pollutants usually present as suspended solids, as well as heavy metals, petroleum compounds, and
nutrients. Although stormwater drainage systems are not intended for the discharge of domestic
wastewater, they are an important source of pollutants entering rivers, lakes, and retention
reservoirs. Rainwater washes various organic substances and pathogens from urban surfaces.

Therefore, monitoring the quality of stormwater is becoming increasingly important-both
from an environmental protection perspective and in terms of compliance with water legislation.
Regular testing of stormwater quality makes it possible to identify pollution sources, assess the
efficiency of treatment devices (e.g., sedimentation tanks, separators), and adjust stormwater
management strategies. Monitoring is also essential for the protection of surface and groundwater
and for preventing eutrophication. Currently, a variety of analytical techniques are used in
research-ranging from classical gravimetric and spectrophotometric methods to advanced
instrumental analyses. The most commonly used include measurements of total suspended solids,
determination of heavy metals (AAS, ICP), and photometric and conductometric analyses for
nutrients, pH, and conductivity.

Although these methods are highly accurate, stormwater monitoring is challenging due to
the irregularity of precipitation and the dynamic nature of the “first flush,” in which pollutant
concentrations are the highest. For this reason, new automated solutions for remote monitoring of
stormwater quality are being sought. A promising direction involves so-called electronic senses-
such as the “electronic tongue” and “electronic eye.” Their advantages include the absence of
chemical reagents and the ability to perform real-time measurements at low operational costs
compared to traditional laboratory methods. Preliminary research was conducted on the campus
of Lublin University of Technology, where the stormwater drainage system has a total length of
2,501.70 meters. Rainwater is discharged into the Bystrzyca River through pipes with diameters
ranging from 0.16 m to 0.5 m. The network includes 144 inspection manholes and 73 storm inlets.
Samples for analysis were collected from six points: three inlets (W14, W43, W51) and three
manholes (D41, D79, D82), located near campus roads and parking areas. The obtained results
will serve as reference data for the development of laboratory prototypes of an electronic tongue,
enabling the detection of water pollution indicators based on signal analysis from multisensor
arrays.

APPLICATION OF IMMOBILIZED MICROORGANISMS
FOR RESTORATION OF BIOLOGICAL WASTEWATER TREATMENT
Zhukova V.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Ukraine, zhukova.veronika@l!ll.kpi.ua

Modern technologies for biological wastewater treatment are based on the use of
microorganisms capable of biochemical decomposition of organic substances and nitrogen
compounds. Activated sludge systems remain the most common, but they have several significant
limitations, including the sensitivity of microbial communities to hydraulic and temperature
fluctuations, instability to toxic impurities and the need for continuous energy supply. These
disadvantages are especially critical for small treatment plants operating in seasonal or intermittent
mode, when long shutdowns lead to loss of biological activity and the need to re-form the
biocenosis after start-up, which can take from 2 to 4 weeks, requiring significant costs to provide
the biological process with “fresh” activated sludge or restore the efficiency of activated sludge
by long-term feeding [1].
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Significant progress in water treatment biotechnology is associated with the development of
systems in which microorganisms are immobilized on artificial carriers, forming a stable biofilm.
Unlike free-floating activated sludge, immobilized consortia have increased resistance to stress
conditions, and their biochemical activity can be maintained even during interruptions in
wastewater supply [2].

Anhydrobiosis is the ability of some organisms to survive almost completely loss of water.
Important biological agents of activated sludge are the nitrifying bacteria Nitrosomonas and
Nitrobacter. Nitrifying bacteria are autotrophs and sensitive to environmental changes, including
temperature, pH, oxygen, and water availability, unlike the spore-forming bacteria Bacillus.
Bacillus spores are among the most resistant to desiccation, high temperatures, radiation, and
chemicals of biological objects. They can remain viable for decades in a completely dried state,
which is a classic example of anhydrobiosis. Nitrifying bacteria do not have natural mechanisms
for surviving complete natural desiccation. However, they can tolerate moderate dehydration as
part of a biofilm, where they are partially protected by a polysaccharide matrix that can hold small
amounts of water, providing a buffer against complete dehydration. This allows them to survive
at moderate humidity levels for a certain period [3].

The aim was to experimentally study the rate of biofilm recovery on a polymer carrier after
a period of downtime. The main idea was to create a stable biofilm system that can maintain
viability and functional activity during periods without load, which allows to reduce the
reactivation time after restarting the treatment plants. Achieving this goal involves studying the
processes of biofilm formation, preservation and recovery in laboratory conditions using consortia
of microorganisms obtained from activated sludge of operating treatment plants.

