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ABSTRACT 

There are no general recommendations of how a larger on-site sewage treatment plant should be 

designed; most research studies have been conducted on smaller ones. The purpose of this thesis is to 

investigate what type of design that is appropriate for an on-site sewage treatment plant built to 

manage the hydraulic load from between 50 and 200 human equivalents. Phosphorus is the main 

parameter of interest for this thesis, but nitrogen, biological oxygen demand (BOD ) and chemical oxygen 

demand (COD) is also included. To find appropriate solutions of this, both a literature study and a 

qualitative interview study have been done. The combined knowledge from this has then been used to 

describe what solutions are appropriate according to both environmental and economic aspects. The 

interview study included four participants with different designs of a larger on-site sewage treatment 

plant. For the analysis on the data from the interviews, content analysis was used, five main categories 

was found: Design of the on-site sewage treatment plant, Maintenance work to make the on-site sewage 

treatment plant well-functioning, Supervision and regulation, Environmental awareness and Economy. 

Infiltration, filter bed, phosphorus filter, precipitation of phosphorus, small sewage treatment plant and 

constructed wetlands, are the designs of an on-site sewage treatment plant that has been described in 

this thesis. Of these designs, infiltration or filter beds are appropriate solutions. These can be combined 

with a phosphorus filter, if higher phosphorus reductions are required. Also, a small sewage treatment 

plant could be an appropriate solution of a larger on-site sewage treatment plant, this solution requires 

more maintains work and has higher costs.     
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1 INTRODUCTION 

1.1 BACKGROUND TO THE THESIS 
 

At a municipal sewage treatment plant (STP) in Sweden, the technology used to treat the wastewater is 

generally well-known and continuously monitored to check the operation of the plant making sure it 

fulfills the discharge permits issued. However, there is a number of facilities in Sweden that are not 

connected to a municipal sewage treatment plant and these facilities must have a wastewater treatment 

on-site (Swedish Environmental Protection Agency, 2008); in this thesis they are named on-site sewage 

treatment plants. According to the environmental aspects, it is important that the treatment of the 

wastewater results in high nutrient removal to prevent eutrophication (Gupta et al., 2012). There is no 

legal definition of what an on-site sewage treatment plant is (Swedish Environmental Protection Agency, 

2008). According to the Swedish Environmental Code (in Swedish Miljöbalken), it is necessary to give 

notice if the sewage treatment plant is built for more than 200 human equivalents (SFS 1998:808). In this 

thesis, an on-site sewage treatment plant is defined as a sewage treatment plant not connected to a 

municipal sewage treatment plant. 

This paper will look at alternatives for larger sewage treatment plants and recommend preferable 

solutions. The recommendations will be based on what alternatives are best in regards to the 

environmental aspects, such as high nutrient removal. However, an important factor is the economic 

aspect, as in the Environmental Code the Principle of Fairness applies. When planning a new on-site 

sewage treatment plant, or when some renovation is needed, it is important to consider the costs and 

the benefits of the construction (SFS 1998:808). There are no general recommendations for the design of 

larger on-site sewage treatment plants; therefore, there is a need to further investigate appropriate 

solutions.  

1.2 BACKGROUND 

1.2.1 PROBLEM WITH EMISSIONS FROM ON-SITE SEWAGE TREATMENT PLANTS 

Nutrients that are leaking in to different recipients, cause eutrophication when this occurs in abundance. 

The main nutrients causing the eutrophication are nitrogen and phosphorus (Gupta et al., 2012). There 

have been a lot of different opinions over the years whether nitrogen or phosphorus is the main problem 

of eutrophication in the Baltic Sea. The Swedish Environmental Protection Agency thought this scientific 

controversy was significant enough to implement an international investigation which included the help 

from experts (Ulen and Weyhenmeyer, 2007). The investigation concluded that phosphorus was the 

main problem (Boesch et al., 2006). As a result of the investigation reduction in phosphorus load from 

on-site sewage treatment plants became a priority (Ulén and Weyhenmeyer, 2007).  

According to Brandt and Ejehed (2002) phosphorus emissions from on-site sewage treatment plants 

have a larger importance than the emissions of nitrogen. It is also shown that emissions of phosphorus 

from on-site sewage treatment plants are a significant source of the load of phosphorus to the Baltic Sea 

(Brandt and Ejhed, 2002). The majority of phosphorus load from treated sewage waste water consist of 
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dissolved inorganic phosphorus (Millier and Hooda, 2011). The dissolved phosphorus from in the waste 

water consists mainly of the phosphorus specie Soluble Reactive Phosphorus (SRP) which is considering 

being the most bioavailable form of phosphorus (Javier et al., 1998). The nutrient runoff from agriculture 

is more likely to have a high proportion of the phosphorus occurring as particulate phosphorus. 

Particulate phosphorus is less bioavailable than dissolved phosphorus and is easier to settle to the 

bottom (Millier and Hooda, 2011).  

1.2.2 SWEDISH ENVIRONMENTAL QUALITY OBJECTIVES 

In 1999 the Swedish government established 15 Environmental Quality Objectives; in 2005 they 

extended them to 16 objectives. These 16 Environmental Quality Objectives are the basis of the Swedish 

environmental policy. To every environmental goal there are a number of milestones, each gives a time 

perspective and clarifies the work that needs to be done to achieve the targets to the deadline in 2020 

(Swedish Environmental Protection Agency, 2012a). The following four Environmental Quality Objectives 

are related to this thesis:  

No Eutrophication is the name of one of these Environmental Quality Objectives, the overall goal for this 

objective is: there should be no negative effect on human health, the conditions for biological diversity 

or varied use of land and water from nutrient levels in water and soil. This target is not expected to be 

achieved until 2020 (Swedish Environmental Protection Agency, 2012b).  

Good Build Environment is another Environmental Quality Objective, one of the milestones to this 

objective concerns phosphorus in waste water. More specific it says that: at least 60 % of the 

phosphorus in waste water should be returned to agriculture (Swedish Environmental Protection 

Agency, 2012c).  

There are two objectives concerning the ecologically sustainable of the seas, lakes and other water 

courses. These objectives are named Living Lakes and Water Courses (Swedish Environmental Protection 

Agency, 2012d) and Balanced Marine Environment Flourishing Coastal Areas and Archipelagos (Swedish 

Environmental Protection Agency, 2012e). 

1.2.3 SWEDISH REGULATIONS 

The regulations could have an impact on what solutions of design that this thesis will find appropriate for 

a larger on-site sewage treatment plant. In a defined geographical area, dependent on the local plan of 

the city, the municipality is responsible for taking care of the waste water from the facilities in the area. 

The facility that is located outside this area is responsible for the treatment of their waste water (Palmér 

Rivera, 2009).  

