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Abstract 
 
Literature reviews and laboratory work were used to examine the phosphorus removal 

efficiency of the reactive filter material Polonite®. This material is produced from the calcium 

carbonate and silica based rock Opoka. The thesis mainly focuses on adsorption of 

phosphorus from wastewater with Polonite® but also discuss the possibilities of recycling the 

filter and the adsorbed phosphorus back into agriculture. This would be beneficial to the 

environment and a path to a sustainable use of phosphorus. It is important to reduce the 

employment of phosphorus because of the upcoming “Peak Phosphorus” and the negative 

impact that an excess of the nutrient has on water bodies.  

 

The two main objectives of this thesis were to evaluate and display the phosphorus sorption 

capacity of Polonite® in a breakthrough curve and to obtain adsorption isotherms of 

phosphorus on Polonite®.  To achieve these objectives experiments were performed in a 

pilot-plant and in a laboratory at Hammarby Sjöstadsverk.  

 

A 500 kg Polonite® filter was connected to flow of wastewater of 400 L/hr and samples were 

collected and analyzed regularly. The filter did not perform as well as expected, having 

already shown promising results in other experiments. This is most likely due to the high flow 

of wastewater and to a too short residence time. The phosphorus reduction was down to 

60 % after approximately 30 days and a breakthrough was noticed after 53 days. When 

saturated, the filter contained 0.6 kg of phosphorus, the equivalent of a sorption capacity of 

0.12 %. The pH in the effluent from the Polonite® filter was 10.2 at the first measurement 

but then dropped fast. When the filter was saturated the pH was down to 8.7. The 

breakthrough curve gave some indications of that the saturated Polonite® filter might be 

able to release adsorbed phosphorus. It was also concluded that the Polonite® filter was 

acting mainly by sorption and thus reduced the dissolved, but not much of the particular, 

phosphorus. 

 

Equilibrium experiments were conducted using solutions with different concentrations of 

phosphorus. 1 g of Polonite® was added to each solution which was then stirred. With the 

help of adsorption isotherms the maximum loading capacity was estimated at 330 mg of 

phosphorus per gram of Polonite®. This corresponds to a 33 % capacity and is a very high 

number.     

Recommendations for future studies would be to further examine the wastewater residence 

time in the Polonite® filter to improve sorption capacity of phosphorus. It could also be 

interesting to redo the equilibrium experiments to obtain a more probable loading capacity. 

The possible presence of pharmaceuticals and/or heavy metals in the filter is also important 

to investigate, as is the economic aspect of the employment of Polonite® filters for removal 

of phosphorus from wastewater. 



 
 

  



 
 

Sammanfattning 
 
Den här studien utvärderar det reaktiva filtermaterialet Polonite®s förmåga att reducera 
fosfor i avloppsvatten. Studien omfattas av litteraturstudier och experimentellt arbete. 
Studiens huvudfokus ligger på adsorption av fosfor i avloppsvatten men den berör också till 
viss del möjligheterna till återvinning av den adsorberade fosforn. Polonite® produceras 
genom bearbetning av den kalciumkarbonat- och kiselrika bergarten Opoka och 
kommersialiseras av det svenska företaget Bioptech AB. Reducering av fosfor i avloppsvatten 
sker för att minska övergödning av sjöar och hav samtidigt som recirkuleringen av fosforn är 
ett sätt att hushålla med Jordens begränsade resurser. Speciellt viktigt är det i och med 
den ”Peak fosfor” som många forskare förutspår kommer att inträffa inom de närmaste 
årtiondena. 
 
Målsättningarna med studien var att undersöka samt, i en genombrottskurva och med 
adsorptionsisotermer, att visa på sorptionskapaciteten av fosfor hos Polonite®.  Experiment 
för att nå dessa mål utfördes i experimenthallen och på laboratoriet vid Hammarby 
Sjöstadsverk. 
 
Ett flöde om 400 liter i timmen kopplades till ett 500 kg Polonite®-filter. Provtagning och 
analys skedde regelbundet. Fosforreduktionen hade efter ungefär 30 dagar sjunkit till 60 %. 
Ett genombrott inträffade efter 53 dagar. Då hade filtret adsorberat 0,6 kg fosfor, en 
sorptionskapacitet på 0,12 %. Studien klargjorde att Polonite®-filtret tar upp fosforn genom 
sorption. Det är därmed främst den lösta fosforn som reduceras. Sorptionskapaciteten nådde 
inte de värden som förväntades, med tanke på tidigare studiers resultat. Troligtvis berodde 
den låga kapaciteten främst på ett för högt flödet och en för kort uppehållstid. 
  
pH-värdet i det från filtret utgående vattnet sjönk snabbt; från 10,2 vid den första mätningen 
efter installationen till 8,7 vid genombrottet. Genombrottskurvan visade att det mättade 
Polonite®-filtret hade tendenser till att släppa fosfor när vattenflödet genom filtret fick 
fortsätta.  
 
För att utföra jämviktsförsök bereddes vattenlösningar med olika koncentrationer av fosfor 
vari 1 g Polonite® tillsattes. Omrörning skedde under förutbestämda tidslängder. Med hjälp 
av de framtagna adsorptionsisotermerna uppskattades den maximala kapaciteten till 330 mg 
fosfor per gram Polonite®, vilket motsvarar 33 %. Detta är en orimligt hög siffra. 
 
Framtida studier av Polonite® skulle kunna fokusera på avloppsvattnets uppehållstid i filtret 
för att förbättra sorptionskapaciteten av fosfor. Då det finns en viss osäkerhet kring 
rimligheten av resultaten från jämviktsförsöken skulle det vara bra att göra nya försök för att 
se om mera rimliga värden kan erhållas. Eventuell närvaro av läkemedelsrester och 
tungmetaller i filtret är viktigt att undersöka, speciellt då det uttjänt filtermaterialet är tänkt 
att återvinnas genom att spridas på åkermark. Det bör även undersökas närmare om det är 
ekonomiskt rimligt att använda sig av reaktiva filter för att reducera fosfor i avloppsvatten vid 
reningsverk.  
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1. Introduction 

Discharged domestic wastewater is causing negative environmental impact on the recipients 
receiving it. The wastewater should therefore be treated before discharged into the 
environment. Untreated wastewater usually contains bacteria and high levels of organic 
compounds, nitrogen compounds and compounds of phosphorus which affect the water 
quality (Günter, 1999). 
 
