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1	Introduction



This Paper is a presentation of Swedish urban water management from the middle ages to today. It describes past practises and experiences, which led to today’s standard of urban water management. Besides a brief mention of existing methods and current projects, there is also a description of Swedish legislation and the legislation of the European Union (EU). Presented are both suggested and required maximum allowed concentrations of different substances in our drinking water and treated sewage water. Future plans and projects are also presented for the development and improvement of current urban water practices.





2	Drinking water management



2.1	Past



Personal hygiene in medieval times was not perfect it was horrendous. The citizens of Stockholm during those times could only obtain water from wells. Daily hygiene then consisted of a face and hand wash, and maybe a bath at Christmas. Water consumption was around 10 l/person/day [1]. Presented below (Table 1) is a historical presentation of drinking water management in Stockholm, which also represents the development in the whole of Sweden.





Table 1	Historical presentation of drinking water management in Stockholm [1]



Year�Description��1100’s�Wooden pipes in Stockholm.��1450�First public wells in Stockholm.��1500’s�Development of wooden pumps for the pumping of water wells.��1620�Johan Von Massbergk suggested the first water mains in Stockholm.��1649�First “water work” built with wooden logs and cast iron pipes in Uppsala.��1694�The first water mains were laid for the private use of the King.��1800’s�Improvement in the construction of wooden water pumps. Iron valves and moving parts.��1853�A proposal by Leijonancker led to the first serious consideration, and in the end, the building and implementation of the first public waterworks.��1858�The initial work on the laying of water pipes began.��1861�Stockholm’s first waterworks went into operation.��1863�Last well dug in Stockholm.��1884�First chemical sampling of raw and treated water.��1887�Electric water level meters were first used.��1910�First biological sampling of raw and treated water.��1929�First use of Chlorine in the treatment of raw water.��1950’s�First automated filter flushers.��1955�New law stating that the consumer was charged with the total costs of the waterworks, and thus, the water prices rose dramatically.��



2.2	Present



At the moment, there are 2043 waterworks installations in Sweden. Of those, 197 treat surface water and supply 51% of the population. The remaining 49% are supplied from 1846 installations that treat groundwater. The water consumption per person has risen from 10 l/day in the Middle Ages to 190 l/person/day in 1997. The total production of drinking water (923 million cubic meters), however, was 330 l/person/day for that same year with an average of 8.8 meters water pipes per connected person [2]. Work is constantly performed on upgrading and improving the existing system, and 7.67 million people were connected to a waterworks plant in 1997. Shown in Figure 1 is the population growth in Sweden from 1749 to today.













































Fig. 1	Population growth in Sweden from 1749 to today [3]





The main water treatment unit processes in Sweden today are:



Pre-treatment: Coarse screening, pumping, storage, fine screening, equalisation, neutralisation, aeration and chemical pre-treatment.

Primary treatment: Coagulation, flocculation and sedimentation.

Secondary treatment: Rapid sand filtration and slow sand filtration.

Disinfecting: Ozone, UV radiation or chlorinating.

Advanced treatment: Adsorption, active carbon, Fe and Mn removal and membrane processes.

Fluoridation.





Shown in Figure 2 is the percentile water consumption in Sweden today between different consumers.

























Fig. 2	Water consumption in Sweden today between different consumers [3]





2.3	Future



Future research and investments in the area of drinking water will mainly concern the development of existing methods, the protection of drinking water supply areas and the adoption of new EU legislation on drinking water quality [2].





2.4	Swedish regulations



Legislation on the quality of drinking water in Sweden [4] is regulated in Notification SLV FS 1993:35. This document contains detailed information on the choices of drinking water supply, treatment methods, suggested and recommended maximum allowed content of different chemicals and micro-organisms both in raw and treated water, approved chemicals for the treatment of raw water, number of tests that are performed on both raw and treated water, type of analyses to be performed etc. This Notification is to be revised and implemented in the year 2001. The new document will contain all new EU standards and guidelines.