The Environmental Committee (Swedish Miljönämnden) of the municipality does not have the right to 

set requirements for the entire municipality. There are general recommendations that should be used as 

a base to set requirements. However, the municipality is obligated to always make an assessment of the 

individual case when they set the requirements; this means that the requirements could be different for 

different facilities. (Palmér Rivera, 2009). 
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1.2.3.1 SWEDISH ENVIRONMENTAL CODE (Swedish Miljöbalken (SFS 1998:808)) 

According to the first chapter 1§ in the Swedish Environmental Code, the law should be applied so the 

health of humans and the environment will be protected against damage and nuisance, regardless of it is 

caused by pollutants or other impacts (SFS 1998:808).  

Reversed Burden of Proof is found in the second chapter 1§ and says that you should show that your 

sewage treatment plant (in this case) meet the requirements. In the same chapter 2§ the knowledge of 

the operation is pointed out, meaning you should have the knowledge that is needed to protect the 

human health and the environment from damage or nuisance (SFS 1998:808). 

In the second chapter 3§ the Precautionary Principle is found. This principle means that all those who 

runs an operation, want to run an operation or an action, should prevent this to occur any damage or 

nuisance for the human health or environment (SFS 1998:808). 

The Principle of Fairness in chapter 2 7§ is important for the Environmental Committee to consider when 

they set requirements for an on-site sewage treatment plant. This principle means that they (in this case) 

have to judge the benefit with constructing the on-site sewage treatment plant and compare these 

benefits with the costs of the construction (SFS 1998:808). 

According to chapter 9 1§ discharge of waste water is considered as environmentally hazardous 

activities. 7§ in the same chapter means that waste water must be taking care of so that nuisance for 

human health or environment not occur (SFS 1998:808).  

1.2.3.2 ORDINANCE ON ENVIRONMENTALLY HAZARDOUZ ACTIVITIES AND HEALTH PROTECTION 

(Swedish Förordningen om miljöfarlig verksamhet och hälsoskydd (SFS 1998:899)) 

According to the 12§ in the Ordinance on Environmentally Hazardous Activities and Health Protection, it 

is forbidden to release waste water from a water toilet if the waste water only has been threaten in a 

septic tank (SFS 1998:899). 

According to the 13§ a permit is required to construct a sewage treatment plant, planning to connect 

one or more water toilets. A permit is also needed when a water toilet should be connected to an 

existing sewage treatment plant. The permit application should be considered by the Environmental 

Committee of the municipal. It is also, according to the 14§, forbidden to make such changes that can 

cause a significant change of the waste water quantity or composition, without reporting this to the 

Environmental Committee of the municipal (SFS 1998:899). 

In the appendix to the Ordinance on Environmentally Hazardous Activities, classifications of a sewage 

treatment plant is shown: if the sewage treatment plant is constructed for more than 200 human 

equivalents it is classified as a C-operation (SFS 1998:899). This was changed in 2008 from 25 to 200 

human equivalents (Swedish Environmental Protection Agency, 2008).  
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1.2.3.3 ENVIRONMENTAL PROTECTION AGENCYS GENERAL RECOMENDATIONS ABOUT SMALL 

SEWAGE TREATMENT PLANTS (Swedish Naturvårdsverkets allmänna råd om små 

avloppsanordningar) 

In the General Recommendations about Small sewage Treatment Plants from the Environmental 

Protection Agency some basic requirements are presented, the requirements should normally be 

determined by the Environmental Committee when they make assessments of a sewage treatment 

plant. The recommendations intends the on-site sewage treatment plants that are constructed for up to 

25 human equivalents, but after these recommendations was published, the law regarding obligation to 

report an on-site sewage treatment plant have been changed from 25 to 200 human equivalents. This 

change in the law makes the requirements applicable on on-site sewage treatment plants constructed 

for up to 200 human equivalents (Palmér Rivera, 2009). The Environmental Committee of the 

municipality should in every single case decide the protection level regarding environment and health of 

the on-site sewage treatment plant. There are two levels of protection, normal protection level or high 

protection level. There are some different recommendations of requirements for the different levels of 

protection (NFS: 2006:7). Recommendations regarding requirements of reductions in the on-site sewage 

treatment plant are presented in table 1.  

Table 1. Recommendations of requirements for reductions in an on-site sewage treatment plants (NFS: 2006:7). 

Protection level BOD 7 Tot P Tot N 

Normal  90 % 70 % - 

High 90 % 90 % 50 %  
 

1.2.4 ON-SITE SEWAGE TREATMENT PLANTS IN SWEDEN 

In year 2005, the load from on-site sewage treatment plants to the seas was 1.200 tons of nitrogen and 
260 tons of phosphorus (Swedish Environmental Protection Agency, 2008). However, according to more 
recent calculations by Ek et al. (2011) the load is 2.900 tons of nitrogen and 287 tons of phosphorus. This 
difference in the calculations of nutrient load, depends mainly on the change in the point of view of the 
retention ability of the infiltration, which was conducted to be lower than previously thought (Ek et al., 
2011).  
  
In Sweden, there are approximately 750.000 properties with an on-site sewage treatment plant. Only 
60% of the on-site sewage treatment plants in Sweden are approved according to the National 
Environmental Code. There are many older on-site sewage treatment plants situated outside the cities 
that have inadequate treatment; therefore, it is not unusual that the sewage treatment plants only exist 
of a septic tank (Swedish Environmental Protection Agency, 2008). The most common type of 
subsequent treatment in on-site sewage plants in Sweden is infiltration (37 %) and the second most 
common is sand bed (17%) (Brandt and Ejhed, 2002). 
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1.3 PURPOSE 

The purpose of this thesis is to study the use and performance of on-site sewage treatment plants, 

focusing on those constructed for 50-200 human equivalents.  

1.3.1 REARCH QUESTION 

Which solutions are most appropriate for design, operation and monitoring of larger on-site sewage 

treatment plants in Sweden, taking into account both economic and environmental perspectives? 

1.3.2 LIMITATIONS IN THE STUDY 

Sewage treatment plants that are connected to municipal sewage treatment plants are excluded. The 

study also excludes on-site sewage treatment plants only designed for one single household. Only 

sewage treatment plants in Sweden are included for the interview study, but knowledge from literature 

from other countries that could be suitable will be take in to consideration. The thesis only include the 

on-site sewage treatment plants that can treat all the waste water together and not any that is designed 

for separating urine for example. Thus, the design options described in this thesis is adapted to a 

standard toilet, i.e. a water flush toilet. Phosphorus, nitrogen, BOD and COD are the parameters included 

in this thesis. 

2 MATERIALS AND METHODS 
A descriptive qualitative approach was used for this study. In a descriptive study, aspects of an existing 

object is observed, described and documented (Polite and Beck, 2008). Both primary and secondary 

sources were used for the collection of data to increase the reliability of the results. Preparations made 

for the data collection has aimed to increase knowledge and understanding of the subject Sewage 

treatment plants in Sweden. A literature research was made for the collection of secondary data to the 

literature study of this thesis. For collection of the primary data, semi-structured interviews were made 

for the empirical study of this thesis.  

