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The aim of this work was to establish the possibility of Lemna minor usage to improve the efficiency
of wastewater treatment from nitrogen and phosphorus compounds.

Due to their pollution resistanse, Lemna minor is often used for wastewater remediation. It is
capable of absorption and transformation of various compounds, promotes the deposition of suspended
matter, saturates water with oxygen, intensifies the purification processes. Due to the rapid growth
rate, duckweed absorbs a large amount of pollutants, thereby purifying water from them. However,
there is insufficient data and information on the efficiency of nitrogen and phosphorous compounds
extraction by Lemna minor wastewater. That is why the research direction was to determine the
efficiency of wastewater treatment from biogenic nitrogen and phosphorus compounds by higher
aquatic plants of Lemna minor.

The necessary conditions for cultivation of higher aquatic plants of Lemna minor in autumn and
winter were established. The efficiency of using duckweed of different mass for purification of waste
water from biogenic compounds of nitrogen and phosphorus was investigated. The usage of duckweed
together with other higher aquatic plants to investigate wastewater from biogenic nitrogen and
phosphorus compounds was investigated.

It was established that the efficiency of sewage treatment in the autumn-winter period should adjust
the mode of illumination and temperature regime.
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Biogenic compounds can enter the surface
waters both naturally (leaching from the
topsoil, atmospheric precipitation, various
processes in the reservoir itself), and as a
result of human activity through wastewater
discharge from industrial, household,
agricultural and livestock complexes
[1-5]. Exceedance of maximum permissible
concentrations of biogenic compounds in
wastewater lead to surface water’s flowering
and eutrophication, increase of the content
of biogenic and organic compounds, oxygen
decrease, appearance of anaerobic zones
in the bottom layers, increase of water
turbidity, color change, contamination with
microorganisms, including pathogens [6,
7]. With the accumulation of excess organic
matter in the bottom sludge, the processes of

formation of methane, hydrogen, hydrogen
sulfide, ammonia take place. This leads
to formation of gas bubbles, which, when
dissolved in the water, have a toxic and
damaging effect on the flora and fauna, which
significantly damages indicators of drinking
water when using the reservoir as a source of
water supply [8, 9]. Therefore, the problems
of the effective of nitrogen and phosphorus
compounds removal from wastewater before
their discharge into natural reservoirs and
the improvement of existing biological
wastewater treatment technologies are
important [10].

The aim of the work was to study promising
methods of wastewater biological treatment
from biogenic compounds using higher aquatic
plants Lemna minor to improve the efficiency

79



BIOTECHNOLOGIA ACTA, V.12, No 5, 2019

of wastewater treatment with nitrogen
and phosphorus compounds, reduce the
construction and operation costs of wastewater
treatment plants, ensure the quality of treated
water in accordance with existing discharge
standards in natural ponds.

The objective was to determine the
optimal conditions and to establish the
efficiency of wastewater treatment from
biogenic compounds of nitrogen and
phosphorus by higher aquatic plants Lemna
minor. That is why the experimental part
was based the experiments using this type of
plant. Today biological ponds are considered
as an economic and promising method of
biological treatment and purification of
household, some non-toxic industrial sewage
and atmospheric waters [11-12]. Also,
biological ponds do not require the use of
chemical reagents, and are characterized by
ease of maintenance [11, 13, 14].

The principle of wastewater treatment in
biological ponds is the same as the natural
self-purification processes that can be
observed in aquatic and near-water natural
ecosystems. Higher aquatic have the abilities
to absorb biogenic and organic compounds,
accumulate heavy metals and biodegradable
organic substances. Higher aquatic plants are
capable of absorbing nitrogen, phosphorus,
potassium, calcium, magnesium, manganese,
sulfur, cadmium, copper, lead, zinc, phenols,
petroleum products, synthetic surface active
substances, etc. [15].

Higher aquatic plants are also noted
for their properties of oxidizing (due to
oxygen income to the reservoir during
photosynthesis) and detoxification (due to the
ability of plants to transform toxic substances
into non-toxic ones). Biological ponds are
often used to reduce the values of BOD and
COD and further precipitate suspended
matter due to the filtration capacity of higher
aquatic plants [16].

