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MUNICIPAL WASTEWATER TREATMENT
BY MEANS OF AQUACULTURES

Development of some alternative methods of wastewater treatment such as autoregulation processes
of natural ecosystems represents nowadays some attempt to prospective utilization a such resources of
nature.

Natural wastewater treatment includes, e.g. gradual infiltration, biodegradation, stabilization, soil
filtration, root drainage on wetlands, etc.

Natural processes, mostly as tertiary steps, are costless and improve the environmental quality. They
are appropriate for smaller municipalities. The wastewater has to be without any xenobiotics and basic
pollutants are expected to be removed in mechanical as well as biological wastewater treatment system.

The classical, biological wastewater treatment (using activated sludge) besides its
advantages has also some drawbacks. Among them high requirements of area, slow
down in the rate of biodegradation as a result of low temperatures are worth
mentioning; moreover, high concentrations of nitrogen compounds in wastewater
make the economy of the process inefficient. Difficulties arising from the fact that the
content of xenobiotics in environment is rather high should not be neglected either
because of the need of activated sludge cultivation and adaptation as well as
production of N,O which increases the atmospheric ozone depletion.

The mentioned facts as well as the recession in world economics lead to the
necessity of application of some alternative methods in wastewater treatment, e.g.
autoregulation processes of natural ecosystems [1]. In the future, we will be able to
modify some ecosystems and thus to cause them to work in such a way as to
supplement the existing conventional methods of wastewater treatment.

Taking account of the environmental quality improvement, these possibilities are
considered as future-oriented. They increase the ecosystem productivity and may
revive damaged areas. Some ecosystems are created by man, e.g. fields, forests, etc.
They are able to clean the wastewater by means of natural filtration or gradual
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infiltration into a soil [2]. More intense possibilities are, for example, hydroponic
cultures which serve not only as reservoirs of pretreated wastewater, but they are
integral part of wastewater treatment system as well. The characteristic feature of the
methods outlined is their low investment cost; however, they require appropriate
climatic conditions — mainly subtropic up to tropic — as well as large areas.

In small municipalities, special attention is paid to aquacultures, e.g. water
hyacinths ( Eichhornia crassipes) which is most commonly found in tropical climate
[3]. In central Europe, Typha latifolia and Lemna trisulca are usable first of all in
natural wetlands, fisheries and water trenches. The dynamics of substrate removal in
their natural ecosystems has not been described satisfactorily. Scientists have
supposed that not only aquatic plants remove an inorganic substrate, but also the
contribution of fauna to this process is substantial.

It is known that larvae of insects and some species of fish are regularly caught by
birds which causes removal of phosphorus. When swamps dry up in the sun, the
hyacinths either are harvested and used with benefit as green forage for cattle and
poultry or are composted together with drained slush. Due to activity of 2000 species
of bacteria, some tens of thousands of species representing fungi as well as large
amount of plants, the ecosystem polluted to some extent is able to return slowly to
the equilibrium on wetlands, sludgy areas with special vegetation (e.g., reed) which
mechanically pretreat wastewater. Such a costless wastewater treatment facility
works on the basis of root drainage. The reed fulfills two functions: first of all its long
blades enrich the soil with oxygen which is necessary for microorganism respiration.
On the other hand, the leaving as well as the dying away rootlets due to their
structure on the wetland bottom contribute to the mellowing of the soil which at the
same time increases horizontal water infiltration. The time required for the creation
of a suitable aquatic vegetation with satisfactory ability to degrade waste compounds
can be as long as 3 years.

In the southern coast of the Atlantic Ocean, there are wetlands and ponds
overgrown with huge trees such as Taxodium distichum var. nutans and Nyssa
sylvatica var. biflora which improve some hydraulic properties of the environment
and create ideal conditions for tertiary wastewater treatment. North of Gainesville
(Florida), the wastewater has been tertiary treated by means of Cypress domes
vegetation with very promising results. During such a selfpurification process the
plants representing the Lemnaceae family and the Spirodela species began to grow
extraordinarily fast under and above the water level. This vigorous growth inhibited
the reaeration of water and successively anoxic conditions were created [4].