Content analysis with a manifest level of abstraction was used as method for the processing of the 

secondary data. According to Bodgan and Taylor (1984) the content analysis does not have any specific 

limitations and the results could be used to describe what you have seen. The description can be used to 

make a theory, but it is not necessary. If the description is well done there could be a generalization 

outside the investigated population (Bodgan and Taylor 1984).  

2.1 LITERATURE STUDY 

2.1.2 SECONDARY DATA COLLECTION  

Literature research was used for collection of secondary data.  The database ISI Web of Science was 

mainly used for the literature search. On-site sewage treatment plant, domestic sewage treatment plant, 

phosphorus filter and filter bed are some of the search terms that was used.  To find information about 

Swedish laws and other information concerning Sweden, the search engine Google and the website 

notisum.se was used.    
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2.2 EMPIRICAL STUDY  

2.2.1 SELECTION GROUP 

The selection of the population was made from the residential college for adult education (Swedish 

folkhögskola) in Sweden with on-site sewage treatment plants. It was also made by some other types of 

facilities with on-site sewage treatment plants that were appropriate for the study and that was 

available. Key persons with specific knowledge about the on-site sewage treatment plant at the place of 

the plant were participating in the study. The study was open to include both men and women, but only 

men were found as participants. Some background information was collected about the participants in 

the interviews and is presented in table 1.  

Table 1. Information about the participants in the interview study. 

The interviewees,  n=4  
Gender 
Female 
Male 

 
0 
4 

Age 
53-56 
57-60 
61-64 
64-67 

 
1 
1 
1 
1 

Education 
Master of Science in Engineering 
Technical education 
Economist agronomist 

 
1 
2 
1 

Current job 
Facility Manager 
Economist 
Project Manager 

 
2 
1 
1 

 

Strategic selection was used for the selection of participants and a convenience sample was used as 

selection method. Convenience sample is a method which means that the material that is found and is 

suitable is included. It is important in a qualitative study to get variations in the small group of 

population that is interesting for the study, therefore different solutions of on-site sewage treatment 

plants was included (Trost, 1997).  

A lot of time was spending on searching for participants, unfortunately only four participants were found 

for the interview study. According to Trost (1997) this is not negative in a qualitative study, because a lot 

of interviews can cause problem with material that gets unmanageable. Trost (1997) also means that it 

can be hard to see all the important details that unite or differ. Because of these factors Trost (1997) 

recommend to have only four or five interviews, but of course it differs according to the purpose of the 

study.  
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2.2.2 PRIMARY DATA COLLECTION 

Individual interviews were made for primary data collection. For performing the interviews, an interview 

guide was constructed by the author of this thesis according to Trost (1997) and Kvale (1997), see 

appendix 1. The interview guide consisted of subjects to discuss during the interview. Some questions 

were written down as suggestions for introducing questions to the subjects. The interview guide did 

functioning as a support for the interviews to cover all the subjects during the interview.  

In total four interviews were made and due to the geographical distance most of the interviews were 

performed by telephone, but one was made at a personal meeting. Time for the interview was decided 

by the interviewed. Each interview was recorded and after that transcribed.  

2.2.3 DATA ANALYSIS 

Qualitative content analysis was used for the part of analyzing the material from the interviews. The aim 

with using this method was to create understanding and knowledge about the study area (Kvale, 1997). 

A manifest level of abstraction, which means that the researcher does not make any own 

interpretations, was used because of the aim to get the central message of the interviews and from the 

interviewees’ experiences.  

The analysis of the data was made in five steps according to Graneheim and Lundman (2004):  

1. To get an overall impression and understanding of the material, the transcribed interviews were 

read through several times by the author. The text was marked were it was related to the 

purpose or could be in interest for creating new knowledge.  

 

2. The text was divided into meaningful units that contained information related to the purpose. To 

remain the content, the surrounding text was left.  

 

3. After these steps, the text was reduced without losing the core of the text. This process is called 

condensation of the text.  

 

4. The condensed meaningful units were then coded. A code is a name of the meaningful unit that 

shortly describes the content of it.   

 

5. The codes were then putted into different categories. These categories represent the manifest 

content and are presented in the results together with quotes from the interviews.   

 

To confirm the main categories that were found, the transcribed interviews were read by two others 

except from the author. These two were independent from the study and did not participate during any 

interview.  
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2.2.4 ETHICAL ASPECTS 

The participants in the interview study were informed about the purpose of the study. They were also 

informed that the participant was voluntarily, that the information was made anonymous and only used 

in this study. After the examination, the data was destroyed.  

3 RESULTS 

3.1 THEORY – EXPERIENCE FROM LITERATURE 

3.1.1 PRE-TREATMENT OF THE WASTE WATER 

In order to assure that treatment of the wastewater is efficient, it is generally recommended to pre-treat 

the waste water. The pre-treatment usually consists of a septic tank, which in newer on-site sewage 

treatment plants is constructed with three chambers. A mechanical treatment of the waste water is 

made in the septic tank; the sludge is collected to prevent clogging in the after coming treatment. There 

is often an anaerobic environment in the septic tank, some kind of purifying treatment of the waste 

water could occurwith anaerobic processes, see table 2, but the purpose with this step is to remove the 

sludge (Palm et al., 2002). However, this treatment is not enough and according to the Swedish law there 

must be a treatment of the waste water after it has passed the septic tank (SFS 1998:808).  

3.1.2 INFILTRATION AND FILTER BED 

Infiltration or filter bed after the septic tank is the two most commonly used designs of an on-site 

sewage treatment plant in Sweden (VA-guiden AB, 2013a). These alternatives are also the most 

economical friendly. The reduction of phosphorus and nitrogen in the waste water occurs in biological, 

chemical and physical processes in the soil material. In the top layer were the waste water is distributed, 

a biofilm is formed were the reduction of biological oxygen demand (BOD) and chemical oxygen demand 

(COD) takes place in biological processes (Palm et al., 2002).  

3.1.2.1 INFILTRATION 

In an infiltration plant the waste water is purified by infiltration throw natural layers of soil. The waste 

water is infiltrating through sand and soil, during the infiltration biological, chemical and physical process 

treating the water occurs. After the infiltration, the water enters the ground water, see figure 1 (VA-

guiden AB, 2013a). The size of the infiltration plant is decided in relation to how many human 

equivalents that the on-site sewage treatment plant is constructed to manage. 
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Figure 1. On-site sewage treatment plant with septic tanks and a closed infiltration (VA-guiden, 2013). 

To use this type of on-site sewage treatment plant the soil must be sustainable, which means it must be 

permeable but not too coarse. The soil must also have the ability to transport the water away so that the 

groundwater level under the infiltration plant would not be too high (VA-guiden AB, 2013a).  

The reduction of COD and BOD in an infiltration is in general high and equal to the reductions in a filter 

bed. The reductions of pathogens are also good in a well-functioning infiltration plant. Phosphorus and 

nitrogen reductions are in general a bit higher than in a filter bed (Palm et al., 2002), See the expected 

reductions in table 2. Because of that the infiltrated waste water enters the ground water it is relevant to 

prevent the ground water from being contaminated. To prevent this it is important to have enough 

space between the infiltration and the highest ground water level (NFS:2006:7). 