The treatment of wastewater is generally performed by activated sludge, where most of the 
BOD, nitrogen and part of the phosphorus are removed. However, the effluence from the 
activated sludge treatment still contains a high concentration of phosphorus. Phosphorus is 
somewhat of a paradox; a small amount of the element is vital for the development of all 
living organisms but if in excess, phosphorus is regarded as an important pollutant in coastal 
and inland waters and it will intensify the eutrophication of water bodies.  
 
The main application of phosphorus is as fertilizer in agriculture but the element is also 
found in pharmaceuticals, as additives in provisions and in detergents (Formas, 2011). 
Phosphorus is an extremely important, but also a finite, resource. A “Peak Phosphorus” is 
estimated to occur by the year of 2035 (Renman, pers. com.). This means that phosphorus 
production will most certainly diminish from that point on, due to low availability. It is 
therefore crucial to find a way to use phosphorus in a sustainable way. This requires 
authorities to demand, or even legislate about, phosphorus removal and recycling. One 
example is the EU Water Framework Directive which implies a more strict control of 
phosphorus discharge in order to improve water ecology (EC, 2000). 
 
Today, chemical treatment is common to reduce phosphorus in domestic wastewater. It is a 
very efficient method although uneconomic and unsustainable (Formas, 2011). Lately, 
compact filters have been introduced on the market as a cost-efficient option for phosphorus 
removal in wastewater (Cucarella Cabañas, 2009). These filters will adsorb phosphorus, 
preventing it from entering the water bodies but also enabling a simple recovery of the 
adsorbed phosphorus and thus closing the man-made phosphorus cycle. 
 
Polonite® is a compact filter commercialized by Bioptech AB. It is mainly used for on-site 
wastewater treatment and is produced from the calcium carbonate and silicate based rock 
Opoka. Earlier studies on phosphorus removal with Polonite® have shown promising results. 
It has also been shown that phosphorus-saturated Polonite® is promising as a fertilizer in 
agriculture (Hylander et al., 2006). 
 

1.1 Aims 

The main purpose of this thesis is to broaden the knowledge of Polonite® filters. The thesis 
aims to evaluate the possibility to use reactive filter material to remove phosphorus in 
wastewater. 
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1.2 Objectives 

This study should evaluate the filter material Polonite® by determining a breakthrough curve 

and adsorption isotherms for phosphorus on Polonite®. The recycling of phosphorus loaded 

filters to be used as fertilizers and soil amendments for agricultural purposes will be 

discussed. 

 

1.3 Methods 

Several methods are used to fulfil the objectives: 

- Literature reviews (reports, database ScienceDirect, training day). 

- Experiments will be conducted in a pilot-plant to evaluate the phosphorus sorption capacity 

of Polonite® and obtain a breakthrough curve. Samples are to be collected from the in- and 

outflow of the Polonite® filter and the levels of phosphorus analyzed using cuvette tests and 

spectrophotometer. 

- Adsorption isotherms for phosphorus on Polonite® will be determined by equilibrium 

experiments in a laboratory environment. 

 

1.4 Limitations 

The original main objective for this thesis was to review and present some of the previous 

works conducted on Polonite® filters. However, lack of time made the experimental work the 

major focus. Phosphorus is the main concern; other elements are not thoroughly examined 

even though they are suspected to disturb the adsorption process of phosphorus in the filter. 

Neither adsorption of phosphorus in agricultural- nor in industrial wastewater is closely 

examined; this study mainly cover adsorption of phosphorus in domestic wastewater. 

Polonite® is selected for this study and no other filter materials are considered. Also, 

concentrations of phosphorus are measured as phosphates and not as total phosphorus 

concentration. 
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2. Background 

As untreated wastewater has negative impact on the environment, wastewater treatment is 
crucial to maintain water bodies healthy and to protect all living species. Although large-scale 
centralized wastewater treatment in developed countries is efficient in removing amongst 
others phosphorus, many smaller wastewater treatment plants in rural areas are not 
(Günther, 1999). 
 

2.1 Phosphorus as A Pollutant 

Fresh water is fundamental to all animals and plants. The Earth holds enormous amounts of 
water, of which barely 2 % is fresh water! This water is mainly found in the polar ices and 
thus inaccessible. Only 0.4 % of all fresh water is found in surface water and groundwater 
and is the only water available for living species. In addition, these water resources are 
poorly distributed in the world (Kemira Kemwater, 2003).  This makes it extremely important 
to keep these resources healthy and free from contaminations. 
 
Due to its tendency to form insoluble compounds with for example calcium when in water, 
the availability of phosphorus is normally quite low. High concentrations of phosphorus in 
surface waters are often primarily due to agricultural runoff but soil erosion and discharges 
of municipal and industrial wastewater also plays an important role. Eutrophication is a 
condition characterized by a rapid growth of microorganisms and occur when phosphorus in 
elevated concentrations reach the water bodies. Some of the negative aspects of 
eutrophication are proliferation of toxic species, shallow water districts become overgrown, a 
decrease in water quality and oxygen shortage causing fish to die (Persson, pers. com.),  
(Carpenter et al., 1998).  
 
Together with nitrogen, phosphorus is a vital nutrient. Phosphorus will probably be as 
important of a question as clean water in the future. Without phosphorus, agriculture will 
not produce enough crops to feed the world’s growing population. Phosphate minerals are 
mined at several locations in the world, the most important ones being the in USA, China and 
Morocco. The yearly total production is estimated at 160 million tons. Although there are big 
ores of phosphate mineral it become increasingly more difficult to produce phosphorus and 
therefore also more expensive. Production has already shown tendency to decrease. This is 
the reason many researchers now predict a “Peak Phosphorus” within the next couple of 
decades. The mining and processing of phosphate mineral also have environmental impact as 
it is highly energy consuming and implies the use of strong acids (Nationalencyklopedin; 
Formas, 2011). 
 