2.5	EU regulations



Council Directive 98/83/EC of 1998 on the quality of water intended for human consumption [5]. The old Drinking Water Directive of 1980 has provided the consumer security for drinking water quality throughout the EU. However, it was both out of date as concerns scientific/technical basis (original proposal was made in 1975) and the managerial approach. The managerial approach will not be discussed here.



The main changes in the parametric values are:



Lead: reduced from 50 µg/l to 10 µg/l, 15 years transition period to allow for the replacing of lead distribution pipes.

Pesticides: values for individual substances and for total pesticides retained (0,1µg/l - 0,5µg/l), plus additional, more stringent ones introduced for certain pesticides (0,03µg/l).

Copper: value reduced from 3 to 2 mg/l.

Standards introduced for new parameters like trihalomethanes, trichloroethene and tetracholoroethene, bromate, acrylamide etc.



This new Directive provides a sound basis for both the consumers throughout the EU and the suppliers of drinking water.



Implementation deadlines:



The Directive entered into force on the 25th of December 1998.

Member States have 2 years i.e. until the 25th of December 2000 to transpose the Directive into national legislation.

Member States have 5 years i.e. until the 25th of December 2003 to ensure that the Drinking water complies with the standards set, except for Bromate (10 years), Lead (15 years) and Trihalomethanes (10 years).





3	Wastewater management



3.1	Past



The private and community hygiene and ecology have always been a problem. It could be said that this situation has always laid somewhere between less acceptable and horrible. Presented below (Table 2) is a historical presentation of wastewater management in Stockholm, which also represents the development in the whole of Sweden [1,6].





Table 2	Historical presentation of wastewater management in Stockholm [1,6]



Year�Description��1500’s�It was required that every house owner keeps the surroundings of his house clean. It was even required that every lot has its own septic pit. Open gutters.��1600’s�Gutters were lined and covered with wooden planks. Sewage pipes found in some houses between floors, but only led to the gutter outside.��1641�Sewage pipes in houses were banned.��1646�430 houses still had sewage pipes.��1661�It was decided that carts would be made available at certain locations so that each individual house owner could dump his faeces and waste there.��1700’s�Organised removal and dumping of carts with faeces and waste.��1850’s�Wooden pipe system built.��1860’s�With the building of water pipes in Stockholm during 1860 the question of sewage was also taken up, and the first water toilets appeared.��1890�All streets had sewage pipes.��1911�The first plant for biological treatment of wastewater with bio beds was built in Skara.��1920’s�Field irrigation with wastewater in Eslöv.��1930�Completion of the Ĺkeshovs treatment plant for sludge separation.��1942�The first plant with active sludge treatment was built.��1950’s�The building of municipal wastewater treatment plants. Active sludge treatment.��1965�Chemical treatment was introduced.��1970’s

1980’s�The transport and concentration of wastewater from smaller communities to larger treatment plants was initiated. Chemical removal of phosphorous.��1990’s�Combined biological and chemical treatment. Implementation of nitrogen treatment. Unit processes such as biological phosphorous separation, nitrification and denitrification.��



Shown in Figure 3 are the developments of different sewage treatment methods and the percentage of connected urban population.













































Fig. 3	The development of treatment methods in Sweden in relation to the percent of connected people [2,7]





3.2	Present



Existing plants, built for BOD and P removal, had to be upgraded for N removal. This development was initiated in the late1980’s and was continued throughout the 1990’s. Many of the upgrading concepts have been developed in close co-operation between municipalities and universities in Sweden as part of a major university research program, called STAMP, during the last six years [7].



At the moment there are 2038 wastewater treatment plants in Sweden. All the urban population in Sweden is connected to a municipal treatment plant, and this comprises 90% of the total population of the country. The amount of treated wastewater in 1997 was 1 180 million cubic meters, which is 257 million cubic meters more than the total amount of produced water for that year. Add to those 21 million cubic meters from Combined Sewer Overflow (CSO) and you get an idea of the leakage and storm water quantities. The average length of sewer pipes (combined sewer and storm water networks) per connected person in 1997 was 11.8 meters [2].