3.1.2.2 FILTER BED 

If the soil is not sustainable for an infiltration plant, a filter bed might be an alternative. Instead of using 

the natural soil on the location, the filter bed consists of constructed sand layers (VA-guiden AB, 2013b). 

Another different from infiltration plants: treated waste water is transported by an outlet pipe to a 

recipient, instead of entering the groundwater (Swedish environmental protection agency, 2003). Figure 

2. Gives an example of how a filter bed could look like.  

 

Figure 2. A closed filter bed where the waste water is collected after the infiltration and transported to a recipient (VA-
guiden, 2013). 

The filter bed can be constructed as an open or closed bed. In an open filter bed, the waste water is 

distributed on the surface of the bed and in a closed bed the waste water is distributed below the 

ground surface. The closed ones are the most common, but open filter beds have shown to be suitable 

for larger on-site sewage treatment plants (Palm et al., 2002).  
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Sand is the most common material to use in an on-site sewage treatment plant in Sweden. The reported 

results from the Swedish Environmental Protection Agency is based on a Swedish study from 1995 made 

on 122 filter beds constructed for between 25 and 300 human equivalents. In these results the 

phosphorus reductions in the filter beds was between 38 and 60 % and the nitrogen reductions between 

16 and 44 % (Aaltonen and Andersson, 1995). In a Swedish study from 2012 made on four filter beds the 

results of phosphorus removal was much lower, between 8 and 16 %. The design of the filter beds in this 

study varies between being constructed for 100 and 350 human equivalents (Eveborn et al., 2012). A way 

to increase the phosphorus reductions in an on-site sewage treatment plant with a filter bed is to 

combine it with other treatment steps, like precipitation or phosphorus reduction filter. To increase the 

nitrogen reductions, recirculation of the treated waste water might be done (Palm et al., 2002). See table 

2 for a summary of the reduction capacity in a filter bed conducted from different studies. 

The reduction of phosphorus in filter beds becomes smaller with the time, but this deterioration has 

shown to be small. Measurements on larger filter beds have shown that the phosphorus reduction 

decreases with 5 % in 5-10 year. The lifetime of the filter bed is also related to the load of BOD and 

suspended material. With high loads of BOD and suspended material, the filter bed could be clogged 

(Palm et al., 2002).  

Filter beds are well tolerated to variations of the hydraulic load. If a filter bed has been in rest, it can be 

well-functioning again after approximately one week. Filter beds that only is in use during the weekends 

can also be considered to be well functioning (Pell, 1991). The most common reason why a filter bed is 

not working is overload of incoming waste water. A Swedish study made on six open filter beds designed 

for 100- 1000 human equivalents by Bylund (2003) conducted that there was a high variation in the 

hydraulic load to the filter beds, sometimes exceeded the hydraulic load that the on-site sewage 

treatment plant was designed for. When the filter beds was overloaded with incoming waste water, the 

filter beds was stand under water during a longer time. When a pond is formed at the filter bed like this, 

oxygen deficiency could occur in the biofilm and in the filter bed, which leads to deterioration of the 

reduction capacity. A pump that is limiting the hydraulic load so that it will not exceed what it is designed 

for is a way to prevent the problem with overloaded filter beds. When the hydraulic load instead was 

low, there was a problem with the biofilm on the filter beds that was developing limited (Bylund, 2003).  

The reduction in open filter beds during the winter occurs mainly by mechanical filtration of particle 

bonded substances when the water infiltrates by the biofilm and filter sand. This is because of the low 

biological activity in the biofilm when the water temperature drops below 4 °C (Bylund, 2003). 

3.1.3 SMALL WASTE WATER TREATMENT PLANTS 

The most common small waste water treatment plant includes the same three steps as a municipal 

sewage treatment plant: sedimentation, biological treatment and chemical precipitation. Reductions of 

phosphorus in a small waste water treatment plant with this common design are about 70-90%, see 

table 2 (VA-guiden AB, 2013c). In figure 4. An example of a small waste water treatment plant is shown; 

this example is for only one single house hold. If the small waste water treatment plant is dimensioned 

for a larger amount of people it is usually built over the ground and looks like a municipal sewage 

treatment plant in smaller scale.   
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Figure 3. An example of design of a small waste water treatment plant (Avloppscenter AB). 

Small waste water treatment plants with a biofilm process are also an alternative. The small treatment 

plants that are based on a biofilm process are in general more resistant to variations in hydraulic and 

organic load than the conventional methods with the three steps (Palm et al., 2002).  

The reductions of the treatment in a small waste water treatment plant can vary a lot depending on the 

design of it. They have always a high reduction of BOD and COD which occurs in the biological treatment 

step that all types of system have in some configuration (Palm et al., 2002). The nitrogen reduction 

depends on if the biological step is constructed to reduce nitrogen or not. In the biological step, the 

phosphorus reduction is low; to remove phosphorus the small treatment plant must be constructed with 

a chemical precipitation step (The Danish Royal Ministry of Environment, 1992).  

3.1.4 PHOSPHORUS REDUCTION FILTER 

A phosphorus filter should be used as a complement to a septic tank and some type of biological 

treatment like an infiltration plant or filter bed (VA-guiden AB, 2013d). The material that is used for 

sorption of phosphorus could either be mixed with the material in a filter bed or be constructed as an 

own step of treatment. It could be beneficial to have the phosphorus reduction filter as an own step 

because then it is easy to replace it when it is saturated with phosphorus (Palm et al., 2002). The 

hydraulic capacity and phosphorus retention ability is unclear for a lot of material that is used in 

phosphorus reduction filters (Palm et al., 2002). How high the phosphorus reduction in a phosphorus 

filter is, is depending on the retention ability in the filter material that is used, see table 2, but in general 

it reduced about 90% phosphorus (VA-guiden AB, 2013d). When the filter material is saturated with 

phosphorus, it must be replaced. This happens usually after 1-3 years, but there are bigger types of 

phosphorus filters that could last for about 15 years. This type of long lasting filter is common in Norway 

and is built on site to be able to make it big enough to fill with all the filter material that is needed to 

make it functioning that long (VA-guiden AB, 2013d). An example of a large long lasting phosphorus filter 

is shown in figure 3.  
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Figure 4. A large phosphorus filter that is building on-site (VA-guden, 2013). 

One Swedish study by Hylander et al. (2006) compared different filter materials to determine their 

capacity to remove phosphorus. The experiment was pumping 0,5L of wastewater in every second hour 

for 67 weeks to columns with six different inorganic materials. The materials tested were: amorphous 

steel-works furnace slag, crystalline steel-works furnace slag, limestone, opoka (bedrock from Poland), 

polonite (calcinated opoka) and quartz sand. The results from this study showed that polonite had the 

largest capacity to remove phosphorus (Hylander et al., 2006). Polonite is manufacturing by a Swedish 

company by thermal treatment of the raw material opoka. The treatment makes the opoka more 

reactive for phosphorus sorption, it is the low water reactivity that causes it and that makes the material 

beneficial in waste water treatment (Brogowski and Renman, 2004).  