Phosphates find their way to wastewater mainly through natural mineral deposits, 
agriculture, sewage disposal and liquid urban wastewater. Orthophosphate ions, 
polyphosphates and organic phosphorus compounds are the three main forms of 
phosphorus in wastewater. In average between 2 - 3 grams of phosphorus per person and 
day reaches the wastewater, a major part originating from excrements and detergents. 
(Kemira Kemwater, 2003). Concentrations of phosphorus in municipal wastewater generally 
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range between 6 and 12 mg/L. Between 1 - 2 mg/L is the limit for phosphorus in discharged 
wastewater according to the EU directive on urban wastewater. The reduction must then be 
at a minimum of 80 % (91/271/EEC). The Swedish limit for phosphorus in effluent from 
wastewater treatment plants is set at 0.5 mg/L by The Swedish Environmental Protection 
Agency (SEPA). SEPA has also required a target of a minimum of 60 % phosphorus in 
wastewater to be recycled by 2015 (SEPA 2000). It is important to know that wastewater 
composition possibly varies slightly between private households and treatment plants. 
 
By combining techniques for phosphorus removal and recycling, the benefits will be healthier 
water bodies and less need for mining phosphorus and other nutrients as they are circulated 
back into agriculture. 
 

2.2 Phosphorus Removal in Wastewater Treatment 

There are many existing techniques involved when treating wastewater. The most 
fundamental ones used to reduce phosphorus are chemical precipitation and biological 
excess phosphorus removal (Bio-P) (Baresel, pers.com; Persson, 2005). These techniques can 
be used alone or be combined. 
 

2.2.1 Chemical Precipitation and Flocculation 
The addition of compounds of iron, aluminium or calcium is a popular mean to precipitate 
phosphorus in modern wastewater treatment plants. By adding these coagulants, dissolved 
phosphorus will settle taking other ions and particles with it. The theoretical removal rate 
depends on factors such as phosphorus concentration, temperature, pH and ionic strength 
(Tchobanoglous et al., 2002). The aluminium ion Al3+ is the most efficient ion in precipitating 
phosphorus in wastewater. The precipitation of dissolved phosphorus with aluminium is 
most successful at a pH between 5 and 8.5. Phosphate ions such as ortho- and 
polyphosphates, the main forms of phosphorus in wastewater, are generally successfully 
precipitated by FeCl3 when pH range between 4 and 8. It is never the less possible to 
precipitate phosphorus at a higher pH if using another chemical. FeCl3 is a common chemical 
used in wastewater treatment. The iron will react with the dissolved phosphorus as follows: 
 
3 Fe3+ + 2 PO4

3- + 3 H2O → (FeOH)3(PO4)2 + 3 H+ 
 
Fe3+ + PO4

3- → FePO4 
 
Fe3+ + 3 H2O → Fe(OH)3 + 3 H+ 
 
Insoluble FePO4 is produced. The Fe(OH)3 will create flocks binding with produced FePO4 and 
other dissolved elements, causing coagulation (Kemira Kemwater, 2003). This is the main 
reason why phosphorus concentrations as low as 0.005 - 0.04 mg/L have been reported after 
using chemical precipitation in wastewater treatment (Takács, 2006).   
 
Chemical precipitation has proven to be very efficient and convenient, but there are some 
major drawbacks with the method. The chemicals needed come at a relatively high price, 
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especially the ones with polyvalent ions, and must be handled with great care. The 
precipitation and flocculation produce large amounts of sludge which was often used as 
landfill (Bengtsson, pers. com.). Since 2005 landfilling with organic matter is no longer 
allowed in Sweden (Persson, pers. com.). Also, the metals and persisting toxic organic 
compounds present in the sludge can limit the possibility to spread it on agricultural fields 
and pre-treatment is required. There is a risk of gradually contaminating soils where sludge is 
spread. Another negative aspect is the fact that it is hard to calculate the appropriate 
amount of chemicals needed to precipitate phosphorus in wastewater. To do so it is 
primordial to know the incoming concentrations of other elements such as BOD and 
nitrogen, yet these will shift with time (EPA, 2000). All this is a waste of the finite phosphorus 
supply and at the same time it adds an unnecessary cost to the wastewater treatment. 
 
Approximate cost of FeCl3 is 4 000 SEK/ton and it contains close to 14 % Fe3+. The price 
probably decreases as volumes rises. It could be assumed that the ratio metal to phosphorus 
should be at least 1.5 moles to 1 mole (Bengtsson, pers. com.). The estimated amount of 
FeCl3 needed to precipitate 1 kg of phosphorus is then around 10.7 kg and costs 43 SEK. 
 

2.2.2 Bio-P 
Biological excess phosphorus removal uses the ability of the polyphosphate accumulating 
organisms (PAOs) to store phosphate phosphorus. Alternating between aerobic and 
anaerobic conditions favors the proliferation of PAOs. The bio-P process consists of three 
steps; anoxic zone, aerobic zone and sedimentation. In the first step pretreated influent 
wastewater is mixed with some excessive biological sludge. As anoxic conditions reign, there 
is no available oxygen or nitrate. The PAOs will consume the BOD and COD in incoming 
wastewater and at the same time release their stored phosphates. Thereafter the aerobic 
condition, where oxygen is present, will make the PAOs use their stored BOD and COD and 
accumulate phosphates in the water. This means that phosphorus concentration in the 
wastewater will rise in the first step to then be reduced in the second. The microorganisms 
then sediment in the third and last stage of the bio-P process. Some of the produced sludge 
is removed and the rest is re-circulated back to the anoxic zone (Kemira Kemwater, 2003). 
Bio-P can reduce phosphorus concentrations to beneath 0.1 mg/L, thus it is less effective 
than the chemical methods but results in less sludge that also contains no added metal ions. 
A major negative aspect is that it is hard to keep stability in the bio-P process. This is mainly 
due to the difficulties to maintain the first step in the process under anaerobe conditions 
(Strom, 2006). 
 

2.2.3 Adsorption with Compact Filters 
During the last years, active filtration through alkaline materials has been devoted much 
attention and is seen as a possible alternative to other phosphorus removal techniques. It is 
a promising technique for domestic- and small-scale wastewater treatment and to be used 
together with other treatments such as source separation and wetland treatment systems 
(Johansson and Gustafsson, 2000; Drizo et al., 2006; Shilton et al., 2006; Ádám et al., 2007).  
 
