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The comprehensive enhancement of the environment is an important task 
in Hungary too in order to maintain and improve the life quality of both 
humans and other living creatures. Waste water treatment and solid 
waste management have become significant issues since joining the 
European Union. Thus it has become timely to develop or borrow an 
effective and attainable sewage water treatment technology adapted to 
Hungarian circumstances. Some prototypes of waste water treatment 
plants that use natural or constructed wetlands (reed beds mainly) have 
already been established in Hungary as experiments or everyday 
function. In Hódmezövásárhely (HU) a demonstration site has built that 
shows different types of treatment systems based on plants. Present paper 
introduces environment friendly waste water treatment technologies and 
the principles of their establishment and function. 

 
 

Key words: constructed wetland, waste water purification, 
ecological plant 

 
INTRODUCTION 

 
There are several different ways to treat the sewage water. The 

present practice to drainage from each other long distance situated 
setlements, to get subsidy for the local authorities, but the running of these 
very expensive and not environment friendly. Dealing with the treatment of 
communal sewage water is our important interest, in the second place we 
have to fullfeel the environmental standards in connection with the joining 
to the European Union. In Hungary there are many half ready made plans in 
the case of villages counting drainaging with one bigger setlement’s sewage 
water treatment plant transporting the wastewater through 10-20 km. 
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According to sustainability analysis this solutions produce enormous 
environmental deficit. In the case of small setlements is a manifest solution 
the environment friendly sewage water treatment technology, inside it the 
utilisation of the constructed wetland technology (reedbed, cottonwood 
systems). These plants are offered first of all for setlements under 2000 
inhabitants or for treatment of waste water originated from milking parlour 
of dairy cattle, milking goat or sheep farms.. They are more cost effective to 
install and simple and less expensive to run compared with the conventional 
biological and mechanical purification plants.  
The advantages of ecological waste water purification plant are the 
following: 

-low investment costs (the sewage network is necessary of course); 
-low maintainance and running costs(there is no energy consumption in 
the purification; 
-there is no utilisation of chemicals and no secundary sewage sludge; 

      -landscape fit, environmental installation. 
 
 
 
 

MATERIALS 
 

Environment friendly waste water treatment technologies 
 

Environment friendly waste water treatment technologies utilise renewable 
energy (sunshine, wind power, water energy); and small quantity of 
artificial material (HDPE foil, concrete, etc.) is used when they are 
established. Environment friendly technologies usually need more space 
while traditional technologies need more energy (Vermes 1997, Pásztor 
2003),  
 
Constructed wetlands 
 
In Europe, subsurface flow systems were used first for the cleaning 
domestic wastewater as one of the environmentally friendly waste water 
treatment methods. These systems provide the most stable functioning in 
winter, they gave out a negligible smell, and they have the smallest 
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biological hazard because of the subsurface flow. Reed bed systems cannot 
be used to filter large quantities of floating material because they tend to 
clog. This technology can be defined as a biofilm cleaning system, whose 
main task is to transform and break down solutes on a biologically active 
film surface. Hydraulic load provides for the nutrient and oxygen supply so 
the hydraulic and the specific biological load should always be balanced. A 
key element of the reed bed waste water treatment is the degree of pre-
decantation because this way the biological load of the plant can decrease. 
Constructed wetlands have two types based on the flow of the water: 
horizontal subsurface flow wetlands and vertical subsurface flow wetlands. 
 
Horizontal subsurface flow wetlands 
 
In case of the horizontal subsurface flow wetland technology, the incoming 
waste water filters through a porous media (gravel, soil) and on the other 
side it can be collected and piped after it has become clean. Passing through 
a system of aerobe, anoxic and anaerobe zones, the waste water goes 
through the following cleaning mechanisms: microbial degradation, 
chemical transformation and physical filtering. 
The plants most frequently used are: reed (Phragmites australis), reed grass 
(Phalaris arundinacea), water mannagrass (Glyceria maxima), and bulrush 
(Typha sp). 
Organic material is broken down on the surface of the roots and of the 
media by the activities of anaerobe and aerobe micro organisms. The 
oxygen gets into the soil from the air with diffusion and by the roots 
(through the ventilating tissues of the stem). The oxygen transport of the 
root of the plants is not enough for the complete aerobe breaking down so 
anoxic and anaerobe processes play a significant role as well. Residual and 
floating material may disappear from the water with good efficacy by the 
processes of filtering and consolidation.  
The nitrogen concentration decreases mainly by nitrification and 
denitrification but also by adsorption, volatilization, and nutrient uptake of 
the plants. The oxidation (nitrification) of ammonia into nitrate depends on 
the oxygen content of the soil. Research has shown that the roots of the 
plants cannot provide sufficient oxygen supply, so nitrification cannot be 
complete in horizontal subsurface flow wetlands. 
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Vertical subsurface flow wetlands 

