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ABSTRACT 
 

To prevent contamination of surface and groundwater sources, municipalities in Norway 

maintain strict regulations to control the discharge of treated wastewater. Municipalities 

with local codes set phosphorus (P) effluent discharge limit of 1 mg/l for wastewater 

treated with On-site waste wastewater treatment systems (OSWWTs) such as the 

constructed wetland/filter bed system in use at Høyås farm in Ås municipality. The system 

has been in operation for 5 years. The system component includes a septic tank and 

biofilter for pre-treatment. This is followed by two P filter units installed parallel to each. 

One unit is filled with P filter Filtralite-P (PFFP) while the other with P filter Filtramar 

(PFFM) also known as Shellsand. The last treatment units are two sand filter units installed 

parallel to each other to polish the effluent. One sand filter (SFFM) receives effluent from 

PFFM and the other sandfilter (SFFP) receives PFFP effluent. 

 

The treatment system has been under study to monitor the performance since start of 

operation. This work evaluates the operation performance of the system for 5 years. This is 

done by taking Wastewater samples from effluent in each treatment components, analysing 

for P in form of total P (TP), and establishing time-series trend from data collected since 

start of operation. 

 

Treatment performance parameters other than TP were evaluated by analysing for ortho-

phosphate (Ortho-P), nitrogen (N) in form of total nitrogen (TN), ammonium ions (NH4
+
), 

nitrates (NO3
-
), conductivity, pH

,
 as well as 5-day biochemical oxygen demand (BOD5). 

Time series report was made for each parameter to establish changes in effluent quality 

over time. After the 5
th

 year, the Høyås system has a removal efficiency of 60% for TP, 

60% for Ortho-P, >50% for TN, 92%-94% for NH4
+
, and >97% for BOD. Effluent pH is in 

range 7-8. 

 

The final effluent using time series data has mean TP effluent concentration of 0.79mg/l 

and 1.08mg/l from SFFP and SFFM respectively and mean BOD concentration of 

14.23mg/l and 7.23mg/l from SFFM and SFFP respectively. The treatment system meets 

the discharge limits of 1mg/l for P in the SFFP effluent. The SFFM effluent slightly 

exceeds the limit 1mg/l (mean final effluent still under 1mg/l). A time series forecast 

predicts the TP mean effluent to exceed limit within the next 5 months. The effluent BOD 

meets the 20mg/l for BOD set by the Ås municipality. 
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1. INTRODUCTION 
 

1.1. Research background 
 

It is important to treat wastewater before discharging it into the environment. In Norway, 

as well as in most Nordic countries, most homes and facilities in the rural areas use on-site 

(decentralized) systems to collect and treat wastewater generated. In these areas, it is often 

difficult to collect wastewater through sewer network and treat it in wastewater treatment 

plants like the usual practice in most cities of the world. Connecting these houses to the 

network is very difficult and economically not viable (Jenssen et al. 2010), due to long 

distances over which pipes would need to be laid through rough terrains, forests or even 

bedrock. Therefore, it is expected that houses in rural areas are not connected to sewage 

networks. 

 

However, the increasing popularity of using on-site waste water treatment systems, demands 

efficient and sustainable systems. Major potential sources of water pollution in European 

countries have been identified as inadequately treated wastewater from rural households 

(Johansson & Johansson 2002; Vymazal et al. 1998). It is convenient for house owners to settle 

for cheap on-site wastewater treatment options in terms of installation and maintenance which 

often results in low performance (Westholm 2006). Factors such as soil properties, depth of 

water table, available space, topography of the area, affect the performance of on-site 

wastewater treatment systems when infiltration is used (Jenssen & Siegrist 1991). Many areas 

do not have natural conditions favourable for infiltration and package treatment plants or 

various filter-based systems (as investigated in this thesis) have to be used 

 

On-site wastewater treatment systems, if properly set up, perform well in most regions, 

including in places with cold climate. Previous studies and experiences have shown that cold 

climate on-site treatment systems can meet effluent criteria for the most important treatment 

parameters (Wittgren & Maehlum 1997). In addition, there has been strict local guidelines and 

regulations on wastewater effluent quality in Norway (NKF and NORVAR 2001). These 

guidelines and regulations, necessitate for the use of high performance on-site waste water 

treatment systems. The overall national guidelines for wastewater effluent discharge can be 

modified and made stricter by each municipality. The guidelines demand high performance 

treatment systems to protect the environment and most importantly, the water bodies form 

 
 

 

1 



nutrient contamination. Nutrient contamination from wastewater has been identified as a 

cause for eutrophication in water bodies. 

 

Eutrophication is the promotion of the growth of plants, animals, and microorganisms in 

water bodies (Khan & Ansari 2005). It reduces water quality. It is a very slow, natural 

process which results in an extreme deficiency or even complete depletion of oxygen 

(anaerobic condition) in surface water if not disrupted. Consequently, aquatic organisms 

that survive in the presence of oxygen (aerobic condition) perish while anaerobic 

organisms are favored instead. Wastewater characteristics that could affect water quality 

and influence eutrophication are Phosphorus (P), Nitrogen (N), BOD5, suspended solids 

(SS), dissolved solids (DS), pH, conductivity, alkalinity. 

 

Phosphorus and Nitrogen are the major causes of eutrophication in surface water. While 

Phosphorus has been identified as cause of eutrophication in fresh water sources (Bennett 

et al. 2001), the major cause of eutrophication in salt water is Nitrogen (Vitousek et al. 

1997). The required performance of the on-site systems is regulated by Norwegian local 

codes and Municipalities with local codes normally use 1.0mg/l effluent discharge limit for 

phosphorus (Heistad et al. 2006a). It was estimated by (Hinesly & Jones 1990) that, 

phosphorus concentrations exceeding 0.05mg/L may cause eutrophication in surface water 

bodies. This emphasizes the importance of having high performance wastewater treatment 

system for phosphorus removal. 

 

P removal in filter based on-site wastewater treatment system is achieved by using P- sorbing 

filter materials or substrates. The substrates can be natural materials, industrial by-products and 

man-made products (Vohla et al. 2011). To be suitable for use in a small scale on-site system, 

the substrate must have high P sorption capacity, have adequate hydraulic conductivity as well 

as be available at reasonable cost (ÁdÁm et al. 2007b). Increasing numbers of P- filter 

materials have been proposed as suitable media for P removal in on-site wastewater treatment 

systems (Cucarella & Renman 2009). However, the longevity of the sorption capacity of 

phosphorous is still a major focal point for research (Herrmann 2014) 

 

The small scale on-site wastewater treatment system installed at Høyås farm in Ås 

municipality, Norway uses P-filter materials with high P-sorption capacity (Mironga 2014). 

The system was constructed in 2012 was put into operation same year. The P-filter materials in 

use in the system are Phosphorus Filters: Filtrate-P (PFFP) and Phosphorus filter Filtramar 
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(PFFM). The system receives WW from an average of 8 people per day throughout a year 

and can treat WW from a maximum of 25 persons per day (Al Nabelsi & Ganesh 2013). It 

is based on the design of a Norwegian constructed wetland/filter bed system but the P-

removing filter units are strongly downsized compared to the requirement in the 

Norwegian guidelines (VA-miløblad 49). A polishing step in a small sand filter, that is not 

required in VA-miljøblad 49, is added. 

 

In addition to being a potential cause of eutrophication, wastewater effluents may cause loss of 

species and habitat as well as increasing the turbidity of receiving water. Wastewater effluents 

may also pose a health risk to drinking water sources by spreading of pathogens. This may 

occur if inadequately treated wastewater effluent is discharged into surface water bodies or 

groundwater. Therefore, top performance wastewater treatment system is vital to achieving 

environmental sustainability as well as to safeguarding human health. 

 
 
 

 

1.2. Research Objectives 
 

The specific objectives of the study are to; 
 

 

• Compare phosphorus sorption capacities of Filtralite-P and Filtramar materials 
 

• Establish, and to what extent does the individual treatment components reduce 

the contaminant concentration. 
 

• Determine whether the system meets the discharge limits of 1mg/l for P and 

20mg/l for BOD. 
 

• Estimate life time for the P-filters as well as, identify probable causes of 

variation in the effluent concentration over time. 
 

• Assess ways to improve general treatment performance of the treatment 
 
 
 

 

1.3. Research Questions 
 

In fulfilling the stated objectives, the following research questions will be discussed: 

 

• What is the current situation of the Høyås wastewater treatment system in term of 

system design and functionality of the system components? 
 

• What is the Characteristics of wastewater been treated? 
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• How efficient are the FP and FM p-filter materials and how efficient is the general 

treatment performance? 
 

• Does the system still meet the discharge limit set for Phosphorus and BOD and how 

has the system performance changed over time? 

 
 

 

1.4. Significance of the study 
 

This study is beneficial to the environment especially the receiving water bodies. The Ås 

municipality may use results from this study to evaluate whether Høyås system still 

maintains discharge limits for Phosphorus and BOD. This study may also be beneficial to 

the system owner. Findings and recommendations from this study may provide help in 

maintaining or retaining a high-performance system. Furthermore, system engineers may 

use this study to evaluate and choose P-filter medium with better P-sorption capacity when 

constructing on-site wastewater treatment systems with Phosphorus medium for P-sorption. 

 

In the next chapter, a background to the study is presented. chapter 3 shows the materials 

and methods used in the study. chapter 4 presents the results and chapter 5 discusses the 

results. The last chapter, chapter 6, presents the conclusion. Recommendations are also 

made in the 6th chapter. 
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2. BACKGROUND INFORMATION 
 

This chapter will present a literature review on the topic of local wastewater treatment 

plants in Norway, regulation of water quality after the wastewater treatment system, and 

descriptions of the main water pollutants that come from domestic wastewater into water 

bodies. 

 
 
 

 

2.1. Small scale wastewater treatment in Norway 
 

Small-scale water supply systems include private or individual facilities and installations, 

usually providing one house or a small number of houses with water for domestic and / or 

commercial needs. These systems administered by the local community, and public 

systems under the management of a public organization that usually supply water to farms, 

villages, towns and suburban areas (Rickert et al. 2016). These can be systems with or 

without water supply through pipes. They may or may not include water treatment, storage 

and distribution of water. 

 

Small-scale sanitation technologies include a whole range of systems - from simple local 

ones, such as latrine toilets, flush toilets, to septic tanks or collective sewer systems with or 

without wastewater treatment. These systems can be managed by organized utility 

companies, but many local systems are run by communities or individuals. 

 

Small-scale water supply systems are determined based on such criteria as the number of 

served population, the form of management, the amount of water supplied, as well as the 

presence or absence of a pipeline for water supply, centralized or decentralized water 

supply, location in rural areas or in a city. Likewise, small-scale systems can be classified 

by the number of wastewater being treated, the number of connections to maintenance or 

the type of technology used. 

