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ABSTRACT 

Water quality deterioration is one of the most important water resource issues of the 21st century. The 

problems associated with sewage disposal have become a major problem of the urban world due to 

increase in human population, urbanization and sea traffic, throughout coastal areas since these areas are 

inhabited by over 60% of the human population. Coastal sea water is shared by community for recreation, 

swimming and food production. The adverse public health, environmental, socio-economic, food quality 

and security, and aesthetic impacts from sewage contamination in coastal areas are well documented. Sea 

water can be polluted by pathogens, nutrients, chemicals, detergents, pesticides and heavy metals from 

sewage. Contamination of the coastal water may result in changes in nutrient levels, abundance, biomass 

and diversity of organisms, bioaccumulation of organic and inorganic compounds and alteration of trophic 

interaction among species. These effects manifest themselves at molecular, cellular, tissue, organ and 

ecosystem level. The potential deleterious effects of pollutants from sewage effluent on the receiving 

water quality of the coastal environment are manifold and depend on volume of the discharge, type of the 

discharge, the chemical composition and concentrations in the effluent. Receiving waters with high 

flushing capacity are able to dilute or eliminate most of the conventional pollutants but persistent toxic 

compounds and long lived pathogens will always be troublesome.  
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1 INTRODUCTION 

The problems associated with sewage disposal have become a major problem of the urban 

world due to increase in human population and urbanization. The commonality of sewage related 

problems throughout coastal areas of the world is significant since these areas are inhabited by 

over 60% of the human population. Consequently, domestic waste-water discharges are 

considered one of the most significant threats of the coastal environments worldwide. Discharge 

of sewage polluted by human and animal pathogens into the sea represents the main source of 

bacterial pollution. Every pathogen present in seawater may be trapped and concentrated in the 

tissues of the bivalves and so represents a potential health hazard.  

Legislation, directives and water quality standards for various coastal uses like shellfish 

harvesting, recreation, and aquaculture have been developed in many countries to limit problems 

associated with sewage. These standards are usually not realized due to poor sewage 

management. The poor management usually arises from the fact that waste-management 

decisions take place in complex situations governed by political, bureaucratic, and financial 

forces that often interfere with the implementation of existing regulations and standards.  
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The fact that the majority of urban populations depend on coastal surface waters which are 

usually used for sewage disposal, in one way or another, makes water pollution the principal 

problem that requires sound management practices to contain impacts.  

2 SOURCE OF UNTREATED SEWAGE DISCHARGE INTO SEA WATER 

Continuing population growth and urbanization, rapid industrialization, and expanding and 

intensifying food production are all putting pressure on water resources and increasing the 

unregulated or illegal discharge of contaminated water and sewage water. 

Sewage effluents have historically been discharged through outfall in rivers and coastal sea 

waters and are one of the major stresses impacting coastal ecosystems. All waterways are 

connected via rivers, ground water, aquifers and storm water run-off, taking place in the 

watershed all the way to the coastal zone and open ocean. [1] 

Sewage water consists of organic matter, nutrients (nitrogen, phosphorus, and potassium), 

inorganic matter (dissolved minerals), toxic chemicals (heavy metal and pesticides), and 

pathogens. Pathogens and other micro-organisms entering the marine environment primarily 

through discharges of urban waste water, so in most areas of microbiological pollution is a direct 

consequence of untreated or partially treated waste water into the sea. According to the World 

Health Organization, the sanitary water discharged into the sea, only 14% pass some form of 

treatment prior to discharge. 

Besides increased sewage pollution from land source, there is increased sewage pollution 

from vessels due to increased sea traffic. Marine industry is growing every year. Number of cargo 

ships, cruise ships, yachts and pleasure boats are increased as well. Growing marine traffic 

increased pollution by sewage from the vessels. [2] 