 

In a system of a septic tank, a bio filter and one type of phosphorus filter called a subsurface horizontal 

flow filter bed, the nutrient reduction was studied. This study was going on for three years, the bio filter 

was saturated of phosphorus after about 12 months and the long term phosphorus removal occurred in 

the phosphorus filter. Reductions of phosphorus were calculated to be about 94% in the filter. 

Filtralite®P, which is a material consisting of expanded clay, was the material that were used in the 

phosphorus filter (Jensen et al., 2010). 

 

Used filter materials can after some sanitary treatment be used as a fertilizer (VA-guiden AB, 2013d), but 

this is depending on what material that is used (Palm et al., 2002). It is unclear for most of the materials 

how contaminated the sorbed phosphorus is with heavy metals and pathogens (Palm et al., 2002).  

 

3.1.5 PRECIPITATION 

Precipitation can be used as a complement to other designs of an on-site sewage treatment plant, like an 

infiltration or filter bed; in that case the precipitation chemicals are usually added to the sewage pipe 

before the septic tank (Nilsson and Norén, 2000). Precipitation could also be used in precipitation 

pounds or as a step in a small sewage treatment plant. Precipitation is mostly used to reduce 

phosphorus, but a reduction of BOD and suspended material is also occurring in the process (Palm et al., 

2002). Aluminum or iron compounds are often used as precipitation chemicals for precipitating 

phosphorus (VA-guiden AB, 2013e). After the septic tank, the waste water is distributed to the existing 

treatment, for example an infiltration plant (Nilsson and Norén, 2000). The chemicals react with 

phosphorus to form flocks and in the septic tank the sludge is collected (Palm et al., 2002). Because of 

the increased amount of sludge a bigger septic tank might be needed to be able to keep the sludge in the 
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septic tank for required residence time. The expected phosphorus reductions are about 50-90% in the 

precipitation step, see table 2 (VA-guiden AB, 2013e) and together with an infiltration or filter bed, the 

reductions could be really high (Palm et al., 2002). The problem that could occur with a precipitation step 

is that the infiltration or filter bed might be clogged. Precipitation in combination with an open 

infiltration or filter bed could work better than with a closed one because only the surface layer of the 

closed bed is clogged and this is easier to replace (Palm et al., 2002). 

Hylander et al. (2006) means that phosphorus filter or constructed wetlands are more beneficial for the 

environment than precipitation of phosphorus. When precipitation is used to remove phosphorus a lot 

of chemicals are involved. There is a pollution problem with the storage of the sludge that is remaining 

after the phosphorus precipitation. 

3.1.6 CONSTRUCTED WETLANDS 

A wetland could work as a treatment of wastewater; the most common is to use the wetland as a step of 

purifying after a secondary treatment like filter beds or phosphorus filter. In the wetland, bacteria, algae, 

fungi and other microorganisms work to break down organic substances and take up nutrients. Plants in 

the wetland use nutrients for its growth but they are also a place for growth of algae and bacteria.  

Another functioning of the plants in the wetland is that they prevent settled sludge to swirl up and go 

with the outgoing water (Palm et al., 2002).  

The reductions of BOD and suspended material are in general high in any type of constructed wetland, 

the reductions of nitrogen and phosphorus are lower (Vymazal, 2010).  How high the reductions of 

nutrients are depends on the size of the wetland. A larger wetland gives the water a longer residence 

time, resulting in higher nutrient reductions. If a wetland is overload it particularly affecting the 

phosphorus retention. In table 2, the reduction capacity in a constructed wetland is presented. With a 

high residence time the phosphorus reductions are about 60-95%, nitrogen reductions about 50 – 95 % 

and the reduction of BOD is about 50- 95 % (VA-guiden AB, 2013f). The biological processes are low 

during the winter in Sweden; the rate of purification is low in wetlands at this season (Palm et al., 2002).  

In a study by Brix and Arias (2005) the reduction ability of vertical flow constructed wetland systems are 

evaluated according to Danish requirements on nutrient reductions from on-site sewage treatment 

plants. The highest requirement class of phosphorus reduction in Danish guidelines is 90%, which is the 

same as in Sweden. With the vertical flow constructed wetland described in the paper only 20-30% 

phosphorus will be removed. The authors instead suggest that chemical precipitation to reduce 

phosphorus should occur in the septic tank before the waste water enters the wetland. They mean that 

this is the only way to achieve high phosphorus reduction with a vertical flow constructed wetland 

because of other studies failure with clogging phosphorus filters if they are used as a complement 

treatment after the wetland (Brix and Arias, 2005). However, clogging could also occur in the wetland if a 

step of precipitation of phosphorus is used before the wetland (Hedström, 2006). 

Filter material that could be used before the waste water enters a subsurface flow constructed wetland 

is evaluated in a review by Vohla et al. (2011). They present results about materials like: sand, limestone, 

fly ash, and etcetera. Of the presented filter materials, Filtralite, Opoka and Dehydrated oil shale ash has 
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the highest phosphorus sorption. They also concluded that the phosphorus reduction capacity of the 

filter materials significantly decreases after five years (Vohla et al., 2011).  

 

Table 2. Reduction capacity for different designs of an on-site sewage treatment plant according to different studies. 

Design of the on-site 
sewage treatment 
plant 

CODCR BOD7 Total nitrogen Total 
phosphorus 

Sorce 

Only septic tank 10-50% 10-30% 5-15% 5-25% Ek et al., 2011 

Septic tank + filter bed 75-95% 85-95% 15-35% 20-60% Ek et al., 2011 

Septic tank + 
infiltration 

75-95% 85-95% 20-40% 20-80% Ek et al., 2011 

Filter bed - - 16-44% 38-60% Aaltonen and 
Andersson, 1995 

Filter bed - - - 8-16%  Everborn et 
al,.2012 

Small waste water 
treatment plant 

- 90% 30-60% 70-90% VA-guiden AB, 
2013c 

Phosphorus reduction 
filter 

- - - 90% VA-guiden AB, 
2013d 

Phosphorus reduction 
filter 

- - - 94% Jensen et al., 
2010 

Precipitation of 
phosphorus 

- - - 50-90% VA-guiden AB, 
2013e 

Constructed wetland - 50-95% 50-95% 60-95% VA-guiden AB, 
2013f 

Constructed wetland - - - 20-30% Brix and Arias, 
2005 

 

3.2 EMPIRIC STUDY 
Five main categories were identified with the use of content analysis of the interviews. The main 

categories are: Design of the on-site sewage treatment plant, Maintenance work to make the on-site 

sewage treatment plant well-functioning, Supervision and regulation, Environmental awareness and 

Economy. These five main categories are presented bellow together with some quotes from the 

interviews.   

