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THE OPPORTUNITIES TO USE CONSORTIUM OF HIGHER
AQUATIC PLANTS AND MICROALGAE
IN THE TREATMENT OF POLLUTED AQUATIC ECOSYSTEMS

One of the priorities of modern environmental research is the development of theoretical and prac-
tical aspects of bioremediation of water bodies, based on the use of natural mechanisms of self-puri-
fication and self-healing of water bodies, the effect of which is associated with the activities of higher
aquatic plants (HAP) and microorganisms belonging to different types of cyanobacteria and microalgae.
The practical significance of these objects for bioremediation and post-treatment of water bodies is
determined by the uniqueness of their metabolic abilities (photosynthesis, respiration, a variety of car-
bon sources, the ability to absorb atmospheric nitrogen, etc.), high cumulative and destructive ability
against heavy metals and organic pollutants such as oil, petroleum products, phenols, etc. The aim of
the research was to study the process of wastewater treatment from heavy metals by the consortium of
HAP and microalgae in industrial wastewater. It is shown that the use of the consortium of HAP and
microalgae in wastewater treatment is very effective compared to their use in purification processes in
monoculture. It was found that the use of the consortium of HAP and microalgae improved water quality,
and the effect of purification from pollutants on some indicators was more than 95-100 %.
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Cy 3KoXyieAepiH TazarayAa MUKPOOAAABIPAAP MeH CYy 6CiMAIKTepi
Heri3iHAeri KOHCOPUMYMADbI KOAAAQHY MYMKIHLUIAIKTEI

3amaHaym 3KOAOMMSAbIK, 3epTTeyAepAiH 6acbiM  GarFbiTTapbiHbIH  6ipi  MUKPOGAAAbIPAAP MEH
LUMaHOOAKTEPUSAAPAbIH 9P TYPAEPiHE >KaTaTblH MUKPOOPraHM3MAEPAIH >KOHE >KOFapbl CaTblAbl Cy
ecimaikTepi OKCCO) apekeTiMeH 6ariAaHbICTbI CY KOMMaAAPbIHbIH ©3IHAIK KAAmMbIHA KEAYi >KoHe ©3Airi-
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HeH TaszaAaHy TabWFK MEXaHM3MAEPIH MaliAAAQHYAbIH HEri3iHAE Cy KoMaAapbl G1opeMeAnaLmsIChiHbIH
TEOPUSIABIK, XKeHe TaKipnbeAik acnekTiAepiH eHAey. bropemeamalms xxeHe Cy KOMMaAapbiH Tasasay
YLWiH OCbl OObEKTIAEPAIH MPAKTMKAAbIK, MAaHbI3SAbIAbIFbI OAAPAbBIH, METAOOAMTUKAABIK, KAOIAETTIAIrHIH
((boToCHHTES, THIHBIC aAy, KOMIPTEri KO3iHiH 8PTYPAIAIri, aTMOCepaAbiK, a30TTbl ManAaraHy Kabiret-
TiAir >xoHe T.0.), ayblp METaAAApFa KaTbICTbl XXOHE MyHal, MyHan eHiMAepi, (PeHoA >kaHe T.6. opra-
HMKAABIK, AQCTaFbILITAPFA KATbICTbl XKOFAPbl KYMYASITUBTI XX8HE AECTPYKUMSAbIK KabireTTepiHiH, epek-
LWEAITIMEH aHbIKTaAaAbl. 3epTTeYAIH MakcaTbl, ®HAIPICTIK aFblHAbI CyAap araarbiHaa KCCO >kaHe
MUKPOBAAABIPAAPAbIH, KOHCOPLIMYMbI KOMEMMEH aFbiHAbI CyAQPAbI ayblp METAAAAPAAH Ta3aAay YPAICiH
3epTTey 6oAbin Tabbirasbl. XKCCO xaHe MUKPOOAAABIPAAP KOHCOPLMYMbIH afFblHAbI CyAQpPAbI Ta3aAay
YPAICIHAE ManAaAaHy, MOHOAAKbIAAbI MaiAAQAAHYMEH CAAbICTbIpFAHAQ TUIMAIT ekeHi kepceTiaai. XKCCO
KOHEe MMKPOOAAABIPAAD KOHCOPLMYMbIH MaiAAAaHy CYAbIH CarachiH >KaKCapTaTbiHbl aHbIKTAAAbI, AA
AaCTarbllUTapAAH Ta3aAaHy AeHreni keinbip kepceTkiwrep 6oibiHIa 95-100 %-AaH XKOFapbl GOAAbI.
Ty#in ce3aep: >kOFapbl CaTbiAbl Cy ©CIMAIT, MUKPOBAAABIPAAP, KOHCOPLIMYM, OOpemMeAmnaLms.
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B0o3M0XXHOCTH MCNOAb30BaHUS KOHCOpLUHMYMa BbICLLIMX BOAHDbIX paCTeHMﬁ
4] MMKpOBOAOpOC/\eﬁ B OYUCTKE 3arpsA3HEHHbIX BOAHbIX 3KOCUCTEM

