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Abstract 
Centro Universitaire UNIVATES is located in the town Lajeado that is situated in the most 
southerly state, Rio Grande Do Sul, in Brazil. The university has 5000 students, teachers and 
others staff. UNIVATES is not satisfied with their present wastewater situation and wants to 
improve it by eliminate the smell caused by the wastewater. They would also like to 
investigate the possibilities to use the existing wetland at campus as a part of the wastewater 
treatment. Further, they want to remove the oil that the storm water brings into the wetland. 
The high amount of particles in the storm water gives rise to a lot of sediments that eventually 
will fill up the wetland, and something has to be done about this, if the wetland should 
continue to be in use. Another aspect to consider is the wish of some people at UNIVATES, 
for the wetland to be a beautiful and recreational place. All these factors had to be considered, 
which led to the main question: How can the use of the wetland for wastewater treatment be 
combined with the request for the wetland to be a beautiful place with the wildlife preserved?  
 
During the course Wetland Technology that we took before our departure to Brazil, we got 
introduced to the situation at UNIVATES by Professor André Jasper and Odorico Konrad 
who visited the course several times. They pointed out that the main issue is the smell from 
the wastewater and later during the field study at UNIVATES, more information were 
obtained through discussions, meetings and conversations with the people involved. Several 
visual inspections were carried out by walking around the wetland. We could determine 
where and how the inlets and outlets to the wetland were and when it was clear which inlets 
that brought wastewater and which that brought storm water, the water flow of the wastewater 
was estimated. Water samples from the wetland were collected at five different sites and 
analyses of pH, BOD, COD, N-Tot, phosphorus and metals were done by chemistry staff at 
the laboratory at UNIVATES. To test some of our theories, we did a smaller practical 
experiment that got the name Superficial Filtration Bed.  
 
The results from the water samples showed the highest BOD, COD, N-Tot and Phosphorus 
levels in the samples from site 2 and 4 and this reveals that it is wastewater. This was also 
confirmed by the smell that we felt at these sites during the visual inspections. The results also 
showed that there is no wastewater coming from site 1, 3 and 5.  
 
Our final proposal is to create a multifunctional wetland with the purpose to take care of both 
storm water and wastewater and at the same time work as a research and recreational area. 
The wetland, which would be divided into two parts, will constitute of all the fundamental 
functions; storm water buffering, sedimentation basin and biological oil separation and 
treatment. There will also be research sites and hybrid system for wastewater treatment. The 
hybrid system will consist of two steps where the first is aerobic and the second both aerobic 
and anaerobic. The first step is a Superficial Filtration Bed (SFB) and the second a FWS 
wetland.  
 
The conclusion of this thesis is that more detailed research is needed to be able to dimension 
the specific functions correctly. With some further investigations the proposal presented is 
possible to carry through and our feeling when we left UNIVATES was that the people 
responsible really liked our ideas. They made it clear that they want to make a change and 
improve the situation and with the help they have gotten from us, they are a few steps closer 
to solving the problem. 
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1. Introduction 
 

1.1 Background  
Centro Universitaire UNIVATES is located in the city of Lajeado. Lajeado is a smaller 
town and situated in Rio Grande do Sul, which is the most southerly state of Brazil. 
UNIVATES has approximately 5000 students, teachers and others staff. The present 
wastewater situation at UNIVATES is not satisfying since it causes unpleasant smell 
and there is no control of what the water that is released to the recipient contains. Today 
UNIVATES has septic tanks and anaerobic sand filters that treat the wastewater. After 
the anaerobic filters the wastewater is led to an existing natural wetland, but even here it 
is not clear how much water that goes into the wetland and what it contains. The 
wetland is not used for water treatment at present; the water just flows through it 
(Jasper, 2008).   
 
A fundamental problem is that the responsible people at UNIVATES do not have a 
perfectly clear apprehension of the wastewater situation. There is no completely reliable 
information about the plumbing system and the reason for this is partly because the 
buildings of the campus have been built at different times (between 1980 and 2006). 
The plumbing systems have been connected to each other without any plan for how to 
take care of all the wastewater from the campus. In addition, the wastewater is mixed 
with storm water at some places due to connection pipes between the storm water pipes 
and the wastewater pipes. This causes smell since the storm water pipes have openings 
to the ground through the wells. The storm water contains a lot of particles that give rise 
to large sedimentation in the wetland and it will eventually be filled up by the sediment. 
This storm water also brings oil spill into the wetland which is a problem for both flora 
and fauna (Jasper, 2008).  
 
The general opinion about wetlands in Brazil is that they are the cause of many negative 
things, for example are they considered unhealthy, ugly and they can not be used for 
agriculture which makes them uneconomical. According to the Brazilians, wetlands 
cause problems such as mosquitoes and amphibians. Despite of this attitude among the 
Brazilian people, wetlands are Permanent Preservation Areas (PPA) since 1965 
according to the Forest law (Jasper, 2008). 
 
The idea of using a natural wetland for wastewater treatment is new in Brazil. In many 
other parts of the world, for example Sweden, the idea is more developed and several 
wetland treatment systems are in use today, both for storm water and wastewater 
treatment (Weisner, 2008).   

1.2 Purpose  
The aim with this case study is to spread our knowledge about using natural systems for 
treatment of wastewater. In the striving towards sustainable development, treatment 
wetlands can be a good alternative for conventional wastewater treatment since the 
technique uses resources and processes of the nature. The main purpose of this study is 
to investigate the possibility for the existing wetland at the campus of UNIVATES to 
function as a part of the waste- and storm water treatment system. The aim is also to 
eliminate the smell from the wastewater and to come up with a solution for the 
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problems that the storm water gives rise to; oil and sediments. At UNIVATES there are 
some personal wills, for example there is a wish for the wetland to be a beautiful place 
and a wish to preserve the wildlife there.  
 

