policies, then it 

turns to a global view, and map ongoing international ocean governance structures, emerging 

concepts for marine pollution, and national measures. Recommendations are then provided at 

the end of the report.   

2. Marine pollution in China  

Driven by rapid exploitation and utilization process, Chinese ecosystem has undergone 

profound changes over the past four decades. Currently, China has entered a new era. We 

should recognize that the Marine Eco-Civilization construction puts forward new 

requirements for marine environment protection, and therefore marine environment status 

and the source of marine pollution along Chinese coast should be identified. 

According to the "China Marine Environmental Quality Bulletin" annually issued by the 

former State Oceanic Administration over the years, due to the excessive input of land-based 

nutrients into the sea, the main pollutants are inorganic nitrogen, active phosphate, etc., and 

these resulted in eutrophication in China's coastal waters. The adverse impacts of emerging 

pollutants (such as marine debris and microplastics, antibiotics, short-chain chlorinated 

paraffins, new flame retardants, etc.) are gradually arising in China's coastal waters. Thus, the 

aim of this section is to comprehensively overview of the current status of major pollutants, 

including nutrients, marine debris and microplastics, short-chain chlorinated paraffins 

(SCCPs), polybrominated diphenyl ethers (PBDEs), organochlorine pesticides (OCPs), 

polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), antibiotics.  

2.1 Nutrients and Eutrophication 

Chinese strategic objective on eutrophication is to maintain a healthy marine environment. 

Eutrophication is the result of excessive enrichment of water by nutrients (Strokal et al., 

2014). Chinese coastal waters receive increasing amount of nutrients from rivers due to rapid 

economic development and population growth. Between 2001 and 2017 (SOA, 2018), the 

maximum of sea areas that do not meet the clean water standard is 177 720 km2 in 2010. The 

mean of sea areas with water quality worse than the SQSC (Seawater Quality Standard 

Category) IV were 36 102 km2 (SOA, 2018). During period from 2012 to 2017, the sea areas 

with water quality meeting the SQSC I showed a significant increase in the Bohai Sea. DIN 

(Dissolved inorganic nitrogen) and DIP (Dissolved inorganic phosphate) are the major 

pollutants.    In summer and winter of 2017, the sea areas with inorganic nitrogen 

concentrations SQSC IV were mainly located at the inshore areas of Liaodong Bay, Bohai 

Bay, Laizhou Bay, Jiangsu Coast, Yangtze River Estuary, Hangzhou Bay, Zhejiang Sea Coast, 

and Pearl River Estuary. The sea areas with DIP concentrations worse than the SQSC IV were 

mainly located at the inshore areas of Yangtze River Estuary, Hangzhou Bay, Zhejiang Coast, 

and Pearl River Estuary. 
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Figure 2. 1 Distribution of seawater quality categories of dissolved inorganic nitrogen (DIN) in the 

national jurisdictional sea area in the summer and autumn of 2017 (SOA, 2018) 

 

 

Figure 2. 2 Distribution of seawater quality categories of phosphate in the national jurisdictional sea 

area in the summer and autumn of 2017 (SOA, 2018) 
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Severe eutrophication areas were mainly located at the inshore areas (SOA, 2018). 

Nutrients related to anthropogenic activities are transported into the marine environment 

through the freshwater, atmospheric deposition and mariculture activities. Wastewater and 

sewage directly discharged into the sea is an important source. The main pollutants 

discharged from sewage outlets to the sea were TP (total phosphorus), CODCr, SS (suspended 

solids), and ammonia. Furthermore, atmospheric deposition is another pathway brings 

nutrients into the sea through wet or dry deposition in different forms, such gas or aerosol.  

In the recent decade, China has made significant efforts in reduction of discharges, 

emissions, and contaminants, both air and water. The effect of these efforts is clearly visible 

in improve of seawater quality of the Bohai Sea and the eutrophic sea areas in the national 

jurisdictional sea area. However, eutrophication is still a problem in some areas, concerns 

about riverine inputs and atmospheric of nutrients should still remain.  