OAHMM M3 MPUOPUTETHDIX HAMPABAEHMIA COBPEMEHHbBIX 3KOAOTMUYECKUX MUCCAEAOBAHUI SBASIETCS
pa3paboTka TEOPeTUYECKMX U MPaKTUUYECKMX acneKkToB OropemeAmraliii BOAOEMOB, OCHOBaHHas Ha
MCMOAb30BaHUM MPUPOAHBIX MEXaHM3MOB CaMOOYUMILIEHWNS M CAMOBOCCTAaHOBAEHMSI BOAOEMOB, AEN-
CTBME KOTOPbIX CBSI3aHO C AESTEAbHOCTbIO BbICLIMX BOAHbIX pacTteHuit (BBP) u MukpoopraHmamos,
NMPUHAAAEXKALIMX K PA3AMYHBIM BMAAM LIMAHOOAKTEPUIA U MUKPOBOAOPOCAEN. [pakTuueckas 3Haum-
MOCTb 3TUX 06BbEKTOB AAS BHUOPEMEAMALIMN U AOOUNCTKM BOAOEMOB OMPEAEASETCS YHUKAAbHOCTBIO MX
MeTaboAMYecKMx CrnocobHocTern ((POTOCUHTES, AblXxaHWe, pasHOO6pasne MCTOYHUKOB YIAepoAQ, Cro-
COGHOCTb yCBaMBaTb aTMOC(EpPHbIA a30T M T.A.), BbICOKOM KYMYASITUBHOM M AECTPYKTUBHOM CNOCO6-
HOCTbIO B OTHOLUEHUMN TSXKEAbIX METAAAOB M B OTHOLLIEHWMM TaKMX OpPraHMYeckux 3arpsisHUTeAer, Kak
HeTb, HeDTENPOAYKTbI, (DEHOADI 1 T. M. LIeAbIO MCCAEAOBAHMIA IBASAOCH U3YUEHME NPOLLECCa OUUCTKM
CTOUHbIX BOA OT TSIXKEAbIX METAAAOB C MOMOLLbIO KOHCOPLMYyMa BBP 1 MMKPOBOAOPOCAEN B YCAOBUSIX
MPOMBbILLAEHHBIX CTOYHbIX BOA. [MOKa3aHO, YTO MCMOAb30BaHMe KoHcopumyma BBP 1 MukpoBoaopoc-
A€l B OUYMCTKE CTOYHOM BOABI BeCbMa 3(pPEKTUBHO MO CPABHEHMIO C MCMOAb30BaHMEM UX B MpoLeccax
OUMCTKM B MOHOKYABTYpE. YCTaHOBAEHO, YTO MCMOAb30BaHMe KoHcopuuyma BBP 1 MukpoBoaopocaen
YAYMLLIAAO MOKa3aTeAM KauecTBa BOAbI, a 3pdeKT OUMCTKM OT 3arpsi3HUTEAEN MO HEKOTOPbIM Nokasare-
ASIM cocTaBuA 6oaee 95-100 %.

KAtoueBble CAOBa: BbiClLIas BOAHAS PACTUTEABHOCTb, MUKPOBOAPOCAM, KOHCOPLIMYM, GropemMeAmaums.