 

As is known from the work of Paruch and others, about 17% of the population of Norway 

use small decentralized water treatment facilities. This is approximately 340000 operating 

local systems. The figure below shows the distribution of those small scale WWTS systems 

with different technologies (Paruch et al. 2011). 

 

 

5 



 
 
 
 

Types of on-site wastewater treatment systems in Norway 
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Fig. 2.1: Distribution of on-site wastewater treatment technologies in Norway 

(Johannessen 2012). 
 
 

 

2.2. Issues of wastewater treatment performance of wetland 

systems in cold climate 

 

In recent years, the development and use of alternative, small-scale, environmentally and 

economically acceptable wastewater treatment technologies have been actively promoted 

in the world. The most promising of them are those whose action is based on the use of 

natural processes occurring in aquatic ecosystems with the participation of higher aquatic 

vegetation. There is a number of options for solving the problem of wastewater treatment, 

in particular using the constructed wetlands technology. 

 

Constructed wetlands are ecologically designed marsh ecosystems that integrate physical, 

chemical and biological processes involving marsh vegetation, soils and associated 

microbial communities in the process of wastewater treatment. Systems are created that, 

under the condition of low cost and minimum maintenance requirements, are governed 

primarily by natural energy, as sun and gravity. And they are capable of self-sustaining 

processes occurring in them. At the same time, they are reliable and highly efficient in the 

transformation and removal of pollutants of sewage, regardless of the season of the year. 
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Constructed wetlands are divided into two types depending on the location of the hydraulic 

design line (Vymazal 2008). These types are: 

 

• Free water surface (FWS) wetlands (or surface flow wetlands); 
 

• Vegetated submerged bed (VSB) systems (subsurface flow wetlands). 
 

Outwardly FWS are very reminiscent of natural bogs by the presence of standing water and 

aquatic plants, rooted in the soil layer on the bottom of the marsh. Wastewater in such 

systems pass through leaves, stems and plant bases. FWS CW is the most efficient facility 

for reducing the concentration of ammonium and nitrates in wastewater, which is explained 

by the extremely high level of nitrification in systems of this type (Jin et al. 2002). Also, 

due to the significant impact of sunlight on systems with surface flow, they are more 

effective in removing of E. coli. 

 

Then VSB do not look like natural bogs in appearance: they do not have open water 

spaces, constant water level. Such systems are a bed of filter medium (such as crushed 

stone, small stones, gravel, sand or soil), which is planted with aquatic plants. With proper 

design and operation, the wastewater passes the system below the surface of the medium, 

in contact with the roots and rhizosphere of the plants. In addition, vertical flow wetland is 

separately distinguished. This type of constructed wetlands is a typical vertical sand or 

gravel filter planted with aquatic plants (Moshiri 1993). 

 

In the northern regions, the main problem associated with the technology of constructed 

wetlands is its operation at low temperatures. The experience of the use of constructed 

wetlands in Norway, Sweden, Denmark, Canada and North America shows that artificially 

created wetlands as post-treatment facilities are effective even at low temperatures. 

However, the winter decrease in the activity of the such systems is insignificant in 

comparison with the warm season (Jenssen et al. 1993) . 

 

Seasonal fluctuations play no small role in the functioning of the constructed wetlands for 

wastewater treatment. During the winter, the percentage of bacteria reduction is lower 

compared to all other seasons (Thullen et al. 2005). The maximum removal of bacteria is 

noted in conditions of high solar radiation and high temperature (Zdragas et al. 2002). 

Removal of ammonia varies cyclically for the seasons of the year in the constructed 

wetlands. However, a clear dependence on seasonal factors such as temperature, mass load 
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and salinity of effluents for ammonia removal was not revealed in the constructed wetlands 

(Jing & Lin 2004). 

 

Among the two types of constructed wetlands, systems of subsurface runoff have an 

advantage in a colder climate. Since purification occurs below the ground level, which 

means that bacterial communities are also isolated and protected from exposure to cold air. 

Temperature and other seasonal changes in climatic conditions affect both biological and 

physical activity within the system (Wittgren & Maehlum 1997). 

 

It was revealed that the constructed wetlands remain fully functional in conditions of low 

temperatures. The experience of including wetlands in the water treatment system has 

shown a high efficiency of the method in Norway. Moreover, the purification processes 

were practically identical both in the summer and in the winter, with a rather high level of 

removal of organic matter (BOD, COD), phosphorus and nitrogen (Maehlum 1995). 

 
 
 

 

2.3. Effluent standards 
 

Water pollution has become a global problem in the present time. In this connection, the 

role of rationing of the maximum permissible impact on the environment is increasing. 

This will guarantee the ecological safety of the population and the preservation of the 

genetic fund. Ensuring rational and safe water use, excluding depletion of water resources 

and irreversible deterioration of the quality of the environment, is one of the urgent and key 

tasks of the socio-economic development of European countries. At the same time, the 

issue of normalizing the quality of wastewater treatment is one of the fundamental issues of 

the water sector, at least the part that is associated with the use of water for drinking and 

industrial water supply, which inevitably leads to the formation and discharge of sewage 

into the water receivers. 

 

According to “TheRichest”, which makes the top-10 ratings in a variety of indicators, Norway 

ranks second in the quality of tap water in the world, second only to Switzerland 

(www.therichest.com, 2016). Surely this is one of the factors ensuring, the northern country for 

the past 14 years, the first place in the list of countries for the human development index, 

taking into account the life expectancy and health of the population (UNDP, 2016). This is 

 

 

8 



all due to the fact that Norway allocates considerable intellectual and financial resources to 

the cleanliness of the environment and water resources. 

 

Every year, 700 million cubic meter of water passes through the stations of water treatment 

and wastewater treatment. With the daily intake of about 200 liters of water per person, 

this makes it possible to provide 90% of the population with clean water. The remaining 

use private sources. Thus, most of the water resources are supplied by the state. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2.2: Schematic diagram of the Norwegian water supply and wastewater infrastructure 

(“Norwegian Water,” 2014). 

 

The state provides access to a centralized water treatment complex for 84% of the 

population. The rest, 16% use local cleaning facilities. Such indicators are achieved due to 

the distribution of the population across Norway. Nevertheless, this approach provides a 
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high-quality result of wastewater treatment and water supply, despite the difficulties in 

implementation. 

 

Based on the EU standards - the system of global environmental monitoring - the level of 

phosphorus is the most important criterion in determining the quality of treatment in local 

water treatment systems. Determination of the saturation of total phosphorus (considering 

dissolved and suspended forms, organic matter and mineral compounds) has become a 

mandatory item in the program for monitoring the composition of water body. 

 

Table 2-1: EU standards (Ellingsen, 2012). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In Norway, there is a national requirement for the regulation of wastewater pollution after 

small-scale wastewater treatment systems. They should provide about 90% removal of total 

phosphorus and BOD5 (Johannessen, 2012). Also, according to the rules of local 

municipalities, there are maximum permissible emission standards for phosphorus and 

biological oxygen demand in wastewater after such local plants. These limit levels are those: 

Р = 1 mg/l and BOD5 = 25mg / l  (Heistad et al. 2006b). 
 
 
 
 

 

2.4. Contaminants in wastewater 
 

2.4.1. Phosphorus 
 

Phosphorus is the most important obligatory chemical element necessary for living 

organisms and has the highest bioaccumulation coefficient, i.e. acts as a fertilizer (Litke 

1999). 
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This element serves as a powerful biogenic agent. In natural reservoirs, it is often the total 

content of mineral-organic phosphorus that becomes a factor restraining the further growth 

of productivity. The ingress of excess volumes of phosphorus-containing compounds into 

natural sources triggers mechanisms of uncontrolled growth of plant biomass. Low-flow 

and non-current objects are more prone to changes in the trophic status, which are 

accompanied by a complete rearrangement of the entire structure of the reservoir: the 

concentration of bacteria and salts increases, putrefactive processes begin to prevail, and 

the water becomes turbid. 

 

When phosphorus enters water bodies, it causes rapid growth of algae, especially blue-green 

(cyan bacteria), which disrupt the natural bio-system, extract dissolved oxygen from the water, 

avoid sunlight, create anaerobic conditions and lead to the death of many living organisms and 

accumulation of bio-toxins. Water in such reservoirs is not suitable for water consumption by 

the population and dangerous for human health and life (Köhler 2006). 

 

One of the likely aspects of the eutrophication process is the growth of blue-green algae 

(cyanobacteria), many of which are toxic. The substances released by these organisms 

belong to the group of phosphorus- and sulfur-containing organic compounds, which 

belong to the nerve-paralytic poisons. 

 
 
 

 

2.4.1.1. Sources of Phosphorus 
 

The main source of additional intake of phosphates in natural waters is domestic wastewater 

containing phosphates of detergents and final products of animal and human vital activity 

(Kundu et al. 2015). Washing powders and detergents, as well as many water softeners, are 

"suppliers" of sodium polyphosphate phosphate salts of complex composition, which can be 

converted into orthophosphates during hydrolysis. In addition, phosphates are an integral part 

of the compositions that reduce the formation of scale when using water in heat exchange 

processes. In an even greater quantity, phosphates enter natural reservoirs with fertilizers 

washed off from fields, from drainage systems, urban storm sewage. 

 

Many researchers have analyzed the ways of phosphorus intake and its content in surface water 

bodies. Thus, when studying the reserves and dynamics of phosphorus concentration in Lake 

Dong Hu (China) during the period from October 1997 to September 1999. The total 
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supply of phosphorus to the lake from the outside was from 3.1 to 3.2 g/m3 in one year 

during the indicated period. At the same time, 80% of phosphorus came from sewage, and 

the rest - from atmospheric precipitation. The laboratory of the University in Hanover 

(Germany) also studied the ways of phosphorus entering the natural waters. According to 

their data, about 38% of phosphorus compounds enter water bodies with domestic 

wastewater. 

 

It should be noted that inorganic compounds of phosphorus make up only 10% of the total 

amount of phosphorus contained in the water of surface water bodies, and the bulk of its 

reserves are in organic form, for example, in sexton, and, naturally, settles to the bottom. 

 

Phosphorus in waste water is represented as organic, inorganic and mixed contaminants, as 

well as bacteria and microorganisms present in varying degrees of dispersion, in the form 

of suspended solids, colloids, and soluble substances. 

 

Soluble phosphates include alkali metal and ammonium salts; the remaining metals form 

insoluble precipitates. The properties of phosphates include their ability to sorb on the 

surface of other substances. 