 

 

Figure 2.3 Distribution of the eutrophication status of the national jurisdictional sea area in the 

summer and autumn of 2017 

2.2 Marine litter   

Marine litter is a global issue, with increasing quantities of litter documented in recent 

decades. It includes any persistent, manufactured or processed solid material. Originating 

from sources both on land and at sea, marine litter comprises a wide range of materials, 

including plastic, metal, wood, rubber, glass and paper.  

2.2.1 Macro litter in marine environment  

The mean abundance of litter items on the seabed was 1 400 items/km2. Of all the seabed 

litter, plastic was the largest, accounting for 74%, followed by glass and wood, accounting for 

13% and 5%, respectively. Seabed litters were mainly plastic bags and bottles, glass bottles, 

and wood blocks. The abundance of floating litter in Chinaôs coast was two orders of 

magnitude less than those found in the North Pacific Gyre, and was of the same order of 
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magnitude as those reported in samples from the North Atlantic coast and South Pacific 

subtropical coast, including the Caribbean Sea, the Maine Bay, and the Australia Coast. The 

maximum difference in mean abundance of litter in beaches among the studies was in the 

range of three orders of magnitude, which was much less than that of seawater. Compared to 

other reported in the worldwide, a relative low level of litter contamination was found on 

Chinaôs beaches.  

2.2.2 Microplastics in marine environment 

Plastic particles with diameters < 5 mm, which are called microplastics, are ubiquitously 

distributed in the marine environment, accounting for 13.2% of the global marine plastic 

debris mass and 92.4% of the number of global plastic pieces (Eriksen et al., 2014). There is 

growing concern over marine microplastics because of the increased bioavailability. 

Microplastics in marine environment is currently considered one of the most important global 

pollution problems of our time. China has been considered as one of the three biggest 

producers of plastic waste (Rochman et al., 2013a). Understanding the properties and 

distribution of plastics is useful in considering how microplastics impacts the social economy, 

what influence the items have on the marine ecosystem and how to target management. 

 ̧ Microplastics in seawater 

According to the Bulletin of Marine Environmental Quality in China (SOA, 2018), in 

2017, the average abundance of floating microplastics was 0.08 items/m3, and the highest 

abundance was 1.26 items/m3 in monitoring sections of China seas. The average abundances 

of floating microplastics in the Bohai Sea, Yellow Sea, East China Sea, and South China Sea 

were 0.04, 0.33, 0.07, and 0.01 items/m3, respectively. The main types of floating 

microplastics were granules, fibers, and fragments, and the main components were 

polystyrene and polypropylene.  

 ̧ Microplastics in beach and sediment 
According to the Bulletin of Marine Environmental Quality in China (SOA, 2018), in 

2017, the average abundance of beach microplastics was 245 items/m2, and the highest 

abundance was 504 items/m2. The main types were lines, granules, and fibers, and the main 

components were polystyrene and polypropylene. The mean abundance of microplastics in 

sediments was in the range of 25 ï 47 897 items/m2 for beaches and 15 ï 3 320 items/kg for 

subtidal sediments. The maximum difference in mean abundance of microplastics in 

sediments among the studies was in the range of three orders of magnitude, which was much 

less than that of seawater. According to the previous reported studies, the microplastics 

abundance in beaches in Asia was significantly higher than those in America and Europe. 

Relatively high abundances were recorded in East Asia, including China, Japan, Hong Kong, 

and Korea.  

 ̧ Microplastics in marine organism 
Some studies have reported the presence of microplastics in commercial seafood for 

human consumption, indicating a direct connection between the microplastics and seafood, 

especially the bivalve and fish (Rochman et al., 2013b; Rochman et al., 2015; Van 

Cauwenberghe and Janssen, 2014).  

In total of 21 species of sea fish collected from a fishery of China were found to uptake 

microplastics in abundance of 0.2-26.9 items/g. Demersal species showed significantly higher 

abundance of microplastics than pelagic fishes. Microplastics were dominated by fiber in 

shape, transparent in color and cellophane in composition (Jabeen et al., 2017). Fibers were 

also the most common morphotypes of microplastics in fishes from the North Sea (Lusher et 

al., 2013). However, abundance of microplastics in pelagic fishes was higher than demersal 

fishes from the North Sea, Baltic Sea and English Channel (Rummel et al., 2016).  
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Li et al., (2015) investigated 9 commercial bivalves in China with microplastics ranged 

from 2.1 to 10.5 items/g. Multiple types of microplastics, including fibers, fragments and 

pellets, occurred in the tissue of all bivalves, and the most common size class was less than 

250 mm.  

