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Abstract: Constructed Wetlands for on-site wastewater treatment, experiences in 
Flanders.  
Constructed wetlands can mimic the filtration processes of natural wetlands, 
effectively removing contaminants from wastewater. Successful applications for the 
treatment of municipal wastewater have led to the exploration of the technology for 
the treatment of other wastewater, including industrial, agricultural, acid mine 
drainage, storm water, landfill leachate, and urban runoff. During the last two 
decades, the number of constructed wetlands in Flanders (Belgium) 
increased exponentially. Design sizes vary between 1 and 2,000 
Population Equivalents, with the majority of reed beds having a size 
smaller than 500 PE. Most reed beds are used as single treatment units, 
although they are sometimes also combined with other reed beds or even 
conventional systems. The main purpose is to treat domestic and dairy 
wastewater. This paper will summarize the state of the technology and  illustrate 
removal mechanisms and performances of CW’s. 
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INTRODUCTION 
A better understanding of the benefits that natural wetlands provide has led 
to the use of constructed wetlands to mimic the filtration processes that take 
place in the fragile ecosystem of a natural wetland. Constructed wetlands 
have great potential as a wastewater treatment technology. 
Constructed wetlands are principally using the same natural degradation 
processes and nutrient uptake but they are acting as “extensive systems”. 
The high degree of biodiversity present in these systems allows multiple and 
various degradation pathways for several classes of compounds, and 
therefore higher performances in comparison with the technological 
treatment plants in which only few families of specialized bacteria are 



FACULTATEA DE MANAGEMENT AGRICOL 

grown. There is no excess sludge to be removed since there is a balance of 
biomass growth and decomposition in the constructed wetland system. As 
compensation to the low energy demand there is a relatively large area 
demand. 
Constructed wetlands have proven to be a very effective method for the 
treatment of municipal wastewater. For a small community with limited 
funds for expanding or updating wastewater treatment plants, constructed 
wetlands are an attractive option. Rural municipalities have access to 
adequate inexpensive land, and wetlands blend into a natural landscape 
setting. Once the wetlands are designed and constructed, annual 
maintenance costs are low. In addition, wetlands add aesthetic value, and 
provide wildlife habitat and recreation opportunities (ITRC, 2003). 
The application of constructed wetlands for municipal wastewater treatment 
has led to the study of their use for other kinds of wastewater. Acid mine 
drainage, agricultural wastewater, industrial wastewater, stormwater runoff, 
landfill leachate are all good candidates for remediation using constructed 
wetlands. Site-specific designs that carefully consider factors such as 
hydrology, native plant species, and seasonal temperature fluctuation can 
lead to efficient removal of contaminants in wastewater. Research has 
shown that wetlands are effective at removing both organic and inorganic 
contaminants. The relatively inexpensive nature of this type of treatment 
makes it a potentially cost-effective option for remediation. Many different 
types of constructed wetlands are used in Flanders, ranging from free-water-
surface over horizontal subsurface-flow to vertical subsurface-flow CWs 
and all possible combinations thereof. It is worth noting that the majority of 
these wetland systems are normally planted with common reed (Phragmites 
australis (Cav.) Trin. ex Steud.). Some ecologically-oriented people, 
however, used their imagination to construct magnificent wetland systems 
in their backyard with other species of helophytes and even hydrophytes. 
Besides these CWs, which serve as secondary treatment systems, a number 
of tertiary treatment wetlands were also installed in which natural treatment 
systems are combined with more conventional ones to enhance the 
treatment efficiency and flexibility (Rousseau, 2006). 

Systems with horizontal subsurface flow (HSSF) 
This type of CW consists in a properly designed water proof basin that 
contains a filter material, wetland plants (normally reeds) and 
microorganisms. The bed is fed with wastewater coming from a suitable 
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primary treatment by a simple inlet device. The filling material (coarse 
gravel, fine gravel and coarse sand) has to offer an appropriate hydraulic 
conductivity but also a large surface for the biofilm growing. The water 
level remains always under the surface of the bed; the wastewater flows 
horizontally by a slope (about 1 %) which is obtained by a sand layer under 
the membrane liner.The subsurface flow prevents odors and mosquitoes and 
permits public access in the wetland area. This kind of CW is particularly 
efficient in suspended solids, carbon and pathogens removal, as well as for 
denitrification, while, due to its prevalently anoxic conditions, nitrification 
is limited (ITRC, 2003; Vymazal et al., 1998; Vymazal et al., 2006) . 

