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PERSPECTIVES OF WASTEWATER TREATMENT BY MICROALGAE AT AN AIRPORT

Introduction

Airports are critical pieces of infrastructure of the
complex global aviation system that supports the
movement of passengers and air cargo. However, in
providing these essential services, airport operations
have the potential to adversely affect the
environment [1].

Consequently, airport environmental manage-
ment has become a critical element in the global air
transport industry development [2]. Airports all
around the world are now increasingly focusing on
sustainable water management as a key element of
their environmental plans and strategies. This is
because airports consume substantial amounts of
water to maintain both their infrastructure and
operations [3—8]. Large volumes of wastewater are
also generated at airports. They can be divided into
production, economic-household and surface.These
wastewaters could have a negative impact on both
soil and groundwater since they contain a relatively
high concentration of contaminants [9].

Problem statement

Although airports are not usually considered as
industrial complexes, daily activities, such as aircraft
and ground vehicle washing and cleaning, fueling
operations, aircraft maintenance and repair work
(including painting and metalwork), engine test cell
operations; de/anti-icing operations, and ground
vehicle maintenance, are all sources of airport indus-
trial wastes. Wastes generated by these activities are

categorized as either industrial wastewaters or’ haz-
ardous wastes’.

Treatment technologies depend on the type of
wastewater and can differ significantly [10-12]. A
significant amount is formed at treatment plants that
treat all types of wastewater hazardous sludge that
also needs to be disposed of. Experience shows that
modern drainage technologies are not always envi-
ronmentally friendly. Settings for wastewater treat-
ment is not always provided sufficient quality at the
output (residual concentrations contaminants often
exceed the established requirements), methods of
sludge disposal often cause significant negative im-
pacts on the environment. This leads to environ-
mental risk sat aviation enterprise [10].

Therefore, the search for environmentally
friendly methods of wastewater treatment at an air-
port and the development of energy efficient tech-
nologies is an urgent task today.

Analysis of previous research

The principal water pollutants and their sources
at airports are the residual contaminants from differ-
ent activities at the airport that are demonstrated by
the Table 1 [13-16].

So, among the huge amount of pollutants in
waste water, in this paper attention will be payed on
biogenic compounds, such as nitrogen and
phosphorus. In the Fig. 1 the scheme to reduce the
accumulation of phosphorus and nitrogen in the
hydrosphere is presented.

Table 1

The main sources of water contamination at the airport

residual contaminants from aircraft maintenance activities

run-off of silt from airport-related construction sites

chronic leakage or spills of aviation fuel

aircraft and runway de-icing agents during winter periods to ensure
safe aircraft and airport operations

The main sources of water contamination

detergent formulations

solids, oils, greases, residues, solvent residues

discharge of fire-fighting foam in the event of aircraft emergencies
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contribution grease and detergents due to production of in-flight
meals, restaurants, and staff

biogenic compounds (phosphorous and nitrogen)in case of washing
and cleaning products using

To reduce the accumulation of

phosphorus and nitrogen in the
\hydrosphere it is necessary to:/

» reduce the inflow of phosphorus into water bodies with products of human
and animal life, industrial and municipal effluents with detergents that
contain phosphorus and nitrogen;

» reduce the inflow of phosphorus and nitrogen into water bodies from soils;

» develop and implement economically and environmentally friendly
technologies for the extraction of phosphorus and nitrogen compounds from
water to obtaine sludge for fertilizer production;

P develop and implement the method of biomass utilization for biofuel

production.

Fig. 1. Scheme for reducing of biogenic compound accumulation in the hydrosphere

Increasing concentrations of nitrogen and phos-
phorus compounds leads to natural waters eutrophi-
cation, which is manifested in the phytoplankton
biomass increasing, “water blooming”, and, as a
result, water quality decreasing. This makes impos-
sible to use water for recreation, fishing and domes-
tic needs. The phytoplankton toxins can cause
health problems through exposure to the human
body after contact with the skin or the use of con-
taminated water for drinking.