 
 
 

 

2.4.1.2. Phosphorus forms in wastewater 
 

By total phosphorus is meant the sum of mineral and organic phosphorus. Just as for nitrogen, 

the exchange of phosphorus between its mineral and organic forms, on the one hand, and living 

organisms, on the other hand, is the main factor determining its concentration. In natural and 

waste waters, phosphorus can be present in different forms. In the dissolved state (sometimes 

referred to as the liquid phase of the water being analyzed), it can be in the form of Ortho-

Phosphoric acid (H3PO4) and its anions (H2PO4
-
, HPO4

2-
, PO4

3- 

 
) in the form of meta-, pyro- and polyphosphates (these substances are used to prevent the 

formation of scale, they are also part of detergents). In addition, there are a variety of 

organophosphorus compounds - nucleic acids, nucleoproteins, phospholipids, etc., which 

can also be present in water, being the products of vital activity or the decomposition of 

organisms. Some organic pesticides also belong to organophosphorus compounds. 
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Phosphorus can also be present in the undissolved state (in the solid phase of water), being 

present in the form of slightly soluble phosphates suspended in water, including natural 

minerals, protein, organic phosphorus-containing compounds, remains of dead organisms, 

etc. Phosphorus in the solid phase in natural reservoirs is usually found in benthic 

Sediments, but can occur, and in large quantities in wastewater and polluted natural waters. 

 

In accordance with the requirements of the global system for monitoring the state of the 

environment (GEMS), the determination of the content of total phosphorus (dissolved and 

suspended, in the form of organic and mineral compounds) is included in the compulsory 

observations of the composition of natural waters. Phosphorus is the most important 

indicator of the trophic status of natural water bodies. The main form of inorganic 

phosphorus at pH values of the water body is more than 6.5 is the HPO4
2-

 ion (about 90%) 

(McCray et al. 2005). In acidic waters, inorganic phosphorus is predominantly in the form 

of H2PO4
-
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.3: Complexation of phosphoric acid as a function of pH (Brothers 2014). 
 
 
 
 

 

2.4.2. Nitrogen 

 

2.4.2.1. Total Nitrogen 
 

The water of open natural water bodies contains a certain percentage of nitrogen-containing 

compounds, which are either dissolved in it, or are present as a suspension or in a colloid 
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form. Under the influence of biochemical processes occurring in water bodies, as well as 

under the influence of physical and chemical factors (Oakley et al. 2010), they are 

transformed, passing from one state to another. The TN indicator shows the total saturation 

of the water of a natural source with both mineral and organic nitrogen compounds. 

 

The total index of water saturation with nitrogen of mineral origin reflects the aggregate 

volume of its nitrate (NO3
-
), nitrite (NO2

-
) forms and ammonium (NH4

+
). The high content 

of nitrites and ammonium nitrogen is a very reliable indicator of recent pollution, and a 

large amount of nitrates may indicate that the water has been contaminated long enough. 

The ability to interconversion is inherent in both gaseous nitrogen compounds and all its 

other forms (Harrison 1998), that are shown in figure below (Fig.2.3.). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 2.4: Transformation and cycle of Nitrogen in the environment. 
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2.4.2.2. Ammonium 
 

The water saturation by ammonium ions (in terms of nitrogen) varies between 10-200μg/l. 
 

Their main natural suppliers to uncontaminated water bodies are the following reactions: 
 
 

- Biochemical degradation of protein compounds; 
 

- The process of amino acid deamination; 
 

- Decomposition of urea, occurring with the participation of urease. 
 

Come ammonium ions with runoff from livestock farms, household discharges and 

farmland. In Norway, the use of ammonium fertilizers is popular. Over-saturation with 

ammonium ions reflects the deterioration of the sanitary situation in the water body. This is 

an effective indicator of pollution, both for underground and for natural water bodies 

located on the surface. First of all, this indicator demonstrates the presence of domestic and 

agricultural impurities. 

 

In domestic sewage contains up to 2-7mg/l ammonium; there are around to 10 grams of 

ammonium nitrogen (per capita) is fed every day to the WW system from the household 

sewage. 

 
 
 

 

2.4.2.3. Nitrate 
 

There are several sources of nitrate ion penetration into water bodies: 
 
 

- Nitrification of ammonium nitrogen. The process takes place in the water column 

with the participation of oxygen and nitrifying bacteria; 
 

- Precipitation coming from the atmosphere. They are saturated with nitric oxide, 

formed from electrical discharges; 
 

- Domestic sewage; 
 

- Irrigated fields and other farmlands. Hence, nitrates are due to the active use of 
 

nitrogen supplements. 
 

Nitric acid salts – nitrates (NH4
+
) - are the final products of mineralization of organic nitrogen-

containing substances. The presence in water of nitrates without ammonia and nitrous acid 

salts indicates the completion of the mineralization process and at a high content in the water 

indicate an ancient contamination of it. Simultaneous content of all three 
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components in the water - ammonia, nitrites and nitrates - indicates the incompleteness of 

the mineralization process and the epidemiological contamination of water. 

 

The increased content of nitrates at the outlet from the water treatment plant leads to the 

overgrowth of the water outflow. Nitrogen, as a biogenic element, promotes the growth of 

algae and bacteria. This is called the eutrophication process. This process is very dangerous 

for water reservoirs. Since the subsequent decomposition of plant biomass will consume all 

the oxygen in the water. 

 
 
 

 

2.4.3. pH 

 

The hydrogen index pH is the negative decimal logarithm of the concentration of hydrogen 

ions in water. It is one of the important characteristics of water, which determines the 

chemical and biological processes that take place in it. The pH depends on the degree of 

dissolution of various elements, their toxicity, and the effectiveness of water purification 

methods. In an aqueous solution with a pH level of 7, H
+
 and OH

-
 ions are in equal 

concentrations, and this solution is called neutral. Waters with pH less than 7, where the 

concentration of H
+
 ions exceeds the concentration of OH

-
 ions, are acidic, and with pH 

more than 7 - alkaline. The pH level in waste water must be between 6 and 9. 

 

Table 2-2: Classification of waters by pH: 
 
 

Water group pH value 

  

Strongly acidic ˂ 3,0 

Acidic 3,0-5,0 

Weak acid 5,0-6,5 

Neutral 6,5-7,5 

Weak alkaline 7,5-8,5 
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Alkaline 8,5-9,5 
 

 

Strongly alkaline ˃9,5 
 
 
 
 
 

 

Water with a low pH level has increased corrosive activity, and at a high pH level, there is 

an increase in the intensity of formation of iron deposits and salts of stiffness is observed. 

 

Water dissociates (decomposes) into hydrogen ions H
+
 and hydroxyl OH

-
 by the equation: 

 

Н2О ↔ H
+
 + ОН

- 

 

But the same number of water molecules simultaneously formed again. Consequently, the 

composition of water at a certain temperature and in the absence of impurities does not 

change. 

 

Кw = (H
+
) (ОН

-
) =10

-14 

 

The product of the concentrations of these ions is a constant value and is called the ion 

product of water - Kw. Since a small amount of water molecules breaks down, the 

concentration of H
+
 and OH

-
 ions is small, then small is their product. At a temperature of 

24.8°C, Kw = 10
-14

. 

 

An increase in the concentration of hydrogen ions causes a corresponding decrease in 

hydroxide ions and vice versa. 

 

For a neutral stage: 
[H

+
] = [ОН

-
] =√10−14 = 10

-7 

 

To assess the acidity and alkalinity of the medium, it is convenient to use not the 

concentration of hydrogen ions, but the hydrogen pH. It is equal to the decimal logarithm 

of the concentrations of hydrogen ions, taken with the opposite sign. 
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If any substance dissolved in water, which is itself the source of H
+
 and OH

-
 ions (for 

example, the acids: HCl, H2CO4, HNO3, etc.; alkalis: NaOH, KOH, Ca(OH)2, etc.), the H
+

 

and OH
-
 will not be equal, but their product Kw will be constant. 

 
 
 

 

2.4.4. Conductivity 
 

Electrical conductivity of a water solution to conduct an electric current. The inverse of the 

electrical resistance. The electrical conductivity of water depends on the concentration of 

ions dissolved in it and the water temperature. The mineral part of the water is made up of 

Na 
+
, K 

+
, Ca2 

+
, Mg2 

+
, Cl

-
, SO4 

2-
, HCO

3-
 ions. These ions determine the electrical 

conductivity of natural waters. The presence of other ions, for example Fe
3 +

, Fe
2 +

, Mn
2 

+
, Al

3 +
, NO

3-
, HPO4 

2-
, H2PO

4-
, do not greatly affect the electrical conductivity if these 

ions are not contained in water in significant amounts (for example, below releases of 

production or household waste water). With an increase in the mineralization of water, its 

electrical conductivity rises. The index of electrical conductivity is used to control the 

quality of reverse osmosis, distilled and deionized water. The electrical conductivity of 

distilled water should not exceed 5μS/cm. 

 
 
 
 
 

2.4.5. BOD 

 

Biochemical oxygen demand (BOD) is an indicator determined by the oxidation of 

"organic" not with the help of chemical substances, but by biochemical effects under 

aerobic conditions (Von Sperling & de Lemos Chernicharo 2005). Biochemical oxygen 

consumption is more often determines for five days (BOD5) and, as a rule, this index in 

surface waters is in the range of 0.5-4.0 mgO2/l (Du Toit 2006). 
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3. MATERIALS AND METHODS 
 

In this chapter, the wastewater treatment system at the Høyås farm will be introduced, 

including the design and components of the system. Wastewater sampling procedures and 

methods used in wastewater analysis will also be described. 

 
 
 

 

3.1. Design of the water treatment system 
 

The wastewater treatment system, is located in  Høyås farm with geographical coordinates 
 

59° 38’ 5.5’’N and 10° 47’13’’E (Jenssen & Siegrist 1990). The farm’s address is 

Brekkeveien 120 in Ås municipality, Akershus region in Norway. The farm is close to a 

location known as “marine limit”, it means that around 10,000 years ago, right after the last 

glaciation period, this area was covered by sea (UMB K, 2012). 

 

Soil research has shown that the soil on the site of the water treatment system consists 

mainly of silty clay, although fragments of sand and gravel may be encountered. Therefore, 

it can be concluded that in the case of leakage of untreated water from the treatment 

system, the possibility of groundwater contamination is reduced (Mironga 2014). 

 

The Høyås small scale wastewater treatment system was built in September 2012 for the 

average of 8 people, but the system can work at a maximum load of 25 Pe/day. Main parts 

of the system are septic tank (ST), bio-filters (BF), phosphorus filters (PFFM, PFFP) and 

sand filters (SFFM, SFFP). Layout of the system is shown on the figure below. 

 

The most important thing should be noted in this system is that after the bio-filter the system is 

divided into two parallel branches of water purification. Namely, two types of phosphorus-

removal materials Filtramar and Filtrate-P were installed in parallel, and each of the P-filters 

were followed by sand filters separately. Water after treatment flows into a creek. 

 

This system serves two houses (main and guest) and two small apartments that are rented. 

