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SAMMANFATTNING  

Östersjön har under sina ca 10 000 levnadsår tagit emot utsläpp från avlopp, 
industrier, båtverksamhet och jordbruk. Havets speciella utformning bidrar till 
en lång omsättningstid jämfört med många andra hav vilket har gjort Östersjön 
till ett av världens mest förorenade. Från svenska avlopp och jordbruk läcker 
enorma mängder näringsämnen ut till havet varje år vilket leder till övergödning 
och bottendöd. Samtidigt som Östersjön lider av övergödning på grund av 
utsläpp av bland annat fosfor, håller den ekonomiskt utvinnbara fosforn i världen 
på att ta slut. Fosfor utvinns främst för att producera kommersiellt 
gödningsmedel eftersom näringsämnet är en vital byggsten för allt liv. Vi blir 
ständigt fler människor på vår planet och mängden mat vi kan producera är 
beroende av en bördig jord. 

Sveriges enskilda avlopp beräknas bidra med ca 14 % av den antropogena 
tillförseln av fosfor till Östersjön. Avloppen är inte bara en av orsakerna till 
Östersjöns övergödning, de är också en värdefull resurs eftersom de innehåller 
en stor mängd näringsämnen. Genom att förnya Sveriges enskilda avlopp kan 
Östersjöns hälsa förbättras samtidigt som fosfor kan återföras till produktiv 
mark. 

Syftet med detta arbete var att studera vilka sorters system som idag används i 
Sverige för att rena avloppsvatten från enskilda hushåll, vilka slags problem som 
kan uppstå och om dessa går att undvika. Möjligheten att återvinna fosfor 
studerades samtidigt och tillsammans med ovan nämnda undersökning kunde 
olika avloppssystem utformas med målet att uppnå en god rening och ett 
kretslopp för fosfor.  

Resultatet visade att den traditionella infiltrationsanläggningen oftast inte 
fungerar lika bra som man tidigare ansett medan andra typer av anläggningar kan 
uppgraderas genom att designa ett system som innehåller flera reningssteg. 
Vinningen i att återvinna fosfor från avloppen blir större om mängden fosfor per 
kg återvunnet material kan öka samtidigt som transporterna kan minska. På 
grund av en något invecklad lagstiftning rörande enskilda avlopp samt 
jordbrukets skepsis till att ta emot avloppsfraktioner framställs frågan om fosfor 
i kretslopp som komplicerad. Denna studie ger bidrag till diskussionen om att 
avloppsvatten och dess näringsinnehåll är en resurs och inte bara en belastning 
för miljön.  
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DEFINITIONS AND ABBREVIATIONS 

Although it is assumed that the readers of this document are familiar with 
commonly used expressions in the field of wastewater and wastewater treatment, 
this list presents terms whose meaning in the context of this report, may need 
clarification.    

Blackwater = wastewater containing faeces, urine and other toilet water.  

BOD = Biochemical Oxygen Demand.  

Greywater = wastewater generated in households without fecal contamination 
i.e. no toilet water. 

K = Potassium. A chemical element which is used as a nutrient in fertilizers.  

N = Nitrogen, a common nutrient in wastewater and a cause for eutrophication. 
Always when N is written and no further explanations are made, total nitrogen 
is considered.  

NPK = Commercial fertilizers. The labelling can vary between different 
countries but it is usually expressed in the amount of the three nutrients nitrogen, 
phosphorus and potassium. When NPK is mentioned, any commercial fertilizer 
with these three nutrients is referred to. 

One household = In Sweden and in this report, one household refers to five 
persons.  

OWT = onsite wastewater treatment systems.  

P = Phosphorus. Total phosphorus, which is both phosphate ions and 
organically bound phosphorus, is always intended when P is mentioned and not 
further explained.   

SBR = Sequencing batch reactor, a type of activated sludge process. 

WWTP/s = Wastewater treatment plant/s. Refers primarily to large scale 
wastewater treatment. 

The characteristics and design of an OWT system varies from country to country 
depending on development status, accessibility of materials and existing soil 
properties and water quality.  There are several more or less correct translations 
to be found between Swedish and English terms, but only one per system was 
chosen for this thesis (table 1).  

 

Table 1. OWT terminology for this thesis 

 

 

  

English Swedish 

Holding tank/Blackwater tank Sluten tank 

Infiltration system Infiltrationsanläggning med naturliga jordlager, 
öppen eller sluten 

P-reducing filter media Fosforreducerande filter 

Packaged wastewater system/Packaged 
plant 

Minireningsverk 

Polishing step Polerande reningssteg 

Sand filter system Markbädd, öppen eller sluten 

Septic tank Trekammarbrunn/Slamavskiljare 

Separation systems Separerande system 

Soil treatment systems Markbaserade system 

Urine separation system Urinseparerande system 
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ABSTRACT  

Eutrophication of the Baltic Sea has been an issue for decades and the pollution 
constantly continues with oxygen deficient bottoms and a damaged marine life as a 
result. One of the main causes of eutrophication are elevated levels of the nutrient 
phosphorus. Phosphorus leaks to the sea from various human activities such as 
agriculture, animal farming and sewage. In Sweden, the onsite wastewater treatment 
systems are a big problem since they load the Baltic Sea with nearly as much phosphorus 
as all Swedish municipal wastewater treatment plants. The need for a reduced impact 
on the Baltic Sea is major and the individual wastewater treatment systems must 
therefore be looked over.  

While phosphorus is a contributing factor to eutrophication, it is one of the most 
important nutrients for all life. Phosphorus builds up our DNA, helps transport of 
various substances in and out of our cells and provides energy to the cell's processes. 
We would simply not be able to survive without phosphorus. We ingest phosphorus 
through the food we eat, which in turn is dependent on fertilizers containing 
phosphorus. Phosphorus is mined from phosphate ore and the majority of it is used to 
produce fertilizers. Unfortunately, phosphate ore is not a finite resource and in the last 
few years it has been realized that the economically extractable phosphorus is a 
dwindling resource. To be able to produce food for the world's growing population, we 
need to find ways to recycle phosphorus. In individual drainage systems there is a large 
potential to catch up phosphorus and then reuse it on agricultural land. This thesis deals 
with the problems of onsite wastewater treatment systems and suggests measures to 
improve their status. Ways to recycle phosphorus in combination with having a well-
functioning drainage is being investigated and difficulties about the regulations are being 
discussed. To recover phosphorus and at the same time reduce the burden on the 
environment should be seen as an incredibly important action, since our sea’s health is 
acute but lack of the nutrient could have devastating consequences. 

Key words: The Baltic Sea; Anthropogenic eutrophication; Onsite wastewater 
treatment; Phosphorus recycling. 

1 INTRODUCTION 

Phosphorus is a nutrient that is known to cause eutrophication in rivers, 
lakes and seas. Eutrophication favors fast growing species and thereby the 
natural biological diversity is disturbed. Phosphorus contributes to algae 
and plankton growth, and when these later on are decomposed a lot of 
oxygen is required, which in turn leads to lack of oxygen especially on the 
sea beds. Overall, it can be said that eutrophication leads to depleted 
oceans, which degrades the marine environment as a natural resource for 
humans (Moksnes et al, 2014). The Baltic Sea is a sea that suffers due to 
eutrophication. For us in Sweden, the Baltic Sea is an important sea. Most 
people in Sweden live permanently in coastal cities. We often travel to the 
coast to make use of the sea for swimming and bathing, we fish in the sea, 
we use the sea for travelling and recreational area. At the same time we are 
polluting our sea with emissions from industries, wastewater, agriculture 
and sea freight (Rydén, 2011). Sweden release approximately 3 500 tons of 
P annually. Out of all the countries that have runoff towards the Baltic 
Sea, only Russia and Poland has a larger emission (Helcom, 2013). 

Phosphorus is not just a substance that contributes to eutrophication, but 
it is also a vital constituent for all living organisms (Söderhäll, 2011). We 
ingest P via food and thus there is a large amount of it in waste water. 
Phosphorus is mainly mined from the bedrock apatite for the reason of 
using it in fertilizers, which are used on arable land to increase the harvest. 
Surplus P that plants cannot utilize eventually flows into the sea and ends 
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up in the sea bottom sediments along with the P from wastewater. This 
chain is an un-sealed cycle of a dwindling resource. We need to somehow 
re-use the P as the financial sustainable part is constantly shrinking 
(Cordell, 2010a).  Since 14 % of all anthropogenic P released from Sweden 
to the Baltic Sea originates from individual treatment systems, and 50 % 
of those systems does not even meet the requirements of the treatment 
that has been set up, they need to become more efficient (Havs- och 
vattenmyndigheten, 2013). 

The focus of this thesis is not only on the methods for eliminating P but 
also on its recycling. Since P is essential for life, its use and recycling should 
be a highly prioritized issue. Improving individual wastewater treatment 
plants will therefore not only reduce eutrophication in the Baltic Sea, but 
it can also be a way to recycle and save P, and avoid this important 
substance from being retained in the bottom sediments of the Baltic Sea.  

1.1 Research questions 

The study is based on the following research questions:  

 Are the Swedish onsite wastewater systems reliable in a technical and 

environmental aspect? 

 Can they be improved, and if - how? 

 How is the reduction set over the whole system? What requirements 

has to be set on the different parts? 

 What are the methods of recycling P from small scale wastewater 
treatment plants and how can they be integrated in different systems? 

1.2 Limitation of the work 

This thesis will emphasis two tasks; the eutrophication in the Baltic Sea 
and the need for recycling P. It concentrates on onsite wastewater 
treatment systems since they contribute to such a large part of the 
anthropogenic eutrophication. It will focus on techniques that are used 
today and their ability to recycle P in a sustainable way. However, any other 
environmental impact, such as climate burden during the production of 
chemicals, toilets, filter material and others has not been taken into 
consideration because of the extent of this thesis. Economical aspects of 
the systems are only discussed at the slightest.  

Regarding the efficiency of the systems, the research was focused on their 
ability to reduce BOD, N and P since these are regulated by Swedish law. 
About the possibility of recycling nutrients only P has received focus since 
it is an ending resource.  

Concerning For the calculation of P loads and emissions it has not been 
taken into account that some households might not spend all of their time 
at home, which would lead to a lower excess of P taken care of on site. 
The reason to this is that it is primarily the concentrations that are 
discussed which are about the same regardless where you spend your time.  

1.3 State of the art 

The Swedish Agency for Marine and Water Management (Havs- och 
vattenmyndigheten) is the authority in Sweden which from 2011 is 
responsible for supervision management of OWT systems. As the 
Agency's mission is to work for a living Baltic Sea area, the supervision 
has increased the last years owing to numerous are considered to have too 
low treatment efficiency (Havs- och vattenmyndigheten, 2015a). 
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Figure 1. Distribution of OWT techniques used in Sweden 2009, 
which is assumed to be about the same today (Data from Ek et al., 
2011). 
The distribution of techniques used in Sweden ranges from simple 
systems, such as infiltration systems, to more complex packaged 
wastewater systems. The distribution from 2009 is assumed to be about 
the same today since an upgrading to new treatment systems have not 
been prioritized (figure 1). However, it is assumed that the amount of 
packaged wastewater systems has somewhat expanded.  

Recycling of P from OWT systems is a question that has been discussed 
for several decades in Sweden and it is a great ambition among national 
authorities (Naturvårdsverket, 2002). One of the targets set by the Swedish 
Environmental Protection Agency in the year of 2002 was that 60 % of 
the P from sewage, both onsite- and large scale wastewater treatment, 
should be returned to productive land by 2015. In the year of 2010/2011 
only 100 tons of 750 present in OWT systems was recycled, which 
corresponds to ca 13 % (Naturvårdsverket, 2013a). The reversal issue has 
been difficult to solve as it accommodates conflicts and different opinions 
depending on inter alia values. Research is in the field is necessary and still 
carried out, but it is mainly applicable on large scale WWTPs and deeper 
investigations about recycling from OWT systems is important.   

2 METHODS  

The research in this thesis is based on a literature study and personal 
communication with professionals in the field, as well as my own 
experiences. It is divided into three parts; the first brings up background 
to the problem and investigates the legal requirements regarding OWT 
systems, the second evaluates the different designs of OWT systems in 
Sweden as well as their possibility of recycling nutrients while the third 
outlines the potential of wastewater residues as fertilizers, both regarding 
value for the crop and acceptance among farmers.  

The material from the research was used in order to combine several 
treatment steps to design different OWTs. Every design was evaluated 
regarding both reliability and P recycling possibilities. Problems with the 
regulations were discussed and further research is proposed.  

3 PART I  –  BACKGROUND RESEARCH  

3.1 The phosphorus story and the necessity of recycling 

 Phosphorus as an element 

Phosphorus is a chemical element with the symbol P and atomic number 
15. It is never found in free form in the environment since it is highly 
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reactive. Instead, it is found in minerals that contain P where the most 
common mineral is apatite (Selinus, 2011). Unlike other nutrients, such as 
N, it is not soluble in water and it is not present in air either.  

Phosphorus is the fundamental building block for all life since it is 
essential for the cell in three different ways;  

 Phosphorus is present in the cell membrane where it helps the 
transport of different substances in and out of the cell. The cells in all 
living organisms are enclosed in a cell membrane. As most of life's 
chemical processes take place in aqueous solutions, and cells at the 
same time usually is surrounded by water, there must be a barrier that 
prevents soluble substances to flow freely out of the cell. Fat cannot 
be mixed with water and this is why the cell uses P. Transport of 
substances in and out of the cell can be kept under control because the 
cell membrane is composed of a layer of phospholipids. Phospholipids 
have a water-soluble part outermost on both sides, and it is in the 
water-soluble segment that phosphate groups are available. Inwards, a 
fat soluble part is found. All life forms membranes are constructed by 
phospholipids which spontaneously form a double layer of fat in the 
middle and phosphate groups on the out- and inside layer (Söderhäll, 
2011).  

 Phosphate builds DNA as it is a part of the molecular building stones 
called nucleotides. One nucleotide consists of one nitrogenous base, 
one sugar molecule and at least one phosphate group, depending on 
how a group is defined.  

 All activities within the cell requires energy, such as building proteins, 
muscle contraction and copying of DNA. The most important 
chemical substance that captures and transmits energy in almost all life 
is a P compound called ATP (adenosine triphosphate). It is by cleaving 
the chemical bond between the two phosphate ions in ATP, or 
between a phosphate ion and an organic molecule such as glucose, 
which the cell can release energy that is used for important processes 
(Söderhäll, 2011). 

The P found in human bodies are to 85 % bound in apatite that builds our 
bones and teeth. This makes the need of the substance for vertebrates 
large, and the Swedish Food Administration recommend 600 mg per day 
for adults (Livsmedelsverket, 2015). Most of the P that we ingest is soluble 
in the form of phosphate, and absorbed in the small intestine (Söderhäll, 
2011). Some of it stays in our bodies, while the excess leaves our bodies 
with urine and faeces. 

 Applications 

When P was first discovered in 1669 it was found by an accident, when an 
alchemist tried to make gold out of urine (Söderhäll, 2011). He found that 
the element caught fire when it came in contact with air, why he gave it 
the name P (from the Greek phosphoros = “light carrier”). For a long time 
white P, which is the most common form of P, was used in matches. It 
was later prohibited because of its poisonous vapor. However, P has 
always been used even without our knowledge. Phosphorus, together with 
N and K, is an essential plant nutrient. The nutrients in soils is utilized by 
agriculture, and when the natural nutrients in the soil is dried out, poorer 
harvests are given. In the early history of human we were farming nomads 
and didn't have to think of impoverishment. Later on, people started to 
settle and the population grew why there was a need for more food. It was 
noticed that the soil got depleted after years of cultivation. The farmers 
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had to learn about crop rotation and how to optimize the availability of 
nutrients in soil (Myrdal, 2000).  

