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ABSTRACT 

 

 The aim of the paper is to give an overview of negative effects of shipping business on 

marine environment as well as the protection of marine environment against pollutants that 

enter the environment from shipping activities. Many pollutants, that enter marine 

environment from ships and ports (oils, chemicals, sewage, waste, ballast water, greenhouse 

gases, ozone depleting substances, ...) can damage marine habitats and marine living 

resources. The scale of the impact of these pollutants on marine ecosystems varies from local 

environmental problems to global scale problems and it differs from place to place depending 

upon environmental factors but also socio-economic factors.  The shipping is international 

industry, and it is effective only if the regulations and standards are agreed, adopted and 

implemented internationally. The discharges of many of these pollutants are regulated through 

the International Maritime Organization (IMO) Conventions, as well as through national 

regulation by coastal states. Beside the regulatory framework developed and maintained by 

IMO, the development and implementation of global standards covering new technologies 

and innovations, as well as maritime education and training, are necessary for green and 

sustainable global maritime transportation system. 
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1. INTRODUCTION 

 

 The aim of the paper is to give an overview of negative effects of shipping business on 

marine environment as well as the protection of marine environment against pollutants that 

enter the environment from shipping activities.  

 The ocean covers 71 % of the Earth, and it serves as a factory of oxygen, a factory of 

food, a collector of Sun energy (as it has great heat capacity that influences the climate) as 

well as the largest and the cheapest way of transportation. One of the most important 

characteristics of the ocean is possibility of autopurification but it is confined to certain limits. 
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This characteristic was abused in the past. The ocean was considered as big garbage bin and 

large amount of the pollutants were discharged in the ocean purposely. The total amount of 

the pollutants discharged into the ocean throughout the years is hard to estimate [1]. We can 

only assume that this amount was not significantly high till the industrial revolution when 

human activities were greatly intensified. One of the most important human sea-related 

activity is shipping. Marine transportation includes cargo-carrying commercial shipping and 

non-cargo commercial shipping. International shipping transports between 80% [2] and 90 % 

[3] of global trade, because it is the most efficient and cost-effective method of international 

transportation for most of the goods. Seaborne trade continues to expand and it will grow in 

the future due to the growing efficiency and cost-effectiveness of shipping as well as 

increased economic liberalisation [3].  

 According to the International Maritime Organization (IMO) the ship operators should 

take into account not only their financial issues but also safety, security and environmental 

performance and they should encourage innovation and efficiency. The shipping is 

international industry so the regulations and standards should be agreed, adopted and 

implemented internationally and this is provided by IMO [4]. 

 The impact of the pollutants depends upon physical and chemical properties of the 

pollutants, upon the environment properties (the geomorphology, weather conditions...), but 

also upon the sensitivity of marine species [5]. Multiple stressors from shipping act on the 

marine environment resulting in impact to:  

 

· marine habitats - oceans, coastal areas and air (by oils, chemicals, sewage, waste, 

ballast water, greenhouse gases, ozone depleting substances and particulate matter, 

physical habitat destruction, light, noise and vibration) and  

· marine living resources [6].  

 

The impact of shipping on marine organisms and habitats include:  

 

· direct physical damage caused by ship hull and equipment (anchoring, mooring, 

collision, grounding, sinking, …) or by dredgers during port construction and 

operation, 

· indirect damage caused by changes in: 

• the physical water parameters (temperature, currents, ...) and/or  

• chemical balance in the environment (pH, oxygen content, ...). 

 

The pollutants can cause acute or chronic poisoning of marine organisms. The acute 

(direct) poisoning occurs when organisms are exposed to lethal dose of toxic substances in 

water even for a short time while chronic poisoning occurs when organisms are exposed to the 

doses lower than lethal dose but during the longer period (bioaccumulation)). Pollutants 

usually pose the greater threat to organisms higher in food web than to organisms lower in the 

food web because the former organisms are more complex that the latter as well as and due to 

bioaccumulation of some pollutants trough food web. Eggs, larvae and juvenile stages are 

usually more sensitive to pollution then the adult stages [7]. 