Waste water treatment facilities include mechani-
cal and biological stages. The goal of biological
wastewater treatment is to create a system in which
the results of decomposition are easily collected for
proper disposal. Biological treatment is used world-
wide because it’s effective and more economical
than many mechanical or chemical processes. Using
mechanical and biological methods, treatment plants
are not always able to provide sufficient purification
of the water, especially when pollution content in
received sewage water substantially varies. It is ad-
visable to apply additional purification facilities for
after treatment of sewage waters.

Methods of nature purification are often used for
these purposes. In [17; 18], some of the most popu-
lar installations are used: special open oxidation
ponds, where different aquatic organisms are culti-
vated; special agricultural tanks filled with hydro-
ponics, where different aquatic plants are grown;
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special soil filter systems, where different soil plants
can grow; and others [19].

One of the promising methods can be considered
the use of wastewater for the microalgae cultivation
[20; 21]. Microalgae are an alternative to wastewater
treatment because they provide tertiary biotreatment
combined with the production of potentially valu-
able biomass that can be used for several purposes.

Microalgae cultures offer an elegant solution for
tertiary treatment and the final stage of wastewater
treatment, due to the ability of microalgae to use
inorganic nitrogen and phosphorus for their growth
[22].

Research methodology

Two experimental sessions were held in the labo-
ratory of the National Aviation University Faculty of
Environmental Safety, Engineering and Technolo-
gies was chosen as the site of the experiment. For
the experimental sessions, the summer period was
chosen, since warm conditions are more favorable
for the growth of algae.

Conditions for microalgae growing. It was de-
cided to use transparent bottles for growing microal-
gae in order to create the most favorable conditions
for growing. The average temperature in the labora-
tory was 22 degrees. The average pressure on the
dates of the experiment was 746 millimeters of mer-
cury.

The concentration of microalgae was equal to
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1 liter of water per 200 ml of suspension of microal-
gae. The first experimental session included three
parallel experiments for each type of water: one
control without microalgae, one with wastewater and
microalgae, one with a connected CO, generator in
wastewater with microalgae.

The tanks were in a well-lit laboratory and had
the same conditions. The second experimental ses-
sion included four parallel experiments for one type
of wastewater: the first control, the second in
wastewater with microalgae, 3 and 4 identical sam-
ples with a connected CO, generator.

Measurement of nutrient rate. To measure the
levels of nutrients (phosphates, nitrates and nitrites),
the following measurement frequency was chosen:

1) in the first session — the first three days every
day, then every two days;

2) in the second session — every 6 days.

Experiment progress. For the first experimental
session, three reservoirs (bottles) were installed for
each type of water (wastewater from a residential
building in Kyiv before treatment, wastewater from
a utility in Novograd-Volynsk before and after
treatment). Totally 9 samples.

The initial hypothesis was that the bulk of nutri-
ents will go away in the first three days, so meas-
urements of nutrient levels were carried out for the
first three days every day, and then every two days.
Immediately after the installation of all tanks, phos-
phate, nitrate and nitrite levels were measured in
order to record the initial data. To take measure-
ments, it is necessary to follow this order:

1) to take an equal sample volume for all ex-
periments;

25

2) to carry out a double filtration with paper fil-
ters (first time through a funnel with a filter, and
separately a second time through a funnel with a
filter);

3) to gently wash the cuvettes with distilled water
and wipe the cuvettes without touching the walls
with your fingers so as not to create an error in the
measurement;

4) to take the necessary program on the spectro-
photometer, and following the instructions add the
reagent to the control sample;

5) to record the result;

6) to rinse the cuvettes with distilled water and
take measurements for other samples of the experi-
ment, also record the result;

7) at the end of the measurements, rinse all tubes,
funnels and cuvettes with distilled water and dry.

For the second experimental session, four tanks
were installed for one type of wastewater (wastewa-
ter from a residential building in Kyiv before enter-
ing the treatment plant): 1) control, 2) with microal-
gae, 3) and 4) identical with the connected CO, gen-
erator.

Since the initial hypothesis was not confirmed, it
was decided to take measurements every 6 days. The
measurement progress remained the same as in the
first session.