Different soils naturally contain altered amounts of nutrients depending 
upon the bedrock that created the soil by weathering. Bedrock in Sweden 
is mainly composed of gneiss and granite, which in general is very poor in 
nutrients, especially regarding P. The soil has been depleted during 
centuries of farming, and lack of nutrition in Swedish soils has been one 
of the causes mentioned as a reason for the big immigration in the 19th 
century. Nowadays, the most common use of P is as the form phosphate 
in agriculture and food production; 90 % of the world’s mined phosphate 
rock is used for this purpose. Most of this phosphate is found in fertilizers, 
the rest is used as animal food and food additives for humans (Cordell, 
2010a).  

 The need for recycling 

Until today P has no substitute in food production, nor in our bodies to 
build DNA. Phosphorus as a substance cannot disappear, but the source 
of P as it is today, phosphate rock (apatite), is non-renewable and it is 
ending as a result of heavy mining and no recycling (Cordell, 2010a). 
Cordell estimated in 2010 that the peak of P production will take place in 
the year of 2035, because of an increasing world population as well as an 
increasing meat production. After “peak phosphorus” the production will 
decrease as a result of ending economically feasible ore. This condition 
promotes recovering of P to make the nutrient last longer.  

There are several different paths of P flows which can be investigated for 
reversal. Phosphorus has three natural cycles;  

 Weathering of rocks where the P ends up on the ocean floor and later 
becomes new rock. This cycle takes millions of years. 

 Plants containing P are eaten by animals, the P is excreted and becomes 
nutrient for new plants. This cycle takes about one year. 

 Waterborne P in rivers and lakes are taken up by water living plants 
and organisms, and then the P is released back to the water again. This 
cycle takes a few weeks.  

When humans come into the picture, these cycles are affected and more 
complex loops occur. According to Selinus (2011), it is the loops that are 
created by humans that we can influence.  

There are several ways to recycle P and their sustainability can be 
discussed. One example of sustainable recycling is to catch P at or close 
to the source, which is before it reaches water bodies like streams, lakes 
and oceans. This is the most environmentally and economically feasible 
solution (Cordell, 2010b). Since the largest P resources in Sweden are 
available in mining residues, as well as the bottom sediments of the Baltic 
Sea, it could be expected that P would be extracted from the sediments. 
However, using this kind of P for fertilize production is not considered as 
an alternative in the short term because of the unsustainability of 
extraction, both economically and environmentally. This implies for an 
upstream work rather than downstream.  

Easier paths of recycling has to be investigated, for example residues from 
OWT systems. The total amount of P produced in OWT systems was 750 
tons in the year of 2010/2011, of which only 100 tons was recycled 
(Naturvårdsverket, 2013a). However, sustainable recycling of P also 
means a cycle as far as possible free from hazardous substances (af 
Gennäs, 2011). This means that less chemical substances should be used 
in the recycling process itself, but also that the amount of chemicals caught 
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in i.e. sludge should be reduced since there is a fear that these chemicals 
can end up in the crops that has been fertilized.      

3.2 Possibilities of reducing the incoming amount of phosphorus to 
OWT systems 

The best way to eliminate pollutants, such as heavy metals and synthetic 
organic compounds, is to limit them at the source. Wastewater can be 
divided in toilet water and greywater which both contains P.  In Sweden it 
is, since 2008, prohibited to use dishwasher and laundry detergents 
containing phosphates, which has somewhat decreased the total amount 
of P in wastewater. However, most of the P originates from the food we 
eat. The Swedish Food Administration recommends 600 mg of P per day 
for grownups (Livsmedelsverket, 2015). As 98 % of the P we eat leaves 
our bodies, the amount of it wastewater can easily be connected to our 
eating habits. Generally, vegetables contain less P than meat and dairy 
products (Cordell, 2010a).  

Additives with phosphates are very common in food and makes a major 
contribution to our intake of P. According to a study conducted by Leon 
et al. (2013) - where the 200 top-selling food products in 20 supermarkets 
in Ohio, United States was analyzed - the real use of phosphates are often 
much larger than what is specified in the table of contents. The food 
containing most P turned out to be: 

 Frozen convenience foods. The additives are used for various reasons; 
from tying liquid to make all the ingredients warm at the same time 
without losing their expected properties.   

 Processed meat, especially sandwich food and frozen chicken. The 
phosphate binds fluid and allows the meat to retain its structure. 
Usually, the cheaper the food, the more additives.   

 In carbonated soft drinks, and especially cola, phosphate is added to 
produce a bitter taste. Even juices often contain such additives. 

The Swedish Food Administration wants to see a review of the additives 
in food, not only from an environmental point of view but because an 
excessive intake of P has been linked to health problems and the risk of 
premature death in a new study (Ennart, 2013). It is hoped for a review 
within a few years, and a regulation at EU level could reduce the amount 
of P in food, and therefore also P in wastewater.  

 
Figure 2. A map over the Baltic Sea area with the basin countries 
and the origin of land-based pollution of phosphorous in the year of 
2006 (Helcom, 2013). 



Optimizing resources – studying ways to recycle phosphorus from onsite wastewater treatment plants 

 

7 
 

3.3 The Baltic Sea and the need for saving it 

The Baltic Sea is the youngest sea on the planet since it emerged about 
10 000 – 15 000 years ago as a result of the latest ice age, and the sea as 
we know it today has been existing for about 3000 years (Funkey et al., 
2014). The size of the sea has varied as land has risen, and the current 
situation is a sea almost entirely closed. The Baltic Sea itself has an area of 
415 266 km2 and is surrounded by a large drainage region, calculated to 
about 1 720 000 km2 with a population of over 85 million people 
(BalticSea2020, 2015). The average water depth is barely 60 meters. 
Because of the large drainage area in comparison to the size of the sea, the 
Baltic Sea receives a lot of pollution per water volume (Johansson, 2006).  

The basin countries are Sweden, Finland, Russia, Latvia, Estonia, 
Lithuania, Poland, Germany and Denmark. Countries that also has some 
drainage into the Baltic Sea, but are non-coastal, are Norway, Czech 
Republic, Ukraine, Belarus and Slovakia (Helcom, 2013). The water 
inflows are mainly from the rivers Daugava (Gulf of Riga), Neman 
(Curonian Lagoon), Neva (Gulf of Finland), Oder (Gulf of Pomerania) 
and Vistula (Gdansk Bay), and the outflow is the Danish Straits (Rydén, 
2011). Also the Swedish northern rivers contributes with a large water 
inflow origin from the mountain regions. Occasionally there are some 
water flowing in from the North Sea at the Danish Straits, even though 
this seldom happens with large volumes of water (Hentzsch, 2015).  

Because of its configuration, and the turnover time which is about 30 
years, the Baltic Sea is sensitive and can easily be affected by outer 
circumstances. Its design along with a slow exchange between the pools, 
has led to a very low salinity; from 10-15 per thousand in the south to less 
than 2-4 per thousand in the far north (Johansson, 2006). The Baltic Sea 
marine ecosystem is comparatively poor in species because of the 
freshwater. Quite a few species can manage the northern and central parts 
where low salinity prevails. Species composition in the sea is relatively 
uniform, which means that it is both predictable and extremely sensitive. 
Because each species fills an ecological role, there is a risk that a local, 
regional or large-scale eradication can ruin the whole ecosystem 
(Bondsdorff, 2006). 

Human activities in the Baltic Sea basin have caused eutrophication and 
led to dramatic changes in the last decades. Changes are indicated through 
increased oxygen deficiency at the sea beds, reduced fish populations and 
widespread algal blooms, some with cyanobacteria. Blooms of 
cyanobacteria are especially problematic because they are both favored by 
eutrophication, as well as they can cause eutrophication by providing more 
nutrients to the sea. Cyanobacteria adds the sea more N, which increases 
the use of oxygen and leads to a release of P from the sea beds. The 
cyanobacteria can, unlike other algae, grow in the presence of just a small 
amount of P. That makes the release of P into the Baltic Sea an important 
parameter for eutrophication (Andersson et al, 2014). 

All surrounding countries contributes with land- and river borne 
emissions to the Baltic Sea, where the P pollution has been 30 000 – 
35 000 tons per year since 1994 (Helcom, 2013). The emissions has 
different origins, such as point- and diffuse pollutant sources as well as 
background concentrations. The main source of eutrophication are rivers 
that carry waterborne pollutions from land and ends up in the sea. 
However, it is not only the Baltic Sea that is receiving all pollutions; 20 – 
40 % of the lakes in southern Sweden and 3 – 4 % in the northern parts 
are estimated to be overfed (Havs- och vattenmyndigheten, 2013).  
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Figure 3. Anthropogenic load of P to the Baltic Sea area in the year 
of 2009 (Staaf, 2011). 
Ten percent of the water volume in the Baltic Sea is anaerobic, and the 
area with anaerobic sediments has tripled in the 21st century as a result of 
eutrophication (Havs- och vattenmyndigheten, 2013). The most 
contributing human activities to eutrophication of the Baltic Sea are 
industry, agriculture, and sewage and sea freight. In a vast majority of the 
countries surrounding the Baltic Sea, the largest problem is industry and 
agriculture. In Sweden however, the pollution from these activities has 
decreased as a result of regulations, but the individual wastewater 
emissions has expanded (Havs- och vattenyndigheten, 2013). Sweden 
release about 3 500 tons of P per year to the Baltic Sea; that is 11 % of the 
total P load from the basin countries (figure 2). Only Russia and Poland 
are worse with an annual contribution of 17 % and 42 %, respectively 
(Helcom, 2013). In the year of 2009 the burden from municipal WWTPs 
and OWT systems were almost equal (figure 3) (Staaf, 2011). The Baltic 
Sea is facing major changes, both as a result of man's negative influence, 
but also because of climate change, land uplift and changing ocean 
currents. By recycling P before it reaches water bodies, we can both 
decrease the production of new fertilizers and rehabilitate the Baltic Sea at 
the same time. 

3.4 The development of wastewater treatment – a Swedish 
perspective  

The oldest sanitary sewers that we know of today was found in Mohenjo-
Daro, Pakistan, and are assumed to have been constructed as early as 1500 
B.C. However, they were not that technically developed. Water used for 
washing and bathing was simply transported through canals sloping 
towards the river Indus, while the toilets were dry and closed. This system 
is the only known from this time period, while the next in line is the Cloaca 
Maxima in Rome. This system, which was originally only a ditch, was used 
at about 500 B.C as a collector for wastewater. When the wastewater flow 
grew, the system enlarged. The system became a canal as it was extended 
in width and roofed over. The largest part of the canal had a width up to 
3.2 m and a height of up to 4.2 m (Wiesmann et al., 2006).  

In the 19th century, the wastewater systems in countries in Europe 
discharged their water directly into rivers and canals. In the 1850´s, the 
river Thames in London had received wastewater from humans, animals 
and a growing industry for centuries. The particular summer of 1858 was 
hotter than usual which caused the sewage in the Thames to ferment in 
the sun, and human excreta literally started to cook in the river. This 
caused an enormous smell over the whole London, called the Great stink. 
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London’s drinking water was also taken from the Thames, which lead to 
a huge cholera outbreak (Lemon, 2015). This made people realize that 
poor sewage treatment could cause a health risk.  

It took quite a long time for the systems to develop in Sweden, compared 
to other countries in Europe. In the 1850’s, latrine pits was the old time 
version of a “toilet”. A latrine pit was nothing more than a hole in the 
ground located outdoors, with a barrel tucked in it. When the barrels 
became full, the excreta was either emptied and collected in masses in the 
city center of Stockholm, or shipped to farmers outside of the city to be 
used as fertilizers. Cholera and other illnesses was common as a result of 
the unconcealed waste together with the tight living conditions (Granberg, 
2008a). It took as long as until the 20th century for the sewage systems to 
really start develop in Sweden. This was needed because the population in 
the cities grew very fast. Cloaks were built which lead the untreated 
wastewater out of the city to be dumped in lakes and watercourses. 
However, water closets was still rare in the beginning of the 20th century 
and it was rather seen as comfort for the upper class. For most of the 
residents the toilets was instead dry latrines, so called outhouses, placed 
outdoors or in the attic (Granberg, 2008b). 

In the 1960s, the heavy loading of nutrients from sewage treatment plants 
made lakes and water overfed which lead to eutrophication (Pell & 
Wörman, 2008). To solve this problem, WWTPs began to take form. They 
were developed under the whole 20th century, and after the new 
environmental law in 1967 the three treatment steps of mechanical, 
biological and chemical removal was established (Almqvist et al., 2007). In 
the beginning of the 21st century a connection to the sewage system was 
obvious and the use of water is nowadays something that is taken for 
granted (Fuehrer, 2008). However, the municipal treatment system is not 
developed all over Sweden but on the countryside the treatment systems 
are instead individual. This means that the sewage water is treated on site 
and the clean water is released to a recipient nearby. There are nearly one 
million OWT systems in use in Sweden today and the load increases as 
more people are moving permanently into part-time houses, while the 
plants at the same time are getting older with a decreased efficiency as a 
result. Their design ranges from only a septic tank, to infiltration systems 
and small packaged wastewater systems with a P-reducing filter media. 
However, almost 400 000 of them does not serve a satisfying water quality 
as a result and the number is growing by about ca 15 000 more per year if 
measures are not done (Havs- och vattenmyndigheten, 2013). The 
pollution from individual wastewater treatment is much higher per capita 
than from the municipal treatment plants, and this is why onsite 
wastewater treatment has to be improved (Naturvårdsverket, 2008).  

3.5 Swedish environmental goals and legal regulation  

In the year of 1999, the Swedish parliament established 15 national 
environmental objectives with the intention of clarifying the 
environmental purpose of sustainable development (Naturvårdsverket, 
2015). In 2005 one more objective was added. Among these objectives, 
there are at least four that are prevented to succeed by poor OWT;  

No 7: Zero Eutrophication 

The root cause of eutrophication is elevated levels of nutrients in marine 
environment, which leads to increased amounts of phytoplankton and 
fast-growing algae (Moksnes et al, 2014). Individual sewage treatment is 
one of the anthropogenic activities that contributes most with nutrients to 
the sea. Nearly 400 000 of the treatment plants fails to treat the water to 
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an acceptable quality, and around 130 000 are even illegal because of lack 
of technology behind the treatment.  

No 8: Flourishing lakes and streams 

Phosphorus contributes to the eutrophication of lakes. Eutrophication 
leads to increased production of algae that give reduced water 
transparency, which affects the fish species benefit. Eutrophication also 
increase the overgrowth rate of lakes.  

No 9: Good-quality groundwater 

In areas with severe acidification or eutrophication, sensitive animals and 
plants are affected and replaced with more durable species. Even drinking 
water quality may be degraded. 

No 10: A balanced marine environment, flourishing coastal areas 
and archipelagos 

An excessive supply of N and P from agriculture, industries, clearings, 
individual sewage treatment plants and atmospheric deposition leads to 
eutrophication of the sea. This may cause changes in the ecosystem, with 
for example algal blooms and decreased oxygenation of bottom water as 
a result. Baltic Sea 2020 is a project that was started to achieve the 
environmental goal.  

Unfortunately, 14 of 16 environmental goals will not be reached by 2020 
(Havs- och vattenmyndigheten, 2013).   

In Sweden, there are a lot of regulations concerning OWT systems. To use 
an OWT system it is necessary to get a permit or a notification from the 
municipality, which is the authority that decides upon the criteria for the 
treatment, even if it is the Swedish Agency for Marine and Water 
Management that defines the general means. The owner of a property with 
an OWT system is, according to the Swedish Environmental Code, an 
operator. An operator is, by law, required to have knowledge about the 
risks that the environment and humans are exposed to through his or hers 
activities. The activity is in this case the OWT system. The operator must 
perform safeguards where necessary, seek to economise resources and 
select products that contributes with least damage to the environment. A 
property owner with an OWT system has to be aware about how the 
sewage works and what it is capable of (Havs- och vattenmyndigheten, 
2015b). 