Pollutants from ships can enter the sea during: 

 

· ships operations or 

· ships accidents. 

 

Although pollution caused by ships accidents draw more attention that pollution 

caused by every day operations, the operational discharges contribute more to the marine 
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pollution that accidental discharges. Accidental discharge from ships includes oil spill 

resulting from collision or grounding/stranding, or loss of deck cargo, while operational 

discharge includes intended or unintended discharges of: 

 

· oils, 

· cargo, 

· hazardous materials including chemical and radioactive materials, 

· sewage, 

· garbage materials including releases of cargo residues (marine debris), 

· air emissions (greenhouse gases, ozone depleting substances and particulate matter), 

· ballast waters, 

· antifouling paints, 

· light, noise and vibration emissions,  

· contaminants during sinking or ship breaking activities. 

 

 The impact of shipping on marine ecosystems varies from local environmental 

problems to global scale problems. The impact of shipping on marine ecosystems differs from 

place to place depending upon environmental factors (geography, hydrology, ecology, ...) but 

also socio-economic factors (types of shipping, industrialization and urbanization) [7]. 

 The effects of pollution from ships are less detrimental at the open seas than in coastal 

areas. The effects can be especially detrimental in small closed water bodies with low water 

exchange and slow water circulation. If these water bodies are additionally environmentally 

stressed by industrialization and urbanization, the cumulative effect of pollution from 

different sources can be considerably magnified. It is also well known that the temperature 

have significant influence on the effects of different pollutants in the environment. In colder 

regions the pollutants generally degrade slower than in warmer regions (for example oils) but 

sometimes colder climate may reduce larger impacts of pollutants (for example impacts of 

Invasive Aquatic Species - IAS) [8]. 

 

 

 

2. OIL SPILLS  

 

Bunker fuel is the main fuel for marine vessels, but there is a great variety of oil 

products that can be transported as cargo. Only 12 % of all oil spills originates from oil 

transport, but about 67 % of those seaborne are from marine vessels [7]. There are two 

different types of discharges: accidental discharges that arise from human error or 

technological failure, and operational discharges that arise from negligence or intentional 

infringement of international conventions [7].  

Vessel fuelling is an operation that poses a serious threat to marine environment and 

many of oil spills result from accidents during the fuelling [5]. Oily bilge water is also very 

dangerous pollutant as well as the oil. Oily bilge water is separated on board ships by a 

separator. Clean water is discharged overboard while separated oil should be disposed ashore.  

There are several different processes with oil in the marine environment: 

 

· evaporation,  

· dissolution,  

· spreading, 

· dispersion, 
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· drifting, 

· stranding,  

· emulsification,  

· sedimentation,  

· oxidation,  

· biodegradation. 

 

Which process will take place and how long it will last depend on the weather but it 

also depends on oil characteristics. Medium-grade oil disperses greatly and evaporates 

quickly compared to heavy oils. Heavy oil sinks easily and it persists longer in the 

environment (usually in the sediments). The impact of oil spills on marine biota depends on 

the type of oil but also on sensitivity of the organisms. The potential impacts of an oil spill on 

the marine environment are listed in table 1. Heavy oil is usually less poisonous to the 

organisms but it can cause greater environmental harm than medium-grade oil, because it 

persists longer in the environment. Marine biota can be harmed by oils immediately (acute 

poisoning that usually causes death) or in long term (chronic poisoning that causes sub-lethal 

effects) [7]. 

