
ENVIRONMENTAL IMPACTS OF CHEMICALS IN WASTEWATER 

DISCHARGED FROM SHIPS 

 

The learning objectives of this part are to get familiarized with: 

➢ awareness of the importance of using Sewage treatment technologies on board. 

➢ regulation for Sewage Waste – MARPOL ANNEX IV. 

➢ notions of sewage, grey water, black water, and special areas. 

➢ the types of the methods used to treat wastewater on board. 

➢ knowledge of the main quality parameters of effluents discharged into the sea 

 

In our days, the waste produced by some types of ships could be in thousands of tons 

on daily basis. This waste can be divided into operational generated waste such as oil waste, 

air pollution, cargo residue etc. and human-generated waste such as garbage and sewage. 

MARPOL Annex IV enforces the ships to use appropriate sewage treatment and 

disinfection system or sewage storage tank in the ship. According to the Annex IV, if the ship 

has one of these treatment systems, sewage can be discharged at 3 nautical miles (nm) from 

the coast. Otherwise, if the ship is not equipped with any treatment system, sewage has to be 

discharged at 12 nm from the coast  

The sewage waste produced by a ship depends on the number of crew members and the 

type of ship. A large cruise ship can produce about 170,000 gallons of sewage daily. On an 

average of 0.01 to 0.06 m3 of sewage is produced per person in a day. The Sewage waste 

produced on the ship, known as wastewater, can be divided into two categories: Blackwater 

and Grey Water.  

“New ship” means a ship: 

• For which the building contract is placed, or in the absence of a building 

contract, the keel of which is laid, on or after 27 September 2003; or 

• The delivery of which is on after 27 September 2006. 

“Existing ship” means a ship which is not a new ship. 

“Holding tank” means a tank used for the collection and storage of sewage. 

 

Sewage means: 

• Drainage and other wastes from any form of toilets, urinals, and WC scuppers, 

• Drainage from medical premises (dispensary, sick bay, etc) via wash basins, 

wash tubs and scuppers located in such premises, 

• Drainage from spaces containing living animals. 

• Other waste waters when mixed with the drainages defined above, 

• “Discharge”, in relation to sewage, means any release how so ever caused from 

a ship and includes any escape, disposal, spilling, leaking, pumping, emitting or 

emptying. 



The exact amount of sewage and waste water flow generated on board ship is difficult 

to quantify. European designers tend to work on the basis of 70 L/person/day of toilet waste 

(including flushing water) and about 130-150 L/person/day of washing water (including baths, 

laundries, etc.). US authorities suggest that the flow from toilet discharges is as high as 114 

L/person/day with twice this amount of washing water. 

Generally, ships prefer treating sewage before discharging to save themselves from any 

type of embarrassment. There are different methods of treating sewage avaiable in the market, 

but the most common of them is the biological type for it occupies less space for holding tank, 

unlike those of the other methods. Moreover, the discharge generated from this plant is 

ecofriendly. 

It is to note that each sewage treatment system installed onboard has to be certified by 

classification society and should perform as per their requirement and regulations. The marine 

Environment Protection committee (MEPC) of the IMO adopted resolution MEPC.2 (VI) 

Recommendation on International Effluent Standards and Guidelines for Performance tests for 

Sewage Treatment Plants in 1976. 

The Annex entered into force on 27 September 2003. A revised Annex IV was adopted 

on 1 April 2004 and entered into force on 1 August 2005.  

In July 2011, MEPC 62 adopted by resolution MEPC.200(62), the most recent 

amendament to Marpol Annex IV, which entered into force on 1 January 2013. The amendment 

introduced, inter alia, a definition for Special Area as well as relevant requirements for the 

discharge of sewage from passenger ships in Special Areas and for port reception facilities. 

“International voyage” means a voyage from a country to a port outside such country, 

or conversely. 

“Person” means member of the crew and passengers. 

“Anniversary date” means the day and the month of each year which will correspond 

to the date of expiry of the International Sewage Pollution Prevention Certificate. 