The requirements consider the treatment efficiency of the plants in order 
to protect the environment, and somewhat the technology behind the 
plants. There are several aspects that are supposed to be protected by these 
regulations; lakes and streams, groundwater and drinking water wells, as 
well as human health. The requirements differs somehow depending on 
the geographical location. The Swedish Environmental Protection Agency 
(Naturvårdsverket), which was the former authority of OWT systems, 
suggested the following requirements in the year of 2006: 

Basic Requirements:  

 Storm- and drainage water is not to be connected to the sewage system 

 The wastewater plant is tight enough to prevent leakage 

 The function of the plant has to be easy to control 

 The treatment plant has to be designed in a way that makes 
maintenance easy   

 The plant has to be supplied with an alarm function that tells if 
something is wrong (only when needed) 
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 It must be possible to sample and test the outlet water. 

For the protection of the environment there are two categories; normal 
and high. The following should be implemented in a normal protected 
area:  

 Phosphate free detergents has to be used 

 90 % reduction of BOD (30 mg/l in the outflow water) 

 70 % reduction of Tot-P (3 mg/l in the outflow water) 

 Enables recycling of nutritional substances from wastewater fractions 
or other residues 

 Measures are taken to minimize the risk of infection or other nuisance 
for animals 

For high protected areas the following is required in addition:  

 90 % reduction of Tot-P (1 mg/l in the outflow water) 

 50 % reduction of Tot-N (40 mg/l in the outflow water) 

Until today, there are no defined limit values for the discharge of 
contagious contaminants, but it is only said that the risk for human health 
should be minimized as far as possible. 

4 PART II  -  OWT  SYSTEMS 

4.1 Characterization of Swedish wastewater 

Wastewater transports different particles like free ions, organic and 
inorganic complexes, colloids, pseudocolloids and other particles 
(Renman, 2013). Most substances that occur in wastewater are found 
naturally in the environment, but when the concentration reaches a certain 
level they become toxic to the environment. According to Lundgren 
(2005) there are around 30 000 different chemicals that can be used in 
households. In addition to these there are metals, nutrients, 
pharmaceuticals and more to be found in wastewater. However, this 
variety of substances is suggested for a municipal wastewater where water 
from activities such as medical care, carwashes and minor industries are 
mixed with wastewater from households, as well as drainage water from 
roads and other hard surfaces where many of the metal and inorganic 
compound originates from (Magnusson, 2003; af Gennäs, 2011). An 
individual treatment plant receives less inorganic compounds and metals. 

Household water composition can be specified with physical, chemical 
and biological parameters. Physical parameters can be color, odor, density, 
etc. Chemical parameters are the part of organic material present in the 
wastewater, which is measured with the COD (chemical oxygen demand) 
and BOD (biological oxygen demand) concentrations. Other parameters 
that may be of interest is pH, alkalinity, conductivity, metal content, and 
the content of the nutrients N and P. Biological parameters that are 
important are micro-organisms and pathogenic content (Magnusson, 
2003). 

Table 2. Characterization of Swedish wastewater. 
Substance 

 

Greywater Urine Faeces Total 

g/p,d mg/l g/p,d mg/l g/p,d mg/l g/p,d mg/l 

BOD 

 

28.0 175 5 31.25 15 93.75 48 300 

Total nitrogen,  
N 

1.0 6.25 11.0 68.8 1.5 9.38 13.5 84.4 

Total 
Phosphorus, P 

0.55 3.44 1.0 6.25 0.45 2.81 2.0 12.5 
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Both municipal WWTPs and OWT systems are mainly made to reduce 
the levels of nutrients in the water to prevent eutrophication (Levlin et al., 
1996). Oxygen-consuming materials must not be released to the recipient 
either. The treatment plants are not designed to take care of all the 
substances present in the wastewater, such as metals or pharmaceuticals, 
why some of these substances are unintentionally released to the recipient. 
The best way to reduce the content of heavy metals and organic pollutants 
in sludge and treated wastewater is to limit them at source, that is, to make 
sure that they never reach the drain. Once mixed with water, they are much 
more difficult to eliminate (Björlenius & Wahlberg, 2005). 

A compilation of several investigations about wastewater characterization 
has been made, and the resulting numbers serves as a basis to the 
arguments in this thesis (Gomez, 2015; Magnusson, 2003; 
Naturvårdsverket, 1995; Naturvårdsverket, 2006) (table 2). For mg/l it has 
been multiplied with 160 liters per person and day (Unger, 2015). The 
amount of organic material, N and P in wastewater can be divided on 
different origins and the total concentration is the characterization of the 
inlet water to the sewage system.  However, this concentration is only valid 
as an average during 24 hours when both toilet water and greywater is 
used. If other assumptions are made, this is further motivated. The 
concentrations in an OWT system is usually higher than in municipal 
WWTPs since less water use is common. Another reason for “thicker” 
water is that there is usually no drainage water entering the system. It is 
important to point out that that a typical characterization of a sewage 
water is never to be found, as was also stated by Magnusson (2003). 
Numbers are only indicative and mean values, as wastewater 
concentrations can be very individual depending on eating habits and 
other substances that are flushed down the toilet. They also vary during 
the hours of the day and this is why standard values are usually used.  

 BOD 

BOD, biochemical oxygen demand, is a measure of how much oxygen 
that organisms use to reduce biologically active organic material in a body 
of water. It is measured in weight oxygen per volume (usually mg O2/l), 
and it is measured for a time period of either five or seven days. The higher 
concentration, the more organic substances there is in the water. In 
primary wastewater treatment, physical separation is used to lower the 
BOD value, where suspended solids are removed from the water by 
settling. Secondary treatment is done biologically by letting 
microorganisms decompose organic material, which also reduces the 
BOD value. These processes can be aerobic or anaerobic. Tertiary 
treatment remove the last inorganic compounds and pathogens by 
chemical processes.  

The reason why BOD should not be released in too high concentrations 
is because such water contains less oxygen since it is required to 
decompose the organic material. Less oxygen in watercourses and lakes 
can cause the death of sea beds, fishes and other water living organisms 
(Hübinette, 2009).  

 Nitrogen 

Nitrogen is a nutrient that is needed for plant growth, but an excess of it 
can create an overgrowth of plants. This problem can lead to 
eutrophication of lakes and streams and also in fishes being killed because 
of low presence of oxygen in the water. N is removed from sewage water 
in two biological processes: nitrification and denitrification (Magnusson, 
2003).  
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Nitrification oxides ammonia to nitrate. This is an anaerobic process in 
the presence of Nitrosmonas (eq. 1) and Nitrobacter (eq. 2) (Falk & Hansson 
2002).  This process somewhat increases the BOD concentration.  

2 𝑁𝐻4
+ + 3 𝑂2 ↔ 2 𝑁𝑂2

− + 4 𝐻+ + 2 𝐻2𝑂      (1) 

2 𝑁𝑂2
− + 𝑂2 ↔ 2 𝑁𝑂3

−            (2) 

Denitrification transforms different forms of oxidized N to molecular N 
by adding electrons, usually with a carbon source. Nitrate is simply 
transformed to the gaseous form of N, which can then leave the WWTP 
by air. This is an anaerobic process which means no oxygen is used. This 
process reduces the BOD concentration. The bacteria Pseudomonas and 
Thiobacillus are involved in the process (eq. 3).   

𝑁𝑂3
− +

5

6
𝐶𝐻3𝑂𝐻 →

1

2
𝑁2 +

5

6
𝐶𝑂2 +

7

6
𝐻2𝑂 + 𝑂𝐻−    (3) 

 Phosphorus 

Phosphorus in wastewater occurs both in soluble form and in particulate 
form. After sludge separation, P is present as orthophosphate by 75 – 100 
% (Liss, 2003). Removal of P from wastewater is a common strategy to 
control and prevent eutrophication. It is done mechanically, biologically 
and chemically, where chemical removal is the most important process. 
Mechanical removal occurs when wastewater is filtered through for 
example an infiltration system and it is mainly the particulate forms that 
are removed from the water. Biological removal intends uptake of 
phosphate when microorganisms or plants are building up biomass. The 
growth rate is affected by the access of oxygen, temperature and fouling 
area (Eveborn et al., 2009). Chemical mechanisms converts the P ion into 
a solid fraction (Pell & Wörman, 2008). P is bound to other surfaces by 
chemical sorption, ion exchange reactions and precipitation reactions 
(Bäärnhielm, 1993). The precipitation reactions are utilized by adding 
chemicals, usually ferric or aluminum, to the wastewater. It can also be 
achieved by distributing the wastewater on a sand- or reactive filter 
material where P can react with different hydroxides, oxides and similar 
minerals containing aluminum, calcium or iron. In acidic soils, P adsorbs 
to aluminum or ferric compounds and in neutral or alkali soils, P is bound 
to different types of calcium compounds, such as calcium oxide, CaO.  

 

 
Figure 4. Different ways to design an OWT systems in Sweden 
(Redrawn from Lymeus, 2010).  
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4.2 System designs that are commonly used in Sweden 

Lymeus (2010) suggested that the sewage treatment system can have 
various components and designs, and the number of the techniques are as 
many as there are sanitary engineers. OWT systems are usually designed 
to have primary, secondary and tertiary treatment (figure 4). In this section, 
the function and installation of the systems is described, common 
problems are brought up and also how to they can be prevented. Some 
problems with the systems are more important and acute than others, 
which will also be discussed in section 6, “Results and discussion”, as a 
part of their reliability. 

 Primary treatment 

Primary treatment is mechanical and the purpose is to remove large and 
non-degradable particles, for example particles containing lignin, synthetic 
fibers, plastics and mineral particles (Palm et al., 2002). Sludge with high 
density particles settles, while oil and grease rise to the surface and forms 
a flock.  

Septic tank 

A septic tank is used as pre-treatment for sewage water and is required for 
any OWT system (Cederlöf, 2003a). The most important function for a 
septic tank is to separate large particles from the water so that the 
following treatment can operate without disturbances (Palm et al., 2002). 
However, a lot of the pollutants are dissolved in the water, which means 
that there is only a small fraction of the incoming contaminants that gets 
caught in the sludge. The design of a septic tank can differ between 
manufacturers, but the function is decided by European Standard and 
addresses water tightness, capacity, material and hydraulic efficiency 
(Svensk standard, 2000). The size of the septic tank can vary depending 
on how many households that are using it, what type of water that is 
treated (only greywater or both greywater and toilet water) and what kind 
of treatment method that is used afterwards. The septic tank is mainly 
applied as an individual component in an OWT system, but in some 
packaged wastewater systems it is integrated. The most frequently used 
septic tank is the one with three chambers (figure 5), even if other designs 
are available with the same, or better, function (Lymeus, 2010). Normally, 
a volume of 2 m3 per household is required.  

To maintain the operation of a septic tank, the sludge has to be removed 
from one up to several times per year, depending on sludge production. 
The most common problem with a septic tank is sludge escaping from the 
tank and ending up in the subsequent parts of the system, which occurs if 
the tank gets overloaded (Hübinette, 2009). Sludge loss affects the other 
parts of the system negatively. Sludge can clog both soil treatment systems, 
such as infiltration systems and sand filter systems where the presence of 
sludge also affects the biological processes, but also tertiary treatment such 
as filter materials. Problems like these are typical for households which has 
changed from part time homes to full time, as well as systems that have 
been exposed to overflow. The load on the system increases but the septic 
tank is not dimensioned for a higher flow. The problems with sludge loss 
can be prevented by dimensioning the septic tank for the correct water 
flow or increasing the intervals of the sludge discharge (Ridderstolpe, 
2009). However, there is a small amount of bacteria living in the sludge in 
a septic tank, operating to break down organic matter. If all sludge is 
removed when the tank is emptied, the bacteria will also disappear. This 
can lead to an inferior reduction for a limited time period. However, 
leaving a small amount of sludge can support the growth of new bacteria 
and therefore maintain the biological function.   



Optimizing resources – studying ways to recycle phosphorus from onsite wastewater treatment plants 

 

15 
 

 
Figure 5. Typical design of a septic tank with three chambers. 
If the water level in the septic tank is too low, water will not be able to 
leave to the next compartment in time which is a possible cause to 
problems with odor.  The phenomena can also result in a situation where 
floating sludge escapes from the first chamber and ends up in other parts 
of the system. Reasons for this problem could be a leaking tank, too little 
flow in relation to the size of the tank, or it can happen right after a septic 
tank has been emptied (Ridderstolpe, 2009). A leaking tank should be 
tightened or replaced. 

If pipes in the tank or in any of the following treatment steps are clogged, 
backflow might occur. This can also happen if the following treatment is 
incompatible to a certain flow rate. The systems should always be designed 
for the particular flow of the household which can be a problem especially 
if a system gets a new owner. 

All problems are though not to be blamed on the septic tank. Backflow 
and full tanks might as well occur if for example a soil treatment system 
has problems with the infiltration, if the distribution pipes are clogged or 
if there is something wrong with the inspection well. 

 Secondary treatment 

Secondary treatment is designed to remove biological matter from the 
wastewater. The water is treated by different types of microorganisms and 
bacteria that reduce N, small amounts of P and BOD. The bacteria 
operating in the biological step is very sensitive and can easily be inhibited 
or poisoned by different substances in the effluent (Wahlberg et al., 2010). 
These are explained further in section 4.4, “Substances that further affects 
OWT systems and the environment”. 

Soil treatment systems – Infiltration systems and sand filter systems 

Soil treatment systems represents almost 60 % of the onsite wastewater 
treatment systems in Sweden. In soil treatment systems the water is 
purified by flowing through soil layers that are either natural or 
landscaped. This step follows after a septic tank and the water is 
distributed on the bed by pipes (Cederlöf, 2003b). The bed reduces 
substances mechanically as larger particles are getting stuck in the bed, 
biologically by the presence of microorganisms, and chemically by the 
reactive surfaces of the soil particles (Eveborn et al., 2009). A soil 
treatment system reaches a satisfying biological treatment efficiency after 
1 – 1.5 months. If a system has not been used for some time, which is the 
case for non-permanent houses, an adequate function is resumed after 
approximately one week (Ejhed et al., 2012).  
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Figure 6. Classic design of an infiltration system. 1. Inlet pipe 2. 
Septic tank 3. Distribution well 4. Infiltration system 4a. 
Distribution pipe 4b. Drain layer 4c. Filling material 4d. Aeration 
well. 

Infiltration system is the most frequently used system in Sweden (figure 
6). In an infiltration system, water is purified by flowing through natural 
soil layers until it reaches groundwater. This system can only be used if the 
geology in the area has suitable hydraulic properties for percolation and if 
the groundwater table is deep enough, which minimizes the risk for 
groundwater contamination. To determine this, soil samples has to be 
taken and in some cases a hydrogeological investigation has to be 
performed. The bed can either be open or closed on top, and the function 
is depending on the soil structure (Ridderstolpe, 2009 for several 
illustrative examples). Open beds usually receives a heavier load of excess 
water than closed (Eveborn et al., 2009).  

The outlet water is not sampled in an infiltration system and it is thus not 
possible to test its composition. A good knowledge about the hydrology 
in the area is very important when deciding upon this system. More about 
infiltration systems can be found in Cederlöf (2003a).  

Sand filter system is constructed similar to infiltration systems, but 
instead of letting the water infiltrate through the natural soil layers and 
reach the groundwater, the bed is landscaped with layers of soils having 
different hydraulic properties, mainly sand and draining layers (figure 7). 
However, the exact design and building materials can vary (Ridderstolpe 
2009 for illustrative examples). The subsurface is sealed with an 
impermeable layer and has a slope of approximately 1 cm per 100 cm (1 
%) so that the water can travel through the bed (Cederlöf, 2003a). It is 
important that the slope is not too steep since the treatment efficiency is 
reliant on a certain retention time. The bed should be unsaturated to 
uphold the biological processes. At the end of the bed the water is 
collected in an outlet pipe and further released in a ditch or a surface water 
system. It is also possible to have further treatment after the collecting 
point, such as a wetland or a filter with P-reducing media.  

