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Abstract

Settlements with less than 2.000 inhabitants, generally with rural character, account for approximately 60 % of the total population of the Republic of Croatia, and cover 70 % of its territory. There are 469 preliminary agglomerations in the Republic of Croatia below 2.000 PE and account for 15 % of Croatia's population. It is important to emphasize that 45 % of those settlements with less than 2.000 inhabitants are part of agglomerations larger than 2.000 PE. Simultaneously, a large number of inhabitants in agglomerations below 2000 PE live in protected areas and 410 agglomerations below 2.000 PE discharge the waste water into a sensitive areas, or discharge wastewater into small recipients without temporary flow or into the underground. The stricter water protection, by implementation of “adequate treatment level“ and by “combined approach”, are prerequisites for the achievement of good water status and fulfilling several environmental protection objectives for river basin. 
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1   introduction 

The general demographic picture of the Republic of Croatia is that of relatively poor population density, 78.5 inhabitants per km². Croatia belongs to more sparsely populated European countries with a negative growth rate. Settlements with less than 2.000 inhabitants, which are generally of rural character, account for approximately 60 % of the total population of the Republic of Croatia, and cover 70 % of its territory. 
There are 763 agglomerations planned in the Republic of Croatia, of which 294 are larger than 2.000 PE (Population equivalent). Agglomerations below 2.000 PE account for 15 % of Croatia's population, but 410 agglomerations below 2000 PE discharge the waste water into a sensitive area. It is important to emphasize that 45 % of the settlements with less than 2000 inhabitants are part of agglomerations larger than 2.000 PE. 

Simultaneously, a large number of inhabitants in agglomerations below 2.000 PE live in protected areas for which there is a stricter water protection regime in place, and this protection is achieved by fulfilling several environmental protection objectives for water bodies that are receiving water for wastewater, in accordance with which “adequate treatment level“ shall be implemented.
The paper will offer an overview of results, including analysis, for: 

· agglomerations below 2.000 PE and settlements below 2000 inhabitants

· European and national legislation related to sewage system and waste water treatment for agglomerations below 2.000 PE and effluent limit values with regard to receiving water and environmental impact assessment,

· different approach to definition of pollution sources and biodegradable loads for agglomerations below 2.000 PE,

· wastewater treatment and sludge disposal technology with regard to the requirement for implementation of  “adequate treatment level“.
2 SETTLEMENTS BELOW 2.000 INHABITANTS AND AGGLOMERATIONS BELOW 2000 PE
2.1 Settlements below 2000 inhabitants
In settlements below 2.000 inhabitants, mostly of rural type, about 39.5 % of all Croatian inhabitants live (Fig. 1 and Tab. 1). That is 1.664.400 inhabitants [1].  
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Fig. 1 The share of the population in settlements below 2.000 inhabitants and total number of inhabitants [1]
Tab. 1 Settlements related to the No of inhabitants [1] 
	
	No of settlements
	No of inhabitants
	%

	
	
	
	settlements
	inhabitants

	Together
	6.756
	4.284.889
	100,00
	100,00

	below 2000
	6.535
	1.664.400
	96,73
	39,5

	2 001-5 000
	143
	434.201
	2,12
	10,13

	5 000-10 000
	39
	264.060
	0,58
	6,16

	10 001-50 000
	31
	617.909
	0,46
	14,42

	50 001-100 000
	5
	320.651
	0,07
	7,48

	100 001-200 000
	2
	295.505
	0,03
	6,90

	200 001 and more
	1
	688.163
	0,01
	16,06


The number and percentage of connected and not connected inhabitants to sewage system, related to the size of settlement, is presented in Tab. 2.
Tab. 2 Analysis of the connected and not connected to sewage system inhabitants of the settlements below 2000 inhabitants [1]

	Size of the settlement
	Connected
	Not connected
	Total

	No of inhabitants
	No
	%
	No
	%
	No

	<2.000
	111.717
	6
	1.640.828
	94
	1.752.545

	2.000-10.000
	267.602
	37
	455.883
	63
	723.485

	10.000-50.000
	501.527
	74
	172.036
	26
	673.563

	>50.000
	1.042.126
	81
	245.741
	19
	1.287.867

	Total
	1.922.972
	43
	2.514.488
	57
	4.437.460


There are 6.535 settlements below 2.000 inhabitants of the total number of  6.756 settlements, that is  96.73% (Tab. 2).
Tab. 3 Analysis of the relation between inhabitants and settlements below 2.000 inhabitants and the total number [1]
	