3 IMPACT OF SEWAGE ON MARINE ENVIRONMENT 

The quality status of coastal surface water is very important and would always be under 

public scrutiny because of health risk associated with sewage contamination. The potential 

deleterious effects of pollutants from sewage effluents on the receiving water quality of the 

coastal environment are manifold and depend on volume of the discharge, the chemical 

composition and concentrations in the effluent. It also depends on type of the discharge as 

amount of suspended solids or organic matter or hazardous pollutants like heavy metals and 

organochlorines, and the characteristics of the receiving waters. Contamination of the coastal 

water may result in changes in nutrient levels, abundance, biomass and diversity of organisms, 

bioaccumulation of organic and inorganic compounds and alteration of trophic interaction among 

species. Receiving waters with high flushing capacity are able to dilute or eliminate most of the 

conventional pollutants but persistent toxic compounds and long lived pathogens will always be 

troublesome. [3] 

3.1 Environmental impacts 

Mechanical impacts  

The impact of water extraction can influence water quality through changes in sediment 

loading and thermal stress which can change the physical environment, increasing turbidity or 

scouring and in turn affect biodiversity. For example, changes in sediment loading of rivers can 

impact downstream habitats that provide ecosystem services of waste and nutrient assimilation. 
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Many aquatic organisms and habitats such as bivalves, mangroves, salt marshes, fresh water 

marshes and sea grasses have a natural capacity to assimilate a certain amount of pollutants, such 

as nitrates and phosphates. Changes in sediment supplies can result in either smothering of sea 

grasses and coral reefs, or if restricted reduce the essential supply required for the accretion of 

coastal wetlands, resulting in the decline of these critically important and sensitive habitats. 
 

Eutrophication 

Eutrophication is one of the most prevalent global problems of our time. It is a process by 

which lakes, rivers, and coastal waters become increasingly rich in photosynthetic plankton (and 

benthic) algae, and the newly increased amount of organic carbon as a result of the enhanced 

input of nutrients mainly nitrogen and phosphorus in general originating from agricultural and 

urban areas, through the soil or sewage drained directly into rivers and seas. Reason for 

eutrophication appearance can be due to natural (unpolluted rivers bring, elevating nutrients rich 

bottom waters), and anthropogenic involving any aspect of human activity. While natural 

eutrophication is a positive for the ecosystem, due to the increase of biological resources, and 

negative effects have been rare, anthropogenic eutrophication may disrupt the ecological balance 

with very harmful consequences. The impacts of eutrophication can result in profound 

environmental change and impact the ecological integrity of aquatic systems. Excess nitrogen and 

phosphorus drive potentially toxic algal booms and changes in biodiversity which can in turn lead 

to devastating hypoxic events and enhancing “dead zones” resulting in huge economic losses 

across many sectors. Dead zones are now thought to affect more than 245 000 km2 of marine 

ecosystems, predominantly in the northern hemisphere, equivalent to the total global area of coral 

reefs. The algal blooms, which can be toxic to animals and human swimmers, leave behind an 

ugly layer of green scum that fouls tourist beaches and starves seaweeds of light. [4] 

 

 

Figure 1: Algae blooms (seen in a July 2005 satellite image) have created the world's largest dead 

zone in the Baltic Sea 
Source: James Owen in Stockholm for National Geographic News Published March 5, 2010 

Hypoxia 

Hypoxia is defined as decrease in dissolved oxygen (DO) O2 <2.8 mg /L and anoxia -

complete lack of dissolved oxygen O2<0.1 mg /L. 

http://news.nationalgeographic.com/
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Hypoxia may be a natural phenomenon.  Formation of haloclines and thermoclines may lead 

to vertical stratification in water column where decomposition of organic matters in the bottom 

water may exhaust DO in bottom waters. More often, however, excessive anthropogenic input of 

nutrients and organic matters into water bodies may lead to eutrophication and hence oxygen 

depletion.  Microbial degradation of biomass reduces oxygen , and especially at night can lead to 

hypoxia. [5]  

It has been well documented that hypoxia has already resulted in serious ecological problems 

over large areas, including mass mortalities of fish and benthos, major changes in species 

composition, decreases in species richness and diversities, alteration of food. Hypoxia may affect 

the reproductive success and output of fish by affecting their reproductive behaviour, gonadal 

development, gametogenesis, sex determination, gametes quality, fertility and larval survival. [6] 

Recently, hypoxia and anoxia caused by eutrophication are amongst the most pressing 

environmental problems in marine systems worldwide. Hypoxic areas in the World’s oceans, 

(called the “dead zones”), are now commonly found in the coastal waters in North and South 

America, Africa, Europe, India, South-east Asia, Japan, China, Australia and New Zealand. 