The reduction of BOD and bacteria can be assumed to work properly as 
long as the hydraulic function of the bed is maintained, which requires a 
non-saturated bed. The hydraulic flow in the bed is depending on the 
siltation of the surface that occurs from the biomass developed by nutrient 
rich water. The chemical processes are liable on the biological processes 
since the water needs free particles to bind P. This indicates that the 
chemical processes decreases with time, in contrast to the biological 
processes that becomes more efficient as the biomass grows. A saturated 
bed can be discovered if water stands in the distribution pipes for a longer 
time. Also, if the outgoing water is colored or smelly, a clogged bed might 
be the reason (Ridderstolpe, 2009).  

An irregular load on the bed is common if the sewage water is not spread 
evenly, which in turn can lead to a reduced treatment efficiency (Eveborn 
et al., 2009).  Also, root penetration, frost blasting, weathering and erosion 
are mechanisms that can cause deterioration in bed hydraulics. In the 
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longer term, there is reason to believe that irregularities occur in beds, and 
that the water will percolate in preferential paths through the bed as the 
age increases. The risk for a saturated bed, as well as the risk for irregular 
loading, states that the bed has a certain lifetime. According to 
Ridderstolpe (2009) the lifetime is probably around 20 years when using 
an additional P-reducing treatment, and the bed should be replaced before 
the function becomes too low.  

In a study conducted by Eveborn et al. (2009) the sorption mechanisms 
and reduction capacities of P in infiltration systems was investigated, with 
the result that their function is poorer than what was earlier asserted. This 
has been further claimed by inter alia Palm et al. (2002) and Liss (2003). 
In addition, the efficiency to reduce pollutants usually decrease by time, 
why risk for groundwater contamination increases for old systems. Similar 
conclusions has been drawn about sand filter systems where the efficiency 
can differ, especially for N. It has also been presented that the P reduction 
can vary between 5 % and 80 % for different installations (Palm et al., 
2002; Havs- och vattenmyndigheten, 2013). According to Palm et al. 
(2002) there are probably a lot of sand filter systems that didn’t work as 
promised even when they were new, why there is a reason to believe that 
a proper installation is very important. This means that the soil treatment 
systems in general are perceived as unreliable, and the older in particular. 
In the year of 2012, the number of soil treatment systems at the age of 15 
years or older was approximated to 450 000 (Havs- och 
vattenmyndigheten, 2013). One reason to a reduced reduction capacity in 
soil treatment systems is that rainwater might infiltrate and affect both the 
absorbing surfaces as well as the biological acitivity, which is negative for 
the reduction of nutrients. As well as it can receive excess water the top, 
sand filter systems can also release water from the leak from below if they 
are not sealed. The outlet water in an infiltration system cannot be 
controlled and thus preventing actions are limited. The purified water is 
directly released into the groundwater, whose circulation often is low. Any 
interference from sewage discharge will therefore not be detected until the 
quality of the groundwater, which in many cases is used as drinking water 
in rural areas, is affected. 

A proper installation seems to be very important, especially for sand filter 
systems, and it can prevent situations where low reduction occurs as a 
problem. It is important that the distribution pipes and the control well 
are easily accessible. Controlling these parts decrease the risk for a non-
functioning bed, since the most common problem with a sand filter 
system is clogged pipes (Ridderstolpe, 2009). Flushing of pipes should be 
done regularly to prevent this problem.   

 
Figure 7. Classic design of a sand filter system. (1 & 2, Inlet pipe 
and septic tank as in infiltration system) 3. Distribution well 4. Sand 
filter system 4a. Distribution pipes 4b. Drain layers with different 
grain sizes 4c. Aeration well 4d. Collection pipe 5. Collection well 
(not mandatory) 6. Outlet pipe. 
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Packaged wastewater systems 

Packaged wastewater systems are designed to mimic large scale WWTPs. 
The packaged plant itself usually has the property of secondary treatment 
(biological) and sometimes also a tertiary treatment (chemical). The water 
is mechanically pre-treated either in a separate septic tank, or in an 
integrated compartment in the packaged plant. Packaged wastewater 
systems is an expanding market and the number of designs and techniques 
grow each year. The largest alteration among the different brands is the P 
reducing step and if it can bare an uneven loading. Packaged plants are 
usually dimensioned for one household (Palm et al., 2002). Most of the 
plants are primarily constructed to separate organic material and P from 
the wastewater, while they usually have a lower capacity to reduce N and 
bacteria (Rivera & Granath 2013). There are mainly two different 
operating technologies behind a packaged wastewater system; SBR and 
continuous flow. Membrane technique is a relatively new technology that 
is growing in Sweden, but because of lack of data this technique will only 
be mentioned at the slightest in this thesis.  

SBR is an abbreviation for Sequencing Batch Reactor, which is a 
technique that uses activated sludge and is based on a cycle where a batch 
is filled and drawn (figure 8) (Mace & Mata-Alvarez 2002). It usually has 
biological removal in terms of nitrification and denitrification, and it 
operates with aeration and sedimentation. A batch can be operated for 
different time sequences and there are often two to three of these per 24 
hours (Hübinette, 2009). The process takes place in only one tank which 
makes it area efficient. These systems have the advantage to adjust to 
variations in pollutant concentration. They have also appeared more 
robust and flexible than continuous flow, since the same volume of water 
is treated every time (Palm et al., 2002).  

Continuous flow systems are constructed to treat the water in several 
sections. The wastewater is led from a septic tank - either integrated in the 
plant or a separate step - to the reactor tank continuously, where the 
biological and/or chemical processes take place (figure 9) (Lymeus, 2010). 
The biological tank is aerated, also continuously, in order to break down 
bacteria and degrade organic matter. The biological step can be carried out 
in several ways; by the activated sludge method where sludge is pumped 
back to the aeration step, or by the use of “drained biobeds” where 
microorganisms creates a film on a support material (Rivera & Granath 
2013). 

 
Figure 8. The cycle of a SBR system. 
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Figure 9. Example of a continuous flow system.   
Membrane technique is a relatively new technology in both OWT 
systems and large-scale WWTPs. The system is based on the fact that the 
water is filtered through semi permeable membranes with help of 
hydrostatic pressure. Membrane technology can be a very effective 
cleaning method, provided it is used correct. In Sweden, there is only a 
couple of packaged plant manufacturers whose cleansing process involves 
membrane technology today (Lymeus, 2010).  

The P reducing steps that are used in packaged wastewater systems are 
chemical precipitation and P-reducing filter media: 

Chemical precipitation - Chemicals are added through a dosing 
equipment in the packaged plant or under the sink in the house to 
precipitate P in the septic tank in order to precipitate P. The amount of 
chemicals is depending on the incoming water quality and water flow. See 
section 4.2.3, “Tertiary treatment (phosphorus reducing complements)”. 

P-reducing filter media - In some packaged wastewater systems a P-
reducing filter media is either integrated in the plant, or it can be installed 
after the plant if less chemical use is preferred. See section 4.2.3, “Tertiary 
treatment (phosphorus reducing complements)”. 

Some packaged wastewater systems includes all three cleaning steps, some 
are mechanically-biologically, some are biologically-chemically and some 
are mechanically-chemically (Lymeus, 2010). Packaged wastewater 
systems are usually compact which means that they can be installed almost 
anywhere. It is easy to control their function since all parts in the plant 
usually are easily accessible, and there is only one outlet. However, some 
plants might require regular service and maintenance.   

The outlet water from a packaged wastewater system is in several 
municipalities required  undergo some sort of post-treatment due to the 
fact that the majority of earlier studies in the area have shown that the 
function of the plants is often flawed. Reasons for an incomplete 
treatment may be that the precipitation chemical has not been replaced in 
time or that maintenance not has been carried out. Post-treatment, or 
polishing steps, involves an additional purification step and is installed 
after the main treatment. Polishing steps can reduce bacteria or elevated 
levels of P (Sylwan, 2011). Examples of post-treatment is a P-reducing 
filter media, wetland, pond, sand filter system and infiltration. Some 
packaged wastewater systems already ends with a P-reducing filter media 
or a soil treatment system, and in these cases they do not need further 
polishing steps. 

From a supervision made by Hübinette (2009) it could be found that many 
of the observed packaged plants had a poor reduction of microorganisms. 
Several had to be supplemented with a polishing step to solve this 
problem.  

The wide range in technology implies that their reduction is very varied, 
and it has been shown that the reduction of especially N is a problem for 
several brands on the market (Lymeus, 2010; Palm et al., 2002; 
avloppsguiden, 2015). This is probably due to the differences in aeration 
techniques, support material for the bacteria, size etc. As was proposed in 
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Hübinette (2009) it takes 6 – 12 months before a complete reduction of 
N can be achieved. Aeration of the biological step is necessary for the 
treatment to work properly since it induces biological decomposition of 
N pollution. If the aeration step doesn’t work, for example during a power 
failure or a shortcoming installation, the reduction of N and BOD will be 
incomplete. In the same supervision it was discovered that several 
packaged plants suffered from inadequate aeration systems. Even though 
this problem is solved it might take up to a couple of weeks until the 
biological treatment is running with satisfaction again.   

A flow consisting of only greywater has shown to be too meager in 
nutrients to keep up the biological process in the plants (Hübinette, 2009). 
The bacteria simply cannot live on too little nutrients. This is a problem 
that can occur when the wastewater origin from part-time households. 

All packaged wastewater systems normally requires a certain maintenance 
to ensure a good function since there is advanced technology behind the 
plants (Hellström et al., 2003; Palm et al., 2002; Hübinette, 2009). It is 
often possible to sign a service agreement with the manufacturer which 
usually means supervision and, when needed, exchange of moving parts. 
However, service once a year does not guarantee that a packaged plant will 
keep up a full treatment capacity for the rest of the year, but is in many 
cases based on control by the owner and regular refilling of chemicals 
(Hübinette, 2009). A positive subject is that all moving parts are usually 
easily accessible since the plant is compact, which simplifies control.   

Maintenance of packaged plants is often referred to as simple by owners, 
probably due to that maintenance which should have been carried out, not 
have been executed (Sylwan, 2011).  

 Tertiary treatment (phosphorus reducing complements) 

Tertiary treatment is chemical and considers reduction of P. It is based on 
the chemical reaction of precipitation and sorption. P has a strong 
propensity to bind to (transition) metallic ions like iron, aluminium and 
cadmium, but also to alkaline earth metal ions such as calcium 
(Bäärnhielm, 1993).  

Chemical precipitation 

Precipitation with a chemical liquid is a common method to treat 
wastewater from P. The method was first used in large scale wastewater 
treatment after which it has simply been transmitted to small scale 
wastewater treatment. The chemicals that are used are often ferric- or 
aluminum compounds and there are several to be found on the Swedish 
market. They are dosed in either the septic tank or under the sink inside 
the house if the following treatment is an infiltration system or sand filter 
system, or directly in a packaged wastewater system if such is used. A 
dosing equipment is installed inside the house or outside in the septic tank, 
which means that electricity is needed. The chemicals reacts with P and 
forms flocks, which then gets stuck in the sludge (Palm et al., 2002). Eq. 
4 and eq. 5 shows how the precipitation of P can be simplified when using 
a ferric or aluminum chemical compound (Tchobanoglous & Burton 2002 
in Bladfors 2004): 

𝐴𝑙3. + 𝐻𝑛𝑃𝑂4
3.  𝑛 ⇿ 𝐴𝑙𝑃𝑂4 + 𝑛𝐻.           (4) 

𝐹𝑒3. + 𝐻𝑛𝑃𝑂4
3.  𝑛 ⇿ 𝐹𝑒𝑃𝑂4 + 𝑛𝐻.         (5) 

Theoretically, one mole of Al or Fe is needed to precipitate one mole P. 
However, there are several other factors that affects the precipitation in 
practice, such as pH and alkalinity. It is therefore not possible to calculate 
how much chemicals that are needed in beforehand but the wastewater 
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has to be tested (Bladfors, 2004). A good knowledge is required from the 
user since the dosing is a very sensitive treatment step. 

Chemical precipitation tends to create up to 40 % more sludge 
(Avloppsguiden, 2015). As sufficient residence time in the septic tank is 
an important factor for the precipitation it is not adequate to empty the 
septic tank more often to compensate for a smaller volume, but a larger 
tank might have to be installed (Avloppsguiden, 2015). 

Different chemicals and their content has not been compared in this thesis 
because lack of data. 

The most frequent problem can be derived to the dosing of chemicals 
since the amount in relation to the P content is very sensitive, which has 
been proposed by professionals in the field and was examined in a 
supervision by Hübinette (2009). As a part of the supervision, 
manufacturers were allowed to comment on the results, where several 
mentioned the dosing of chemicals as a problem. Firstly, a correct 
instantaneous amount of chemicals is necessary to achieve equilibrium 
between the chemicals and P.  Secondly, the chemicals have to be refilled 
several times per year to attain a complete reduction of P.  On the other 
hand, an overdose of chemicals lowers the pH in the water which leads to 
reduced biological processes. The incoming concentrations is crucial for 
the precipitation which indicates that the dosing has to be optimized for 
each household. The characterization of wastewater might shift with time 
due to varying amount of users as well as water amount used, which 
complicates the use of this method (Österberg, 2012).  

The chemicals can either be automatically dosed in relation to water flow, 
or dosed by the user, where the latter leads to more maintenance than 
what is usually wanted.  When using flow control, the dosing equipment 
must be installed so that all incoming water to the sewage system is 
registered. 

The increase of sludge production requires a larger septic tank than what 
is usually used and if chemicals has not been used in an OWT system 
earlier this has to be considered. Using a too small septic tank will most 
certainly lead to sludge escaping from the tank.   

P-reducing filter media 

P-reducing filter media, which is a kind of reactive filter material, are used 
to reduce P in sewage by chemical sorption. Chemical sorption means that 
P reacts chemically to the surfaces of the material which the wastewater 
flows through (Palm et al., 2002). The most important parameters for P 
sorption to filter materials has shown to be grain size distribution, pH, 
specific surface area and content of aluminum, iron or calcium ions (Ádám 
et al., 2006). Filter materials that are currently available on the Swedish 
market consists mostly of calcium and silica (Gustafsson et al., 2011). The 
two most frequently used materials today are Filtralite-P and Polonite. For 
these materials it is the amount of calcium together with pH that are the 
most important parameters for P sorption. Phosphate in wastewater can 
be precipitated by the following reaction (eq. 6) when pH is over 10 (Stark 
2004): 

5𝐶𝑎2+ +  7𝑂𝐻− +  3𝐻2𝑃𝑂4
−  →  𝐶𝑎5𝑂𝐻(𝑃𝑂4)3 + 6𝐻2𝑂 (6) 

Another precipitation is hydroxyapatite (eq. 7), which requires high energy 
to form. This reaction lowers pH in the material.  

5𝐶𝑎2+ +  3𝐻𝑃𝑂4
2− + 𝐻2𝑂 ↔  𝐶𝑎5(𝑃𝑂4)3𝑂𝐻 + 4𝐻+  (7) 
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Amorphous calcium phosphate (eq. 8) can be precipitated in the materials 
when the pH is high. The precipitation crystallizes with time and forms 
other calcium phosphates (Eveborn et al., 2009). 

𝐶𝑎3(𝑃𝑂4)2 (𝑠) ↔ 3𝐶𝑎2+ + 2𝑃𝑂4
3− log ks = - 27.94   (8) 

A filter is usually placed after biological treatment to avoid the presence 
of organic matter in the filter and prevent biofilm from blocking the 
reactive surfaces of the filter material. P-reducing filter media are usually 
robust and has a low malfunction rate, as long as they are correctly 
installed (Avloppsguiden, 2015). The materials are adaptable and can be 
installed after any biological treatment that has a united outlet. A decent 
pre-treatment, especially considering BOD, prolong the life of the 
materials (Nilsson et al., 2013). Both Polonite and Filtralite-P has a high P 
removal efficiency and excellent bacteria removal (Jenssen et al, 2010; 
Renman et al., 2004 in Cucarella et al., 2008). What limits the lifetime of 
the materials are the total water volume flowing through the filter.  

