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Constructed wetlands are an alternative and ecaradignireasonable way for the
wastewater from dispersed development treatmenistiby systems showed that the
effectiveness of this treatment is high. The whindatment process depends on many
factors such as time of operation, type of fillilgmperature. Constructed wetlands with
proper construction and operation are safe foethéronment and users.
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1. INTRODUCTION

Constructed wetlands as a technology of wastewsatment was developed in
Poland from early nineties of the twentieth centunyainly due to low

construction cost and maintenance-free operatipnTBe simple design and
cost much lower in comparison with conventional stauction of wastewater
treatment plants resulted in their wide applicafibhy .

Constructed wetlands is based on many differencgases such as
sorption, sedimentation, evapotranspiration, chahpcoperties of wastewater,
biological activity of microorganisms and plantsiogcumulation and
biodegradation) [8, 14, 17, 18].

The aim of this paper is a brief discussion of wastter treatment solutions on
constructed wetlands.
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2. THE MECHANISM OF WASTEWATER TREATMENT IN
CONSTRUCTED WETLAND

Each wastewater treatment plant should be basedatoteast two-step
purification. The first one should be mechanical &eptic tank and the second
one — biological [15]. Individual system of wastegratreatment begins in a
septic tank. Debris, during the sedimentation pgecereates bottoms where
facultative and anaerobic bacteria lives. Anaeraliestion leads to a partial
liquefaction of the sediment. As a result of thetbda more stable organic
compounds and gases are formed. Gases from therfetion are discharged
through the ventilation system. Hydrogen sulfidenbine with metals contained
in the sludge and form insoluble sulphides, whignificantly eliminates odors.

This first step in the sewage treatment processsaptic tank takes 2 to 3
days. After this step clarifier effluent with sifjoant decrease content of fat
and slurry flow to wetland.

Wastewater treatment in constructed wetland isobogical process that
occurs through the involvement of heterotrophic rodcganisms and
hydrophytes. Porous tissue present in wetland plsumpply the reservoir whith
atmospheric oxygen, which creates around rhizonmeks heydrophytes roots
aerobic zones surrounded by anaerobic and anoxieszgl4, 17]. This
combination of aerobic and anaerobic zones iseskttbwn with a whole range
of various microorganisms. Favorable conditions romp the efficiency and
effectiveness of wastewater treatment [17].

3. REQUIREMENTSFOR CONSTRUCTED WETLANDS
TREATMENT PLANTS

Hydrophytic treatment plants, due to specifics bit construction, are
regulated on three main factors: pollution reduttiocation and space.

2.1. Pollution reduction

The maximum values of pollutants at the outlet led tvastewater treatment
plant is shown in Table 1. According to MinisterErivironment Regulation [6]
indicator of pollution, such as BQ@Dmust be reduced to 20% and total
suspended solids to 50%.

Table 1. The maximum values of pollutants at thiéebof the wastewater treatment
plant

The maximum allowed value of the indicator for
the system below 10,000 PE
1. | BODy 40
2. | COD 150

Nr. Indicator, mg-dr
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3. | Total suspended solids 50
4. | N, 30
5 | Pa. 5

*

o

nly in the wastewater discharged directly irakds and to the artificial water reservoirs

2.2. Location of the septic tank

Location of the septic tank must comply with thedidons defined in [4, 5]:

— it should be located at least 5 meters from thedwivs and doors fo the
inhabited building.

— The tank can be placed in the immediate vicinitythe#f building, however
the venting from the tank will be constructed atske0.6 meters above the
upper edge of the external doors and windows.

— At least 2 meters from the border. It's possibléwdd it at the border itself,
however it must be adjacent to a similar devicaoeighboring plot.

— At least 30 m from the wells with drinking watendal.5 m from the highest
aquifer utility.

— Atleast 1.5 m of gas pipeline gas.

2.3. Theneed for space

Area required for the construction of the treatm@ant depends on the amount
of sewage inflow. Many authors indicate the valfres 2 to 20 rf for PE [8,
14, 17]. It is assumed that the minimum area requént for the root system
with horizontal flow, is approximately 57for PE, which should ensure that the
effluent BOD, value of 30 gn® [16].

