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SUMMARY 

Nutrients such as phosphorus (P) and nitrogen (N) are wasted everyday but rarely re-
covered. Natural phosphates, being the limited resources, are irreplaceable in agricul-
ture along with N and potassium (K). Limited availability of P is compelling people to 
think about recovering and returning it back to the land from the waste stream. On 
the other hand, N and P are the major contributors for eutrophication and other dis-
turbances in the ecosystem. 

Urine comprising the majority of N and P nutrients among other household 
wastewater, if managed separately, will benefit human against expensive commercial 
fertilizers. Traditionally, biological removal techniques have demonstrated a proven 
solution in removing N and P, however, its larger area requirements and slower nitro-
gen conversion rate increases the capital costs. Eco-technological processes such as 
sorption using reactive filters offers high rate alternative over conventional systems by 
demanding lower capitals. Capturing N and P contents from wastewater in reactive fil-
ters for productive uses has been a topic of interests for many scientists since 90’s but 
most of them have still not been implemented in the full scale system. Optimization 
of such technologies is one of the prime focuses in this area of research. 

This project was based on a small scale laboratory experiment in a batch mode study-
ing the removal capacity of NH4-N and PO4-P from source separated human urine 
using two reactive filter materials, namely mordenite (belongs to the zeolites group) 
and polonite. The change in physical properties such as pH and conductivity has also 
been observed and reported in parallel. The focus of this project promotes and sup-
ports the standard international human rights to sanitation & water and environment 
protection. 

The urine samples from 5 different persons were collected and diluted 10 times with 
tap water. Two peristaltic pumps were used to pump in samples to the columns filled 
with mordenite and polonite respectively. These pumps were controlled by the timer. 
The timer was all set to maintain a batch mode experiment. In general, the influent 
sample was pumped to pass through the first column filled with mordenite; the efflu-
ent from the mordenite column was then subjected to pass through the second col-
umn filled with polonite materials and the polonite effluent was the final effluent of 
the experiment. The removal capacities are presented in 3 different ways in this report 
i.e. by comparing the mordenite effluent with influent, polonite effluent with the mor-
denite effluent and the polonite (final) effluent with the influent. The performance 
analysis of these two reactive materials was the main objective of this project. 

The performance of polonite as a stand-alone media for the raw urine was not studied 
and hence not presented. Neither the dual media system with the same materials in 
the reversible order was studied. Other potential parameters that could directly or in-
directly influence its capacity such as other forms of N and P, presence of metals, bac-
teria, viruses and the materials before/after the experiment were not tested due to the 
limited time. 

In overall, mordenite materials performed better for NH4-N reaching as high as 79% 
removal or reduction and polonite materials performed better for PO4-P removal 
reaching as high as 97% removal. The reduction in NH4-N might also be due to the 
conversion of nitrogen into other forms besides sorption and ion-exchange.  Mor-
denite materials also demonstrated a notable potential for PO4-P removal reaching as 
high as 88% at the beginning. Both materials did not show the tendency of break-
through for PO4-P until the end. The salinity measured as electric conductivity was 
reduced by both materials until about mid-time period of the experiment. Further full 
scale studies addressing the major limitation of this project is crucial before introduc-
ing this particular system for public uses.  
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SUMMARY IN SWEDISH  

Näringsämnen såsom fosfor (P) och kväve (N) släpps dagligen ut men återvinns säll-
an. Naturliga fosfater, som utgör de begränsande resurserna, är tillsammans med 
kväve och kalium oumbärliga i jordbruket. Begränsad tillgång till P tvingar människor 
att överväga att återvinna och återföra det till marken från avfallsvatten. Detta till 
skillnad mot N och P som är de huvudsakliga källorna till övergödning och annan 
obalans i ekosystemet. 

Urin, som innehåller de största mängderna av näringsämnena P och N bland hushålls-
avfallsvatten, kan om det är behandlat separat nyttjas av människan istället för dyra 
kommersiella gödningsmedel. Biologiska metoder för avlägsnande av N och P har vi-
sat sig vara effektiva, men större arealer och långsammare kväveomvandlingstakt leder 
till ökade kostnader. Eko-tekniska processer såsom sorption med användning av reak-
tiva filter ger snabb omvandlingstakt i förhållande till konventionella metoder och 
kräver mindre kapital. Omhändertagande av N och P från avfallsvatten i reaktiva filter 
för produktiv användning har varit ett intressant ämne för många vetenskapsmän se-
dan nittiotalet. De flesta av metoderna har dock inte använts i fullskaliga system ännu. 
Att optimera dessa tekniker är ett av huvudmålen inom detta forskningsområde. 

Det här projektet var baserat på ett småskaligt laboratorieexperiment i batch mode där 
borttagningskapaciteten av NH4-N och PO4-P, från en källa som separerade mänskligt 
urin, med hjälp av två reaktiva filtermaterial, nämligen mordenite (zeolitgruppen) och 
polonite. Förändringen av fysikaliska egenskaper såsom pH och konduktivitet har 
också samtidigt observerats och rapporterats. Fokus på det här projektet främjar och 
stödjer de vedertagna internationella mänskliga rättigheterna till sanitet, vatten och 
miljöskydd. 

Urinprov från fem olika personer samlades ihop och späddes ut tio gånger med kran-
vatten. Två peristaltiska pumpar användes för att pumpa in proverna i kolumnerna. 
Pumparna kontrollerades med en timer. Timern var inställd på att behålla ett batch 
mode experiment. Det inströmmande provet pumpades vanligtvis genom den första 
kolumnen som var fylld med mordenite; det utströmmande provet från kolumnen 
med mordenite fick sedan passera genom den andra kolumnen som var fylld med po-
lonitematerial och det utströmmande provet från kolumnen med polonite var det slut-
giltiga utströmmande provet i experimentet. Borttagningskapaciteten är presenterad på 
tre olika sätt i den här rapporten; genom att jämföra inströmmande prover med ut-
strömmande prover från mordenite, utströmmande prover från polonite med ut-
strömmande prover från mordenite och inströmmande prover med utströmmande 
prover från kolumnen med polonite (slutgiltig). Analysen av prestationsförmågan av 
de här reaktiva materialen var huvuduppgiften med det här projektet. 

Funktionsdugligheten hos polonite på egen hand som media för urinet studerades inte 
och presenteras därmed inte heller. Inte heller det omvända mediasystemet med 
samma material men i omvänd ordning studerades. Andra potentiella parametrar som 
direkt eller indirekt skulle kunna påverka kapaciteten, såsom andra former av N och P, 
förekomsten av metaller, bakterier, virus och materialen före/efter experimentet har 
inte testades. 

