
 

 
Phytodepuration: the most natural way to 
purify wastewater 
 

Phytodepuration is a natural wastewater purification system that uses the principle of 
self-purification typical of aquatic environments. Purification is carried out through specific 
interactions between soil, bacteria and plants. 
Upstream of the process, a primary treatment must be carried out to remove coarse solids 
through a sedimentation phase and a mechanical treatment of solid-liquid separation that 
eliminates almost all the solid matter. 

After this phase, our wastewater is ready to begin the phyto-purification process using 
physical, chemical and biological pollutant removal mechanisms (organic matter, nitrogen, 
phosphorus and pathogens) that mimic those that occur naturally in aquatic areas and 
wetlands (e.g. swamps). 

 

How does it work? 

 
A= Diagram of the matter cycle for carbon in a closed ecosystem 

B= The same simplified diagram 

P= Photosynthesis 

R= Respiration 

(From ANPA manual). 
 



 

In the diagram we can see what processes are involved in water purification in a naturally 
occurring closed ecosystem, such as a pond. In this type of environment there are 
purification systems based on the interaction between the different forms of life that inhabit 
that space. 

More simply, organic carbon is transformed into inorganic carbon by the respiration 
processes of living things, then made organic again by plants through photosynthesis. 

The self-purifying capabilities of these environments can cope with a limited load of 
pollutants. To treat larger volumes it is necessary to build a real phytodepurator to amplify 
the natural process to the maximum. 

 

Biological purification processes 

To understand how the purification of pollutants in domestic, agricultural or industrial 
wastewater takes place, we must first understand the biological processes that regulate the 
functioning of this system: 

Photosynthesis: a process carried out by all plants present in the system, from algae to 
plants. Using carbon dioxide present in the atmosphere and sunlight, it allows the 
synthesis of oxygen and carbon (along with hydrogen from water) into glucose, a sugar 
of fundamental importance to plant life. These same chemical elements are also used in the 
processes of nitrification and respiration, moreover the roots transport part of the oxygen to 
the rhizosphere (the portion of soil that surrounds them) creating aerobic pockets in which 
microorganisms useful for the process of water purification can proliferate. 
Respiration: in the aerobic phase (therefore in the presence of oxygen) the glucose 
produced through photosynthesis is transformed into energy by the heterotrophic 
organisms present in the phytodepurator. The resulting waste products are carbon dioxide 
and water. 

Fermentation: in anaerobic phases (i.e. in the absence of oxygen) the organic substance 
decomposes thanks to some species of microorganisms which, with their metabolic action, 
transform it into methane, ammonia, hydrogen sulphide and volatile fatty acids. 
Nitrification and denitrification: transformation of ammonia present in the soil into 
elemental nitrogen N2 and nitrates NO3-. In this way in the beds in aerobiosis (vertical flow 
– nitrification) and in anaerobiosis (horizontal flow – denitrification) the oxidized 
ammoniacal nitrogen is removed by assimilation (it becomes plant food) or by 
gasification (it becomes a gas that is released into the atmosphere). 
Phosphorus removal: a process carried out by biofilms and macrophytes (macroscopically 
visible plants present in aquatic, marsh and gravel environments) which, by storing the 
phosphorus present in the wastewater, make it easy to remove from the sewage sludge. 
 



 

Pollutant removal mechanisms 
Once the organisms present in the treatment plant have implemented the biological 
processes outlined in the previous article, each pollutant is removed through specific 
mechanisms. 

Suspended solids: mechanical separation, sedimentation and filtration (steps 1-2-3). 
Organic matter (BOD): aerobic bacterial degradation (mainly step 4) and anaerobic 
degradation (mainly steps 3-5-6-7). 

Nitrogen: ammonification – nitrification – denitrification, root and substrate uptake 
(adsorption) (steps 3-4-5-6-7). 

Phosphorus: adsorption, root uptake, precipitation (steps 3-4-5-6-7). 