Lemna minor is a species of free-floating
higher aquatic plants belonging to one of
the smallest flowering plants in the world.
The duckweed biomass buildup increases
with stagnant water and high concentrations
of biogenic compounds of nitrogen and
phosphorus [17—-19]. Duckweed is widespread
in slow-moving freshwater reservoirs: ponds,
swamps, lakes, streams. Due to rapid growth
rate, duckweed absorbs a large amount of
contaminants, thereby purifying water from
them [20]. Phosphate and nitrate are removed
in biosorption process by root and leaf cells
followed by assimilation [3].
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Materials and Methods

A model solution with the KNO; salt was
prepared to determine the efficiency of nitrate
extraction with Lemna minor. The 0.2 g sample
of KNO; salt was measured on laboratory
scales. Then sample was dried in a drying oven
at 110 °C. After drying, salt was moved to a
desiccator for cooling. The 0.08 g sample of
dried KNO; salt was measured on laboratory
scales. Then, weighting was transferred to
a 1000 ml volumetric flask and filled with
distilled water to the mark. The opening
of the measuring flask was covered and its
content was mixed thoroughly. The solution
thus prepared contained a concentration of
nitrates — 50 mg/dm?.

The 0.2 g sample of KH,PO, salt was
measured on laboratory scales. Then sample
was dried in a drying oven at 110 °C. After
drying, salt was moved to a desiccator for
cooling. The 0.02 g sample of dried KH,PO,
salt was measured on laboratory scales. Then,
weighting was transferred to a 1000 ml
volumetric flask and filled with distilled water
to the mark. The opening of the measuring
flask was covered and its content was mixed
thoroughly. The solution thus prepared
contained a concentration of phosphates —
10 mg/dm3. The model solution with a
concentration of nitrates of 50 mg/dm? and
phosphates of 10 mg/dm? was prepared to
simulate household wastewater.

Experimental installations in the form of
model biological ponds with size of 12x9x2 cm,
216 ml volume, made of plastic were used
for the research. In total, 32 models of such
installations were used in experimental
studies. For the experiment, the model
biological ponds was filled with a suitable
model solution, biological plant material and
left for the required period of time on the
windowsill with direct sunlight.

All experiments were divided into two
series: the first, the study of the biological
treatment effectiveness with higher aqueous
plants in a model solution from nitrates; the
second, the study of the biological treatment
effectiveness in a model solution from
phosphates.

In the first experiment series, the
determination of the purification efficiency
of the model solution containing NOs-
concentration of 50 mg/dm3 was carried
out. In all installations, the volume of the
model solution was 100 ml. All experiments
were performed under the same conditions.
The duration of the experiment was 7 days
(144 hours). 8 model installations were used.
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Higher aquatic plants of Lemna minor were the
biological agent. Two types of duckweed sample
weightings were used: m; =11 gand my, =22 g.
Sample weightings were used to determine
the effect of the duckweed biomass amount
on the process of phosphorus and nitrogen
removal. The experimental ponds were filled
with model solution and the biological agent
was distributed as follows: installations 1, 2,
3, 4 were loaded with higher aquatic plants
Lemna minor 11 g each, and installations
5,6, 7, 8 — 22 g each. The samples were
analyzed on the second, fifth, and seventh
days of the experiment. On the first day
of the experiment, an analysis of the NOs-
ions concentration was performed for water
samples from installations 1 and 5; on the
third day — from installations 2 and 6; on the
fifth day — from installations 3 and 7; on the
seventh day — from installations 4, 8. The ion
meter 1160 MI and the electrode measuring to
it ELIS -121 NO;~ were used to determine the
concentration of NO;™ ions in the solutions.

The experimental data were processed
using a Microsoft Excel software. Data were
considered significant at P < 0.05.

After biological treatment, the concentra-
tions of nitrates and phosphates in treated
water should be 10 mg/dm?® and 2 mg/dm?,
respectively, before being discharged into
natural waterbody [4, 20].

Results and Discussion

The change in the concentration of NO3~
ions in the model solution depending on
the duration of the treatment is presented
at Fig. 1. The efficiency of the treatment
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was determined based on on the obtained
concentrations (Fig. 2).

Therefore, from the obtained results,
it could be argued that the purification of
contaminated water from nitrogen compounds
occured differently, depending on the mass of
duckweed involved.

Decrease of nitrate concentration in the
model solutions was better in Experiment
2, where a larger sample of Lemna minor
duckweed was used. This is evidenced by the
calculated efficiency of purification, where
the purification effect in the experiment
with a biomass density of 0.1 g/cm? (m;) was
83.1% against 91.8% in the experiment with
a biomass density of 0.2 g/cm? (m,).