Results and discussion

As a result of our experimentsthe ability of
microalgae to reduce biogenic elements in
wastewater was confirmed. In the Fig. 2 the results
of measurement are presented.
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Fig. 2. Nitrogen and phosphorus compounds concentration changes in wastewater

As a result of experimental studies the concentra-
tions of nitrogen and phosphorus compounds in
waste water were decreased: NO, — by 5.75 times;
NO; — by 4.65; PO, — by 1.45 times.

Due to experimental studies we can improve the
classical technology of wastewater treatment by

installing of bioreactor with microalgae and settler
for microalgae removing.

It should be noted that the proposed technology is
the next stage after mechanical and biological treat-
ment, ie additional = wastewater treatment

(Fig. 3).
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Fig. 3. Improved wastewater treatment system at the airport

After rough cleaning, the concentration of phos-
phorus and nitrogen compounds is equal to that in
the primary contaminated wastewater. The presented
scheme provides a process with activated sludge and
secondary settling. In this case, nitrification is pro-
vided to convert ammonium nitrogen into nitrates. It
does not provide complete removal of nitrogen as a
result of gentrifications. Excess activated sludge is
stabilized by aerobic fermentation. This technology
provides the removal of phosphorus during cell syn-
thesis. It was found that biogens in biomass are more
bioavailable than after chemical precipitation in
traditional schemes. Schemes of secondary treatment
and treatment of the return flow of aerobic fermenta-
tion increase the efficiency of the process with acti-
vated sludge. In the case of their use, organic carbon
and ammonium are removed, which reduces their
content in the wastewater entering the process with
activated sludge.

The final stage provides water treatment in a bio-
reactor by microalgae. Along with the potential
benefits, there are currently certain obstacles to the
practical implementation of these schemes, such as
attracting additional land, providing phototrophic
processes for the microalgae growing and removing
for biomass utilization. The proposed advanced
technology has significant advantages because it is
cyclical and provides the possibility of producing
biofuels from microalgae removed after the absorp-
tion of nutrients, as well as the production of biofer-
tilizers from sludge.

It is important to note that considering the in-
creasing pressure to reduce water consumption and
conserve available water resources, airports must
manage their activities and operations to reduce
water consumption. Airports also need to protect
both the surface and groundwater resources as well.
To achieve these objectives, airports have imple-
mented a range of methods including the following:

* Monitoring of water consumption at the airport;
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* Monitoring the quality of the surface and
groundwater;

* Protecting groundwater from pollution

* Re-using water, following
(wastewater and sewage treatment plants);

* Reduction in water consumption at the airport
site.

treatment

Conclusions

It is experimentally confirmed that the appropri-
ate method of additional treatment is the use of
wastewater as a medium for the cultivation of en-
ergy microalgae inphotobioreactors with the subse-
quent production of liquid biofuels of the third gen-
eration.

An appropriate method of treatment and disposal
of sludge formed during the purification process is
anaerobic fermentation with the organization of the
process incompliance with the kinetics of fermenta-
tion processes and the subsequent use of the fer-
mented mass as an organic fertilizer. So, while
wastewater treatment by microalgae has a long his-
tory, it’s continuing to evolve in ways that make it
more effective, efficient, and available.
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HEPIIEKTUBU OYUMILEHHSA CTIYHUX BOJ MIKPOBOJAOPOCTSIMHA B AEPOIIOPTY