Greywater is drainage from dishwater, shower, laundry, bath and wash basin drains. 

Blackwater is any waste from toilets or urinals. 

The black water is comprised of the following wastes produced on a ship: 

– Waste generated from drainage and in any other form from toilets and urinals, 

– Waste generated from the drainage of a medical dispensary, sick bay, etc. via washbasins, 

washtubs and scuppers located in such premises; 

– Drainage from the cargo hold of living animals, or other wastewaters when mixed with the 

drainages of such spaces. 

The Grey Water produced on Ship is comprised of: 

- Waste generated from the drainage of dishwasher and washbasin in the galley, 

- Waste generated from the drainage of cabin showers, bath, and washbasin drains, 

- Waste generated from the drainage of laundry, 

- Wastewater from interior deck drains, 
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- Refrigerator and air conditioner condensate, 

The untreated sewage contains various concentrations of nitrates, phosphates, and organic 

matter. This will contaminate the water bodies such as lakes, rivers, and the sea as the bacteria 

in the untreated sewage are strong and can consume oxygen at a very high rate from the 

surroundings, making it difficult for the natural fauna of the aquatic environment to sustain. 

Regulation For Sewage Waste – MARPOL ANNEX IV 

The sewage waste discharge from the ship is regulated under MARPOL Annex IV. The 

regulation states that: 

– Every ship of 400 GT and above which is engaged in international voyages, and carrying 

minimum 15 persons onboard must be equipped with either a sewage holding tank of 

appropriate capacity or an approved Sewage Treatment Plant (STP) or both 

– The sewage discharge from the ship is allowed if it has an approved sewage treatment plant, 

which can treat the raw sewage and discharge comminuted and disinfected sewage. With this 

arrangement, the discharge is allowed at a distance of more than 3 nautical miles from the 

nearest land when the ship is proceeding with a speed of 4 knots and above. 

- Foreign going cargo ships may be allowed (depending upon the area they are plying) to 

discharge untreated sewage only at a distance greater than 12 nautical miles from the closest 

land only if the ship is proceeding with a speed of 4 knots and above. 

 

– The ship has to maintain the rate of discharge of the sewage from the ship as recommended 

by the administration. 

– The rate of discharge from the ship is also limited to 1/200,000 (or one 200,000th part) of 

swept volume as follows: 

 

DRmax = 0.00926 V D B 

 

where: 

DRmax is maximum permissible discharge rate (m3/h), 

V is ship’s average speed (knots) over the period, 

D is Draft (m). 

B is Breadth (m). 

Grey water can also be included in the treatment systems for sewage, which means the 

resulting mixture of grey water and sewage must comply with the IMO sewage discharge 

criteria set for nitrogen, phosphorous, total suspended solids (TSS), biochemical oxygen 

demand (BOD), chemical oxygen demand (COD), pH and thermotolerant coliform standards, 

all contained in MEPC.159(55) and MEPC.227(64). 
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There are four very important notions that should be known while dealing with sewage 

treatment plants on ships: 

1. Biochemical Oxygen Demand (BOD) – is a test to identify biological decomposable 

substances and to test the strength of the sewage. BOD depends on the activity of bacteria in 

the sewage. These bacteria feed on and consume organic matter in the presence of oxygen. 

BOD can also be defined as the amount of oxygen required by the micro-organisms in the 

stabilization of organic matter. The results are generally expressed as the amount of oxygen 

taken by one litre sample (diluted with aerated water) when incubated at 20 ℃ for five days. 

BOD of raw sewage is 300-600 mg/L. IMO recommends BOD of less than 25 Qi/Qe mg/L 

(Updated by MEPC159) and the chemical oxygen demand (COD) does not exceed 125 Qi/Qe 

mg/L. The test method standard should be ISO 5815 1:2003 for BOD5 without nitrification 

and ISO 15705:2002 for COD, or other internationally accepted equivalent test standards, after 

treatment through sewage treatment plant. 