The cultivation of aquatic hyacinths was planned also at some lagoons in
Tiebor, southern part of Moravia, as well as in the region of Ostrava (former
Czechoslovakia). The tests showed that in our climatic conditions, the plants
representing the Lemnaceae family are more prosperous, and their productivity is
comparable with that of aquatic hyacinths [5]. These plants are characterized by
weak root systems and air channels in their leaves which enables them to float on the
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surface of water. Such a natural wastewater treatment system works as tertiary one
after the mechanical and the biological treatment. This system of wastewater
treatment is isolated from the bottom by impermeable layer. Aquatic flora is
harvested 5-7 times per year.

According to several papers one hectare of aquatic hyacinths under appropriate
climatic conditions can eliminate from the water during a day up to 44 kg of nitrogen
and a large amount of other nutrients which in the case of one wastewater treatment
plant represents the capacity of 5000 equivalent inhabitants. Because of the
mentioned root treatment facilities allowing us to reach a decrease in BOD as seroius
as 75-95%, they are used first of all for municipalities of several hundreds
inhabitants. According to some authors facultative lagoons with aquatic “weed”
exhibit higher purification degree than some deeper stabilization ponds with aquatic
algae. The function of aquatic vegetation at the bottom of lagoons can be compared
to the function of gravel filter; moreover, the plants additionally enrich the
environment with new colonies of aerobic, heterotrophic bacteria. The cost of the
above natural facilities is uncomparably lower than that of conventional wastewater
treatment plant and it can be totally covered by the production of biogas (by
anaerobic decay of harvested aquatic vegetation). Nitrogen reduction in this system
occurs probably through inorganic nitrogen uptake [6].

In biological accumulation basins (which serve as stabilizers and the place of final
stage of wastewater treatment), the following processes take place:

1. Aerobic oxidation of hydrocarbons to biomass, CO,, and H,O (qualiative
parameters of the aerobic process in stabilization basins are illustrated in the table):

6(CH,0), + 50, = (CH,0), + 5CO, + 5H,0 + energy.

growth of microorganisms

Table
Qualitative parameters of the aerobic process in stabilization basins
Aerobic oxidation
Index . .

min optimum max
Population of microorganisms in 1 c¢m? 108 10'° 102
Nutrients hydrocarbons, protein, grease
Oxygen (mg/dm?3) 1 10 30
Time (days) 5 - 10
Temperature (°C) 15 25 40
pH 6.5 8 10
Alkalinity (mg/dm?) - 200 -
Typical reaction fotosynthesis
Competitive reaction sedimentation, methane fermentation
Toxic compounds heavy metals
Energy source nutrients
E (redox) in mV + 0.2 + 0.5



38 E. CHMIELEWSKA

2. Because of oxygen deficiency the transformation of hydrocarbons to biomass
and to organic acids occurs:

5(CH,0), = (CH,0), + 2CH,COOH + energy <anaerobic degradation} .

growth of microorganisms

3. Organic acids can be degraded to methane and carbon dioxide and at the
same time the reproduction of methanogenous bacteria takes place (methane
fermentation):
2.5CH,COOH = (CH,0), + 2CH, + 2CO, + energy {anaerobic fermentation} .

growth of microorganisms

4. In the presence of sun light, aquatic vegetation produces organic matter and

oxygen (the energy of light is transformed into organic compounds):
(CH,0), + CO, + sun + vegetation = 2(CH,0), + O, + H,O.

The figure illustrates the scheme of the biological process outlined. The tem-
perature stratification in the biological basin during the whole year is representated by
the thermoline identical with anaerobic-aerobic zone border. The existence of aerobic
bacteria is dependent on the presence of vegetation which produces oxygen and vice
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versa the vegetation is dependent on the presence of bacteria since they produce CO,
and NH,. Under the thermoline, the decay and the methane fermentation process
are going on. These processes require organic acids as substrate.

Stabilization basins, being deeper biological lagoons, smell bad because the
concentrated wastewater is discharged there. The wastewater treatment in such
a case is accomplished anaerobically. The wastewater after the anaerobic decay may
be discharged for the final aerobic treatment to upgraded through-flow basins of
assimilation pond type [7].