1.3 Formulation of the problem 
• How can the use of the wetland for wastewater treatment be combined with the 

request for the wetland to be a beautiful place and the wildlife to be preserved?  
• How can the problem with smell at UNIVATES be solved by treating the 

wastewater in the wetland?  
• How can the issues with the storm water be solved?  
• How much wastewater does UNIVATES produce and how big are the loads of 

contaminants in the wastewater?  
• How much management will be needed?  

 

1.4 Delimitations 
Geographical: The feasibility study is performed at Centro Universitaire UNIVATES in 
Lajeado, Brazil.  
Technical: The study does not involve calculations of the strength of materials, 
plumbing dimensions or the need for pumps.   
Economical: The study does not include any economical aspects. 
 

1.5 Theoretical background 
The definition of a wetland is broad; generally wetlands are areas that are saturated with 
water and where the water is the determining factor of the soil development and which 
plants and animals that live there. Wetlands are found on every continent except for 
Antartica, and can look very different depending on the local conditions such as 
topography, climate, hydrology, water chemistry and human disturbance (EPA, 2006). 
Wetlands can be natural in forms of marshes and swamps, or constructed for a certain 
purpose. The purpose can be water treatment, reduction of storm water peaks and also 
wildlife habitat and enrichment of biodiversity (DeBusk & DeBusk, 2001). 

1.5.1 Types of treatment wetlands 
The types of constructed treatment wetlands are either free water surface (FWS) 
wetlands or subsurface flow (SSF) wetlands. Free water surface wetlands consist of a 
shallow layer of slow flowing water and are often built on sandy or organic soils. The 
vegetation is often marsh plants and it can also be floating and submerged plants. To be 
able to treat a big amount of water the FWS wetlands need a large area, but the size can 
vary between one hectare and greater than 1000 hectare. These kinds of wetlands can 
function both as water treatment systems and provide wildlife habitat (DeBusk & 
DeBusk, 2001).  
 
Subsurface flow wetlands are dry at the surface and the water passes horizontally or 
vertically through a rock or gravel matrix under the ground. Advantages with this 
system is that they decrease the risk of odor from the treated water and insect 
production. The drawbacks are problems with clogging and that there will be no 
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benefits for wildlife. SSF wetlands are usually not as large as FWS wetlands because of 
the high cost for the rock or gravel matrix (DeBusk & DeBusk, 2001). 
 

1.5.2 Removal processes in treatment wetlands  
Physical, biological and chemical processes occur in treatment wetlands and those are 
the reason for contaminant removal. The contaminants in the incoming water are either 
transformed into a less dangerous form, stored in sediments or lost in a gasous form.  
The most common contaminants in domestic wastewater are particulate matter, organic 
compounds as BOD1 or COD2, inorganic nitrogen as ammonium (NH4

+) and nitrate 
(NO3

-) and phosphorus. The particulate matter in the water can be removed thanks to 
the sedimentation process. The particles will fall to the bottom if the water flow is slow 
and non-turbulent (DeBusk & DeBusk, 2001). 
 
The removal of organic compounds is possible due to the microbial metabolism. 
Microbial decomposers use carbon as an energy source and transform it into carbon 
dioxide (CO2) and methane (CH4) which are lost from the water in a gaseous form. The 
nitrification and denitrification reactions are the most important reactions for the 
reduction of nitrogen. In the nitrification reaction ammonium is transformed into nitrate 
by the bacteria Nitrosomonas and Nitrobacter, in aerated conditions. Denitrification 
takes place in anaerobic areas of the wetland when the bacteria Pseudomonas spp. uses 
the nitrate in its metabolism and transforms it into nitrogen gas (N2). The nitrogen gas is 
lost to the atmosphere and thereby permanently removed from the wastewater (DeBusk 
& DeBusk, 2001). Below, the nitrification process is expressed:  
 
Step 1: NH4

+ + 1.5 O2  2 H+ + H2O + NO2
- 

 
Step 2: NO2

- + 0.5 O2  NO3
- 

 
Total reaction: NH4

+ + 2 O2  NO3
- + 2 H+ + H2O  

(Påledal, 1999) 
 
Phosphorus is not as easily removed as nitrogen, but it can be reuduced through a 
combination of  psysical, biological and chemical reactions. Inorganic forms of 
phosphorus accumulates in the vegetation due to biological uptake, and in the soils of  
the wetland as a result of chemical bonding. The less reactive, organic form of 
phosphorus can be broken down to inorganic forms and then removed through the 
reactions described above. If the phosphorus is particulate it can be removed from the 
water by settling (DeBusk & DeBusk, 2001).  

                                                 
1 BOD (Biological Oxygen Demand) is the name of organic matter that is decomposed by micro 
organisms that requires oxygen for the process (Persson, 2005) 
2 COD (Chemical Oxygen Demand) is the name of material that is decomposed chemically and that needs 
oxygen for the reaction (Persson, 2005) 
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2. Method and materials 

2.1 Information retrieval  
The first information about the situation at UNIVATES was given during sessions in 
Sweden in the course Wetland Technology. Professor André Jasper and Odorico 
Konrad from UNIVATES visited the course and introduced the problem and pointed 
out that the main issue is the smell from the wastewater. During the field study at 
UNIVATES much information were obtained orally through discussions, meetings and 
conversations with the people involved. It became clear that the smell is not the only 
problem connected to the wetland. UNIVATES also has problems with how to take care 
of the storm water and the problems caused by it; sediments filling the wetland and 
pollution of oil. The storm water aspect was new to us and that information made us 
understand that there was a need for a bigger perspective than just the wastewater.  
 
