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	Preface:


Today there are many environmental problems that have to be solved. Wastewater is a global problem which must be handled carefully. Countless blue environments
 are polluted as a result of no or inadequate wastewater treatment. In many countries there is no wastewater treatment at all - the wastewater is discharged into a nearby lake, sea or river.  The wastewater constitutes a health risk to animals, plants and humans. This report briefly describes: environmental problems caused by wastewater, two sustainable treatment systems for single-family homes and the co-operation among the Baltic States.
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	Research Questions:


· Which environmental problems are caused by inadequate or non-existing wastewater treatment facilities and what consequences arise, both locally and globally? What alternative technologies for wastewater treatment can be found on the market?

Putting into perspective:

· What opinions do the Baltic States’ have concerning the pollution of the Baltic Sea and what is done to avoid further discharges of untreated wastewater?  
	Introduction to the Wastewater Problem:


The Danish Environmental Protection Agency
 has ordered the municipalities to see to it that the households are either connected to a centralised sewerage system or to build a proper and legal treatment system on-site before 2010. 

The households in the countryside do not have the same possibilities of connecting to the centralised systems due to their locations. Therefore they have to purchase new treatment systems.
Some households already have older versions of on-site treatment systems but since these do not live up to the requirements for wastewater treatment any more, these households also have to purchase new treatment systems. 
In the above-mentioned cases an alternative on-site treatment might be a solution.
	Why treat wastewater?


Wastewater has to be treated because of its high content of organic matter, nutrients and pathogens
. The high concentration of oxygen-consuming organic material and nutrients leads to enhanced algal production and finally the plants and the animals, living in wastewater areas, will suffocate. Pathogens constitute a serious health risk to humans which is why it is very important that we do not get exposed to this kind of organisms. Phosphorus mainly comes from detergents and nitrogen from urine. The composition of the wastewater depends on the consumer’s habits. A careless consumer, who flushes all kinds of chemicals, makes discharge of untreated and inadequate treated wastewater riskier
. 

	Wastewater: 


Blackwater is water from the toilet. Blackwater is a mixture of pure water, urine and faeces
. Even though urine represents only 1 % of the total flow nevertheless it contributes 85 % of the nitrogen, 90 % of the potassium and more than 50 % of the phosphorus of the entire flow. Faeces are the main source of pathogens and organic matter. Faeces are responsible for 25 % of the phosphorus too. Greywater constitutes the rest of the wastewater flow and contains a high level of organic matter. The use of phosphate detergents will give a high level of nutrients. There is a disagreement about whether the greywater represents a health risk or not
.  

	Wastewater’s Contents:


Reference books to following chapter: 

Ecotechnology for Wastewater Treatment by Coalition Clean Baltic 
Håndbog i Biologiske fagtermer by Ole Rasmussen
Nitrogen: 

Nitrogen is an element that is a part of vital compounds for instance amino acids and DNA. The atmosphere is composed of 78.08 % nitrogen but most plants cannot absorb the nitrogen directly from the air. Nitrogen in the atmosphere is in the form of nitrogen gas, N2. Nitrogen gas is inorganic and only few plants are able to perform a nitrogen fixation
. There are two forms of nitrogen compounds which can be assimilated directly by plants, being the two nutrients ammonium (NH4+) and nitrate (NO3-). Nitrate and ammonium are very soluble and easily leached.      

Potassium:

Potassium is an element essential to almost every living organism. It is an important element in connection with the growth and survival of organisms’. For instance potassium is involved in the maintenance of the ion-balance. 


Phosphorus:

Phosphorus is an element that only occurs in one important biological form, the inorganic nutrient phosphate, PO43-. Plants absorb phosphorus from soil and water if the environment is anaerobic
. If the media is aerobic
 the phosphorus reacts and forms heavy-soluble compounds that cannot be absorbed in the plants. ATP (Adenosine triphosphate) consists, among others, of phosphorus. ATP is an energy-rich compound used for respiration and transport of certain compounds across membranes. Coalition Clean Baltic (CCB)
 wants the phosphorus to be included in treatment considerations because of the fact that phosphorus plays an important role in biological processes. At the same time environmental problems arise if unlimited amounts of phosphorus are discharged
.   

