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Introduction

In the ecosystem, crucial ma​te​ri​als, e.g., water, nutrients, mineral salts, are reloaded with exergy by the green cells. The combined action of the system's compartments (e.g., cells, in​dividu​als, populations etc.) enhances the system's capacity to absorb exergy, con​vert it to low exergy energy and improve its own structure, which in turn increases its capacity to improve its regenerative cycle (Günther & Folke, 1991; Günther 1994). Tapping off the ele​ments necessary for re-loading the sys​tem with exergy, will make the system un​stable and eventually cease to exist.

The reconstruction occurs in the green plants receiving radiation with a high exergy content from the sun. Presence of animals and other consumers in the sys​tem facilitates efficient exergy consumption. The organisms carry the genetic code providing information of the most efficient way to use exergy and to convert it into low exergy energy products. Such products are for example carbon dioxide, water and for the organism itself unusable products as faecal matter and urine containing nitrogen and phosphorus. In a terres​trial ecosystem nitrogen is seldom limiting, because the air conveys it. Nei​ther is carbon, and in many cases not even water. Phosphorus, however, is often limiting, since it has no non-poisonous gaseous phases. Therefore, re​generative cycling of phosphorus (Günther & Folke, 1991; Günther 1994) is common in an ecosystem, because this is a result of its self-organisation. 

A consequence of urbanisation is that food production areas and residence areas are separated. An effect of this is that plant nutrients are exported with food from agricultural areas to urban areas, which lead to a lack of nutrients in the agriculture. The important structural shift occurred when the flow of nutrients changed from being fairly circular and local, to linear and global.

After digestion, the end products of food are considered as waste products. In settlement closely associated with agriculture, the waste products can be re-used as plant nutrients. In urban areas however, there is a large disproportion between the amount of inhabitants and the availability of agricultural areas. Thus, the human waste, i.e., urine and faeces, is considered a nuisance and disposed of. Water is often used as a transportation media in the increasingly elaborated piping system. It was soon recognised that the waste products was polluting when let out into recipient waters (e.g., Vollenwieder & Kerekes, 1982). This was not only due to its content of oxygen demanding compounds (BOD), but to a major extent to its content of plant nutrients that caused a secondary pollution by the growth of algae.

To counteract this point source pollution, advanced wastewater treatment with phosphorus reduction was introduced. In a majority of the plants in sweden in the 1990-ties, the phosphorus content of the water was reduced with about 92% (Sundberg, SNV, 1994). As it is an element, the phosphorus will however not be eliminated, but will be accumulated in the area and cause unwanterd by-effects (Günther, 1997)

Thus, the system structure of the phosphorus management severely restricts the possibility of recycling. It seems as the largest constraints against this evolve during the mixing of the part of the waste that contains a high quantity of nutrients (urine and faeces) with grey water, which contains fairly low amounts. The aim of this article is to analyse this problem and to evaluate methods for wastewater treatment that does not include such mixing.

Method

The figures in the literature regarding the amount of plant nutrients in urine and faeces are surprisingly few and scattered. A large work was needed to establish such a database. However, in 1995, the Swedish EPA compiled a list of the known sources. To avoid nonessential discussions, this list has been used when nothing else is notified.

Regarding the content of phosphorus in greywater, the total use of phosphorus in detergents in Sweden (KEMI, 1994) was been divided by the population of Sweden, in order to get an average use of  detergent-phosphorus in Sweden. This figure (0,16 kg/p*yr)  was however lower than the figure used by SNV (0,22 kg/p*yr), why the SNV figures was used in the calculations.

For the calculations of the needed area and material for a ‘wetpark’ purification plant, and in Table 1 and Table 2, the calculated per capita water use from the part of the population connected to the Swedish class A wastewater plants (VAV, 1993) have been used.
Current waste water treatment system 

Besides the extensive piping, a major problem included in the water management system common in Sweden and to most developed countries of today, is that clean water is used as a transportation media for human waste. This heavily polluted water from the toilets is mixed with the less polluted, greywater (from washing, dishing and bathing). The mixture is let into the sewage system. There is, furthermore, an extensive uptake of drainage water into this system, of about the same size as the polluted water from the households (Table 1).

To avoid the pollution problems associated with the expel of human waste into the water bodies used as recipients, the mixture of waste water and drainage water is purified in the wastewater plants. Extensive purification regarding BOD and phosphorus was introduced the last three decades, and, in Sweden, also large investments are directed to the reduction of nitrogen compounds in the expelled wastewater.

The composition of the greywater is almost equivalent to the water let out from the sewage plants, as can be seen in Table 1. In the ‘purified’ water the content of nitrogen compounds is considerably higher, even after extended purification. Its content of phosphorus may be lower, but the figures in Table 1 is calculated from the total use of phosphorus in detergents in Sweden divided by the number of inhabitants, why this figures probably will be lower if the users conscientiously use phosphorus free detergents.

Thus, the MIx-First-and-Separate-LAter (MIFSLA) attitude to waste water management has lead to a system that may be summarised to: 

· Clean water is mixed with urine and faeces to a polluting mixture, both regarding plant nutrients and pathogens.