It is estimated that approximately 8 people always live on the farm. But, the system was 

designed taking into account the fact that in certain periods the guests can come to the farm 

and therefore the number of people who can live on the farm can be 25 people. 
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So, according to the data the volumetric flow rate could be calculated 

(Q): Q = 150l/Pe. day * n Pe 

 

Q = 150 * 8 = 1200 l/day = 1,2 m
3
/day 

 

Or Q * 365 = 438 m
3
/year 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3.1: Layout of Høyås SSWWTS (Al Nabelsi & Ganesh 2013) 
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3.1.1. Septic tank 
 

A septic tank (ST) is an installation in which the effluents pass through several stages of 

purification. The main principle of the septic tank is the protection of waste water and the 

processing of organic inclusions by anaerobic bacteria. To achieve a better cleaning 

quality, septic tanks are made multi-chamber. The main part of solid waste settles in the 

first chamber, in the subsequent parts flows the previously purified water (Busch, 1958). 

The process of eliminating impurities is realized by a biological method, by fermenting the 

sewage without oxygen access. The septic tank is capable of eliminating about 30-60% SS, 

25-35% BOD, 5-10% TN and TP, which is a fairly high indicator for such treatment 

systems (Jenssen et al. 2006). The fluid gradually moves from one chamber to another. In 

each tank, mechanical and anaerobic cleaning takes place. Purified liquid is discharged into 

the upper layers of the soil. Twice a year there is removing of rotted residues and sludge 

with the help of special installations with pumps or sewage machines. 

 

There is fiberglass septic tank, which consists of three chambers with a total volume 9.5m
3
 

and volumes of each chamber is 6.9m
3
, 1.3m

3
, 1.3m

3
 respectively in the Høyås farm. 

Wastewater flows by gravity from the tank to the pumping chamber. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3.2: Cross-sectional size specification of a septic tank (Al Nabelsi & Ganesh 2013). 
 
 

This kind of ST is a little oversized corresponding only for 8 Pe with actual Q value of 

1.2m
3
/day. But it was done for proper treatment for 25 Pe at the time of diverse activities in 

 

21 



the farm. Actually, this volume of the tank corresponds to 3 residential units (Jenssen et al. 

2006). 

 
 
 

 

3.1.2. Bio-filter 
 

Any septic tank supplemented with a bio-filter (BF) works 20-25% more efficiently, 

decomposing the organic matter without the use of filtration fields. 

 

A BF for wastewater is especially necessary if soils have low filtering capacity (loam, clay 

soil) or groundwater level lies close to the surface of the ground. 

 

The bio-filter design consists of five main parts: 
 
 

- the container in which the filter elements are located, while the walls of the 

reservoir can be either watertight or moisture-permeable; 
 

- filter body or filter load; 
 

- device-water distributor, whose task is to uniformly irrigate the entire filter surface 

by wastewater; 
 

- a drainage device that removes clarified waters; 
 

- an air distributor, by means of which the air necessary for the normal flow of 

oxidizing processes enters the bio-filter for sewage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3.3: Cross section of bio-filter treatment component at the Høyås farm (Al Nabelsi & 
 

Ganesh 2013). 
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The bio-filter consists of three domes with diameter 2.3m and 12.5m
2
 filter bed. Already 

pre-cleaned from various solids, wastewater enters a BF filled up to 60cm with Filtralite 

HC 2.5-5mm grains (Annex 08) filter material. Here WW is evenly distributed by nozzles 

over the whole surface of the charge (Brady & Weil 1990), after which their aerobic 

oxidation takes place, followed by biological after-treatment of aerobic bacteria. 

 

Passing through the filtering material, the wastewater forms on its surface such a unique 

film consisting of many microorganisms. These microorganisms are destructively affecting 

the organic matter contained in the waste water, and thereby purify this water (NKF and 

NORVAR, 2001). 

 

Since aerobic microbes cannot exist without oxygen, for this purpose, drainage pipes are 

provided in the bio-filter design. This makes it possible for oxygen to enter both the lower 

and upper zones of the bio-filter and create favorable conditions for the life of the aerobes. 

Also, these pipes are drainage for clarified water as they pass along the bottom of the filter 

bed. 

 

When the system was building in 2012, the top of the filter bed was concealed with 

isolating tree bark. But in August 2013 the bark was replaced with LWA Leca ISO 10-

20mm (Annex 11). 

 

Estimating of hydraulic loading rate (HLR) for the bio-filter: 
 
 

HLR = Q/A, 
 
 

Q – flow; 
 
 

A – surface area of the filter bed; 
 
 

HLR = 1200 l/day ÷ 12.5 m
2
 = 96 l/m

2
.day = 9.6 cm/day 

 

The BF is a little oversized comparing to hydraulic loading rate of 20 cm/day from VA-

Miljøblad nr.49 in the same reasons as a ST (Al Nabelsi & Ganesh 2013). 
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3.1.3. Alternative phosphorus removal units 
 

As already mentioned above, the main attraction of this system is that after the bio-filter 

the system is divided into two parallel lines of water treatment. These lines are almost 

identical to each other: the size of the domes (2.3m), the flow of the same amount of 

sewage through the nozzles, after each subdivision of the phosphorus-trapping filter there 

are sand filters for each one. The only thing that distinguishes them is the filling of the 

domes: one of them is filled with 4 m
3
 of Filtramar 0-7mm of grain size (PFFM) for more 

detailed information Annex 10, the other is filled with 4 m
3
 of Filtralite-P of 0.5-4mm 

grains (PFFP) (Annex 09). That was done to compare the performances of two P-filer 

materials PFFM and PFFP, its P-removal quality and longevity of work. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3.4: The appearance of wastewater distribution in the phosphorus filter components 
 

(Jenssen et all., 2006). 
 
 
 
 

 

3.1.4. Sand filters 

 

Filtration through a layer of sand is an economical way to remove suspended particles and 

other impurities in water treatment and wastewater treatment. Passage of water through a 

sand layer, which delays various impurities. Sand filters are the construction of soil's 

purification of wastewater under artificial filtering loading and are arranged in combination 

with septic tanks - for complete biological treatment (post-treatment) of sewage. 

 
 
 
 
 
 
 

 

24 



 
 
 
 
 
 
 
 
 
 

 

Fig. 3.5: The appearance of sand filters in cross-sectional view located at Høyås farm (Al 

Nabelsi & Ganesh 2013). 

 

The water after the phosphorus filters by the gravitational flow enters the sand filters SFFM 

and SFFP, respectively. Each of the sand filters has an area of 7m2 (10m - length, 0.7m width 

and 0.7m depth). The bottom of the sand filters is covered with an impenetrable membrane, 

and on top of SFFM and SFFP was strewn with bark of a tree. But, at the time when the bark of 

the tree was changed to the LWA on the top of bio-filter component in 2013, at the same time, 

on the sand filter, the bark was replaced by the LWA as well. 

 
 
 

 

3.2. Water sampling procedure 
 

Sampling was carried out twice this year on 15th February and 19th April. Sampling took 

place from each stage of water treatment: septic tank, bio-filter, both phosphorus-removing 

filters (PFFM and PFFP), also, after each of sand filters (SFFM, SFFP). Approximately 1 

liter samples were taken from each part of the water treatment system, so that the volume 

of sewage samples was sufficient for all analyzes. 

 
 
 

 

3.3. Wastewater analysis 
 

Analyzes of water samples taken from the water treatment system at the Høyås farm were 

analyzed in the days following the fence, respectively. In the interval between the 

analyzes, if any of the measurements were taken the next day, the samples were stored in 

the refrigerator in the laboratory. 
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It should be mentioned right away that most of the samples before the analysis had to be 

diluted, since the maximum limit of this or that polluter could exceed the threshold for one 

of the measurements in the method. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3.6: Example of typical dilution series (States Environmental Protection Agency, n.d.). 
 
 

All necessary analyzes and measurements were carried out in the laboratory of the 

Department of Environmental Sciences (IMV) in Norwegian University of Life Sciences 

(NMBU). 

 
 
 

 

3.3.1. Phosphorus analysis 
 

All selected wastewater samples were also analyzed for quantitative content of total 

phosphorus (TP) and Ortho-Phosphorus (Ortho-P). 

 
 
 

 

3.3.1.1. Total Phosphorus measurements 
 

TP was determined with the help of LCK 349 with the limiting limits of 0.05-1.5mg/l PO4-

P and 0.15-4.5mg/l PO4. As it was known from previous studies, the approximate content 

of TP and Ortho-P in wastewater, it was found that for TP analysis samples must be diluted 

in order to fall within the permissible concentration for LCK 349. So, samples from ST, BF 

and PFFP were diluted 20-fold, and for PFFM, SFFP, and SFFM, the samples were diluted 

10-fold. The analysis was carried out according to the instructions indicated on the LCK 

349 (Fig.3.7). The principle of this kit is that after the reaction between PO4
3-

 ions with 

molybdate and antimony ions an antimonil-phosphomolybdate complex is formed in an 

acidic solution, which is then reduced to phosphormolybdenum blue by ascorbic acid 

(HACH, n.d.-b). All these actions take place in cuvettes with barcodes, after which they 
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are placed in a special spectrophotometer (Fig.3.10), that reads the barcode (to establish 

the type of analysis) and obtains the results. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3.7: Kit LCK 349 with work steps. 
 
 
 
 

 

3.3.1.2. Ortho-Phosphorus measurements 
 

Ortho-P was determined by the spectrophotometric method. The analyzed samples were 

diluted exactly as for the determination of TP. The principle of the method is: during the 

interaction of orthophosphate ions with molybdate in an acidic medium, a yellow 

heteropoly-cite-lot is formed, which under the action of ascorbic acid, which acts as a 

reducing agent, turns into an intensely colored blue compound. The reaction is carried out 

for 20 minutes at room temperature, the intensity of the color increases. The results show 

only the content of orthophosphate ions in the sample. Then, the results of the samples 

were obtained using a spectrophotometer (Gilford Stasar II Spectrophotometer w/sipper) at 

a wavelength of 700 nm, showed in figure 3.8. 
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Fig. 3.8: Gilford Stasar II Spectrophotometer w/sipper. 
 
 
 
 

 

3.3.2. Nitrogen analysis 

 

Water samples taken from the Høyås water treatment system were analyzed for the total 

content of nitrogen (TN), ammonium (NH4
+
) and nitrates (NO3

-
). 

 
 
 

 

3.3.2.1. Total Nitrogen measurements 
 

To determine the TN for the samples taken on February 15, a set of LCK 338 (Laton) with 

limiting concentrations of 20-100mg/l was used. The analysis was carried out in 

accordance with the methodology presented on the package LCK 338 (Fig.3.9). The 

principle of TN analysis is that peroxo-disulfate ties all types off Nitrogen in the solution 

an oxidize them to nitrate. After that these ions react with 2,6-dimethylphenol and generate 

nitro-phenol in the presence of sulfuric and phosphoric acid solution (Koroleff Digestion) 

(HACH, n.d.-a). After that, the data was read by a special apparatus Lange Hach DR2800 

(Fig 3.10). 
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Fig. 3.9: Kit LCK 338 (Laton) with work steps. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3.10: Spectrophotometer Lange Hach DR2800. 
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Samples taken on April 19, unfortunately, could not be analyzed on the TN in the same 

way as the previous series of samples, as at that time the reagents of LCK 338 had ended, 

and the order of the new kit takes a long time. Therefore, these samples were analyzed by 

an employee of the laboratory of the IMV department - Oddny Gimmingsrud by the 

method described in Annex 12. 