 
A subsurface vertical flow wetland is also a plantation (usually reed) 
constructed on porous media (layered sand, gravel). But the way it works is 
different from the horizontal flow wetland.  The wastewater is pumped on 
the surface (or directly under it) in phases, which - after spreading - begins 
to filter downwards “pushing” the air bubbles in the pores of the soil in front 
of itself. In the aerobe media that develops this way, the breaking down of 
organic material and the nitrification of ammonia can take place with the 
cooperation of micro organisms. The process can only be carried out 
intermittently because before flooding, the pores of the soil have to take up 
air again and it takes time. The oxygen intake from the roots is negligible 
compared to the process detailed above. 
However, it has to be noted that in case of incorrect management 
(permanent flooding); even worse oxygen transport can result than in 
horizontal flow wetlands. The ability of this system to dispose of floating 
material is little so a horizontal flow wetland is often attached to it. Lately, 
the vertical flow wetlands have become more prevalent because there is a 
greater need for environmentally friendly technologies that are able to carry 
out nitrification and denitrification (IWA 1995 and Mahlum 1998). 
 

Comparing vertical and horizontal flow wetlands 
 
The greatest difference between the horizontal and vertical flow wetlands 
are in their oxygen supply. There are three ways of increasing the oxygen 
intake: the use of more porous media, intermittent wastewater pumping and 
by increasing the oxygen transport of the roots of the plants. Many authors 
deny the ability of the roots to transport oxygen and in the literature the 
quantity of their oxygen transport differs with an order of magnitude (20 mg 
– 12 g O2/m

2/day) (Vymazal 1998). That is why oxygen supply can only be 
increased by using vertical flow wetlands with porous media and 
intermittent pumping. Even a great quantity of oxygen transport of the plans 
does not seem to be sufficient. The best result can be achieved by 
connecting different types of wetlands one after the other. Thus the 
advantages of  both types can be exploited. 
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Oxygen 
 
Most biochemical processes in the root zone, such as oxidation, respiration 
and nitrification depend on the concentration of solute oxygen. The roots 
need oxygen, which is transported through the diffuse ducts of the stem 
(aerenchyma). The redundant oxygen having been diffused through the 
rootlets forms an aerobe zone in the so called rhizosphere. But this amount 
of oxygen is quickly used up for meeting local oxygen needs. 
In subsurface horizontal flow wetlands, oxygen is supplied by macrophytes 
and the surface diffusion of the media. The quantity of the oxygen supplied 
by the aerobe rhizosphere of the macrophytes is negligible in wintertime 
(when the reed does not function). The influent needs oxygen because of the 
carbon and the nitrogen content (ONN = oxygen need of nitrogen). 
 
The oxygen consuming processes have four main types:  
   the oxygen need of the residue and plant waste 
   the needs of respiration 
   the soluble ONN 
The oxygen need of the residue appears at the decomposing of the waste of 
the biomass produced by carbon fixation and of the residual organic 
material coming from the influent waste water. The greatest part of ONN is 
needed for the oxidation of the ammonium. In subsurface flow wetlands 
with continuous load the soluble oxygen concentration is nearly zero but in 
case of intermittent load oxygen supply may improve significantly. 
 
 
Chemical reaction (pH) 
 
The pH of natural wetlands can be very different from the alkali marshlands 
(pH 7-8) to the acidic peat-moss bogs (pH 3-4). The pH of the effluent of 
constructed wetlands is usually neutral or slightly acidic. In case of larger 
open water surfaces the pH may increase because of alga activity. In this 
kind of wetlands the pH oscillates: during the day it shifts to alkali and at 
night to the acidic direction. The organic matter that is produced in the cycle 
of growing, dying and decomposing causes natural acidity. Due to this fact, 
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the water-soil systems of wetlands prove to be better puffers against alkali 
than acidic influents. 
 
The extraction of nitrate  
 
Nitrate can be extracted much easier than ammonium ions in constructed 
wetlands. Still, the practice of wastewater cleaning demands nitrification, 
which can follow denitrification in the next step. Denitrification is much 
more sensitive to cold than nitrification. Although denitrification is 
significantly quicker above 10°C than the extraction of ammonia, at 15°C 
The speed constant of denitrification is 0.49 while that of nitrification is 
0.31. So the area demand of ammonia extraction is three times higher than 
the area demand of BOD decrease. In case of such a long time and large 
area, it is worth measuring the temperature of the water because there might 
be significant heat losses. 
 