· This mixture is in turn mixed with fairly clean greywater.

· The resulting mixture is diluted with drainage water in an extensive web of piping.

· Finally, the mixture is expensively purified to a quality comparable with the original greywater, but with a doubled volume.

Hence, the actual function of the wastewater plants seems to remove urine and faeces from the greywater. 

Table 1 The different phases mixed in the wastewater from one person living in Sweden compared with water obtained from the purification of wastewater in a standard sewage plant. Note that the volume of water is greatly increased during the transport from the house to the sewage plant due to leakage of drainage water into the pipes and from other sources.




In the wastewater plant


Urine
Faeces
Grey water
Before 

purification
After 

purification

N

(g/pers.*day)
11,00
1,50
1,00
13,5
10,2

P

(g/pers.*day)
1,00
0,5
0,6
2,1
0,1

Volume

(lit./pers*day)
1,12
0,15
199

397

396

N

(kg/pers*year)
4,02
0,55
0,4
4,9
3,7


P

(kg/pers*year)
0,4
0,2
0,2
0,8
0,1

Volume

(lit./pers*year)
409
56
65 386   
145 023   
144 658   

N-conc

(mg/l)
9 810   
9 811   
5,03
33,98
25,55iii

P-conc.

(mg/l)
892   
3 270   
3,02
5,29
0,36

N/P-ratio

11
3
2
6
72

Notes
Primary 

sterile
Possible pathogen content. High dry mass.
Low concentra​tion of pollutants
Input of water from other sources
Risk for viral pathogens and nitrogen pollution

Source separation of waste water

In the following, the effect of the introduction of source separating toilets in buildings, will be discussed. Toilets of that type are available under different trademarks in Sweden. They all transfer urine, with about 80% of the nutrients, to a tank for subsequent transport to agricultural land. This phase can be recycled as plant nutrient solution in agriculture. 

Regarding the treatment of faeces, the source separating toilets can be classified into two different types. One type collects the faeces in a composting chamber for the elimination of pathogens during a six-month composting process. The other type use water for the transport of faeces to a tank or a subsequent separation of water and faecal matter. The latter type is in a part a MIFSLA system and the problem with the contaminated water turn up immediately.

However, regardless the type, the main advantage of the source separating toilets is, that the main bulk of the wastewater, i.e., the greywater, remains uncontaminated. The focus should be set on greywater separation rather than urine separation. As can be seen in Table 1, the greywater is of a quality equivalent to the water expelled from a wastewater plant after purification, i.e., by normal standards regarded as clean. This phase can be handled much easier than the MIFSLA wastewater.

Problems associated with biological treatment of greywater

The main problem with the greywater is its large bulk, in Sweden about 65 000 litres per person per year. A large advantage is that its nutrient content is comparable to waters that by other standards are regarded as clean (Table 1). 

The N/P ratio of the greywater is below 10, which means that its uptake in plant biomass is nitrogen limited. This problem may be eliminated by the introduction of nitrogen fixing plants, as alder (Alnus) in a biological greywater purification plant. Nitrogen fixing plants normally invade places where such water occurs, as lake or river shores.

To avoid the problems that might occur during wintertime, i.e., low biological activity and decreased water conductivity, there are two main routes to chose. One is to place the entire system beneath a glass roof and heat it in wintertime, which may lead to very high construction and maintenance costs. The other method is to accept the occurrence of winters and prolong the turnover time for water in the system to a year. By that, even water entering the system in mid-autumn will spend a summer in the system. A larger depth of the beds may counteract a decreased conductivity of the system due to frost.

However, the problem of an interrupted biological activity of the plant roots due to winter frosts seems to be very small. Mander & al. (1991) compared the nutrient reduction capacity of vegetated bioponds during the vegetation period and in winter. They found that the reduction capacity only was reduced with 88-65% during the winter period for phosphorus, nitrogen and BOD5. 

However, to size a biological grey water purification plant with the assumption that the biological activity of the plants and soil micro-organisms is nil during winter would only increase the allowance for unexpected stress on the system. 

A triplicate soil layer infiltration-wetland-pond system for greywater purification, general principles

The greywater purification plant is designed to encourage the subsurface flow of water and to enhance the biological interaction of the plant and micro-organisms in a ‘normal’ riparian ecotone. In order to do that, water is let in under the roots of a planted vegetation and stored in a pond to be fed into a consecutive shore. This is repeated three times in order to attain a large reduction of incoming bacteria, BOD5 and nutrients. The total system thus consists of three subsequent shore-ponds. After the last pond, the water is let into a sand filter system and is collected in a well (Figure 1).

Before the introduction into the purification system, the water passes a section filled with lime-gravel to increase the surface for organic material reduction by aerobic bacteria and to buffer pH. The water is distributed over this bed by means of the spread of inlet pipes over the upper surface of the gravel bed.

In order to be able to establish the system even on soil with large infiltration capacity, a waterproof layer is placed under the purification plant. For longevity bentonite mats are chosen. This material is used under roads built over water supplying areas and under waste deposition plants. It has very low water conductivity.

