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Summary

 Suspended matter represents a complex mixture of particles of various nature and 
origin (living, dead and lifeless), and plays a major role in wetland processes. Discharges of 
treated municipal wastewater releases considerable amounts of anthropogenic particles into 
surface waters, even when the majority of particles in municipal wastewater is removed by 
regular wastewater treatment. Constructed wetlands (CWs) are widely used for polishing 
treated municipal wastewater to mitigate the effects of these effluents on receiving surface 
waters. Most research on suspended matter in CWs is however focused on bulk measurements 
of suspended matter disregarding particle composition, and this obstructs analyses of the 
turn-over of particles during residence in CWs. Therefore, the overall aim of this study was 
to assess the importance of physical, chemical and biological processes modifying the fate 
and behaviour of suspended particles in surface flow constructed wetlands. 

To this purpose the following objectives were formulated:
- To identify changes in the nature and composition of suspended particles in treated 
municipal wastewater during residence in surface flow constructed wetlands.
- To weigh the importance of individual environmental processes occurring in wetland 
ecosystems on the fate, behaviour and dynamics of suspended particles. 
- To assess the prospect of constructed wetlands in mitigating effects and associated 
risks of municipal wastewater.

 In chapter 2 the changes in the physical and biological characteristics of suspended 
particles were analysed during residence in a full scale surface flow CW. We found that 
residence in the unvegetated ponds caused no major changes in particle concentration, but 
decreases  the organic content (from 53% to 33%) and average particle size (from 4.3µm to 
3.7µm) of the suspended particles. This was most likely caused by sedimentation of large 
organic particles and addition of smaller inorganic particles resulting from shore erosion. 
The bacterial species originating from the wastewater treatment plant (quantified by analysis 
of faecal indicator organisms) decreased strongly in abundance (>90% reduction), especially 
during residence in the reed beds. Simultaneously the total abundance of bacteria gradually 
increased, indicating that bacterial species present in the treated wastewater are being 
replaced by other species during residence in the CW. These observations indicate that CWs 
change the nature and type of the suspended particles.

 It was demonstrated that surface flow CWs effectively reduce the numbers of faecal 
indicator organisms (chapter 2). However, faecal indicator organisms represent only a minor 
fraction of the total planktonic bacterial community. The aim of chapter 3 was therefore 
to identify changes in the planktonic bacterial community in treated municipal wastewater 
during residence in a CW. To this purpose water samples were taken at various locations in- 
and outside the CW and the bacterial community composition and functioning was analyzed 
using FISH, DGGE and BIOLOG. Surprisingly, the bacterial abundance at the inflow of the 
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CW was relatively low compared to receiving surface waters. However, the inflowing bacterial 
community showed high metabolic activity and functional diversity. During residence in the 
CW the bacterial abundance doubled, but decreased in metabolic activity and functional 
diversity. Shifts in the community composition revealed by DGGE indicated that these 
changes are related to a turn-over of the bacterial community. The planktonic bacterial 
community in the effluent of the constructed wetland closely resembled natural bacterial 
communities in urban and agricultural ditches. Based on these observations we conclude 
that constructed wetlands are capable to mitigate possible impacts of treated wastewaters by 
transforming the anthropogenic bacterial community into a bacterial community resembling 
more “natural” surface waters.

 Although the removal efficiencies of constructed wetlands are well-studied, the 
importance of different processes involved in the removal of faecal indicator organisms and 
pathogens are often not analysed. In chapter 4 we monitored removal of bacterial, protozoan 
and viral faecal indicator organisms in different functional compartments of a full scale 
CW receiving treated municipal wastewater and, in addition, we performed small scale 
experiments to estimate the importance of individual processes underlying the dynamics of 
pathogen concentrations, including sedimentation, predation, UV irradiance, mortality and 
external input. The results showed substantial removal of faecal indicator organisms during 
residence in the constructed wetland, with total removal efficiencies ranging between 96 and 
99% for bacterial faecal indicators, 89% for the faecal protozoan indicator and 73 and 88% 
for the viral indicators. Zooplankton predation and biofilm trapping appeared to be the most 
important processes governing the removal of faecal indicator organism in the constructed 
wetland, whereas the effects of sedimentation, inactivation and UV-radiation are of minor 
importance. No significant reintroduction of faecal indicator organisms by waterfowl or 
other warm blooded animals was observed, although waterfowl was present in very high 
abundance in the constructed wetland during freezing periods.