Pathogenic microorganisms: separation and sedimentation (stages 1-2), filtration, 
predation, adsorption, natural death and by stress aerobic and anaerobic environment and 
by action of antibiotics emitted by roots (steps 3-4-5-6-7). 

This is the base of Phyto-purification, a natural process that slowly transforms 
substances (which we could call organic pollutants) into nutrients for the ground and 
plants. 

In practice, the treatment of livestock effluents with natural Phyto-purification plants is 
accomplished by creating beds of gravel, stones, etc. that multiply the surface area on 
which enzymes and bacteria can work. 

Let’s see how the various phases are developed from farm to the end of treatment. 

 

Project Steps 
 

Step 1: Liquid-solid separation 

Fresh zootechnical effluents stay on the farm in the under-grid and collection pits and are 
then conveyed through sumps and channels to a high efficiency separator that extracts 
from 5% to 10% of dry matter consisting of hair, solid part and suspended solids. 



 

From the moment the slurry is created until it arrives at the separator, the residence time in 
the shed pits, collection sumps and connecting pipes can be estimated at approximately 7 
days. 

Hydraulic residence time TR= 7 days 

Sewage to be treated at the outlet: 95 m3/d 

  

Step 2: collection in tank with decantation 

Once the liquid-solid separation has taken place, the liquid part is put into an existing 
concrete tank with collection and decantation function. 

The liquid part will enter from one side at the bottom and will be taken in the upper part 
from the opposite side, in order to decant on the bottom any small solid parts not 
separated. Stainless steel separation baffles are provided 

The concrete tank measures 8x4x3 m, for a total of 96 m3 

Hydraulic residence time: TR= 1 day 

Total residence time: 8 days 

From the collection and decantation tank starts a PVC line that brings the liquid to the 
purification tanks, in this project dimensioned in 12 lines of 8m3/d each. 

We move on to the composition of one of the 12 lines of 8m3/d. 

  

Step 3: SFS-h horizontal sub-surface flow treatment 

The horizontal sub-surface flow treatment is biological and consists of a tank with an 
impermeable sheet. The plants planted on the bed of Phyto depuration have the natural 
ability to transport oxygen and lead it, through the stem, to the rhizomes. Already after a 
few months from the start-up of the plant, their surface will be covered with a bacterial film 
of microorganisms that are the real responsible of the purification process. The medium 
(sand/gravel filling) will be able to oxygenate naturally and the bacterial film will also 
extend onto the substrate itself. 



 

It is therefore a mixed treatment that works in anaerobiosis where the prevailing chemical 
processes in this phase are those of denitrification. 

A substrate of gravel and sand of variable grain size is placed inside the 85 cm high tank, 
consisting of: 

 non-woven safety fabric 
 60 cm of washed gravel with diameter 3-12 mm 
 10 cm of washed sand with diameter 0.2-0.5 mm 
 15 cm empty 

 

Slope of the bottom: 1% 

Plants used: among the known plants suitable for use, we opted for the marsh 
reed Phragmites australis or Typha latifolia, elophytes that have an excellent yield in 
biomass and that from an ecological point of view, are widely spread in Piedmont, site of 
the farm considered. 
Tank size: SFS-h 4 x 20 x 0.85 m 
At the beginning and at the bottom, a band of 1 m with large-sized material (washed 
stones) is devised in order to avoid the creation of preferential lanes for the wastewater 
with a consequent decrease of the purifying efficiency. 

The effluent is fed into the tank through a band of stones at 15 cm from the surface by 
means of a PVC pipe 110 mm in diameter, perforated across the whole width. 

The height of the effluent inside the tank, devised in 40 cm, is adjustable from the siphon 
in the outlet well while the effluent inside the tank is considered 200 lt/m2 
Total m3 of wastewater contained in the tank 80m2 x 0.2 = 16.0 m3 
Hydraulic residence time: TR= 2 days 
Total residence time: 10 days 



 

 
 

Step 4: Vertical sub-surface flow treatment SFS-v 

The effluent is fed discontinuously from the top (15 cm from the surface) downwards through 
4 PVC pipes with a diameter of 100 mm, perforated and positioned flat along the entire 
length of the tank. At the bottom of the tank is another collection pipe, perforated and open 
to the outside, which, together with the discontinuous arrival of effluent, oxygenates the 
substrate. It is therefore a predominantly aerobic system where the chemical processes 
involved are those of nitrification. 