Introduction

In recent years, the problems of biodiversity con-
servation associated with increased anthropogenic im-
pact on different ecosystems that have a great impor-
tance. Due to the difficult environmental conditions, in
many regions of the world the geochemical circulation
of heavy metals in the biosphere is carried out not only
as a result of natural processes, but also due to anthro-
pogenic impact. The problems of environmental pollu-
tion by various ecotoxicants are aggravated depending
on the degree of urbanization and industrialization of
the state [1; 2]. Since the majority of industrial, munici-
pal and agricultural waste waters enter open water bod-
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ies without preliminary treatment, in some reservoirs
with a high content of toxic elements of high concen-
tration, ions of heavy metals and organic substances [3,
4]. Therefore, many water bodies are under threat to
the environment and human health. The main pollut-
ants were heavy metals, petroleum products, nitrites,
nitrates, and various polycyclic aromatic hydrocarbons
[5, 6]. In this regard, the study of pollution of the bio-
sphere by these toxicants is one of the most important
problems of modern ecology [7]. It is known that to
enhance the effect of bioremediation used mixed cul-
tures of microorganisms, not only the monocultures.
To obtain them, it is necessary to take into account the
peculiarities of intraspecific bonds of cyanobacteria
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and microalgae, photo — and heterotrophic microor-
ganisms. In the literature there is very little information
about the species ratio of microalgae and their effect on
bacteria [8; 9].

The problems of environmental pollution with
heavy metals at the present time are relevant. Be-
cause of the acute toxicity of metals and the possi-
bility of accumulation in the environment which are
dangerous for biota [10]. In recent years, environ-
mentalists, along with the assessment of the level of
environmental pollution, identify sources of pollu-
tion, take attention to the identification of “destiny”
of lost substances in the natural environment and
the study of their connection with living organisms
[11]. For such studies, the most convenient object
is highly effective aquatic plants, cyanobacteria and
microalgae that can accumulate many elements in
high concentrations and replace them in a non-toxic
form, and they widely used for wastewater treat-
ment for bioremediation purposes [12; 13].

In this regard, the aim of the work is to study
the process of industrial wastewater treatment from
heavy metals by microalgae consortium.

Materials and methods of research

Objects of research — highest aquatic plant Pis-
tia stratiotes and collection strains of phototrophic
microorganisms: Scenedesmus quadricauda B-1,
Ankistrodesmus sp. [14].

The number of cells of phototrophic microor-
ganisms in liquid cultures was determined by direct
counting under a microscope in the Gorjaev’s count
chamber adopted in hydrobiological practice [15].
Higher aquatic plants were cultivated on the water
with the addition of Steinberg medium (2 wt. % )
under natural light and at room temperature [16].

COD was determined by photometric method,
BOD by iodometric method, chlorides and sul-
fates — titrimetric method. The content of nitrates
and nitrites was determined by photometric method
[17-19]. Determination of phosphate ions and phos-
phorus-containing compounds was carried out by
photocolorimetric method [20].

For the research used wastewater from treat-
ment facilities of Almaty city after chemical treat-
ment of polluted waters. The research in industrial
conditions was performed in biopound on the basis
of agrobiostation of al-Farabi KazNU.

Results and discussion

We conducted research on studying the waste-
water treatment process from heavy metals with a

help of selected consortium of HAP and microalgae
in industrial wastewater conditions. Investigated in
previous studies Ankistrodesmus sp., Scenedesmus
quadricauda B-1 microalgae and Pistia stratiotes
were found as consortium with high-voltage aquatic
vegetation [21].

In wastewater with biochemical oxygen con-
sumption (BOC) 62.2 mg/O2/l, ammonia content
-13.7 mg/l, nitrites — 0.4 mg/l, nitrates — 0.8 mg/l
and phosphates — 4.46 mg/l, cadmium -0.00036
mg/l, lead — 0.0088 mg/l, zinc — 0.043 mg/l, cop-
per-0.0015 mg/l in the first variant introduced the
biomass of Ankistrodesmus sp. microalga strain in
1.6.107 CL/ml amount and the higher aquatic plant
Pistia stratiotes in the amount 45 specimen/m?
(Nel), in the second variant biomass of Scenedesmus
quadricauda B-1 microalga strain in the amount
1.6:107 and higher aquatic plant Pistia stratiotes in
the amount 45 specimen/m? (Ne2), after that incu-
bated during 15 days for sorption of organo-mineral
substances and accumulation of metal ions. Then the
biomasses of microalgae, cyanobacteria and higher
aquatic plants were separated from the medium by
filtration.