During the meetings it came clear that there are many different opinions of what the 
wetland should be used for. The biologists want to keep it in its present condition so that 
wildlife and biodiversity is maintained. On the other hand, the engineers believe that 
something has to be done to be able to keep it at all. The principle of UNIVATES has a 
wish for the wetland to be a beautiful recreational area. This information about the 
different aspects made it clear that all these wishes and needs had to be included in the 
solution proposal.  
 
With the problems mapped out, information about solution alternatives for how to solve 
the storm- and wastewater situation was obtained in literature; scientific reports and 
articles, books and websites. With all the information in mind, we formed an idea of 
how to solve the wastewater situation and the experiment described in 2.4 was planned 
and designed with help from our tutor Stefan Weisner.  
 

2.2 Visual inspections 
To map out where and how the inlets and outlets to the wetland were situated several 
visual inspections were carried out by walking in and around the wetland. When it was 
clear which inlets that brought wastewater and which that brought storm water, the 
water flow of the wastewater was determined by visual estimations. The estimations 
were made at several occasions, both during daytime and late in the evening and the 
reason for that was that the number of students and staff at the university varies greatly 
during the day, and then also the wastewater flow. This led to the knowledge that there 
is almost no wastewater coming from the pipes during daytime but instead a lot during 
the evening, which was important information when it came to planning the experiment 
described in 2.4, since the experiment is built on the fact how to use the daily drought 
and the uneven water flow as a part of the wastewater treatment. During several 
meetings and inspections around campus, the plumping system was discussed and there 
are different apprehensions about where and how the pipes go and what kind of water 
they contain.  
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2.3 Water sampling and laboratory analyses 
Water samples from the wetland were collected at the 3rd of April 2008 at five sites 
(App. 1 and 2). The samples were taken by holding plastic bottles of 3 L in the water 
flow until they were full. The bottles with the water samples were stored in a 
refrigerator at 4 C until they were analyzed.  
 
It was decided that analyses of pH, BOD, COD, N-Tot, phosphorus and metals (Fe, Cr, 
Cu, Al and Pb) was going to be carried out. The reason for these tests was to obtain 
information that could confirm our theories about which pipes that carry wastewater. 
The results also gave basis for the planning and design of the practical experiment 
described in 2.4. All analyses were performed by the laboratory at UNIVATES. The 
methods that were used for the analyses were: 
 
pH: The pH in the water samples was determined by using a pH meter.  
 
BOD: A 5-day BOD Test (BOD5) was used, where the samples were filled in airtight 
bottles of specified size and incubated without sunlight, at 20 C for five days. Dissolved 
oxygen (DO) concentration was measured initially and after incubation and the 
difference between initial and final DO was compared (Eaton, Clesceri, Rice, & 
Greenberg, 2005). 
 
COD: For analyses of COD, an Open Reflux Method was used. The method uses the 
potassium dichromate (K2Cr2O7) to oxidize the organic matter. The samples were 
refluxed in strongly acid solution with a known volume of potassium dichromate. Then 
samples were left for oxidation for 2 hours. After oxidation, the samples were titrated 
with ferrous ammonium sulphate to determine the amount of consumed K2Cr2O7 and the 
oxidizable matter (organic matter) was calculated in terms of oxygen equivalent (Eaton, 
Clesceri, Rice, & Greenberg, 2005). 
 
N-Tot: The Kjeldahl Method was used for quantitative determination of nitrogen. The 
method uses sulphuric acid (H2SO4), potassium sulphate (K2SO4) and cupric sulphate 
(CuSO4) to decompose the organic nitrogen to ammonium. Then, the samples with 
ammonium salt were converted to ammonia by distillation with sodium hydroxide and 
thereafter, the ammonia was absorbed in boric or sulphuric acid. The amount of 
ammonia present (thus the amount of nitrogen present) in the samples was determined 
by titration with a standard mineral acid (Eaton, Clesceri, Rice, & Greenberg, 2005).   
 
Phosphorus: For analyses of phosphorus, the Ascorbic Acid Method was used. The 
samples were pipeted (50.0 mL for each sample) into a test tube and 0.05 mL indicator 
(phenolphthalein) was added. Then 8.0 mL of the reagent was added to every sample. 
After 10-30 min, the absorbance of each sample was measured at 880 nm (a reagent 
blank was used as the reference solution). Then P was calculated as follows: 
Mg P/L = mgP (in approximately 58 mL final volume) x 1000/mL sample (Eaton, 
Clesceri, Rice, & Greenberg, 2005). 
 
Metals: Metals were analysed by using the Electrothermal Atomic Absorption 
Spectrometry. The method was used to determine metallic elements and it uses an 
electrically heated atomizer or graphite furnace. The samples were dispensed into a 
graphite sample tube and heated in three stages. In the first stage, a low current was 
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used to dry the samples. The second stage altered the temperature with the purpose to 
destroy organic matter and to volatilize other components. In the last stage, the 
temperature got higher by a high current so that it reached an inert atmosphere, and 
thereby the elements were atomized. A photoelectric detector measured the intensity of 
transmitted radiation (Eaton, Clesceri, Rice, & Greenberg, 2005). 
 
The information obtained from research, visual inspections and water sampling was 
used to form an idea of how to solve the wastewater problem. Our first idea for the 
wastewater treatment was to construct a hybrid system consisting of a SSF (Subsurface 
Flow) wetland and the existing FWS (Free Water Surface) wetland. The SSF wetland is 
efficient in odour removal and the combination of the two wetland types would give a 
complete treatment system. As more information about the case was obtained, we 
developed our thought about using a SSF wetland and came up with a new way of 
constructing an aerated step that is efficient in odour control. Recall from 2.2 that the 
wastewater coming from the pipes is uneven. During the evening it is coming 
wastewater, but during daytime there is almost no wastewater coming from the pipes. 
With this in mind, we wanted to test if our idea was efficient based on the fact that 
wastewater is coming during the evening. Since we wished for an aerated step, we 
wanted to construct a small filtration bed that could dry out during daytime and thereby 
oxygenized. We have given the experiment the name Superficial Filtration Bed (SFB). 
To test our idea we designed a practical experiment that imitated the conditions and 
procedure of the real situation.  
 