 

Table 1. Potential biological impact of oil spills on marine organisms [5] 
 

Marine community Effects of oil contamination Impacts 

Birds 

Fouling Loss of water resistance and hypothermia 

Ingestion of oils 

Anemia, pleurisy, intestinal problems, renal 

defects, impaired osmoregulation, reduced 

growth 

Reproduction defects 
Reduced production and reduced survival rates 

of directly exposed eggs 

Physical disturbance Stress and behavioural changes 

Mammals 

Fouling 
Eye and skin irritation, increased metabolism 

and impaired thermoregulation 

Ingestion of oils (direct and 

indirect) 

Organ damage, neurological damage, 

bioaccumulation 

Inhalation of toxic vapours 
Absorption into circulatory systems and damage 

to respiratory surfaces and mucosal membranes 

Pelagic species 

(open water) 
Incomplete records 

The higher the species are in food web the more 

sensitive they are 

Reduced survival rates of eggs and larvae 

Intertidal plants Smothering Some are resistant 

Intertidal infauna 

(buried in sediments) 
 

Buried shellfish bioaccumulates contaminants 

while some organisms can survive in heavily 

oiled sediments and some organisms can 

facilitate biodegradation 

Epifauna Bioaccumulation Shellfish bioaccumulates contaminants 

Subtidal plants Physical disturbance 
Usually are not impacted but may be affected by  

the clean up 

Subtidal fauna 
Behavioural changes and 

mortality 
Acute and chronic effects (e.g. crustaceans) 

 

The discharges of many of the pollutants that enter the ocean from shipping industry 

are regulated through the International Maritime Organization (IMO) conventions, as well as 

through national regulation by coastal states.  

Today, oil tankers are safely built, constructed (double hull, segregated ballast tanks...) 

and operated (15 ppm standard allowable discharges of bilge water) thanks to the 

International Convention for the Prevention of Pollution from Ships (MARPOL) (Annex I). 
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MARPOL, Annex I covers 5 categories of oily waste: oily tank washing, dirty ballast water, 

oily bilge water, oil sludge and used lubricating oil. The MARPOL, together with the 

International Convention on Standards of Training, Certification and Watchkeeping for 

Seafarers (STCW Convention) have reduced the oil pollution of the sea [9, 10]. 

 

 

 

3. HAZARDOUS AND NOXIOUS SUBSTANCE (HNS) SPILLS 

 

About 2000 chemicals are carried by sea vessels on regular basis [7]. The impact of 

chemical spill on the marine ecosystem depends on the type and amount of spilled chemical 

and the site of the spill [7]. 

The International Convention on Oil Pollution Preparedness, Response and Co-

operation (OPRC)-HNS Protocol deals with cargoes such as coal, metal ores, and grain. The 

Hazardous and Noxious Substances Convention does not deal with the mentioned cargoes, 

but deals with nonpersistent distilled mineral oils [11].  

In MARPOL Annex II Regulations for the Control of Pollution by Noxious Liquid 

Substances in Bulk, noxious liquid substances are classified into 3 categories (X, Y, Z) 

plus other substances (OS), which refer to the different levels of hazard from noxious liquid 

substances. 

MARPOL Annex III also sets out regulations for the prevention of pollution by 

harmful substances in packaged form and includes general requirements for the issuing of 

detailed standards on packing, marking, labelling, documentation, stowage, quantity 

limitations, exceptions and notifications for preventing pollution by harmful substances. 

 

 

 

4. SEWAGE 

 

About 20 L of blackwater/person/day and 120 L of greywater/person/day are 

generated by ships [7]. The nutrients and other pollutants from sewage and garbage materials 

can reduce water quality (increased turbidity and nutrient levels, oxygen depletion) and 

promote harmful algae blooms, but they can eventually cause dramatic reductions in the 

biodiversity. The accumulation of waste material can pose the problem in coastal regions due 

to low water exchange rates [5].  

MARPOL Annex IV contains regulations regarding the discharge of sewage into the 

sea from ships (ships' equipment and systems for the control of sewage discharge, the 

provision of port reception facilities for sewage, and requirements for survey and 

certification). 

 

 

 

5. GARBAGE AND CARGO RESIDUES 

 

MARPOL Annex V regulates garbage discharge with aim at zero-level pollution 

(except food waste, cargo residues, cleaning agents and additives and animal carcasses) [7]. 

Plastic waste should be stored on ships and disposed onshore. Dumping and incinerating 

plastic at sea is not allowed [12].  