Currently, some 400 marine systems have been reported as eutrophication-associated dead zones, 

and their distribution closely matches the global human footprint (Fig. 2.). [7] 

 

 

Figure 2: Global distribution of over 400 systems that have been reported as eutrophication-

associated dead zones and the global human footprint  
Source: Report of the 37th Session of GESAMP, GESAMP - The Joint Group of Experts  on the Scientific Aspects of 

Marine Environmental Protection, Bangkok,  Thailand,15 - 19 February 2010. [7] 

Coral bleaching 

Coral bleaching is a process in which corals lose their natural color and discolor. This occurs 

due to various causes. One cause is increased concentration of nutrients (nitrogen and 

phosphorus) entered by sewage wastewater. Stressful situations causes corals to expel the 

symbiotic algae that provide their primary source of nutrition, leaving only the white "bones" of 

the corals behind, causing coral bleaching phenomenon occurs. 

Other biotic and abiotic factors causing coral bleaching can be increased or reduced water 

temperatures, increased solar irradiance, changes in water chemistry, increased sedimentation, 

bacterial infections, changes in salinity, low tide and exposure, elevated sea levels due to global 

warming. [8] 

  

http://en.wikipedia.org/wiki/Sedimentation
http://en.wikipedia.org/wiki/Bacterial
http://en.wikipedia.org/wiki/Salinity
http://en.wikipedia.org/wiki/Tide
http://en.wikipedia.org/wiki/Global_warming
http://en.wikipedia.org/wiki/Global_warming


Žarko Koboević, Željko Kurtela 

IMPACT OF UNTREATED SEWAGE DISCHAGE  ON MARINE ENVIRONMENT 

5 

 

 

Figure 3: Start of coral bleaching O 
Source:  NOAA Pacific Islands Fisheries Science Center, 

http://www.pifsc.noaa.gov/cred/img/mdr/BleachedCoral.jpg (24.02.2012.)F 

 

Figure4:   Regions where major coral reef bleaching events have taken place during the past              

15 years. Yellow spots indicate major bleaching events. 
Source: J. Buchheim: Coral Reef Bleaching, Odyssey Expeditions- Marine Biology  Learning Center Publications, 

http://www.marinebiology.org/coralbleaching.htm (24.02.2012.) 

http://www.pifsc.noaa.gov/cred/img/mdr/BleachedCoral.jpg
http://www.marinebiology.org/coralbleaching.htm
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3.2 Human health impact 

Pathogens 

Raw sewage typically contains viruses and bacteria as well as health-harming 

microorganisms, some of which are pathogenic. Over 100 different human pathogens (including 

viruses, parasites and bacteria) can be found in sanitary sewage and rainwater. Microbial 

pathogens in raw or inadequately treated sewage can cause illnesses ranging from temporary 

stomach cramps to life-threatening conditions such as inflammation of the heart. While, in a 

healthy population, most of the illnesses resulting from exposure to inadequately treated sewage 

are relatively minor (respiratory illness; ear, nose or throat irritation; gastroenteritis), they can 

become serious in more vulnerable populations, including pregnant women, young children, the 

elderly, and people with suppressed immune systems (such as people with HIV, transplant 

recipients, and cancer patients).  

Sewage water poses a danger to public health if discharged into waters that are used for 

recreational activities like swimming, diving and nautical tourism. The damages caused by 

increased illness or mortality due to ingestion or skin contact with contaminated water, give rise 

to direct health care costs and indirect opportunity costs.  

Sewage water is harmful to the fishing and shellfish. Heavy metals Fe, Mn, Cu, Cd, Cr, Pb, 

Ni, Zn, Ag, Hg etc, accumulate in aquatic organisms. Filter-feeding bivalves, for example 

mussels and oysters, accumulate pathogenic bacteria in their tissues, making the shellfish unsafe 

for human consumption and a potential risk of infection among consumers of such fish or 

shellfish.            
 

