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Wastewater from human settlements contains a significant amount of organic and biogenic
substances. Insufficiently treated wastewater enters surface water and leads to their eutrophication.
The usage of microalgae in wastewater treatment has significant advantages in comparison with other
methods of removing biogenic substances. Namely: effective and simultaneous removal of nitrogen and
phosphorus without reagents management facilities, oxygen formation. Using microalgae in wastewater
treatment is a new environmentally friendly biotechnological method. Microalgae grow well in
wastewater, from which they absorb pollutants. The purpose of the study is to analyze the work and
determine the possibility of intensification of sewage treatment plantsin the western region of Ukraine
with a population of about 18,900 inhabitants. Productivity of treatment plant is 3400 mday.
Experimental investigation consisted in adding a concentrate of a living microalgae strain of the
species Chlorella vulgaris to the wastewater that was entered to the treatment plant during May-
September 2019. During the research, the results of wastewater analyzes conducted by the chemical
laboratory of the municipal water supply and sewerage company were used. The results of the survey
and analysis of the city's treatment plant indicate an insufficient degree of wastewater treatment. The
effectiveness of Chlorella vulgaris at the treatment plant has been experimentally proven. Mathematical
dependences of the effect of wastewater treatment (using Chlorella vulgaris) on their temperature
according to the indicators. BODs, COD, concentration of ammonium nitrogen, phosphates and
suspended solids wer e obtained. Dependencies are described by a linear function that characterizesthe
general behavior of the obtained data. The obtained results made it possible to significantly reduce the
negative impact of treatment plantson the environment.
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Introduction

Wastewater from settlements contains a significant amount of organic and biogenic substances.
Most sewage trestment plants in the Ukraine do not ensure the removal of biogenic substances from
wastewater. Insufficiently treated wastewater discharge into surface water and leads to their eutrophication,
degradation of aquatic ecosystems, deterioration of water quality and potential danger to human hedlth.
Using microalgee in wastewater treatment is a new environmentally friendly biotechnological method.
Wastewater provides microalgae necessary nutrients, including carbon, nitrogen and phosphorus, which
are assimilated into valuable biomass. (Beuckels et a., 2014; Gomez-Guzman et a., 2017; Guerra-
Renteriaet al., 2019; Abdel-Raouf et al., 2012).

The usage of microalgae in wastewater treatment has significant advantages in comparison with
other methods of removing biogenic substances. Namely: effective and simultaneous removal of nitrogen
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and phosphorus without reagents management facilities, oxygen formation. During the life of microalgae
absorb carbon dioxide. Another advantage of microalgae is the integration of wastewater treatment
processes and carbon dioxide biofixation, especialy in industrialized regions (Molazadeh et ., 2019).

The results of research show that the usage of microalgae of the species Chlorella vulgaris to get
the effect of purification of domestic wastewater from nitrogen and phosphorus compounds by more than
95 % (Mayhead et al., 2012). The high efficiency of using Chlorella vulgaris to remove nutrients from
industrial wastewater in both aerobic and anaerobic conditions (Amenorfenyo et al., 2019; Szwarc et al.,
2020; Khalekuzzaman et al., 2019) and for purification landfill filtrates with high concentrations of
ammonium nitrogen and chemical oxygen demand (COD) (Pereiraet a., 2016) were proven.

Due to the photosynthesis of microalgae, oxygen is released, which is used by activated sludge for
the decomposition of organic substances in the processes of biological wastewater treatment. This allows
to reduce energy consumption for traditional wastewater aeration (Muylaert et a.,2019; Wang et al., 2019).

The use of microalgae is a way to dispose of valuable impurities in wastewater. The obtained
biomass use as animal feed, biofertilizer, production of biologically active substances in the
pharmaceutical and cosmetic industries (Renuka et d., 2015; Wang et d., 2017). Microalgae have received a
great deal of attention of the world scientific community, becoming a raw material for biodiesel
production, more profitable compared to other sources of biofuels (Borowitzka et al., 2013; Bhatt et al.,
2014; Olguin, 2014).