A substrate of gravel and sand of varying grain size is placed inside the 85 cm high tank, 
consisting of the bottom: 

- non-woven safety fabric 

- 25 cm of washed gravel with a diameter of 30-70 mm  

- 15 cm of washed gravel with a diameter of 10-20 mm  

- 20 cm of washed fine gravel with a diameter of 6 mm  

- 10 cm of washed sand with a diameter of 0.2-0.5mm  

- 15 cm voids 

Bottom slope: 1%. 



 

PVC aeration pipes perforated at the bottom with a diameter of 100 mm, 60 cm high and 
positioned 10 cm from the bottom of the tank,  

The effluent is fed discontinuously into the four pipes parallel to the tank to create an aerobic-
anaerobic situation ideal for denitrification-nitrification processes. 

Tank size: SFS-h 4x30x0.75 m 

The effluent is fed into the tank along its entire length from pipes (max. 100 cm apart) at 15 
cm from the surface by means of a PVC pipe with a diameter of 100 mm perforated along 
its entire width. 

The height of the effluent inside the tank, which is expected to be 20 cm, can be adjusted 
by the siphon in the outlet well, while the water inside the tank is 100 l/m². 

Total m3 of wastewater in the tank 80 m² x 0.10 = 8.0 m³ 

Hydraulic residence time: TR= 1 day 

Total residence time: 11 days 

 

 

 

 

 



 

Step 5: Horizontal sub-surface flow treatment SFS-h 

Same as step 3 

 

Total effluent contained in tank 80m² x 0.2 = 16.0 m³ 

Hydraulic residence time: TR= 2 days 

Total residence time: 13 days 

 

 

 

 

Step 6: Surface flow treatment  

Already at the outlet of the treatment in step 3, the effluent is odourless, and the further 
steps allow us to refine our purification with a surface flow. The water surface is exposed 
to the atmosphere with submerged aquatic plants (Elodea canadiensis which is a major 
producer of O²) and surface plants (water lentil or lemna minor) inside. 

Tank height: 100 cm 

Aquatic plants: Elodea canadiensis, algae and water lentil 

Bottom slope: 0%. 

Tank size SFS-h: 4 x 30 x 1 m 

The height of the liquid inside the tank is adjustable from the siphon in the outlet shaft and 
is expected to be 90 cm, the wastewater content inside the tank is considered to be 833 
l/m². 

Total wastewater content in the tank 80m² x 0.83 = 66.0 m³ 

Already at this stage the breeding of cyprinids, frogs or other compatible species in the 
tanks is planned. 

Hydraulic residence time: TR= 8 days 

Total residence time: 21 days  



 

 

 

Step 7: the lakes 

At the end of our purification process, the last phase of refinement-safety is planned with 
two artificial lakes that allow us to considerably increase the residence time (time 
efficiency) and safety (in critical moments, we have an additional lung). 

The lakes will be waterproofed with a suitable UV-resistant sheet.  

Inside, it is planned to introduce cyprinids (carp, tench) or/and amphibians which, together 
with the production of biomass from mowing (phases 3-4-5) and algae (phase 6-7) should 
allow the company to pay the maintenance costs as well as being a marker of the 
efficiency of the system. 

This vision of the purification plant (with integrated aquaculture) should lead to an 
oversizing of the phyto-purification plant in the final part of the surface tanks and the lake 
because it is convenient regardless. 

Therefore, we do not try to minimise space and initial investment but, in line with natural 
logic, we give space and time to nature so that it can transform effluent into water. 

The residence time of the first 6 phases is 21 days, for the final lakes we foresee an 
extension of about 10.000 m² with an average depth of 2 m and a containment capacity of 
20.000 m³ for a residence time of about 208 days considering an input of 96 m³/d. 

