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INTRODUCTION 

Hydraulic performance of wetlands has a major impact on their ability to improve the quality of 

through-flowing water (Kadlec and Knight 1996; Persson and Wittgren 2003; Kadlec 2008). 

However, pollutant retention in wetlands also depends on various biological, chemical and physical 

processes (Brix and Schierup 1989; Weisner et al. 1994; Kadlec and Knight 1996; Vymazal 2006). 

Vegetation in wetlands may affect hydraulic performance as well as biological, chemical and physical 

pollutant removal processes (Brix and Schierup 1989; Weisner et al. 1994; Kadlec and Knight 1996; 

Vymazal 2006; Kadlec 2008). In order to understand the influence of vegetation on pollutant removal 

in wetlands we need to consider effects on hydraulic performance as well as biological, chemical and 

physical removal processes. This study examines the influence of different vegetation states on 

hydraulic performance in experimental surface-flow treatment wetlands where nitrogen removal was 

also monitored (Kallner Bastviken et al. 2009). 

METHODS 

The study was performed in September - October 2008 in experimental wetlands near Halmstad in 

the south-west of Sweden (56º43’ N, 12º43’ E). The system was constructed in 2002 and consisted of 

18 wetland basins with similar rectangular shape (7.6 m * 1.6 m at the bottom, side slopes of 1:1 and a 

depth of 1.2 m resulting in a surface area of 40 m
2
 at ground level). The incoming water (groundwater 

with a total-N as well as NO3-N concentration of 11 mg L
-1

) was discharged into each wetland 

through an inlet pipe at one short side. Water flows were adjusted using gate valves fitted on the inlet 

pipe of each wetland to obtain theoretical residence times (tn) of about 4 days during this study. Each 

wetland had an outlet at the opposite short side. The water level in the wetlands can be regulated by 

adjusting the outlet pipes. The water depth in the deep section of the wetlands was set to 0.8 m during 

this study. This corresponds to a mean depth of 0.55 m, and a water surface area of 29 m
2
. Three 

different vegetation treatments were established randomly among the experimental wetlands during 

2003. Tall emergent vegetation and submerged vegetation was introduced to six wetlands each and six 

wetlands were left unplanted for free development of vegetation. This resulted in three different 

vegetation states dominated either by dense emergent vegetation, by submerged vegetation with a 

carpet of filamentous green algae, or by a more mixed vegetation (some emergent and floating-leaved 

macrophytes and some open water with filamentous green algae), during this study. We also installed 

a barrier in front of the inlet pipes in half of the wetlands (three of each vegetation state) to facilitate 

spreading of water within the wetlands.  

Tracer (LiCl) was added to the inlet system of the wetlands on 24 September 2008 to obtain a 

simultaneous impulse of tracer input into all wetlands. After this, we regularly sampled water at the 

outlets of all wetlands during 10 days for analysis of concentration of Li to obtain a residence time 

distribution curve for each wetland. The residence time distribution curve was used to obtain the mean 

residence time (tm) and the effective volume ratio (e): 
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where Vtotal is the total volume of the wetland and Veffective is the wetland volume through which 

water is flowing. 
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We also determined the degree of plug flow versus mixing in the wetlands by using the dispersion 

index (d): 
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σ = the variance of the RTD curve [time
2
]. To describe flow characteristics in the wetlands 

the tanks-in-series (TIS) model can be used where the wetland is theoretically partitioned into a 

number of equally sized (N) tanks, each of which is assumed to be completely mixed (Kadlec and 

Knight 1996). A high value of N indicates predominant plug flow while N=1 defines a complete 

mixing of water in the wetland. We calculated the N value for each wetland as the inverse of the 

dispersion index (d): 
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Some other measures were also used to describe wetland hydraulic performance, e.g. hydraulic 

efficiency ( λ ): 
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where tpeak  is the time after which the maximum concentration of tracer was obtained in the outlet. 

Differences between treatments (vegetation state and barrier/no barrier at the inlet) in different 

measures describing hydraulic performance of the wetlands were statistically tested with 2-way 

ANOVA, followed by a post-hoc test to examine statistically significant (p < 0.05) vegetation effects 

further. 

RESULTS AND DISCUSSION 

A preliminary statistical analysis of the results suggests that, for wetlands with a barrier placed at 

the inlet to facilitate water spreading, the effective volume ratio (e) was significantly lower in 

wetlands dominated by emergent vegetation than in the other wetlands. However, for wetlands with 

no barrier at the inlet, hydraulic efficiency ( λ ) was significantly higher in wetlands dominated by 

emergent vegetation than in the other wetlands. There was a statistical indication (p = 0.08) that, for 

wetlands with a barrier placed at the inlet, N was higher (i.e. a flow more characterised by plug-flow 

conditions) in wetlands with a mixed vegetation (with some emergent and floating-leaved 

macrophytes and some open water with filamentous green algae) than in wetlands dominated by 

emergent vegetation. These results have implications for the interpretation of differences in nitrogen 

removal among these experimental wetlands. Further, the results may also give indications for design 

and vegetation management of surface-flow treatment wetlands, as well as for further studies of this. 
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