	No of settlements
	No of inhabitants
	%

	
	
	
	Settlements
	inhabitants

	Total
	6.535
	1.664.400
	96,73
	39,5

	Without inhabitants
	150
	-
	2,22
	-

	Below 100 inhabitants
	2.653
	113.914
	39,27
	2,66

	101 – 200
	1.318
	192.193
	19,51
	4,49

	201 – 500
	1.448
	461.114
	21,43
	10,76

	501 – 1.000
	658
	462.788
	9,74
	10,80

	1.001 – 1.500
	195
	240.133
	2,89
	5,60

	1.501 – 2.000
	113
	194.258
	1,67
	4,53


Related to Tab. 3 and Fig. 2 and 3, the settlements of less than 100 inhabitants have the highest percentage in the total number of settlements, about 39,27%, but the settlements from 200 to 500 inhabitants and from 500 to 1.000 inhabitants have the highest percentage of inhabitants, each group about 10%.   
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Fig. 2 and 3 Percentage for the settlements less than 2.000 inhabitants related to characteristic groups and settlements with sewage system from 500 to 2.000 inhabitants [1,2]  
From the above graphical presentation (Fig. 2 and 3), the largest percent of the population lives in settlements of 201-500 inhabitants and 501-1000 inhabitants. The smallest percentage of settlements is of settlements below 100 inhabitants, even the number of these settlements is the largest in the total number of settlements. 
The biggest problem of the settlements below inhabitants in Croatia is the lack of the sewage system and wastewater treatment plant. The total number is 1.752.545 inhabitants from settlements below 2000 inhabitants, but just 111.717 inhabitants is connected to the sewer system (6,3 %) and just 49.974 inhabitants are connected to wastewater treatment plant (3%).
Small settlements below 2.000 inhabitants are not connected to sewage systems and at the same time in them a great number of population of Republic of Croatia lives (Fig. 4). 
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Fig.4 Connected inhabitants in to sewage systems in the settlements below 2.000 [2]
Only 155 settlements have the sewage system: 79 settlements have separate system, 59 settlements have combined system and 17 settlements have mixed system.
2.2   Agglomerations below 2.000 PE
The selected concept of identification of agglomerations in the Republic of Croatia implies that an area of one agglomeration is served by one collecting system and one waste water treatment plant assessed as the most appropriate in terms of the present situation. A more detailed analysis of current state, carried out during the negotiating process, has provided more precise data and estimates of the percentage of population connected to public waste water systems.

The collection of waste water from 4.437.460 inhabitants of the Republic of Croatia living in a total of 6.762 settlements can be organized in 763 systems, i.e. agglomerations. Only 294 agglomerations are larger than 2.000 PE.

However, the greatest number of agglomerations are very small ones, below 2.000 PE (469 out of 763). The requirements of the Urban waste weather treatment directive (UWWTD) refers primarily to agglomerations larger than 2.000 PE.

Out of the total estimated existing maximum load, agglomerations larger than 2.000 PE will encompass around 93%. These agglomerations encompass the total of 1.783 settlements with 3.547.000 inhabitants which should connect directly to the sewerage system, representing 80% of Croatia's population according [1].
The spatial coverage of agglomerations and their loads will in the future be adjusted to the changes of spatial conditions, i.e. to the changes in the number of users, economic trends, but also to the financial capacities and the standard of living. The definition of agglomerations thus becomes a continuous process, an integral part of planning and managing this activity, coordinated with generally accepted water protection principles, with the aim of minimizing the impacts on water and environment in a wider sense, with minimum costs, coordinated with the capacities of users.

More precise planning of the scope and load of individual agglomerations, including a consideration of realistic capacities of development, operation and maintenance of the system's facilities, will be the result of subsequent more thorough analyses which will be carried out during the preparation of individual feasibility studies which will study an area in much more detail than at this top planning level with information available so far.