According to Sun et al., (2017), microplastics were widely present in zooplankton of China 

coast. The average sizes of microplastics in the zooplankton were smaller than 200 ɛm in the 

Yellow Sea, the East China Sea and the South China Sea. Fibers were the dominant type of 

the microplastics  

 

2.3 SCCPs( Short-chain Chlorinated Paraffins) 

As the most complex halogenated contaminants, chlorinated paraffins (CPs) can be 

subdivided into short-chain (C10ī13, SCCPs), medium-chain (C14ī17, MCCPs), and long-chain 

chlorinated paraffins (C18ī30, LCCPs) according to the carbon atom number of chlorinated 

derivatives (Hilger et al., 2011). China is one of the largest producer of CPs in the world. 

According to de Boer et al. (2008), the CPs production in China was up to 600,000 tons by 

2007. According to the recent literatures, the overall concentrations of CPs around the coastal 

area were higher than those from other countries and regions, for example a 6600 ng g-1 (dw) 

in sediment from the PRD coastal estuary has always been the highest concentration reported 

in literature all around the world (Chen et al., 2011). 

    Until now, most studies in China were conducted around the Bohai Sea and the 

concentrations were higher than those from Japan and west European areas (van Mourik et 

al., 2015).  Furthermore, according to Ma et al., (2016), the riverine was the main source of 

SCCPs input and thereafter influenced the spatial distribution of SCCPs in Liaodong Bay. 

Further studies in Bohai demonstrate that the treated or untreated wastewater was an 

important direct or indirect input of SCCPs to the seawater. 

    Considerable amounts of SCCPs were detected in sediments from the nearshore regions of 

the Bohai Sea (97.6ï1760 ng gï1, dw) (Ma et al., 2014a), the Liaohe Estuary (64.9ï1680 ng 

gï1, dw) (Chen et al., 2014), Liaodong Bay (65.0ï541 ng gï1, dw) (Ma et al., 2014b), the 

mouth of the Daliao River (64.9ï407 ng gï1, dw) (Gao et al., 2010), and the PRD coastal 

estuaries of China (320ï6600 ng/ g; mean: 2800 ng gï1, dw) (Chen et al., 2011). Besides, the 

levels of SCCPs in the Liaohe River also exhibited a strong decreasing trend with increasing 

distance from the cities, implicating local industrial activities as the major emission source 

(Gao et al., 2012).  

Ma et al., 2014 and Chen et al., 2016 have studied the influence of SCCPs on food web. 

The indicators of bioaccumulation and biomagnification of SCCPs in the marine organisms 

and marine food web hinted an ecological and health risks to organisms and humans, 

however to date, there is very limited data on CPs available for the risk managements in 

terrestrial wildlife and humans over the world. 

2.4 PBDEs (polybrominated diphenyl ethers) 

As one type of brominated flame retardants (BFRs), polybrominated diphenyl ethers 

(PBDEs) are extensively used in electronic appliances, plastics, furniture, and textiles as 

additives to prevent fire, and have received increased attention over the last two decades for 

their potential environmental risks. Since 2000, the extensive investigations on the 

occurrence and distribution of PBDEs in coastal environment have been conducted in South 

and East China (Chen et al., 2013; Mai et al., 2005). Totally, the concentrations of PBDEs in 
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different marine matrixes were higher compared with other reports around the world, even 

with the developed countries (Yu et al., 2016). For example, the highest residual level of 

PBDEs reported in literature was found in the Pearl River Delta and several eïwaste 

recycling areas in China. Obviously, the electronic manufacturing and eïwaste dismantling 

industries was the main source of PBDEs around the coastal areas. 

The concentrations of PBDEs around the coast of China also presented a typical regional 

characteristic and the overall concentrations were higher than those from other countries and 

regions (Yu et al., 2016). The highest concentration, with the value of 68 ng Lï1, was detected 

from the Pearl River Delta (Guan et al., 2007).. Because a lot of electronic manufacturing 

industries and eïwaste dismantling areas exist in China coastal areas, the rainfall and the 

surface runoff are likely to take the atmospheric particulate and the soil into the coastal 

environment. 