2.4 The experimental Superficial Filtration Bed 
The reason we made a practical experiment was to get an apprehension of how our idea 
of an aerobic treating method could work in reality. The experimental Superficial 
Filtration Bed was constructed in laboratory scale with the purpose to examine 
hydraulic conditions, removal efficiency and vegetation alternatives.  

2.4.1 The construction 
A rectangular box with the measurements 45x15x15 cm was used as a container for the 
filtration material (See App 4). The filtration material was coarse, heterogenic sand 
collected from campus and this was mixed with sediments from the littoral of the 
wetland to provide the filtration medium with micro organisms. The container was filled 
with coarse sand to the height of 10 cm from the bottom and on top of the sand, 
Heteranthera reniformis (Fam. Pontederiaceae), was planted with the purpose to supply 
micro organisms. The inlet was made of a PVC-tube that was placed directly under the 
surface of the sand. The tube went through the container on both sides, through drilled 
holes, so that one end of the tube formed the “filling site” and the other end worked as 
an outlet for the air. The part of the tube that was buried in the sand had ten 2 mm holes 
where the water could percolate through. Around the inlet gravel was placed to prevent 
the holes from getting clogged by the sand.  
 
When the water had trickled through the filtration medium, it reached the outlet that was 
constructed equivalent as the inlet, but placed at the lowest point of the container. Only 
one end of the pipe went out through the wall of the container, so water samples could 
be collected, and the other end was sealed with silicone. The PVC-tube inside the 
container had ten 2 mm holes and was embedded in gravel to prevent clogging. 



 Erica Bengtsson 
 Sannam Hjertstrand 

 

 
7 

 

 
The hydraulic loading was set to 20 mm per day. With the area of the container being 
6.75 dm2 (4.5x1.5 dm) it was calculated that the volume water per day would be 1.35 L 
(6.75 dm2 x 0.2 dm = 1.35 dm3). The inclination was decided to be 2 % since it would 
give an appropriate flow for the water through the filtration material (Weisner, 2008). 
 
Instead of using actual wastewater, a solution was prepared to function as artificial 
wastewater. Water collected close to the outlet of the wetland, constituted the liquid 
phase. To imitate the natural concentration of nitrogen in the wastewater, it was decided 
that the solution should contain 30 mg N L-1 water (compare with Table 3). To achieve 
this, a chemical compound, the salt Fe (NH4)2(SO4)2 x 6 H2O, was used. The calculation 
of the amount of salt needed per litre water was based on the molar mass of the 
elements of the compound (See Table 1). 
 
Table 1: The molar mass of the chemical compound Fe(NH4)2(SO4)2 x 6 H2O and data for mass 
calculations. 
Element g molar-1 Number Total g molar-1 
Fe 55.85 1 55.85 
S 32.07 2 64.14 
O 16.00 14 224.00 
N 14.01 2 28.02 
H 1.01 20 20.20 
Sum:   392.20 
   
 
The mass percentage for nitrogen was calculated to 7 % of the molar mass of the 
chemical compound.  
 
N(g molar-1) / Total(g molar-1) = 28.02 g molar-1/ 392.20 g molar-1  = 0.071 ~ 7 %. To 
achieve the concentration of 30 mg N L-1 water, it was calculated that 430 mg of the 
compound per litre water was needed (30 mg / 7 = 4.286 = 1 %. 100 % = 428.6 ~ 430 
mg). 
 
It was decided that sugar (Sucrose) should constitute the organic material in the 
artificial wastewater. According to the BOD5 analysis of the water in the wetland (Table 
3) the biological oxygen demand was approximately 20 mg O2 L-1. A biological oxygen 
demand of total 100 mg O2 L-1 was wanted and to accomplish this, organic material 
corresponding to 80 mg O2 L-1 water was added. The decomposition reaction of sugar is 
expressed as: 
 
CH2O + O2  H2O + CO2 
(Weisner, 2008) 
 
The molar mass of one sugar molecule is 30 g molar-1 and the molar mass of one 
oxygen molecule is 32 g molar-1. These were set as equal and thereby 80 mg sugar per 
litre water was added, which resulted in an oxygen demand of 80 mg O2 L-1 water. The 
combination of the organic material in the water of the wetland and the added sugar 
gave a total biological oxygen demand of 100 mg O2 L-1 water. 



 Erica Bengtsson 
 Sannam Hjertstrand 

 

 
8 

 

2.4.2 The performance 
The first three days was used as a “start-up period” with the purpose to saturate the 
filtration material with the artificial wastewater, to test the hydraulic capacity of the 
filtration bed and to let the micro organisms and plants adapt to their new conditions. 
The first day, a hydraulic loading of 40 mm per day was tested by filling the bed with 1 
dl artificial wastewater per minute for 27 minutes. Of the 2.7 litres that was added, 2.0 
litres had ran out the day after, which indicates that 0.7 litres had been absorbed by the 
sand and plants or evaporated to the air.  
 