Survival of fecal microorganisms in seawater 

Sea water is not a natural environment for most microorganisms from sewage waste water. 

When patogens arrives to the sea, their concentration decreases very progressive.  

Many of these pathogenic organisms can survive in water for several days, while in fish and 

shellfish, much more. 

Micro-organisms in sea water spread through turbulence (sea currents) in the surface layer 

and through the wind. The life and movement of microorganisms in seawater affect depends on 

many factors as are, despite the organism itself and its physiological state, the physical and 

chemical characteristics of the marine environment (temperature, salinity, organic matter content, 

heavy metals, oxygenation, pH, currents, turbulence,etc.) and the atmospheric conditions (mainly 

sunlight radiation). These factors never act in isolation on the survival of microorganisms, but 

come in a variety of interactions, and their joint effect of shortening the life of microorganisms. 

(Eg, length of survival of individual indicators range from 2 to 7 hours under conditions of light 

and 70 and 150 hours in conditions of darkness.) [9] 
 

Indicators of fecal pollution control and sanitary quality of sea water 

Waste water may spread over the surface of the sea on a large distance from sources of 

pollution depending on the surface currents and wind. Presence of microbiological indicators 

indicates the potential risk of infectious diseases. Microbiological contamination at some point 

can vary widely over time, depending on the manner of discharging waste water and the weather 

(wind, sun, air and sea), hydrographic conditions (precipitation), and configuration  of the seabed. 

Individual determination of micro-organisms in water is expensive and time consuming 

process, so that more practical is search for micro-organisms that are indicators of certain types 

of bacteriological contamination. 
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Total coliforms, fecal coliforms and fecal streptococci are the most common micro-

organisms indicators of fecal contamination. Pathogenic forms such as Escherichia coli from the 

digestive system are now used largely as bacteriological indicators. Fecal coliforms accurately 

determine the location of microorganisms and include only the digestive tract. Streptococcus 

faecalis is also an indicator of fecal contamination. Number of indicator organisms is described 

as the most probable number or a number determined by membrane filtration. 

Table 1: Values of various microbiological standards for different application usage (EU - 

European Union in 1976, US-United States, the WHO-World Health Organization 1993, WCR - 

Wider Caribbean Region in 1998, Iceland 1999, WB-World Bank World Bank 1998) 

        Set for EU US WHO WCR ICELAND WB 

Bathing 

 

Shellfish farms 

 

Drinking water 

100 

 

14 

 

1 

200 

 

14 

 

0 

400 

 

10 

 

0 

200 

 

43 

 

0 

100 

 

14 

 

0 

400 

 

- 

 

- 

 The number of fecal coliform MPN/100 ml 
Source: M.A.Owilli, “Assesment of Impact of Sewage Effluents on Coastal Water Quality in Hafnarfjordur, Iceland 

“ , Fishers training program, The United Nations University, Reykjavik, Island, 2003.  

4 LEGALISATION AND STANDARDS ON WATER QUALITY 

The water quality standards and regulations do vary between different countries and 

international organizations with interest in water quality and safety but all have common the 

objective to reduce or eliminate pollution. Standards are usually made in reference to designated 

uses of the water such as farming of fish, shellfish, wildlife, recreation, drinking and use in the 

food industry.  

The EU for instance has adopted several Directives for the control of urban pollution, many 

of which, when realized will largely contributes to attainment of good chemical and ecological 

status of the receiving waters. The Directives include the Urban Wastewater Treatment UWWTD 

(91/271/EEC), (CEC, 1991); which aims to protect surface inland and coastal waters by 

regulating collection and treatment of urban wastewater and discharge of some biodegradable 

elements of pollution, the integrated Pollution Control and Prevention (IPPC) Directive (CEC, 

1976), and the EU Product Directive that control discharge of effluents from the sewer to the 

receiving surface waters. [1] 

The effluent from sewage is expected, through the Urban Wastewater Treatment Directive 

(91/271/EEC), to meet required minimum effluent standards for indicator parameters, always 

with regard to such as, BOD5, COD and TSS and for sensitive recipient also the main nutrient TP 

and TN (Table 2).  