The treatment methods used in Sweden today are:



Biological treatment. Removes oxygen consuming organic material with the help of microorganisms in an aerated environment. 90% of all organic matter is removed in this matter in the form of sludge that contains P and N.



Chemical treatment. Removes phosphorous (90%) and improves removal of suspended solids.



Bio-chemical treatment. Is a combination of a biological and a chemical treatment method. The combinations most frequently used in Sweden are biobeds or active sludge works with pre, simultaneous and post settling.



Nitrogen removal. Is used mostly during the biological treatment of wastewater and in turn modifies the biological treatment. The removal of nitrogen takes place both in the anaerobic and aerobic zones. This treatment reduces the total nitrogen by 50 – 75% in normal cases.



Filtering. Used mostly where the recipient of the treated wastewater is sensitive. This is mostly achieved by filtering through sand.



In advanced wastewater treatment the effluent standards are currently aiming at removing particles (suspended solids), organic matter (BOD, COD, TOC) and nutrients (nitrogen and phosphorous). Various treatment methods may be used, physical, chemical and biological as well as combinations of these with varying reactor and process alternatives. Traditionally the choice of treatment method has mainly been based on the effluent standard set in individual cases as well as practical experience with the various methods. Now, it is being realised, however, that in addition to effluent standard and traditional experience, one has to take account of the characteristics of the wastewater in order to arrive at the most economical solution [8].



There are several ways of characterising wastewater:



According to bulk parameters, such as suspended matter, organic matter, nutrients, bacteria etc.

According to the state, such as soluble, colloidal, particulate, gaseous etc.

According to its treat-ability such as biodegradability, ability to separate etc.



The various compounds may be present in wastewater as soluble (d < 1 nm), colloidal (1 nm < d < 1 �SYMBOOL 109 \f "Symbol" \s 12�m�m) or particulate matter (d > 1 �SYMBOOL 109 \f "Symbol" \s 12�m�m). Suspended matter, normally determined by filtering through a 1 �SYMBOOL 109 \f "Symbol" \s 12�m�m filter, contains the particulate but not the colloidal matter. Most of the colloidal mass will be included if a 0.1 �SYMBOOL 109 \f "Symbol" \s 12�m�m filter is used. Especially since nitrogen removal came into operation, the need to characterise the wastewater according to biodegradability has become evident and even more so since biological phosphorous removal has come into use. Various characterisation techniques have been introduced such as oxygen uptake rate (OUR), nitrogen uptake rate (NUR) various C/N ratios etc. Specific analyses such as VFA (volatile fatty acids) have also been used as well as various interpretations of COD analyses, such as BSCOD (biodegradable, soluble COD).



There are great variations in wastewater characteristics from plant to plant, and from country to country. In a recent article [8] it is concluded that many of the Scandinavian wastewater treatment plants are characterised by high fractions of organic mater, phosphorous and nitrogen in suspended form. Based on collected data, it was shown that Swedish wastewater is more concentrated than Norwegian but more dilute than Finnish. The database used is better for COD then for BOD. Nevertheless it is quite remarkable that even though the concentrations of organic matter vary from one plant to the other, and from one country to the other, the fractions of suspended COD and BOD are generally high and quite similar in Scandinavia. Shown in Table 3 are average values of organic matter in raw wastewater in Sweden. From this table it can be seen that the suspended organic matter in this wastewater is close to 70% of the total.





Table 3	Average values of organic matter in raw wastewater in Sweden [8], where SS is suspended solids and f is volatile suspended solids



No. of plants�SS�COD�CODf�Fract. CODSS�BOD�BOFf�Fract. BODSS�BOD/COD����������Tot.�Filtr.��17�243

�SYMBOOL 177 \f "Symbol" \s 12�±� 87�477

�SYMBOOL 177 \f "Symbol" \s 12�±� 123�157

�SYMBOOL 177 \f "Symbol" \s 12�±� 79�0.68

�SYMBOOL 177 \f "Symbol" \s 12�±� 0.10�171

�SYMBOOL 177 \f "Symbol" \s 12�±� 72�63

�SYMBOOL 177 \f "Symbol" \s 12�±� 47�0.66

�SYMBOOL 177 \f "Symbol" \s 12�±� 0.12�0.32

�SYMBOOL 177 \f "Symbol" \s 12�±� 0.12�0.38

�SYMBOOL 177 \f "Symbol" \s 12�±� 0.10��



Shown in Table 4 are the average values of N and P in raw wastewater plants in Sweden, while Table 5 shows the average C/N and C/P ratios for the same plants.