Filtralite-P is a Norwegian material consisting of burnt and crushed clay, 
doped with limestone. The material can be used to treat wastewater 
mechanically, biologically or chemically and the particle size ranges from 
0 mm (powder-like) to 20 mm, depending on layout and use. The media 
has been frequently investigated for its treatment capacity in constructed 
wetlands (Ádám et al., 2006; Ádám et al, 2007; Jenssen et al, 2010). The 
high range in grain size results in a varying porosity and hydraulic 
conductivity. The filter is installed after pre-treatment and the requirement 
is 40 m3 per household, which makes the use of it similar to a soil 
treatment system. However, the filter could be made smaller and changed 
more frequently (Føllesdal, 2005). The recommended volume of material 
makes the time of use 10 - 15 years before it has to be excavated and 
replaced (Saint-Gobain Weber, 2015). 

Polonite is heated and crushed Opoka with an optimized particle size of 
3-6 mm and a porosity of 45 %. According to Renman & Renman (2010), 
finer fractions give a higher P-sorption capacity but also lower hydraulic 
conductivity. The retention time is an important parameter - P-sorption 
takes a few seconds when the material is fresh but as the filter capacity 
deteriorates, the process extends (Stark, 2004; Österberg, 2012). The high 
pH makes the treated water more or less free from bacteria. A volume of 
ca 0.8 m3, 500 kg, per household is used and the changing intervals are ca 
3 years, depending on how many that are using the system. The small 
volume makes the material easy to handle (Renman & Renman, 2010; 
Gustafsson et al., 2008). 

The most common problem with Polonite seems to be clogged filters. 
This problem occurs as a result of sludge escaping from previous 
treatment steps, which ends up in the filter material and changes its 
hydraulic conductivity (Gomez, 2015). To prevent this the filter could be 
installed when the biological treatment has been running for some time 
since the bacteria in the biological treatment needs a start-up time, which 
was also discussed with Hallberg (2015). As the filter is designed today, 
where water is transported through the filter from below, it can be difficult 
to detect sludge loss before it has clogged the material. If water is instead 
inserted from the top of the filter, problems with organic material are 
easier to detect and the filter is at the same time easier to clean.   

Clogging of filters can be prevented if they are designed as a two-layer 
filter; a coarser material at the bottom of the filter to catch any organic 
material from pre-treatment steps and the original fraction of Polonite at 
the top of the filter. The fractions should be separated by two bags which 
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thus has to be permeable Alternatively, if the water is distributed from the 
top of the filter, a coarser material can be added in the uppermost part of 
the filter and no bag between the fractions would be needed.  

Preferential flow can appear in the filter after a few years in use if some 
parts of the filter has been clogged with organic material. Early canals 
could be possible to prevent by saturating the filter with pure water before 
use, which also could favor a more even water flow in the filter.  

The Filtralite-P system is usually constructed with several different grain 
sizes to avoid clogging, but also to receive a biological treatment. A pre-
filter is installed with a coarser grain size which should be scraped to avoid 
a thick biofilm. Since this material is doped with lime it might precipitate 
at the outlet, which has to be removed frequently (Føllesdal, 2005).   

In some cases a filter has become hard and impermeable. This problem is 
also assigned high content of organic material. Other possible reasons for 
this condition could be the presence of hard water. Hard water means a 
high content of calcium which might trigger precipitation of calcite 
(CaCO3).  Hard water was a problem for clogging of pipes in Denmark at 
a pilot plant containing Filtralite-P (Føllesdal, 2005).  

As earlier mentioned it is the total water volume passing through the 
material that limits the function of the filter. Until today, the method to 
decide upon time for replacement of the material has been to estimate an 
average water volume per person and day, or to measure pH of the water 
leaving the filter material since pH has been found to indicate the status 
of the filter. However, since both methods are only indicative a more 
correct approach would be to install a water meter that measures 
accumulated water flow through the filter. It can thus be avoided that a 
functioning filter is unnecessarily replaced and an optimized amount of P 
can bound to the material. This method was also suggested by Renman & 
Renman (2010).  

Both filter media results in high pH in the outlet water. This is usually not 
a problem since water flow from OWT systems are very small and when 
discharged in a ditch or a water course, the water dilutes quickly. Many 
waters in Sweden are acidic and these are rather favored by a slight increase 
in pH. However, high pH can be harmful when a large amount of water 
is treated and a pH reduction can then be necessary. pH in water reduces 
when it comes in contact with air and a high pH can therefore be 
controlled by building a small pond after the filter, some sort of aerating 
step with the same function as a fountain or a constructed bed with 
macadam and gravel. The pH in the outlet water is high (ca 11-12) during 
the first 4 months, after which it decreases and ends up around pH 8.  

 Polishing steps 

These types of constructions are built to imitate natural circumstances. 
They are mainly constructed as a last polishing step to remove the last 
nutrients and they are usually area consuming.  

Infiltration system 

See section 4.2.2, “Secondary treatment”. 

Wetlands/Dams/Root-zone systems 

Wetlands are areas where water is present straight below, in or above the 
ground surface. Wetlands are characterized by their usually high 
biodiversity. Wetlands can be either natural or constructed, and when a 
natural wetland is used for sewage water treatment, water should flow 
above ground the whole year.  



Maria Sammeli                                                               TRITA LWR Degree Project 2015:30 

 

                                        24 
 

 
Figure 10. Principle of a constructed wetland. 1. Inlet pipe 2. Mesh 
with rock for spreading the water 3. Wetland plants 4. Layers of soil, 
sand or other filter material 5. Plastic liner 6. Mesh with rock 7. 
Outlet pipe. 

Natural wetlands can have several input sources and the water depth can 
vary (Gearheart et al., 2004). The treatment is based on decomposition of 
organic material and uptake of nutrients in the presence of bacteria, algae, 
fungus and other microorganisms, as well as ab- and adsorption of P to 
soil particles. The plants in a wetland have many uses; they can take up 
nutrient for their own growth, they create a large area for bacteria to grow 
on and they help sludge to settle so that the outflow water becomes clean. 
After being treated in the wetland, the clean water flows to a surface water 
recipient (de-Bashan & Bashan, 2004). 

Constructed wetlands are designed to operate as natural wetlands, and 
involves soil and wetland plants with their microbial assemblies (de-
Bashan & Bashan, 2004). However, they are designed to operate in a more 
controlled way than natural wetlands. They can be constructed for the 
purpose of only treating wastewater, but also for habitat wildlife and 
having a large biological diversity as well (EPA, 2015). Constructed 
wetlands can be either subsurface flow systems or free water surface 
systems. Subsurface flow systems are kept below surface where water can 
run through a permeable media, for example crushed rock, sand or soil 
(figure 10). The wastewater is distributed in the wetland via a manifold. 
Wetland plants are growing in the system, with their roots in the 
permeable media. This system prevents odor and other nuisance problems 
and aquatic macrophytes plays an important role in the treatment 
processes (Gearheart et al, 2004). These systems are also sometimes called 
“root-zone systems”. Free water systems, and ponds, are designed as a 
natural wetland with the water flowing above ground.  

Several different plants can be used in a constructed wetland and they have 
different properties. They should have the ability to take up a lot of P, they 
should grow fast, manage the Swedish climate and preferably be perennial 
to be able to take up nutrients in the winter season (Hermansson, 2014). 
Different plant types needs different amounts of P, which is why the 
efficiency of P removal can differ between wetlands. The uptake can be 
enhanced by adding a reactive filter material in the subsurface flow system, 
such as Filtralite-P, which is commonly used for wetland construction in 
Norway (de-Bashan & Bashan 2004).  

Wetland systems are not a simple technology that always has the same 
capacity, but the reduction of nutrients are depending on the wastewater 
characterization and media used (Vymazal, 2007). Wetlands can be used 
as a last polishing step, or to treat rawer wastewater depending on how the 
wetland is constructed. The required size varies between 5 – 20 
m2/person, depending on pre-treatment (Avloppsguiden, 2015). Because 
of the large area needed, possibility to use this type of treatment is 
depending on the design of the garden.  The major problems are assigned 
biological uptake by plants since the effectiveness differs during a year and 
results in an irregular reduction of nutrients. According to de-Bashan & 
Bashan (2004), the uptake of nutrients was highest in the spring and in the 
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autumn. This has to be considered especially in a Nordic climate. The 
biological treatment is difficult to enhance by adding another treatment 
step, but the chemical processes can be improved by an additional P-
reducing filter media.  

 Sorting systems 

Sorting systems do not mix different types of wastewater, such as 
greywater, faeces and urine, but instead keeps them apart for individual 
treatment. Some of the fractions are collected and then retrieved a few 
times per year. To facilitate handling of the wastewater and reduce storage 
and transport needs, it is important that the water use is kept as low as 
possible. Waste fractions with a lot of nutrients, such as urine, can then be 
used as fertilizer in agriculture (Hellström et al., 2003). The water that is 
treated onsite can be polished from P with different types of systems and 
then recycled. These systems means that an installation of a new type of 
toilet, such as urine separating toilet or vacuum toilet, is required.  

Holding tank/Blackwater tank 

In this system the toilet water is not treated, but collected in a tank and 
then transported to the municipal WWTP or sanitized to be spread on 
farmland. The greywater, which is assumed to be 120 liters per person and 
day (Unger, 2015), is treated on site. The system requires a significantly 
less amount of flushing water than what is normally used in water closets, 
to make it treatable. This is why the system design is not ideal for a 
household where a water closet is already installed. An alarm function has 
to be installed which tells when there is a few weeks left to a full tank. The 
tank usually has a minimum volume of 6 m3. The major advantage with 
this system is that the blackwater is concentrated to a closed space, which 
reduces the sanitary risk for humans as well as the possibility of a polluted 
environment (Naturvårdsverket, 2008).  

The tank has to be placed where it is easily accessible to facilitate clearance. 
It has to be close enough to the toilet system and the pipe has to have a 
certain gradient, preferably straight from the toilet to the tank, since a 
minimum volume of water is used for flushing. The pipe should be 
supplied with an aeration system to prevent odor. With this type of system 
it is extremely important than only substances that has passed through the 
human body ends up in the tank. The fractions are either taken care of at 
a municipal treatment plant, where they are treated together with the 
municipal sludge, or it is sanitized locally and then spread on arable land.  

The P loads on the treatment plant can be reduced by 75 – 85 % (Palm et 
al., 2002). However, the concentrations are still quite high since only 120 
liters of water is used (Unger, 2015) (table 3). Greywater should not be 
connected to the system since its low content in nutrients affects the 
residues ability as a fertilizer. A typical system for treatment of only 
greywater is a soil treatment system together with a two-chambered septic 
tank (Pinner, 2011). 

The use of this system in Sweden is wide spread. However, some 
municipalities doesn’t allow for the system as a permanent solution, but it 
can be used while another system is under construction (Valdemarsvik 
kommun, 2015; Avesta kommun, 2015; Sollefteå kommun, 2015). This is 
probably due to that transports increases substantially with this type of 
management as well as the system requires an extremely low-flushed toilet. 
Usually a municipal sewage plant located in the area handles the external 
waste fractions.  
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Table 3. Load on the wastewater treatment system when only 
greywater is handled. 

Urine separation 

A urine-separating system divides urine from faecal matter and greywater. 
The urine ends up in one tank and the rest is to be taken care of separately 
onsite. The aim with using a urine separation system is to support the 
nutrient recycling from human urine. Urine includes more N than P why 
this system primarily solves the question of N recycling. Also, these type 
of systems usually provide savings in flush water volume (Berndtsson, 
2005).  

The sorting occurs directly in the toilet, where urine is collected in a bowl 
at the front and faeces and toilet paper are collected at the back. The toilets 
can be double-flushed (both bowls are flushed), single-flushed (urine bowl 
is flushed while faecal matter are managed dry) or un-flushed (usually the 
case in the summer houses). Urine are led from the toilet via a separate 
system to a collection tank, and later on to a storage tank. The urine is 
stored in order to reach satisfactory hygienic quality, after which it can be 
used as fertilizer (Palm et al., 2002). As little water as possible should be 
used in this system to keep a high concentration of urine. 

According to Palm et al. (2002), not all urine can be assumed to be 
separated from the rest of the toilet water, but 65 - 85 %. Since the volume 
of water used for flushing can be very varied, it is problematic to estimate 
the P concentration to be handled on site. However, it can be assumed 
that the bowl for faecal matter is flushed with the same amount of water 
as a normal toilet, which makes the water use per person and day the same. 
Then the concentration to be handle onsite can be estimated to 7.19 – 8.44 
mg/l (Appendix I). The rest of the water will thus have a high 
concentration which requires a system for faecal and grey water that can 
reduce P by 86 - 88 % for a high protected area.  

The collection of P vary according to the results in two studies. A study 
made by Jönsson et al. (1997) showed that 81 % of the expected amount 
of P were collected per person and day, while a case study made by 
Berndtsson (2005) showed a collection of only 40 % of the expected P 
volume.   

Urine separation systems are expensive to install when conventional 
systems are replaced, why this system is primarily to be considered when 
a new house is built (Kvarnström et al., 2003).   

Andersson (2008) performed an evaluation about urine separation in 
Tanums municipality, Sweden. The study concluded some problems that 
had arrived when using the system, where the most common problem for 
permanent households appeared to be stop in the urine conduit; about 45 
% of the contributing households in the study had occasionally this type 
of problem. Since this is a common problem there are recommendations 
about actions, for example flushing the drain with hot water. Other 
problems were odour from the toilet, difficulties with cleaning and 
maintenance. The last named problems arise as a result of separation 
problems since faecal matters might end up in the wrong bowl. These 
problems also occurred in an investigation made by Hellström et al. 
(2003), where 15 different onsite treatment plants was examined.  A study 
by Hanaeus et al. (1997) showed that a successful operation of a urine 

Substance 

 

Greywater 

g/p,d mg/l 

BOD7 28.0 233 

Total nitrogen, N 1.0 8.33 

Total Phosphorus, P 0.55 4.58 



Optimizing resources – studying ways to recycle phosphorus from onsite wastewater treatment plants 

 

27 
 

separation system depends on the installation and design of the toilets, as 
well as a user behavior that upholds a high degree of separation.  

However, the biggest problems does not concern the function of urine-
separating system, but rather how the urine is handled afterwards. It is 
possible to obtain permission for own disposal of waste fractions in most 
municipalities, and it is common that a local farmer takes care of factions. 
In some cases the urine is emptied separately, but all municipalities does 
not have this ability. Then it is emptied together with other human waste 
and in some cases the clearance is made in connection with emptying of 
sludge, why the point of separation becomes doubtful (Andersson, 2008). 

4.3 Reduction capacities 

A compilation of the previously described components and their 
suggested reduction capacity was made by a literature study together with 
table 2 (Avfall Sverige, 2012; Avloppsguiden, 2015; Gustafsson et al, 2008; 
Havs- och vattenmyndigheten, 2013; Hermansson, 2014; Jenssen et al, 
2010; Lymeus, 2010; Palm, Malmén & Jönsson, 2002; Vymazal, 2007) 
(table 4). Some of the intervals are very wide, which implies that there is a 
difficulty of setting “common” reduction rates. However, for some of 
them the range is wide because the reduction decrease after years of usage. 
These templates should not be used as a base for deciding upon a specific 
solution but there are other factors that determines what systems that 
should be used in each separate case, such as current load, geographical 
location, degree of oversight etc.   

4.4 Substances that further affects OWT systems and the 
environment 

There are a lot of substances, especially chemical substances, which can 
affect different treatment processes in wastewater treatment plants. OWT 
systems are even more sensitive than municipal WWTPs since they have 
a relatively simple technology. Certain chemicals can kill the septic bacteria 
that are important for the system to operate. Moreover are such 
substances commonly used in households, but can be difficult to treat in 
individual treatment plants since they can either deteriorate the treatment 
processes or they can disturb ecosystems if discharged into the 
environment.  

 Grease 

In cooking, grease is both added to and released from food and the 
residues are often discharged in the wastewater. Grease is not soluble in 
water, which leads to accumulation in the sewage system. Grease can 
decrease the treatment efficiency in different types of filtering systems 
(infiltration systems, sand filter systems, P-reducing filter media) as they 
clog pores.  