Cargo residues are generated during loading and unloading operations and account for 

about 57 % of the total volume of dry bulk cargo transported globally [13]. The International 
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Convention for the Safety of Life at Sea SOLAS includes the mandatory International 

Maritime Solid Bulk Cargoes Code IMSBC Code. The Code gives information on the risks of 

solid bulk cargoes transport, excluding grains. The transport of grains is regulated by the 

International Grain Code [7]. According to [14], 23 cargoes of 168 listed cargos are 

hazardous to the marine environment (HME), including heavy metals and polycyclic aromatic 

hydrocarbons PAHs. Many PAHs have toxic, mutagenic and/or carcinogenic properties [14]. 

Heavy metals are also classified as human carcinogens according to the U.S. Environmental 

Protection Agency, and the International Agency for Research on Cancer [15]. It is allowed to 

discharge nontoxic cargo residues and rinse water outside the 12 nautical miles zone, but it 

has not been allowed for HME cargo residues since 2015. Cargo residues can have strong 

impact on benthic communities [7, 16]. 

 

 

 

6. AIR EMISSIONS 

 

In the shipping, the source of air emissions is the exhaust of internal combustion 

engines and incinerators (including conventional air pollutants and greenhouse gas pollutants 

GHG) and ozone depleting substances (chlorofluorocarbons (CFC) and halons) from 

refrigeration and fire-fighting systems. Emissions depend on the type of fuel, engine, and 

engine efficiency [7, 17]. Conventional air pollutants include: sulphur oxides, nitrogen oxides, 

particulate matter, volatile organic compounds (VOCs), carbon monoxide, and black carbon. 

GHG emissions include: carbon oxide, methane, and nitrous oxide [7]. The potential 

environmental impacts of gaseous pollutants from ships are listed in table 2. 

 

Table 2. Potential environmental impact of gaseous pollutants from ships [7] 

 
Effects Emission of 

 SOx NOx CO2 

Greenhouse effect   x 

Ozone depletion  x  

Acid rain x x  

 

Sulphur oxides and nitrogen oxides contribute to acid rains and to the acidification of 

the oceans. The emissions of greenhouse gases, sulphate and nitrate aerosols as well as 

organic and black carbon comprise to global warming that causes ocean warming, hypoxia 

and sea-level rise [18]. 

MARPOL Annex VI regulates volatile organic compounds (VOC), sulphur oxides and 

nitrous oxides emissions, and prohibits deliberate emissions of ozone depleting substances 

(ODS). It also regulates shipboard incineration [19]. 

 

 

 

7. BALLAST WATER 

 

The ballast water may contain a variety of harmful substances (oils, aquatic invasive 

species (AIS), faecal coliforms, ...). The Convention of Biodiversity has identified AIS as one 

of the five major threats to marine biodiversity [7].  

The International Convention for the Control and Management of Ships' Ballast 

Water and Sediments (BWM Convention) was adopted in London in 2004. The Convention 
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requires all ships to implement a ballast water management plan, to carry a ballast water 

record book and to carry out ballast water management procedures to a given standard [20]. 

Ballast water exchange (outside the Exclusive Economic Zone deeper than 2000 m) is still the 

most common method of elimination of AIS introduced by ballast water. It eliminates AIS by 

submitting AIS to lower or higher salinity. This method is not effective, if there are no big 

differences in salinity between host waters and home waters. Therefore, new methods have to 

be found [7]. 

 

 

 

8. ANTIFOULING SYSTEMS 

 

In enclosed waters, the rate of leaching from vessel hulls paints may exceed the 

capacity of the marine environment to degrade toxic compounds, resulting in an accumulation 

of toxic compounds in marine ecosystems [5]. These compounds can be very persisting and 

toxic to marine organisms. One of the most effective anti-fouling paints, the organotin 

tributyltin (TBT) is banned because of great toxicity to marine organisms. 