Table 4	Average values of N and P in raw wastewater plants in Sweden [8], where SS is suspended solids



No. of plants�Tot. N�NH4-N�F-NSS�Tot. P�PO4-P�F-PSS����������17�33.1

�SYMBOOL 177 \f "Symbol" \s 12�±� 8.1�24.4

�SYMBOOL 177 \f "Symbol" \s 12�±� 7.6�0.28

�SYMBOOL 177 \f "Symbol" \s 12�±� 0.13�6.14

�SYMBOOL 177 \f "Symbol" \s 12�±� 1.65�3.26

�SYMBOOL 177 \f "Symbol" \s 12�±� 1.42�0.49

�SYMBOOL 177 \f "Symbol" \s 12�±� 0.15��



Table 5	Average values of C/N and C/P in raw wastewater plants in Sweden [8], where f is volatile suspended solids



No. of plants�COD/ TN�CODf/ NH4-N�BOD/ TN�BODf/ NH4-N�BSCOD/ Tot. N�BSCOD/ NH4-N�COD/ TP�CODf/ PO4-P��17�14.7

�SYMBOOL 177 \f "Symbol" \s 12�±� 3.3�7.1

�SYMBOOL 177 \f "Symbol" \s 12�±� 4.2�5.2

�SYMBOOL 177 \f "Symbol" \s 12�±� 2.1�2.6

�SYMBOOL 177 \f "Symbol" \s 12�±� 1.0�3.8

�SYMBOOL 177 \f "Symbol" \s 12�±� 2.6�5.5

�SYMBOOL 177 \f "Symbol" \s 12�±� 4.0�79.5

�SYMBOOL 177 \f "Symbol" \s 12�±� 7.2�55.5

�SYMBOOL 177 \f "Symbol" \s 12�±� 23.9��



3.2.1	Sludge



Pumping sludge into large basins and using nature to dry it out solved the disposal of sludge in the beginning of wastewater treatment in Sweden. This dried sludge was then used in parks or given away as plant fertiliser. This method, due to the lack of space for these basins, evolved into the pumping of sludge into waterways or the surrounding sea. This method, however, proved unsatisfactory and was banned in 1965. Sludge was then transported and dumped in the ocean, but this too was banned in 1967. The use of sludge as a fertiliser in agriculture in Sweden started in the mid 1970’s [1].



About 240 000 tons of sludge, as dry matter (TS), are separated yearly in Swedish treatment plants [9]. All the treatment plants are equipped for phosphorous removal, and thus, the amount of P in the sludge is around 3% of the dry matter (TS). 40% of the sludge is used mostly in agriculture (as opposed to 62% in Denmark and 39% in Finland) as a P fertiliser. The ecological quality of Swedish sludge is improving continuously.



However, a huge debate has been going on in Sweden about the pros and cons of using sludge as a fertiliser in agriculture. The supporters of sludge use in agriculture claim that it is just a natural recycling process that brings back all necessary elements to the soil and that sludge is the best P fertiliser, not to mention that it also solves the problem of sludge disposal. The opponents on the other hand claim that sludge use in agriculture will cause serious problems. One such problem is the increase of cadmium concentrations in the soil, which in turn ends up in people causing kidney problems, decreased bone mass and increased risk for fractures. This in itself would not be a problem if only human waste was present in the sludge, but unfortunately 95% of all cadmium in sludge comes from the technosphere and is not anthropological in nature. The second cause for concern is the pragmatically based maximum allowed concentrations of certain heavy metals in sludge. These values were established as a compromise between the producers and the consumers of sludge and have no scientific basis, plus, a large number of metals and compounds found in sludge, such as silver and dioxins (just to mention two) are not covered by legislation. The opponents claim that sludge might be good as a fertiliser in the short term, but, it is a serious risk in the long term both for the environment and for human health and that an alternative disposal method for sludge must be found [10].