Graphical presentation of designated agglomerations in Croatia comes from the negotiating platform in the pre-accession process to the EU, are identified that an agglomeration = one public sewerage system. Based on the analysis on the planned public sewerage system preliminary agglomeration with the size and spatial coverage were made.  
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Fig. 5 Spatial distribution of agglomerations [3]
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Fig. 6 Distribution of agglomeration in Croatian in terms of size (PE) [3]
It is anticipated that 88 % of Croatian citizens are connected to the public sewage systems. According to data from 2010 [3], about 50 % of population is connected and only 27% is connected to wastewater treatment plants.  
3 PROTECTED AREAS 

The protected areas are areas with special protection proclaimed related to legislation for the purpose of protection of surface water and groundwater, also as water ecosystems and ecosystems dependent on the water.

The register of protected areas includes the following types of protected areas:

· areas designed for the abstraction of water intended for human consumption;

· areas designated for the protection of economically significant aquatic species;

· bodies o water designated as recreational waters, including areas designated as bathing waters,

· nutrient-sensitive areas, including areas designated as vulnerable zones and areas designated as sensitive areas;

· areas designated for the protection of habitats or species where the maintenance or improvement o the status o water is an important factor in their protection, including Natura 2000.

3.1   Presentation of the agglomerations in sensitive areas 
According to the requirements of Directive 91/271/EEC and the Implementation Plan for Water Utility Directives (2010) [3], also as the level of the wastewater treatment, analyses of agglomerations bigger than 10.000 PE in sensitive areas have been prepared and presented on the map (Figure 7).
[image: image7.emf]
Fig. 7 Map of the sensitive areas and agglomerations bigger than 10.000 PE [4]
Related to Croatian Waters (data from 2010.), 410 agglomerations below 2.000 PE discharge wastewater in sensitive area, with 359.316 PE. Total planned potential load is 449.983 PE. Tab. 5 and 6 present the type of sewage systems and the level of the wastewater treatment for agglomerations below 2.000 PE. 
Tab.4 Number of agglomerations below 2.000 PE in sensitive areas regarding the type of sewage system [5]
	Number of agglomerations
	Sewage systems 

	
	combined
	mixed
	separate
	Not defined

	Sensitive areas
	19
	57
	289
	45


Tab. 5 Number of agglomerations below 2.000 PE in sensitive areas regarding the level of wastewater treatment [5]
	Number of agglomerations
	Level of the wastewater treatment

	
	pre-treatment
	1. level
	2. level

	Sensitive areas
	19
	57
	289


Related to data of Croatian Waters from 2010 [5] , it is planned that about 87 % of agglomerations below 2.000 PE will have recipients in sensitive areas with total load of 359.316 PE. 

Also, related to Fig. 8 and 9, from the total number of 410 agglomerations below 2.000 PE,  284 (69 %) of agglomerations will have discharge in sensitive areas of Danube River Basins and 126 (31%) agglomerations will have discharge in sensitive areas  of Adriatic Sea Basin.
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Fig. 8 and 9 Discharges of agglomerations below 2000 into sensitive areas divided to river basins [Hrvatske vode, 2010] Discharges of agglomerations below 2000 into sensitive areas divided to catchment areas [5]
The presentation has been prepared related to the requirements of the Ordinance of limit values emissions in wastewater (NN 81/10) [6], definition the level of wastewater treatment and „adequate wastewater treatment level“ for agglomerations below 2.000 PE. 
That means wastewater treatment by any process that provide good water status of the recipient water body. Related to the ecological water status, wastewater management can have  a great impact on the water body quality, specially for small rivers with low flow and groundwater in karstic area.
4 EUROPEAN AND NATIONAL LEGISLATION FOR AGGLOMERATION BELOW 2.000 PE
The Urban Waste Water Treatment Directive (91/271/EEC) is one of the legislative core elements of water protection policy in Europe. Adopted in the year 1991 this Directive regulates discharges of urban waste water from larger villages and towns and explicitly specifies, which kind of treatment must be installed in EU-27.  The Directive applies to agglomerations generating a pollution load of more than or equal to 2000 population equivalents (PE). Around 22.900 settlements generate an organic pollution load of approximately 604 million PE all over Europe and have to be equipped with collecting and treatment systems for their urban waste waters according to the Directive. Furthermore, the Directive foresees the designation of sensitive areas (mostly sensitivity to eutrophication due to nitrogen and/ or phosphorus) and application of more stringent treatment to the urban waste waters in these areas and their relevant catchment areas. 
In order to meet the relevant water quality objectives, Article 7 of the UWWTD stipulates the need to implement an appropriate waste water treatment for agglomerations less than 2.000 PE for discharges to fresh-water and estuaries, respectively for discharges of agglomerations less than 10.000 PE to coastal waters.