Compact reactive filter materials have an alkaline reaction due to calcium oxides and calcium 
silicates dissolving. The materials can either promote chemical reactions or they can transfer 
the contaminant from the aqueous phase to the solid phase (e.g. precipitation, adsorption or 
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ion exchange) (Gustafsson, pers. com.). These filters remove phosphorus by sorption. 
Sorption is the overall name for adsorption, surface precipitation and ion exchange. 
Adsorption is the major process in sorption of phosphorus. It is a physical and chemical 
mechanism taking place at the surface of the sorbent, in this case the filter material. By a 
donating and accepting of electrons, phosphorus adheres to the sorbent. Both ionic and 
covalent bonding can form between them. Sorption of cations such as phosphorus is 
generally stronger the higher the pH. The ability of a filter material to remove phosphorus 
also depends on shape, size and porosity of the filter particles (Tsalakanidou, 2006).  
 
Availability, cost, physical characteristics and sorption capacity are important criteria when 
selecting a filter material.  Filter materials for improving water quality can be divided into 
different classes; natural products, man-made products and industrial by-products 
(Johansson Westholm, 2006). Several types of artificial adsorbents or ion exchange materials 
are available on the market but they are generally too expensive to be used for wastewater 
treatment. Instead, much attention is directed towards mineral-based materials such as Filtra 
P® and Polonite® (Renman, 2008). 
 

2.3 Polonite® 

Opoka is a calcium carbonate and silica based rock dating from the later Cretaceous period 
called Mastrych. The rock also contains some potassium and small amounts of aluminium 
and iron oxides. Opoka is found in Russia and in south-eastern Europe. When Opoka is 
thermally treated most of the calcium carbonate is transformed into calcium oxide and 
Polonite® is obtained: 
 
CaCO3 (ΔT) → CaO + CO2 
 
Calcium oxide has a higher solubility product than calcium carbonate and is therefore more 
reactive in aqueous solutions. 
 
Other properties that make Polonite® interesting for use in phosphorus removal and 
recycling are its high sorption capacity and its promising results when examined as soil 
amendment. Brogowski and Renman reported a phosphorus sorption capacity of up to 119 g 
phosphorus/kg and Cucarella Cabañas performed batch tests showing a sorption capacity of 
117 g phosphorus/kg. 
 
Polonite® is used for on-site wastewater treatment in Sweden where it is commercialized by 
Bioptech AB. The company mine Opoka in areas in Poland. To obtain the appropriate fraction 
to be used in the filter the calcium oxide is then crushed and sieved (Brogowski and Renman, 
2004). Polonite® filters come in different sizes. Watertight bags of 370, 500 and 1000 kg are 
available on the market, as well as filter material sold loose. According to Bioptech AB a 500 
kg filter can treat a maximum of 280 liters of wastewater per hour. Particle sizes between 2 - 
5.6 mm are generally considered optimal. Filter particles that are too big will not provide 
enough specific surface area for the phosphorus to be adsorbed with. On the other hand, 
clogging of the filter can be the result if particles are too small. 
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There are several conditions which has an impact on the efficiency of a filter. The most 
important ones are: incoming wastewater properties, pre-treatment, pH and residence time. 
For example the concentration of BOD in the wastewater should not exceed 30 mg/L, as 
organic matter will block the pores of the filter material and prevent the phosphorus from 
being adsorbed. 
 
A residence time of 1 hour in the filter is recommended but the longer the residence time 
the better the phosphorus reduction will become. This recommendation is due to the fact 
that new Polonite® can adsorb phosphorus in a few seconds but when the material 
languishes, the adsorption process becomes slower (Bioptech AB, 2012). 
 
When the outflow has reached a pH below 9 it normally signifies that the filter is no longer 
working efficiently and the manufacturer recommend that is should be replaced. 
 
According to previous studies the filter reduces 99 - 100 % of bacteria, including E-coli, 
present in the wastewater. This is due to an initial high pH (around 12) in the filter. These 
bacteria have adapted the human intestine pH of around 7.4 and the extreme increase in pH 
will affect their enzyme system and they are denaturized. Before releasing the wastewater to 
the recipient the reduction of bacteria is important. There will also be practically no living 
bacteria in the filter material to be spread on fields (Nilsson, pers.com.).  
 

2.4 Recycling Filter Materials 

Modern agriculture is depending on fertilizers containing phosphorus. Several previous 
studies (Hylander et al., 2006; Gustafsson et al., 2007; Cucarella Cabañas, 2009) have shown 
that phosphorus loaded Polonite® filters are interesting and competitive options or 
supplements to more traditional soil conditioners and fertilizers. Part of the phosphorus 
adsorbed by the filters has shown to be easily available to plants and the alkaline properties 
of Polonite® have positive effects on acidic soils due to the liming effect of the material 
(Cucarella et al, 2008). According to a study by Hylander et al., 2006, the yield of barley was 
improved when applying Polonite®.  As Polonite® filters do not capture much of the nitrogen 
present in the wastewater it might be necessary to provide additional nitrogen fertilizer to 
the treated fields. The presence of heavy metals in compact filters is of concern when 
spreading filter materials onto fields. Although Polonite® filters have proven to adsorb metals 
the concentrations are far below the limits set up by REVAQ (Renman et al., 2009). 
 
Before spreading the material on fields it should idealistically be left to dry, but no other 
treatment is necessary. Regular equipment for spreading of soil amendments and fertilizers 
could be used also for the bags with Polonite®. The distribution is supposed to occur close to 
the wastewater treatment plant to avoid unnecessary transportation (Bioptech AB, 2012). 
 

2.5 Breakthrough Curve and Adsorption Isotherm 

Breakthrough curves can be used in order to determine the capacity of a filter. The curve is 
the result of plotting the relative concentration of a given substance versus time, where 
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relative concentration is defined as the ratio of the actual concentration (Cout) to the source 
concentration (Cin) (McCabe, W.L, Smith, J.C., Harriott, P., 2005). 
 
Important parameters affecting time until breakthrough are (Persson, pers. com.): 
 
Adsorption isotherm 
Particle size 
Flow 
Concentration of adsorbent 
Concentration of element to be adsorbed 
Presence of competing substances 
The effectiveness desired   
  
For liquids, adsorption isotherms show the equilibrium relationship between the 
concentration of a substance in the liquid and the concentration in the adsorbent particles. 
The temperature must be held constant and the equilibrium experiments in this thesis were 
conducted at room temperature (20 °C). To allow comparison of different materials the 
quantity adsorbed is usually normalized by the mass of the adsorbent (McCabe, W.L, Smith, 
J.C., Harriott, P., 2005). 
 