After the “start-up period”, the experiment was performed as follows (water samples 
were handled to the lab every other day since a volume of at least 1.5 L water was 
needed for the analysis):  
 
Table 2: List of parameters and activities adherent to the experimental Superficial Filtration bed. 
Activity Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 
Date 14/4 15/4 16/4 17/4 18/4 19/4 20/4 21/4 
Compound 
added, mg 

580 580 580 580 580 580 - - 

Sugar 
added, mg 

108 108 108 108 108 108 - - 

Water 
added, L 

1.35 1.35 1.35 1.35 1.35 1.35 - - 

Water 
collected-
after 30 
min, L 

1.2 0.2 0.1 0.05 0.04 0.04 - - 

Water 
collected- 
day after, 
L 

0.1 1.05 1.0 1.1 1.06 0.5 - - 

Notes *1 *2 *3  *4 *5  *6 
*1 The water ran through too fast, so the outlet was stopped up with a “clip” through the PVC-tube outlet. 
*2 The container was moved to a sunnier place to get it to dry out faster and get better aeration. The outlet 
was stopped up even more by using plastic tape.  
*3 Samples of both the inlet and outlet water from the 14/4 and 15/4 were handled over to the lab for 
analysis.  
*4 Samples of both the inlet and outlet water from the 16/4 and 17/4 were handled over to the lab for 
analysis.  
*5 Water was not collected the day after (Sunday), but instead two days after. 
*6 Samples of both the inlet and outlet water from the 18/4 and 19/4 were handled over to the lab for 
analysis 
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3. Results and discussion 

3.1 Results of water samples 
The water samples from the wetland that were collected at the 3rd of April 2008 at five 
sites showed the results shown in Table 3: 
 
Table 3: Contaminant content in water samples from five sites in the wetland. 
Contaminant 
(mg L-1) 

Site 1 Site 2 Site 3 Site 4 Site 5 

BOD 35.66 91.06 22.63 42.60 23.10 
COD 45.24 99.53 36.19 153.82 27.14 
N-Tot 2.80 38.64 3.92 33.60 N.D. 
Phosphorus N.D. 3.52 N.D. 4.38 N.D. 
Iron N.D. N.D. 0.06 N.D. N.D. 
Chromium 0.04 0.03 N.D. N.D. N.D. 
Copper 0.12 0.56 N.D. 0.01 N.D. 
Lead 0.19 0.08 N.D. N.D. N.D. 
Aluminium N.D. N.D. N.D. 0.20 0.64 

N.D. = Not Detected  
 
The results that show the highest BOD, COD, N-Tot and Phosphorus are the samples 
from site 2 and 4, which reveals that it is wastewater. This is also confirmed by the 
smell that we felt at these sites during the visual inspections. Site 2 is situated below 
building 11 and 12 and this is the only place were wastewater reaches the wetland 
through pipes. The wastewater is coming from two pipes and the water flow varies 
greatly during the day, due to the number of students. The water flow is highest during 
the evenings, and is estimated to approximately 10 litres per minute for each pipe (April 
2008). We wanted to know the correlation between how much water that is used in 
building 11 and 12, and how much wastewater that actually reaches the wetland at site 
2. The amount of wastewater is proportional to the number of students that are present 
at the university. To calculate the wastewater flow for the mornings, we compared the 
relationship between the number of students during the mornings (8-12 am) and 
evenings (19-23 pm). There are no lessons during the afternoon so we estimated the 
wastewater for this period to be zero. The correlation between the number of students 
during mornings and evenings at building 11 and 12 is expressed in Table 4: 
 
Table 4: Correlation between the number of students in mornings and evenings. The calculation 
concerns building 11 and 12. 
 Morning Evening Morning/Evening 
Monday 410 1739 0.236 
Tuesday 521 2079 0.250 
Wednesday 567 1872 0.300 
Thursday 364 2258 0.160 
Friday 443 1440 0.300 
Saturday 932 -  
   
This gives an average of 25% which means that the number of students in the mornings 
is 75% less than in the evenings. With this information, we could calculate the water 
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flow for the wastewater that is coming from building 11 and 12. As mentioned above, 
we estimated the water flow to approximately 10 litres per minute for each pipe which 
gives us a water flow of 20 litres per minute for both pipes. This water flow concerns 
the evenings and during approximately four hours. As the mornings have 25% of the 
number of students compared to the evenings, we calculated the water flow in the 
mornings to be five litres per minute, for four hours: 
 
20 L minutes -1 x 0.25 = 5 L minutes -1 
 
Mornings: 240 minutes (4 h) x 5 L = 1200 L d -1  
Evenings: 240 minutes x 20 L = 4800 L d -1 

Total per day: 1200 L + 4800 L = 6000 L d -1 
 
With the knowledge that around 6 m3 wastewater per day reaches the wetland from 
building 11 and 12, we could compare this with the amount of water that UNIVATES 
actually uses in these buildings. During April 2007 the university used 300 m3 water for 
building 11 and 12. 300 m3 divided with 26 days for this month (30 days minus four 
Sundays) gives around 11.5 m3 water per day. This means that 5.5 m3 water per day 
never reaches the wetland, but is lost in other ways. Some of the water is used for 
cleaning or irrigation and then the water is lost to the air through evaporation.  
 
Site 4 is situated by the outlet of the wetland, but it has no contact with it (See App 1 
and 2). We came to the conclusion that the wastewater from buildings 3-9 goes directly 
under the ground to the outlet and is thereby not led to the wetland by pipes. In the same 
way as above, we calculated the correlation between used water for buildings 3-9 and 
water that reaches the outlet. We estimated that the water flow for the outlet was 
approximately 10 litres per minute. After comparing the numbers of students in 
mornings and evenings for these buildings, we came to the conclusion that about 2.8 m3 
of wastewater reaches site 4 every day. UNIVATES used 1 112 m3 of water for these 
buildings in April 2007, so only 6 % of the water that is used actually reaches the outlet 
(40 m3 is lost every day). The main explanation is that the present wastewater system 
for buildings 3-9 involves infiltration of wastewater to the ground. Through this 
infiltration much wastewater is lost and it never reaches the wetland. We also suspect 
that there are several holes in the pipes that cause leakage. This has also been discussed 
at several occasions with the people involved at UNIVATES.  
 