2. Coliform Count - Coliform is a type of organism which is present in human intestine 

and is recognized as indicator organisms of sewage pollution. Presence of these organisms in 

water is an indication of pathogen (pathogen count), which are diseases causing bacteria 

responsible for cholera, dysentery, typhoid etc. The number of coliform organisms present in 

sewage on ship is very large, with each person contributing around 125 billion in winters and 

400 billion in summer. IMO recommends faecal coliform count of less than 100 thermotolerant 

coliforms / 100 mL (Updated by MEPC159) of affluent after treatment. 

3. Recommended levels of pumping out total solids: 

✓ Dissolved solids – Solids which are dissolved in the solution 

✓ Suspended solids – Solids physically suspended in sewage that can be removed by 

laboratory filtration and are relatively high in organic matter. 

✓ Settle able solids – Suspended solids that will subside in quiescent liquid in a reasonable 

period of time (usually around an hour). 

✓ Suspended level of raw sewage – Around 300-400 mg/litre; IMO recommends 25 

Qi/Qe mg/L after treatment. 

✓ Residual disinfectant – After treatment residual disinfectant should be as low as 

possible. IMO recommends use of ultraviolet exposure for chlorination method. 

4. Bio-chemical digestion of sewage 

• Anaerobic process – Anaerobic bacteria can only multiply in the absence of free oxygen 

as they utilize chemically bound oxygen to survive. Anaerobic bacteria break down the organic 

matter into water, carbon dioxide, methane, hydrogen sulphide and ammonia. This process is 

called putrefaction. The products thus produced out of this process are noxious and toxic. The 

effluent is of poor quality and by-products are highly corrosive. 

• Aerobic process – Aerobic bacteria require free oxygen to survive. They break down 

the organic matter to produce safe products such as water, carbon dioxide, inert residue, and 

energy to synthesize new bacteria. 

 



 

 

Sewage discharge regulation (Annex IV)  

 

Special Areas: 

The most recent amendment for MAPOL annexe IV was enforced in January 2013, 

wherein, the Baltic Sea area has been adopted as the first special area for sewage discharge 

regulation. This regulation targets passenger ships, which are the major cause of sewage-related 

pollution at sea and in coastal water bodies. 

This regulation bans the discharge of untreated sewage out at sea in the Baltic area 

region. The untreated “raw” sewage produced on the ship can either be treated in an STP before 

discharge or the collected sewage can be transferred to the shore facility. 

The sewage treatment plant installed on a passenger ship, intending to discharge sewage 

effluent in Special Areas, should additionally meet the nitrogen and phosphorus removal 

standards when tested for its Certificate of Type Approval by the Administration. 

Shortcomings in MARPOL Annex IV Sewage Regulation 

– MARPOL Annex IV does not address those vessels carrying fewer persons, which can be 

ships and ferries plying in domestic waters. However, there are several smaller vessels around 

which are discharging wastewaters that are not subject to these legal regulations 

– Tourism/recreational vessels such as yachts and small boats are also not covered under the 

MARPOL regulation. In fact, such vessels contribute to a good percentage of marine pollution, 

especially in countries with a high number of tourists. 

Arrangement to Treat Sewage on Ships: 

In all seagoing vessels, there are special arrangements installed to hold or treat the sewage 

(before discharging out), especially in special areas or when the ship nears the coastal areas. 

Following are the arrangement provided on the ship to hold or treat the sewage: 

1. Holding Tank: The holding tank is usually fitted irrespective of the treatment 

equipment available on the ship. The operation of the ship, its voyage and the total 
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number of crew onboard ships are considered to determine the capacity of the sewage 

holding tank. The holding tank shall have a means to visually indicate the amount of its 

contents. 

 

 

Sewage comminutes and disinfectant system 

 

2. Comminuting and disinfecting equipment: Ships can have the equipment, which 

comprises of grinder-cum-filter that breaks the sewage into smaller particles. The filter 

separates the solids and liquids from the “grinded” sewage. Chemical treatment is done 

to disinfect the “grinded” sewage sludge (solid), which is then retained in a small tank. 