Bcemyn. Vnpaeninnusa oxoponoro 008KinA 8 aeponopmy CMano HAUGANCIUSIUUM eNeMEHINOM Y C8IMOBOMY PO3BUMKY
eanysi nogimpsino2co mpaucnopmy. Aeponopmu y 6cbomy ceimi 3apas 0edani Oinvbuie 30cepeddcyiomvbcsi Ha CMaiomy
VIPAGNIHHI BOOHUMU Pecypcamu 5K KI04080MYy eleMeHmi C80ix ekonoziunux naauie ma cmpameeii. Ilocmanoexa
npoonemu. /[ocgio nokasye, wo Cy4acHi OPeHadMdCHI MeXHONO02I He 3a6JCcoU € eKONOSIYHO YUCTUMU. YCMAaHo8KU O/is
OUUWEHHS CIIYHUX 800 He 3A8iCOU 3a0e3neUyrombCs OOCMAMHIO SKICMb HA 6UX00i (3ATUKO8] KOHYeHmpayii 3a6pyo-
HIOIOYUX PEYOBUH YACMO NEPEGULYIONMb BCHIAHOBICHT 8UMO2U), MemOoOu YMULI3ayii Myry Yacmo CHPUYUHAIOMb 3HAYHUL
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He2amuHull GNIUE HA HABKONUWHE cepedosuuje. L]e npuzeooums 00 eKoNo2iYHUX PUBUKIE HA AGIAYIUHOMY NIONpUEMC-
mei. Tomy, nowyKk eKo102iuHO YUCmux Memooie OUUWeHHs. CIMIYHUX 800 8 AePONOPIY Ma pO3POOKA eHepeoepheKmusHUX
MEeXHON02Il € CbO20OHI aKMYanbHUM 3a80anHaM. Memooonozia docnioxycenus. /s excnepumeHmanbHux 00CIi0NCeHb
0y8 obpanutl 1imHitl nepioo, OCKiIbKU Menii yMosu cnpuamausgiui ons pocmy eodopocmeil. Cepedns memnepamypa 6
aabopamopii cmanosuna 22 epadycu. CepedHitl muck Ha nepioo excnepumenmy cmanosug 746 mm pm. cm. Konyenm-
payisn mikpogodopocmeti dopisrrogana 1 nimpy eoou na 200 mn cycnensii mikpogodopocmeil. Ilepwa excnepumenmains-
Ha cepis 8KNI0YANA MPU NAPALETbHUX eKCNePUMEeHMU 01 KOXCHO20 MUNY 800U 0OUH KOHMPOIb be3 MiKpogodopocmel,
00UH 31 CIMIYHUMU 800aMU MA MIKPOBOOOPOCMAMY, 0OUH i3 niokatoyeHum cenepamopom CO, y cmiyHux 600ax 3 MiKpo-
6o0opocmsimu. EmMHocmi 3Haxo0unucs y 0obpe oceimuenitl 1abopamopii ma 3a 0OHaKosux ymos. /Ipyea excnepumen-
MAIbHA Cepisl BKAIOYALA YOMUPU NAPATETbHUX eKCnepuMenmu 0k 00H020 MUNY CMIYHUX 600: Nepuiuti KOHMpPOIbHUL,
Opyeutl y cmiyHux 600ax 3 Mikposooopocmsimu, 3 ma 4 o0naxoei 3pasxu iz nioxnouenum 2enepamopom CO,. Pesyins-
mamu ma 062060penna. B pezynomami excnepumenmanoHux 00ciodicens KoOHyenmpayis cnoayk asomy ma gocgopy y
cmiunux 6ooax 3Husunace: NO, — y 5,75 pasu;, NO; — na 4,65; PO, — y 1,45 pasu. 3a805Kku excnepumeHmaibHum
00CHIONCEHHAM B0OCKOHANECHA MEXHON02IA € HACMYRHUM emanom RiCAs MeXAHIYH020 ma 0I0N02iYHO20 OYUUjeHHS,
mobmo Oyn0 3anponoHo8ano 000amKo8e OYUUEHHS CMIYHUX 800. 3anponoHo8anHd 800CKOHANEHA MEXHON02Is MA€E
cymmesi nepesacu, OCKIIbKU 80HA € YUKIIUHOK Ma 3a0e3neyye MONCIUBICMb OMPUMAHHS Oionanuea 3 MiKpogooopoc-
metl, 8UOANEHUX NIC/ISL NO2IUHAHHS OI02EHHUX CNOIYK, d MAKOX}C 8UpobHUYymaea 6io0oopus 3i uiiamy. Bucnoeku. Excne-
PUMEHMATLHO NIOMBEPONCEHO, WO BIONOGIOHUM MEMOOOM 000AMKOBOI OYUCNKU € BUKOPUCIAHHA CMIYHUX 800 SK
cepedosuua Onist GUPOULYBAHHSL eHEP2EMUYHUX MIKPO8oOOpocmell y (homobiopeakmopax 3 NoOALLUUM GUPOOHUYMEOM
PiOKo2o bGionanuga mpemvo2o NOKOMHHA. Bionogionum memooom 006pobku ma ymunizayii Myny, uwjo Ymeopoemvcs 6
npoyeci ouuwjerHs, € anaepobre OPOOiHHs 3 OpeaHizayiclo npoyecy 3 OOMPUMAHHAM KIHeMUKU npoyecié OpooinHs ma
NOOANLUUM BUKOPUCIAHHAM (PepMEeHMOBAHOI Macu K opeaniynozo dobpusa. Omoice, X04a OYUWEHHS CMIYHUX 80O
MIKPOBOOOPOCHAMU MAE OABHIO ICTOPIIO, BOHO NPOOOBHCYE PO3GUSATNUC MAKUM YUHOM, Wob cmamu Oinbul eghexmus-
HUM, Oi€8UM MA OOCMYRHUM.