Also, as other countries of European Union, Croatia had transposed and implemented into the Croatian water policy all statements of the Urban Waste Water Treatment Directive (91/271/EEC). 
4.1 European experience related to planning wastewater treatment in agglomerations below 2.000 PE 
Adopted in the year 1991 this Directive regulates discharges of urban waste water from larger villages and towns ("agglomerations"). Principally the Directive requires that all European agglomerations with a size of more than or equal to 2.000 PE are equipped with collecting and treatment systems for their waste waters. 
In order to get insight into waste water treatment infrastructure for agglomerations less than 2,000 PE the European Commission granted a “Study on small scale waste water treatment in Europe” , final report, BOKU- SIG, Vienna, 2011 [ 7]
In the scope of the study the term „small scale“ refers to all available technologies for waste water treatment up to a capacity of 2.000 PE 
The overall objective of this study is to get an overview of the waste water treatment of agglomerations with less than 2.000 PE in EU-27 Member States, including in particular information on the number and loads of agglomerations below 2.000 PE (best estimates), percentage of waste water collected in sewage systems, percentage of waste water treated onsite (best estimates), percentage of collected waste water treated in an urban waste water treatment plant (UWWTP) (best estimates), agglomerations' waste water treatment schemes, mid-term planning perspectives (10-15 years) for the waste water collection and treatment schemes of agglomerations below 2.000 PE. (including financial perspectives) as well as reference to national or regional legislation related to small scale waste water treatment.
The objective of this study is to complement the already available information of the waste water situation for agglomerations ≥ 2.000 PE for the assessment of potential needs for further action in agglomerations below this threshold. This information about small scale waste water treatment related to population ratio living in rural respectively urban areas (Figure 10) can support the European Commission in defining future priorities e.g. in the field of EU funding instruments. 

From the environmental point of view, waste water management can have a significant influence on the water quality in water bodies. The link between the Urban Waste Water Treatment Directive and the Water Framework Directive is therefore of high importance. In particular in small river catchments with low water flow also small scale waste water systems in agglomerations below 2.000 PE can considerably pollute the water bodies. If designated water bodies fail the good biological and/or good chemical status, then waste water treatment measures in small agglomerations can be applied to improve the water quality. 

The knowledge about small scale waste water treatment facilities in EU-Member States is very limited. This information is not part of the regular UWWTD reporting and therefore no structured data and information is available on European level. 

A high effort for the data management of agglomerations less than 2.000 PE is necessary on the side of EU-Member States. On the other hand, it is important for the European Commission to get appropriate information on small scale waste water treatment in addition to the information gained through the regular reporting under the UWWTD. In particular, if the connection rate of the population to waste water treatment facilities in agglomerations ≥ 2.000 PE is under a certain amount, this information can be valuable for further measures. 

To receive this information a study was carried out including a voluntary questionnaire, which was sent out to Member States, a literature review as well as a GIS based approach to assess agglomerations/settlements from geographical data. The use of a GIS-methodology supporting the assessment of derivation of agglomerations in the sense of the UWWTD was tried to be achieved by an approach combining different data sets available across Europe. The main limitation of such a methodology is that the settlement areas cannot be compared with agglomerations in the meaning of the UWWTD. 
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Fig. 10 Population ratio living in rural (green) respectively urban (blue) areas [7]
4.1.1  Principles of the wastewater treatment for rural agglomerations below 2.000 PE 
In general rural areas are large and isolated areas of an open country with low population density, small population size, and distance from high population density and big size-major agglomerations. The inhabitants of rural areas or of small towns are classified as rural. The Organization for Economic Co-operation and Development (OECD) distinguishes between two hierarchical levels: local and regional. At local level the municipalities are deemed to be rural if they have a population density of less than 150 inhabitants/km². At regional level, larger functional or administrative units are divided according to the degree of rurality, i.e. according to the percentage of the regional population living in rural areas. 