The results from sites 1, 3 and 5 show that the water there is not wastewater. Site 1 is 
situated below building 9 (see App. 1). Outside this building there is an outgoing pipe 
that does not bring wastewater to the wetland, but storm water when it is raining. This 
has been determined after several discussions with the people involved, visual 
inspections and the results of the water samples. The water from site 5 is storm water 
that brings oil and sediments from the road to the wetland when it is raining. The test 
results of metals show that the water is not contaminated by heavy metals and no further 
attention concerning metals will thereby be given. 
      

3.2 Results of experimental Superficial Filtration Bed 
Our idea about letting water trickle from a higher inlet to a lower outlet, through a bed 
of sand, was by the experiment confirmed to work. During the “start up period” the 
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hydraulic loading was tested and the results show that 40 mm water per day was too 
heavy, but 20 mm per day was appropriate. The first two days the water trickled through 
too fast and the outlet was stopped up to decrease the outflow so that the water would 
stay longer in the filtration bed and the micro organisms would have a better chance to 
decompose or transform the contaminants. One reason that can explain why the water 
ran through that fast is the inclination inside the container. Between the inlet and the 
outlet the inclination is much greater than 2%, it is near 20%. This can be corrected by 
using a longer container where the height- and length ratio is smaller.  
 
As filtration material coarse sand was used and in the experiment, it functioned well. 
The size of the particles of the filtration material plays an important role in the water 
flow control and with an inclination of 2% coarse sand is a proper material to use. The 
plant Heteranthera reniformis is not suitable to grow in the filtration bed. The plant is a 
specie that normally grows on the water surface, so the daily drought in the filtration 
bed made it impossible for the plant to grow there.  
 
Table 5 shows contamination concentrations in the artificial wastewater before and after 
it was passed through the experimental filtration bed. The samples from 14-15/4 and 16-
17/4 have almost the same O2-concentration in the initial and final samples. This 
indicates that no decomposition of BOD has occurred in the bed. The samples from 18-
19/4 have an increase of BOD in the final sample. This can be explained by the fact that 
there was organic material in the bed already from the beginning since we mixed 
sediment from the wetland in the filtration material. This organic material could have 
contaminated the effluent.   
 
Table 5: Contaminant concentrations before and after treatment in the experimental superficial filtration 
bed. 

 
 
The results from 14-15/4 and 16-17/4 show the same initial concentration of nitrogen 
and an increase of N-tot in the outgoing water. N-tot shows all the forms of nitrogen in 
the sample which means that it does not say how much nitrogen that is in the form of 
NH4

+ and how much that is in the form of NO3
- or other forms. Probably, some 

ammonium has been transformed into nitrate, but it is impossible to say how much. The 
increase of nitrogen in the final samples is caused by the evaporation of water to the air. 
The concentrations of nitrogen become higher the more water that evaporates since the 

Parameters Samples from 14/04 
and 15/04 

Samples from 16/04 
and 17/04 

Samples from 18/04 
and 19/04 

 Initial Final Initial Final Initial Final 

BOD5 
(mg O2 L-1) 

37,00 37,60 36,20 36,80 30,33 42,00 

pH 6,95 6,68 6,65 6,71 5,43 6,84 

N-Tot 
(mg N L-1) 

2,80 5,04 2,80 8,96 15,68 9,52 
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water volume decreases. The initial sample from 18-19/4 is very confusing. It should be 
close to 2.8 mg N L-1 since the solution (artificial wastewater) was prepared in the exact 
same way as the initial samples from 14, 15, 16 and 17/4. We suspect that the sample 
has been contaminated during the laboratory process. The final sample from 18-19/4 is 
in the same range as the other final samples, and presumed that the part of the initial 
solution that was actually passed through the filtration bed had a concentration around 
2.8 mg N L-1, the concentration in the final sample is comprehensible. The larger 
increase of nitrogen is most likely caused by the longer evaporation time (two days). 
 

3.3 Our final proposal 
Our final proposal gives solutions for all the issues that have been argued in this thesis. 
Our solution is to create a multifunctional wetland that can take care of both storm 
water and wastewater and at the same time work as a research and recreational area. We 
have divided the wetland in two parts, the north part and the south part. The north part 
has three fundamental functions; to buffer the storm water flow, to work as a 
sedimentation basin and to separate oil from the storm water. The south part will have 
research and recreational sites and include the two step hybrid system that will treat the 
wastewater. 

3.3.1 Storm water buffering 
The storm water flow buffering will be achieved by building a bank of sand under the 
pedestrian bridge (see App. 3) to dam up the water. When it rains heavily, big amounts 
of water comes from the storm water inlets and this water will be kept in this part of the 
wetland and slowly pass through the sand bank. The size of the sand particles 
determines the velocity of the water through the bank. The purpose with this sand bank 
is to get an even water flow into the south part of the wetland and it also plays an 
important part in the sedimentation function.  

3.3.2 Sedimentation  
To prevent the wetland from being filled up by the particulate matter that comes with 
the storm water, a sedimentation step should be constructed. Our suggestion is to dig a 
pit after the big storm water inlet at the most northerly end of the wetland (see App. 3). 
The largest particles will settle to the ground here and the smaller particles will settle 
when the water slowly flows towards the outlet (the sand bank). As mentioned above 
(1.5.2), it is important to slow the water down for the sedimentation process to function 
effectively.  

3.3.3 Oil separation and removal 
For separation and removal of the oil we will use a biological method. The idea is to let 
micro organisms grow on a carrier material and then let the storm water flow through 
this material and come into contact with the bio film of decomposers. In this case, sand 
will be the carrier material. The oil particles will adhere to the sand granules and 
thereby be captured in the carrier material. By constructing a bank of sand, and let the 
water flow through it, the oil particles will be separated and decomposed. When it rains, 
the water level will rise on the upper side of the sand bank, as shown in Fig 1. Slowly 
the water will pass through the bank and when it stops raining, the water level will 
gradually lower on the upper side until it is even on both sides of the bank. When the 
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sand bank dries out between the rainfalls the sand will get aerated and the microbes 
provided with oxygen, which they need to decompose the oil (Andersson & 
Ridderstolpe, 2003).  