The content of suspended particles in the experi-
mental conditions throughout the study period tend-
ed to decrease, so in the first 2 days of the experiment
the best results were observed in the version Nel, the
number of suspended particles decreased by 15%,
in variant No.2, this index was reduced by 13% but
already during the next sampling after 4 days of cul-
tivation the indicators in both variants were almost
equalized and amounted to 56-58% of their original
content. At the time of experiment completion the
total reduction of suspended particles was high and
amounted to 87% in variant 1, slightly lower in vari-
ant 2 — 71%.

In addition to the organoleptic characteristics
of the main group, we paid attention to the group
of chemical-organoleptic characteristics and pH of
water. During the consortium cultivation under the
experiment conditions, the pH of water in all study
periods was 7.0-7.9 which corresponds to the MAC
values.

Nitrogen and phosphorus content has particu-
lar importance in biological wastewater treatment
[23; 24]. According to the results of our studies, the
nitrogen exchange rates have tended to significant
fluctuations throughout the study period. Obviously,
this is due to the high content of ammonia nitrogen
(13.7 mg/1) at the beginning of the experiment and
its transformation from ammonia form to nitrite,
and later nitrate. This is evidenced by the dynam-
ics of ammonia nitrogen in water. Its content in the
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cultivation of the consortium in the variant Nel was
noticeably reduced. The most intensively ammonia
nitrogen was oxidized in the first 2 days of the ex-
periment, during this period about a third of its total
content was destroyed, which was 48% in the vari-
ant Nel, 28% — in the variant Ne2. The intensive oxi-
dation of the ammonia form of nitrogen during pu-
rification by the consortium of HAP and microalgae
is evidenced by the dynamics of nitrite-ions. In the
first days of the experiment, the number of nitrate-
ions varies slightly [25]. Starting from 4 days, the
nitrate concentration decreases, that is, they are al-
most completely utilized by hydrobionts and by the
end of the experiment no nitrates were found. The
appearance of oxidized forms of nitrogen indicates
a deep passage of the purification process, because
their increase against the background of an overall
decrease in BOD suggests that carbonaceous com-
pounds are intensively oxidized [26; 27]. Thus, in
terms of nitrate metabolism there is a positive trend
when we used consortia based on HAP and microal-
gae for bio-purification. As the results of the studies
showed the consumption of phosphates by consor-
tium occurred at a fairly rapid pace in both cases. At
the time of completion of the experiment phosphate
extraction in both variants was approximately at the
same level, 87.3% — in variant No.1, slightly lower
in variant No.2 — 82.6 %.

Under experimental conditions the COD index
during purification on the basis of the consortium
of HAP and microalgae in all variants tended to de-
crease. Moreover, the most intense dichromatic ox-
idability decreased in the period from 6 to 8 days to
42%, then the intensity of the oxidation process was

observed and in the end of experiment the dichro-
matic oxidability decreased to 87% in the variant Ne
1. This indicator decline slightly faster in the version
using the consortium Pistia stratiotes+ Scenedes-
mus quadricauda B-1 in the period from 6 to 8 days
was 45%, but the final index was lower compared
with the variant 1 by 15-20%.

We also determined the indicator characteriz-
ing the degree of organic pollution of the reservoir
and wastewater — biochemical oxygen consumption
(BOD). During the entire period of the experiment a
similar pattern was observed as in the case with the
COD indicator. In particular, in the first 4 days of
the experiment there was no significant variation of
this indicator, however, from 6 to 8 days in both ex-
perimental variants of purification there was a sharp
drop: from 4.6 mgO2/1 to 1.26 mgO2/1 which is 72%
of its original value in variant No. 1 and from 4.5
mgO02/1 to 1.5 mgO2 / 1, which is 67% in variant
No. 2. Despite the presence of difficult-to-oxidize
organic compounds in water, the use of phyto-algo-
cyanobacteric consortia in biological treatment re-
duced the values of these parameters in both vari-
ants by 95%.