 
 
 

 

3.3.2.2. Ammonium measurements 
 

For the analysis of NH4
+
 in the samples of all treatment components, LCK 304 was used 

with a range of 0.015-2.0mg/l NH4-H and 0.02-2.5mg/l NH4. For this analysis, the samples 

were diluted in this order: 1:20 for ST, BF and PFFP, and 1:10 for PFFM, SFFP, and 

SFFM. The analysis was then carried out according to the principle indicated for the LCK 

304 (Fig. 3.11). To determine the amount of ammonium in the sample, it should be 

converted to indophenol-blue. It happens when NH4
+
 ions interact with ions of 

hypochlorite and salicylate in the presence of catalyst, which is a sodium nitroprusside at 

pH=12.6 (HACH, 1998). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3.11: Kit LCK 304 with work steps. 
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3.3.2.3. Nitrate measurements 
 

Also, all water samples were analyzed for the quantitative content of nitrates using the 

Lange Hach LCK 339 kit (0.23-13.50mg/l NO3-H, 1-60mg/l NO3). In this assay, the 

samples were also diluted in the ratios: 1:2 for the bio-filter, 1:3 for the PFFP; 1:5 for the 

PFFM, SFFP, SFFM. Samples from the septic tank did not need dilution. The analysis 

process was also performed according to the procedure of the Lange Hach indicated for 

this kit (Fig. 3.12), in which after reaction of Nitrate ions with 2,6-dimethylphenol, 

produces 4-nitro-2,6-dimethylphenol in the presence of sulfuric and phosphoric acid 

solution (HACH LANGE, 2016). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3.12: Kit LCK 339 with work steps. 
 
 

All the data were recorded in time-series for the analysis of the operation of the water 

treatment system from the moment it was launched to the present. 

 
 
 

 

3.3.3. pH measurements 

 

The pH of the samples taken on the farm was measured with a pH meter "PHM210 standard 

pH meter MeterLab TM" (Fig. 3.13), which allows the pH values to be directly obtained - 
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the negative decimal logarithm of the activity (concentration) of the cation or anion to be 

analyzed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3.13: pH meter "PHM210 standard pH meter MeterLab TM". 
 
 

All pH meters require periodic adjustment. For this, the measuring electrode is immersed 

in a buffer solution with a precisely known pH and the instrument is adjusted so that the 

meter readings show the exact pH of the buffer. After adjusting the pH meter, samples of 

sewage samples were analyzed. The electrode must be thoroughly rinsed with distilled 

water before immersion in the solution to be analyzed, and carefully remove the remaining 

water from it with a help of clean paper towel. 

 
 
 

 

3.3.4. Conductivity measurements 
 

The electrical conductivity was measured by means of a special meter of conductivity 

meter "712 Metrohm Conductometer" (Fig. 3.14). The principle of the conductometer is 

based on the direct dependence of the electrical conductivity of the solution (current in a 

constant electric field created by the electrodes of the device) on the amount of substances 

dissolved in water. The data was displayed on the screen in a measurement unit μS/cm. 
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Fig. 3.14: Conductivity meter "712 Metrohm Conductometer". 
 
 
 
 

 

3.3.5. BOD measurements 

 

BOD5 measurements were not carried out in sewage samples taken this year. But, since in 

this graduation work the data on the measured BOD under laboratory conditions are used 

from previous years, it should be mentioned that it was measured on the instrument "WTW 

OxiTop OC100" (Fig. 3.15). The methodology to these measurements is included in Annex 

13. 
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Fig. 3.15: System for measuring biological oxygen demand (BOD5) "WTW OxiTop OC100". 
 
 
 

 

3.4. Time Series analysis 
 

The water analysis data from the previous studies (Nabelsi and Ganesh, 2013), (Mironga, 

2014) and unpublished master thesis data (2015) have been used in this study to examine 

the change of pollutant concentration with time. This data is required to assess the quality 

of the reproduced water and the state of work of the small-scale water purification system 

in general. The data obtained are the main parts of this study. All time-series are presented 

in the next chapter and the tables presented in the appendices to this paper. Prediction for 

TP final effluent limit was done using forecast function on Microsoft office excel. 
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4. RESULTS AND DISCUSSION 
 

This chapter presents results from the performance study of Høyås farm treatment system 

conducted. The results of the sampling campaign conducted from February to April 2017 

for this study is combined with the performance study conducted by Ganesh and Nabelsi 

(2013) and Mironga (2014) to evaluate how each parameter has changed in treatment 

system over time since it was constructed. 

 
 
 

 

4.1. General Results 
 

Effluent concentrations and levels as well as descriptive statistics of analysed parameters 

for WW effluent from treatment components septic tank (ST), biofilter (BF), phosphorus 

filter filtramar (PFFM), phosphorus filter filtralite-P (PFFP), sand filter filtramar (SFFM) 

and sand filter filtralite-P (SFFP) FFP are shown in (Annexes 01-06). Table 1 below shows 

the mean concentration values of parameters for treatment component obtained from test of 

two samples each during this study period (February 2017- April 2017). 

 

Table 4-1: Mean Effluent Concentrations and levels of Parameters in Treatment 

Components in the Study Period February 2017 to April 2017. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

As shown in (Table 4-1), based on the measured parameters in this current study period, 

Høyås OSWWTS has exceeded the discharge limits for P 1mg/l. Mean inlet TP 

 

35 



concentration of 8mg/l is reduced to final mean TP effluent concentration of 3.72mg/l and 

3.05mg/l from SFFM and SFFP respectively (Table 4-1). However, this is the mean of two 

samples in 2017, whether or not the mean over all the years of operation has exceeded the 

discharge limit of 1mg/l is discussed in later parts of this chapter. Mean inlet Ortho-P 

concentration is reduced from 8mg/l to final mean effluent concentration of 3mg/l in both 

the SFFM and SFFP. Also, mean inlet TN was reduced from 84.1mg/l to final mean 

effluent concentration of 62.75mg/l and 54.85mg/l from SFFM and SFFP respectively. 

Mean final effluent was pH7.18 from SFFM and pH7.82 from SFFP. The mean inlet 

conductivity level of 1501 µS/cm is reduced to final effluent level of 1033µS/cm and 

1113µS/cm from SFFM and SFFP respectively. 

 

Table 4-2: Mean Effluent Concentrations and levels of Parameters in Treatment 

Components since the system started operation in October 2012 to April 2017. The 

numbers in brackets are Standard Deviation values. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Comparing the two sets of data (Table 4-1 and Table 4-2), the mean final effluent 

concentration TP and Ortho-P have increased. Also, mean TN concentrations in the current 

study from the SFFM has increased compared to the previous studies while a reduction in TN 

was recorded in the SFFP mean effluent. In this current study, the mean final effluent level of 

N03
-
 increased in both the Filtramar and Filtralite-P lines. Consequently, significant decreases 

were recorded for final mean NH4
+
 effluent concentration in both treatment lines. The mean 

effluent conductivity levels in the previous studies were higher in all treatment component 

except in the final effluent (SFFM and SFFP). The mean pH levels from the 
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current study are reduced in all treatment components compared with mean effluent pH 

recorded in combined measurement up till the end of this current study. 

 

To check the extent to which the current treatment components can remove contaminants 

influent concentration in each treatment component, removal efficiency in the BF was 

calculated using the formula: 

 
 
 
 
 

 

The efficiencies of each treatment component were calculated for TP, OP, TN and NH4
+

 

and the performance are illustrated in the Fig. 4.1 below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4.1: Chart showing (%) concentration removed in each treatment components for total 

phosphorus (TP), orthophosphate (OP), total nitrogen (TN) and ammonium ions (NH4
+

) 

(Feb – April 2017). 

 
 
 
 
 

4.2. Phosphorus removal 
 

4.2.1. Total Phosphorus 
 

The Høyås treatment system has been a well-tested system capable of removing phosphorus in 

wastewater. The mean inlet TP in the STE from 2012-2017 is 14mg/l with Std.Dev of 4mg/l 

(Table 4-2) and it is in the range 3-21mg/l (Annex1). Since the system was constructed, there 

has been changes in the STE concentration over time. The maximum STE 
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concentration recorded was in March 2015 while the minimum recorded was 3mg/l in 

February 2017 (Annex1). TP concentration are reduced as WW flows through treatment 

components (BF, PFs and SFs) and. The PFFP removes a highest percentage of P as seen 

in figure 4.1. The change in concentration over time are illustrated in the time series curve 

in figure 4.2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.2: Time series curve showing changes in effluent concentration of TP in the 

treatment systems. 

 

As shown in the time series, the final TP effluent was low in the early months after the 

system has been in use. The curve also shows that P was removed mostly in the P-filters. 

This indicates a good TP removal especially at the start of operation. This claim is 

supported (Al Nabelsi & Ganesh 2013) as neither the daily nor final mean effluent crossed 

the 1mg/l limit throughout the 2012- 2013 study period. The first study on this treatment 

system documented a high TP removal efficiency of 97% and 98% respectively from the 

mean SFFM and SFFP final effluent (Al Nabelsi & Ganesh 2013). The subsequent study 

on the same system confirmed the reduction in the TP removal efficiency to 94% and 96% 

respectively from the mean SFFM and SFFP final effluent (Mironga 2014). Despite the 

slight reduction in the removal efficiency, the same study concluded that the treatment 

system was under the acceptable discharge limit of 1mg/l TP but alerted the increasing 

trend in the TP levels. 

 

In further support to this claim of declining removal efficiency of TP, WW parameters 

analysed from the system in this current study period indicate lower removal efficiency. 

The mean final TP measured from the SFFM and SFFP effluents were 3.72mg/l and 

3.05mg/l 38 



respectively from the initial inlet of 8.38mg/l in the ST (Table 4-1). This imply 56% and 63% 

removal respectively from the mean SFFM and SFFP final effluent. Nevertheless, the system 

still removes phosphorus to a considerable level even though it has been in operation for long. 

The reduction in the removal efficiency is not very surprising as the first study on this system 

predicted the lifetime of PFFP to be 2.45 years (Al Nabelsi & Ganesh 2013). The system 

removed phosphorus substantially for the first 2 years of operation indicating high sorption 

capacity of the P-filter materials. A similar study evaluating the performance of compact filter 

system for treating domestic wastewater in eastern Norway indicated that the treatment system 

maintained stable and high removal of P for the first 3 years (Heistad et al. 2006b). The same 

study predicted that the system will only be saturated with P in 5 years. Therefore, the 

longevity of the treatment system is dependent on the design parameter as well as on the ability 

of the P-filters to remove P in wastewater (Drizo et al. 2002). Both final effluents from 

Filtramar and Filtralite-P lines have been noticeably on an increasing trend since 2
nd

 of March 

2015 for SFFP and since 9
th

 of March 2015 for the SFFM. 