 Hazardous substances 

The regulation of waste (2011:927) decides about waste and handling of 
the fractions (Riksdagen, 2015). According to the regulation, hazardous 
waste such as degreasers, waste oil, antifreeze and paint residues should 
be managed so that it doesn’t pollute soil and water. Other hazardous 
substances that are often found in households are adhesives, solvent, 
varnish and nail polish. It must not be discharged into the sewage system, 
but should be disposed of and destroyed at special waste stations.  

 Silver, triclosan and triclocarban 

Silver, triclosan and triclocarban have antibacterial properties, and they are 
found in several daily used products such as make-up, cutting boards, 
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deodorants, soap etc. Triclosan is primarily transported to the 
environment through our sewage (Magnusson, 2003). A study by the 
Swedish Chemical Inspection (Kemikalieinspektionen, 2011) showed that 
all three substances are found in antibacterial clothes, both before and 
after washing. Antibacterial substances might not only reduce inferior 
bacteria, but there is a risk that also nutritious bacteria diminishes. 
Therefore, washing of clothes containing these substances should be 
avoided. The substances has a slow breakdown and they can be 
accumulative in nature. Silver is very poisonous for water living organisms, 
and their fertility can be affected negatively in the presence of the 
substance. Triclosan has showed hormone disturbing properties among 
frogs and rats. Triclocarban can be reproductive toxic for fishes. 

 Pharmaceuticals 

Medications can cause several types of problems in the sewage system and 
in the environment. In Sweden, we use more than 1000 active substances 
in approximately 7 600 different medicines (Wahlberg et al., 2010). The 
drugs are usually ingested orally and are taken up by the blood in the 
intestinal, and are then transported in the body. When drug residues are 
leaving the body, they first has to pass the liver. In the liver, they become 
water soluble and can leave our bodies with mainly the urine, but also 
faeces (Schultz, 2013). Medical substances also reaches the treatment 
plants and recipients by consumers who release unused medicine to the 
sewage systems. Today's sewage treatment plants are unable to break 
down all drug residues, and especially OWT systems. Instead, the drugs 
are released with the purified wastewater into the environment. 
Pharmaceuticals, for example antibiotics, can affect the microorganisms 
living in wastewater treatment systems negatively. This leads to a reduction 
in treatment efficiency (Castensson & Gunnarsson, 2005; 
Naturvårdsverket, 2013b).  

Pharmaceuticals does not only disturb the organisms living in the OWT 
system, but also in lakes and streams. A normal functioning hormone 
system is necessary for an organism to maintain an inner balance, grow 
and develop, and to be able to adapt to changes in the external 
environment. Disturbances of the hormone signal system may therefore 
give rise to a variety of serious effects (Larsson et al, 2005). Such negative 
effects that has been found in the environment are mostly among fish 
populations, where male fishes has begun to produce a protein that is 
normally found in fertile females. It has been discovered that the effects 
can be linked to the natural human estrogens and synthetic estrogen from 
birth control pills, which are found in purified wastewater (Wahlberg et 
al., 2010). These effects can lead to extinction of fish populations.  

It was suggested by Jelic et al. (2011) that the elimination of 
pharmaceuticals in wastewater treatment usually is insufficient; 29 
substances out of 32 measured was found in the outlet water from an 
OWT system. Another study showed that 73 out of 101 tested substances 
was found in the sludge (Fick et . 2011). In a study by Ejhed et al. (2012), 
a couple of substances showed a better reduction in one soil treatment 
system than in a municipal treatment plant. Nevertheless, studies in the 
field are still too few and at present, research has not quite been able to 
establish how pharmaceuticals are spread in the environment.  

Other things to avoid is non-biodegradable substances such as cigarette 
butts, sanitary napkins and so on. These are of course important to never 
flush down the toilet, but it is even more important when using an on-site 
treatment plant since they will rapidly fill or clog a septic tank. 
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Table 4. Reduction capacities of different components in an OWT system. 

1Difficult to control since the water is infiltrated down to the groundwater. 2aThe reduction rate considers 

mechanically/biological treatment. Pre-treatment is a separate septic tank why a small reduction of P is also assumed. 

Adding tertiary treatment is possible. 2bThe reduction rate considers only biological/chemical treatment. Pre-

treatment is a separate septic tank and no tertiary treatment should be needed.  3Only P reduction is considered in 

these materials. However, reduction of BOD and N might occur anyway. 4The wide interval is attributed difficulties 
to a correct dosage and a reduction depending on which chemical that is chosen. 5Heavy loading decrease the 
reduction rate a lot, and the reduction can also vary depending on time of year. 6Urine is removed and not treated in 
an OWT system, why the nutrients that are present in urine can be seen as a reduction when using this system. 7The 
same argument as for the previous but considers blackwater in total. 

5  PART III  -  RECYCLING POSSIBILITIES  

There are several aspects to consider when answering this question, such 
as which wastewater residues can be recycled, what type of land is in need 
of the fractions and if the plants can get access of the nutrients.  

5.1 Type of land 

Green plants consists of about 80 % of water while the rest is so called 
dry matter. This 20 %, in turn, is made up mostly of carbohydrates of 
different kinds. Out of the total weight of the plant, only about 1.5 % is 
composed of the nutrients that the plant takes up from ground. This small 
amount is extremely important. Some of these substances are taken up in 
larger quantities and are called macronutrients. Other nutrients, taken up 
in much smaller quantities, are called micronutrients (Bioptech AB, 2015). 
The plant nutrients can either be dissolved in the soil liquid, be bound to 
soil colloids (clay and mould particles) or be a part of building blocks in 
the structure of mineral and organic matter, such as compost, crop 
residues and manure. The plant nutrients that are dissolved in the soil 
liquid or bound to soil colloids are more or less directly accessible for the 
plants, while forming parts of the structure is more difficult 
(Naturvårdsverket, 2013b). P, N and K are all three macronutrients that 
can be found in waste fractions. It is usually N and phosphoric substances 
that plants are naturally short of (Båth, 2003). Therefore manure 
containing these factions are added to achieve a good harvest.  

However, exactly how much nutrients that are needed differs depending 
on crop type, soil properties, climate and other factors.  

 Arable land 

According to Albertsson et al (2015), it is allowed to spread 22 kg of P per 
hectare and year in Sweden, independent of what type of fertilizer that is 
used. Fertilization is usually implemented in the autumn after harvest. 
However, a more balanced fertilization during the year has shown to be 
more effective for uptake by plants. If an equal quantity of nutrients is 
added as what is taken up by the plants, the fertility of the soil will be 
maintained while a high crop yield is attained (Yara, 2015).  

Component BOD (%) N (%) P (%) 

Septic tank 20±10 15±5 10±10 

Infiltration system1 70±5 30±10 60±30 

Sand filter system 70±5 40±30 50 

Packaged plants2a 96 54 10 

Packaged plants2b 94 45±10 ~ 90 

Filtralite3 - - >94 

Polonite3 - - >95 

Chemical precipitation4 Negligible Negligible 70±20 

Wetland/dam5 70±20 50±10 50±10 

Root-zone systems - ~ 50 ~ 50 

Urine sepaaration6 10 81 50 

Holding tank7 42 93 73 
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Using nutrient-rich wastewater fractions on land which is normally 
fertilized will decrease the need of new mined P. According to the latest 
survey of fertilizers by the Central Statistical Office, about 30 % of the P 
added to arable land came from mineral fertilizers and about 70 % of the 
P by organic fertilizer, mainly manure (Albertsson et al, 2015). However, 
the matter of utilizing plant nutrients from waste fractions, and in 
particular sewage, has been ongoing for several decades. The issue has 
been difficult to solve and accommodates both conflicts of interests and 
conflicts of objectives, for example the fear of spreading bacteria on fry 
goods. Nevertheless, if no one in a household is carrying a diseases, the 
residues from the treatment plants will not contain any contagious 
microorganisms either. Overall, there is a potential to increase the 
recycling of P and other nutrients from sewage and waste fractions 
(Naturvårdsverket, 2013b). 

Local fertilization decrease the need for transports dramatically. This can 
be achieved by using wastewater residues as fertilizers, rather than using 
NPK. Using it on arable land will be the best option to close the “P-loop” 
since the P will feed the crops, which in turn will be eaten by humans and 
then excreted to become a new fertilizer.   

 Forestry 

In fertilization purpose, the need to add P to productive forest land, in 
Swedish so called “fastmark”, is low. On these lands, it is mainly the access 
of available N that control growth. On the other hand, in the forests on 
peat lands there is often a lack of P and/or K, while there is usually a 
surplus of available N. By adding P and K to these lands, it is given the 
opportunity to increase forest production (Naturvårdsverket, 2013b). 
However, using wastewater fractions on this type of land will not close the 
loop in the same way as using it on arable land, but it will decrease the use 
of NPK which is positive. 

 Other land 

In addition to agricultural land and woodland, there may be other land 
where it is justified to provide plant nutrients for plant establishment. Such 
land might be horticulture, parks, lawns, playgrounds and sports grounds, 
for example golf courses. Other land is such next to and between roads 
and railways, such as noise barriers, landslide slope and other vegetated 
land outside the urban boundary (Naturvårdsverket, 2013b).  

5.2 Type of fertilizer 

The total amount of P in OWT systems is estimated to 720 tons annually. 
A small amount is returned to agricultural land, mostly as sludge via 
municipal WWTPs, but about 650 tons of P per year is not recycled today 
(Naturvårdsverket, 2013b). This implies that there is a huge potential of 
recycling much more P from different wastewater fractions. P can be 
found primarily in sludge and tertiary treatment steps. 

 Sludge 

The fractions in sludge is a reflection of pollutants that we use in our daily 
life and that are found in the society (Thuresson & Haapaniemi 2005). 
Sludge from OWT systems usually contain less metals than sludge from 
municipal WWTPs, which makes it a relatively clean sludge from an 
inorganic pollutant point of view (Palm et al., 2002). Nevertheless, today’s 
situation is a lack of good methods for disposal of fractions from OWT 
systems. It is common that factions are transported to and treated in 
municipal WWTPs where a large enough plant is available. However, the 
sludge from OWT systems generally has a low nutrient content compared 
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to its metal concentrations. It can therefore be problematic for a certified 
treatment plant to handle the fractions (Avfall Sverige, 2014).  

At disposal in municipal WWTPs, sludge is added either to the incoming 
water or to the sludge treatment step. Sludge from municipal WWTPs 
often contain large individual fractions, such as rags, rocks and other 
materials, why a grating is needed to sort out large fractions. Where there 
is no opportunity for a municipal WWTP to take care of the sludge, it can 
be handled at various landfills. This sludge is de-watered and frozen for a 
long time, up to one year, and the final fraction can be used as a soil 
improvement or spread on green areas where food is not grown (Nordiska 
Ministerrådet, 1988). Sludge from individual septic tanks that are not 
treated in a municipal WWTP is not considered as a wastewater fraction 
that can be used as a fertilizer in this thesis because of its low nutrient 
content. Therefore, the sludge that can be used as a fertilizer is assumed 
to have the same properties as the sludge from a municipal WWTP. 

Before the sludge from a municipal WWTP plant can be used as a fertilizer 
it has to undergo some sort of treatment to inactivate agents. The sludge 
is treated in an anaerobic digestion process, which means that no oxygen 
is supplied. The fermentation process reduces the sludge volume and 
stabilizes the sludge. Anaerobic digestion has a sanitizing effect that is 
primarily dependent on, and increases with, temperature and exposure 
time. How fast the reduction of pathogens occurs can also depend on pH 
as well as the concentration of fatty acids and nutrients (Kjerstadius et al, 
2012). The fermentation process must ensure that no disease-causing 
bacteria, viruses or parasites survive the treatment. It usually takes place at 
35 degrees in Swedish sewage treatment plants and the method requires a 
specific residence time, which is around 20 days (Thuresson & 
Haapaniemi, 2005). After the digestion process the sludge is dewatered. In 
some new WWTPs the sludge has been stabilized with lime, which 
sanitizes the sludge due to its high pH (Finnson, 2013).  

The sludge in a municipal WWTP contains 27 g P/kg dry matter, which 
corresponds to 2.7 % (Linderholm, 2011). According to Henze (2011) it 
is a problem that the amount of P to be managed is so small, from an 
industrial aspect, since it makes the method of cleaning and recycling very 
expensive and resource intensive. Transports, a lot of energy for cleaning 
processes, and storage is needed to receive 1 kg of P. However, the sludge 
also contains N and K, which is positive in a reversal order 
(Naturvårdsverket, 2013b).  

The potential of reversible P from sludge depends on how accessible the 
nutrients is for plants. Chemicals, such as aluminum and iron, bind the P 
hard to the sludge which makes recycling very difficult in an economical 
point of view, since the sludge has to undergo a lot of cleaning before it 
can be used in agriculture (de-Bashan & Bashan, 2004; Haar, 2010). 
According to Dyberg (2014) municipal WWTPs will probably accept less 
amount of sludge from individual septic systems in the future, since the 
ratio of P in relation to metals is so small. P is readily available to plants 
depending on pH and the complexes that are formed (figure 11). Plants 
may have a difficulty to make use of the nutrients when they are very hard 
bound to aluminum and iron that has been used in the precipitation 
process. 

For a lasting reversal, and a step closer to a non-toxic environment which 
is one of the environmental goals in Sweden, a significant decrease of 
undesirable substances is required. This involves increased 
decontamination and preventive work. 
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Figure 11. P availability for plants at different pH (Linderholm, 2011).  
Increased use of sludge depends on the degree of acceptance among 
farmers, which can increase if the sludge becomes freer from unwanted 
substances, such as metals and chemicals (Naturvårdsverket, 2013b).  

A quite new technology makes it possible to incinerate the sludge and then 
extract the P from the ash (Tideström, 2011). The advantage is that the 
residue is free from metals and other environmentally hazardous 
substances. The technology makes it possible to return about 95 % of the 
P to agriculture, instead of about half when cleaning the sludge (Sahlberg, 
2015). However, this technology is not discussed further in this thesis 
because of lack of data. 

 Polonite 

There has been a lot of tests carried out regarding how much P that is 
actually bound to Polonite. The studies have showed various results which 
can mostly be assigned different retention time, water loading and water 
characterization conditions such as synthetic or domestic wastewater. 
According to the manufacturer (Bioptech AB, 2015), a 2 % saturated 
material is the most optimistic P content which will give 20 g P/kg 
Polonite, while a study made by Brogowski & Renman (2004) showed that 
as much as 119 g P/kg Polonite can be saturated to powdered material. It 
has been shown by inter alia Cucarella et al. (2008) that plants which has 
been fertilized with Polonite contains more P than plants that has not been 
fertilized at all, why it was concluded that Polonite contain P that is readily 
available and thus increase the yield of plants. According to Swärd (2012) 
and Thynell (2011), no clear difference in leaching of environmentally 
damaging substances from the filter materials Polonite and Filtralite-P 
compared to each other, nor compared with the commercial fertilizer 
NPK, could be found.  

The content of P is less in Polonite than in commercial fertilizers but its 
ability as a liming agent have positive effects on acidic soils (Renman, 
2008). Liming usually has a positive impact on a soils cultivation property 
since the reactions in the soil will take place faster and more efficiently at 
a higher pH as well as at a higher Ca concentration (Albertsson et al, 2015).  

Table 5. Eventual remaining pathogens at a certain temperature (Palm et al., 
2002). 