Generellt sett presterade mordenitematerial bättre som NH4-N genom att åstad-
komma så mycket som 79 % borttagning eller minskning och polonitematerial preste-
rade bättre som PO4-P med så mycket som 97 % borttagning. Minskningen av NH4-N 
kan också vara en följd av omvandling av kväve till andra former förutom sorption 
och jonutbyte. Mordenitematerial påvisade också ett bra resultat för PO4-P borttag-
ning genom att nå så mycket som 88 % i början. Ingetdera av materialen påvisade nå-
got större genombrott för PO4-P förrän mot slutet. Saliniteten som uppmättes som 
elektronisk konduktivitet minskades med båda materialen fram till ungefär halva expe-
rimentet. Fortsatta fullskaliga studier som åskådliggör de största begränsningarna av 
det här projektet är viktiga innan det här systemet introduceras till allmän användning.  
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ABSTRACT 

The nutrients available in urine make it a good resource as fertilizer. Limited availabil-
ity of natural phosphorus (P) is compelling people to think about recovering and re-
turning it back to the land from waste stream. Urine comprising the majority of nitro-
gen (N) and P among other household wastewater, if managed separately, will benefit 
human against expensive commercial fertilizers, and eventually will reduce environ-
mental problems. Various reactive filter systems have been studied since late 90’s as a 
potential system to recover N & P from urine and wastewater as a whole. Most stud-
ies are however limited to the laboratory scale only. Optimization of such technologies 
is one of the prime focuses in this area of research. This thesis project used the com-
bination of two sorptive reactive materials, namely mordenite and polonite, to remove 
NH4-N and PO4-P from the source separated human urine. 

This two months laboratory scale study recommends dilution and storage to be a min-
imum pretreatment for urine. However as the influent’s NH4-N concentration was ex-
tremely high, further dilution or other relevant pretreatment is recommended. In 
overall, mordenite materials performed better for NH4-N removal reaching as high as 
79% whereas polonite materials showed better results for PO4-P removal and the effi-
ciency was as high as 97%. The reduction in NH4-N might also be due to the conver-
sion of nitrogen into other forms. Mordenite materials showed a good potential for 
PO4-P removal and was up to 88% efficient initially. Both materials did not show the 
tendency of breakthrough for PO4-P until the end. The salinity measured as electric 
conductivity was reduced by both materials until about initial half-time period of the 
experiment. Since mordenite was the first unit to face the highly concentrated urine, it 
got saturated earlier and started showing the fluctuations in reduction and release for 
nutrients. The results obtained in this study provide the positive scenario for it to be 
implemented in the full scale system. However more elaborated studies in full scale 
addressing the major limitation of this project needs to be done before introducing the 
system for public uses. 

Key words: Reactive filters system; Urine; Nutrients removal; Polonite; Mor-
denite; Batch mode. 

INTRODUCTION 

Having more than 90 % of the Swedish population connected to munic-
ipal wastewater treatment, the rest ones are required to manage the 
wastewater produced from their households by themselves. Small-scale 
onsite treatment systems like simple septic tanks or infiltration into the 
ground are commonly used in these households. Brandt et al, (2009) es-
timated the N and P load from the onsite treatment systems to Baltic Sea 
to be 2% and 12% respectively of the total load from Sweden. The total 
amount of phosphorus discharges in Sweden from private on-site 
wastewater systems is 650 tonnes per year, while the phosphorus dis-
charges from municipal wastewater treatment plants is 500 tonnes per 
year (Brandt et al., 2005). Considering the zero eutrophication objectives 
set by Swedish Environmental Protection Agency in 2009, all the treat-
ment systems are required to maintain the effluent quality within the na-
ture’s capacity to treat itself. Besides eutrophication, the other problems 
such as disturbances in ecosystem, climatic affects and other long term 
impacts including effects on human health are obvious. Furthermore, the 
nutrients with a good resource value will be lost which can be recovered 
for different uses. Therefore it is desired to improve the efficiency in the 
small-scale onsite treatment systems at low cost and less maintenance. As 
the nutrients are mostly contained in urine among the overall municipal 
household wastewater, this thesis is focused on the study to remove N 
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and P from the source separated human urine using reactive filter tech-
nologies. In places where fertilizers are not easily accessible or are expen-
sive, the separated toilet system will be a good solution in terms of nutri-
ents recovery and sewage management. Also in areas that are not con-
nected to the centralized treatment systems, the incorporation of opti-
mized on-site treatment facilities will be a good solution to manage it at 
source as well as this approach will help to keep the environment clean 
and healthy. 

Background 
The value of source separated human urine as a fertilizer has been one of 
the prime focuses of ecological sanitation. However the higher salinity 
content in it makes the direct use sensitive. The storage converts the urea 
to nitrogen while the salinity gets higher as a result of this conversion 
(Beler-Baykal et al., 2011). Capturing nitrogen and phosphorus contents 
from wastewater in reactive filters for productive uses has been a topic 
of interests for many scientists since 90’s (Renman, 2008; Brogowski and 
Renman, 2004; Beler-Baykal et al., 2011). However most of the reactive 
materials have still not been implemented in full scale systems. 

Nutrients have always been one of the important ingredients for agricul-
tural purposes and are indeed irreplaceable. N and P are the macro-
nutrients in plant as well as human cells. Natural P is a non-renewable 
resource and is conceived as a matter of high concern due to its limited 
availability. It has been estimated that the demand of phosphorus will be 
more than the total world production in just 30 years (Bioptech, 2013). It 
is extracted from the rock phosphates, which deplete in quantity and 
quality (Jasinski et al., 2003). One of the ideas commonly understood is 
to recover it from the waste stream; be it wastewater, urine, solid waste 
or any other possible discarded effluent. The use of P in detergents has 
been lawfully banned by many countries however it is still in use in some 
parts. Generally, foods and detergents are the main constituents consist-
ing majority of N & P. So the kitchen, washroom and toilet are the main 
units in the municipal households discharging these nutrients. In munic-
ipal wastewater, urine consists the majority of these two nutrients 
(Larsen and Gujer, 1996). Urine represents only about 1% by volume of 
the total wastewater however it consists of about 80% of N and at least 
50% P (Johansson, 2000). The nutrients in urine are therefore quite con-
centrated and readily available to plants. And as such, it, as a matter of 
fact, is profitable and less complex to recover these nutrients from the 
separated toilet system. 

Urine, however, contains lesser disease producing bacteria as compared 
to faeces and can be applied directly to the field as a fertilizer after ap-
propriate storage. When urine is collected from urban households and 
transported for re-use in agriculture, the recommended storage time at 
temperatures of 4–20 degrees Celsius varies between 1 and 6 months de-
pending on the type of crop to be fertilized (Winblad and Simpson-
Hébert, 2004). It has also been estimated that the urine collected from 
one person in a year is sufficient to fertilize 300–400 square metres of 
crop. A study of the use of human urine in the growth of barley in Swe-
den showed that the nitrogen effect of urine corresponded to about 90% 
of that of equal amounts of ammonium nitrate mineral fertilizers 
(Winblad and Simpson-Hébert, 2004). 

Besides having a good resource value of N and P, if not removed or re-
duced to certain limits from the waste stream before final disposal into 
nature, it has many adverse effects. These nutrients are responsible for 
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environmental problems such as eutrophication, toxicity to aquatic life 
and increased corrosion rate of soil (Randall and Tsui, 2002). 

Traditionally, biological treatment systems such as activated sludge sys-
tems have proved to be effective in removing nitrogen and phosphorus. 
However, its larger area requirements and slower nitrogen conversion 
rate increases the capital costs [Yusof et. al., 2009] and often not eco-
nomically favorable. Physiochemical and eco-technological processes 
such as sorption using reactive filters offers high rate alternative over 
conventional systems by demanding relatively lesser land areas for equiv-
alent inflows thereby reducing the capital costs. This treatment system is 
based on ecological engineering approach which is characterized as cost-
effective in the long run (Renman, 2008). 