 
 
 

 

4.2.1.1. Performance estimate: first-order area-based removal rate 

constants (k) 

 

First-order area-based removal rate constants (k) can be used in representing performance 

data for the system. k represents the rate of contaminant concentration reduction in the 

treatment system (Mæhlum 1998). The first order area based removal rate is given by the 

equation; 

 

ln (Cout/Cin) = -k/q……………………………………………………….…….…equation 1 
 
 

Where k is the area-based first-order removal rate constant (m/d), q is the hydraulic loading 

rate (m/d), Cout is the outlet concentration (mg/l), Cin is the inlet concentration (mg/l). 

 

Equation 1 can be re-arranged as; k = ln (Cin / Cout) * Q/A……………………. equation 2 
 
 

Where Q is average water flow (m
3
/yr) and A is the wetland area (m

2
). (Kadlec & Knight 

1996) 
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The mean k value estimated for P is removal in the SFFM and SFFP final effluent is 34 

m/yr and 43/yr respectively (see annex 07 for calculations). The mean k values are similar 

higher than k value (24m/yr) reported for Constructed wetland in similar climate in Tveter 

(Mæhlum & Stålnacke 1999). 

 
 
 

 

4.2.1.2. Mean effluent TP discharge limit prediction 
 
 

Estimation is made to determine the period when the mean TP final effluent exceeds the 

1mg/l limit by interpolating and extrapolating values for TP concentration at equal date 

interval from the time series data. The data is the plotted using forecast tool on Microsoft 

office excel. The prediction is presented in Fig 4.3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 4.3: Forecast curve of when mean TP effluent concentration crosses the 1mg/l in the 

SFFP. 

 

From the graph, the predicted date is October 2017. 
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Total Phosphorus effluent concentration curves in Filtramar and filtralite-P lines (2017): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.4: TP concentration curve in Filtramar line in this study period (2017). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.5: TP concentration curve in Filtralite-P line in this current study period (2017). 
 
 

After the second year, the BF seems to have lesser effect on P removal. Nevertheless, the 

biofilter still removes little P whenever the TP concentration in the system is not high. 

 

In addition to the design parameter and p-sorption capacity of the P-filter materials, other 

factors might also have affected the reduction in the TP- removal efficiency of the 

treatment system. 
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There is a possibility that the working condition of the nozzles have some effects on the P 

removal as WW goes through the P-filters system very fast. This is in agreement with 

(Mironga 2014) the previous study which argues that there could be a lesser mean TP 

concentrations from P-filters if the nozzles could distribute WW evenly on the whole 

surface area of filter media. 

 
 
 

 

4.2.2. Ortho-Phosphate 
 

The mean influent concentration of Ortho-P (2012-2017) measured as STE is 12mg/l 

(Table 4-2). This is about 86% of the mean inlet TP given that mean TP influent is 14mg/l. 

 

Ortho-P effluent concentrations from treatment components follow nearly the same trend 

as TP effluent concentrations. Identical to the time series curve of TP, Ortho-p 

concentrations are reduced from higher concentrations in the inlet to lower concentrations 

in the final effluents. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.6: Time series curve indicating Ortho-P concentration change with time in the 

treatment components. 

 

Similar to the TP trend, major Ortho-P removal occurs in P-filters as indicated by the curve 

(Fig 4.6). The mean Ortho-P concentration (2012-2017) is 2.51mg/l and 1.69mg/l from 

PFFM and PFFP respectively (Table 4-2). 
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As shown in the time series curve (Fig. 4.6), the final effluent Ortho-P outlet concentration 

in the PFFM and PFFP was very low when the treatment system was new in 2012 and 

increases gradually as the system gets older. There is a noticeable decrease in the trend in 

September 2013 and in November 2014. Since then, the final effluent Ortho-P 

concentration in the treatment components has been on the rise resulting from increase in 

effluent PFFM and PFFP Ortho-P concentration. The removal efficiency of the system for 

Ortho-phosphate has reduced from 94% and 96% (Mironga 2014) to 62% and 53% in the 

SFFM and SFFP final effluents respectively final. 

 

There is much difference in the Ortho-p concentration in the septic tank and bio-filter. 

However, the difference reduces through the P-filters treatment components resulting in 

almost the same final effluent concentration of Ortho-P and TP (Annexes 01 and 02). 

 
 
 

 

4.3. Nitrogen removal 
 

4.3.1. Total Nitrogen 
 

TN, NH4
+
, and NO3

-
 were analysed to monitor the ability of the treatment system to 

remove N in wastewater. TN concentration is higher in the influent and it reduced as 

wastewater passes through consecutive treatment components. Mean influent concentration 

of TN measured (STE) from 2012-2017 was 126 mg/l while final mean TN effluent 

measured from the SFFM and SFFP effluent was 48 mg/l and 59 mg/l respectively (Table 

4-2). The removal efficiency for TN documented in the last study was 61% and 54% in the 

SFFM and SFFP respectively (Mironga 2014). However, the TN removal efficiency of the 

treatment system has reduced to 25% (SFFM) and 34% (SFFP) currently. This removal 

efficiency is still substantial even though not very high. The changes in the TN 

concentration in the system is shown in the time series curve in figure 4.7. 
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Fig. 4.7: Time series curve showing the change in TN concentration in the treatment 

system from 2013-2017. 

 

As presented in the time series curve (Fig. 4.7), the TN concentration in the treatment 

system follows a quite steady pattern since it was first measured in June 2013. The 

concentration went to a high level (above 300mg/l) in February 2015. The increase is 

probably caused by factors such as fertilizer use on the farm, quantity of water use per 

person, use of detergent etc. 

 

The measurement taken in this study period (2017) shows that the TN concentration is 

down to a lower level than it was before the increase (Table 4-1). This could be as a result 

of the new occupant moving-in on the farm assuming lower Nitrogen load in the toilet. 

 

The majority of TN measured as STE is in form of NH4
+
, out of the 126mg/l mean influent 

concentration of TN, 110mg/l was in form of NH4
+
 (Table 4-2). 

 
 
 

 

4.3.2. Ammonium 
 

The inlet NH4
+
concentrations are reduced as WW flows through the treatment components. 

The mean final effluent of NH4
+
 in the study periods (2013-2017) is 18mg/l and 26mg/l from 

SFFM and SFFP respectively (Table 4-2). The mean effluent concentration of NH4
+
 is 
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low in in the final effluent indicating good nitrification in the system. In this study period, 

the mean final effluent removal efficiency of NH4
+
 in the system increased to 92% (PFFP) 

and 94% (PFFM) from 69% and 79% respectively measured in the previous study 

(Mironga 2014). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4.8: Time series showing the changes in NH4
+

 concentration in the treatment systems 

in the study period 2013-2017. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4.9: Time series curve showing changes in the NO3
-
 concentration in the treatment 

components in the study period 2013-2017. 
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The NO3
-
 concentration along the treatment lines increases as the concentration of NH4

+
 

decreases. 
 
 
 
 

 

4.3.3. Nitrates 
 

As presented in the time series curve, NO3
-
 concentration is low in the beginning (STE line 

almost close to zero in (Fig. 4.9). The concentration increases in the subsequent treatment 

components and at the final effluent of SFFM and SFFP, NO3
-
 concentration got close to 

the TN values (Annexes 05 and 06). This means that almost all the NH4
+
 in the system has 

been nitrified at the final effluent indicating good nitrification in the treatment system. It 

also shows that the NH4
+
 is down to very low concentration. The system works well as an 

aerobic system with increased nitrification in the system and in the Phosphorus filters. The 

sum of NO3
-
 and NH4

+
 is almost half of the TN in the beginning and at the end of the 

system. At the end of the system, most of the TN is in form of NO3
-
 . The Effluent 

concentrations of NO3
-
increase in the treatment components as a proof of biological 

nitrification process taking place in the treatment system. This is the process of oxidizing 

the ammonia to remove nitrogenous compounds present in the wastewaters in the presence 

of nitrifying bacterial (Ramalho 2012). Nitrification works very well to reduce NH4
+
 in the 

system resulting in more NO3
-
 towards in the effluents. Subsequently, due to anaerobic 

conditions in the sand filters, the nitrate is denitrified and transformed to nitrogen gas 

(Isaacs & Henze 1995) with the help of heterotrophic bacterial. There is not enough 

denitrification in the system to remove NH4
+
 due to limited energy source for the anaerobic 

microsites. The limited energy source is because of the huge reduction in BOD after the 

BF. The reduction in the mean TN concentration (about 60% reduction in mean inlet TN 

concentration) is still very significant even though BOD has been removed. 

 
 
 
 

 

4.4. Conductivity 
 

The mean influent conductivity level (STE) measured in the study period (2012-2017) is 

1542µS/cm (Table 4-2) while final effluent from SFFM is 991µS/cm and from SFFP is 

1110µS/cm (Annexes 05 and 06). The maximum level of conductivity ever recorded in the 
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treatment system was 8890 µS/cm (Al Nabelsi & Ganesh 2013) in the PFFP and it was at 

the beginning of operation in 2012 (Annex 04) . 

 

The change in conductivity level measured in the system from start of operation in 2012 is 

shown in the time series curve in figure 4.10. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4.10: Time series curve showing the changes in conductivity level in the treatment 

system in the study period from 2012-2017. 

 

The high conductivity level in the PFFP in the beginning is because of calcium and 

magnesium leaching out of the Filtralite-P when it was still fresh. This is in accordance 

with a column experiment performed in a study to analyse the P retention in the filter 

materials shells and Filtralite-P (Ádám et al. 2007a). The column experiment result showed 

decrease in calcium and magnesium concentration in the effluent over time. Over time, 

Calcium and magnesium oxides into the system form dolomite which is calcium and 

magnesium carbonate (Rennesund et al. 2003), thereby resulting in the conductivity being 

almost at the same level in the system. 

 

Similar conductivity trends were observed in previous study where inlet conductivity levels 

reduced in consecutive treatment components except for PFFP (Ganesh and Nabelsi, 2012). 
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4.5. pH 
 

The mean influent pH measured(STE) is 8.1 and the final effluent has mean pH7.79 from 

SFFM and pH8.14 from SFFP effluent respectively (Table 4-2). The mean pH levels from 

both sand filters are within pH range of 7.5-8.5 set as “good for drinking water” in a 

nationwide survey of the chemical composition of drinking water in Norway (Flaten 1991). 

 

The changes in the pH in the system is presented in the time series curve in Fig. 4.11. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4.11: Time series curve showing pH changes in the treatment systems from 2012-2017 
 
 

Similar to the conductivity curve, highest pH is measured in the PFFP effluent is due to the 

presence of calcium ions in the beginning. At the beginning of operation, the pH was 12 and it 

reduced to 8. Over a period, loss of Ca2
+
 from the system introduces acidic P in wastewater, 

this results in drop in pH. If the pH was to drop to below 7, there is a risk of calcium bound 

phosphorus to leach into the system. The reduction in pH was also documented by (Adam et al. 