A study of the sorption capacity of
consortium of HAP and microalgae established
that in the experimental variants with Pistia
stratiotes+Ankistrodesmus sp. B-1 the concentration
ofheavymetalionson 6™ day of purification decreased
by more than 90% of the initial concentration. In the
case of Pistia stratiotes+Scenedesmus quadricauda
B-1 consortium the concentration of all heavy
metals decreased by more than 75% of the initial
concentration (Table 1).

Table 1 — Dynamics of physical and chemical parameters of water during treatment with the help of HAP and microalgae consortiums

. Incubation period, days
Water Quality Index Opthn
consortium 0 15
Nel 7,5+0,16 7,85+0,27
pH
Ne2 7,53+0,12 7,86+0,27
Nel 6,2+0,21 0,8+0,017
Suspended substances
No2 6,0+0,20 1,74+0,02
Nel 0,87+0,01 0,018+0,001
Ammonia
Ne2 0,79+0,02 0,17+0,02
Nel 0,110,004 0,0059+0,001
Nitrite
Ne2 0,11+0,004 0,0065+0,0012
Nel 1,6+0,04 0,027+0,0001
Nitrates
No2 1,8+0,06 0,052+0,0021
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Nel 2,76+0,06 0,35+0,017
Phosphates

Ne2 2,76+0,05 0,48+0,014

Nel 38,52+1,2 4,940,001
COD

No2 36,8+1,12 5,7+0,002

Nel 4,80+0,1 0,239+0,001
BOD

Ne2 4,6+0,16 0,240,001

Nel 0,068+0,001 0,0059+0,002

Cadmium

Ne2 0,068+0,0014 0,0078+0,002

Nel 6,48+0,002 0,33+0,001
Zinc

Ne2 6,38+0,001 0,37+0,002

Nel 0,108+0,001 0,017+0,002

Copper

Ne2 0,11+0,01 0,02+0,0025

Nel 0,07+0,001 0,0175+0,0001
Lead

N2 0,067+0,003 0,0188+0,002

The absorption capacity of No.l consortium in
relation to heavy metal ions was significantly higher
than No.2 consortium which makes it possible to
recommend it for phytoremediation of wastewater.

Biological reserves of biocenoses including
organisms with different biochemical possibilities
should be used to accelerate the processes of
purification and restoration disturbed by pollution
of aquatic ecosystems. The use of cyanobacteria
and microalgae resistant to polluted waters,
introducing them into the consortium of higher
aquatic plants allows creating a new biotechnology
complex of purification and restoration of polluted
water bodies.

For practical application of created HAP and
microalgae consortium was used the wastewater
from the state enterprise «Holding» Almaty Su»
selected from the primary radial sedimentation
tanks after mechanical cleaning and after the
aeration tank.

In wastewater in the 1* variant introduced the
biomass of Ankistrodesmus sp. microalga strain
in the amount 1.6:107cl/ml and Pistia stratiotes
aquatic plant in quantity 45 specimen/m? (Nel),
in the second variant increased the biomass
concentration of consortium, so the biomass
of Ankistrodesmus sp. microalga strain in the
amount 2.5-107 cl/ml and Pistia stratiotes aquatic
plant 65 specimen/m? (Ne2) were introduced.
Introduced variants of consortium incubated
during 20 days for sorption of organo-mineral
substances and accumulation of metal ions. After
that the biomasses of microalgae, cyanobacteria

and higher aquatic plants were separated from the
medium by filtration.

Should be noticed that during selection and
before consortium introduction in the biopond
the wastewater characterized by sharp smell with
IV point of intensity. After 10 days of consortium
cultivation in biopond the sharp smell in all
studied variants decreased by two points. At the
end of experiment the smell intensity was “light”
and counted I point, consequently, we can argue
that application of hydrophytic treatment had a
positive tendency and decreased the level of smell
sharpness.

As known, for maximum heavy metal ions
extraction and purification from organo-mineral
compounds it is necessary to introduce biomass
of microalgae strains and higher aquatic plants
in sufficiently amount to binding metal ions and
organo-mineral impurities. Certainly, as shown in
Table 2 the introducing of HAP and microalgae
consortium into the wastewater with less volume
of biomass (Nel) doesn’t provide full purification
due to adsorbent deficiency. The concentration
increasing of biomass consortium particularly
the cells of microalgae in the variant Ne2 lead to
significantly increasing the level of wastewater
treatment because of optimal ratio between
adsorbent quantity and pollutant (Table 2).