Phosphorus in the liquid sample is mostly in the soluble form with a 
small portion of organic P. Only the inorganic P (as orthophosphate) can 
be assimilated by the aquatic plants and animals (Patterson, 2001). PO4-P 
is the only form of phosphorus that has been measured during the ex-
periment since it has a good resource value when returned to the farm-
land or other possible uses. 

Plants have the capacity to assimilate several chemical forms of nitrogen 
of which the most common ones are: ammonium (NH4+), which has a 
positive charge; nitrate (NO3-), which has a negative charge; and urea, 
((NH2)2CO), which has no charge (Mattson et al., 2009). Due to the lim-
ited time and availability of instruments, only ammoniacal form of nitro-
gen has been studied in this project. 

State of the Art 
Further brief review about the removal phenomena, treatment system 
and materials is presented under this sub-chapter. 

Theory of sorption 

Sposito (2008) defined sorption process as any removal of a compound 
from solution to a solid phase, whereas the inverse process i.e. the re-
lease of ions or molecules from soil solids into solution as desorption. 
The sorption process has a strong influence on the mobility and uptake 
of metals and organic compounds in ground waters, and can ultimately 
lead to the formation of new minerals from solution (Krauskopf and 
Bird, 1995). In wastewater treatment systems, sorption of pollutant from 
aqueous solution plays an essential role as it eliminates the need for huge 
sludge-handling process (Ho and McKay, 1998), furthermore the useful 
sorbed materials can be recycled. 

According to Thompson and Goyne (2012), the adsorbing/absorbing 
solid phase is the sorbent, solutes in the liquid phase that could poten-
tially sorb are known as sorptives, and constituents that accumulate on 
or within a solid are called sorbates (Fig. 1). Chemicals can be mostly 
grouped into three sorptive categories: (a) anionic sorptives that are neg-
atively charged because they have more electrons than protons (e.g., the 
nutrient orthophosphate, PO4

3-); (b) cationic sorptives that are positively 
charged because they have fewer electrons than protons (e.g., the diva-
lent cations Ca2+ and Pb2+); and (c) uncharged organic sorptives that ex-
hibit a range of polarities (non-polar to polar) based on the distribution 
of electrons across the molecule (e.g., benzene has uniform electron dis-
tribution and is non-polar, whereas sucrose has a non-uniform distribu-
tion of electrons and is highly polar) (Thompson and Goyne, 2012). 
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Krauskopf and Bird (1995) classified the occurrence of sorption by three 
principle process. One is by formation of a surface precipitate that has a 
structure or composition different from that of the host mineral. Next is 
by incorporating solute species into the mineral structure either by diffu-
sion or by dissolution of the mineral and re-precipitation, a mechanism 
called absorption or co-precipitation. And a third process is the accumulation 
of aqueous species on the mineral surface without formation of a three-
dimensional molecular arrangement typical of a mineral, a process re-
ferred to as adsorption. According to Krauskopf and Bird (1995), it is of-
ten difficult in both experimental and natural systems to determine the 
extent to which each of these kinds of sorption occurs and for many 
geologic problems such details are unimportant. 

Ion exchange 

In general, ion exchange is an exchange of ions between two electrolytes 
or between an electrolyte solution and a complex (Fig. 2). Ions that ac-
cumulate on mineral surfaces are held by forces that range from weak to 
very strong, depending on the types of ion and mineral. Those adsorbed 
as outer-sphere complexes or diffuse ion swarms are easily replaced by 
other ions in solution. If a mineral with one kind of ion adsorbed on its 
surface is added to an electrolyte solution containing different ions, some 
of the original ions will be set free in the solution and some of the new 
ions will be adsorbed in their place. This phenomenon is called ion ex-
change (Krauskopf and Bird, 1995). However it is not limited to ions ad-
sorbed on mineral surfaces, and may also be applied to the substitution 
of one ion for another in crystals. The exchangeability of adsorbed ions 
on mineral surfaces depends on how they are attached, and the ability of 
an ion in solution to exchange with an ion in the crystal structure of a 
mineral is a complex function of its bonding in the crystal lattice and the 

Fig. 1 Schematic 
diagram illustrating 
the location and 
differences between 
a sorptive ion, 
sorbate ion and 
sorbent (Thompson 
and Goyne, 2012). 

Fig. 2 Ion exchange 
chromatography 
(www.waters.com, 
2013). 

http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Electrolyte
http://en.wikipedia.org/wiki/Solution
http://en.wikipedia.org/wiki/Complex_(chemistry)
http://www.waters.com/
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mechanism of exchange (Krauskopf and Bird, 1995). When, in solution, 
more than one type of sorbate ion is present, the different ions compete 
for positions near the solution-mineral interface (Krauskopf and Bird, 
1995). This is one of the reasons which have altered the steadiness in the 
removal of nutrients in our experiment. 

Reactive filters technology 

One of the main functions of the reactive filters is the removal of con-
taminants from the receiving solutions. The reactive filter materials are 
also called substrates and can be classified into three groups: natural ma-
terials, industrial by-products and manufactured products (Westholm, 
2006). The construction is basically designed based on its principle appli-
cations i.e. treatment of storm water, municipal wastewater, urine or 
leachates. Common construction types are filter wells (Fig. 3) or compact 
constructed wetlands (Kietlińska, 2004). 

The main focus of the municipal wastewater treatment system is the re-
moval and recycling of nutrients, thus inorganic phosphorus and ammo-

nium sorbent reactive mediums have to be selected (Tsalakanidou, 2006) 

since these two are the most common nutrients found in municipal 
wastewater that creates major disturbances in the ecosystem when dis-
carded above the limits. In reactive filters system, the wastewater influent 
or separated urine is allowed to percolate through the reactive materials, 
which sorbs the nutrients. The reactive medium is replaced when few 
unoccupied nutrient sorption sites remain and its sorption efficiency de-
creases (Santacroce, 2002). The nutrient-saturated reactive material can 
be used as a fertilizer in agriculture (Renman, 2008; Hylander et al., 
2006). The effluent water is discharged to a close recipient or reused for 

secondary uses (Tsalakanidou, 2006). The reactive filter is usually includ-

ed in the system after a preliminary treatment involving a septic tank, 
where larger particles are trapped (Santacroce, 2002). 

The treatment system is simple and requires low-maintenance; other 
benefits being the use of less electric energy and no use of additional 
chemicals (Renman, 2008). Reactive filters can be upgraded in existing 
treatment systems or be included in new systems design (Meyer, 2004). 
Small area requirement, the simplicity of construction and installation, 
high bacterial and nutrients removal efficiency (Renman, 2004) etc. are 
some advantages of reactive filters technology. These advantages make it 
economically viable, technically feasible and environmentally acceptable. 

Fig. 3 Reactive bed 
filter system for 
treatment of 
wastewater from a 
single house 
(Renman, 2005). 
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Zeolite 

Ullmann’s Encyclopedia of Industrial Chemistry (2012) describes zeolites 
as crystalline, hydrated aluminosilicates with a three dimensional frame-
work structures constructed of SiO4 and AlO4 tetra-hydra linked through 
oxygen atoms. They contain regular channels or interlinked voids whose 
aperture diameters are in the micropore range. These pores contain wa-
ter molecules and the cations necessary to balance the negative charge of 
the framework. The cations, which are mobile and can be exchanged, are 
mainly alkali metal or alkaline earth metal ions. The pore system of mor-
denite is two dimensional however the 12-ring channels in effect is only 
one-dimensional (Fig. 4). 