2.4. Problemsof economic and location

Choosing the right treatment system depends ontype of building and
economic aspects. The dispersed development slioidd the designers and
investors to effective, reliable and relatively loast technology solutions for
the treatment of small quantities of wastewater].[1&dividual sewage
treatment systems, the cost of the operation ishnmower then in traditional
systems and depends on these factors [2]:

— type of wastewater treatment system,

- efficiency of wastewater treatment,

— chemical properties of pollutants.

4. THE CONSTRUCTION OF THE PLANT-SOIL FILTER

The right part of the treatment plant (plant-sief) performs several functions
[14, 17]:
— itis an environment for the biological treatmeragesses,
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— itis an environment for the development and groefthlants,
— provides a surface for the growth of microorganisms
— can be a decorative element.

Construction of the tank should be seald. Protact@mainst water
infiltration into the soil and ground water can peovide as a seal with an
impermeable material such as geomembrane [14].

The minimum thickness of the filter layer shouldoyde free plant
growth, however, should not be greater than 1.5me. typical thickness of the
filter vary from 0.60 to 0.80 m [14].

According to [14] the filter can be divided intoetHollowing zones
(fig. 1):

— Inflow zone. It’s built of stone, @ 40 to 80 mmtablength of 2 m.

- Zone | - 2 m (30% of the total length of the fijteit is composed of
particulate material which the filtration coeffioteof 1% of the rate of
filtration of pure material.

- Zone Il - 4 m (70% of the total length of the filtelt is made of a material
having a grain diameter of 20 to 30 mm, the ratBltoétion is the filtration
rate of 10% pure material.

— Outflow zone , with a length of 1 m. It's built (sa as inflow zone) of stone
with grain sizes 40 to 80 mm.
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Fig. 1. Selected zones in the constructed wetlfils

5. PLANTS

Plants growing on the constructed wetlands arelmghpwith simple substances
by microorganisms. Efficiency of this process rescth0-15% [17]. In addition
to partial assimilation of nutrients, plant also:
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— ensure the delivery of oxygen to the microorganjsms
— clears the filter and prevent clogging,
— use water in the process of evapotranspiration.
For soil-plant filter strongly recommended are pdanharacteristic of

wetland ecosystems. They should have the followhayacteristics:
vigorous growth throughout the year,
easily adapt to the environment and climatic coon,
resistance to pests,
developed root system.

The most commonly used plants inclugeragmites australisGlyceria
aguatica Typha latifolig Iris pseudoacornuandSalix viminalis

6. THE EFFICIENCY OF EXISTING SYSTEMS

The efficiency of wastewater treatment systems anstructed wetlands for
indicators such as BQRnd COD is very high and vary from 80% to 90% [1].
High pollution reduction confirm the publicationkaiher authors [10, 15]:

- BODs- 75 to 97.5 [%)]

- COD - 73.2 [%]

— suspended solids - 55 to 83 [%].

Studies carried out in the initial phase of treattmpglant (1997-1999)
showed average efficiency of B@@And total suspended solid reduction. It was
of 60.8% for total suspended solids and 87% for BQID]. Decress of the
efficiency is the result of the accumulation of amgc and inorganic substances
in the filter, which reduce water flow and the awtttime with the biofilm [7].
Clogging phenomenon does not occur as often iaréilfilled with gravel, in
which the removal efficiency of organic matter iatde in the first years of life
[3].

Better effects of pollution reduction can be acHivethe vegetation
will not be truncated before winter. Plantdll form a layer of thermal
insulation and space for bacterial flora growingnascrophytes root system [13,
12].

7. CONCLUSIONS

Based on the presented results it can be conchind¢d

— hydrophytic wastewater treatment plant for at leH3tyears of service,
ensure the removal of organic matter from wastemaitéhe required level.

— The effectiveness of the wetlands systems decreagiedime. This is due
to clogging of the filter.
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— Due to the high demand of the area this solutiore@mmended to the
stand-alone buildings, inhabited by a small nundfeesidents.

REFERENCES

1. Bflazejewski R.: Kanalizacja wsi. Wyd. Polskie Zrzeseelnizynierow
i Technikéw sanitarnych. Oddziat wielkopolski, Pa&r2003.

2. Boruszko D. Mitaszewski R., Piotrowski ®cena ekonomicznej
efektywngci komunalnej oczyszczakitiekow w gminie Sokghrocznik
OchronySrodowiska,15 (2013) 1086-1097.