Wastewater is a multicomponent system, the composition of which is constantly changing. Thisis
have influence on the processes of wastewater treatment plants (WWTP). Existing researches about
wastewater treatment with microalgae do not provide enough information about the main parameters of
this process. Important to know influence temperature of wastewater on this process, because the climate
constantly changes have recently been observed in the world. The investigation of the effectiveness of the
usage of microalgae Chlorella vulgaris in the processes of wastewater treatment at WWTP is extremely
relevant.

Aim

The purpose of the study is to anayze the work of WWTP in the western region of the Ukraine,
determine effectiveness usage of microagae Chlorella vulgaris in wastewater treatment processes,
experimental research of effectiveness wastewater purification (using Chlorella vulgaris) dependency on
temperature and indicators: biochemical oxygen demand (BOD), COD, concentration of ammonium
nitrogen, phosphates and suspended solids.

M ethod

Survey and andysis of the WWTP of the city with a population of about 18,900 inhabitants,
located in the western region of Ukraine was performed. Comparisons of concentration of various water
guality parameter of effluent and limits in the river Sluch, provided by the municipal water supply and
sewerage company, determined efficiency of treatment plant. Experimenta studies consisted in adding to
wastewater a concentrate of living strain of microalgae Chlorella vulgaris in the amount of 24 liters. The
effectiveness of Chlorella vulgaris in wastewater treatment processes was determined by comparing the
input and output concentrations of BODs, COD, suspended solids, ammonium nitrogen and phosphates in
wastewater after 14 and 30 days of microalgae application. Experiments had been performed in WWTP
during May-September 2019. The research results of effectiveness of Chlorela vulgaris in wastewater
treatment processes depending on temperature wastewater was obtain.
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Results

1. Analysisof wastewater treatment plants of the city

The treatment plant receives a mixture of domestic and industrial wastewater from a city with a
population of about 18,900 inhabitants, located in the western region of the Ukraine. Productivity of
treatment facilities is 3400 m*/day.

Wastewater from the city is transport by the system of sewage collectors to the receiving tank of
the main sewage pumping station. From the receiving tank those is pumping into the receiving chamber
of treatment facilities by submersible pump. The wastewater movement has gravity flow through the
plant. The investigated treatment facilities were build in the 70s of the last century.

The technological scheme of complete biological wastewater treatment consists of the following
structures: drum screen, tangential sand traps, clarifiers with natural aeration based on vertical flow tanks
with built-in flocculation chamber, corridor type aeration tanks, secondary radia flow settling tank. Sand
pulp after sand trapsis sent to sand mounds. The treatment plant adopted a pneumatic aeration system for
aeration tanks. From the compressor station, located in the administrative building, the required amount
of compressed air is supplied to the aeration tanks. Excess activated sludge is sent to sludge drying beds.

Two-stage biopands with natural aeration are used as deep wastewater treatment facilities.
Biologically treated wastewater after bioponds discharge into contact tanks through self-flowing pipelines
for disinfection using an agueous solution of sodium hypochlorite.

2. Deter mination of the effectiveness of Chlorella
vulgarisin wastewater treatment processes
The effluent is discharged into the Sluch River, which is used for fishery purposes. The values of
the maximum allowable discharge and the discharge limit of pollutants in the Sluch River are given in
Table 1.

Table 1
The values of the maximum allowable discharge
and the discharge limit of pollutantsin the Such River

The maximum allowable discharge The discharge limit
Parameter
mg/| g/hour tlyr
BODs 15.00 1713.00 15.00
COD 80.00 9136.00 80.00
Ammonium-Nitrogen 2.88 328.90 2.88
Phosphate 3.17 362.014 3.17
Suspended solids 15.00 1713.00 15.00
Mineralization 1000.00 114200.00 1000.00
Chlorides 290.00 33118.00 290.00
Sulfates 100.00 11420.00 100.00
Nitrites 0.10 11.42 0.10
Nitrates 40.00 4568.0 40.0
Oil and grease 0.05 5.71 0.05
Surfactants 0.50 57.10 0.50