The concentrations of PBDEs displayed significant difference among the different 

sampling sites. According to the report of Li et al. (2012), PBDE distribution in the coastal 

Eastern China Sea (ECS) was related to the landïbased inputs rather than the sediment 

characters. They were mainly from the coastal electronic waste dismantling/recycling and 

Yangtze River, and the coastal ECS is an important sink of the PBDEs in the world.  

PBDEs residual levels in most coastal areas of China were also relatively lower than 

those of other countries. However, the concentrations of PBDEs from the polluted areas were 

comparable to/or even higher than those of developed regions (Table 2). According to the 

report by Shi et al. (Shi et al., 2009), the average concentration of PBDEs in fish samples 

collected from the electronic waste recycling plant in Qingyuan (Guangdong Province) was 

153.0 ng gï1 (lw), and the mean value in waterfowls was up to 1165.2 ng gï1 (lw). Because of 

the high potential of bioaccumulation and biomagnification, the risk managements about 

PBDEs in terms of ecosystem and human health, especially in heavily polluted areas, should 

not be ignored. 

2.5  OCPs (Organochlorine Pesticides) 

Organochlorine Pesticides (OCPs) accounted for 80% of the total pesticides before1982 

in China. According to the core sediment records of the Yangtze River Estuary, it was 

estimated that the total burdens of HCHs and DDTs in the inner shelf of the East China Sea 

were 35 tons and 110 tons, respectively. After 1983 (year of the official ban in China), those 

values were 13 tons and 50 tons, respectively (Lin et al., 2016). 

The OCPs concentration in seawater and organisms presented an identical trend that the 

HCHs concentrations were higher than those of DDTs; whereas, the DDTs in sediment 

presented the opposite tendency. In the coastal areas of Fujian and Guangdong Province 

(locating in the South China Sea), the OCPs concentrations in water were relatively higher.  

In the fishery along the throughout coastal line, from Tianjin in north to Wanning (Hainan 

Province) in south, the concentrations of DDTs and HCHs in bass muscle from southern 

fisheries were in general much lower than those from the northern. The ratios of OCP 

congeners suggested that technical DDT was not the main input and a recent usage of lindane 

or aged technical HCH residuals could be the source of HCHs. Expect for Quanzhou and 

Wanning, the consumption of bass were quite safe on the base of the maximum allowable 

fish assumption rate (Pan et al., 2016).  

Comparing to open sea and ocean areas in the world such as Arctic Ocean, Pacific, and 

Berling Sea, the OCPs residual levels in the seawater of Chinese marginal seas were 

relatively higher because the usage in agriculture and disease control. However, The HCHs 

and DDTs concentrations in surface sediments much lower than those in some other Asian 

area, such as Vietnam, India and Singapore (Wu et al., 2015). The Asian Mussel Watch 
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initiative by Monirith et al.(2003) revealed that China, along with Hong Kong and Vietnam, 

is one of the three countries having the highest DDT concentrations among 12 Asia-Pacific 

countries. Furthermore, the coastal region of central China is likely one of the most DDT- 

and HCH-polluted areas in the world in the context of the levels detected in mollusks (Zhou 

et al., 2014). 

2.6  PCBs (Polychlorinated Biphenyls) 

Polychlorinated biphenyls (PCBs) are one class of traditional persistent organic pollutants 

(POPs) targeted by the Stockholm Convention on persistent organic pollutants (POPs). The 

emissions from Chinese coking industry were 115 kg, less than 0.1% of the total UP-PCB 

emissions (Cui et al., 2013). 

The concentrations of PCBs in the seawater and sediment sampling from some coastal areas 

of Dalian, Bohai Bay (Tianjin inshore) and Fujian Province (such as Minjiang River Estuary 

and Xiamen) were relatively higher than those in other coastal areas (Shi et al., 2016; Wu et 

al., 2016; Zhang et al., 2010). Similarly, the higher-leveled PCBs in fish and shell fish 

samples were detected collected from Dalian Bay, Bohai Bay and Pearl River Estuary, as 

Table 1 shown. The PCBs concentrations in the bass muscles of 9 Chinese fisheries (Tianjin, 

Qingdao, Lianyungang, Zhoushan, Ningbo, Wenling, Ningde, Quanzhou, Shantou, Shenzhen, 

Fangchenggang, Sanjiang and Wanning) were approximately 10 times lower than those fish 

taken from UK, USA and Japan.  