NH4
+ removal capacity of zeolites from wastewater has occurred to vary 

depending on the type of zeolite, zeolite particle size and wastewater an-
ion-cation composition (Klieve and Semmens, 1980). This capacity is al-
so governed by the extent of aluminium (Al3+) substitution for silicon 
(Si4+) in the zeolite framework. Each Si4+ substitution by Al3+ generates a 
negative charge. The increase in the substitution increases the negative 
charge and hence the higher number of cations (for example NH4

+) are 
required for balancing the negative charge i.e. cations removal from 
waste stream is increased (Nguyen and Tanner, 1998). The characteristics 
of the mordenite materials are shown (Table 2) based on the data from 
two references. The ranges of different parameters are derived based on 
the results of fine and coarse material types. 

Polonite 

High pH and concentration of Ca in polonite material promotes efficient 
removal of P from wastewater mainly by precipitation reactions (Gus-
tafsson et al., 2008). The study (Cucarella et al., 2009) of the on-site 
wastewater treatment (Table 2) showed the reduction of calcium and 
magnesium ions in the polonite materials after the treatment. The pH 
was also reduced from a value of approximately 12 to 9.7. Their study al-
so investigated the fertilizer value of used polonite and the results 
showed that the polonite materials used for household wastewater treat-
ment can be safely applied as a soil amendment. Cucarella et al., (2009) 
interpreted their findings as even though the phosphorus in used polo-
nite filters was relatively lower compared with commercial P fertilizers, 
the material contains other macro and micro-elements available for plant 
uptake and its effect as a soil conditioner is comparable to that of liming. 
The mixture of polonite and peat showed a good performance of metal 
(such as Mn, Fe, Zn and Cu) removal (Kietlińska and Renman, 2005). 

Fig. 4 Framework 
structure of mor-
denite (Broach et al., 
2012). 
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Table 1 Characteristics of mordenite material (1: Broach et al., 
2012; 2: Nguyen and Tanner, 1998). 
Parameter Unit Mordenite 

Structure type
1 

 MOR (2) 

Dimensionality of pore system
1 

 12-/8-ring, 1-D 

SiO2/[Al2O3 + Fe2O3]
1 

 8.6 – 10.6 

Most common cations
1 

 Na > K 

pH
2 

 8-2 – 8.5 

Porosity
2 

% 51.7 – 56.1 

Moisture content
2 

% 4.3 – 4.6 

Surface area
2 

m
2
.g

-1 
25.5 – 30.1 

Bulk density
2 

g.cm
-3
 1.0 – 1.1 

Particle density
2 

g.cm
-3
 2.1 – 2.4 

Water holding capacity
2 

% 46.7 – 54.7 

Cation exchange capacity
2 

me.% 110 – 116 

Calcium (Ca)
2 

% 4.2 – 4.3 

Magnesium (Mg)
2 

% 0.27 

Potassium (K)
2 

% 0.16 – 0.17 

Sodium (Na)
2 

% 1.25 – 1.26 

Iron (Fe)
2 

% 1.63 – 1.69 

Zinc (Zn)
2 

mg.kg
-1 

0.006 

Aluminum (Al)
2 

% 4.2 

Silica (Si)
2 

% 24.5 – 25.6 

Nitrogen (N)
2 

% 0.05 

Phosphorus (P)
2 

% 0.008 

Similarly in the comparative study (Cucarella et al., 2008) of the three 
used (P saturated from wastewater treatment) reactive substrates i.e., Fil-
tra P, Polonite and Wollastonite, on the fertility of acid soils, polonite 
showed the highest yield/amendment ratio. 

The polonite material, as such, shows a great potential for phosphorus 
removal and recovery. 

Table 2 Properties and chemical composition of Polonite (be-
fore and after wastewater treatment) and initial soil (Cucarella 
et al., 2009). 
Parameter Polonite Polonite* Soil 

Particle size (mm) 2-5.6 <2 n.d. 

Bulk density (mg/m3) 0.7 n.d. 1.1 

pH ~12.0 9.7 5.2 

P (g/kg) 0.6 1.5 0.6 

K (g/kg) 8.5 7.7 2.0 

Ca (g/kg) 189 176 1.1 

Mg (g/kg) 4.5 5.2 4.2 

Al (g/kg) 25.4 25.3 57.4 

Fe (g/kg) 19.5 19.5 11.0 

Mn (mg/kg) 125 134 313 

Zn (mg/kg) 21.3 38.6 61.6 

Cu (mg/kg) <6 13.1 7.4 

Cr (mg/kg) 49.6 50.1 n.d. 

Ni (mg/kg) 19.1 18.3 n.d. 

Cd (mg/kg) <2 n.d. n.d. 

Polonite*: Polonite after 28 months of household wastewater treatment; n.d.: no data 
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Classification of some filter materials (including polonite) investigated in 
the selected studies according to their P sorption capacity and particle 
size has been listed in appendix II. 

Legal Requirements 

To deal with the release of nutrients from agriculture and point sources, 
the European Economic Community in 1991 adopted the Nitrate Di-
rective (91/676/EEC) and the Urban Waste Water Treatment Directive 
(91/271/EEC). The Nitrates Directive 91/676/EEC sets out clear rules 
for nitrates pollution from agriculture, one the main sources of ground-
water pollution as well as eutrophication of surface waters in many re-
gions of Europe (Blöch, 2005). 

Accordingly the member states have been bound to comply with Council 
Directive 91/271/EEC of 15 May 1991 concerning urban wastewater 
treatment as amended by Commission Directive 98/15/EC of 
27.02.1998. This directive points out the need for identification of sensi-
tive areas and specifies the limit of total P and N as 15 and 2 mg/l re-
spectively for plants of persons equivalent (PE) of 10 000 - 100000, and 
10 and 1 mg/l P and N for plants of PE >100000 (Appendix III) (Blöch, 
2005). 

In 2000, the European Commission adopted the Water Framework Di-
rective (WFD) 2000/60/EC to establish a framework for the community 
action in the field of water policy. With the WFD, the water quality issue 
is tackled in a comprehensive way, also considering the previous regula-
tions. The directive aims at protecting and enhancing the status of water 
resources and promotes a sustainable water use based on a long-term 
protection of the available water resources with adequate timely monitor-
ing (Grizetti and Bouraoui, 2006). 

In order to achieve these goals by 2015, the WFD planned a series of ac-
tions that the Member States have to implement at the hydrologic river 
basin level according to a tight schedule. By the end of 2009 Member 
State was required to establish ‘River Basin Management Plans’ which 
include the results of the analysis of pressure and impact (performed in 
2005), the Monitoring Program (before 2007), the mitigation strategies 
implemented in the Program of Measures (before 2009), a summary of 
the public information and consultation measures taken and a list of 
competent authorities (Grizetti and Bouraoui, 2006). 