2005) in a small-scale box experiment to estimate P-sorption of Filtralite P. 

 
 
 
 
 

4.6. BOD removal 
 

From the result from previous studies presented in table 2, the Høyås treatment system 

functions well in removing BOD in the wastewater. The first study on the system recorded 
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a maximum BOD removal of 90% and 95% in the BF and PFs mean effluent 

concentrations (Al Nabelsi & Ganesh 2013). However, the same study observed a lesser 

removal efficiency of 87% in the SFs because of Organic matter leaching into the treatment 

component from the tree bark used for insulating it. Also, a broken nozzle in the biofilter 

might have affected the slight increase in BOD documented in January 2013 (Figure 4.12). 

 

The subsequent study (Mironga 2014) done on the treatment system further confirmed the 

effect of the tree back on the BOD concentration by documenting decreases in the BOD 

concentration in the SFs concentrations immediately after replacing the tree back in August 

2013(Annex 03 & 05). 

 

Discussing the effect of temperature on BOD concentrations in the Høyås treatment system, 

the previous study on the system indicated increases in BOD concentration in the cold months 

(Mironga 2014) siting low microbial activity in degrading organic matter as the cause. 

However, a study evaluating the effects of temperature on WW parameters in constructed 

wetland (Akratos & Tsihrintzis 2007), explained that temperature has no serious effect on 

BOD removal. In the study, he statistical tests carried out on BOD value obtained at 

temperatures below and above 15 degrees Celsius showed that the BOD differences are not 

significant. This is in support of claims that constructed wetlands, if properly designed , can 

function well in places with cold climates (Jenssen et al. 2005). The mean final effluent BOD 

concentration is under the discharge limit of 20mg/l (Table 4-2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4.12: Time series curve showing BOD changes in all the treatment system (2012-2015 

study period). 
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Fig. 4.13: Time series curve showing BOD changes in the final effluents (2012-2015 study 

period). 

 

As seen in the final effluent time series for BOD (Fig. 4.13), The BOD level has been 

under the 20mg/l limit since the tree bark was replaced in the system. This system produces 

very stable and low BOD. 
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5. CONCLUSIONS AND RECOMMENDATIONS 
 

After 55 months of operation, the onsite wastewater treatment system at Høyås is showing 

continuous increase in level of Phosphorus concentration in the final effluents. The final 

effluent from the Filtramar line (SFFM) now produces a mean effluent of total phosphorus 

(TP) of 1mg/l. Mean TP effluent from the Filtralite P line (SFFP) is still under the discharge 

limit of 1mg/l. Prediction is made for TP to exceed the 1mg/l limit by October 2017. The 

increasing of Total Phosphorus trends indicates that the filter media is approaching saturation. 

The orthophosphate (Ortho-P) concentration follows nearly same trend as TP concentration 

indicating increase in the final effluent ortho-P level over the period. For Biochemical oxygen 

demand (BOD), the final effluent from the system was under the discharge limit of 20mg/l as 

at the last time of measurement. The system produces low and stable BOD. 

 

The system still removes Total Nitrogen (TN) to a considerable level in the final effluent. 

The mean of Total Nitrogen removal efficiency of the system is over 50%. The system also 

produces very good nitrification resulting in huge reduction in final effluent concentrations of 

Ammonium ions (NH4
+
). The system removes as much as 92%-94% of the NH4

+
. 

 

The system produces effluents with stable conductivity level indicating stable levels of 

calcium and magnesium ions in the system. Also, the pH level (7-8) in the effluents indicates 

no risk of calcium bound phosphorus leaching out of the wastewater. 

 

To improve the overall performance of the treatment system, it is recommended that: 
 

 

• The nozzles spraying wastewater in the Phosphorus filter units should be replaced 

with nozzles having better spraying angles to achieve better distribution of wastewater 

over the filters. 
 

• Samples should be collected and analysed for Total Phosphorus effluent concentration in 

October 2017 to monitor the Total Phosphorus concentration level to check whether the 

mean effluent Total Phosphorus concentration in both sand-filters for Filtramar and 

Filtralite P meets the 1mg/l discharge limit for phosphorus set by the Ås municipality. 
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ANNEXES 
 

ANNEXES 01 
 

 

 SEPTIC TANK(ST) EFFLUENT CONCENTRATION AND LEVELS  

    PARAMETERS    

 TP ORTHO-P TN NH4+ NO3- BOD Cond. pH 

SAMPLING         

DATES (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µS/cm)  

01/10/2012 6.86 4.36    158.00 1222.00 6.87 

18/10/2012 11 11.00    101.00 1705.00 7.28 

06/11/2012 12 9.34    249.00 2863.00 7.39 

20/11/2012 13.6 10.30    411.00 1745.00 8.45 

19/12/2012 14.9 12.90    507.00 1152.00 7.46 

03/01/2013 14.8 12.50    620.00 1969.00 7.04 

12/06/2013 19.30 14.60 101.70 96.90 0.89 265.00 1336.00 7.80 

13/07/2013 13.70 13.40 98.70 95.60 1.30 225.00 1125.00 7.90 

07/08/2013 15.30 14.20 131.20 127.90 1.34 214.00 1260.00 7.70 

04/09/2013 17.62 14.14 101.20 98.10 0.78 256.00 1649.00 8.20 

27/09/2013 13.66 10.50 125.00 122.30 0.94 287.00 1507.00 7.70 

21/10/2013 18.40 11.50 120.10 119.20 0.82 248.00 1430.00 8.70 

25/11/2013 13.20 12.70 115.30 110.20 0.84 208.00 1650.00 8.10 

20/12/2013 17.70 17.50 119.20 115.80 1.10 237.00 1497.00 8.40 

27/01/2014 17.30 17.10 108.30 103.10 0.72 270.00 1538.00 8.30 

18/02/2014 17.30 14.80 114.30 108.80 1.40 287.00 1612.00 8.40 

31/03/2014 18.70 17.40 103.00 99.90 0.76 299.00 1565.00 7.60 

11/11/2014 8.80 7.30 115.60 143.00 0.30 180.00 1263.00 7.25 

03/02/2015         

16/02/2015 16.00 15.00 309.00 195.00 0.40 214.00 1442.00 7.39 

02/03/2015 21.40 19.50 187.60 196.50 0.40 259.00 1551.00 7.12 

09/03/2015 21.00 20.20    237.00 1531.00 7.26 

16/03/2015      299.00 1417.00 7.26 

15/02/2017 3.80 3.52 86.7 37.4 0.34  1337.00 7.27 

19/04/2017 12.96 13.46 81.50 3.84 0.64  1665.00 7.10 

mean 14.75 12.92 126.15 110.85 0.81 274.14 1542.96 7.66 

median 14.9 13.4 114.8 109.5 0.8 252.5 1519 7.53 

max 21.4 20.2 309 196.5 1.4 620 2863 8.7 

min 3.8 3.52 81.5 3.84 0.3 101 1125 6.87 

st.Dev 4.33 4.23 54.20 47.32 0.35 112.38 345.82 0.53 
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ANNEXES 02 
 

 

BIOFILTER (BF) EFFLUENT CONCENTRATION AND LEVELS  
    PARAMETERS    

 TP ORTHO-P TN NH4+ NO3- BOD Cond. pH 

SAMPLING         

DATES (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µS/cm)  

01/10/2012  0.60     936.00 7.29 

18/10/2012  2.94     1484.00 7.80 

06/11/2012  7.67    10.70 2193.00 7.55 

20/11/2012  5.70    39.50 1457.00 8.27 

19/12/2012  6.66    53.50 2051.00 8.11 

03/01/2013  9.43    80.30 1741.00 7.85 

12/06/2013 16.40 13.60 68.40 26.20 36.10 32.60 1226.00 7.50 

13/07/2013 11.04 9.13 47.90 26.40 20.20 36.80 1210.00 7.70 

07/08/2013 13.45 10.25 69.60 46.90 21.47 17.20 1161.00 7.50 

04/09/2013 15.52 13.15 54.60 15.70 41.50 2.80 1217.00 7.50 

27/09/2013 7.82 5.84 72.30 51.20 19.40 4.20 1150.00 7.50 

21/10/2013 10.00 8.21 79.40 63.50 14.90 3.90 1100.00 8.00 

25/11/2013 6.22 6.28 75.90 57.30 16.81 4.50 1190.00 8.20 

20/12/2013 7.80 6.90 81.30 66.90 12.10 0.00 1284.00 8.00 

27/01/2014 8.20 7.75 83.70 71.60 10.90 3.40 1125.00 8.10 

18/02/2014 7.90 8.10 87.90 75.80 10.60 7.00 1145.00 8.30 

31/03/2014 10.10 9.80 79.20 67.70 9.20 7.80 1274.00 7.40 

11/11/2014 4.70 4.20 81.60 23.00 37.10 5.60 927.00 6.94 

03/02/2015 8.20 7.90 80.20 131.40 69.90 9.90 1082.00 7.39 

16/02/2015 7.30 7.60 186.00 73.60 102.00 15.50 1113.00 7.20 

02/03/2015 16.40 16.70 138.00 161.50 0.50 31.00 1365.00 7.71 

09/03/2015 23.80 23.70    24.00 1385.00 7.73 

16/03/2015      36.60 1323.00 7.64 

15/02/2017 3.20 3.47 73.30 0.48 14.64  1141.00 7.53 

19/04/2017 8.14 8.47 70.00 4.08 16.52  1348.00 7.63 

         

mean 10.34 8.50 84.08 56.66 26.70 20.32 1305.12 7.69 

median 8.20 7.83 79.20 57.30 16.81 10.70 1217.00 7.64 

max 23.80 23.70 186.00 161.50 102.00 80.30 2193.00 8.30 

min 3.20 0.60 47.90 0.48 0.50 0.00 927.00 6.94 

st.Dev 5.05 4.74 32.15 42.15 25.34 20.56 301.21 0.35 
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ANNEXES 03 
 

 

PHOSPHORUS FILTER FILTRAMAR(PFFM) EFFLUENT CONCENTRATION AND LEVELS  
    PARAMETERS    

 TP ORTHO-P TN NH4+ NO3- BOD Cond. pH 

SAMPLING         

DATES (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µS/cm)  