The liquid effluent which is separated from the sewage is disinfected using chemicals, 

which are again filtered using fine filters. The liquid effluent which is free from solids 

and any bacteria can be re-used for flushing of the toilets. The solid sludge is then given 

to the shore retention facility. 

3.  Sewage treatment plant (STP): A ship can also be fitted with an approved sewage 

treatment plant (the most common type uses biological or aerobic digestion-based 

system). The biggest advantage of using STP is that the effluent and treated sewage can 

be discharged anywhere into high seas. 

 

Equipment details: 

➢ Description of the sewage treatment plant: 

o Type of sewage treatment plant 

o Name of manufacturer 

o Description of comminuter 

o Type of comminuter 

o Standard of sewage after disinfection 

➢ Description of holding tank: 

o total capacity 

o location 

 



 
 

 

Simplified schematic of Sewage treatment plant (Marine Sanitation device)[adapted from 

Nejatztezcan] 

 

 

Sewage treatment technologies onboard ships are: 

- Mechanical 

- Biological 

- Chemical 

The sewage treatment is usually a combination of the three principal methods, such as 

mechanical – chemical, mechanical-biological, and chemical-biological. 

 The following stages are included in the sewage treatment: 

▪ Wastewater accumulation and management: all types of wastewater (black 

water, grey water, and galley water) are collected in holding tanks before the processing 

plant. 

▪ Waste-water pre-treatment protects the other phases of the purification 

process. Sewage contains a lot of solid waste and grease that may cause problems in the 

later stages of the process. This process reduces the number of solids in the wastewater. 

Also, the effective wastewater pre-treatment reduces the need for oxidation. This pre-

treatment stage is mechanical and consists of sieving and sedimentation units. The large 

particles pass through a grinding pump before sieving. 

▪ Wastewater oxidation: The mechanical filtering results in a maximum of 50 % 

reduction in organic load. The remaining organic compounds must be oxidized, either 

biological or chemical treatment. Chemicals like ozone, peroxide hydrogen, chlorine are 

added to the sewage in the chemical oxidation in order to oxidize the organic impurities. 



By comparing with ozone and hydrogen peroxide, the chlorine is not a very eco-friendly 

oxidant, due to the carcinogenic compounds developed as a by-product of the process 

reaction. The added chemicals produce an impact on the organic matter by slightly 

dissolution, and the BOD reduction remains small. The estimated treatment results for 

reduction in BOD and phosphorus are good. Over chlorination results in high level of 

residual chlorine in the discharge, which is lethal to marine organisms. 

 

Most Common Issues with Sewage System: 

The ship may be fitted with a sewage holding tank or a sewage treatment plant to comply 

with the MARPOL Annex IV norms. Following are the most common problems faced by the 

ships’ crew while using the sewage system: 

• Failing of the downstream equipment due to the accumulation of solids, human hair, 

and other particles/items which are flushed in the toilet. 

• This debris may also increase the wastage of the internal surface of the pipes, especially 

at the bends, thus blocking the line. 

• Frequent chocking of screen filter due to improper operation at the source i.e. in-cabin 

toilets by throwing papers, rags, plastics, tin etc. in the pot, which is non-biodegradable 

in nature and a host for the solids to accumulate. 

• In the case of vacuum plant, loss of vacuum in the system is very common which may 

happen due to the pipe or valve leakages. 

• The STP with a vacuum system is provided with ejectors to create a drop in pressure. 

The ejector pump can become inactive as its nozzle may get blocked, thus hampering 

the operation. 

• The sewage pipes, which carry the raw sewage to the holding tank or to the STP are 

liable to corrosion and wastage. This may lead to getting stuck, affecting the whole 

operation of the sewage system. 

• The biological plant or aerobic digestion-based system operates due to the presence of 

bacteria, which helps in decomposing the raw sewage. If proper care is not taken, for 

e.g the blower is not providing air or chemical or unapproved cleaning agent is used in 

the cabin toilet, it may lead to the killing of the bacteria. 

• The discharge pump is fitted with level sensors, which auto start or stops the pump at 

the appropriate level. The mechanical level controller tends to face issues as solids 

and debris will collect over the float, making it in operational and not allowing the 

pump to start or stop. 