     PCBs may pose a health risk of a lifetime cancer to the coastal residents who consumed 

more seafood, so the carcinogenic risk factors was used to assess the health risk level derived 

from PCBs contamination (Xia et al., 2012). The PCBs concentrations in sediment sampling 

from Dalian Bay, West Harbor (Xiamen) and Pearl River Estuary exceeded the ERL value, 

suggesting that PCBs would have slight negative effects (Meng et al., 2017). The 

bioaccumulation in marine organisms in Hangzhou Bay and Yangtze River Estuary did not 

pose a significant health risk and the PCBs concentrations in air would not cause cancer via 

inhalation as well (Zhang et al., 2013; Adeleye et al., 2016).  

Generally, the residual of PCBs in the marine environmental matrixes were relatively low 

to medium in the world, so that the adverse effects derived from PCBs were rarely reported in 

China. Some areas in high industrialization levels, such as Bohai Bay, Yangtze River Estuary 

and Pearl River Estuary were less contaminated in terms of PCBs concentrations in sediments, 

than Korean coasts, Singapore coasts, Sea lots of Trinidad, Cantabrian Sea (Spain), Bay of 

Biscay (France) and Guánica Bay (Puerto Rico, USA) (Adeleye et al., 2016). 

2.7  PAHs (Polycyclic aromatic hydrocarbons) 

Polycyclic aromatic hydrocarbons (PAHs) are a class of hydrophobic semi-volatile organic 

compounds in the environment, and originated mainly from incomplete combustion of fossil 

fuels and biomass. With the increase of fossil fuels consumption, the levels of PAHs in 

coastal environments are increasing. The overall concentrations of PAHs in different matrixes 

are comparable to some developed countries, especially in some harbour areas. For example 

the PAHs in sediments from the Dalian and Hong Kong harbour are similar to those from San 

Francisco Bay, USA (Li and Duan, 2015; Yao et al., 2009). 

The difference of PAH concentrations in seawater among different regions are significant. 

In general, the PAH concentrations in the Bohai Sea are higher than those of the Yellow Sea, 

East Sea and South China Sea. The levels of PAHs along the marginal seas of China are 

comparable or slightly higher than those of other regions in the world depending on the 
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different sea areas (Ya et al., 2017). 

On a larger scale in China, PAH levels in sediments of the Bohai Sea were not statistically 

higher than those in the Yellow Sea and South China Sea sediments, which was probably 

influenced by the location of sampling sites, contents of organic matters in sediments, and 

local industrial structure of target areas, etc.  

The results of vertical distribution in core sediments showed that, in general, PAH levels 

increased from the bottom to the surface, indicating the obvious influencing of human 

activities on the vertical distribution of PAHs. Most studies suggested that the concentrations 

of PAHs in core sediments began to increase gradually from 1960ôs. However, the different 

core profiles of PAHs among different sites indicated that regional characteristics (e.g. fuel 

consumption intensity, fuel types, economic development) also influenced the PAH levels 

and distribution (Xu et al., 2006). 

2.8 Antibiotics  

Antibiotics have been widely used as human and veterinary medicines to treat diseases and 

to promote growth in livestock and aquaculture, and increasingly released in to the aqueous 

environment. The occurrence, transformation and risks of antibiotics in aquatic systems are 

well-acknowledged environmental issues and have raised particular concerns (Baena-

Nogueras et al., 2017; Luo et al., 2011). Importantly, these pollutants are pseudopersistent 

and have been proved to induce antibiotic resistance genes (ARGs), which have been 

recognized as a new emerging contaminant in environment. China is the largest producer and 

user of antibiotics in the world based on the market sales data. The total antibiotic usage in 

China for 2013 was estimated to be approximately 162000 tons. China consumed 150 and 9 

times more antibiotics than the UK and USA, respectively. The large usage in China, as well 

as their incomplete elimination by metabolism (Campagnolo et al., 2002) and wastewater 

treatment (Chen et al., 2013a) have been resulted in the high emission into the environment. 