Systems with vertical subsurface flow (VSSF) 
In the vertical flow systems (VSSF) the wastewater is applied through a 
distribution system on the whole surface area and passes the filter in a more 
or less vertical path. The pre-treated wastewater is dosed on the bed in large 
batches (intermittent feeding), thus flooding the surface. During the time 
between the feedings the pores within the filter media can fill up with air 
which is trapped by the next dose of liquid. Thus oxygen requiring 
nitrifying bacteria are favored and full nitrification can be achieved, but 
only a small part of the formed nitrate is denitrified under aerobic 
conditions. The denitrification and thus total nitrogen elimination can be 
increased by a partial recirculation of the nitrified effluent into the first 
chamber of the septic tank. The treated water is collected in a bottom 
drainage system to be discharged. 
The water level can be maintained with a height of about 10–20 cm from the 
bottom of the bed, to prevent clogging of the drainage system. This kind of 
CW is particularly efficient in nitrification, carbon and suspended solids 
removal. Due to its prevalently aerobic conditions denitrification is poor 
(ITRC, 2003; Vymazal et al., 1998; Vymazal et al., 2006). 

Systems with free water surface (FWS) 
Surface flow wetlands are densely vegetated basins optionally including 
open water areas. They need some sort of subsurface barrier to prevent 
seepage and soil or another suitable medium to support the emergent 
vegetation. The water flows through the unit at a relatively shallow depth. 
Particulates tend to settle and to be trapped in the system; in such a way they 
enter into the biogeochemical element cycles within the water column and 
surface soils of the wetland. At the same time dissolved elements enter the 
overall mineral cycles of the wetland system. This kind of constructed 
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wetlands is particularly efficient in the pathogens removal, due to the high 
exposure of the wastewater to the UV component of the sunlight. For that 
reason, and also for a good denitrification power, these systems are often 
used as tertiary treatment (polishing stage) (ITRC, 2003; Vymazal et al., 
1998; Vymazal et al., 2006).  

Hybrid systems 
Combinations of HSSF, VSSF, FWS: Using the different properties and 
abilities of the above mentioned three types a wastewater treatment plant 
can be assembled out of the different types (Vymazal et al., 2006). 
 

METHODS AND MATERIALS 
Pilot plant 

A pilot plant with different mesocosms was constructed. 12 Mesocosms 
were set up and operated as a vertical subsurface flow wetland. The surface 
area of one mesocosm is 1 m², depth of the filter material is 80 cm.  One 
system is filled with lightweight expanded clay aggregates, Argex 0-
4(VSSF1), another with gravel 2-12 (VSSF2), both are planted with 
Phragmites australis. All the other VSSF systems are filled with fine sand 
(0,06-0,6 mm). One acts as a control and is unplanted, the other containers 
are planted with different plant species:  Miscanthus floridulus, Sparganium 
erectum, Scirpus lacustris, Iris pseudacorus, Eriophorum angustifolium, 
Carex riparia (2x), Phragmites australis (2x). One container with Carex 
riparia and one with Phragmites australis is harvested every year during 
spring. Domestic wastewater is pumped twice a day on top of the 
mesocosms. The  quantities of influent and effluent were measured. A daily 
sample was taken from the influent and the effluent of the mesocosms, 
proportional to the quantity. A mixed sample was made each week. These 
samples were tested  for COD, NH4

+-N, NO3
--N, total P, pH and electrical 

conductivity. The total test period took 77 weeks. 
The effluent of VSSF1 and VSSF2 flows into two horizontal subsurface 
flow mesocosms. These mesocosms have an aspect ratio of 1 to 4 and a 
surface area of 1.5 m². The filter material used is gravel 2-12 and a constant 
water level of 0.5 m is maintained in the system. The first system is planted 
with Carex pendula, the second with Phragmites australis. 

Analytical methods 
COD was measured according to the Dichromate Reactor Digestion Method 
test. Small volumes of the water sample are pipetted into vials containing 
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the premeasured reagents, including catalysts and chloride compensator. 
The vials are incubated until digestion is complete and then cooled. The 
COD  is measured photometrically (Oxygen Demand Chemical method 
8000 Hach Dr Lange). Total phosphorus was determined photometrically 
according to the phosphormolybdenum blue method (Spectroquant 
Phosphate Cell Test 14729). NH4

+-N and NO3
--N were analysed with ion 

specific electrodes (Symphony Electrodes). A calibration of the ion specific 
electrodes was performed before and after the analysis of the samples. pH 
was measured with a Symphony pH electrode, epoxy, gel, 3 in 1. Electrical 
conductivity was determined with a Hanna Instruments conductivity meter 
HI99300. 
 

RESULTS AND DISCUSSION 
The dominant contaminant removal processes in wetlands are settling, 
biotransformation (microbial and plant-mediated), and plant uptake. Surface 
phenomena such as adsorption are also important. Combinations of 
complementary biological and non-biological processes enable effective 
treatment of a wide range of contaminants. 