Table 2: Selected standards for domestic and industrial wastewater effluents discharge.  

Parameter  Unit  EU,1991  WCR,1998 WB,1998  

BOD5  

COD  

TSS  

Total-N  

Total-P  

mg/l  

mg/l  

mg/l  

mg/l  

mg/l  

25  

125  

35-60  

10-15(S)  

1-2(S)  

30(150*)  

150(300*)  

30(100*)  

10  

1  

50  

250  

50  

10  

-  

Source: CEC,91/271/EEC, World Bank, 1998, Wider Caribbean Region (WCR) 1998 
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Directive 2006/7/EC of the European Parliament and of the Council of 15 February 2006 

concerning the management of bathing water quality and repealing Directive 76/160/EEC, 

directive giving criteria for evaluating the quality of water at the beaches, as well as test methods. 

Table 3: Criteria for the quality of bathing water Directive no. 2006/07/EZ European 

Parliament and the Council on the management of bathing water 

  A B C D E 

  Parameter Excellent 

quality 

Good quality Sufficient Reference 

methods 

1 Intestinal 

enterococci 

(cfu/100 ml) 

  

100* 

  

200* 

  

185** 

  

ISO 7899-1 ili 

ISO 7899-2 

  

2 

 Escherichia 

coli (cfu/100 

ml) 

  

250* 

  

500* 

  

500** 

  

ISO 9308-3 ili 

ISO 9308-1  

(*) Based upon a 95% percentile evaluation.  

(**) Based upon a 90% percentile evaluation. 

Source: Directive 2006/7/EC of the European Parliament and of the Council of 15 February 2006 concerning the 

management of bathing water quality and repealing Directive 76/160/EEC. 

Test methods are aligned with the Guidelines for the quality of bathing waters in the 

Mediterranean - Mediterranean action plan of the United Nations Environment Programme 

(UNEP / MAP) and the World Health organization (WHO). 

The Directive 91/676/EEC concerning pollution caused by nitrates compliments the above 

Directive in reducing and preventing nitrate pollution to safeguard marine waters from 

eutrophication.  

The most important international regulation pertaining to the problem of sea pollution from 

vessels is the International Convention for the Prevention of Pollution from Ships, 1973/78 

(MARPOL 73/78) brought by International Maritime Organization. MARPOL Convention sets 

standards and rules preventing pollution of the sea by oils, chemicals, harmful matter transported 

in any form of packages, sewage and garbage, emission of harmful gases. The Convention 

comprises a number of Annexes and Annex IV contains provisions regulating prevention and 

supervision of marine pollution by sewage waste waters from ships. Annex IV to the Convention 

refers to: prohibiting or limiting discharge, issuance of certificates and inspections, equipment 

and supervision of discharge, shore reception facilities. [10] 

5 CONCLUSION 

Pollution of the marine environment by sewage waste water is increasing due to pollution 

from land because of population growth, and because of pollution from the vessels due to the 

growth of maritime traffic. Untreated sewage wastewater discharged into the sea has a negative 

impact on the coastal zone. Coastal waters are facing a variety of pressure affecting both the 

ecosystem and human health through sewage waste-water discharge and disposal practices that 

may lead to introduction of high nutrient loads, hazardous chemicals and pathogens causing 

diseases. The consequences of pollution of coastal sea are reflected in the economy (fishing and 

shellfish, tourism), public health, but also irreversible loss of biodiversity and wealth of marine 

organisms. As a result of economic losses occur and social losses (discomfort of living near 

coastal areas polluted "dead zones"). The sea environment still remained brittle area and it is 
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exposed to various pollutants and pressures. The reasons for lack of efficiency in the protection 

and conservation of the sea are complex and numerous. With economic, political and other 

differences, and problems of limited state financial resources, in particular worth mentioning is 

still low political priority and insufficient public awareness of environmental problems in 

individual countries. Aware of these facts, the international community is making great efforts to 

stop or at least slow down the negative trends in discharges of untreated sanitary sewage into the 

sea. Continuous improvement of the legal regulations of these issues in order to adequately 

protect not only the marine environment, but also human health, must be one of the priorities of 

the international community.  
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