Pathogens:

Pathogens are micro organisms that can cause disease. Faeces are the main carrier of pathogens and it is therefore necessary to treat wastewater containing faeces before adding it in the aquatic environment. Examinations have been made of virus concentrations in wastewater. In 1 litre of water there were 100,000 infectious viruses. Pathogens easily remain infectious in water. Wastewater proves to be the greatest source of pathogens
.   

BOD: 

BOD means biological oxygen demand. When the load of BOD is high it reflects a high concentration of organic matter. A high BOD tells us that we might have a wastewater problem

	Consequences:


Reference books to following chapter:

Biologi på tværs by Per Hindkær and others and 

Biology by Meil A. Cambell and Jane B. Reece
Distributed papers form the biology classes
Eutrophication
:
When wastewater is not treated before it is discharged problems crop up. The algae use the nutrients in the wastewater and the photosynthesis to reproduce themselves. The algal reproduction happens very quickly creating a layer of algae on the surface of the water. Algae only live short time before falling to the bottom of e.g. the lake. The aquatic plants provide oxygen for the water and produce organic material (in form of glucose) via the photosynthesis. The photosynthesis only takes place when the sun is present. Because of the algal layer on the surface of the water the sunlight cannot penetrate the layer and the plants below do not get any sunlight for the photosynthesis. The plants die and the decomposers start the decomposition of the organic material. The decomposers respire and utilize oxygen.

The aerobic respiration: 
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Finally there is no oxygen left and the decomposition of organic matter becomes anaerobic. When there is no free oxygen in the water the decomposers obtain oxygen from nitrate and sulphate to the anaerobic respiration.

	Anaerobic respiration – Nitrate called denitrification 

	Reaction:
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	Chemical term:
	Glucose + nitrate + hydrogen ion
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ATP release
	Nitrogen gas + carbon dioxide  + water




	Anaerobic respiration – Sulphate

	Reaction:
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	Chemical term:
	Glucose + hydrogen ion + sulphate
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ATP release
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Hydrogen sulphide and nitrogen gas plus other marsh gasses are formed in “pockets” in the sediment
. In aquatic environments, where the water is stagnant, water-dividing can occur. The upper layer of water is warmed up by the sun but the water layer below remains cold. Water’s density
 is highest at 4 degrees Celsius. Material exchange from the hot to the cold layer is limited and the lack of oxygen continues. The hydrogen sulphide can be eaten by some bacteria and a winding sheet is made. The winding sheet contains sulphur bacteria. This process takes place just before the total oxygen depletion because the bacteria, changing the hydrogen sulphide, need oxygen for the process. 

	Oxidation of hydrogen sulphide

	Reaction:
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	Chemical term:
	hydrogen sulphide + oxygen
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	sulphur + water
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In the autumn and winter time there will be storms turning the sediment. The “pockets” of marsh gasses rise and drive out the rest of the oxygen. At the same time the two layers of cold and hot water mix because there no longer is a temperature difference. During periods with enough oxygen in the water there is an amount of phosphate tied up in the sediment. During periods with no oxygen the phosphate is released and there will be lots of nutrients in the water (eutrophication in a lake e.g.). In the spring time the sun shines and the algal production increases. No oxygen is equal to deaths of fish and aquatic plants. A vicious circle has begun.  

Right after the pollution of the blue environment there is no sign of environmental harm and it is much cheaper to omit treatment. After some time the algal bloom begins. If the pollution continues the life in the recipient
 drops. Only a few species of plants and animals will only remain -they are able to survive because they are specially adapted to an oxygen-free environment with a great load of nutrients. It ends with a limited biodiversity
. Gradually the eutrophicated water environment gets foul odours due to marsh gasses. The water is not for bathing any longer because of its high amount of algae which might be dangerous to humans. It is not possible to fish in the area - the fish died long ago. In most of the poor countries (it, however, occurs in Denmark too) the wastewater is just discharged to the nearby lake or river where the local people use it for both drinking and cooking. This of course causes a great health risk. 

Wastewater from households with an old septic tank and infiltration makes up a risk to the groundwater. The old pipes, made of tiles, are not tight and a part of the wastewater seeps out. Below the pipes there is a concentration of nutrients. The nitrate and ammonium saturate the oxygen-zones in the soil. Finally the nitrate and ammonium end in the groundwater where high concentrations might be dangerous to humans. When the groundwater is polluted the future prospects for pure drinking water are not positive.  