3.2.2	Stormwater and Combined Sewer Overflow



At the present approximately 25 % of the urban area is connected to a combined sewer system. Most of the urban storm water is discharged into the nearest receiving waterway without treatment. The biggest problem with this type of management is the pollutant loads of nitrogen, phosphorous and heavy metals from urban areas that are discharged into recipients. In order to control the urban storm water pollution, storage tanks and ponds (where the pollutant settles) have become more frequent. The discharge from CSOs is also considered as a problem. During the rapid urbanisation in the 1960’s and 1970’s, new areas were connected to the old combined sewer network. This caused a significant increase in the overflow volume and frequency in the sewer network. Chemical pollution from the CSO usually leads to eutrophication and bacteria in bathing waters and storage tanks are used to control its volume since there is no treatment of CSO. At the moment there are no general guidelines for the treatment and release of storm water and CSO, but there is a requirement to report the annual frequency and volume as well as the concentrations of certain pollutants [11]. Presented in the two tables below (6 and 7) is the historical development of storm water and CSO management respectively.





Table 6	Historical development of storm water management [2]



Year�Event��1950’s�Pipes and channels- the conveyance approach.��1970’s�Storm water flow attenuation.��1980’s�Source control- mitigation of flooding problems.��1985�Integrated approach.��1990’s�Ecological approach- storm water as a resource- problem to benefit.��



Table 7	Historical development of CSO management [2]



Year�Event��1930’s�Combined sewer system established.��1950’s�The combined sewer policy abandoned. Basement flooding unacceptable.��1960’s�Treatment plants localised and interceptor structure determined. Separation (EPA, Environmental Protection Agency).��1970’s�Development of methods for managing and upgrading of combined sewer system.��1972�Proposal requiring re-building of old combined sewer systems into separate systems.��1978�EPA states that separation is no longer the only solution for management of storm water.��1983�Guidelines for Rehabilitation plans by the EPA.��1987�Swedish Water Works Association (VAV) published guidelines for prioritisation in maintenance, renewal and improvement planning of water supply and sewage networks.��1990’s�Flow equalisation and sewer renovation. Computerisation and real time control.��



3.2.3	Current projects



In the last few years the focus has moved on to the hydraulic capacity of the plants, by control of sludge retention in aeration tanks during peak hydraulic loads, either by step feed control or by aeration tank settling (ATS) control. Several approaches of combined sewer control and wastewater treatment hydraulic control have already been implemented in Sweden [7], as well as the building of Europe’s first fluidised biobed denitrification plant in 1996 [12], which still requires post treatment for the removal of suspended solids.



The Klagshamn plant was also improved with a separate post denitrification plant during its upgrading with a new filtration step in 1997 [13]. An elaborate cost comparison showed that a moving bed biofilm reactor process with KMT (Kaldnes Miljřteknologi) media was appropriate for that purpose. Due to mixing problems the full capacity of the process has not been tested, however, it appears that the knowledge for actually establishing a properly working KMT process for denitrification is at hand today.



The Henriksdals plant was refitted for denitrification in 1997. The release of nitrogen from this plant at full capacity is an average of 7 mg/l/year. The supply of nitrate is the most limiting factor for denitrification, which can reach up to 80% [14]. A study in the Ryaverket plant [15] for nitrification in biobeds and denitrification in overloaded active sludge works shows that the removal of nitrogen can be improved by an external carbon source and by pumping aluminium rich reject water from the sludge treatment into the biobeds. It was shown in another project that biological P removal integrated with the KREPRO (Kretslopps Process) process can remove up to 90% of the phosphorous from treated sewage water [16].