A breakthrough curve and adsorption isotherms are precious components when designing 
for example a wastewater treatment plant (Persson, pers. com.; Persson, 2005). 
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3. Description of Experimental Work 

The first objective of this study was to evaluate the phosphorus sorption capacity of 
Polonite®. The experiments were to be performed in a pilot-plant and the Polonite® filter 
was to be connected to a high flow to see how it reacted. Samples were to be collected from 
the in- and outflow of the Polonite® filter and the levels of phosphorus analyzed. This was to 
examine if the filter could be an interesting option not only for phosphorus removal from the 
effluent from separate septic tanks but also for smaller wastewater treatment plants. A 
breakthrough curve was to be made to easily see when the removal capacity reached below 
60 % and when the filter got saturated. The other objective was to conduct equilibrium 
experiments in the laboratory and obtain adsorption isotherms for different concentrations 
of phosphorus on the sorbent. 
 
The work for this thesis was conducted at the test- and demonstration facility Hammarby 
Sjöstadsverk in Stockholm. Apparatus, laboratory materials and chemicals used for all 
experiments were provided by KTH and Hammarby Sjöstadsverk. 
 

3.1 Description of the Pilot-Plant 

Hammarby Sjöstadsverk is mainly used as a research facility. The facility houses several 
different lines of which line 1 was used in the experimental work to evaluate the phosphorus 
sorption capacity of Polonite®.  
 
Line 1, see figure 1, is an aerobic treatment with activated sludge and biological nitrogen- 
and phosphorus removal. It consists of several steps including pre-precipitation, 
sedimentation, six stages of biological treatment, secondary sedimentation and a sand filter 
(Hammarby Sjöstadsverk, 2012). In this experiment there were no phosphorus removal 
occurring in line 1, except for the spontaneous biological phosphorus removal. 
 

 
        Figure 1: Line 1 at Hammarby Sjöstadsverk. 

The effluent from line 1 was connected to a watertight bag filled with 500 kg (approximately 
650 L) of Polonite®, seen in figure 2. Polonite® used in all of the conducted experiments for 
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this thesis was supplied by Bioptech AB. The particle size ranged between 2 - 5.6 mm. A 
downwards gravitational flow through the filter, as seen in figure 4, of approximately 400 
L/hr was kept using a Watson Marlow 620U-pump. This gave a residence time of 1 hour.  
Automatic samplers from Lange, figure 3, were connected before and after the filter. 
 

 
 Figure 2: Watertight bag with Polonite®.   Figure 3: Automatic sampler.              Figure 4: Flow in the filter.              

 
To assure that the flow was kept at 400 L/hr, a manual test of the flow was conducted every 
time samples from the automatic samplers were collected for analysis. It was done by letting 
water from the outflow into a bucket with volume marks during a period of 36 seconds and 
then calculating the flow from the volume of water in the bucket. The 36 seconds derive 
from 1 hr = 3600 s. The volume is then multiplied by 100 to obtain the flow per hour.  
 

 
  Figure 5: Center pipe. 

 
Initial pH in the outflow of the filter was measured once a day during the first three days 
after the filter installation, this in order to see if the pH of the filter affected the outgoing 
water. For pH measurements a regular pH-meter was used. Also the height difference 
between the water in- respectively outside of the center pipe in the filter, see figure 5, was 
measured at every sampling. This was done to verify that there was no obstruction in the 
filter.  
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3.1.1 Assessment of Breakthrough Curve 
Water samples were collected from the Polonite® filter in- and outflow and concentrations 
analyzed regularly (at least twice a week) to see how the removal efficiency developed with 
time. This went on until a breakthrough, with regard to the phosphorus in the Polonite® 
filter, was noticed. The collected samples were taken to the laboratory where pH and in- and 
effluent concentrations of COD, nitrogen and phosphorus were measured. Focus was on 
phosphorus but since the other substances might affect the adsorption process of the 
element, they were also monitored. However, all measurements except for the phosphorus 
ones ceased after a couple of weeks since they were estimated not to affect the adsorption 
process. 
 
The incoming wastewater at Hammarby Sjöstadsverk passes by the inlet in the nearby region 
Sickla. Inflow data from the inlet, obtained from Stockholm Vatten, were used to normalize 
the measured values in the inflow at Hammarby Sjöstadsverk. This was in order to obtain the 
mass flow of the elements. 
 
Concentrations of phosphorus were measured as orthophosphates (solid, PO4

3-) and as 
phosphate phosphorus (dissolved, PO4

3--P). Samples to be screened for orthophosphates 
were filtered through a Munktell #5 (Ø55 mm, pore size >20µm) filter before analysis. All 
concentrations were measured by using ready-to-use cuvettes and a spectrophotometer 
from Lange. This procedure included transferring specific amounts of sample to the cuvettes, 
adding reagents, stirring and heating. The cuvettes are based on the Phosphomolybdenum 
blue method. In order to get more reliable result, duplicate samples were analyzed. 
 

3.2 Adsorption Isotherm Experiment 

Some of the concentrations used in the experiment were low and any contamination would 
have had a significant impact on the result. Therefore all involved equipment (flasks, 
magnets etc.) were carefully rinsed twice with distilled water before use to eliminate any 
trace of phosphate from detergents or previous employment. 
 

3.2.1 Preparation of Phosphorus Stock Solution 
Making a stock solution is a simple way to get started when wanting to prepare several 
solutions with different concentrations.  Di-sodium hydrogen phosphate dihydrate dissolves 
as follows in distilled water: 
 
Na2HPO4, 2 H2O → 2 Na+ + H+ + PO4

3- + 2 H2O 
 
MPO43- = 94.93 g/mol 
MNa2HPO4 = 177.99 g/mol 
 
Simple calculations gave the amount of di-sodium hydrogen phosphate dihydrate needed to 
prepare the stock solution. 
 