For instance, the total emission for 36 frequently detected antibiotics in China was estimated 

to be 53800 tons. Furthermore, the Yellow river, Huaihe river, and Yangtze river downstream 

basins received the discharge of the target antibiotics of more than 3000 tons (Zhang et al., 

2015a).  

As emerging contaminants, Antibiotics have been increasingly detected in environmental 

waters. Their presence in surface waters (including seawaters) has been reported in many 

countries including the United States (Kolpin et al., 2002), Europe (Loos et al., 2009), and 

Vietnam (Managaki et al., 2007). This is particularly relevant in China with their widespread 

occurrence in coastal areas (Ge et al., 2018; Ge et al., 2019; Luo et al., 2011). For example, 

sulfonamide antibiotics exist quite widely, with mean concentrations observed to range from 

0.1 to 150.8 ng L-1 in the coastal waters of China through a variety of recent monitoring 

studies.  

In general, the aquatic environment in China has relatively higher antibiotic contamination 

levels when compared with other countries around the world (Zhang et al., 2015b). The 

environmental concentrations for sulfonamides and tetracyclines in China are higher than in 

some European countries such as Italy and France. For the macrolides, roxithromycin had a 

mean concentration range of ND-150 ng/L in German rivers, while it was 0.05ī378 ng/L in 

China. The measured environmental concentrations of fluoroquinolones (ciprofloxacin, 

norfloxacin, ofloxacin, and norfloxacin) in Italy (9 ng/L), USA (up to 120 ng/L), and 

Germany (20 ng/L) are much lower than those in China with concentrations up to 7560 ng/L, 

with the average for all fluoroquinolones being 303 ng/L. 
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2.9 Summary 

Overall, Chinaôs rapid economic and social development has led to an acceleration in 

nutrient inputs to coastal waters. More than 80 percent of pollutants originates from terrestrial 

sources via point and non-point sources. Changes in the nutrients in coastal water were 

closely related to Chinaôs GDP growth rate, development pattern, population growth, as well 

as environmental protection policies and measures. The nutrient inputted to the sea increased 

rapidly during the end of the 1980s to the beginning of the 21st century, with a high rate of 

growth in real GDP. In the last decade, the increasing trend in nutrient inputs to the sea has 

been shifted, a steadily decreasing trend has been observed, and the status of coastal areas on 

eutrophication has improved over the last five years. Other than the nutrients, emerging 

contaminants and emerging issues about waters, sediment, and organism contamination have 

caused great concerns in China. The abundances of floating litter and microplastics in 

Chinaôs coast were the same order of magnitude as those reported in samples from the North 

Atlantic coast and South Pacific subtropical coast. Relatively high abundances of 

microplastics in water and sediment were recorded in the Estuaries and fishing harbors. More 

ñtrue or really newò emerging contaminants would of course include many more types of 

contaminants such as pesticides, pharmaceuticals and personal care products, fragrances, 

plasticizers, hormones, flame retardants, nanoparticles, perfluoroalkyl compounds, 

chlorinated paraffins, siloxanes, algal toxins, various trace elements including rare earths and 

radionuclides, etc. Of these, SCCPs, PBDEs, OCPs, PCBs, PAHs, and antibiotics have been 

ubiquitous in Chinaôs coast, especially in the Bohai Sea. More work is still needed to 

elucidate the sources, status, fate, and potential threat to ecosystem and human health.  

3. Pathways of the land-based pollutants into the ocean 

With the development of economic activities and marine undertakings in coastal areas, a 

large amount of sewage and various harmful substances have entered the offshore sea of 

China, causing a certain degree of pollution. In recent years, the decline of aquatic resources 

in some sea areas, the ruin of beaches, and the decline of seashore aesthetics have all been 

related to sea area pollution. This section analyzes the main pathways of the pollutants 

interface with ocean, coastal and river based on recent data. 

3.1 Rivers and ocean outlets   

3.1.1 Main Riverine Sources of Pollutants 

Of the 55 rivers monitored for several years, 44%, 42% and 36% rivers failed to meet 

Surface Water Quality Standard Category V during dry, wet and normal seasons, respectively 

(Table3-1). The main pollutants were chemical oxygen demand (CODCr), total phosphorus, 

ammonia nitrogen and petroleums. 