It was shown, yet in another project, that aerobic deammonification is a promising process for the treatment of wastewater with high nitrogen loads [17]. This process is mainly autotrophic which reduces the need for an external carbon source, and the demand for oxygen is lower than with conventional nitrification/denitrification.





3.3	Future



It is concluded in the above mentioned report [8] on wastewater characteristics that: With these wastewater characteristics, much can economically be gained by enhancing particle separation in primary treatment, either by coagulation or by coarse filtration. By replacing some of the metal cation by a polymeric cation, excess sludge production can be minimised without destroying the phosphate removal efficiency, since the soluble phosphate concentration is very low in many cases.



For plants with strict N and P standards and a wastewater characterised by having a large fraction of the organic matter in particulate form, and a low fraction of readily biodegradable organic matter, there are two extreme process solutions, that may encompass many theme variations:



A compact treatment train based on enhanced particle separation by coagulation in the primary step followed by a combined pre- and post-denitrification biofilm process. A carbon source must be added or provided for side-stream sludge hydrolysis (biological or thermal).



A voluminous treatment train based on a minimum of pre-treatment, followed by pre-denitrification (possibly combined with enhanced bio-P removal) in activated sludge with simultaneous precipitation. Side-stream biological sludge hydrolysis may be required in order to avoid addition of an external carbon source.



Further plans concerning wastewater management in Sweden will deal with the development of existing processes in order to:



Minimise energy and chemical consumption.

Utilise biogas and treated sewage water for heating.

Reduce infiltration water amounts in the sewer system.

Reduce CSO.

Minimise storm water pollution.

Treat and recycle storm water.

Increase the sludge quality for use in agriculture etc [2].





3.4	Swedish regulations



3.4.1	Nitrogen and phosphorous



The appropriate municipalities regulate Swedish requirements for N and P quantities in wastewater for smaller treatment plants [18]. Table 8 shows the typical maximum allowed concentrations for N and P as required by Notification SNFS 1994:7. The requirements on maximum N quantities are basically those which are set by the EU. However, in practise, the values for nitrogen in the larger treatment plants lies around 10 mg/l Total-N (or lower), while for the smaller plants around 8 mg/l.





Table 8	Maximum discharge concentration requirements for N and P in Sweden [18]



Size of treatment plant

(number of connected people)�Nitrogen

mg/l�Phosphorous

mg/l��10 000 – 100 000

> 100 000�15 (70% reduction)

10 (70% reduction)�0.3 – 0.5

0.3 – 0.5��



Sweden has both suggested and required maximum allowed concentrations. Concentrations higher than the suggested requirements do not immediately lead to sanctions, but the responsible plant is required to mitigate the problem as fast as possible. Required maximum allowed concentrations are not to be exceeded. The concentrations for nitrogen in the table above are suggested, but it is expected that they will be the future required maximum allowed concentrations. The values given for phosphorous are the required maximum allowed concentrations today. The appropriate municipalities regulate the control of these concentrations. Samples are taken on a weekly basis and yearly averages are calculated for both N and P. Swedish Finnish and Norwegian regulations are basically identical to the EU requirements and are based on 52 weekly samples per year.





3.4.2	Industrial wastewater



Urban sewage systems and treatment plants are primarily used to transport and treat household waste. All communities have industries that use and dispose of chemicals into the sewer. These chemicals can cause problems in the sewer system and treatment plants. In order to protect the sewer system and nature, legislation is enforced. The following legislation was in power in 1998 [19].



The law on public waterworks and wastewater treatment plants (SFS 1970:244) treats the question of industrial wastewater. With the help of this law the municipality decides how the public water and sewage utilities will be used (ABVA-regulations, Allmänna Bestämmelser för brukande av kommunens allmäna Vatten och Avloppsanläggningar). The municipality has the right to decide on questions not covered by the ABVA, and impose restrictions to the industrial wastewater composition and concentrations of different compounds. The municipality may charge the use of its utilities by industries. Even the Swedish Environmental Protection Act covers the question of industrial discharge.