((100 * 10^-3)/ MPO43-) * MNa2HPO4 = 0.187 g 
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A phosphorus stock solution with a concentration of 100 mg/l was prepared by dissolving 

0.187 g Na2HPO4 in a small amount of distilled water in a 1000 ml volumetric flask. More 

distilled water was then added to the mark. 

 

3.2.2 Dilution 
When preparing solutions of phosphorus in order to get the adsorption isotherm, following 
concentrations, in mg/L, were desired: 
 
0.5, 1.5, 3, 5, 7.5 and 10 
 
This is because they are common concentrations of phosphorus in wastewater. In order to 
obtain these concentrations different amounts (5, 15, 30, 50, 75 and 100 ml) of phosphorus 
stock solution were transferred to volumetric flasks with a volume of 1000 ml, which were 
then diluted with distilled water to the mark. Higher concentrations were needed to see 
where the adsorption isotherm would start to diverge. 15, 20, 50, 100, 200, 250, 300, 350 
and 500 mg/L were thought of as being suitable concentrations. The 50, 100, 200, 250, 300, 
350 and 500 mg/L solutions were prepared without passing by phosphorus stocks. 
 

3.2.3 Assessment of Adsorption Isotherm 
Polonite® has shown the capacity to adsorb over 100 g of phosphorus/kg (Nelin, 2008), thus 
the capacity to adsorb 10 % of its own weight. It was decided that 1 g of Polonite® was to be 
added to each volumetric flask. The Polonite® particles chosen for this experiment measured 
approximately 2 mm in diameter. 
 
For all concentrations 10 mg/L and below, stirring at 600 rpm and 10 minutes was enough 
before collection samples and transferring them to the cuvettes for analysis. The more 
elevated concentrations were left on the stirrer for 1 hour. In a second attempt, where 
phosphorus ranged from 1 to 500 mg/L, all flasks were left on the stirrer for 3 hours before 
sampling. 
  
The concentration of phosphorus was measured as mg PO4

3--P/L. Different cuvette tests were 
used as they cover different concentrations. For the lower concentrations cuvettes with 0.05 
- 1.5 mg/L and 0.5 - 5 mg/L range of PO4

3--P were used and the higher concentrations were 
analyzed with cuvettes suited for 2 - 20 mg/L of PO4

3--P. Some of the samples needed 
dilution as their concentration was beyond the range of the cuvettes. The dilution rate was 
calculated based on expected concentration and the test range chosen. 
 
In order to get more reliable results, duplicate samples were analyzed and their average 
value was used when making the adsorption isotherm. 
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4. Results  

This chapter presents the results of the performed experiments. Comments and reflections 
on the results are found in the chapter “Discussion”. 

4.1 Breakthrough Curve 

As mentioned in chapter 3, inflow data at Sickla were used to normalize the measured values 
in the inflow at Hammarby Sjöstadsverk and to the filter. If normalization was not made, 
values of incoming concentrations would perhaps have been misleading due to different flow 
sizes. As an example; a large flow could have been caused by heavy rain which would have 
given a too low reading of phosphorus concentration due to dilution. Figure 6 shows in- and 
outgoing concentrations of total phosphorus to and from the filter. Data from the inflow at 
Sickla are shown in figure 7. The peak at 3.50 m3/s was adjusted from an initially even higher 
value. Concentrations of phosphorus and flows are displayed in table 1 in the appendix. 
 

 
   Figure 6: In- and effluent phosphorus concentrations. 

 

 
     Figure 7: Inflow at Sickla. 
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Mass flow was obtained by multiplying the in- and effluent concentrations in figure 6 with 
the inflow at Sickla seen in figure 7. The mass flows are shown in figure 8. The area between 
the lines in the figure corresponds to the mass of phosphorus adsorbed by the Polonite® 
filter. 
 

 
    Figure 8: Mass flows of phosphorus with normalized data. 

When as much phosphorus comes out from the filter as goes in a breakthrough occur. During 

the experiment it happened after 53 days and is indicated by the red arrows in figure 9. At 

that point the entire Polonite® filter had adsorbed an estimated 0.6 kg of phosphorus. This 

was calculated by taking the average value of in- minus outgoing mass flow and then 

multiplying this number with the flow that had passed through the filter and the number of 

hours that had passed until breakthrough. As a Polonite® filter of 500 kg was used 0.6 kg 

corresponds to a mass percentage of 0.12.  

 

Figure 9: Breakthrough curve. 

As seen in figure 10, a 60 % total phosphorus removal capacity was reached after 
approximately 30 days. The removal capacity is indicated at the right y-axis. The dashed red 
line named “Ortho-P removal” shows that the Polonite® filter mainly remove the dissolved, 
not the particular, phosphorus from the wastewater.  
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Figure 10: Phosphorus removal capacity. 

 
The monitored incoming concentrations of COD and nitrogen (found in table 2 in the 
appendix) did not clearly have an effect on the phosphorus adsorption process in the filter. 
 
Wastewater coming in to the filter had a pH between 7.1 and 7.8 during the whole period of 
sampling. After passing through the Polonite® filter the water pH was 10.2 but continuously 
dropped for each measurement. By the time the filter had gotten saturated, the pH had 
dropped to 8.7. The difference in height between the water in- and outside of the Polonite® 
filter’s center pipe was continuously less than 150 mm. 
 

4.2 Adsorption Isotherm for Phosphorus on Polonite® 

The concentration of phosphorous in the solution increased with rising input concentration 
and can be seen in figure 11. The blue colour indicates the presence of PO4

3--P. Phosphorus 
concentration increases from left to right as does the intensity of the blue colour. 
 

 
Figure 11: Cuvettes for measuring concentrations of phosphorus. 
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residence time is displayed in figure 12.  The values for input concentrations 250 and 300 

mg/L are to be considered with caution as they varied quite a bit. 

 

Figure 12: Adsorption isotherm, first attempt. Input concentrations ranged from 0.5 to 300 mg/L. Residence time was 10 

minutes for concentrations 10 mg/L and below. The more elevated concentrations had a residence time of 1 hour. 

 

The result from the second attempt is shown in figure 13. All input concentrations in this 

attempt had a residence time of 3 hours, the reason being that the residence time in the first 

attempt seemed not to be enough for the more elevated concentrations as the curve in 

figure 12 does not level off, meaning maximum capacity was not reached in that attempt. 