If the rich countries do not lead the way to wastewater treatment for poorer countries there might be no treatment at all. The rich countries have to take responsibility for a global problem such as wastewater and show the way to the solutions.        

Reference - figure: http://www.oberlin.edu/envs/ajlc/Systems/Water/Wastewater/Images/eutrophication.jpg
	Alternative Solutions for Wastewater Treatment:


There are different solutions for on-site treatment. The most important thing before the final option is to estimate the aspects of the different solutions. When we are looking at alternative technologies for single-family homes there have to be some advantages in choosing the alternatives, in this case sustainability. The problems regarding the current centralised wastewater treatment are the following: 

· no recycling of nutrients

· the investment

· the long sewerage system
· not all houses can be connected 
· no use of chemicals in connection with the treatment of the phosphate (provided that the alternative is not a chemical treatment)

· great energy consumption

The traditional methods are not effective enough at eliminating all kinds of pathogens. Another problem is the sewerage system connected to the traditional treatment plants. Frequently the traditional plants are the centralised plants - it means long distances to the country households. It is expensive to sewer long distances and therefore the traditional treatment plants are no solution here. To treat phosphorus the conventional systems use chemicals because these are the reasons why the phosphorus precipitates
.

Another considerable reason for treating wastewater is the possibility of recycling nutrients. The traditional treatments are not good enough to recycle the valuable nutrients in wastewater.

The table shows the annually consumption of nutrients in agriculture 2001
.

	Nutrient
	The load of nutrients use in Danish agriculture in 2001

	Phosphorus (P)
	14,800 tons

	Nitrogen (N)
	210,800 tons


If the right solutions for wastewater treatment are chosen it is unnecessary to produce such a great amount of fertilisers. The discharge of nitrogen annually from wastewater treatment plants into the Danish waters is 4,653 tons and of phosphorus 542 tons.   

Alternative technologies: 

Urine diverting toilets:
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A system where the faeces, urine and the greywater are separated and treated as such is a good solution for single-family homes. The separation is done by a urine diverting toilet. Dubbletten
 is a toilet type which diverts urine. Dubbletten is divided into two bowls. The bowl nearest the wall is for faeces and the other for urine. The water consumption per person is approximately 5-7 litres per day and there are both a small and a large flush – depending on how long time the bottom is pressed. There are different systems available for Dubbletten for example: the urine is collected in a urine storage tank where it stays at least 6 months to avoid transmission of pathogens. Afterwards it is used in agriculture where it is important to mix the urine and soil immediately to minimise the health risk. The faeces are treated with the greywater. For instance the greywater is treated in compact filter beds. 

Dubbletten is feasible for both summerhouses and all-year dwellings. There is special maintenance of the toilet. For instance to clean Dubbletten the consumer must use biodegradable
 detergents
.
Compact filter beds:

The greywater is collected in a septic tank to avoid blockages of the filter bed. In the septic tank the bigger organic matter settles at the bottom. The septic tank has to be emptied when the settled matter reaches a certain level. After being settled the greywater runs to the filter bed where it is spread evenly over a geo-textile of LECA nuts or sand. Micro organisms live in the filter. The organic matter and pathogens are degraded by running through the filter which absorbs the phosphorus. After 20-25 years the filter has to be excavated because the efficiency decreases
.   


One solution for wastewater treatment on-site is a combination of the compact filter bed and a urine diverting toilet. This makes it possible to reuse a great amount of nutrients. Furthermore Dubbletten only uses 5-7 litres of water per person per day while a traditional toilet uses about 9 litres per flush – and not per person per day. Dubbletten reduces the total wastewater flow
. 

	Conclusion:


There are many different kinds of solutions for wastewater treatment on-site. Two of them have been examined in this report. These treatment systems are good solutions for wastewater treatment and they see to it that the wastewater is treated adequately. The consequences of non-exiting or inadequate treatment of wastewater are avoided. 
If the wastewater is not treated:

A consequence is eutrophication which causes fish and plant deaths, foul odours and illnesses. Another consequence is pollution of the groundwater which might cause us to poison ourselves and inevitably leads to no pure drinking water in the future.   