Nevertheless it has to be said that data only focusing on settlement patterns are not the only criteria to indicate which waste water management system – small scale waste water treatment vs. Agglomerations > 2.000 PE. – should be applied among Member States. There are many other determining factors which need to be taken into account for the decision of implementing a certain waste water system: 

· topography: plain areas, hilly or mountainous territory 

· structure of settlements: single dwelling, dense built-up areas or scattered settlements 

· density of inhabitants 

· receiving water body: according to water quality indirect dischargers: type and amount of commercial dischargers in the settlement 

· policy or subsidies 

The quality of available data through all categories (population coverage, applied systems, legal background, technical standards, subsidies and perspectives) vary from very good to very poor. General data about population coverage and small scale waste water treatment was better available than data about technical standards and future perspectives. 

The information on small scale treatment shows that the efforts in Central and Eastern European countries are focused to comply with the UWWTD, which means that waste water facilities for agglomerations <2.000 PE will follow as a next step after having covered the larger agglomerations in their implementation programs. In other Member States, efforts are concentrated on the issues related to the WFD and closing gaps in rural areas that still use old sanitation infrastructure (e.g. cesspools) to reach appropriate environmental objectives.

4.1.2  European experience related to planning wastewater treatment in protected areas
Experience from Austria - The Austrian Water Act in conjunction with four ordinances determines the requirements for small scale waste water treatment. The EN 12566 series, the Austrian standard ÖNORM B 2505 series and two guidelines are relevant for small scale waste water treatment. Subsidies are granted by the Federal Ministry of Agriculture, Forestry, Environment and Water Management.
In 1993, the Environmental Support Act (Umweltförderungsgesetz, UFG) prompted a re-structuring of Federal Government funding for water supply and waste water treatment, aiming at, among others, the enhanced development of waste water disposal in rural areas. Since then, investments have mainly been boosted through annuity and investment allowances.

Basic structure of the subsidy system for small-scale waste water treatment plants under the UFG: Sewage plants < 50 PE and max. 4 objects connected

- EUR 2.500 basis for a plant up to 15 PE
- EUR 140 for each additional PE
- EUR 20 per meter collecting system
Experience from Slovakia - The Water Act no. 364/2004 transposes the regulations of the acquis communautaire into legislation of the Slovak Republic. Among others this Act states the obligation for agglomerations < 2.000 PE in which sewage systems are built without appropriate treatment, to perform the treatment not later than 31 December 2015. This Act is followed by the Regulation of the Slovak Republic Government No. 269/2010 Coll. of 25 May 2010 determining the requirements for achieving a good water status. Herein, limit values of pollution parameters consider economically sustainable possibilities of technological solutions of waste water collection and treatment. The values for waste water discharge in agglomerations < 2.000 PE depend on the plant size (up to 20, 50 and 50-2.000 PE).
Experience from Romania - The legal framework for authorization in water management and water protection is represented by the Water Law No. 107/1996 (with subsequent amendments and completions) and the Ministerial Order No. 662/2006. According to these ordinances, the National Administration of Romanian Waters (NARW) and the River Basin Water Directorates (RBWD) are the competent authorities for issuing water management permits and licenses.
Related to licensing and permitting of waste water discharges from small agglomerations below 2.000 PE, NARW can appoint slightly higher or lower limits depending on the local conditions and water bodies status according to the technical legal provisions NTPA 001/2005 and NTPA 002/2005 (annexes of GO 352/2005). These local limits are then defined in water management licenses. The local branches of NARW are monitoring the quality of the discharges from waste water treatment and also the quality of receiving water bodies