 

The construction of wetlands for waste water purification 
 

The material of the media 
 
Soil 
 
The first constructed wetlands were made with soil media (Kickuth 
method). Despite the cheapness of soil, it often did not prove adequate. 
Because of little hydraulic conductivity, surface streams often appeared on 
the wetland and the waste water could flow directly to the outlet on the 
surface (Nuttall et. al 1997). However, wetlands are still constructed with 
soil matrix even today. Two plants like this are in operation in Hungary too 
(in Kám and Kacorlak). Although the signs of clogging are visible, these are 
among the best functioning constructed wetlands in Hungary (Vymazal 
1998). Gravel is usually placed in the sorting and collecting zones in order 
to decrease congestion.  
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Sand and gravel 
 
Layers of sand and gravel of different grain sizes on top of each other have 
become successful both in horizontal and vertical flow wetlands. The lowest 
layer is usually gravel of big grain size (13-32 mm) and the main media is 
coarse sand or gravel (5-15 mm) covered by crystal grain sand. In case of 
constructing wetlands with big BOD load, it is recommended to avoid sand 
media because the system can be congested. In horizontal flow wetlands 
gravel has been used lately because its hydraulic conductivity is 
significantly higher (6 * 10-3 m/s) (Billeter et al 1998). Despite good 
conductivity, it is advised to place bigger rocks (50-100 mm) in the 0.6 m 
area of sorting and collecting pipes to prevent congestion. The use of river 
gravel is more favourable than ground limestone because the previous one is 
less likely to pack. In vertical flow wetlands, coarse sand is used as the top 
layer, which facilitates a more even distribution of waste water on the 
surface. However, the problem may occur that the finer grains of sand are 
wash down into the gravel filling the space among them. The main mass of 
the media is usually gravel of 5-15 mm grains. 
 
Other matrix materials 
 
Limestone and marl has been successfully used as media in constructed 
wetlands for the management of acidic mine waters. For the extraction of 
heavy metals, some organic material matrixes have been used with success: 
e. g. peat, hay, coconut fibre, forest waste, mushroom compost etc. and 
another artificial materials.  
 
Insulation 
 
It is necessary to insulate the bed to prevent the pollution of underground 
water and the oozing of ground water into the wetland. If the soil or the clay 
on the spot proves to insulate sufficiently, it is enough to pack it. In areas 
where the dominant soil is karts, small rocks, gravel or sand, artificial 
insulation is necessary to be used. It might be needed to make laboratory 
tests to be able to choose the method of insulation. 
The most important artificial insulators are concrete, asphalt, synthetic 
rubber, and plastic foils (e. g. 0.5-10 mm HDPE). The insulator has to be 
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strong, thick and smooth enough to prevent the roots from sticking to it and 
perforating it. If the soil contains sharp rocks and pebbles, sand and / or 
geotextile should be laid under the foil to prevent perforation and it is 
advised to put geotextile even on top of the insulating layer. In case of 
smaller constructed wetlands, plastic insulators can be profitable; otherwise 
the use of packed clay or concrete is more expedient. 
 
Plants 
 
In the constructed wetlands, the species that should be planted have to grow 
fast, develop large ramifying roots and tolerate the habitat well, which is 
often covered with water. The following species meet these demands: 
Phalaris arundinacea, Typha sp. (bulrush), Scripus sp. (club-rush), Glyceria 
maxima (water mannagrass), Phragmites australis (reed), and Carex sp so 
these plants are used in constructed wetlands.  
The most popular plants are Phragmites australis, Miscanthus floridulus 
and Iris pseudacorus performed well in the tests (Mia Van Dick and Rob 
Van Deun 2009).  
 