Fig. 3 shows the change in the
concentration of phosphates depending on the
duration of the purification process.

The efficiency of the model solution
treatment from phosphates depending on the
duration was determined from the obtained
results (Fig. 4.).

The decrease in phosphate concentration
in model solutions was better in Experiment
4, where a larger sample of Lemna minor
duckweed was used. This is evidenced by the
calculated efficiency of purification, where
the treatment effect in the experiment with
a biomass density of 0.1 g/cm? (m;) was 72%
against 80% in the experiment with a biomass
density of 0.2 g/cm? (m,).

As a result of the experiments performed
and the calculations made, we could conclude
the treatment efficiency of biogenic compounds
of nitrogen and phosphorus in model
solutions at a concentration of 50 mg/dm3
and 10 mg/dm?, respectively.

o

Fig. 1. The change in the concentration of nitrates in the model solution from the duration of the process
and the mass of duckweed in the installation: m; —11 g; m, — 22 g
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Treatment duration. days
Fig. 2. The change in the nitrate treatment effect in the model solution from the duration of the process and

the mass of duckweed in the installation: m; — 11 g; my — 22 g
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Fig. 3. The change in the concentration of phosphates in the model solution from the duration of the process
and the mass of duckweed in the installation: m; — 11 g; my — 22 g
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Fig. 4. The change in the phosphate treatment effect in the model solution from the duration of the process
and the mass of duckweed in the installation: m; — 11 g; m, — 22 g
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It has been found that with the increase of
Lemna minor biomass, the treatment efficiency
of nitrogen and phosphorus compounds in
model solutions does not decrease, but rather
increases. Even with the high density of the
plants, there is enough light for photosynthesis
and no death of duckweed is observed in the
lower layer. The duckweed planted in a single
layer shows good results, and the water in
the model solutions treated by this method
can be diverted to the nitrate content of the
reservoir and require a slight purification
of the phosphate content. The efficiency of
such purification by nitrogen is 83% and
phosphorus — 72%, and the concentrations
of NO;™ and PO,? ions after purification are
8.45 mg/dm?® and 2.8 mg/dm?, respectively.
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BHUKOPHUCTAHHS Lemna minpr
AJIAA OYUIIIEHHA SABPYJTHEHOI BO/I
BIJl BFIOTEHHUX EJIEMEHTIB
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«KuiBchbKUi OMiTeXHIYHUI IHCTUTYT
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MeToro po6oTu 6yJI0 BCTAHOBUTHU MOKJIUBICTH
BUKOpUCTaHHA Lemna minor A MigBUIEHHS
e()eKTUBHOCTI OUUIIEHHA CTIYHUX BOJ| BiJl CIIOJIYK
asoTy Ta (ocdopy.

Packy Lemna minor 3aBgaKu ii cTifikocTi ua-
CTO BUKOPUCTOBYIOTH JJIsI peMeaialii cTiuuamux Bo.
Bomna 31aTHa 10 3acBoeHHA Ta TpaHcdopMmairii pis-
HUX CIIOJYK, CIPUAE 0CAMKEeHHIO 3aBUCINX PEUO-
BUH, HACUUY€E BOJy KMCHEM, iHTeHCU(iKye IIpoIre-
cHu OUHINeHHA. Yepes IMIBUAKI TeMIU POCTY PACKA
TMOTJINHAE BeJUKY KiMbKicTh 3a6pyIHIOBAIBHUX
PevYoBUH, OUHNINYIOUHN Big HUX BoAy. OmHaK HeMae
ITOCTaTHBOI KiJIbKOCTI JaHUX Ta iHmopmaiiii cro-
COBHO e(h)eKTUBHOCTI BUJIYyUEeHHA PACKOI Lemna
minor croJiyK asory Ta docdopy 3i cTiuHUX BOI.
3 oryiAmy Ha I11e B po0O0Ti O0yJI0 BU3HAUEHO HATIPAM
IOCHiMKeHb MO0 BCTAHOBJEHHSA e(EeKTUBHOC-
Ti OUUIIIEHHS CTiYHMX BOJ BiJ OiOT€HHUX CHOJYK
aszoTy Ta pochopy BUINIUMU BOAHUMU POCIUHAMU
Lemna minor.