3.2.1 DESIGN OF THE ON-SITE SEWAGE TREATMENT PLANT 

The design of the on-site sewage treatment plant differs a bit between the interviewees. And the 

treatment plant looks like this: 

Interviewees 1 (I1): Septic tank + small sewage treatment plant (two bio filter and one following 

sedimentation) + one filter bed. Finished in 2006. 
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Interviewees 2 (I2): Two sedimentation ponds from 1964.  

Interviewees 3 (I3): Septic tank + open filter bed divided in two and used alternating. The on-site sewage 

treatment plant is built in 2001. 

Interviewees 4 (I4): Septic tank + three open infiltrations which are used alternating. Finished in 1986. 

The problem that has occurred for the interviewees with their on-site sewage treatment plant varies. 

Some have no problems at all with the function of the treatment system, some have had problem with 

wear, some have problems with parts of their on-site sewage treatment system and some have problem 

with all of it.  

 “We have no bacteriological treatment because it was not something that was usual at that 

time. That is the problem. We are located on an island and are very close to the coast, and these 

ponds are located about 20m from the coastline […] But our on-site sewage treatment plant 

does not reach the requirements in any aspect.” (I2)  

“What we have a problem with is the phosphorus in the treatment; we have a too high level of 

it.”(I3) 

“It is working well; we are using one or two filter beds at a time.” (I4) 

How the interviewees think about the future of their on-site sewage treatment plant depends on how it 

works today. The ones who do not have any big problems are satisfied with their solution, those who 

have problems want to find a better solution.  

“Those ponds were a modern treatment system when they were built in 1964, but now they are 

not so we want to be connected to the municipal sewage treatment system […] That is our plan 

to get an optimum treatment of our waste water.” (I2) 

“We will try to stay with the same type of on-site sewage treatment plant for another couple of 

years.” (I3) 

3.2.2 MAINTENANCE WORK TO MAKE THE ON-SITE SEWAGE TREATMENT PLANT WELL-

FUNCTIONING 

All of the interviewees did make some maintenance work to keep their on-site sewage treatment plant 

in good condition. One usual action was to keep the vegetation around the on-site sewage treatment 

plant in control. They cut bushes and other vegetation that is growing in the area.  

 “We keep bushes and stuff that takes root and comes up in the area under control.” (I1) 

“…And that is where it grows a lot and where we harvest every winter, it is a lot of reed and 

other species that grows in the pond. We remove the ashes so there is not so much, what is it 

called, nutrients to the recipient. And as I said, in every 10 year we remove the sediment from 

the first pond.” (I2) 
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“We remove vegetation around the infiltration beds when it is necessary, but vegetation absorbs 

water so it is necessary too […] and every second or third year we take the cultivator and loosens 

25-30cm of the soil surface on the bed.” (I4)  

To make sure that the on-site sewage treatment plant was kept in good condition, most of the 

interviewees have some type of control program or maintenance schedule. Some of them did also 

document everything that had been done and by who.  

“We have a special maintenance schedule for all the parts of the on-site sewage treatment 

plant.” (I1) 

”We have a control program where we write down when we shift the part of the filter bed, but 

we also do a sampling of the waste water twice a year.” (I3) 

“We have a control program, yes we have, everything is documented and saved.” (I4) 

Some of the interviewees have a contractor that controls the function of the sewage treatment plant.  

“Basically we have a contractor that manages the on-site sewage treatment plant for us by doing 

weekly controls to different control points. They report what they have done and if they have 

found something they call someone in the board and we will consider if the other contractors 

need to be contacted.” (I1) 

Larger maintains work is not that usual but has occurred for the interviewees with bigger problems with 

their on-site sewage treatment plant.  

“Very early we got the same problem as we have at the moment with the water staying at the 

surface of the filter bed, we have changed the sand in the bed twice.” (I3)   

3.2.3 SUPERVISION AND REGULATION 

To have a good contact with the environmental inspectors from the municipality seems to be important 

to the interviewees. They are keen to follow the requirements that are decided for them.  

“The controller from the municipality are here on a visit sometimes and they must be able to 

control how the on-site sewage treatment plant works, not only on the outside, also inside the 

bed” (I1) 

“I know that they have controlled the whole thing and they have approved all the construction 

plans and final inspections…” (I1) 

”We have not got any requirements from the municipality about trying another design of the 

sewage treatment plant, they are here and control it and we have a good communication with 

them” (I3) 

The interviewees seem to rely on that the environmental inspectors from the municipality will react if 

the on-site sewage treatment plant not works as well as it should.  



17 
 

“In the purpose of good purification it works fine. And what does that means? That is a question 

to ask. When we present this it is the municipality that assesses the reduction capacity […] and 

when I ask about requirements for the waste water treatment in an on-site sewage treatment 

plant, it does not exist. […]And that is why I say that the municipality must react and they have 

not, so in that case it is okay” (I1) 

“It works well, they are here from the municipality and control it about  a year and they have 

never had any comments, so it works well. Even now when some younger inspectors have been 

here, they have thought that our on-site sewage treatment plant works well” (I4) 

It is important to the interviewees to have a good treatment of the waste water in their on-site sewage 

treatment plant and that it reaches all requirements even in the future.  

“I think that the question about sewage treatment is going to be bigger with time and if we build 

an on-site sewage treatment plant that is approved today, I think the intervals of higher 

requirements is going to be smaller and it is better to invest in a solution that will stand all the 

requirements that may come in the future. “ (I2) 

3.3.4 ENVIRONMENTAL AWARENESS 

In the choice of technology to treat the waste water, the environmental aspects have a high importance 

to the interviewees.  

“To connect to the municipal sewage treatment plant is our main track. It is the coastal 

protection, historically listed buildings in Natura 2000 area, I do not think it is a good idea to try 

to do some roads and try to do an own plant here […] I think the biggest argument is that we 

have less environmental impact then. And that is how we in general work at this school; we try 

to have a high environmental awareness. ” (I2) 

“We chose between making a sand bed and a small sewage treatment plant, but we have been 

environmentally focused for a long time and found the filter bed to be a good alternative.” (I3) 

 “We work a lot to have a low environmental impact. It does not only concern the sewage 

treatment plant, also other things. We wanted to have something that was environmental 

friendly and not use chemicals.” (I4) 

3.3.5 ECONOMY 

The economy is always an important aspect and to build or renovate an on-site sewage treatment plant 

is not for free. The interviewees want to make the cost as low as possible but are willing to pay the costs 

to get what they think is the best solution of their sewage treatment system.  