 
The role of plants 
 
The roots of the plants stabilize the soil so they alleviate the effects of 
erosion. The underground parts of the plants loosen the soil; and channels 
develop along the roots and in place of rotten roots where water can flow 
freely. So the media becomes less compact and an adequate hydraulic 
conductivity may remain for a longer time. The died plants accumulating on 
the surface of the root zone serve as an outstanding insulator especially if 
the plant waste is covered by snow. The fact that the constructed wetlands in 
the temperate climate are frost-free (or only its surface freezes) is due to this 
layer. However the same media can hinder quick warming in spring. The 
underground parts of the plants (stem, root, and rhizome) provide a large 
surface for micro organisms to settle on and the micro organisms on the 
resulting bio film take part in the breaking down of waste material without 
the danger of being washed off. The other task of the roots and the rhizomes 
is to supply oxygen to the media in the surroundings of the roots. In the 
aerobe rhizosphere that is formed this way, bacterial break down can occur, 
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which needs oxygen. The plants need nutrition so they necessarily play a 
part in the process of the elimination of nitrogen and phosphor. However, 
the quantity of the intake of the plants is significant only if the plants are 
regularly harvested. If they are not harvested, the dead parts of the plants 
break down in the root zone and the majority of their nutrients are dissolved 
in water again. The long-term storage of nitrogen and phosphor can occur 
because died parts of the plants do not break down completely so a part of 
the nutrients can accumulate in a fixed form. Besides, living plants make the 
waste water purification plants look more aesthetic and serve as a new 
habitat for animals (birds, reptiles, etc.). 
 
 
Planting 
 
A rarely used method is raising from seeds because it is difficult to create 
adequate circumstances for germination. However, it could be much more 
productive to raise the plant under glass.  
Reed can be multiplied from the stem, too. We can raise a new plant by 
cutting the 60-70 cm long stem at the stock and putting it in wet soil. This 
method is the simplest but great success can hardly be expected. 
The most recommended and productive method of all is multiplying from 
rhizomes. First, rhizomes that have 10-15 cm long buds should be collected 
by detaching them from the parent plant. Then these rhizomes should be 
planted on the wetland. 
Plants raised under glass can be planted with great success in the same way 
but this method is much more expensive. 
Another simple method of creating wetland beds is transplanting developed 
plants. The plants have to be removed as a whole with a spade or plough 
then they have to be transferred to the new plot and be planted again. This 
technique can be used where the plant needed is abundant and its collection 
is legally permitted. 
The plants should be planted in a denseness of 6-8 stock/m2. Higher 
denseness means more plants and results in quicker multiplying in the 
beginning, so probably fewer plants will have to be added next year. 
Adequate water level control helps the development of the plants and 
hinders the development of dry land weeds.  It is favourable if irrigation is 
provided, too (Nuttall 1997).  
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Evironment friendly sewage water treatment technology in 

Hódmezővásárhely 
 
In 2003 started a co-operation with the University of Szeged, College of 
Agriculture in Hódmezövásárhely, the so-called "TOKAI project". This 
project  concluded by the end of 2007. A constructed wetland was designed 
for treatment of the wastewater from the pilot farm milking parlour. This 
project is funded by the Flemish government (Co-operation programme 
between Flanders and Central and Eastern Europe).The main aim of the 
TOKAI project is the transfer of knowledge concerning extensive 
wastewater treatment processes based on constructed wetlands. In Flanders 
many different types of constructed wetlands are in use to treat the 
wastewater from small communities and SME’s, farms and individual 
households. The Katholieke Hogeschool Kempen (a university college in 
Geel, Flanders) is since 1994 involved in applied research concerning 
constructed wetlands. 
In Hódmezövásárhely a demonstration site is built that shows different types 
of treatment systems based on plants.  The first stage is a pre-treatment in a 
septic tank. The next stage is a constructed wetland with vertical subsurface 
flow followed by a horizontal subsurface flow wetland. These wetlands are 
planted with Phragmites sp. And Carex sp.. The effluent flows in a 
stabilization pond and is discharged through a drainfield planted with poplar 
trees. This system treats the wastewater of the milking parlour of the pilot 
farm. 
 
 
 

 
SUMMARY 

 
 
The task of wastewater purification is cleaning the water that flows into the 
purification plant from its harmful constituents or to decrease the quantity of 
these constituent so that the effluent is not environmentally dangerous, does 
not cause eutrophication in the recipient natural water nor harm to public 
health or the economy; that is it does not limit the further utilisation of the 
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recipient water in the industry, agriculture or in any other way. However, 
the level of purification should be justifiable by the need of the quality of 
the recipient water because a greater level of purification would cause the 
expenses to rise sharply. Emission standards are tools for the regulation of 
water pollution that directly or indirectly influence technologies that 
decrease water pollution. The limit values in case of communal waste 
waters can be expressed in the waste material discharge per one inhabitant 
or in the maximum allowed concentrations of discharged waste water. The 
Hungarian standard prescribes limit values in specific catchments areas and 
according to water use demand.  
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