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INTRODUCTION 
One main action to decrease the input of nutrients to the Baltic Sea has been to encourage 

the construction of wetlands for post-tertiary treatment of municipal waste water in Sweden. 
One of the largest and oldest of these, Ekeby wetland in Eskilstuna was constructed in 1997 
and operation begun 1999.  In this paper we explore, using monitoring data,  how variations 
in flow, temperature and age of the wetland affect the nitrogen removal pattern over a 10 year 
period from 2002-2011. The long term objective of our work is to provide recommendations 
for design, operation and monitoring of wetlands for post-tertiary treatment of waste water in 
the Baltic Sea Region (Waara et al. 2014). 

MATERIALS AND METHODS 
Ekeby wetland is a Free Surface Wetland covering 28 ha. It is used for post-tertiary 

treatment of sewage for the municipality of Eskilstuna, Sweden. A short description of the 
wetland can be found on http://www.vattenavlopp.info/vatmark/wetland.htm.  Monitoring 
data consisted of daily measurements of flow and temperature and for total nitrogen and 
nitrogen species one sample was taken and analysed weekly. Statistical analysis has been 
performed using Statistica 12, Statsoft AB, Uppsala, Sweden.  

RESULTS AND DISCUSSION 
The median inflow was during 2002-2005 slightly less than 300 000 m3/week (HLR 15 

cm/day). During 2006-2007 it was somewhat higher than 300 000 m3/week and it increased 
to around 350 000 m3/week (HLR 8,4 days) during 2008-2011. Dilution in the wetland has 
been calculated to a median of less than 2 %/month during the study period.  The HLR can be 
compared to other FWS systems and Kadlec (2009) has shown that for 205 FWS wetlands 
the median HLR is 3.05 cm/day and approximately 25 % of 205 FSW studied had higher 
HLR than 10 cm/day thus, Ekeby wetland has a fairly high HLR compared to other FWS 
wetlands.  

The flow into the STP and consequently the wetland also varies extensively. This results 
in a large variation in weekly, monthly and yearly flows.  The flow was generally lower 
during (April-October) than during (November-March).  

The temperatures measured in the channel in between the two parts of the system were 
always below 8 oC during November-March and it has therefore been assigned as the non-
vegetated season. The average temperature in April was 9,75 and in October 8,91 oC.  

Nitrogen removal over the system is presented in Table 1. Most of the nitrogen was 
removed during April-October but 0-30 % was also removed during November-March. 
Median yearly removal of TN was 167 g/m2 and thus slightly higher than the median value of 
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129 for 116 FWS systems analysed by Kadlec and Wallace (2009). There is no trend 
indicating a change in removal efficiency with age as seen in Table 3.  

The relationship between flow and nitrogen parameters is presented in Table 2.   

Table 1.  Total nitrogen removal in Ekeby wetland. 

Year Whole 
year 
(kg/ha) 

% Total 
nitrogen 
removed 
whole year 

Season 
April-
October 
(kg/ha) 

% TN 
removed 
April-
October 

% TN removed during 
April-October of total 
yearly removal  

2002 1532 14 1274 22 83 
2003 1878 17 1410 23 75 
2004 1458 14 1120 20 77 
2005 1666 20 1349 27 81 
2006 1624 18 1255 26 77 
2007 1683 17 1314 26 78 
2008 1829 18 1443 27 79 
2009 1308 14 1308 26 100 
2010 1766 17 1240 21 70 
2011 1941 20 1617 31 83 

 
Table 2. Relationship expressed as determination coefficients (R2) for April- October based upon yearly 

values, n=10. The values in bold style are statistically significant at p<0.05.   
 

Independent 
variable 

Dependent variable 
Total N weekly 
averages at outlet 
(kg)/year 

Sum total N 
out/year (kg) 

Total N removed/ha 
and year 

% total N 
removed/year 

Inlet flow: weekly 
averages (m3)/year 

0.03 
 

-0.10 
 

0.47 
 

0.30 
 

Sum inlet flow/year  
(m3)  

-0.11 
 

-0.08 
 

0.64 
 

0.01 
 

Total nitrogen (kg) 
weekly averages in 
/year 

0.91 
 

0.75 
 

-0.06 
 

0.33 
 

Sum total nitrogen 
in/year (kg) 

0.65 
 

0.94 
 

0.14 
 

0.25 
 

 

CONCLUSIONS 
Ekeby wetland shows average total nitrogen removal efficiency compared to other FWS 

systems. Removal of nitrogen over a ten year period is predictable with no indication of 
change due to age or increase in flow. Temperature effects on removal are evident. Further 
statistical analyses are in progress.  
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