For tertiary wastewater treatment also several types of soil filtration are applied.
As a rule, after sedimentation the wastewater is used for watering and infiltration of
grassy surfaces covered with, e.g. Glyceria aquatica, Phalaris arundinacea, etc.
occurring usually at clay—sandy and silty soils. In result of fast infiltration of
wastewaters in the region with errosive sandy relief covered by conifers, it is possible
to achieve, using appropriate hydraulic parameters, satisfactory results [8].

CONCLUSIONS

In our geographical region, utilization of the aquacultures in wastewater
treatment is limited to some specific cases. The wastewater has to be mechanically
and biologically pretreated. The natural technology described is used in the cases
when the wastewater quality is not satisfactory for waterway, eventually when the
water has to be used for some other purposes. The application of natural wastewater
treatment is also limited by area and relief requirements. If we take into account the
optimization of the surrounding environment, such an ecosystem has several
benefits. The methods of wastewater treatment with the use of plants exhibit
considerably high efficiency in degradation of nitrogen compounds. In the case when
the wastewater does not contain toxic compunds, it is possible to obtain valuable
forage or a specific fertilizer. The technology described brings substantial benefits: it
removes the smell as well as algae. The compact surface layer of vegetation reduces
the escape of gases produced in anaerobic zone and simultaneously absorbs sun light
and thus inhibits the photosynthesis in the body of water and therefore production of
algae. At the bottom of the basin, sludge management is recommended to be carried
out per about 20 years, but it is questionable if it would be satisfactory.
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KULTURY WODNE W OCZYSZCZANIU SCIEKOW

Rozwéj pewnych alternatywnych metod oczyszczania $ciekéw, takich jak procesy samoregulacyjne
naturalnych ekosystemow, stanowi obecnie pewna przyszioSciowa probe wykorzystania bogatych
zasobow naturalnych.

Naturalne procesy oczyszczania Sciekow obejmuja przyktadowo stopniowa infiltracje, biodegradacig,
stabilizacje, filtracje w glebie, drenaz na moczarach itp.

Naturalne procesy, stosowane przewaznie jako trzeci stopien oczyszczania, sa mniej kosztowne
i przyczyniaja si¢ do zmniejszenia zanieczyszczenia Srodowiska naturalnego. Sa one odpowiednie
w przypadku matych aglomeracji miejskich. Oczyszczane cieki nie powinny zawiera¢ zadnych substancji
ksenobiotycznych. Oczekuje sig, iz podstawowe zanieczyszczenia beda usunigte na drodze mechanicznego
i biologicznego oczyszczania.

BOJHBIE KYJIbTYPBI B OUMCTKE CTOUHBIX BOJ

Pa3BHTHE HEKOTOPBIX AJbTEPHATHBHBIX METOMOB OYMCTKH CTOYHBIX BOI, TAKHX KaK CaMOpEryJs-
LMOHHBIE HPONECCHl HATYPATHHBIX 3KOCHCTEM, COCTABISET B HACTOSIIEE BPEMSI HEKOTOPBIH OMNbBIT
HCHOJb30BaHMs B OyaymemM OOraThIX HATYpajlbHBIX PECYPCOB.

HaTypajbHble MPOIECChl OYACTKA CTOMHBIX BOJ OXBATBHIBAOT HPUMEPHO MOCTENEHHYIO MH(HIBT-
panmio, Guoserpasanuio, crabuim3amio, QUILTPAMIO B NOYBE, APEHaX Ha 6OIOTax MTI.

HatypajbHble NPOUECCH], MPAMEHSEMBIE NPEXIE BCErO KAK TPETbs CTENCHb OYHCTKH, SIBIIFOTCS
GoJtee [ELIEBBIMA M IPHYMHSIOTCS K [IOHIKEHWIO 3arpsi3HEHHs HATYpanbHOH cpenpl. OHM SBIIOTCS
COOTBETCTBYIOIIMMH B C/Iy4ae MajibIX TOPOACKHX arioMepanyii. OuMIaeMble CTOYHBIE BObL HE JOJDKHBI
CONEpXAaTh HHKAKHX KCEHOOMOTHYECKHMX BemlecTB. OXXHIAETCs, 4TO OCHOBHBIE 3arpsi3HeHust OynyT
YAQATLCS MyTEM MEXaHHYECKOH M OGHOJIOrHYECKOH OYMCTKH.