4.2 Croatian experience related to planning wastewater treatment in agglomerations below 2.000 PE

European Standards for small scale wastewater treatment: EN 12566 series [8]
Over the past 20 years the European Union has been developing a new standard for small scale wastewater treatment. Croatia has adopted it. All packaged and pre-fabricated treatment systems (kits) sold now have to have EN 12566 certification which currently consists of 7 parts. The EN 12566 standards deal with a range of products including prefabricated septic tanks, soil infiltration systems, packaged and/or site assembled wastewater treatment plants and packaged filtration systems, etc. Some parts are still in preparation whilst others are now considered as finished and published for adoption as National Standards. The status of the individual parts is listed as follows: 

- EN 12566-1: 2000: Small Wastewater Treatment Systems up to 50 PE – Part 1: Prefabricated Septic Tanks (Published). 

- EN/TR 12566-2: 2005 Small Wastewater Treatment Systems up to 50 PE - Part 2: Soil infiltration systems (Published). 

- EN 12566-3: 2005 Small Wastewater Treatment Systems up to 50 PE – Part 3: Packaged and/or site assembled domestic wastewater treatment plants (Published). 

- EN 12566-4: 2008 Small Wastewater Treatment Systems up to 50 PE – 2007 Part 4: Septic tanks assembled in situ from prefabricated kits (Published). 

- EN12566-5: 2004 Small Wastewater Treatment Systems up to 50 PE – Part 5: Pre-treated effluent filtration systems (Published). 

- pr EN 12566-6: 2008 Small Wastewater Treatment Systems up to 50 PE – Part 6: Prefabricated treatment units for septic tank effluent (Draft). 

- pr EN 12566-7: 2009 Small Wastewater Treatment Systems up to 50 PE – Part 7: Prefabricated tertiary treatment units (Draft). 

In Croatia there is no planning approach for waste water management of agglomerations below 2.000 PE on national level although some next steps related to this issue had to be done as a part of water management plans.
There are activities on regional and local level. For example in the Region of Istria there is Istrian Water Protection System a company owned by the cities and municipalities of Istria, Region of Istria and Croatian waters, established for the project "Public sewage system and wastewater treatment for small settlements in the zones of sanitary protection of drinking water sources of Istria" because a very large part of the Region is sensitive area. Many small WWTP from 100 to 500 ES are in plan to be built and some are already built and in function.
5 DIFFERENT APPROACH TO DEFINITION OF POLLUTION SOURCES AND ENVIRONMENTAL IMPACT 
5.1 General description of technologies 
The results of the survey of small scale waste water treatment in Europe showed that the terminology for similar systems strongly varies. On the other hand, systems reported show differences in design, tackling the systematic allocation. To overcome these facts a functional description covering the main components from waste water production to the discharge to the receiving environment has been chosen. 

The general description covers the main groups of reported technologies for small scale waste water treatment in Europe. Hence, the description covers a wide range of application, i.e. the application of the systems presented might vary regionally as well from common application to minor application. Since there are many varieties of design and process layout, the description covers the basic properties that characterize the technology. 

5.2 General comments on small scale and decentralised treatment 
The differentiations between small scale and full scale treatment or between decentralised and centralised treatment cannot be given sharply and uniformly. Since the related technologies applied are based on common principles, those definitions are merely based on conventions that are related to the regional or national conditions. The definition of „small“ in respect to waste water treatment systems is different in many countries depending on the settlement structures and the infrastructure development in general. The content of this catalogue intends to give an overview on plants of a capacity up to 2.000 PE, (in reference to agglomerations <2,000 PE, 91/271 EEC) therefore the term „small WWTP refers to this threshold. 