The Swedish EPA (Environmental Protection Agency) action (2002) 
proposed an intermediate target for P-recycling that by 2015; at least 
60 % of the phosphorus in wastewater shall be restored to productive 
soil, of which half should be returned to arable land. Zero Eutrophica-
tion is one of the 16 Swedish environmental quality objectives set in 
1999 which legalized a rule that the nutrient levels in soil and water must 
not be such that they adversely affect human health, the conditions for 
biological diversity or the possibility of varied use of land and water. 
Other Swedish environmental policy objectives that are connected with 
wastewater treatment are: a non-toxic environment, flourishing lakes and 
streams, a balanced marine environment, flourishing coastal areas and 
archipelagos and a good built environment (SEPA report issued pursu-
ant to Article 16 of Council Directive 91/271/EEC concerning as ‘the 
Urban Waste Water Directive’). 

Practical application developed by a Swedish company: case study - Aquatron AB 

The company has developed a separated toilet and treatment system 
(Fig. 5) which doesn’t require mechanical parts and external energy. 
Urine and water is separated from faeces and paper. The urine and grey 
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water are transported as grey water for infiltration into the reactive filters 
or traps. The solid waste is composted in so-called Bio Composting 
Chamber. The dual media system used in this project can be tested in 
this system and diluted urine could be treated with the media without 
mixing it with grey water. This onsite system is an eco-sanitation and 
eco-technological approach. It has developed products with different ca-
pacities and lifetimes, and about half of its products are targeted for the 
vacation homes. Various options such as installation in a basement, 
crawlspace, outdoor etc. are possible for using this product (Aquatron 
Brochure, 2011). 

Objectives and Limitations 
This project was based on a small scale laboratory experiment in a batch 
mode studying the removal capacity of ammoniacal nitrogen and ortho-
phosphate ions from source separated human urine using two reactive 
filter materials namely mordenite (that belongs to the zeolites group) and 
polonite. The change in physical properties such as pH and conductivity 
has also been observed and reported in parallel. 

The two reactive filters were kept separately in two columns. In general, 
the influent sample was pumped to pass through the first column filled 
with mordenite; the effluent from the mordenite column was then sub-
jected to pass through the second column filled with polonite materials 
and the polonite effluent was the final effluent of the experiment. The 
removal capacities has been presented in three different ways in this re-
port i.e. by comparing mordenite effluent with influent, polonite effluent 
with mordenite effluent and polonite (final) effluent with influent. The 
analysis of performance of these two reactive materials was the main ob-
jective of this project. 

However, the performance of polonite as a stand-alone media for the 
raw urine was not studied and hence not presented. Neither the dual 
media system with the same materials in the reversible order was studied. 
Other potential parameters that could directly or indirectly influence its 
capacity such as other forms of presence of nitrogen and phosphorus, 
metals, bacteria and viruses has not been studied which was some of the 
major limitations. Due to limited time, the materials before and after the 
experiment were not tested. 

A general calculation of materials required per day has been done based 
on the results obtained from this limited small scale experiment. Howev-
er, those calculations would be inappropriate to utilize for practical uses 
without addressing the limitations in full scale studies. 

Fig. 5 Schematic model of a separated toilet system developed 
by Aquatron Company (Aquatron Brochure, 2011). 
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MATERIALS AND METHODOLOGY  

This chapter includes the description of materials and methodology as-
sociated with this project. 

Materials 
Some of the crucial materials used in performing the experiment are 
listed under this sub-chapter. 

Polonite 

Polonite is a commercial product used as reactive filter media for on-site 
wastewater treatment in Sweden (Renman, 2008). The product is pro-
cessed from a bedrock opoka which is found in the south-eastern part of 
Europe (Brogowski and Renman, 2004). This bedrock is heated up to 
900°C and then separated in suitable fractions for the filtration process. 
During the heating process calcium carbonate is decomposed to the ox-
ide. This material is known for its high sorption capacity of soluble 
phosphorus which can be recovered and reused. 

The major components of Polonite® are SiO2 (39.4), CaO (42%), Al2O3 

(4.3%) and Fe2O3 (2%) (Brogowski and Renman, 2004). 

This material has high sorption capacity for phosphorus and can also be 
used to recycle sorbed nutrients in agriculture (Renman, 2008). High 
quality polonite materials processed in BioTech AB with particle size 
ranging from 2-5.6 mm was used during the experiment (Fig. 6). 

Mordenite 

According to Ullmann's Encyclopedia of Industrial Chemistry (2012), it 
is one of the six most abundant zeolites and commercially important at 
present. Yusof et al., (2009) measured the cation exchange capacity of 
granulated mordenite to be 1.34 meq g-1. 

The ammonium removal capacity of a zeolite varies with the source of 
the zeolite, the location within a particular deposit and the capacity of 
the measurement technique employed. The important advantage of zeo-
lite in water treatment is its high porosity that results in good hydrody-
namic properties (Zabochnicka-Świątek and Malińska, 2010). The sorp-
tion behavior of modernite is due to the result of cation exchange. 

Fig. 6 Polonite 
materials used in 
the experiment. 

Fig. 7 Mordenite 
materials used in 
the experiment. 

http://www.sciencedirect.com/science/article/pii/S0269749109000670#bib25
http://www.sciencedirect.com/science/article/pii/S0925857408001742#bib7
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The empirical formula of mordenite is Na1.1Ca0.5K0.1Al2.2Si9.8O24•5.9(H2O) 
where silicon oxides constitutes of about 68 %. During the experiment, a 
high quality mordenite imported from Turkey with a particle size 1-2 
mm was used (Fig. 7). 

Columns 

Two cylindrical columns made of PVC each with a height of 20 cm, 3.4 
cm diameter and 180 ml volume were used for this experiment (Fig. 8). 
The first column was filled with 150 ml of mordenite materials while the 
second column was filled with 150 ml of the polonite materials. The 
weights of the polonite and mordenite materials used were 114 and 215 
grams respectively. Uppermost 10 ml volume of both the columns was 
left unfilled to provide the flow of sample from the uppermost outlet (in 
case of second column) without making the filter unstable and to pre-
vent leakages from the head of the columns in case of both columns. 
The column was also connected with a small open pipe to maintain the 
air pressure which makes the system semi-aerobic. The inlet pipe was at-
tached with a polyester filter to block the materials higher than 2 mm di-
ameter so as to prevent clogging and scouring. 

Pumps and timer 

Two peristaltic pumps were used to pump in the samples during the ex-
periment. These pumps were controlled by the timer (Fig. 9). The timer 
was all set to maintain a batch mode experiment as a whole and the 
vents, which were also controlled by the timer, were connected at the 
bottom of the column to maintain the retention time of sample in the 
columns. 

Methods 
The urine samples from 5 different persons were collected and diluted 
10 times with tap water. The samples were taken at two different inter-
vals i.e. first at the beginning of the experiment and second after 11 liters 
of pore volume. The samples were then stored in an enclosed container 
for 2 weeks on average. The storage of urine is a natural process of con-
verting urea into inorganic nitrogen (Beler-Baykal et al., 2011). Recom-
mended Swedish guideline storage times for different uses of urine have 
been listed (Appendix IV). 