01/10/2012 0.39 0.11    8.10 2002.00  

18/10/2012 0.35 0.04    5.90 1320.00 7.83 

06/11/2012 0.30 0.04    19.40 1859.00 7.65 

20/11/2012 0.29 0.15    19.90 1449.00 8.61 

19/12/2012 1.70 1.36    30.90 1475.00 8.47 

03/01/2013 1.20 1.05    21.10 1458.00 7.78 

12/06/2013 2.16 1.93 47.50 5.90 44.40 18.20 1290.00 8.50 

13/07/2013 1.91 1.82 29.70 5.20 26.70 18.70 1097.00 8.20 

07/08/2013 2.05 2.08 42.10 27.20 32.10 2.80 1040.00 8.10 

04/09/2013 2.32 1.99 44.90 18.40 63.30 0.80 1240.00 8.50 

27/09/2013 1.77 1.79 58.10 30.30 27.40 2.20 1040.00 8.70 

21/10/2013 1.21 1.18 50.80 28.30 18.80 2.50 1020.00 8.80 

25/11/2013 0.82 0.91 53.40 32.00 22.10 0.80 1126.00 8.60 

20/12/2013 1.23 1.09 73.20 57.40 17.30 2.20 1054.00 8.70 

27/01/2014 1.57 1.46 74.30 53.70 19.30 0.80 1148.00 8.60 

18/02/2014 1.68 1.59 70.30 51.10 18.80 1.10 1014.00 8.00 

31/03/2014 1.81 1.76 63.20 49.20 17.10 0.30 1147.00 8.10 

11/11/2014 1.00 1.50 106.60 0.00 55.20 5.30 1022.00 7.97 

03/02/2015 8.60 8.30 37.00 61.70 60.00 2.50 1106.00 7.48 

16/02/2015         

02/03/2015 6.10 6.40 121.20 45.80 53.60 7.20 1273.00 7.72 

09/03/2015 10.00 10.00    2.20 1230.00 7.71 

16/03/2015      2.80 1180.00 7.56 

15/02/2017 3.65 3.83 68.50 1.14 56.00  1031.00 7.81 

19/04/2017 6.98 7.27 59.00 2.20 25.70  1252.00 7.61 

         

mean 2.57 2.51 62.49 29.35 34.86 7.99 1244.71 8.13 

median 1.70 1.59 58.55 29.30 27.05 2.80 1164.00 8.10 

max 10.00 10.00 121.20 61.70 63.30 30.90 2002.00 8.80 

min 0.29 0.04 29.70 0.00 17.10 0.30 1014.00 7.48 

st.Dev 2.70 2.76 24.04 21.95 17.32 8.93 255.15 0.43 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

60 



ANNEXES 04 
 

 

PHOSPHORUS FILTER FILTRALITE-P(PFFP) EFFLUENT CONCENTRATION AND LEVELS  
    PARAMETERS    

 TP ORTHO-P TN NH4+ NO3- BOD Cond. pH 

SAMPLING         

DATES (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µS/cm)  

01/10/2012 0.53 0.01     8890.00 12.56 

18/10/2012 0.03 0.01     5540.00 12.27 

06/11/2012 0.08 0.25    4.80 1577.00 10.46 

20/11/2012 0.30 0.12    50.60 1339.00 10.08 

19/12/2012 0.50 0.30    4.80 1913.00 10.03 

03/01/2013 0.48 0.24    4.80 1361.00 10.08 

12/06/2013 1.43 1.37 55.70 12.10 40.10 15.40 1324.00 9.50 

13/07/2013 1.12 0.93 38.20 16.30 24.80 17.40 1302.00 9.40 

07/08/2013 1.07 1.12 51.20 39.20 20.40 6.70 1240.00 8.90 

04/09/2013 1.62 1.48 39.10 20.10 43.80 1.60 1380.00 9.10 

27/09/2013 0.68 0.53 68.30 45.80 20.30 2.80 1215.00 8.90 

21/10/2013 1.12 1.17 66.70 46.10 16.10 2.50 1188.00 9.00 

25/11/2013 0.59 0.46 60.80 41.60 19.80 0.30 1250.00 8.90 

20/12/2013 1.48 1.39 77.40 63.70 14.80 2.80 1394.00 9.00 

27/01/2014 1.21 1.14 78.10 63.90 17.50 4.99 1205.00 8.70 

18/02/2014 1.39 1.42 75.10 59.80 17.30 1.60 1150.00 8.80 

31/03/2014 1.38 1.33 74.30 60.10 12.20 0.60 1282.00 8.70 

11/11/2014 1.40 2.10 96.00 5.70 50.40 2.80 1078.00 7.85 

03/02/2015 2.00 2.00 32.10 35.50 56.80 4.80 1020.00 8.63 

16/02/2015 1.20 1.60 166.50 43.80 103.30 2.20 1121.00 8.14 

02/03/2015 5.10 5.10 124.20 134.00 7.70 9.60 1349.00 8.17 

09/03/2015 8.00 8.80    6.70 1302.00 8.19 

16/03/2015      1.40 1239.00 8.26 

15/02/2017 2.66 2.94 58.40 0.78 36.30  1079.00 7.25 

19/04/2017 4.48 4.72 56.00 4.66 27.06  1031.00 8.01 

         

mean 1.66 1.69 71.65 40.77 31.10 7.10 1750.76 9.16 

median 1.21 1.25 66.70 41.60 20.40 4.80 1282.00 8.90 

max 8.00 8.80 166.50 134.00 103.30 50.60 8890.00 12.56 

min 0.03 0.01 32.10 0.78 7.70 0.30 1020.00 7.25 

st.Dev 1.82 2.00 33.01 32.17 23.32 10.91 1723.91 1.24 
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ANNEXES 05 
 

 

SAND FILTER FILTRAMAR(SFFM) EFFLUENT CONCENTRATION AND LEVELS  
    PARAMETERS    

 TP ORTHO-P TN NH4+ NO3- BOD Cond. pH 

SAMPLING D (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µS/cm)  

01/10/2012  0.08    2.80 702.00 6.71 

18/10/2012 0.30 0.07    15.70 1064.00 7.24 

06/11/2012 0.31        

20/11/2012 0.30 0.08    166.00 1272.00 8.80 

19/12/2012 0.29 0.13    19.70 1131.00 7.55 

03/01/2013 0.21 0.13    23.90 1339.00 7.48 

12/06/2013 1.63 1.23 38.80 2.30 45.60 14.80 1097.00 8.40 

13/07/2013 1.19 0.91 26.30 9.10 28.20 15.10 902.00 7.90 

07/08/2013 1.40 0.93 35.30 12.20 36.00 1.40 860.00 8.30 

04/09/2013 1.61 1.48 32.90 26.70 47.20 0.20 980.00 7.70 

27/09/2013 0.52 0.54 55.10 20.30 33.70 2.50 1010.00 7.40 

21/10/2013 0.68 0.57 36.10 17.30 22.50 3.90 1002.00 8.90 

25/11/2013 0.43 0.41 34.70 11.10 23.90 0.10 814.00 8.40 

20/12/2013 0.72 0.69 58.10 35.90 23.10 4.99 930.00 8.20 

27/01/2014 0.74 0.75 60.30 40.10 22.00 0.20 1060.00 8.50 

18/02/2014 0.79 0.77 48.70 43.10 21.30 0.00 950.00 8.50 

31/03/2014 0.74 0.71 54.90 38.90 19.30 0.10 1115.00 8.50 

11/11/2014 0.20 0.20 73.85 0.10 35.20 2.00 834.00 7.66 

03/02/2015 2.00 1.90 48.60 38.30 95.60 1.70 1005.00 7.09 

16/02/2015         

02/03/2015 0.50 0.40 53.80 0.00 37.60 21.00 492.00 6.87 

09/03/2015 1.70 1.70    1.60 978.00 6.98 

16/03/2015      1.10 1034.00 7.07 

15/02/2017 1.89 1.89 59.50 0.28 53.50  1008.00 7.68 

19/04/2017 5.54 5.92 66.00 2.01 32.10  1234.00 7.24 

         

mean 1.08 0.98 48.93 18.61 36.05 14.23 991.87 7.79 

median 0.73 0.70 51.25 14.75 32.90 2.50 1005.00 7.68 

max 5.54 5.92 73.85 43.10 95.60 166.00 1339.00 8.90 

min 0.20 0.07 26.30 0.00 19.30 0.00 492.00 6.71 

st.Dev 1.16 1.25 13.56 16.30 18.88 35.68 183.09 0.66 
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ANNEXES 06 
 

 

  SAND FILTER FILTRALITE P (SFFP) CONCENTRATION   

    PARAMETERS    

 TP ORTHO-P TN NH4+ NO3- BOD Cond. pH 

SAMPLING D (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µS/cm)  

01/10/2012 0.40 0.06    3.40 403.00 6.89 

18/10/2012 0.10 0.08    26.40 668.00 8.84 

06/11/2012 0.40 0.10    26.80 1530.00 8.61 

20/11/2012         

19/12/2012 0.20 0.04    12.10 1433.00 8.80 

03/01/2013 0.21 0.10    30.00 1527.00 8.32 

12/06/2013 1.05 0.97 27.50 8.20 38.20 11.80 1249.00 8.70 

13/07/2013 0.68 0.70 35.60 12.80 25.60 14.00 1244.00 8.90 

07/08/2013 0.75 0.68 47.10 30.30 21.40 2.20 1090.00 8.50 

04/09/2013 1.18 1.02 28.30 24.10 44.40 0.10 1190.00 8.30 

27/09/2013 0.19 0.15 63.80 34.10 28.10 2.80 1090.00 8.60 

21/10/2013 0.49 0.51 49.30 26.80 20.50 2.80 1065.00 8.30 

25/11/2013 0.19 0.19 40.10 17.30 24.30 0.00 1028.00 8.60 

20/12/2013 0.44 0.36 68.30 54.10 17.80 0.10 1063.00 8.10 

27/01/2014 0.58 0.59 69.50 50.80 17.90 0.20 1053.00 8.70 

18/02/2014 0.57 0.54 71.50 54.40 18.70 0.10 990.00 8.60 

31/03/2014 0.55 0.52 68.30 52.80 15.10 0.10 1180.00 8.10 

11/11/2014 0.30 0.30 93.90 0.00 43.50 2.80 990.00 7.53 

03/02/2015 0.40 0.70 23.20 0.00 95.20 2.50 996.00 8.02 

16/02/2015 0.50 0.50 129.50 0.90 118.30 1.70 1156.00 7.64 

02/03/2015 1.60 1.60 85.00 87.60 8.60 14.00 1208.00 7.51 

09/03/2015 1.30 1.30    2.80 1261.00 7.37 

16/03/2015      3.40 1220.00 7.28 

15/02/2017 2.43 2.57 49.70 1.50 48.10  1017.00 7.11 

19/04/2017 3.67 3.86 60.00 2.09 55.50  1008.00 7.95 

mean 0.79 0.76 59.45 26.93 37.72 7.28 1110.79 8.14 

median 0.50 0.52 60.00 24.10 25.60 2.80 1090.00 8.30 

max 3.67 3.86 129.50 87.60 118.30 30.00 1530.00 8.90 

min 0.10 0.04 23.20 0.00 8.60 0.00 403.00 6.89 

st.Dev 0.83 0.90 27.12 25.64 29.36 9.50 239.64 0.60 
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