Table3-1 The statistics for water quality categories of monitored riverine sections 

Monitoring period 
Water quality 

Total 
~    >  

Dry season 6 18 7 24 55 

Wet season 4 16 12 23 55 

Average water season 6 15 14 20 55 
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The pollutant loads carried by 55 seagoing rivers monitored for several years were as 

follows: 13.3 million tons of CODCr, 150,000 tons of ammonia nitrogen (measured based on 

nitrogen), 2.1 million tons of nitrate nitrogen (measured based on nitrogen), 50,000 tons of 

nitrite nitrogen (measured based on nitrogen), 230,000 tons of total phosphorus (measured 

based on phosphorus), 50,000 tons of petroleums, 10,000 tons of heavy metals (including 

2,826 tons of copper, 445 tons of lead, 6,974 tons of zinc, 105 tons of cadmium, and 49 tons 

of mercury) and 2,761 tons of arsenic. 

The monitoring results from 2013 to 2017 indicated that, the total amount of nitrogen 

(ammonia nitrogen, nitrate nitrogen and nitrite nitrogen) input to the sea via rivers was 2.3-

2.7 million tons each year, while the total amount of phosphorus was 0.18 ï 0.27 million tons 

(SOA, 2018). The Changjiang River is the largest nutrient-transporting river among all of the 

Chinese rivers, followed by the Zhujiang River. Wastewater and sewage directly discharged 

into the sea is an important source of nutrients entering the coastal waters. The main 

pollutants discharged from sewage outlets to the sea were total phosphorus, CODCr, 

suspended solids, and ammonia. 
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Figure 3.1 Distribution of the pollutant load in main riverine sources of China from 2013 to 2017 

(SOA, 2018) 

 

3.1.2 Environmental Quality of the Pollutant Discharge Outlets into the sea and the 

Adjacent Sea Areas 

Results showed that, of the various types of emission outlets, the integrated source had the 

largest sewage load, followed by industrial source, and the least is the source of life (Table 3-

2). Among the coastal provinces, Zhejiang has the largest sewage load, followed by Fujian 

and Guangdong, and Zhejiang has the largest COD load, followed by Liaoning and Shandong 

(Table 3-3). 

Table 3-2 The pollutant load for various types of emission outlets in 2017  

Outlet 

source 

Number of 

outlets 

Sewage 

load/104t 
COD/t 

Petrole

um/t 

NH4-

N/t 
TN/t TP/t Cr/kg Pb/kg Hg/kg Cd/kg 

Industrial 

source 
150 162 033 21168 153.0 711 3594 120 361.0 469.5 1.8 9.0 

Source of 

life 
59 73 385 24081 290.0 1946 7058 385 130.3 422.9 5.9 18.1 

Integrate

d source 
195 400 624 127165 463.3 8102 45973 1664 1843.5 2965.3 235.7 516.3 

 

Table 3-3 The pollutant load of emission outlets in different coastal provinces in 2017 

Province 

Numbe

r of 

outlets 

Sewage 

load/104t 
COD/t 

Petroleu

m/t 

NH4-

N/t 
TN/t TP/t Cr/kg Pb/kg 

Hg/k

g 
Cd/kg 

Liaoning 34 52 534 19 742 278.4 3 282 6 209 264 138.4 30.3 31.1 -- 

Hebei 5 7 123 1 884 -- 619 903 133 71.9 3.6 -- 0.2 

Tianjin 18 7 037 2 213 3.5 201 577 26 -- 11.3 1.7 4.2 

Shandong 47 64 771 19 637 36.5 860 6 106 203 157.6 389.3 64.9 66.1 

Jiangsu 15 4 752 1 989 8.9 111 460 32 119.2 111.8 13.2 30.3 

Shanghai 10 24 598 6 269 72.7 322 2 513 131 -- 126.1 26.5 14.5 

Zhejiang 85 206 877 74 702 271.1 2 585 23 480 524 1589.8 1 139.1 28.3 289.1 

Fujian 59 156 516 18 870 86.9 936 5 981 229 167.5 135.7 51.9 16.7 

Guangdong 66 71 487 14 529 70.9 1 014 6 008 328 22.9 201.6 14.5 4.0 








































