The experiment was a small laboratory scale performed in a batch mode 
with the help of two peristaltic pumps and vents. Two columns of 
160 ml volume each were used to fill the reactive materials namely mor-
denite and polonite. The materials were filled up to 150 volume label of 
the column. The particle sizes of the mordenite and polonite materials 
used were 1-2 mm and 2-5.6 mm respectively. The average pore volumes 
of mordenite and polonite materials throughout the experiment were 

Fig. 8 Columns 
used in the experi-
ment (first column 
was filled with mor-
denite materials and 
second column was 
filled with polonite 
materials). 
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48 ml and 64 ml respectively. The timing of pumps and the experimental 
working conditions is further explained in the following paragraphs. 

Pump 1 

The first pump was set to start at 12:00 on the first day, which pumped 
the samples for 3 minutes in mordenite column and stopped. Then the 
sample was allowed to retain at the column for 2 hours approximately 
with the help of vent. The vent connected to the mordenite column was 
set to open at 14:00 and close at 14:15. The effluent from this column 
drained downwards for 15 minutes. The column was allowed to dry for 
another 45 minutes. And again the pump was set to start at 15:00 and the 
similar process continues. In general, with the help of first pump, the 
sample was pumped to flow upwards in the first column, retained in the 
column for 2 hours and finally drained downwards as an effluent. 

Pump 2 

As soon as the vent connected to the mordenite column was closed, the 
second pump was set to start which pumped the mordenite effluent in 
the second column filled with polonite materials. The pumping time was 
3 minutes in this case as well. The sample was set to pump in an upward 
direction in the column and ejected from the outlet at the head of the 
column which was maintained nearly 2 cm above the level of polonite 
materials. The water retained in the column was pushed out from the 
uppermost outlet by the freshly pumped influent. Because of higher pore 
volume in the polonite column, the pumping was set to run 6 times a day 
while it was maintained 8 times a day for mordenite column, the reason 
being to keep enough samples to pump into the second column and to 
maintain a water balance. 

The percentage removal was calculated using the difference between in-
fluent and effluent for each column and also the overall removal per-
centage has been reported in the results section. 

Percentage removal (%) =
     

  
     , where Ci is the influent and 

Ce is the effluent concentration. 

PO4-P sorption intensities were derived using the following mass-
balance equation: 

Sp =
(     )   

 
, where Ci is the influent and Ce is the effluent concentra-

tion, V is the volume of wastewater treated during the experiment and m 
is the mass of the filter material. 

A simple model of the laboratory set up of the experiment is shown in 
figure 10. 

Fig. 9 Peristaltic pump (left) and timer (right) used in the ex-
periment. 
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In the first column, the movement of sample was from downward to 
upward and was set to drain downwards as a mordenite effluent. But a 
simple adjustment was done maintaining this movement. A pipe was 
connected from the top of the column while the end of the pipe was at 
the bottom of the column. The end of this pipe consisted of a filter-mat 
which prevented the inflow of suspended particles. The inflow, in this 
way, entered from the bottom of the column, resided in the column for 
the assigned time and eventually drained downwards as soon as the valve 
was opened. 

The sample in the second column was also maintained to get in from the 
bottom of the column but in this case the inlet pipe was connected at the 
bottom unlike the first column. The sample eventually was set to drain 
from the top of the column. 

Measurements 
The performance of each filter materials was monitored continuously by 
sampling the influent and effluent of each column twice a week on aver-
age. At every sampling, three samples were collected; one each from in-
fluent, mordenite effluent and polonite effluent. The samples were col-
lected in plastic bottle of 100 ml volume. Some measurement were done 
as soon as the samples were collected and it was then stored in the re-
frigerator at -18ºC until the analysis of NH4-N and PO4-P. 

pH & Conductivity of the samples were measured as soon as the sam-
ples were taken and before it  was stored in the refrigerator. The instru-
ment used for the pH measurement was Radiometer Copenhagen PHM 
82 Standard pH Meter and Radiometer Copenhagen CD 80 Conductivity 
Meter was used for the measurement of electric conductivity of the sam-
ples. 

Orthophosphate ions (PO4-P) and ammoniacal nitrogen (NH4-N) 
of the samples were measured by colorimetric method, using Aquatec 
Analyzer which operates based on Flow Injection Analysis (FIA). Prior 
to running the equipment samples were removed from the refrigerator 
and were allowed to melt back to liquid phase. They were, then after, fil-
tered through 0.45 µm Micropore filter. Since the urine samples were 
highly concentrated with these nutrients and that the Analyzer that was 
used could only detect concentration up to 10 mg/l, samples were often 
diluted about 10-50 times. 

Figure 10 A simple conceptual models where arrows indicate 
the movement of urine sample throughout. Sample 1 is the 
influent while Sample 3 is the final effluent ~ not to scale. 
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RESULTS &  DISCUSSIONS  

The problems of clogging were not seen throughout the experiment. The 
separation of urine from other household wastewater seems to increase 
the hydraulic conductivity of the reactive filters system. The pore vol-
umes of both the columns was decreased i.e., 32% decrease in mordenite 
column and 15.15% decrease in polonite column after 60 days of exper-
iment. The results and analysis of the measurements are shown and dis-
cussed in this chapter. 

pH 
The sample pH was observed to be similar or sometimes slightly lower 
when treated with mordenite materials whereas it was opposite with 
polonite (Fig. 11). The ‘more or less’ similar pH of the mordenite efflu-
ent as influent might be due to the high alkalinity of urine influent 
and/or exchange of hydrogen ions formed as a result of hydrolysis. After 
the influent is treated with mordenite materials, the sample faces the ex-
change of ions. In this process, the carbonates or bicarbonates might al-
so have been exchanged with possible anions which reduce the alkaline 
condition. And as such the pH after the second column is seen as high as 
11.02 initially however after some days it reaches almost the similar level 
with first column effluent. Different ranges of pH are believed to affect 
the type of calcium phosphate that is produced during absorption in 
polonite. Also the concentration of H+ ions in the influent affects the ion 
exchange phenomena by zeolite. The pH in all the samples was higher 
than 8 throughout the experiment and the influent pH ranged from 8.6 
to 8.9. At this fairly stable pH, we observed much fluctuation in nutrients 
removal independent of pH changes. The nutrients removal pattern 
showed a tendency of being the most efficient at the very beginning, and 
lowering & fluctuating with time. 

Conductivity 
The salinity measured as an electric conductivity was reduced by both 
materials until about 9 liters of pore volume (Fig. 12). However after this 
volume the effluent salinity was sometimes observed to be higher than 
the influent which probably occurred due to the exhaustion of materials 
resulting in poor exchange and sorption capacities. 
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Fig. 11 Changes in pH by different media. 



NH4-N and PO4-P removal from source separated human urine using dual reactive filters

 

15 

 

The ranges of pH and electric conductivity observed during the experi-
ment are presented in Table 3. 

Ammoniacal nitrogen (NH4-N) 
The ammoniacal nitrogen (NH4-N) was fairly well reduced in the mor-
denite effluent (Fig. 13). This reduction reached as high as 78.4% at the 
very beginning of the experiment but showed the fluctuations in reduc-
tion and release after about 15 liters of the pore volume. It would have 
showed higher reduction for artificial synthetic sample at least at initial 
period but since urine consist other anions as well, ammonium ions must 
have had strong competition for exchange. The reduction of NH4-N 
might be due to the various reasons. One straight-forward reasons might 

Table 3 Range of pH and EC in influent and effluent samples 

Filter Influent pH Effluent pH Influent EC (mS) Effluent EC (mS) 

Mordenite 8.59-8.98 8.09-8.88 2.78-4.76 2.44-4.69 

Polonite 8.09-8.88 8.36-11.01 2.44-4.69 1.67-4.67 
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Fig. 13 Changes in NH4-N by different media during the experiment. 