BceraHoByieHO HEOOXiTHI YMOBU KyJIbTUBYBaH-
HA BUIIUX BOAHUX POCAUH Lemna minor B OCiH-
HBO-3MOBUH IIePiof; JOCaimKeHo e()eKTUBHICTD
BUKOPUCTAHHSA PACKY Pi3HOI MacH AJIA OUUIIEeHHA
CTiUHMX BOJ Bij OiOreHHUX CIIOJIYK a30Ty Ta (oc-
¢opy, 3acTocyBaHHA PSACKU Pa3oM 3 iHIITUMU BU-
UMY BOOHUMHU POCJIUHAMU AJIS OUUIIEHH CTiu-
HUX BOJ Biff 6i0TeHHUX CIIOJYK a30Ty Ta ocdopy.

3’sacoBaHo, 110 A e(DEKTUBHOCTI OUHNIIeHHS
CTiUHMX BOJ B OCiHHBO-3MMOBUII II€Pioa HeOOXigHO
peryjamBaTH peKUM OCBITJIEHOCTI i TemIiepartyp-
HUU PEIKUM.

Knarmuwosi cnoea: criuui Bomu, 6GioJioriude oun-
mieHHsd, pocparu, HiTpatu, Lemna minor.
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ITenbio paboThl OBIJIO YCTAHOBUTH BO3MOIK-
HOCTh UCIIOJIB30BaHUA Lemna minor N IOBBI-
mieHus 3(hpHEeKTUBHOCTUA OUYUCTKU CTOUHBIX BOJ OT
coeqmHeHUU azora u ochopa.

Psacky Lemna minor 6arogaps ee yCTOMYUBO-
CTU YaCTO UCHIOJB3YIOT AJIA PeMeIUuaIii CTOUHBIX
Box. OHa crioco0HA K YCBOEHUIO U TpaHcopMaIiuu
PaBIMYHBIX COeAMHEHNUI, CIIOCOOCTBYET OCaMKIEHUIO
B3BeIIeHHBIX BeIeCTB, HACHIIIIaeT BOAY KIUCJIOPO-
JIOM, THTEHCU(DUIIIPYET IIPOIIECCHI OUMCTKH. 3a CUET
OBICTPHIX TEMIIOB POCTA PSACKA IIOTJIOIAET OOIBIIIOe
KOJINYECTBO 3arpsA3HAIONINX BEIleCTB, TEM CaMbIM
ouuIras or Hux Bogy. OMHAKO HET JOCTATOYHOI'O KO-
JIMYEeCTBa JAHHBIX U uHGopMauu o6 ahHeKTUBHO-
CTU U3BJIEUEHUA PACKOA Lemna minor coeqUHEHU
azora u (hocopa u3 CTOUYHBIX BOA. IMEHHO IT03TOMY
B paboTe OBLIO OIIpee/IeHO HallpaBJIeHNe UCCIIeo-
BaHUH IO YCTAHOBJIEHNIO 5()(EKTUBHOCTA OUNCTKHI
CTOUHBIX BOJ OT OMOTeHHBIX COEJUHEHWUH as30oTa U
dochopa BogHBEIMU pacTeHUAMEU Lemna minor.

YcraHOBIIEHBI HEOOXOOUMbIE YCIOBUSA KYJIb-
TUBUPOBAHUSA BBICHINX BOLHBIX pacTeHuit Lemna
minor B OCeHHe-3UMHUI IIepuo/; HccjIefoBaHa
9 (PeKTUBHOCTL IPUMEHEHNA PSICKU Pa3JINUYHOI
MAacChI IJIS OYMCTKY CTOYHBIX BOJ OT OMOTEeHHBIX
coenmHeHUM a3oTa u hochopa, NCIOJIHL30BAHNIE PA-
CKU BMECTE C APYTUMU BBICIIINMY BOJHBIMU pacTe-
HUSAMU IJIA OUUCTKY CTOYHBIX BOJ OT OMOTEHHBIX
coemuHEHUH azoTa u pocdopa.

YcranoBiaeHo, UTO A9 9PPEKTUBHOCTU OUMCT-
KU CTOYHBIX BOJ| B OCEHHE-3UMHUI IIepuos Heoo-
XOAWMO PeryJupoBaTh PEXKUM OCBEIIeHHOCTU U
TeMIIEPaTyPHBINA PEKUM.

Knwouesvle cnosa: crouHblie BOOBI, OMOJOTHUE-
cKad OunCTKa, (pocdhaTsl, HUTPaATHI, Lemna minor.