All organic compounds covered by the ABVA regulations are divided into three groups:



Compounds that can be treated but can cause increased BOD load, risk of explosion and bad smell. There are no maximum allowed concentrations for these compounds.



Compounds that can be treated in a limited capacity. This group is sub-divided into two groups depending on how toxic and volatile these compounds are.



Compounds that are not degradable and which can be separated together with the sludge or in the treatment process. These compounds are not to be released into the public sewer.



Furthermore, the minimum pH value allowed is 6.5, maximum pH allowed is10, minimum temperature allowed is 10şC and the maximum temperature of industrial discharge is 45şC. Both the municipality and the installation undertake sampling of industrial discharge, and the results are exchanged between them. The municipality samples the discharge at least twice a year. If the maximum allowed concentrations are exceeded it is the installation that pays for any extra sampling, and the municipality has the right to charge the installation for any overload of the sewage system. If appropriate actions are not taken by the installation the municipality can deny them use of the sewer. The regulations in Scandinavia are basically the same; the biggest difference being in whom regulates the legislation.





3.4.3	Sludge



Legislation on sludge in Sweden is the responsibility of the Swedish Environmental Protection Agency (Notification SNFS 1994:2), and is based on the EU sludge directive. After a recommendation for a revision of this notification from 1997, Sweden will lower the maximum allowed quantities from the year 2000 [20].



The following table (Table 9) shows the maximum allowed concentrations or quantities of heavy metals. The maximum area distribution and total P are lowest in Scandinavia.





Table 9	The maximum allowed concentrations or quantities of heavy metals as regulated by Swedish law (* from year 2000) [20], where TS is dry matter



�Heavy metals in the soil where sludge will be used

(mg/kg TS)�Heavy metals in the sludge that will be used in agriculture

(mg/kg TS)�Maximum area distribution (g/ha/year)�Quantity

mg/kg Total P��Pb�40�100/25*�25�3 600��Cd�0.4�1.75/0.75*�0.75�70��Cr�30/85�100/40*�40�3600��Cu�40�600/300*�300�21 000��Hg�0.3�2.5/1.5*�1.5�90��Ni�30�50/25*�25�1 800��Zn�85/150�800/600*�600�29 000��



The maximum allowed quantities (mg/kg TS) of ecological toxins in the sludge are �SYMBOOL 83 \f "Symbol" \s 12�S�PAH= 3, �SYMBOOL 83 \f "Symbol" \s 12�S�PCB= 0.4, and NPE= 50. These values are not required by law, but are a compromise between the producers of the sludge, the users of the sludge and different agricultural organisations. The stabilising of the sludge in Sweden is recommended but not obligatory.





3.5	EU regulations



3.5.1	Nitrogen and phosphorous



The EU wastewater directive requires all participating countries to implement the concentrations presented in Table 10 or lower [21]. The EU also requires a minimum of 12 samples per year for plants with less than 50 000 connected people, and a minimum of 24 samples per year for larger treatment plants.





Table 10	Discharge concentration requirements for N and P in the EU [21]



Size of treatment plant

(number of connected people)�Nitrogen

mg/l�Phosphorous

mg/l��< 10 000

10 000 – 100 000

> 100 000�No general requirements

15 (70% reduction)

10 (70% reduction)�No general requirements

2 (or > 80% reduction)

1 (or > 80% reduction)��



3.5.2	Industrial wastewater and sludge



As far as the discharge of industrial wastewater and use of sludge are concerned, the EU has issued three directives that take up the problem:



The aquatic environment protection directive (76/464) contains a list of 132 specifically environmentally dangerous compounds. The EU has established common maximum discharge concentrations for most of these compounds. For compounds not found on this list, special permission is needed for their release. Maximum concentrations of these compounds should be set to a level, which will not influence the recipient water body.



