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CHAPTER VI 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
 
 
 
6.1  Conclusions  
 
This study was carried out between October 2002 and January 2003 and it has 

presented the removal processes of different wastewater parameters, its performances, the 
nitrogen removal cycle, under different recycling percentages and the phosphorus removal 
in both experimental and real conditions for a vertical flow constructed wetland. The 
percentages recycled were as follows: 0%, 100%, 200% and 300% at the Trige plant and 
between 100% and 200% for the Mosehuset plant. 

 
From the data analysis of both Trige and Mosehuset one can conclude that: 
 
• Trige experimental plant was able to remove over 95% of TSS as concentration 

after the first bed (concentration below 10 mg/l) in all the runs. The most 
important removal occurred in the sedimentation tank (over 75%) due to dilution 
and settlement. At the end of the system removals over 99% was accomplished. 
In the Mosehuset plant, partial removals in the bed were over 90% and 
concentrations at the outle t were below 12 mg/l in all the cases. In both plants, 
the volume recycled helped in the removal efficiency as concentration due to 
dilution. 

 
• Removal performances of COD for the Trige plant was related to the amount of 

TSS removed. The removal percentages evaluated as concentrations were over 
85% in all the runs after the first bed and it was not improved in the subsequently 
operation units. BOD removals in the Mosehuset plant were over 95% after the 
bed (concentrations below 15 mg/l) in all the runs. The dilution effect helped in 
the runs with recycling to have better removal percentages. 

 
• For the plant at Trige, the amount of dissolved oxygen inside the sedimentation 

tank increased whenever a higher volume of treated water was recycled, ranging 
from 0 mg/l for the 0% recycled run to 8 mg/l for the 300% run. In the 
Mosehuset plant, oxygen inside the sedimentation tank only was available when 
the system worked with recycling with values between 0.1 to 2 mg/l. 
Theoretically dissolved oxygen in the reactor does not favour denitrification, but 
denitrification took place in the sedimentation tank for all the recycling 
percentages and in both plants. The intermittent supply of wastewater and 
recycled water generated cycles in which oxygen was being consumed and 
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anoxic conditions predominated until the following supply. Furthermore, it is 
possible that within the sedimentation tank “anoxic patches” occurred and where 
conditions for denitrification can be found. 

 
• Oxygen concentration in both Trige’s beds was over 12 mg/l and consequently, 

nitrification could develop. For the Mosehuset plant, dissolved O2 concentration 
raised to 6 mg/l as a maximum and as a result nitrification also took place. 
However, and regardless of the amount of oxygen, denitrification also occurred 
due to anoxic microzones. 

 
• While operating with 0% and 100% recycling, the Trige plant removed ammonia 

and TKN in both beds. For the runs with 200% and 300% recycling, some 
nitrification occurred in the sedimentation tank, due to the amount of oxygen 
available. Percentages of TKN and ammonia removal at the outlet of the system 
were over 98% in all the runs. For the Mosehuset system, the highest amount of 
TKN and ammonia removal when operating without recycling took place while 
the wastewater tricked through the bed. However, the bed was not able to remove 
them completely maybe due to the bed was not deep enough or even not an 
empty bottom so not enough convective air flowed. In the cases with recycling, 
the most important removal of TKN and ammonia occurred in the septic tank, 
due to dilution and the dissolved oxygen available. Concentrations of TKN and 
ammonia at the outlet of the bed were close to zero. 

 
• The denitrification process in both plants occurred in all the cases in both the 

sedimentation tank and the first or the bed, depending on the plant. The mass 
balance in Trige reveals that the largest amount of nitrogen removed occurred in 
the 300% (25 g/d) followed by the 200% recycling and the 100% run (17 g/d and 
12 g/d respectively). However, the amount of nitrogen disposed to the 
environment was similar among the cases with recycling (p = 0.106). Hence, it 
can be conclude that the best percentage in the Trige plant was the 100% because 
it was the one that consumed the less amount of energy. The mass emission rates 
in all the runs with recycling at the outlet were below 12 g/d (or below 19 mg/l as 
concentration). 

 
• The recycling in the Mosehuset plant permitted to reduce the concentration of 

nitrogen in the septic tank because a large amount of nitrate was removed due to 
the almost anoxic conditions. In the non-recycling cases a great amount of 
nitrogen was removed in the P-filter unit because of its anoxic conditions, even 
though it was not its purpose. Concentrations at the outlet of the system were in 
all the cases below 50 mg/l and decrease close to zero in the lake. 

 
• The mass balance shows that the best performances in nitrogen removal for the 

Trige plant corresponds to the 200% run, with a 28% and 25% for the tank and 
the first bed respectively. 

 
• In the Trige plant, 100% and 200% runs were able to remove the whole amount 

of nitrogen through the system whereas the 300% run was not able to do it. 
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• The second bed of the Trige plant is not necessary since the first bed can meet 
with the discharge requirement. 

 
• Elimination of phosphorus occurred basically in the P-filter units. When this 

element lost its P-binding capacity, as it occurred in Trige, the system was not 
able to remove phosphorus significantly. Furthermore, from the Mosehuset plant 
Arias et al. (2002) suggest that when the P-binding capacity is low it is possible 
to increase it whether the HRT increases. 

 
• To avoid temperature losses and isolate the beds, wood chips was used and their 

results are satisfactory as it is supported from the winter bed data from 
Mosehuset. 

 
 
6.1  Recommendations  
 
It would be interesting to take into account the following suggestions: 
 
• To have a better understanding of what was happening inside the beds and with 

reference to the denitrification process it would be of interest to extract samples 
of the media and analyses them, in order to identify anoxic microzones. 
Something similar should be able to be done for the sedimentation tank since it 
was also capable to denitrify even when oxygen concentration was higher than 2 
mg/l. 

 
• In order to remove wastewater parameters and comply with the law, only one bed 

in necessary. The second bed in the Trige plant did not improve the elimination 
results significantly. 

 
• The granular media of the bed in the Mosehuset plant needs a major proportion 

of fine material in order to increase the HRT and consequently improve the 
removal of TKN and ammonia. 

 
• The external P-removal filter unit filled with calcite or similar material capable of 

removing P is a good solution to remove phosphorus because constructed 
wetlands by themselves are not capable to reduce and sustain the removal to 
typical demands. 

 