	Putting into Perspective:


The Baltic Sea is very exposed to pollutions because of the low water change. The only way out is through the small Danish straits. The Baltic Sea contains only 7 per mille salt because freshwater from rivers runs into it. Saltwater from the North Sea runs into the Baltic Sea and a layer of saltwater and freshwater appears. This is a result due to saltwater’s high density compared to freshwater’s density, causing the saltwater to flow over the sediment and the freshwater to form a layer above it. In the deep areas of the Baltic Sea the renewal of water is very rare. The freshwater, from rivers, contains a high load of nutrients and toxins because of discharges of non-treated and inadequate treated wastewater. It is therefore necessary to treat wastewater before it is discharged
. 

The nine countries
 in the Baltic Sea region joined together in 1990 and established the CCB (Coalition Clean Baltic). The CCB promotes protection of the Baltic Sea and one of its priority areas is sustainable wastewater management
. The CCB publishes booklets about e.g. sustainable wastewater solutions for single-family homes. 

The nine countries have signed the Helsinki Convention
 which describes how the Baltic Sea should be protected. Some Baltic Nations are not able to afford wastewater treatment plants. In that case they are economically supported by Denmark. It gives them the possibility of living up to the Helsinki Convention. The support helps the nations to develop and promote wastewater treatment and building up treatment plants. Sweden is very far-advanced in connection with sustainable solutions for wastewater treatment and a lot of the alternative systems are being developed in Sweden.   

Altogether the Baltic Nations work for improvement of the Baltic Sea. Particularly the Baltic countries (Latvia, Lithuania and Estonia) have problems with the financial circumstances but the development takes the right direction
. Naturally somebody does not want to improve the conditions in the Baltic Sea e.g. the industries.
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� Blue environment is the same as aquatic environment





� Reference: � HYPERLINK "http://www.mst.dk/homepage" ��http://www.mst.dk/homepage� 


� Pathogen: micro organism that can cause disease


� Reference: Sustainable Wastewater Treatment for Single-family Homes by Coalition Clean Baltic


� Faeces means the solid waste substances that humans and animals get rid of from their body by excreting it


� Reference: Sustainable Wastewater Treatment for Single-family Homes by Coalition Clean Baltic


� Nitrogen fixation is the process of living organisms binding nitrogen gas from the atmosphere


� Anaerobe means deficient in oxygen 


� Aerobe means rich in oxygen


� Coalition Clean Baltic is an organisation which works for protection of the Baltic Sea Environment


Read more in the chapter: Putting into perspective


� Reference: CCB Position Paper on the Communication from the Commission ”Towards a Thematic Strategy on the Sustainable Use of Natural Resources” by the Coalition Clean Baltic


� Reference: � HYPERLINK "http://www.mst.dk/udgiv/publikationer/1999/87-7909-310-8/html/helepubl.htm" ��http://www.mst.dk/udgiv/publikationer/1999/87-7909-310-8/html/helepubl.htm� 


� Eutrophication: Eutrophication is the natural death of algae


� Sediment means the bottom of a aquatic environment


� Density: relation of a substance’s weight and volume


� Recipient means a thing which receives something


� Biodiversity means the wide variety of plant and animal species living in their natural environment





� Precipitation: a process in a chemical reaction which causes solid particles to become separated from the liquid


� Reference: � HYPERLINK "http://www.statistikbanken.dk/statbank5a/default.asp?w=1024" ��http://www.statistikbanken.dk/statbank5a/default.asp?w=1024� 


� Dubbletten is manufactured by BB Innovation & Co AB


� Biodegradable: Biodegradable detergents are detergents that compose naturally without any special scientific treatment.


� Reference: Market Survey-Extremely low flush toilets 


� HYPERLINK "http://www.dubbletten.nu/english-presentation/WCdubbletteneng.htm" ��http://www.dubbletten.nu/english-presentation/WCdubbletteneng.htm� 


� Reference: Text and figure: Guidelines for Using Urine and Blackwater Diversion Systems in Single-family Homes by the Coalition Clean Baltic 


� Reference: Sustainable Wastewater Treatment for single-family homes by the Coalition Clean Baltic


� Reference: Biologi på tværs by Per Hindkær and others


� The nine countries: Denmark, Sweden, Finland, Estonia, Germany, Latvia, Lithuania, Poland and Russia.


� Reference: � HYPERLINK "http://www.ccb.se/about.html" ��http://www.ccb.se/about.html� 


� Reference: � HYPERLINK "http://www.helcom.fi/helcom/convention.html" ��http://www.helcom.fi/helcom/convention.html� 


� Reference: Environmental Co-orporation in the Baltic Region by the Danish Environmental Protection Agency
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