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CHAPTER I 
 

INTRODUCTION 
 
 
 
 

Uncontrolled discharge of nutrients rich wastewater to the environment is a common 
source of pollution. Both nitrogen and phosphorus, along with carbon, are essential for 
growth. When discharged to the aquatic environment, these nutrients can lead the growth 
of undesirable aquatic life and they are partly responsible for the eutrophication of surface 
water. When discharged in excessive amounts on land, they can also lead to the pollution 
of groundwater. 

 
The presence of nitrogen in a wastewater discharge can reduce the amount of 

dissolved oxygen below the necessaries levels to fishes and other animal; are extremely 
toxic to aquatic live; contribute to the eutrophication; and it is a potential public health 
hazard in water consumed by infants. 

 
To treat wastewater, natural systems can be used as well as the typical conventional 

systems. Natural treatment systems require the same amount of energy input for every 
kilogram of pollutant that is degraded as conventional biological treatment systems; 
however, the source of this energy is different in natural systems. Natural treatment 
systems rely (to a greater or lesser extent) on renewable, naturally occurring energies, 
including solar radiation; the kinetic energy of wind; the chemical- free energy of 
rainwater, surface water and groundwater; and storage of potential energy in biomass and 
soils. Natural treatment systems are land intensive, while conventional treatment systems 
are energy intensive (Kadlec and Knight, 1996). 

 
One of the most usual natural systems is constructed wetland. IWA (2000) sets out 

that there are different types of constructed wetlands and they can be classified according 
to the position of the free water layer (underneath or over the ground) as free water surface 
(with emergent macrophytes; free-floating macrophytes; floating- leaved and bottom-rooted 
macrophytes; floating mats; and submersed macrophytes) or as subsurface flow treatment 
wetlands (horizontal- flow systems; vertical- flow systems; and hybrids). 
 

Constructed wetlands have proven to be an effective and affordable alternative to 
reduce BOD, suspended solids and even to reduce the concentration nutrients from 
domestic wastewater, if the design, operation and establishment of the system meet certain 
conditions. Vertical flow constructed wetlands efficiency in producing well nitrified is 
widely documented (Cooper, 1998; IWA, 2000; Brix et al., 2002). Although, and due to 
the nature of the nitrification-denitrification process and because the treated effluent is 
oxygen saturated and with the low availability of carbon in the wetland, the removal is 
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bound to be limited. That is because the nitrification process converts Kjeldahl nitrogen 
into oxidised compounds in aerobic conditions but denitrification occurs in anoxic 
conditions and with the necessary amount of carbon in which nitrate is converted into 
nitrogen gas. Alternative ways to remove nitrogen exist but they are not as efficient and 
increase costs. 

 
We hypothesised that recycling a determined volume of the fully nitrified effluent to 

the pre-treatment unit (sedimentation tank), where conditions are more favourable for 
denitrification, the removal of total nitrogen from the wastewater can be enhanced. Thus, 
we monitored the process in a full scale experimental vertical flow constructed wetland, 
consisting of a sedimentation tank, two vertical flow beds of 10 and 5 m2, a phosphorus 
filtering unit and the necessary pumping equipment and controllers to manage the loading 
and recycling volumes. The results have shown a correlation between total nitrogen and the 
recycled, while maintaining good removals rates of all the typical domestic wastewater 
quality parameters. The total-N removed rate reached levels above 60%. These results have 
been validated in an operational single house autonomous system that has operated with 
recycling. 

 
The phosphorus removal was gathered in the phosphorus filtering unit given that 

subsurface flow constructed wetland systems treating domestic sewage are known to be 
poor in removal phosphorus (Brix, 1998, Vymazal et al., 1998). Phosphorus removal 
occurs basicaly from settlement and from precipitation reactions with aluminium, iron and 
calcium but the amount inside the wetlands is limited and can be rapidly washed and 
incorporated again in the system. 

 
The study took place in the vicinity of Århus (Denmark), between October 2002 and 

January 2003. The study consisted of separate; three consecutive days grab sample 
campaigns, which evaluated the overall performance of the system. Samples were taken 
from 5 different point located along the water flow line. The characteristic wastewater 
paramaters were evaluated at the Department of Plant Ecology of Aarhus University. 
During all the campaigns, the wastewater treatment operated with approximately the same 
inlet flow, while the reycled percentage of treated wastewater varied (0%, 100%, 200% 
and 300% respectively). 

 