• If the chamber is not properly maintained, it may generate a foul smell (like rotten 

eggs), indicating the tank is turning anaerobic. 

• Before discharging the “treated” effluent from the sewage treatment plant, it is 

disinfected in the chlorinating chamber. Usually, it is either done by a dosing pump 

connected to the chlorine tank or manually dosing by using chlorine tablets. This can 

be overlooked sometimes, leading to a decrease in the chlorine content of the effluent. 

Typical chlorine levels at discharge are 5 ppm. 
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Ship-based wastewater has pollutant concentrations such as organic matter, nutrients, 

suspended solids, and coliforms, which constitute a high level of pollution in the marine 

environment. Organic materials in the wastewater have no direct effect on the environment 

every time. Most organic substances are biodegradable and use dissolved oxygen in this 

process. This leads to a lack of oxygen and creates an undesirable situation in the marine 

environment. When organics are introduced into the ambient water, they are decomposed by 

microorganisms and converted into carbon dioxide and water. During the biodegradation 

process, oxygen that is vital for living things is consumed. The situation becomes more serious 

when organic substances are mixed into semi-enclosed and warmer ambient water. This causes 

damage to the natural life and causes toxic and explosive gases and bad odours in the 

environment due to the aerobic conditions. Nutrients refer to substances such as nitrogen and 

phosphorus, which are necessary for the growth of organisms in the marine environment. These 

are the substances required for the survival of the marine environment. However, they increase 

the primary production if they are too prominent in the environment. This condition, called 

eutrophication, creates more important problems in water areas which do not have a high flow 

and water circulation. If nutrient discharges are not properly controlled, the water mass starts 

to grow, and the water environment becomes marsh due to the growth of this organism that 

cannot be controlled. In these environments, eutrophication must be prevented, and necessary 

precautions must be taken due to these serious problems caused by nutrients in ship-based 

wastewater. 

Coliform is particularly important for public health and marine life. In marine 

environments, coliform is used as an indicator of pathogenic microorganisms. Millions of 

coliforms are excreted through faeces. Although these organisms are not pathogenic in 

themselves, they are a good indicator of waterborne diseases. 

pH is a physical parameter of water that gives information about acidity, neutrality, and 

alkalinity of water. The water with a pH value above 7 is classified as alkaline and that below 

is classified as acidic water. Neutral solutions have a pH of 7 at 25 ℃. In neutral water the ions 

concentration of H+ and OH- is equal. In acidic water, H+ and in basic water OH- ions are 

higher. The most important factor affecting the pH value of the sea water is CO2. The pH value 

of the sea water is between 7.5 and 8.4. When the concentration of carbon dioxide is low, the 

pH value of the water rises. The value of pH is one of the most important parameters for water 

creatures. High and low pH values have a negative effect on water organisms. The toxicity of 

some substances in the water decreases or increase depending on pH values of water. For 

example, as the pH value increases, the toxic effect of ammonia increases, and the toxic effect 

of sulphides and cyanides increase when the pH value decreases. The low or high pH values 

have a direct or indirect effect on fish.  

Chemical oxygen demand (COD) refers to the amount of oxygen required for the 

oxidation of all substances in the water. Organic substances that are dissolved in water can be 

of natural origin or may be composed of treated or combined with urban and industrial 

wastewater. There is a natural balance between the organic matter produced at the end of the 

autotrophic processes and the consumption of the aerobic heterotrophic organisms in the water 

that are not exposed to the pollution load. The addition of biodegradable organic substances to 

water significantly changes this delicate balance. When the oxygen consumption is higher than 

the oxygen recovery, the biological processes in the water change completely. 

Marine ecosystem is affected by these kinds of substances and thus, comprehensive 

international regulations were recognized such as International Convention for the Prevention 

of Pollution from Ships (MARPOL 73/78). 

In addition to the presence of the organic matter presented above, recent studies have 

shown that concentrations of some metals (copper, nickel, and zinc) are several orders of 

magnitude higher in the discharged water as compared with marine water quality criteria (e.g. 