Temperature Storage time Eventual remaining 
pathogens 

Recommended crops 

4⁰ ≥ 1 month Virus, protozoa Processed crops, mainly 
as fodder 

4⁰ ≥ 6 months Virus Processed crops 

20⁰ ≥ 1 month Virus Processed crops 

20⁰ ≥ 6 months None All crops 
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Polonite is a material that can be used for structure liming thanks to its 
high pH, and its liming effect corresponds to 0.45 kg lime/kg Polonite 
(Bioptech AB, 2015). Structure liming is recommended as a method to 
improve the structure of a soil containing clay.  A good structure of 
agricultural land means a soil that is easy to process, and this is what is 
sought. A fine-grained soil allows for water to infiltrate across the soil 
surface and to be bound to soil aggregates instead of flowing straight 
through the soil. In a soil with a poor structure, water congregates on the 
soil surface and colloids are elutriated which increases the risk of nutrient 
leachate as surface runoff. When pH increases in acidic soils, the poorly 
soluble compounds of P and aluminum or iron, are replaced by calcium 
phosphate that is readily available for plants. However, when pH rises 
above 8.0, poorly soluble compounds are formed between calcium and P. 
When structure liming is performed, the lime has a high initial pH, which 
is neutralized in the soil over time. This results in a slow P dose to the 
plants. In this way, structure liming can both prevent leachate of P, but 
also support the plant uptake of P (Collin 2010). An experiment 
performed by the Swedish University of Agricultural Science showed that 
P leachate could be reduced significantly with structure liming (Ulén & 
Etana 2014). However, not all soils are served by liming and a good 
knowledge about the land is important before both fertilization and liming 
is carried out (Albertsson et al, 2015). 

Used Polonite does not require any energy demanding treatment but is 
simply left to dry for a couple of weeks before it can be used as fertilizer.   

 Filtralite-P 

According to the manufacturer, three grams of P can be adsorbed per kilo 
material, hence 0.3 % (Saint-Gobain Weber, 2015). Nevertheless, the 
amount varies a lot between investigations that has been carried out by for 
example Jenssen et al. (2010), Ádám et al. (2006) and Zhu et al (1997). 
Ádám et al. (2006) showed a P sorption capacity of 0.05 % - 0.8 % for the 
material while Zhu et al (1997) had a result ranging from 0.02 % – 0.2 %. 
In the study made by Jenssen et al (2010), the uptake by plants was studied 
as well. It was shown that ryegrass was able to take up between 3 and 37 
% of an added amount of P, which is why it was concluded that the 
material can act as a fertilizing media. Because of its contents and its high 
pH, its ability as a conditioner was also examined. The material had a 
liming value corresponding to about 22 % of that in pure calcium 
carbonate (0.22 kg lime/kg Filtralite-P), why it was assumed to have a 
good liming effect on soils.  

Similar to Polonite, this material doesn’t require any treatment before it is 
used as a fertilizer. However, if very large grains have been used, crushing 
could be necessary.  

 Sorting systems – Holding tank 

This fraction is brought to a municipal WWTP together with the sludge, 
and is usually treated in the same way (section 5.2.1, “Sludge”). However, 
the volume of water used to flush the toilet has to be very small to avoid 
a wet sludge, which has to undergo more treatment in the municipal 
treatment plant (Pinner, 2011).   

 Sorting systems – Urine 

The amount of P in urine varies between 0.36 and 0.67 g of P per liter, 
which corresponds to about 0.05 %. This leads to a lot of transports to 
receive any noticeable amounts of P. 1 500 to 3 000 liters of urine needs 
to be carried and spread to make 1 kg of P to one hectare of arable land 
(Kirchmann & Cohen, 2011). It can be difficult to cope with the reversal 
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of urine since large quantities are produced every year, but the spread is 
under a limited part of the year. The urine must be stored in order to get 
rid of all viruses, between 1 and 6 months depending on temperature and 
field of deposition. The eventual remaining pathogens at a certain storage 
time and temperature can vary, as well as the recommended crops for 
fertilizing with human urine (table 5). It is assumed that pH is above 8.8 
and that the N concentration is at least 1 g/l. Also, it is important to have 
in mind that pharmaceuticals often are found in high concentrations in 
urine (Björlenius & Wahlberg 2005). Since it is only the urine that is taken 
care of with this system, P in faecal matter and in greywater will not be 
reversed, unless the other facility onsite is able to recycle those nutrients. 
Even if the urine is separated, half of the P will end up somewhere else. 
After all, urine separation can play a role in the countryside where the urine 
can be disposed of locally (Kirchmann & Cohen 2011). Urine is a small 
and simple fraction to take care of yourself, for example by diluting and 
spreading the fraction in a flowerbed (Palm, Malmén & Jönsson, 2002).  

  Wetlands 

P that has been accumulated on the bottom of the pond and in the plants 
can be dug out and returned to arable land. However, there are usually 
several different materials and grain sizes that are used in a wetland which 
makes the use of it on arable land quite complicated. The P that is fixed in 
the wetland is usually soluble in water and readily available for plants. The 
plants should be harvested and used when the P amount is high, to 
optimize recycling (Hermansson, 2014). The content of heavy metals 
should be tested before spreading. It is not possible to say exactly how 
much P that can be recycled from this type of system. There are a lot of 
factors that might vary between wetlands depending on soil media, plants 
and depth of bed, as well as operation time.  

In a study made by Kvarnström et al. (2003) it was investigated how much 
P that accumulated in two wetlands containing different soil media. The 
results ranged from 138 mg P/kg material to 276 mg P/kg material. The 
accumulated P was mainly inorganic P in one of the wetlands, while in the 
other wetland the accumulated P was mainly organic. It was also 
concluded that they were an effective P source for plants. 

6 RESULTS AND DISCUSSION 

6.1 System designs 

This section summarizes how a reliable OWT system can be designed. The 
most interesting results are presented numerically (table 7-12) but all 
evaluated systems are discussed and calculations can be found in 
Appendix II. Their treatment efficiency is based on table 4 and table 6. 
The requirement of each designed system is that primary and secondary 
treatment has to be used, and tertiary is added when necessary.  

 Soil treatment systems 

Septic tank → Infiltration system 

This is the most frequently used system in Sweden as it constitutes 40 % 
of the total amount of OWT systems.  

Table 6. Protection levels and required reduction. 

 

Substance Normal protection High protection  Total reduction needed 

BOD 30 mg/l 30 mg/l 90 % 

N - 40 mg/l 0 % - 53 % 

P 3 mg/l 1 mg/l 76 % - 92 % 
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Table 7. Septic tank and infiltration system. 

Because of its wide range in reduction capacities, especially for N and P, 
it is almost pointless to state a general function of this system (table 7). 
According to the literature study, the capacity of this system has probably 
been overestimated at the same time as the legal regulations has become 
stricter. The only way of improving this system is to use additional 
chemical precipitation in the septic tank, since the outlet water is not 
sampled.  Theoretically, this would only consider a reduction of P 
(Appendix II). However, when increasing the sludge volume it can be 
assumed that organic material also will get stuck in the sludge which 
reduces the BOD concentration, even if it is the reduction of P that is 
sought. The only way of recycling nutrients from this system is to use 
chemical precipitation to catch P in the sludge.  

One requirement for OWT systems is that it has to be possible to control 
the characterization of the outlet water as was explained in section 3.5, 
“Swedish environmental goals and legal regulation”. It is not possible 
when using an infiltration system since the discharge is the groundwater. 
The risk for groundwater contamination high and very complicated to 
restore.  

An infiltration system with high efficiency could be effective for systems 
treating only greywater, since this water contains about 25 % of the 
nutrients and 50 % of the BOD (table 2). However, if it is used for 
greywater it does not allow for an expansion to treat blackwater as well 
since it is probably dimensioned to treat a smaller volume of water with a 
specific characterization. 

Because of the wide range in reduction capacities, as well as the 
impossibility to control the outlet water, this system is not considered 
reliable. 

Septic tank → Sand filter system 

A sand filter system is usually worse at reducing P than infiltration systems 
(table 8), which is probably due to the shorter retention time in a sand 
filter system. There are many different ways to construct a sand filter 
system which also makes it possible to fail in several aspects during 
installation. The efficiency of a particular sand filter system can only be 
specified after the bed has been constructed. Improving the system by 
letting the water pass through a P-reducing filter media after the sand filter 
system reduces P to an allowed concentration (Appendix II). A further 
reduction of only 47 % for normal protection areas and 82 % for high 
protected areas is needed, and since the materials discussed in this thesis 
has the ability of reducing 95 % of the P this could be a good choice.  

The P-reducing filter media can be placed in a well after the bed and 
recycling of P can be implemented. However, the problem with N and 
BOD still arise. For the same reasons, chemical precipitation in the septic 
tank can be used to reduce P since the average reduction is 70 % 
(Appendix II). Another option is to discharge water to a wetland. This 
option would reduce N more than the previous option. However, this 
system design is more area consuming than a P-reducing filter media or 
chemical precipitation, and the reduction rate cannot be secured when the 
wetland is overloaded nor in the wintertime when the temperature drops.  

Substance 

 

 

Reduction Outlet water 
concentration 

Further 
reduction 
needed 

Septic 
tank 

Infiltration Total 
reduction 

BOD 20 % 70 % 76 % 72 mg/l 58 % 

N 15 % 30 % 41 % 43 mg/l 0 % - 20 % 

P 10 % 60 % 64 % 4.5 mg/l 33 % - 77 % 
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Table 8. Septic tank and sand filter system. 

The nutrients can be recycled only by excavating the wetland which has 
been poorly verified in Sweden.   

A sand filter system can, as well as the infiltration system, be used to treat 
only greywater. However, the same problems arise as if using an 
infiltration system for this purpose; the beds are often designed to treat a 
smaller amount of and less polluted water which complicates expansion 
to an additional treatment of blackwater.   

The investigation of soil treatment systems shows that the most common 
system in Sweden, the infiltration system, is not sufficient to reduce any 
of the substances to allowed concentrations. In a sand filter system the 
effluent water can be controlled and further treated, why this is the better 
solution of the two options. By adding a P-reducing filter media, chemical 
precipitation or a wetland, the result becomes much better.  

 Packaged wastewater systems 

Packaged plant MBC 

The systems that was considered in this category reduces P by chemical 
precipitation (table 9). There are also systems on the market which uses 
integrated P-reducing filter media to reduce P, which can be assumed to 
have approximately the same reduction rates as for a biological package 
plant upgraded with a P-reducing media (table 10).  

It is not clear why the reduction of N differs between the MB and MBC 
plants; it could be a coincidence or it might have something to do with the 
chemicals. The pH drops when chemicals are used which can disturb the 
biological processes in the plant and can be a reason for a lower biological 
function.  

The ability of chemicals to reduce P is very complex, which was found in 
the literature study. The function depends on amount as well as type of 
chemical. It should be noticed that a MBC packaged plant shows a better 
reduction capacity regarding P than separately using chemical precipitation 
as a complement, but they both consider the same sort of treatment (table 
4). The reasons for this could either be that MBC packaged plants reduces 
P biologically as well, that different types of chemicals are used or it has 
to do with found references and available data. Packaged wastewater 
systems is still a relatively new technology and there are far more 
investigations regarding chemical precipitation as a complement to soil 
treatment systems, which might be the reason for a wider range in 
reduction capacity. A packaged wastewater system should be controlled 
frequently during the year to provide a proper treatment. During power 
outages or if filling of chemicals is forgotten, the system will lose its 
function drastically since there are no other constituents in the system 
other than the packaged plant itself. Letting the water reach a polishing 
step after the packaged plant could be a good option for improvement and 
back up. The polishing step should be above ground; for example a dam 
or a constructed wetland.  

Packaged plant MB → P-reducing filter media 

A P-reducing filter media, such as Polonite, can be used after a packaged 
plant with only biological removal. It is used instead of treating water with 

Substance 

 

 

Reduction Outlet water 
concentration 

Further 
reduction 
needed 

Septic 
tank 

Sand filter 
system 

Total 
reduction 

BOD 20 % 70 % 76 % 72 mg/l 58 % 

N 15 % 40 % 49 % 50 mg/l 0 % - 7 % 

P 10 % 50 % 55 % 5.6 mg/l 47 % - 82 % 
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added chemicals. A smaller amount of Filtralite-P could also be inserted 
after such systems. However, even if possible, this smaller amount is 
seldom used in treatment plants in Sweden but only in large designs.   

This solution meets the requirements for all three substances that are 
regulated in Sweden (table 10). Nevertheless, it should be noticed that 
different brands of packaged wastewater systems have different reduction 
capacities which should be investigated before deciding upon a specific 
system. These systems also use electricity for the biological treatment, 
which makes the risk for a downtime in N and BOD reduction the same 
as for MBC packaged plants. The P-reducing filter media will continue 
treating both P and somewhat bacteria during an electrical failure, which 
is positive. However, if the electricity is down for too long, BOD will be 
less reduced which jeopardize the function of the filter. This system can 
also gain on having a polishing step as post-treatment if a safety step is 
wanted.  

Packaged plant MB → Wetland/Dam 

This solution uses a wetland instead of a P-reducing media as a last step 
to reduce P. However, it is more common to use this as post-treatment to 
reduce bacteria and N rather than only P.  

 Separation systems 

Holding tank + Septic tank → Sand filter system 

When using a holding tank for blackwater treatment, an additional OWT 
system has to be used onsite to treat greywater. The reduction of the 
holding tank is written in percent, but the concentration to be treated on 
site is the same as in table 3 since less water is used for this purpose (table 
11). A septic tank with a sand filter system was chosen to illustrate this 
since it is a common solution. It can be seen that this system leaves a quite 
high outlet concentration to take care of on-site, even if only the greywater 
is supposed to be treated. The high concentration concerns especially 
BOD. A septic tank and a sand filter system doesn’t seem to be enough 
even for this purpose, which makes the use of this system doubtful.  

Urine separation and septic tank + sand filter system 

This system is primarily a good option if reduction of N is wanted. Similar 
to the previous system, a septic tank and a sand filter system was chosen 
to treat the water on-site (table 12).  

Separation systems seems to be a good solution to reduce bacteria, but the 
control of the water that is treated onsite (greywater or black- and 
greywater) diminishes since a soil treatment system is commonly used for 
this purpose. In a urine separation system, about half of the P can be 
recycled and a P-reducing filter media can be used in addition to a sand 
filter system, but the major concern seems to be the reduction of BOD. A 
packaged wastewater system is probably considered to be a too big 
investment if separating systems are already invested in, and as was stated 
in the literature study only greywater is too meager to be treated in a 
packaged plant.  

Table 9. Packaged plant MB + Polonite. 

*Gets caught in the sludge 

Substance 

 

 

Reduction Outlet water 
concentration 

Further 
reduction 
needed 

Packaged 
plant MB 

Polonite Total 
reduction 

BOD 96 % - 96 % 12 mg/l 0 % 

N 54 % - 54 % 39 mg/l 0 % 

P 10 %* 95 % 95.5 % 0.56 mg/l 0 % 
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Table 10. Urine separation + sand filter system. 

An additional onsite treatment with an infiltration system has not been 
suggested for neither holding tank nor urine separation since this system 
already was proposed as unreliable. 

6.2 General discussion about the systems 

The calculations implies that the lower concentrations in the water, the 
lower reduction rate. Nevertheless, it has been found that meager water is 
difficult to treat properly and it is easier to reach equilibrium between two 
substances at a high concentration.  The results either indicate that the 
lower the inlet concentration, the more difficult the water is to treat or it 
indicates that the efficiency of the systems are expressed based on standard 
values. But has other incoming water qualities been tested? What happens 
if the water is more concentrated? Or if it is more diluted? These questions 
does not only query the calculations, but enlightens the complexity of this 
area which will further be discussed in section 6.4, “Problems with the 
regulation”.   

Common problems with each system and preventing actions was also 
examined as a part of the literature study and the most important findings 
are further discussed. The capacity of the septic tank seems to be crucial 
for how the whole system operates. An excess of organic matter can 
decrease the reduction capacity in the rest of the system, why a proper 
septic tank is of great importance. If the septic tank is integrated in a 
packaged wastewater system, the risk for sludge loss becomes even higher 
since these systems usually has a shorter time to treat the water.  

Sludge loss cannot only be avoided by emptying the tank more often since 
bacteria has to grow in the sludge and if chemicals are added they need a 
certain time to operate, but the size of the tank could be increased. This 
would lead to less need for clearance. A small amount of sludge could be 
left at discharge, which can help the bacteria to grow faster in the new 
sludge.    