KntouyoBi cnoBa: aeponopT; ctane ynpasniHHS BOAHWMMK pecypcamMu; 3acToCyBaHHSA MikpoBogopocTen; bionanueo;
biogobpueo.
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PERSPECTIVES OF WASTEWATER TREATMENT BY MICROALGAE AT AN AIRPORT

Introduction. Airport environmental management has become a critical element in the global air transport industry
development. Airports all around the world are now increasingly focusing on sustainable water management as a key
element of their environmental plans and strategies. Problem statement. Experience shows that modern drainage tech-
nologies are not always environmentally friendly. Settings for wastewater treatment is not always provided sufficient
quality at the output (residual concentrations contaminants often exceed the established requirements), methods of
sludge disposal often cause significant negative impacts on the environment. This leads to environmental risk sat avia-
tion enterprise. The refore, the search for environmentally friendly methods of wastewater treatment at the airport and
the development of energy efficient technologies is an urgent task today. Research methodology. For the experimental
sessions, the summer period was chosen, since warm conditions are more favorable for the growth of algae. The aver-
age temperature in the laboratory was 22 degrees. The average pressure on the dates of the experiment was 746
millimeters of mercury. The concentration of microalgae was equal to 1 liter of water per 200 ml of suspension of
microalgae. The first experimental session included three parallel experiments for each type of water: one control
without microalgae, one with wastewater and microalgae, one with a connected CO, generator in wastewater with
microalgae. The tanks were in a well-lit laboratory and had the same conditions.The second experimental session
included four parallel experiments for one type of wastewater: the first control, the second in wastewater with microal-
gae, 3 and 4 identical samples with a connected CO, generator. Results and discussion. As a result of experimental
studies the concentrations of nitrogen and phosphorus compounds in waste water were decreased: NO,— by 5.75 times;
NO; — by 4.65; PO, — by 1.45 times. Due to experimental studies the improved technology is the next stage after me-
chanical and biological treatment, i.e. additional wastewater treatment was proposed. The proposed advanced technol-
ogy has significant advantages because it is cyclical and provides the possibility of producing biofuels from microalgae
removed after the absorption of nutrients, as well as the production of biofertilizers from sludge. Conclusions. It is
experimentally confirmed that the appropriate method of additional treatment is the use of wastewater as a medium for
the cultivation of energy microalgae in photo bioreactors with the subsequent production of liquid biofuels of the third
generation. An appropriate method of treatment and disposal of sludge formed during the purification process is an-
aerobic fermentation with the organization of the process in compliance with the kinetics of fermentation processes and
the subsequent use of the fermented mass as an organic fertilizer. So, while wastewater treatment by microalgae has a
long history, it’s continuing to evolve in ways that make it more effective, efficient, and available.

Keywords: airport; sustainable water management; microalgae applicaton; biofuel; biofertilizer.
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