Fig. 12 Changes in conductivity by different media. 
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be due to the exchange of ammonium ions with anions contained in the 
materials such as Ca, K and Al. Other probable reasons might be due to 
the conversion of nitrogen into other forms. Only ammoniacal form of 
nitrogen was measured for this project due to limited time which is also 
one of the prime limitations of this project. This form was chosen as it is 
easily assimilated in the plant cells which make it a valuable resource for 
agricultural purposes besides others. Polonite materials also showed 
some reduction of NH4-N and were as high as 58% efficient at the be-
ginning. However, it started releasing the sorbed ammonium earlier 
comparatively which might be due to its lower efficiency for nitrogen 
sorption or due to nitrogen conversion. Figure 13 depicts the interaction 
of ammoniacal nitrogen contained in the urine sample with both filters. 

Furthermore it should be noted that the characteristics of the sample in-
troduced in two filter materials were not same in the sense that the 
treatment was done in a step-wise mode and that the effluent from the 
materials in the first column was the influent of the second column ma-
terials. The characteristic difference of NH4-N concentration is also 
clearly visible in the figure. 

Some more detailed observation about the changes in reduction and re-
lease of ammoniacal nitrogen by two filter materials can be made in 
terms of percentage (Fig. 14). Polonite materials started releasing NH4-N 
as early as about 3 liters of pore volume. The average removal by this 
material was approximately 0 mg/l throughout the experiment. The fig-
ure is clear in expressing the performance of mordenite materials in 
NH4-N reduction throughout the experiment to be better over polonite 
materials and the average removal was about 23.5 mg/l. 
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Fig. 14 Percentage removal of NH4-N by different media. 

0

0,2

0,4

0,6

0,8

1

1,2

1,4

0 5 10 15 20 25

C
e
/C

i 

Pore volume (l) 

NH4-N breakthrough curve 

Fig. 15 NH4-N breakthrough with mordenite material. 
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The breakthrough curve (Fig. 15) shows the general tendency of reduced 
efficiency of mordenite materials with increasing pore volume and the 
poorest performance i.e., the peak was seen soon after 15liters of pore 
volume. As mentioned earlier, the release by this material for NH4-N 
started at about 15 liters of pore volume. This means the initial release 
was its poorest performance. The ratio of effluent to influent concentra-
tion at this point reached about 1.32. 

Orthophosphate (PO4-P) 
The mordenite materials showed a good sorption capacity for PO4-P but 
after about 16 liters of pore volume it started releasing which might be 
due to exhaustion or saturation of materials. At maximum, the material 
released about 95% more than that of the influent concentration and it 
showed the maximum removal of about 89%. The sorption intensity of 
this material for PO4-P throughout the experiment reached as high as 
209 mg/kg and as low as -80 mg/kg (minus indicates that the effluent 
concentration was higher than the influent concentration). And since the 
mordenite materials were capturing excessive orthophosphate concentra-
tion until more than half time-period of the experiment, this resulted in 
longevity of the removal efficiency of polonite materials and thus the 
sorption capacity was always a positive number (which means there was 
no desorption of PO4-P by polonite materials). 

The sorption intensity of mordenite for PO4-P was decreasing with time 
while the polonite showed the maximum sorption at around 18 liters of 
pore volume and at the end of the experiment it had an orthophosphate 
sorption intensity of about 64 mg/kg. The sorption intensity in polonite 
started with a lower value and increased with increasing pore volume 
with frequent fluctuations. The overall performance of polonite materials 
was better for orthophosphate removal (Fig. 16). On the other hand, 
mordenite materials performed better for NH4-N removal which was 
discussed in the preceding paragraph. The dramatic change of ortho-
phosphate concentration soon after 11 liters of pore volume in the influ-
ent was due to the difference in sampling period as mentioned in the 
methods. As a matter of fact, the concentration of orthophosphate con-
centration in urine changes depending on food intake, time of day etc. 

The percentage of changes in the concentration (Fig. 17) shows the sta-
bility of polonite materials up to about 3 liters of pore volume. The situa-
tion then was changed i.e., the reduction in its efficiency was observed. 
This material maintained the efficiency within the range of about 35 to 
60 percentages after approximately 13 liters of pore volume until the end 
of the experiment. The lowest efficiency was observed soon after the in-
troduction of new samples. 

The mordenite materials also showed a good performance in removing 
PO4-P from the samples however it started releasing after about 18 liters 
of pore volume. Unlike in case of NH4-N, the polonite materials did not 
show desorption or release for this nutrient throughout the experiment. 
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The breakthrough curve (Fig. 18) shows the poorest performance of 
polonite materials at about 12 liters. The tendency of reduction in the 
removal efficiency can also be observed in the graph. 

The absolute breakthrough for PO4-P removal by polonite did not reach 
in this 2 months experiment however the acceptable limit (1 mg/l) ex-
ceeded after 3 liters of pore volume. The material was not saturated until 
about 23 liters of volume treated during the experiment. Some calcula-
tion can be made focusing on the standard limits. This is to be noted that 
this limit is for total phosphorus discharge set by EU. Orthophosphate is 
just one form of phosphorus. 

The ranges of percentage removal for both the nutrients measured are 
listed (Table 4). 

 
Table 4 Range of percentage removal of PO4-P and NH4-N 
during the experiment. 
Filter % removal of PO4-P % removal of NH4-N 

Mordenite  (-) 94.61 to 88.86 (-) 31.28 to 78.40 

Polonite 4.44 to 97.01  (-) 57.56 to 57.73 
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Fig. 16 Changes in PO4-P by different media during the experiment. 
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Figure 19 depicts the sorption behavior of mordenite materials. If we 
compare it with polonite (Fig. 20), the mordenite materials showed high-
er efficiency comparatively until about 11 liters of the pore volume. 
However it gets exhausted earlier and started releasing the sorbed nutri-
ents; one of the reasons being the first unit to face very high concentra-
tion of influent. The trend of orthophosphate was opposite with two 
columns. Mordenite showed better performance at the start but the effi-
ciency was reduced with time while it was opposite in case of polonite 
material. 
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Fig. 18 PO4-P breakthrough with polonite material. 
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Fig. 19 Sorption intensities of mordenite material for PO4-P with respect to the 
volume of sample treated during the experiment. 
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Fig. 20 Sorption intensities of polonite material for PO4-P with respect to the 
volume of sample treated during the experiment. 
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PO4-P versus pH 
Solution pH can have a significant effect on sorption by influencing both 
the magnitude and sign of sorptive and sorbent charge (Thompson and 
Goyne, 2012). According to Thompson and Goyne (2012), as the solu-
tion pH increases the sorbent hydroxyl and carboxyl functional groups 
of metal-(oxyhydr) oxides and soil organic matter deprotonate. This in-
creases negative charge density on the sorbent thus facilitating cation ad-
sorption, while decreasing anion adsorption. As a result of this the ability 
of a soil to retain cations generally improves when soil pH is increased. 