The treatment before a P-reducing filter media has to be of a certain 
standard to uphold function of the filter and avoid clogging, which was 
also found by Gustafsson et al. (2011). However, if a lower degree of 
treatment of P is implemented before a filter, more P can be precipitated 
in the filter which leads to a higher amount of recycled P. This was also 
suggested by Eveborn (2013). One solution is to combine the filter media 
with only biological treatment, for instance a packaged wastewater system.     

Property owners – not everyone but the main part – does not seem too 
keen in spending money on a new sewage system if their activity it is not 
criminal in the sense that a poor functioning system will be fined. The 
economic situation have not been discussed because of the extent of this 
thesis, but there is always a balance between what is best for the 
environment and what is economically reasonable. Complementary 
economic instruments seems to be needed to deal with the problem. 
Economic relief in the form of contributions was proposed by Havs- och 
vattenmyndigheten (2013), which seems reasonable. 

Substance 

 

 

Reduction To be treated 
onsite 

Reduction Outlet water 
concentration 

Further 
reduction 
needed Urine 

separation 
Septic tank +  

sand filter system 

BOD 10 % 270 mg/l 76 % 64.8 mg/l 54 % 

N 81 % 16.0 mg/l 49 % 8.2 mg/l 0 % 

P 50 % 6.3 mg/l 55 % 2.8 mg/l 0 % - 64 % 
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Table 11. Weight of each material needed to fertilize 1 ha of arable 
land with 22 kg P/year 

6.3 Recycling 

It is primarily tertiary treatment steps that can be used to recycle P. 
Calculations are based on the literature study and can be found in 
Appendix III. The theoretical potential of recycling P from individual 
wastewater using different materials has been estimated (figure 12).  

It is based on average values (table 4) and is expressed in percent of 
incoming P to the plant. The total amount in grams will depend on the 
wastewater characterization. The amount of P that can be recycled also 
depends on what type of treatment that is applied in addition to each P 
reducing material. In this case, as low treatment of P as possible prior to 
the recycling material is assumed. However, the recycling potential also 
depends on how available it is for plants.  

Filtralite-P is rarely used to take up only the P as a final step, but rather in 
a wetland or as a large constructed sand filter system. It is therefore 
difficult to determine the amount of P trapped in the material.  

How much of each material that is needed to fertilize arable land with 22 
kg of P/ha and year differs widely (table 13). Polonite and Filtralite-P will 
not only supply the land with P but also work as a liming agent, which is 
positive for many land types. The handling of Polonite is appropriate in 
many ways; the required volume is small, it can be used as a local fertilizer 
which reduces the need of transports and the material is replaced 
periodically, which gives the farmer a useful P source. The material can be 
used as a fertilizer in addition to NPK, which can reduce the need of new 
produced P. However, N and K has to be added separately.  

The use of Filtralite-P as a fertilizer is more inconvenient since the volume 
needed is almost ten times more than Polonite, to obtain the same amount 
of P. If it is dimensioned as the manufacturer proposes, which is 40 m3 
per household, the material should be changed after 10-15 years which 
results in an infrequent use as a fertilizer.  

It was shown in a study performed by Brogowski & Renman (2004) as 
well as Ádám et al. (2006), that the filter materials Polonite and Filtralite-
P have the ability to adsorb more P than they usually do in OWT systems, 
why there is a reason to belive that the weight in table 13 can be optimized. 

The materials can only be used until they reach a reduction rate of 90 % 
in high protected areas. This does not mean that the material is saturated 
with P, but it has the ability to catch even more. If the material could be 
used a second time, for example in a ditch to catch P leachate from arable 
land, more P could be recycled and the material as a fertilizer will become 
more optimized.  

Using sludge as a fertilizer will give the soil both N, P and K. However, 
the residue has to undergo a more extensive treatment than the P-reducing 
filter media to eliminate chemicals and bacteria. It was also found in the 
literature study that P binds tightly to the chemicals which in turn can 
make it difficult for plants to get access of the nutrients.  

It is very difficult to say how much P that can be recycled from a wetland. 
The possibility depends on how long the wetland has been in use, when 
the plants are harvested, filter media used (sand/Filtralite/Shells etc) and 
climate. A wetland is, in many cases, used as a very last polishing step and 
most of the P in wastewater will therefore be caught in previous parts of 

Weight Sludge 
(dry) 

Polonite Filtralite-P Urine Wetland 

Kg 815 1100 7 333 43 137 - 
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the system. It was shown from one study by Kvarnström et al. (2003) that 
a light weighted filter material used in a wetland had accumulated on 
average 0.22 g P/kg material, which would correspond to 100 000 kg 
material needed for one hectare arable land. However, this study did not 
account for any P found in the plants. Because of the low possibility to 
recycle P of any greater volume, together with lack of proper data, this 
fraction is not considered relevant for recycling.  

To close the P loop, the wastewater residues should be reused on a land 
that grows crops for food production. If a residue containing lime is used 
it counteracts the leachate to the Baltic Sea since it works as a structural 
liming agent, and at the same time it reduces the need of new extracted P. 
However, if there is a low acceptance of wastewater residues as a fertilizer 
among farmers and the rest of the food industry, it can be used on other 
types of land as well. The cultivation of rapeseed for biodiesel is one 
example that also is in need of nutrients. This will not close the loop 
entirely, but at least new extracted P can somewhat be decreased and 
leachate can be prevented. Another way of optimizing all residues could 
be to mix them with each other. Some municipal WWTPs use lime to 
stabilize the sludge, and since Polonite and Filtralite-P has a liming effect 
on soils it should be investigated if these fractions could be used to 
stabilize sludge. This would increase the amount of P in the sludge at the 
same time as it gets sanitized. A wastewater system which can oblige for 
recycling of nutrients is worth attention in research and product 
development, and from the results of this study all possibilities that are on 
the market today could become more efficient and therefore optimized. 

6.4 Problems with the regulation 

There are regulations concerning how much nutrients a sewage is allowed 
to release, which means that it is up to the authorities to make sure the law 
is followed. It is the operator’s responsibility, which in this case is the 
property owner, to ensure that the activity can handle the requirements 
that are established. Whom is hold responsible for the function of the 
plant doesn’t seems to always be clear, since an operator normally is a 
knowledgeable person in a given area, but in this case it is requested that 
an unknowing person has knowledge in a very complex area. Property 
owners are not always aware of the skills expected of them. The issue 
could be improved by an intensified communication from authorities. 

Having two legislative requirements, i.e. reduction in both percentage and 
concentration, makes it messy for real estate owners, regulators and 
manufacturers. Since all manufacturers express the function of the plants 
in percent, one might think that they have bought a reliable treatment, 
which not always seem to be the case. Municipalities often requires a 
certain concentration at the outlet when they make a supervision. A 
reduction in percentage does not say much about how the treatment works 
since it depends entirely on the inlet water characteristics, and the 
properties of a sewage-water would then need to be measured before the 
treatment plant is installed. The concentration of P in the water depends 
on the amount of water used, and since the technology is advancing all the 
time with more low-flushing equipment, the concentration of P in sewage 
rises. This means that one, or rather the same, percentage reduction can 
no longer suit the legal requirements. If a standard value is used as 
incoming concentration instead of measuring the real value, then it 
wouldn’t be needed to have two regulations. For example, if the standard 
value of P is 12 mg/l, then it is allowed to release 1.2 mg/l (90 %) if not 1 
mg/l can be reached. With this argument it seems very unnecessary to 
have 1 mg/l as a regulation, since 1.2 would be allowed. 
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Figure 12. Recycling potential of P. 
The problem with controlling an OWT system is that the supervision is 
usually only a cluster sampling. One sample is taken and conclusions are 
drawn out of this result. This is a general problem as it considers all 
designs. OWT systems are therefore not allowed to have a downtime. The 
reason for the downtime can be overflows, a broken pump, power 
outages, etc. The concentration of P also varies during the day, which 
indicates that the degree of purification also differs. This is why municipal 
treatment plants allows to strive for an average concentration over a 
certain time (Lindblom 2015, personal communication). Since the 
technology behind an OWT system is subordinate a municipal WWT 
plant, it seems unreasonable to expect that these systems should meet such 
high requirements constantly.  

The aspect of reducing and recycling nutrients from wastewater is 
important, but the best way to eliminate pollutions is to limit them at the 
source. An upstream work is important for all businesses that handles 
contamination of any kind, and is probably the cheapest option. 
According to Björlenius & Wahlberg (2005) it is much more difficult to 
eliminate pollutions once they are mixed with water, why they also point 
out the importance with upstream work. However, such work is time 
demanding and while research is performed, recycling of wastewater 
fractions is important and necessary.  

6.5 Suggestion for further research 

It would be very interesting to test the function of the described systems 
in reality and compare the results with the theory in this study. It should 
be done for several systems to see how the same design differs in 
efficiency. Research could also focus on testing different incoming water 
qualities to see how the systems operates. More attention should be put 
on possibilities of recycling, both economical values as well as how readily 
available the P is for plants. The latter requires long-term investigations. 

7 CONCLUSIONS  

An onsite wastewater treatment system can be designed in many different 
ways to find an optimal structure for a certain treatment. The efficiency of 
a system has to be estimated depending on what parts that are included in 
the design. A fully reliable system is able to design if all available treatment 
steps is used, even though this would never be cost efficient.  
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Packaged wastewater systems seem to be the best option on the subject of 
reducing as much nutrients as possible, while the infiltration system fails 
on several aspects; they have a low reduction rate, the outlet water is not 
possible to test, they do not allow for recycling of nutrients and the 
function of the bed is not easy to control. It could therefore be discussed 
if this system is appropriate to approve and suggest by authorities. 
According to Hübinette (2009) all soil treatment systems risks to have a 
high impact on the environment as well as no housekeeping of resources, 
which makes them fail in both reliability and recycling possibility.  

The most common problems with OWT systems seems to be originating 
from bad installations and non-existing maintenance, as well as poor 
functioning septic tanks, which was also discovered by Ridderstolpe 
(2009). Sludge loss can affect all parts in the system and reduce their 
capacities as it affects the biological steps as well as the 
mechanical/chemical removal in a soil treatment system or a P-reducing 
filter media.  

All the investigated wastewater fractions can be seen as complements to 
commercial fertilizers since their P-content is relatively low. Since Polonite 
and Filtralite-P has a high liming value they can also be used as liming 
agents containing an additional source of P. Polonite is the most efficient 
tertiary treatment material regarding recycling of P since it has the best 
ability to bind P in comparison to Filtralite-P, as well as the best 
theroretical ability to catch P compared with chemical precipitation.  Its 
capability to reduce bacteria is also effective which leads to a minimized 
need for sanitation. Using a biological packaged wastewater system 
together with Polonite increases the amount of P caught in the material 
and improves its use as a fertilizer. However, the material itself has the 
ability to absorb even more P why an optimized design should receive 
attention in development.   

Sludge as a fertilizer increase the risk for spreading heavy metals and the 
plant available P is probably lower than for Polonite, but the nutrients N 
and K can be recycled in addition to P and the weight needed is less than 
Polonite. However, transportation increases since it has to be treated at a 
municipal WWTP. Using sludge in agriculture doesn’t seem to be a 
popular method in agriculture today, but since this is a very valuable 
source of nutrients, research about and progress in the field is important.   

The technology behind OWT systems is under constant development and 
at the same time the regulations are changing. It has been said by 
professionals in the field that a reliable system is a robust and sustainable 
system (Palm et al., 2002; Naturvårdsverket, 2008). Of course those 
aspects are important, but a reliable system can also be regarded as a 
system that can develop and adapt to new conditions. Such systems are 
for example those with a united outlet or easily expandable systems. 
Choosing this type of system will make it easier for future changes 
concerning use, such as permanent migration to part-time homes.  

It is not only in the Baltic Sea that eutrophication is a big problem. 
According to Fagerström & Liljebäck (2015), approximately half of the 
corals in the world's oceans are threatened due to eutrophication. The 
causes are the same as in the Baltic Sea; emission from industries, 
agriculture and sewage. If we can increase the upstream work and stop the 
flow of nutrients before they reach watercourses, it can lead to a more 
vibrant sea and a cleaner environment. 
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APPENDIX I  –  CALCULATIONS FOR ESTIMATIONS AND 

ASSUMPTIONS IN THE LITERATURE STUDY  

Numerical values are based on table 2. 

Blackwater/holding tank 

When blackwater is separated from the sewage water it reduces the 
phosphorus load with 1.0 g P + 0.45 g P = 1.45 g P. The reduction in 
percent is therefore 72.5 % (eq. 9). 
1.45 g P

2 g P
 * 100 = 72.5 %             (9) 

Urine separation 

If urine is reduced by 65 % the phosphorus load on the sewage water will 
be 1350 mg P (eq. 10). The water volume is 160 liters, which gives a 
concentration of 8.44 mg/l (eq. 11).  

2 g P  - (1 * 0.65 g P) = 1350 mg/l          (10) 
1350 mg P

160 𝑙
 = 8.44 mg/l             (11) 

 

If urine is instead reduced by 85 % the phosphorus load on the sewage 
water will be 1150 mg P (eq. 12). The water volume used is assumed to be 
the same, which gives a concentration of 8.44 mg/l (eq. 13).  

2 g P  - (1 * 0.85 g P) = 1150 mg/l          (12) 
1150 mg P

160 𝑙
 = 7.19 mg/l             (13) 
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APPENDIX II  –  CALCULATIONS OF REDUCTION FOR 

DIFFERENT SYSTEM DESIGNS  

All average reductions are based on table 4. Calculations for 
concentrations are carried out by subtracting the average reduction from 
the assumed incoming concentration (eq. 14). The total reduction for the 
designed system can then be calculated (eq. 15), where after the further 
needed reduction is estimated (eq. 16). Calculations are made for BOD, N 
and P.  

C = c (1 - 𝑥1)(1 - 𝑥2)…(1-𝑥𝑛)             (14) 

Where; 

C = outlet water concentration, mg/l 

c = inlet water concentration, mg/l 

x = reduction by each component in the design 

n = index of each component in the design 

 

(1-
C

c
)  = a                 (15) 

Where; 

C = outlet water concentration, mg/l 

c = inlet water concentration, mg/l 

a = total reduction 

 

  

(1-
y

C
)  = b                 (16) 

Where; 

y = requirement for outlet water concentration, mg/l 

C = outlet water concentration, mg/l 

b = further reduction needed 
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APPENDIX III  –  CALCULATIONS FOR POTENTIAL 

RECYCLING OF DIFFERENT P-REDUCING FILTER MEDIA  

Theoretically available phosphorus in each fraction  

An average wastewater characterization as explained in the text is used for 
the calculations (table 2). However, the result is expressed in percent in 
order to emphasize that any inlet water can be used. 

Sludge 

It is assumed that chemical precipitation is used to catch P in this fraction. 
There is 10 % reduction in the septic tank and 70 % reduction from the 
added chemicals (table 4). The total available P in sludge is calculated as 
follows:  

Sludge: 2 g P * 0.1 = 0.2 g P 

Chemical precipitation: (2 g P - 0.2 g P) * 0.7 = 1.26 g P 

Total available P in sludge: 
1.46

2
= 0.73  

Polonite and Filtralite-P 

10 % of the P is supposed to be eliminated in the septic tank, and 95 % in 
the filter media. The available P will be as follows:  

Sludge: 2 g P * 0.1 = 0.2 g P 

Polonite: (2 g P - 0.2 g P) * 0.95 = 1.71 g P 

Total available P in Polonite: 
1.71

2
= 0.86  

Urine 

The available P when using urine sparation is assumed to be 50 % of the 
incoming P. It was explained in the literature study that all urine is seldom 
caught. However, the theoretical P removal will be accounted for. 

Amount of each material needed for fertilization 

Material needed for fertilizing one hectar of arable land with 22 kg p/year 
can be calculated if the available amount of P per kg material is known 
(eq. 17). How much P that is caught by each mataerial was discussed in 
the research (section 5, “Recycling possibilities”). 

X = 
𝐶 

𝑄
                    (17) 

Where; 

X = amount of material needed, kg 

C = 22 kg P 

Q = amount of P per kg material  