ADEC Alaska Department of Environmental Conservation (2010). The studies of Syberg et 

al., (2017) showed that mixtures of contaminants can have a larger negative impact than their 

individual components. 

An example of this is represented by the Baltic Sea basins with the highest traffic that 

receive the most greywater: the Baltic Proper, the Gulf of Finland, the Danish Straits, and the 

Kattegat. The load of 44 different contaminants in greywater was quantified and sorted into the 

subcategories of organic compounds (28) and metals (16). Zinc and copper had the highest 

average concentrations with yearly input of zinc 2.8 tons and copper 1.5 tons. For greywater 

nutrients, 159 tons of nitrogen and 26.4 tons of phosphorus were discharged to the Baltic Sea 

annually. 

 

International Sewage Pollution Prevention Certificate 

An International Sewage Pollution Prevention Certificate shall be issued for a period 

specified by the Administration which shall not exceed five years. This document is comprised 

by following: 

❖ Ship details: 

✓ Name of ship 

✓ Distinctive number of letters 

✓ Port of registry 

✓ Gross tonnage 

✓ Number of persons which the ship is certified to carry 

✓ IMO number 

✓ New/existing ship 

✓ Build date. 

 

REFERENCES: 

 

1. www.shipwonders.com/marpol-trainee. 

2. http://www.shipwonders.com/marpol-trainee/4589587688. 

3. https://marine-salvage.net/en/law-regulations/marpol-annex-4-explained-how-

to-prevent-pollution-from-sewage-at-sea/. 

4. Resolution MEPC.157(55) - 

https://wwwcdn.imo.org/localresources/en/OurWork/Environment/Documents

/Resolution%20MEPC.157-55.pdf. 

5. https://www.slideshare.net/Nejatztezcan/sewage-treatment-plant-on-a-ship. 

6. Resolution MEPC.200(62) - file:///C:/Users/manua/Downloads/200(62).pdf. 

7. https://www.marinesite.info/2021/06/marine-sewage-treatment-plant-on-

ship.html 

8. Marine Environment Protection Committee. Revised Guidelines on 

Implementation of Effluents Standards and Performance Tests for Sewage 

Treatment Plants; Marine Environment Protection Committee: London, UK, 

2006. 

9. MARPOL Annex IV Regulations for the Prevention of Pollution by Sewage 

from Ships. Available online: 

http://www.imo.org/en/OurWork/Environment/PollutionPrevention/Sewage/P

ages/Default.aspx (accessed on 23 February 2021. 

10. Şahin, V.; Vardar, N. Determination of Wastewater Behavior of Large 

Passenger Ships Based on Their Main Parameters in the Pre-Design Stage. J. 

Mar. Sci. Eng. 2020, 8, 546. https://doi.org/10.3390/jmse8080546. 

http://www.shipwonders.com/marpol-trainee/4589587688
https://marine-salvage.net/en/law-regulations/marpol-annex-4-explained-how-to-prevent-pollution-from-sewage-at-sea/
https://marine-salvage.net/en/law-regulations/marpol-annex-4-explained-how-to-prevent-pollution-from-sewage-at-sea/
https://wwwcdn.imo.org/localresources/en/OurWork/Environment/Documents/Resolution%20MEPC.157-55.pdf
https://wwwcdn.imo.org/localresources/en/OurWork/Environment/Documents/Resolution%20MEPC.157-55.pdf
https://doi.org/10.3390/jmse8080546


11. ADEC Alaska Department of Environmental Conservation, 2010. Small 

Commercial Passenger Vessel and Ferry Wastewater Sampling Results. 

12. Syberg, K., Backhaus, T., Banta, G., Bruce, P., Gustavsson, M., Munns, W.R., 

Ramo, R., Selck, H., Gunnarsson, J.S., 2017. Toward a conceptual approach for 

assessing risks from chemical mixtures and other stressors to coastal ecosystem 

services. Integr. Environ. Assess. Manag. 13, 376–386. 