The results of the treatment plant survey show that the treatment facilities have exhausted their
resources and are in unsatisfactory condition. The values of the initial concentrations of BODs, COD,
suspended solids, ammonium nitrogen and phosphates in wastewater before the use of Chlorella vulgaris
areshown in Table 2.
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Table 2
Quality indicator of wastewater before and after using of Chlorelavulgarisat WWTP
o Effluent
Qual |t3:n|g/(|j|cator, Influent before usage of after 14 days usage of | after 30 days usage of
Chlorella vulgaris Chlorella vulgaris Chlorella vulgaris
BODs 314.85 18.80 14.20 11.80
COD 440.75 119.98 88.98 46.20
Ammonium-Nitrogen 49.06 6.10 4,50 1.00
Phosphate 50.65 24.26 18.10 2.17
Suspended solids 344.75 32.80 24.75 12.50
Oxidation - 56.20 42.15 9.81
Dissolved oxygen - 3.73 4.65 7.62
pH 6.48 7.05 7.62 7.82
Notes: “—" —theindicator was not determined.

Comparison of these values with the data in Table 1 indicates exceeding the normative values.
Thus, insufficiently treated wastewater is discharged into the Sluch River.

3. Dependence of the treatment efficiency of wastewater treatment on temperature.
Experimental study

Experimenta research of usage Chlorella vulgaris in wastewater treatment processes were performed.
Effectiveness of treatment for BODs, COD, concentration of suspended solids, ammonium nitrogen and
phosphates depending on wastewater temperature are determined. The results and mathematical equations
that describe them is presented in Fig. 1-3.

The effect of treatment varied for BODs from 92.77 % to 95.67 % (Fig. 1, a), COD — 73.25-83.73 %
(Fig. 1, b), ammonium nitrogen concentration from 89.13-95.93 % (Fig. 2, a), phosphates — 91.60-96.92 %
(Fig. 2, b), suspended solids — 93.57-96.84 % (Fig. 3) within the temperature range of the wastewater
from 10.5°C to 20 °C. These dependences are described by a linear function that characterizes the
general behavior of the obtained data.

Scientific Novelty and Practical Significance

For the first time, large-scale research of the effectiveness of the usage of microalgae of the
species, Chlorella vulgaris on existing WWTP in the western region of Ukraine are presented. The
obtained results made it possible to significantly intensify processes of biological treatment facilities at
the existing treatment plant. Widespread implementation of the obtained results will reduce the negative
impact of treatment plants on the environment.

Conclusions

The results of the survey and analysis of the existing sewage treatment plant of the city indicate an
insufficient degree of wastewater treatment. The effectiveness of the usage of microalgae Chlorella vulgaris
at the treatment plant was experimentally proven. Mathematical dependences of the effect of wastewater
treatment (using Chlorella wulgaris) on their temperature according to indicators. BODs, COD,
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concentration of ammonium nitrogen, phosphates and suspended solids were obtained. Dependencies are
described by alinear function that characterizes the genera behavior of the obtained data.

Fig. 1. Dependence of the treatment efficiency E: a —for BODs and b —for COD
on temperature wastewater with usage Chlorella vulgaris

Fig. 2. Dependence of the treatment efficiency E: a — for Ammonium:-Nitrogen and
b — for Phosphate on temperature wastewater with usage Chlorella vulgaris

Fig. 3. Dependence of the treatment efficiency E for suspended solids
on temper ature wastewater with usage Chlorella vulgaris wastewater
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Hamionamsauii yHiBepcuteT “ JIbBiBChKA MONTITEXHIKA"
Kadenpa rigpoTEeXHIKH Ta BOAHOI iHXeHepii