The samples before and after about 11 pore volumes were from a vary-
ing source and time period as mentioned in methods. As a result of that, 
a change in the influent PO4-P concentration in that particular period 
was noticed. Considering this fact, the tendency of all the samples was 
analyzed (Fig. 21). The influent (before and after two sampling) remains 
fairly at the same level with some fluctuation whilst the filter effluent in-
creases with the pore volumes. 

The range of influent pH throughout the experiment, approximately 
from 8.6 to 8.9, was small unlike the column effluents. The pH of polo-
nite effluent dropped down remarkably from about 11 to 8.4 and pH of 
mordenite effluents were as high as 8.8 at the start and as low as 8.0 dur-
ing the end. The performances of polonite and mordenite materials were 
reduced with the decrease in its effluent’s pH. A general conclusion, that 
high pH was favorable in this treatment system, could be drawn. 

NH4-N versus pH 
Similar tendency was seen in case of NH4-N removal (Fig. 22). However 
the changes in ammonium ion concentration should not be related to the 
removal only. Also the fluctuations of ammonium ions in the influent 
were higher compared to influent orthophosphate ions concentrations. 
Nitrogen conversion into other forms plays a major role in this fluctua-
tion. 

It might be oblivious to relate the influence of pH in the nutrients re-
moval from this graph only. It should be clear that the removal capacities 
of filter system decreases with time, one of the major reasons being ex-
haustion or saturation of the material itself. Also the pH of the materials 
tends to reach equilibrium with the pH of the sample introduced into it. 
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Fig. 21 Changes in pH and influent & effluent concentrations of PO4-P in both 
columns during the experiment. 
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A sample with lower pH than of the sample used for this experiment 
would have dropped the equilibrium even further down. Nevertheless 
some literature (Krauskopf and Bird, 1995; Thompson and Goyne, 2012) 
suggests that the sorption and cation exchange is greater in higher pH 
condition. 

Preliminary calculation of the materials required per month 
During the experiment, 114 gram of polonite was working efficiently for 
PO4-P removal until about 3 liters of pore volume i.e. the effluent con-
centrations were under the limits. 

Let us suppose 2 liters of urine is produced in 5 membered household 
each day and is diluted with tap water to make it 20 liters (10 times dilu-
tion, as done in this experiment). 

For this treatment system to work efficiently for one day, the mass of the 
polonite needed will be: 

114/3 * 20 ≈ 0.76 kg 

For one month, mass of polonite materials required = 0.76 * 30 kg 
which is equal to 22.8 kg 

However it is just a general calculation based on the results obtained in 
the small scale laboratory experiment. Also it might be oblivious to 
claim, without detailed study, that the mass of the materials is the only 
affecting parameter in its efficiency. 

Furthermore other factors such as back washing and drying the materials 
for certain time interval might increase its lifetime. To optimize the per-
formance, a full scale study is recommended. 

Similarly, if we use the Swedish limit for ammonium i.e., 3 mg/l, we can 
see that none of the materials could achieve this limit. The urine influ-
ent’s NH4-N concentration ranged from 270-602 mg/l which is extreme-
ly high if we compared it with the combined wastewater from the 
household. So to achieve the limits for NH4-N concentration, the results 
from this limited small scale suggests that the urine samples should ad-
dress and include/apply either or both practices i.e., pre-/post- treat-
ment and/or further dilution, among others. 

Fig. 22 Changes in pH and influent & effluent concentrations of PO4-P in both 
columns during the experiment. 
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CONCLUSION  

The importance of nitrogen and phosphorus in agricultural and land-
scape uses is obvious. Urine consisting the majority of these valuable nu-
trients needs to be managed properly so as to recover the resource. Sepa-
rated toilet system followed by storage and onsite treatment will benefit 
the people against expensive fertilizers. Furthermore, this approach helps 
to maintain the hydrosphere protected. 

This two months laboratory scale study suggests dilution and storage to 
be a minimum pretreatment for urine. However since the influent’s 
NH4-N concentration was extremely high, further dilution or other rele-
vant pre-treatment is recommended. Both materials removed the studied 
nutrients to some extent but in overall mordenite materials performed 
better for NH4-N showing as high as 79% efficiency whereas polonite 
materials performed better for PO4-P removal and its efficiency was as 
high as 97%. The reduction in NH4-N might also be due to conversion 
of nitrogen into other forms besides sorption and ion exchange. Mor-
denite materials also showed a good performance for PO4-P removal 
showing the efficiency as high as 88% at the beginning. Both materials 
did not show the tendency of breakthrough for PO4-P until the end. 

The poorest performance in the total removal of orthophosphate ions 
were seen at about 12.5 liters of pore volume and then after remained at 
fairly stable level until the end. Only the mordenite materials showed the 
release of these orthophosphate ions. The total removal for ammonium 
ions reduced significantly and its release by both materials during the ex-
periment was observed. 

This study suggests that it is possible to keep the effluent PO4-P well 
under the limits using this system but to achieve the limits for NH4-N 
the system requires either pretreatment and/or further dilution. The P 
removal capacity of polonite used in this study was lower than that of 
polonite used in a column experiment with artificial/synthetic solutions 
(Gustafsson et al., 2008; Renman, 2008). This result suggests that the 
other ions, nutrients and organic matters present in urine acts as a com-
petitor for orthophosphate ions. 

Similarly, the NH4-N removal by polonite did not reach as high as the 
study by Renman et al., 2008 which used domestic wastewater. This 
might be due to the difference in compositions/characteristics of urine 
and wastewater and also the NH4-N concentration in urine was signifi-
cantly higher. 

The salinity measured as an electric conductivity was reduced by both 
materials until about 9 liters of pore volume. The samples then showed a 
pattern of exhaustion. Polonite materials took some time to drop pH to 
the influent level but mordenite material reduced the pH of influent fur-
ther down. But the overall condition was basic and the nutrients removal 
was higher at higher pH. 

Further full scale studies addressing the major limitation of this experi-
ment are crucial before introducing the system for public uses. This sys-
tem should also be tested by different companies alike Aquatron Interna-
tional AB which promotes eco-sanitation. To meet the legal limits set by 
EU, WHO, SEPA or any binding entities, optimization of such treat-
ment system is essential. Generally the reactive filter systems are cost af-
fective over conventional systems but more elaborated research on fur-
ther economic and durability aspects is important to make its reach even 
in the vulnerable communities. 
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APPENDIX I 

  

Fig. 1 Filter materials before use: Polonite (left) and Mordenite (right). 
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APPENDIX II 

  

Fig. 2 Classification of the filter materials investigated in the selected studies 
according to the P sorption capacity and particle size (Cucarella and Renman, 
2009). 
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APPENDIX III 

   

Fig. 3 Additional provisions for ‘sensitive areas’ under the EU Urban Waste Wa-
ter Treatment Directive (91/271/EEC as amended by Commission Directive 
98/15/EC) (Blöch, 2005). 
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APPENDIX IV  

Fig. 4 Recommended Swedish guideline storage times for 
urine mixturea based on estimated pathogen contentb and 
recommended crop for larger systemsc (Schönning and 
Stenström, 2004). 