The coverage of settlements of a single treatment plant gives information on the „character“ of the system in terms of decentralisation: 

- „Single (household) system“– single connection and short conveyance distance 

- „Cluster system“– small number of connections and medium conveyance distance 

- „Centralised system“– high number of connections and high conveyance distances 

[image: image11.emf][image: image12.emf]
Fig. 11 Single and clustered systems (left; circles: treatment plants; triangles: houses) vs. a (semi) centralised variant for the same settlements on the right side [7]
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Fig. 12 Technical possibilities how to provide an agglomeration with sanitation and wastewater treatment [7]
Another aspect that may be related to the character of the waste water disposal infrastructure is the organisation of operation and maintenance of the installed systems. In general, for small or decentralized systems the systems owner(s) (e.g. single household or neighbourhood) are in charge of the operation and maintenance. This implies that the systems have to be easy enough to be operated by non-experts, or an adequate training is necessary. Different operation and maintenance models (e.g. maintenance contracts) allow an appropriate operation of more complex systems by outsourcing the services to external experts. In case of ownership and operation of even a small plant (e.g. 1000 PE) by a community, municipality or a public association can be seen as centralised system.
5.3 Characteristics of waste water 
Waste water from small settlements is mainly originating from households or small businesses (trade waste water). For households the waste water is generated from different sources and can therefore be separated into the following components: 

- Grey water: waste water from kitchen, bathrooms, showers, hand washing facilities and laundry without contact to human excreta. 

- Brown water: faeces with flushing water. 

- Yellow water: Urine. 

- Black water: Brown water and yellow water. 

The above made distinction is relevant for a number of decentralized treatment and disposal options where the different streams are treated differently. However, most of the mentioned methods described below are designed to treat the produced waste water as a whole and a differentiation is not necessary in those cases. The main constituents of waste water that are relevant for small systems are the organic compounds (organic carbon) that are given as sum parameters (chemical or biochemical oxygen demand) and the main nutrients (nitrogen and phosphorus). Beside that the content of suspended solids are of interest. Other parameters may be relevant when it comes to enhanced treatment requirements. 
6  WASTEWATER TREATMENT AND SLUDGE DISPOSAL WITH REGARD TO THE IMPLEMENTATION OF „ADEQUATE TREATMENT LEVEL“
Depending on the number of households connected to a waste water treatment system, the characteristics change from single household owned systems to semi centralized systems with related sewer systems. However, the main components are the same and are presented in the following figure. There are two basic options: Onsite treatment of waste water (via single, clustered, or centralised systems) or storage and road transport to a remote facility. 

Beside the main components, the figure below shows the difference between ways of treatment that are considered to be appropriate (generally secondary or tertiary treatment or transport to remote facilities) and ways that cannot be considered as appropriate but are found in practice.

[image: image13.emf]
Fig. 13 Flow scheme of appropriate waste water treatment (bold lines) and non- appropriate treatment (dashed lines) relevant for agglomerations <2.000 PE [7]
The listing of systems shown in Tab. 6 is based on the technologies reported in the investigations. Only technologies in use in the EU are contained. The following table gives an overview and lists the technologies according to their appearance in the description. Note the collection of waste water is not described in detail since it is of minor importance in practice. Further, the disposal of sludge from treatment process is not shown. Sewage sludge has to be treated appropriately before use and disposed. In many cases this is achieved by periodic transport to larger centralized facilities.
Tab. 6 List of waste water treatment technologies for agglomerations less below 2.000 PE [7]
	Component
	Technology
	Purpose / Characteristics

	A- Collection of waste water in the household or small business



	
	A1- Standard in-house piping
	Collection of mixed waste water

	
	A2- Separation system
	Collection of separate streams

	B- Conveyance of waste water to storage or to treatment facility

	
	B1- Gravity sewer line
	Conveyance along gradient

	
	B2- Pressure sewer line
	Conveyance against gradient

	C1- Storage of waste water for periodic transport to treatment facility



	
	C11- Cesspool
	Watertight storage

	C- Primary treatment for the removal of sand, grit and particulate matter

	
	C1- Septic tank
	Additional partial removal of dissolved organic contamination

	
	C2- Settling tank
	-

	D- Secondary treatment for biological removal of dissolved organic contamination



	Activated sludge systems- Biological treatment using suspended biomass.
	D1- Conventional act. sludge
	Separate biomass retention step.

	
	D2- Sequencing Batch Reactor
	Single reactor setup.

	
	D3- Membrane Bio Reactor
	Membrane biomass retention.

	Fixed film systems- Biological treatment using attached biomass


	D4- Trickling filter
	Natural aeration of biomass.

	
	D5- Biological contactor
	Mechanical aeration of biomass.