Therefore, to ensure a sufficiently high degree
of purification from heavy metal ions and organo-
mineral impurities using higher aquatic plants and
microalgae, an optimal ratio between the number of
cells and metal ions is necessary.

8 Xabapisichl. Dkomorus cepusicel. Ne3 (56). 2018
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Table 2 — results of wastewater treatment with a help of HAP and microalgae consortium

Ne 1 option Ne2 option

Index Initial concentration Concent‘ration after | Power cleaning, Concent.ration after Power cleaning,
cleaning, mg/1 % cleaning, mg/1 %
BOD, mg/O,/1 62,2+0,01 7,6+0,002 93 4,6+0,002 97
Ammonia 13,7+0,01 - 100 - 100
Nitrite 0,440,002 - 100 - 100
Nitrates 0,8+0,0023 - 100 - 100
Phosphates 4,46+0,0034 0,6+0,003 98 - 100
Cadmium 200+0,01 29,4+0,002 85,3 14,8+0,01 92,6
Zinc 200+0,01 26+0,01 87 10+0,01 95
Copper 200+0,01 26,2+0,01 86,9 10,2 £0,012 94,9
Lead 200+0,01 26,4+0,01 86,8 14,4+0,02 92,8

Thus, the use of the proposed method of
purification of domestic and industrial wastewater
from organo-mineral substances and heavy metal
ions: Cd*, Cu*', Pb %, Zn’ can significantly simplify
the process and improve the quality of treatment.
Intensity of purification process due to the high rate
of microalgae reproduction and large working area
of vegetative organs of aquatic plants which allow to
absorb more pollutants from the water. In addition, the
roots of aquatic plants absorb a large number of other
organic impurities, and their metabolites inhibit the
processes of self-pollution of the aquatic environment.

Thus, it was found that the use of HAP and
microalgae for water purification from various
pollutants in biological ponds is the most effective
purification system.

For wastewater treatment from heavy metals
we have developed principles for the creation and
practical application of structured biocenoses —
multilevel purification consortia based on microalgae
and HAP contributing to the maximum purification
of effluents from heavy metals.

The scheme of wastewater treatment from
heavy metals includes a sequentially located from
the flow mechanical treatment of biopond and
drainage with a consortium of HAP and microalgae
in the volume of Ankistrodesmus sp microalgae
2.5%107 cl/ml and the high aquatic plant Pistia
stratiotes in amount 65 specimen/m?. The depth of
the pond should be at least 1.5 — 2 m. Drainage and
drain will be performed at the opposite wall of the
biopond (Figure 1).
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_|

Microalgae |

y

Mechanical
cleaning

Contaminated
waste water

Bioprud with consortium

Purified
waste water

g M

Drainage

07

Phyto-algological biomass

4
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v

| Recycling |

v

7

Hydrolysis

Digestion of organic waste

|

|

Slag mixtures for road
construction

Raw materials for energy
purposes

Figure 1 — Technological scheme of wastewater treatment from heavy metals based on HAP and microalgae consortium
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The selected phyto-algological mass will be
recycled according to the technological scheme. At
the same time, secondary waste can be considered as
a raw material for additional commercial products.
Thus, ash residue (sludge) can be used in the
production of building materials. This version of the
technological scheme is suitable for the treatment
of domestic and industrial wastewater contaminated
with heavy metals.

In conclusion, it should be noted that by
applying the technology of natural biological
wastewater treatment using higher aquatic plants

and microalgae on biological ponds, it is possible
to solve the environmental problem of waste water
disposal, reduce the concentration of nitrates,
phosphates, heavy metals and other pollutants
to the maximum permissible concentrations for
their safe discharge into water bodies which can
be the basis for the creation of environmentally
friendly technologies. This technology of biological
treatment is characterized by high efficiency of
purification from pollution, ease of operation and
efficiency and allows to dispose of waste water with
minimal damage to the environment.
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