“…We will connect to the municipal sewage treatment plant but it is a very high cost […] It is a 

question of how much it will cost, if the municipal connection point could come a bit closer or 

not, but the connection will happen anyway.” (I2) 
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”From the first year we don´t feel that we have got any help from the constructers, they have 

only cost us a lot of money and we have instead try to solve the problem by thinking ourselves, 

we have tried different actions.” (I3) 

4 DISCUSSION 

4.1 APPROPORIATE CONSTRUCTIONS OF AN ON-SITE SEWAGE TREATMENT 

PLANT 

4.1.1 INFILTRATION AND FILTER BED 

If the soil on the location for the on-site sewage treatment plant is sustainable, an infiltration plant could 

be a good alternative for a larger on-site sewage treatment plant (VA-guiden AB, 2013a). The reductions 

of nutrients are in general higher than in a filter bed (Palm et al., 2002). Another benefit with the 

infiltration is: it is cheaper to construct than a filter bed, the soil on the location is used; no need to bring 

new sand or construction materials (VA-guiden AB, 2013a). However, there are disadvantages with the 

infiltration too. The treated waste water is ending up in the ground water, instead of being collected as 

in the filter bed, this makes it impossible to test the treatment in the infiltration by taking samples and 

analyze the nutrient levels (Swedish Environmental Protection Agency, 2003). This disadvantage for the 

infiltration is an advantage with the filter bed, were you can take samples to see how good the 

treatment is. There is also a risk for the ground water to be contaminated if the infiltration is used for the 

design of the on-site sewage treatment plant (NFS:2006:7). 

If an infiltration or filter bed is constructed as a part of the on-site sewage treatment plant, it could be 

constructed as either closed or open. Closed is the most common, but to have an open infiltration or 

filter bed seems to be more usual at larger on-site sewage treatment plants (Palm et al., 2002). In the 

interview study, two participants have open ones: one open infiltration and one open filter bed. The 

function of those on-site sewage treatment plants differs; the open infiltration works very well without 

any problems, but the open filter bed have a lot of problem with the water staying on the surface of the 

bed instead of infiltrating. The open filter bed also have problem with the phosphorus reductions, which 

are not high enough, if this is a problem even for the infiltration, we do not know because of the 

impossible to take samples from it. However, the problem with the water staying on the surface seems 

to be a common problem when the on-site sewage treatment plant is overloaded (Bylund, 2003). Due to 

this problem, it is important that the infiltration or filter bed is built to manage the highest load that 

could be possible in the on-site sewage treatment plant; not built to manage only the average of the 

waste water load (Bylund, 2003).  

4.1.2 SMALL WASTE WATER TREATMENT PLANTS 

To have a small waste water treatment plant on-site is a well- functioning solution of a larger on-site 

sewage treatment plant. The technology is often the same as in a municipal sewage treatment plant and 

the reductions are in general high; it reduce approximately 70-90 % of the phosphorus, 30-60 % of the 

nitrogen and 90 % of BOD (VA-guiden AB, 2013e). The nitrogen reductions are a bit low, but the 

phosphorus reductions are high and that is the most important. If higher reductions of nitrogen are 
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required, a treatment after the small waste water treatment plant can be a solution. The treatment after 

a small waste water treatment plant could exist of an infiltration, filter bed or a constructed wetland.   

Disadvantages with a small waste water treatment plant are that it could require a lot of maintenance. 

Small waste water treatment plants often include a step of treatment with chemicals, which needs to be 

refilled. The use of chemicals can also be a disadvantage according to the environmental aspects because 

of this; many of the interviewees did not choose this type of design for their on-site sewage treatment 

plant. However, one of the interviewees has one type of a small sewage treatment plant. For them, it 

works very well, but they have a contractor that is doing all the maintenance work and also controls it 

every week. According to these facts, this is not an appropriate solution when high costs want to be 

avoided, on the other hand you can get really high reduction of nutrients. 

4.1.3 PHOSPHORUS REDUCTION FILTER 

Phosphorus filter could be an appropriate complement to the common on-site sewage treatment plants, 

which are exciting of a septic tank and infiltration or filter bed, when higher phosphorus reduction is 

required.  In general, phosphorus reductions in a phosphorus filter is approximately 90%, how high the 

reduction is depends on what material that is used in the filter. If an on-site sewage treatment plant is 

constructed with a phosphorus filter as a complement, the requirements on phosphorus removal can be 

achieved even if the location of the sewage is in a sensitive area, which then have requirements on 90% 

phosphorus reduction (Swedish Environmental Protection Agency, 2006). In a phosphorus filter, a 

smaller amount of BOD and nitrogen could be removed, but this is not very investigated (VA-guiden AB, 

2013c).  

According to Hylander et al. (2006), Polonite is the best material for filtration of the waste water from 

on-site sewage treatment plants, in the aspects of high phosphorus removal. Since Polonite is 

manufacturing by a Swedish company (Brogowski and Renman, 2004), the use of it in Swedish on-site 

sewage treatment plants have a high potential. No filter materials that have been tested in a study by 

Renman et al. (2008) showed a good potential of reducing nitrogen. However, the material that reduces 

highest concentrations of nitrogen was Polonite, it reduces 17.7% of the incoming nitrogen (Renman et 

al., 2008 

Because of the high hydraulic load to a larger on-site sewage treatment plant, a large phosphorus filter 

might be the best investment. Small phosphorus filters can get saturated with phosphorus quite fast, 

therefore they are not very appropriate for an on-site sewage treatment plant with high hydraulic load 

(VA-guiden AB, 2013c).    

More studies that investigates filter material in full-scale application is needed, today many studies have 

been done only in lab-scale. One material that has been studied a lot in full-scale is the filter material 

Filtrate P, which can be considered to be very well-functioning to sorbe phosphorus (Hedström, 2006). 

4.1.4 PRECIPITATION 

Precipitation of phosphorus could be a good complement to a larger on-site sewage treatment plant, 

with a septic tank and infiltration or filter bed, with the aim to achieve the requirements of phosphorus 

reductions. If the precipitation is used like this, the precipitation chemicals are added in the septic tank 
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or before it (Nilsson and Norén, 2000). With precipitation in this way, the phosphorus reduction is about 

50-90% in the precipitation step (VA-guiden AB, 2013d).  

According to the high phosphorus reductions in a precipitation step, it is an appropriate solution. 

Because of the larger amount of sludge that is formed with the precipitation, a larger septic tank is 

needed (VA-guiden AB, 2013d). A larger septic tank is more expensive than a small one; this makes the 

alternative more expensive. The chemicals do also cost money and are not appropriate to use according 

to the environmental aspects (Hylander et al., 2006). Some of the interviews did also mention the 

environmental aspect as a reason to not use a precipitation step in their on-site sewage treatment plant. 

4.1.5 CONSTRUCTED WETLANDS 

A constructed wetland could also be a good complement to the common design of an on-site sewage 

treatment plant with a septic tank together with an infiltration or filter bed. The reduction of phosphorus 

in wetlands with high residence time is about 60-95% (VA-guiden AB, 2013f). It should be interesting 

with more science of wetlands used as a secondary treatment (after the septic tank) for on-site sewage 

treatment plants, to see if it is possible to get the required reductions with some type of design of a 

wetland. In the study about vertical flow constructed wetlands, only 20-30% phosphorus reduction was 

achieved. From the results of this study, only a vertical flow constructed wetland after the septic tank is 

not to recommend if high phosphorus reductions are wanted (Brix and Arias, 2005). These results do not 

exclude the wetlands as a good alternative for an on-site sewage treatment plant. There could be other 

types of wetland that is more suited for the purpose of reducing phosphorus and it would be interesting 

to investigate this further.  