3. Cooper P.F., Green BNetlands for wastewater treatment in Eurppe
Backhuys Publishers, Leiden. United Kingdom 1998.

4. Dz.U.2001 nr 62 poz. 627 Prawo Ochrditpdowiska — Ustawa z dnia 27
kwietnia 2001.

5. Dz.U. 2002 nr 75 poz. 690 Rozpadzenie Ministra Infrastruktury z dnia 12
kwietnia 2002 r. w sprawie warunkéw technicznyetkjm powinny
odpowiadé budynki i ich usytuowanie.

6. Dz.U. 2006 nr 137 poz. 984 Rozpguizenie MinistreSrodowiska z dnia 24
lipca 2006 r. w sprawie warunkow, jakie nalespeiné przy wprowadzaniu
sciekéw do wod lub ziemi, oraz w sprawie substaszfizegoélnie
szkodliwych dlasrodowiska wodnego.

7. Garcia J. Aguirre P., Barragan J., MujeriegoBRfect of key design
parameters on the efficiency of horizontal substefflow constructed
wetlands Ecological Engineerin@5 (2005), 405-418.

8. Heidrich Z.:Przydomowe oczyszczaldi@ekow — poradnikWarszawa,
Wyd. COIB, 1998.

9. Jagy A.: Ocena skuteczdoi trzcinowej oczyszczalsciekow wswietle
wymogow dla jakei zrzutu (na przykladzie obiektu w Inwatdzi@hrona
Srodowiska i Zasobéw Naturalnycd8 (2009), 107-114.

10. J&wiakowski K.:Badania skuteczroi oczyszczanigciekdw w wybranych
systemach gruntowo-ftinnych, Krakow, Wyd. PAN, 2012.

11. Kaczmarczyk A. Mosiej JSkuteczn& oczyszczanigciekOw w systemach
hydrofitowych na przykladzie ztérzcinowych z przeptywem poziomym
Architectura6 (4) (2007), 79-88.

12. Krzanowski S., Jucherski A., Wagla A.: Wplyw pory roku na niezawodfio
technologiczn wielostopniowej, gruntowo stinnej, przydomowej
oczyszczalniciekow Infrastruktura i Technologia Terendw Wiejskidh,
(2005), 37-55.

13. Obarska-Pempkowiak HOczyszczalnie hydrofitowé/yd. Politechniki
Gdaiskiej, Gdask, 2002.



Wastewater treatment in constructed wetlands 99

14. Obarska-Pempkowiak H., Gajewska M., Wojciechowskaddrofitowe
oczyszczanie wodiciekdw Warszawa, PWN, 2010.

15. Paveska K., Malczewska BSposoby oczyszczania matyckdiagciekow
na terenach gorskich bez centralnej kanaliza@ghronaSrodowiska i
Zasobow Naturalnych38 (2009) 292-303.

16. Sadecka Z.Ocena efektywroi pracy wybranych oczyszczalni
hydrobotanicznychOchronaSrodowiska,l (2003), 13-16.

17. Sadecka Z.Podstawy biologicznego oczyszczafuigkow Warszawa,
Wyd. Seidel-Przywecki, 2010.

18. Warezak T. Sadecka Z., Myszograj S., Suchowska-Kisietew.:
Skuteczn@* oczyszczanigciekdw w oczyszczalni hydrofitowej typu VF-CW
Rocznik Ochron&rodowiska,15 (2013), 1243-1259.

OCZYSZCZANIESCIEKOW W OCZYSZCZALNI HYDROFITOWEJ
Streszczenie

Oczyszczalnie hydrofitoweasalternatywnym i ekonomicznie uzasadnionym, sposobe
na oczyszczaniesciekbw pochodgcych z zabudowa charakterze rozproszonym.
Literatura oraz badania istraeych systeméw ze ztem gruntowo rélinnym pokazug,

ze skuteczn& oczyszczaniasciekow jest wysoka. Na skuteczdowptywa wiele
czynnikow tj.czasu eksploatacji, rodzaju wypetnéeaiaza, temperatury. Hydrofitowe
oczyszczalniesciekédw przy odpowiedniej budowie i eksploataciji lsezpieczne dla
srodowiska oraz ytkownikow.