Plant composition

The plants that are chosen in the system are those prevailing in a normal lakeshore in the region. Plants with nitrogen fixing root nodules, as Alnus, are introduced because of their capacity to extract phosphorus from solutions with a low N/P ratio. Otherwise, Salix species and the Aegopodium podagraria - Filipendula ulmaria - Cirsium oleraceum plant community are chosen because of their capacity to extract nutrients and accept wetland conditions. In the area close to the ponds, plants as Phragmites communis and Typha latifolia are chosen because of their capacity to transport air in their aerenchyme down to their roots, and by that create conditions favourable for denitrifikation, should it be needed.

The plants are supposed to be continuously harvested and composted, in order to remove nutrients from the system. In the ponds, also some fishes and crayfishes are introduced, in order to control insect larvae and digest leaf litter falling into the dams.

Practical results for system efficiency are yet to be measured in a R&D programme for the plant built in Kalmar (se below). Preliminary calculations regarding the efficiency of the system  (assuming a 75% reduction of nutrients for each passage of a shore-zone)  indicate that the residual nutrient content of the water would be about 0.06 mg nitrogen /l and 0.02 mg phosphorus/l. 

Due to the long turnover time, the slow flow, and the long underground passage, the reduction of bacteria and viruses emitted with the greywater would be almost complete. 

The name of this purification is proposed to be wetpark, because of its mangaed, park-like composition and its wetland type structure.
Field tests

A new building at the technical high school of Kalmar was equipped with a greywater separating system, why a ‘wetpark’ system of the above type could be built in order to purify the water to a quality that it was possible re-use it in the building. The house is designed for 500 students, and the water use is about 400 m3 per year. The water is very lightly polluted, it is only used for hand washing and some dishing.

In this wetpark, however, also rainwater from the roof is let in. The purified water will therefore be more than what is needed in the building, why the building — wetpark system therefore in fact is a net exporter of clean water. The export capacity is about 700 m3 water per year. The area requirement for the plant is about 1,200 m2, which is almost the same as the roof area of the building.

The building of the plant was complete in august 1997. An extensive programme for the investigation of its performance is under development. 




Figure 1 An outline of a triplicate shore-pond system for greywater purification

Construction cost

The construction cost for this wetpark system is about 3 000 SEK per person connected. However, in this cost is included a lot of high finish, as seats, paths and walls. The aesthetic value of this purification plant should not be under estimated. For the use in connection to a ordinary group of houses, it is possible to diminish the finish demands and to make it cheaper.

Table 2. An outline of the effects of simplified wastewater treatment, using a non-MIFSLA method.

Urine
Faeces
Grey water
Wastewater

Volume

(lit./pers*day)
1,12
0,15
199
None

N

(kg/pers*year)
4,02
0,55
0,4


P

(kg/pers*year)
0,37
0,18
0,2


Volume

(lit./pers*year)
409
56
65 386   


Notes
For direct use in agriculture
For composting to eliminate pathogens. After that, transpor​tation to agriculture
Nutrients harvested, composted and transported to agriculture


Discussion

The data..

In order to attain a societal structure mimicking the structure of ecosystems, and to diminish the vulnerability of the society to peace-crises as severely increased prices of fossil fuels (Campbell & Laherrère, 1998), which may have a large influence also on the price of purchased nutrients, it is important to organise the flows of nutrients in a cyclic way. To be feasible, such a practice will also include the separation of grey water and human waste products. This will in turn make local purification of greywater evident, because the waste water plants of today are not designed for the purification of  very low amounts of nutrients (Hultman & Balmér, 1988).

The abandoning of the MIFSLA attitude to water management leads to a much simpler method of waste management, because the different components of the waste water of today can be managed according to its individual qualities.

The method is not only cheaper than the conventional, the construction of wetparks has also recreational and psychological values. Apart from the esthetical values of the system, it will also provide habitats for birds and increase the diversity of the plant communities in the area.

It can be said that this is not a method for dense urban settlements, because of its area requirements (about 40 m2 per person if the plant is designed to purify all grey water from a household). However, land use is often a matter of preferences. Forty square meters is about the same area as three parking lots.
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� According to the statistics from VAV (1993), 173 litres/person*day is used in households. Statistics Sweden (SCB, 1993) uses a somewhat higher figure, 185 litres. In the calculations, however, the SNV (report 4425) figure of 199 litres (150 l grey water plus 49 l toilet flush) has been used.


� In order to attain consistence with the numbers actually reported from 23 of the largest sewage plants (A-plants) in Sweden, serving 40% of the population (Sundberg, 1994), one have to assume an average extra flux of water of about 217 litres per person per day to the sewage pipes from drainage water or leakage. The total amount of water actually purified is about 400 litres per person per day in the plants studied.


� This figure is calculated for a wastewater plant without extra nitrogen reduction. With extra reduction, it could be 2.5 or 1.2 kg/p*yr.


� For the nutrients to be taken up by plants, the ratio N/P should be around 10. If this figure is below 10, nitrogen is the limiting substance, leading to a sub-optimal phosphorus uptake unless the plants can get nitrogen from other sources. If the ratio is far above 10, the reverse is true.
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