The sewage water directive (91/271): The objective of the Directive [21] is to protect the environment from the adverse effects of discharges of urban wastewater and of wastewater from industrial sectors and the agro-food industry. The general rule for the level of treatment is secondary treatment, i.e. biological treatment. However, the treatment must be more stringent (tertiary treatment) for discharges to the relevant catchment areas of sensitive areas as identified by Member States and may be less stringent (primary treatment), under certain conditions of agreement, for certain discharges to coastal waters and estuaries identified as less sensitive areas. The deadline for this application is 31/12/1998, 31/12/2000 or 31/12/2005 depending of the size of the agglomeration and the sensitivity of the receiving waters. This directive was amended in 1998.



The IPPC directive (96/91) states that all release (to the air, water and soil) should be treated. This directive applies to medium and large industries in 50 different branches.





4	MISTRA



4.1	About MISTRA



The Swedish Foundation for Strategic Environmental Research - MISTRA - was established in January 1994 with a capital of SEK 2.5 billion, deriving from the former Employee Investment Funds. MISTRA´s funds are held in form of Swedish and foreign shares and securities and are managed by well-established asset managers. The capital is now, 1998, close to SEK 4 billion. The income earned on the capital is used to support strategic environmental research. MISTRA´s budget for activities in 1998 amounted to SEK 300 million [22].





4.1.1	From MISTRA's statutes



Article 1 of MISTRA´s statutes provides the basis for MISTRA´s activities:



"The Foundation shall promote the development of strong research environments of the highest international class with importance for Sweden’s future competitiveness. The research shall be of importance for finding solutions to important environmental problems and for a sustainable development of society. Opportunities for achieving industrial applications shall be taken advantage of."





4.1.2	MISTRA Mission Statement



MISTRA supports strategic environmental research - that is, research with a long-term perspective directed towards solving major environmental problems – which meets the highest scientific standards and is guided by a vision of an environmentally sounder society, has as its aim system changes promoting sustainable use of resources, radically reduced environmental impacts, or essential new knowledge about environmental problems and their relative significance, contributes to Sweden's competitiveness, and has clear and measurable objectives enabling it to be effectively evaluated.





4.2	Swedish Water Management Research Programme, VASTRA



The major goal of VASTRA is to develop catchment-based water management strategies that are sustainable from ecological, economical and social perspectives. One sub-programme deals with "Reducing fluxes of nutrients from land to aquatic systems" with the aim to develop decision support tools. Another sub-programme addresses the topic "Improving the potential for multiple use of surface water resources", which includes ecotechnological methods. "Safeguarding groundwater resources" is a third sub-programme aiming at developing a set of tools for decision support. The programme director is Dr H. B. Wittgren, Linköping University. First phase 1996 – 2001.





4.3	Sustainable Urban Water Management



The programme aims at radically more resource-efficient and energy-efficient urban water systems that provide high-quality services to users while preserving high standards of health and environmental quality. Basic services and system functions are focused. Researchers aim at evaluating how well different systems may meet the proposed goals related to hygiene, environmental impact, preservation and recovery of resources, technical aspects, economy, and social factors. The programme director is Professor Per-Arne Malmqvist, Chalmers Institute of Technology, Göteborg. First phase 1998 – 2001.





5	Conclusion



From the presented material it can be seen that Swedish Urban Water Management has evolved to one of Europe’s leading countries in water management, not only in the managerial and technical sense, but also in its legislature, which is mostly identical, if not, better than the recommended EU legislature.



Drinking water and wastewater technologies used are the most current in the world today. Old systems are continuously upgraded and refitted to follow the ecological needs of the community. It is not strange that the Swedish urban water management also follows the doctrine of its people and their government, for a clean and safe environment.



With the acquirement of knowledge and experience it is evident that continuous work must be performed to keep up with the needs of the community and environment. That is why a number of projects are currently in progress to further our knowledge on the environmental impact we cause and how to minimise it. Unfortunately like in most countries, the questions of costs and profit are the limiting factors in environmental protection. This is an apparent problem in the question of sludge use in agriculture. For some, it is the most cost-effective way of disposing sludge and enriching the soil with phosphates, while for others, it is not only disgusting using human faeces and urine, but it represents both a health and environmental hazard in the long term. This question, along with others in the future will probably lead to heated discussions, but it is only in this way that all aspects can be considered and a suitable solution found.
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