 

Figure 13: Adsorption isotherm, second attempt. Input concentrations ranged from 1 to 500 mg/L. Residence time was 3 

hours. 

 

If let to continue, it could be estimated that maximum loading capacity would be around 330 

mg of phosphorus per gram of Polonite®. This is illustrated by the black dashed trend line. It 

gives a capacity of 33 % and is to be compared to other studies results with capacities 

between 10 and 12 %. Data for the adsorption isotherms are found in table 3 and 4 in the 

appendix.  
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5. Discussion 

Several parameters could have affected the outcome of the experiments. They are discussed 
in this chapter. Economic and ecological aspects are briefly mentioned and possible sources 
of errors are looked through. 

5.1 Breakthrough Curve 

As the phosphorus sorption capacity of the Polonite® filter is highly dependent on the pH it is 
important to keep the alkalinity as high as possible. The flow of wastewater used in this 
experiment was 400 L/hr. Swedish citizens are said to consume an estimated 160 liters during 
a 24-hour period. If rounded off to 200 liters, the experimental flow then corresponds to the 
daily water consumption of 48 persons. In this case, a high flow might have made the 
retention time too short for the wastewater to achieve good contact with the alkaline filter 
material. The phosphorus has to have the time to get into the pores of the Polonite®. A high 
flow might also have affected the pH in the effluent which drops quickly. Presence of 
competing substances, such as organic compounds and nitrogen compounds, might affect 
the adsorption of phosphorus but in this experiment no clear evidences indicated that this 
would be the case. It is possible that the Polonite® filter is simply not performing as expected 
when connected to such a high flow of wastewater. 
 
When applying a downwards gravitational flow, as in this experiment, the phosphorus tends 
to be adsorbed primarily by the upper layers of the filter resulting in an ineffective use of the 
entire filter. There are also suspicions that there might be channels (or “highways”) forming 
in the filter. If this is the case then the majority of the wastewater is passing in these 
channels and the whole filter capacity is not used. An idea is to try and find a solution which 
would distribute the water more evenly in the filter. 
 
When lime is decomposing it releases phosphorus. The encircled point in figure 9 indicates 
that adsorbed phosphorus can be released after breakthrough and thus supports the idea 
that phosphorus saturated Polonite® filter material could be applied to arable land and that 
phosphorus would be available to crops. This would need to be more closely examined, for 
example by continuing to measure the concentrations for a couple of days more, to see that 
the result in this study was not simply a coincidence. The reason this was not done in this 
study were the limited time resources.  
 
In order for Polonite® to be successfully recycled and replace more traditional fertilizers, the 
phosphorus content in the saturated filter need to reach 4 % (Renman, G, pers. com.). This 
percentage has not been reached in any experiment made on Polonite® so far. Therefore the 
material could only be seen as a complement to other fertilizers at this point. 
 
The dashed red line named “Ortho-P removal” in figure 10 indicates that the removal of 
dissolved phosphorus constitutes almost the total phosphorus removal that occurs in the 
filter. This is showing that the filter does not filter but is adsorbing phosphorus. 
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The noticed constant height difference between the water in- and outside of the filter’s 
center pipe indicated that no obstruction occurred in the filter. An obstruction could have 
been caused by the presence of unwanted organic matter or the sintering of the filter 
material. 

5.2 Adsorption Isotherm for Phosphorus on Polonite® 

If looking in figure 12 at added concentration of 100 mg/L it is clear that at lower residence 

time the capacity lies around 50 mg/g but at higher residence time, figure 13, the capacity 

reaches 80 mg/g. At 100 mg/L in both graphs, the adsorption capacity starts to go down. An 

explanation is that the filter is more active in the beginning but then the capacity languishes. 

It has a bigger impact at lower phosphorus concentrations (which is the case in real 

wastewater treatment).  

In the graph in figure 13 it seems like 3 hours might not be sufficient as residence time, as 

the curve still does not level off. Perhaps equilibrium was never reached in this experiment. 

The 33 % capacity obtained in the adsorption isotherm experiment could be compared to 

capacities of 10 to 12 % obtained in other studies. The difference is extremely large. 

Adsorption isotherms seem to be too good to be true and there is a chance of miscalculation 

or mistakes when preparing and/or analyzing the samples. But it should be taken into 

account that during this equilibrium experiment no competing substances were present and 

the solution was stirred. It would have been a good idea to make both of the experiments in 

this study with water from the experiment hall. That would probably have given a more 

comparable and (for the equilibrium experiment) a closer to reality result. The experiments 

were not reproduced due to lack of time. 

5.3 Economic and Ecological aspects 

Recovery of phosphorus from wastewater is technically possible but has been seen as 

uneconomical. Polonite® sold loose is priced around 5000 SEK/ton (Bang, pers.com.). If the 

results from the phosphorus sorption capacity experiment in this report are used it would 

signify that the removal of 1 kg of phosphorus from wastewater with a Polonite® filter costs 

roughly 4160 SEK. At this stage it is therefore reliable to say that Polonite® is way more 

expensive than traditional chemical precipitation. What argues for the use of Polonite® filters 

is foremost the fact that phosphorus can be recycled back into agriculture.  

5.4 Sources of Errors 

Sampling was done by accurate automatic samplers. Then all samples were mixed before 

analysis. There is also a possibility of traces of phosphorus from previous use or detergent. 

The fault that sampling and preparation of samples contributed with is not possible to 

estimate. The ready-to-use cuvettes have a high accuracy, as long as the concentrations 

analyzed are not situated on the limits of the cuvette’s measure range. Dilution in volumetric 
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flasks contributed to the error with a maximum of 1.8 % and the use of pipettes, even 

though they were calibrated in the beginning of the experiment, with at most 0.2 %. The flow 

of wastewater varied. Stockholm Vatten presents their data of inflow at Sickla between 8 pm 

one day and 8 pm the next day. The automatic samplers at Hammarby Sjöstadsverk were set 

to sample between 9 pm and 9 pm the following day. Therefor these values are not entirely 

compatible. The sand filter placed before the Polonite®- filter was backward-flushed, but as 

the process was automatic it is impossible to know at what time. This probably made excess 

phosphorus get through before the sand had sunken back to its position of origin. When 

performing the equilibrium experiment the choice of Polonite® particles with a diameter of 2 

mm was done by picking them out by hand. It is hard to do this with eye-measurement. 