CHLORELLA VULGARISY IPOLECAX OUHMIIEHHS
CTIYHHUX BOJI - MPAKTUYHHUI TOCBIJ

© Bosk JI. I., Mayiescoka O. O., XKoanos O. B., 2020

CriyHi BOIM BiJl HACENEHUX IYHKTIB MICTATh 3HAYHY KiNbKICTh OpraHiYHUX 1 OIOT€HHHUX PEYOBHH.
HenocraTHbo oumIneHi CTiYHI BOAM, IO HATXOASITHh y MOBEPXHEBI BOJOWMHM, MPU3BOAITH 10 iXHBOI €BTPO-
¢ikarii. OUHIICHHS CTIYHUX BOJ 3 BUKOPHCTaHHIM MIKPOBOJIOPOCTEH € HOBHM E€KOJOTIYHO YHUCTUM OioTeX-
HOJIOTIYHUM MeTonoM. [TOpiBHSHO 3 iHIIMMH METOJaMH OYWIICHHS CTIYHHX BOJ BiJ O0iOT€HHHUX €JIEMCHTIB
3aCTOCYBaHHS MiKPOBOZOPOCTEH Mae 3Ha4yHi mepeBaru. A came: e()eKTUBHE Ta OJHOYACHE BHIAJICHHS a30Ty
Ta (ocdopy, BIACYTHICTH HEOOXiTHOCTI B peareHTHOMY TOCHOJApCTBi, YTBOPEHHs KHCHIO. MiKpoBOIOpOCTI
no0pe POCTYTh Y CTIYHUX BOJAX, 3 SKHX HOTJIMHAIOTH 3a0pyAHIOBaTIbHI PEUOBHHA. METOK TOCTIIKCHHS €
aHasi3 po0OOTH Ta BHU3HAYEHHS MOJJIMBOCTI 1HTEHCH(]IKaIlii KaHaTi3allifHUX OYMCHHMX CHOPYA MicTa B
3aximHii obmacti Ykpainu 3 HaceneHHsM 0mu3bko 18,900 memkaniii. [TpoayKTHBHICTE OYHCHUX CHOPYA —
3400 M3/z[06y. ExcriepuMeHTanbHi JOCHTIHKEHHS TOJIATANN Y JIOJaBaHHI O CTIYHUX BOI, IO HAIXOIATH Ha
OuHCHI criopyau npotsiroM TpaBHs-BepecHs 2019 p, KOHLEHTpaTy *HMBOTO LITaMy MIKpPOBOJOCTEil BHIY
Chlordla vulgaris. ITix yac mociiKeHb BUKOPUCTAHO PE3YJIBTATH aHATI3iB CTIYHHUX BOJI, TIPOBEIACHUX XiMid-
HOIO Ta00opaTOPier0 KOMYHAIBHOTO BOJOIPOBITHO-KaHATI3AIIIHOTO MiIpUEMCTBa. Pe3ympTatn 00CTe:KEHHS
Ta aHaNi3y poOOTH OYMCHOI CTaHIIii MicTa CBiT4aTh MPO HEAOCTATHIN CTYHIHP OYHMIICHHS CTiYHHX BoA. Ekc-
MePUMEHTAIBHO TOBeNeHO edekTHBHICTH 3acTocyBants Chlorella vulgaris wa ouncHiii cranmii. OTpumano
MaTeMaTUYHi 3aJIe)KHOCTI eekTy ounieHHs ctiunux Boj (i3 3actocyBanusm Chlorella vulgaris) Big ix Tem-
neparypu 3a nokasHukamu: bCKs, XCK, koHLeHTpali€to aMOHIHHOTO a30Ty, ¢ocdartiB i 3aBUCIUX PEUOBHH.
3aneXHOCTI OMUCYIOTHCA JIHIMHOIO (YHKIIEIO, SKa XapaKTepU3ye 3arajibHy MOBEAIHKY OTPHMAaHUX TaHHX.
OTpHMaHi pe3yJIbTaTH Jaji 3MOTY 3HAYHO 3MEHIIUTH HEraTUBHUI BIUIMB OYHCHHUX CHOPY/ Ha JTOBKIJLISA.

KurouoBi ciioBa: MikpoBOJOPOCTi, OYMIEHHSI CTiYHUX BOJ, 0ioXiMiuHUE CIOKHBAHHSI KHCHIO,
XiMiyHe cOKMBAHHSI KMCHIO, AaMOHilHUI a3oT, (pocaTu.