 In the previous chapters we found indications that benthic organisms may play a key 
role in the turn-over of particles in constructed wetlands. To elaborate on these observations, 
in chapter 5 the particle trapping efficiency of phototrophic biofilms, present in the CW on 
large surface areas in the reed beds, was quantified. In a first experiment, substantial trapping 
of particles smaller than 15 µm by mature natural biofilms was observed, with an optimum 
trapping efficiency for particles in the size range 5.0 - 8.0 µm of which 49% was trapping 
within 150 minutes. In a second experiment natural biofilms and mono-specific Achnantes 
lanceolata biofilms rapidly accumulated both artificial (micro-spheres) and bacterial particles 
(Pseudomonas putida cells), while mono-specific biofilms composed of Nitzschia perminuta 
or cyanobacteria exhibited a very low trapping efficiency. Trapping of P. putida cells was up to 
one order of magnitude higher than the trapping of micro-spheres, which indicates selective 
trapping of various particles. With these experiments we showed that the trapping of particles 
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by phototrophic biofilms in wetland ecosystems can be substantial, but is strongly dependent 
on both species composition of the biofilms and the characteristics of the particles.

 Most research on particle removal in constructed wetlands is performed under 
normal operating conditions, but the capacity of CWs to buffer incidental peak discharges 
caused by heavy rain fall or wastewater treatment plant malfunctioning is not well 
studied. In chapter 6 we investigated the changes in particle concentrations, (associated) 
physiochemical parameters and abundances of faecal indicator organisms in the different 
functional compartments of the CW during an peak discharge, by manually raising particle 
concentrations from ±3.5 mg L-1 to ±230 mg L-1 in the inflow of the CW for a duration of 
8 hours. After residence in the unvegetated ponds (the first CW compartment) the particle 
peak was reduced by >99%. Similar buffering was observed for the turbidity, oxygen demand 
and settable volume. Simultaneously dissolved nutrient concentrations increased, indicating 
partial mineralization of the suspended particles during residence in the unvegetated ponds. 
The peak buffering of faecal indicator organisms was lower (40-84%), indicating differences 
in removal processes between faecal indicator organisms and other particles. The results 
indicated that large organic particles were probably mostly removed by sedimentation and 
mineralization, whereas smaller pathogens were mainly in removed reed ditches as a result of 
biofilm trapping, mortality and predation. After passing through the entire CW the residuals 
of the suspended particle peak discharge were temporarily increased concentrations of 
inorganic carbon, NH4 and Escherichia coli (respectively 11%, 17% and 160% higher than 
under normal operating conditions). These observations illustrate that CWs are effective 
systems to buffer wastewater peak discharges.

 This thesis has shown that constructed wetlands transform suspended particles in 
(treated) municipal wastewater through selective precipitation in ponds, biological filtering 
by plankton communities and physical and biological retention in reed beds. These processes 
effectively remove faecal indicator bacteria and viruses, while in situ production generates 
suspended particles including bacterial consortia that closely resemble that of natural shallow 
water systems. This transformation is driven by a complex interaction of physical, chemical 
and biological processes occurring in the wetland ecosystem. Based on the observations in 
this thesis I have constructed an operational model describing these interacting processes in 
relation to changes in the concentrations, nature and type of suspended particles in wetland 
ecosystems (chapter 7). This model provides a scientific basis for the design of constructed 
wetlands optimized to protect our natural surface waters from harmful impacts of the 
increasing levels of suspended particles from different sources.