	Natural systems – Extensive biological treatment
	D6- Constructed Wetlands
	Controlled wetland processes.

	
	D7- Waste water ponds
	Controlled surface water processes.

	E- Tertiary treatment for achieving further purification of secondary effluent

	Activated sludge systems- Biological treatment using suspended biomass.
	D1-D3, D5
	Implementation of nitrogen and phosphorus elimination processes in the main stage.

	Natural systems – Extensive biological treatment
	D6-D7
	As additional stage after secondary treatment stage

	Hygenisation - Removal of pathogens
	E1 - UV- Disinfection
	As additional stage after secondary/other tertiary treatment stage

	Filtration – Removal of suspended and non-degradable matter
	E2- Filter systems
	As additional stage after secondary treatment stage

	F- Disposal of appropriately treated waste water to the environment or re-use

	Discharge to surface water
	F1- Discharge to surface water
	Discharge via piping to receiving water body

	Discharge to underground
	F2- Soil infiltration systems
	Infiltration of treated waste water

	Re-use and discharge to underground
	F3- Irrigation systems
	Agricultural application of treated waste water


Single household: 
· Application: One treatment plant per household. 

· Operation and maintenance (O&M): The household owners are responsible for operation and maintenance. 
· Example: A pre-fabricated membrane bioreactor with a capacity of 5 PE situated in the basement of a house. 

Clustered households: 
· Application: One treatment plant for a number of households. 

· Operation and maintenance (O&M): The household owners agree on common efforts for operation and maintenance. 
· Example: A vertical flow constructed wetland for 20 houses with a capacity of 100 PE situated at a commonly owned plot in the vicinity of the small agglomeration. 

Community: 
· Application: One treatment plant for all households in the community (centralized). 

· Operation and maintenance (O&M): The community is responsible for operation and maintenance. 

· Example: An activated sludge plant for a community with a capacity of 1,500 PE situated in the vicinity of a small river downstream of the community. 
Temporary, there is possibility for co-financing from EU funds regional development to solve problems of wastewater treatment for agglomerations below 2.000 PE as part of rural development projects from. 

7    DISCUSSION AND CONCLUSION
Information about small scale waste water facilities are usually not part of the regular data management on national level, but this information is necessary for local and regional water management issues. 

For the (aquatic) environment, emissions from small scale waste water facilities can significantly influence the water quality elements of a water body. The achievement of the good water ecological status for surface and groundwater, relate the biodiversity of Croatia, will be great challenge. Therefore the UWWTD is strongly linked to the implementation of the Water Framework Directive and to potential measures to be applied. 

The assessment of information on small scale treatment shows that the efforts in Central and Eastern European countries, also as in Croatia, are currently focused to comply with the requirements of the UWWTD. Consequently, waste water facilities for agglomerations < 2.000 PE will follow as a next step after having covered the larger agglomerations in the national implementation programs. Next step means the issues related to the WFD as well as on closing gaps in rural areas that still use old sanitation infrastructure (e.g. cesspools) in order to reach the appropriate environmental objectives. 

The main small scale waste water treatment technologies implemented in the Member States are cesspools, septic tanks and various activated sludge systems (e.g. conventional systems, sequencing batch reactors (SBR)), followed by the application of fixed bed systems. In some Member States natural systems are used predominantly for waste water treatment in rural areas. 

For pre-fabricated systems, EN 12566 is in force and has therefore already been implemented to national standards in most Member States, also as in Croatia. Further technical standards for small scale waste water facilities are only applicable in few Member States. 

In the view of an integrated waste water management policy and under consideration of an efficient use of resources, the priorities for implementation and adaptation of waste water   treatment facilities should follow a top down approach according to the size of agglomerations and the status of receiving waters. 

There is no planning of the sewage systems and waste water treatment plants in agglomerations below 2.000 PE in protected areas in Croatia. Mostly, legislation and standards are prepared for agglomeration larger than 2.000 PE. There are activities on regional and local level (for example in the Region of Istria).
Related to presented analyses, it will be necessary to prepare appropriate measures related to wastewater treatment below 2.000 PE in protected areas. The measures had to be defined to avoid risk of no achieving good water status in protected areas.
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