Since the adsorption is highly dependent on the specific surface this may have influenced the 

result.  
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6. Conclusions 

With a flow of 400 L/hr the Polonite® filter was down to 60 % phosphorus reduction after 
approximately 30 days. A breakthrough was observed after 53 days. At that point 0.6 kg of 
phosphorus was estimated to have been adsorbed by the filter. This corresponds to a 
sorption capacity of 0.12 %. 
 
The breakthrough curve helped support the idea that phosphorus saturated Polonite® filters 
are able to release phosphorus so that it become available to plants. It is a positive thing if 
wanting to recycle the saturated Polonite® as fertilizer. However, phosphorus at such low 
concentrations could not count as a substitute for conventional fertilizers but would probably 
have a potential to work as a complement and thus reduce the amounts of commercial 
fertilizers and soil amendments needed. 
 
It was also concluded that COD and nitrogen did not affect the adsorption of phosphorus in 
this case and that the pH of the treated wastewater dropped quickly after filter installation, 
probably due to the high flow. No obstruction in the filter was observed. This study has also 
confirmed that the filter is mainly adsorbing the dissolved phosphorus and does not filter the 
wastewater to separate the particular phosphorus. 
 
Altogether the Polonite® filter installed in the pilot-plant did not work as well as expected 
regarding the sorption capacity, the main reasons believed being a too elevated flow and a 
too short residence time. It could supposedly still be a promising technique with a more 
adapted flow. 
 
The obtained adsorption isotherms showed that the loading capacity of the Polonite® filter is 
increasing the longer the residence time. At an input concentration of 100 mg/L the 
adsorption capacity started to diminish. The estimated maximum loading capacity was 330 
mg of phosphorus per gram of Polonite®, the equivalent of 33 %. Such a high number seems 
unlikely when compared with other studies where the maximum capacity reached 12 %.  
 
If it could be assumed that the results from this study mirrors the reality, then it is more 

expensive to use Polonite® then more conventional methods to reduce phosphorus in 

wastewater. The removal of 1 kg of phosphorus by chemical precipitation (FeCl3) was 

calculated at 43 SEK while the use of Polonite® would cost 4160 SEK. At the same time 

Polonite® seems to be a more environmental friendly and sustainable option. 
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7. Future Studies 

Future studies could focus on wastewater residence time in the Polonite® filter in order to 
improve sorption capacity of phosphorus. Though there have been quite some studies made 
on Polonite® the main focus has been the sorption capacity of the material and the 
possibilities to recycle it as soil amendment and fertilizer. Studies on what kind and amount 
of pharmaceuticals and heavy metals Polonite®-filters adsorb would be recommended. Also, 
a look at long-term effects of applying used filter material to arable land could be of interest. 
In addition, there is a need to investigate the economic feasibility to use these filters not only 
for domestic wastewater treatment but also in smaller treatment plants. As the equilibrium 
experiment gave a doubtful result it would be good to redo it to see if a more probable 
loading capacity is obtained. From the experiments in this study there are some suspicions 
that channels, where the main part of the water is passing, are created in the filter. If this is 
the case it would mean that the entire filter capacity is not fully used. This might need 
further investigation. 
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Date IN P [mg/L] OUT P [mg/L] Flow [m3/s] 

2012-02-16 2,48 0,52 1,35 

2012-02-17 3,37 0,685 1,34 

2012-02-21 1,73 0,61 1,60 

2012-02-24 1,39 0,36 3,50 

2012-02-28 1,83 0,39 2,14 

2012-03-02 1,28 0,29 2,16 

2012-03-05 1,41 0,28 1,85 

2012-03-09 1,85 0,49 1,59 

2012-03-13 1,80 0,75 1,67 

2012-03-21 2,34 0,97 1,56 

2012-03-23 2,32 1,01 1,52 

2012-03-27 2,25 1,13 1,49 

2012-04-02 1,38 1,11 1,76 

2012-04-05 1,20 1,08 1,53 

2012-04-13 1,34 1,62 1,74 
Table 1: Data from the assessment of the breakthrough curve and the normalization. The numbers are the average of 
duplicate samples. 

 

Date REMOVAL TOTAL-P [%] IN COD [mg/L] IN N [mg/L] 

2012-02-16 78.91 23 17.8 

2012-02-17 79.67 36.8 18.75 

2012-02-21 64.41 33.05 13.45 

2012-02-24 74.17 - - 

2012-02-28 78.69 32.85 12.85 

2012-03-02 77.27 27.65 - 

2012-03-05 80.14 45.3 15.9 

2012-03-09 73.68 - - 

2012-03-13 58.50 22.45 15.65 

2012-03-21 58.46 25 12.25 

2012-03-23 56.47 - - 

2012-03-27 49.67 24.8 13.8 

2012-04-02 16.54 26.35 10.65 

2012-04-05 10 - - 

2012-04-13 -20.90 - - 
Table 2: The influence of COD and N on the total phosphorus removal. The numbers are the average of duplicate samples. 
 
 
 
 
 
 
 



2 
 

 
 
 
 

Table 3: Data for the adsorption isotherm displayed in figure 12. The numbers are the mean value of duplicate samples. 
 

Table 4: Data for the adsorption isotherm displayed in figure 13. The numbers are the mean value of duplicate samples. 
 
 
 

P added [mg/l] Polonite® added [g] P on substrate [mg/g] Adsorbed P [%] 

0,5 1 0,3315 66,3 

1,5 1 1,0225 68,2 

3 1 2,0665 68,9 

5 1 3,475 69,5 

7,5 1 5,6 74,7 

10 1 7,75 77,5 

15 1 14,365 95,8 

20 1 19,249 96,2 

50 1 34,225 68,5 

100 1 47,9 47,9 

200 1 59,3 29,7 

250 1 77,8 31,1 

300 1 95,45 31,8 

P added [mg/l] Polonite® added [g] P on substrate [mg/g] Adsorbed P [%] 

1 1 0,977 97,70 

5 1 4,8735 97,47 

10 1 9,7435 97,44 

50 1 48,57 97,14 

100 1 79,75 79,75 

200 1 134,15 67,08 

350 1 214,35 61,24 

500 1 273,1 54,62 