Organic matter 
Wastewaters contain a wide variety of organic compounds, which are 
measured as biochemical oxygen demand (BOD), chemical oxygen demand 
(COD), and total organic carbon (TOC). The main routes for organic carbon 
removal include volatilization, photochemical oxidation, sedimentation, 
sorption, and biodegradation. Organic molecules are broken down by the 
microbiota by fermentation and aerobic/anaerobic respiration and 
mineralized as a source of energy or assimilated into biomass. The 
efficiency and rate of organic carbon degradation by microorganisms is 
highly variable and depends on the organic compound present in the 
influent. Volatilization may also be a significant removal mechanism in the 
microbial breakdown products of organics (Kadlec, 1996, Moshiri, 1993). 
During the test period the removal percentage for COD showed no 
significant difference between the different plant species, except for Iris. 
The mean values varied from 86.2 to 92.1% for the VSSF systems filled 
with sand (Figure 1, left). The unplanted control only removed 76.1% 
(Figure 1, right). Due to the shorter residence time the COD removal in 
gravel was only 65.2%.  In the planted systems temperature differences did 
not influence the COD removal. 
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Figure 1. % COD removal, different plant species (left), planted against 
unplanted control (right)  

 In hybrid system 1 the removal efficiency didn’t increase  after the first 
vertical stage. In hybrid system 2 the removal percentage improved from 
65.2% to 85.3%. 

Nitrogen 
Nitrogen, a major component of municipal wastewater, stormwater runoff, 
and industrial wastewater, is potentially toxic to aquatic organisms and 
plays a role in eutrophication. Nitrogen is an essential nutrient that may be 
removed through plant uptake. The ammonium and/or nitrate taken up by 
plants are stored in organic form in wetland vegetation. In addition to the 
physical translocation of nitrogen compounds in wetlands, the processes 
involved in nitrogen transformation are ammonification, nitrification, 
denitrification, nitrogen fixation, and nitrogen assimilation. Ammonification 
is the microbial conversion of organic nitrogen to ammonia. The energy 
released in this multistep, biochemical process is incorporated into the 
microbial biomass. Nitrification is a two-step, microbially mediated 
transformation of ammonia nitrogen to nitrate. Conversion of ammonium to 
nitrite by Nitrosomonas bacteria is followed by the oxidation of nitrite to 
nitrate by Nitrobacter bacteria. Removal of nitrate is by the biological 
process of denitrification by Bacillus, Enterobacter, Micrococcus, 
Pseudomonas, and Spirillum. This bioprocess involves the conversion of 
nitrate to nitrogen gas, thus providing complete removal of inorganic 
nitrogen from the wetland. 
The planted systems showed a constantly good nitrification throughout the 
whole test period. There was no significant difference between the different 
plant species (Figure 2, left). During summer the nitrate content of the 
effluent decreased because  of plant uptake (Figure 2, right). Miscanthus,  
Phragmites and Iris  presented a  removal  percentage for total nitrogen 
between 63.6 to 67.5%. The other plant species  only removed from 39.7 to 
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52.9% of the total nitrogen.  The system filled with lightweight expanded 
clay performed significantly better than the other systems. The average total 
nitrogen removal was 70.9%, because nitrogen was removed over a much 
longer period of time.  
Figure 2. %  Ammonium-N removal, plant species (left), g nitrate-N in 
influent and effluents (right)  

The use of hybrid systems seems to be very interesting to enhance nitrogen 
removal. The removal percentages increased from 70.9 to 81.9% (hybrid 
system 1) and from 51.3 to 77.4% (hybrid system 2). The removal of total 
nitrogen can be explained by plant uptake, denitrification or ammanox. 
Phosphorus 
Excess phosphorus in the influent can place a nutrient imbalance stress on 
the ecosystem. Like nitrogen, phosphorus is an essential macronutrient for 
growth of plants and organisms. Sedimentation of particulate phosphorous 
and sorption of soluble phosphorus are the two physical processes for 
phosphorus removal. 
The phosphorus removal in the VSSF systems was  poor, between 13.4 and 
58.4%. Except for the CW filled with expanded clay. This substrate is 
known for its capacity to adsorb phosphorus. The removal of total 
phosphorus was 89.4%. Also for phosphorus the hybrid systems showed a 
remarkable improvement in removal percentages. Over the whole system 
the percentages were 98.3 and 62.0% respectively. 
 

CONCLUSIONS 
Constructed wetlands offer an interesting alternative for energy consuming 
mechanical wastewater treatment plants. CW’s show very good removal 
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efficiencies for COD during the whole year. The results show that plant 
species not only play a part in the aesthetic value of the system, but also 
account for an important nitrogen removal. Especially species with high 
biomass production, like Phragmites australis, Miscanthus floridulus and 
Iris pseudacorus performed well in the tests. Furthermore is the choice of 
the filter substrate important to optimize phosphorus removal. The 
lightweight expanded clay aggregates used in this research showed 
significantly better results both for phosphorus and nitrogen removal. In 
another research we could establish the maximum phosphorus adsorption 
capacity for this type of LWA at approximately 0.8 g P/kg LWA (Van Deun 
et al., 2008). 
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