An appropriate solution of using a constructed wetland in an on-site sewage treatment system is to have 

a phosphorus reduction filter as a treatment of the waste water before or after the wetland (Vohla et al., 

2011). Instead of a phosphorus filter, precipitation of phosphorus could be used at the same way to get 

higher reductions of phosphorus in the on-site sewage treatment system with a constructed wetland 

(Brix and Arias, 2006). According to Hylander et al. (2009), the precipitation is not to prefer due to the 

environmental aspects.  

4.2 ON-SITE SEWAGE TREATMENT PLANTS IN A LARGER ENVIRONMENTAL 

PERSPECTIVE 
The Swedish Environmental Quality Objective No Eutrophication is not expected to be achieved until 

2020 (Swedish Environmental Protection Agency, 2012b). Phosphorus and nitrogen are nutrients that 

can cause eutrophication and phosphorus is conducted to be the main nutrient of causing eutrophication 

in the Baltic Sea (Boesch et al., 2006). Higher reduction of nutrients in waste water from on-site sewage 

treatment plants could reduce the nutrient load to the recipients. Lower loads of nutrients from on-site 

sewage treatment plants are an action of a step further to reach the Environmental Quality Objective No 

Eutrophication, Living Lakes and Water Courses and Balanced Marine Environment Flourishing Coastal 

Areas and Archipelagos.  

An important question that could be interesting to investigate further is to reuse nutrients in the waste 

water from on-site sewage treatment plants. If this could be done in a safe way without risks of too high 
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concentrations of heavy metals or other substances, it could help to reach the Environmental Quality 

Objective Good Build Environment that says that at least 60% of the phosphorus in waste water should 

be returned to agriculture (Swedish environmental protection agency, 2012c).  

If a wetland could be used as a step in the treatment of waste water from on-site sewage treatment 

plants, the Swedish Environmental Quality Objective Thriving Wetlands will be beneficial.  

4.3 STRENGTHS AND LIMITATIONS IN THE STUDY 
This thesis has a high reliability; trustworthy scientific sources have been used in the theory part of the 

study. Published scientific articles, reports from well-known researchers and organizations have been 

used to describe the situation and different designs of on-site sewage treatment plants. Some of the 

literature that is used describes smaller on-site sewage treatment plants, built for less than the ones in 

focus in this thesis: 50-200 human equivalents. This literature has considered being useful in this thesis, 

it mostly describes the technology which is basically the same regardless to the size of the on-site 

sewage treatment plant. 

An interview study has been done as a complement to increase the knowledge and reliability of the 

thesis. The results from the interview study have a high reliability because of the method that was used 

to preform and analyze the interviews. The interviews gave a lot of information thanks to the semi-

structured performance where the interviewees were able to explain their thoughts in depth; follow-up 

questions could be asked during the interview without restrictions you could get from using a completely 

structured questionnaire.  

Content analysis, which is the method that was used, is useful to describe what you have studied 

(Bodgan and Taylor, 1984); in this thesis the area on-site sewage treatment plants have been studied and 

described. Four interviews were made and Trost (1994) recommend having four to five interviews when 

this performance is used. More participants would been included in the interview study if they could be 

found; to find more participants a lot more time for the thesis have been required. . There is a risk that if 

more interviews were conducted, important details could be lost in the results (Trost 1997). The method 

used in the interview study is appropriate to the few participants. If more participants have been 

included maybe another method should be more suitable, like using surveys instead if semi-structured 

interviews; in that case a lot of information could be lost. To get an even more reliable result more time 

is needed to find participants, preform the interviews and analyze the information from them. This is a 

good example of further investigations because there might be a lot more information to get about 

larger on-site sewage treatment plants by doing semi-structured interviews with more participants. Also 

more information can be found in the literature but more time is required. Maybe a review can be made 

on each specific design of an on-site sewage treatment plant.  

In this thesis, only conventional water toilets have been included. This means: toilets that for example 

separate the urine have been excluded. This limitation excludes some designs of an on-site sewage 

treatment plant that could be appropriate. A urine separating toilet system could be beneficial according 

to the environmental aspects of reusing nutrients from the waste water.  
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One part of the purpose of this thesis was to consider the costs of the construction of an appropriate on-

site sewage treatment plant. This part of the purpose unfortunately becomes very small in the thesis. 

This is a very interesting and important factor to consider in further studies. The reason why it is so small 

in this thesis is the lack of time to find this information that is not so accessible for larger on-site sewage 

treatment plants. 

5 CONCLUTIONS 
There is not only one appropriate solution of the design of an on-site sewage treatment plant 

constructed for 50-200 human equivalents. Having a septic tank together with an infiltration or filter bed 

could be an appropriate solution, open plants are conducted to be preferable for larger beds. The most 

important thing to consider when this construction is chosen is the capacity of hydraulic load the plant 

could manage. The capacity of the plant must be built to manage the highest hydraulic load that could 

occur, not only be able to manage the average hydraulic load. It is usual that this type of design does not 

have the high reduction of nutrients that is required, especially of phosphorus. Therefore a system of an 

on-site sewage treatment plant consisting of a septic tank + infiltration, filter bed or constructed wetland 

together with a complement treatment of a phosphorus filter or precipitation of phosphorus. A small 

sewage treatment plant is also an appropriate solution for a larger on-site sewage treatment plant. This 

is probably the solution that has the highest nutrient removal, but is also the most costly and that 

requires the most maintenance.   
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Appendix 1 – Interview guide 
The interviews were made in Swedish and that is why the interview guide is in Swedish.  

Intervjuguide  

Områden för intervju 

1. Avloppsutformning  

2. Förarbete  

3. Kunskap 

4. Miljöaspekter 

5. Underhållsarbete 

6. Funktion och problem 

7. Framtiden 

Inledande frågor till de olika områdena (följdfrågor kommer att ställas) 

1. Kan du berätta hur ert avloppssystem ser ut? 

2. Hur kommer det sig att ni valde denna typ av konstruktion av avloppet? 

2. Kan du berätta om planeringen och förarbetet inför avloppsanläggandet? 

3. Vad har du för kunskap och tidigare erfarenhet inom området? 

4. Vad spelade miljöaspekterna för roll vid valet av avloppssystem? 

5. Vilket underhållsarbete har förekommit under avloppssystemets livstid? 

6. Hur har ni upplevt funktionen av avloppssystemet, har det förekommit några problem? 

7. Hur ser ni på framtiden för er avloppsanläggning? 

 

Avslut 

o Jag har inga fler frågor, har du något du vill ta upp innan vi avslutar intervjun? 
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