Figure 1: Oil separation bank during and between rainfalls  
 
There are three different location alternatives for this oil separation bank. Alternative A 
is to build the bank shortly after the big storm water inlet, around the deeper 
sedimentation pit (see App. 3). The advantage with this location is that the oil will be 
separated from the water before it reaches the plants and animals. On the other hand, 
only the “first flush3” will be possible to treat since the space inside the bank will be 
limited and dimensioned only for the first flush volume. The subsequent storm water 
must be diverted from the first flush and led to the next step of the storm water 
treatment system via a by pass channel. To treat only the first flush is often enough 
since it is the initial storm water that runs off an area that becomes the most polluted. 
The first rainfall runoff “cleans” the area from pollutants so that the runoff that comes 
later does not get polluted (DECC, 2008) 
 
Location alternative B is to place the oil separation bank in the middle of the big 
sedimentation basin; one sand bank on each side of the “island” (see App 3). This 
position lets all the storm water pass through a sand bank because the space on the 
upper side is big enough to keep all the water from a rainfall. The drawback with this 
location is that it is surrounded by high trees that shade the place. The lack of sun will 
lengthen the time for the bank to dry out, which leads to a slower, and maybe lower, 
oxygen supply for the micro organisms.  
 
The third alternative site, C, is to place the oil separation bank across the last part of the 
sedimentation basin, close to the pedestrian bridge (see App. 3). Here the sun will reach 
it better because the place is more open and all the water will be treated because there 
will be enough space on the upper side for all the rain runoff water. The problem with 
this location is that the oil will reach and possibly also affect the plants and animals that 
live in this north part of the wetland, so the situation there will be the same as it is now. 
The oil will also still be seen from the bridge, but it will not reach the south part of the 
wetland.  

                                                 
3 First flush is the name for the first rainfall runoff. (DECC, 2008) 
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3.3.4 Recreational site 
The first upper fraction of the south part (see App. 3) will 
be preserved almost as it is today, to favour the wildlife 
and maintain the biodiversity. According to us, this part 
is the most beautiful so here we want to improve the 
accessibility by removing some of the trees and bushes 
along the east side littoral and construct a walking track 
there with a few benches for resting. The fact that 
wetlands are PPA:s (Permanent Preservation Areas), will 
determine the extent of the changes that can be made. 
Figure 2 show one of the beautiful flowers that grows 
there; Hedychium coronarium.    
        Figure 2: Hedychium coronarium. 
        Photo: Bengtsson, Erica 20080327.  

3.3.5 Biodiversity and wildlife preserving 
Further down in the wetland we want to create a more open water area by harvesting 
and weed out some of the plants that now cover the most of the wetland. It will be both 
beautiful and it will be possible to plant fish into the wetland. The fish both enriches 
biodiversity and helps in the prevention against mosquitoes (Jasper, 2008). The aim is 
that this part also can be used for smaller field studies by biologists, other scientist and 
students.  

3.3.6 Wastewater treatment 
The hybrid system for wastewater treatment will consist of two steps, where the first is 
the Superficial Filtration Bed (because of the uneven water flow) and the second is the 
FWS wetland (the last part of the existing wetland), see Appendix 3. The water will be 
led to the SFB through pipes, pass it and then run down in the FWS wetland. We want 
to place one SFB on each side of the wetland (see App. 3). The SFB on the east side 
will treat the wastewater from building 11 and 12, and the SFB on the west side will 
treat the wastewater from the remaining buildings, building 3-9. In this way we 
minimize the plumbing work, although some reconstruction of the pipes needs to be 
done to lead the wastewater to the SFBs. The pipe that brings wastewater from building 
3-9 and that now goes around the wetland will have to be redirected to the location of 
the west SFB (see App. 2 and 3). On the east side, the wastewater pipes should be 
redirected and prolonged so that they surface further south, where the SFB will be 
placed (see App. 3)  
 
The treatment of wastewater in superficial filtration beds (SFBs) is based upon the fact 
that certain microbial organisms can, under the right conditions, reduce or transform 
contaminants in the wastewater (DeBusk & DeBusk, 2001). The coarse sand of the 
filtration bed functions as attachment site for the bacteria. When the water slowly passes 
through the bed, it comes in contact with the bacteria, and the biological reactions 
occur. The aerobic conditions in the filtration bed allow nitrification and decomposition 
of organic compounds (Weisner, 2008). Thanks to the good oxygenation of the bed it 
will not produce any unpleasant smell. As the name implies, a SFB is a shallow bed that 
is placed in the surface of the ground. The fundamental principle is to make it shallow 
and broad; the depth should not exceed 50 centimetres because if it does, it will be 
harder for the bed to dry out every day. The construction is similar to the one of the 
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practical experiment described in 2.4. The bed is made out of coarse sand and under the 
sand layer a waterproof liner should be placed to prevent leakage to the ground.  
 
The wastewater will be brought to the SFBs through underground wastewater pipes. 
The inlet to the SFB is an important part when it comes to odour avoidance. Here, the 
water is untreated and contains compounds that give rise to smell. To concur this, we 
have designed the inlet so that the release of the water into the SFB occurs under 
ground, in the filtration material (Fig. 3). The wastewater pipe is connected to the 
distribution pipe that is buried in the filtration material of the SFB. The aim is to spread 
the wastewater as much as possible over the whole SFB to get an efficient removal, and 
this is achieved by making the distribution pipe go along the entire border of the bed 
(Fig 4). The distribution pipe will be made of plastic and it will be perforated so the 
wastewater can trickle out spread over the whole long side of the SFB. Then the water 
will pass through the sand and eventually run down in the FWS part.   