In total: 

Residence time 229 days 

 



 

 

Additional safety measures 

If we consider the rainfall against and the evapotranspiration of the plants and the 
evaporation of the lake in favour, in 365 days we would have a decrease of liquid that 
would increase our residence time by 72 days. 

Rainfall = 1300 mm/m²/year 

Evapotranspiration-evaporation 1800 mm/m2/year  

In practice, each m² of treatment surface would still evaporate 500 mm/m²/year, i.e. 13,840 
m² x 0.5 m³ = 6920 m³ evaporated / 96 m³/d = 72 extra days of residence time that we do 
not take into account. 

 

Ordinary maintenance 

i.e. cleaning of the site with annual mowing of the terrestrial biomass (marsh straw) and 
algae and transport of the same to the company biogas plant where present. 

 

Extraordinary maintenance and plant life 

The plant is extremely simple. 

It consists mainly of a sheet, sand gravel and plants. 

The parts that may need extraordinary maintenance are: 

- Sheet: this is the type of sheet normally used for landfills and ponds to contain 
wastewater, with a minimum lifespan of 30-50 years.  

- Substrate: composed of sand, gravel, and stones. The solid separation and settling 
phases ensure that only the liquid parts reach the tanks, thus avoiding clogging.  

If a tank were to clog, there would be no problem in intervening, because it would be 
enough to close the line to be controlled and work on that one. 

Having 12 separate lines, we have the possibility of carrying out maintenance without 
compromising in any way the purification of the plant. 

 

THE BENEFITS: 

 

FOR AGRICULTURE AND LIVESTOCK 

Development of a technology that will allow many livestock farms to reduce their slurry 
management and therefore production costs. 

Onerous land dedication for slurry disposal will no longer be necessary. A farm will be able 
to sell land that was not part of its core business and invest it in animal husbandry. 



 

There should be no more costs for renting or selling land above its true value (again 
because of the need for sewage disposal). 

 

FOR THE ENVIRONMENT 

The advantages for the environment are enormous! 

The idea of transforming a degraded and polluting area into the opposite is at the heart of 
the design effort. 

Thousands of above-ground concrete ponds will be replaced by hectares of reeds and 
lakes with O² development instead of greenhouse gases (mainly CH4), with wetlands 
where frogs and waterfowl will find outlets and small oases instead of degraded areas. 

Another advantage for the environment is the safety of these plants. 

The law on sewage disposal stipulates a nitrogen load per hectare of land, but this is all on 
paper; in practice, sewage is spread more on land adjacent to farms than far away, 
causing groundwater pollution. 

With phytodepuration we have a residence time that allows us to compensate for weeks of 
continuous rain and cold months that extend beyond the season.  

Of all the existing purification plants, phytodepuration is a 100% natural process. There is 
no human intervention or addition of chemical solutions. The plant works slowly and 
naturally on its own, which means greater safety! 

Once the system has been installed, the only thing you must do is check for blockages (in 
which case you can simply bypass the faulty line and act). 

Compared to traditional technologies such as mechanical oxygenation, biodiscs or 
activated sludge, this purification system cannot shut down, so the plant always works 
even in the absence of electricity. In addition, it can absorb hydraulic and organic 
overloads because they would be averaged over the next 6 months. 

This pilot project is the beginning of a path that leads man to work with nature for nature's 
sake and not against it, as has been the case up to now (purifying sewage with 
cement/electricity and throwing ammonia/methane into the atmosphere are both polluting 
and uneconomic). 

The natural continuation of the project will be to purify the sewage of cities and towns, 
creating areas where it will be possible to use them for recreation-parking. In fact, one of 
its goals is to purify on site through nature and the soil without eutrophicating our streams, 
rivers, and sea etc.  

 

FOR FARMERS 

In the face of the inconvenience of construction work, the farmer will find himself with a 
"natural" plant that will allow him to considerably reduce the costs of wastewater disposal. 
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