In 1990 IMO’s Marine Environment Protection Committee (MEPC) adopted a 

resolution which recommended that Governments adopt measures to eliminate the use of anti-

fouling paint containing TBT on non-aluminium hulled vessels of less than 25 metres in 

length and eliminate the use of anti-fouling paints with a leaching rate of more than 4 

micrograms of TBT per day. In 2001 the International Convention on the Control of Harmful 

Anti-fouling Systems on Ships (AFS Convention) was adopted [21]. 

 

 

 

9. LIGHT, NOISE AND VIBRATION EMISSIONS 

 

Ship machinery noises (propellers and flow noise) can disturb natural sounds and 

cause changes in social and reproductive behaviour, but the further investigations are needed 

[5]. The same problem for marine organisms may arise from light pollution. The intentional 

and unintentional illumination of the oceans increases, but the extent and the interference with 

marine organisms have to be investigated [22]. 

 

 

 

10. SHIPS SINKINGS AND SHIPBREAKING 

 

Fumes, noise and vibration from welding and cutting, flammable or explosive 

substances, metal fragments, are the main pollutants that results from shipbreaking operations. 

Leaking or discharges of residual oils, sludges, ballast and bilge waters can also occur during 

the shipbreaking. Shipbreaking operations consist of ship surveys, material and equipment 

removal (including asbestos and polychlorinated biphenyls (PCBs)), cutting, and recycling or 

disposal of materials [7]. 

The reefing of ships can have positive effect on marine communities, but the ships 

have to be stripped down adequately and hazardous materials disposed of appropriately [7, 

23].  

The Hong Kong International Convention for the Safe and Environmentally Sound 

Recycling of Ships (the Hong Kong Convention) was adopted in 2009. The Convention 
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ensures that ships at the end of their operational lives, do not pose any risks to human health, 

safety and to the environment [24]. 

 

 

 

11. CONCLUSION 

 

Many pollutants, that enter marine environment from ships and ports (oils, chemicals, 

sewage, waste, ballast water, greenhouse gases, ozone depleting substances, ...) can damage 

marine habitats and marine living resources.  

The impact of the pollutants depends upon physical and chemical properties of the 

pollutants, upon the environment properties (the geomorphology, weather conditions...), but 

also upon the sensitivity of marine species [5].  

Pollutants from ships can enter the sea during ships operations or ships accidents. 

Although pollution caused by ships accidents draw more attention that pollution caused by 

every day operations, the operational dischargers contribute more to the marine pollution than 

accidental discharges. Accidental discharge from ships includes oil spill resulting from 

collision or grounding/stranding, or loss of deck cargo, while operational discharge includes 

intended or unintended discharges of: 

 

· oils, 

· hazardous materials including chemical and radioactive materials, 

· sewage, 

· garbage materials including releases of cargo residues, 

· air emissions (greenhouse gases, ozone depleting substances and particulate matter), 

· ballast waters, 

· antifouling paints, 

· light, noise and vibration emissions, 

· contaminants during sinking or ship breaking activities. 

 

The scale of the impact of these pollutants on marine ecosystems varies from local 

environmental problems to global scale problems and it differs from place to place depending 

upon environmental factors but also socio-economic factors. 

The shipping is international industry, and it is effective only if the regulations and 

standards are agreed, adopted and implemented internationally. The discharges of many of 

these pollutants are regulated through the International Maritime Organization (IMO) 

Conventions (the International Convention for the Prevention of Pollution from Ships, the 

International Convention on Standards of Training, Certification and Watchkeeping for 

Seafarers, the International Convention for the Control and Management of Ships' Ballast 

Water and Sediments the International Convention on the Control of Harmful Anti-fouling 

Systems on Ship, the Hong Kong International Convention for the Safe and Environmentally 

Sound Recycling of Ships, ...), as well as through national regulation by coastal states.  

Beside the regulatory framework developed and maintained by IMO, the development 

and implementation of global standards covering new technologies and innovations, as well 

as maritime education and training, are necessary for green and sustainable global maritime 

transportation system. 
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