 

 

 
 
Figure 4: From above, the SFB with the distribution pipe. 
 
As discussed in 3.1, is the amount of wastewater that actually comes out through the 
pipes only a smaller part of the amount of water that UNIVATES uses. As mentioned in 
3.1 the water is lost through evaporation and through infiltration to the ground. We want 
UNIVATES to quit this infiltration system and instead lead all the wastewater through 
pipes to the SFBs for treatment. 

   Figure 3:  Cross-section of Superficial Filtration Bed (SFB).  
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At buildings 11 and 12 there is no infiltration of wastewater to the ground; here it is the 
other reasons mentioned that explains the water loss. It is calculated that approximately 
50 % of the used water for buildings 11 and 12 comes out through the pipes as 
wastewater.  By applying this correlation on the other buildings as well (buildings 3-9), 
the amount of wastewater would be 50 % of what is used in these buildings, 
presupposed that all the wastewater is collected and not lost through infiltration. This 
means that the SFBs can be dimensioned for 50 % of the volume of used water.  
 
As shown in Figure 3 we will have plants growing in the SFBs. There are several 
reasons for this; one is that they will, if the right specie is chosen, work as oxygen 
transporters and provide oxygen to the micro organism in the sand via their roots. The 
roots will also help prevent erosion when it rains heavily. The part of the plant that is 
above ground will help covering the SFB so that they fit in to the surroundings and 
become less detectable. In the results of the experiment (recall 3.2), it was found that the 
plant we used, Heteranthera reniformis, was not appropriate for the mission. Our 
suggestion is to use the plant shown in Figure 5; Copa-de-Leite (Zantedeschia 
aethiopica), because it can live in both dry and wet conditions and in sun or shadow and 
the Brazilians appreciate it and find it beautiful (Jasper, 2008).  

 
Figure 5: Copa-de-leite (Zantedeschia aethiopica). (Pacific Bulb Society, 2008)    
 
When the wastewater has been treated in the SFB it will run out in the FWS wetland 
where further contaminant removal will occur (recall 1.5.2). As shown in Appendix 3, 
there will be a division between the middle part and the last part of the wetland. We 
want to construct a smaller fall across the wetland to prevent the water in the most 
southerly part from going upstream. This water is not as clean as the water upstream 
since it is mixed with “half treated” wastewater from the SFBs that still contain some 
contaminants. The small water fall ensures that the wastewater is kept in the latest part 
of the wetland.  
 
When more open water area is created it will be possible to plant fish in the wetland; 
preferably in both the middle fraction (biodiversity and wildlife) and the last fraction 
(FWS wetland) of the south part. The fish both enrich biodiversity and play an 
important role in the prevention against mosquitoes. That is why it is crucial that the 
species planted are species that eat the mosquito larvae. For example the Lambari 
(Astyanax bimaculatus) is a good alternative and also the Traira (Hoplias malabaricus) 
which are both common Brazilian fishes (Jasper, 2008). The open water also allows 
floating plants. By planting Water lettuce (Pistia stratiotes) and Water hyacinth 
(Eichhornia crassipes) the biodiversity is enriched and the phosphorous uptake will 
increase since these species are efficient in that (DeBusk & DeBusk, 2001). 
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3.3.7 Management 
The management needed for this entire storm and wastewater treatment system is very 
little. The sedimentation pit by the big storm water inlet will eventually be filled up. 
How fast is depending on the amount of particulate matter in the storm water. When the 
pit is full it will have to be dug out and this is most easily done by letting an excavator 
placed on the road do it. The SFBs does not require any management when they are up 
and running but we recommend that water samples of the effluent are taken in the 
beginning to ensure the removal efficiency. After a while the sand of the SFBs can get 
clogged and then it needs to be changed. How long the sand is going to last is hard to 
predict since it depends on the amount of suspended material in the wastewater. The 
floating plants in the FWS should be harvested every year to keep them from spreading 
too much and to permanently remove the phosphorous that they have taken up from the 
wastewater. These harvesting residues can then easily be composted.  

4. Conclusions 
The entire storm and wastewater treatment system that we have presented is based on 
using the natures own processes and resources. All the functions are biological; the oil 
removal as well as the contaminant decomposition. The system does not require any 
chemicals or electrical energy which saves the resources of the planet.  
 
To make sure that the SFBs are efficient and really works as we have predicted pilot 
studies should be carried out. We suggest that a smaller SFB is constructed and then 
evaluated. When it comes to the storm water, further experiments with the oil separation 
bank should be carried out in the way to find the best location for it. We also think that 
UNIVATES needs to investigate exactly how the plumbing system looks and repair the 
damages and leakages that they find. The next step, as we see it, is to break down this 
thesis into smaller parts so that every function can be more deeply examined. With 
some further research the specific functions can be dimensioned properly and then this 
proposal is actually doable. Our feeling when we left UNIVATES was that the people 
responsible really liked our proposal. They made it clear that they want to make a 
change and improve the situation and with the help they have gotten from us, they are a 
few steps closer to solving the problem. 
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Appendix 1: Map showing the collecting sites for water samples.
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Appendix 2: 
Map over the 
UNIVATES campus 
showing the present 
situation with the 
exsisting wetland and 
the buildings. The 
coloured lines are 
waste- and/or storm 
water pipes. 
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part of  the 
wetland 
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11 and 12 

Buildings  
1 to 9 

The north part of 
the wetland 
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Appendix 3: 
Map showing the functions 
(and location of the 
functions) of our final 
proposal.  The red lines are 
wastewater pipes. The 
coloured arrows show the 
location alternatives for the 
oil separation bank; A 
(green), B (blue) and C 
(purple). 
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Appendix 4: 
 
Picture showing our experimental Superficial Filtration bed 

 
 
 