The research was conducted at the Department of Bioenergy, Bioinformatics and
Ecobiotechnology of Igor Sikorsky Kyiv Polytechnic Institute. Immobilization of microorganisms
on a polymer carrier was carried out using activated sludge collected at the Bortnytsky aeration
station in Kyiv. The formed biofilm provided effective treatment of wastewater from organic
matter and ammonium nitrogen. Then, the carrier with a surface area of 5255 cm? was moved to
an empty bioreactor, where it dried naturally. After 3 months, a nutrient solution was added to the
bioreactor with the dried carrier with the biofilm, the composition of which was calculated from
the ratio BOD:N:P=100:5:1 to maintain the vital activity of biofilm microorganisms. The
composition included glucose as a source of sugar, organic matter, sources of biogenic elements -
nitrogen and phosphorus.

At the beginning of the recovery process, before adding the nutrient solution, the number of
live cells was 8,84:10% in 1 cm® of biofilm, which was determined using a cell counter Countess.
Within a week, the value increased to 3,01-10° live cells in the biofilm recovered on the carrier.
During the studies, the sizes of live cells were within 3,78 — 8,54 um, for comparison - in the
working activated sludge the cell size is 9-12 um. This indicates the absence of higher trophic
levels, such as ciliates, rotifers, that the energy of the biomass is directed exclusively to the division
and formation of the primary biocenosis. The percentage of live cells in the total number increases
from 4 to 26% during the first week of recovery, which indicates the possibility of recovering
naturally dried biofilm in a short period of time.

The number of cells increased 3,4 times in just the first week of recovery. The increase in
the percentage of live cells to 26% indicates not only an increase in their number, but also the
successful reactivation of a significant part of the population.

The tasks of further research will be to verify the efficiency of the restored biofilm, establish
technological modes of operation of structures with immobilized microorganisms during the
shutdown, stoppage and restart period, and optimize processes during this period to minimize its
duration and save material and financial costs.
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INOPIBHAHHA ®I3UKO-XIMIYHUX METOJAIB OYUCTKHU CTIYHUX BOJ
MOJIOKOHNEPEPOBHUX IIAINIPUEMCTB

baéin /. B., cm., Cabniu JI. A., 0.m.n., npogh.
Hayionanonuii mexuiunuii ynisepcumem Yrkpainu "Kuiscokuu nonimexniunui incmumym
imeni lzopsa Cikopcwvkozo", Ykpaina, Kuis, babii.daria@lll.kpi.ua

OcTanHiMH pokaMu B YKpaiHi CYyTTEBO 3POCIIO BUPOOHUIITBO MOJIOYHHUX 1 KUCIIOMOJIOUHUX
OPOAYKTIB, a pa3oM 13 UM — KUIbKICTh MOJIOKONEpepOoOHUX MIiANPUEMCTB. Y THpoleci
BUPOOHUIITBA YTBOPIOIOTHCS 3HAUYHI 00’€MHU CTIYHUX BOJ, II0 MICTATH OpraHiuHi (>kupu, OLIKH,
IyKpH) Ta HEOPTaHiuHi (COJi, KUCIOTH, COJIa) JOMIIIKH, 3aJUIIKH MOJIOYHUX MPOAyKTiB 1 [TAP.
CxkunanHs TakuxX BoJ 0€3 OUMINEHHS MPU3BOAMUTH A0 Ne(IIUTY KUCHIO Y BoJOMMAax 1 3arubei
pubu. di3uko-XiMiYHI METOJIM OYMILEHHS 3a0e3nedyloTh e(QEeKTHBHE BHUJAJICHHS 3aBUCIUX
PEYOBHH, EMyJIbrOBAHHX KHUPIB 1 KOJIOTTHUX YACTHHOK. IXHs OCHOBHA MepeBara fmoJsrac y BUCOKiil
HIBUJIKOCTI IIPOIIeCy Ta BUCOKIN e(peKTUBHOCTI ounIIeHHs [1].

MeTtoto poOOTH € TOPIBHAHHS €PEKTUBHOCTI PI3HUX METO/IB (P13UKO-XIMIUHOTO OYMILEHHS
CTIYHUX BOJI MOJIOKONIEPEPOOHUX MiANPHEMCTB.

Koarynsamiss € oaHuM 13 HaWBaXJIMBIMMX (DI3UKO-XIMIYHUX METOMIB  OYMIICHHS
IPOMMCIIOBUX CTIYHHMX BOJI, 1110 3a0e3Meuye 3MEHIIEHHS BMICTY KOJIOIIHUX, 3aBUCIIUX PEYOBHUH 1
KaJIaMyTHOCT1 BOJIM. 3@ ONITUMAJIbHOI JJ03U KOATYJISTHTIB Cyb(haTy alfoMiHII0 Ta cyibdaTy 3ami3a
1000 mr/nm®* npu pH 5 edexruBnicts BumaneHHs XCK 31 cTiyHMX BOJA MOJOKONEpepoOHOT
MPOMHUCIIOBOCTI cTaHOBWIa 68% mis cynbdary amoMmidito 1 62% s cynbdary 3amisa.
Buxopucranus cyibdary anoMiHilO B O€AHaHHI 3 noidepocyabhaToM 1 MosiakpuiIaMizIoM K
JIOTIOMDKHHUX peareHTiB J03BoMII0 qocsartu 82% 3HmkenHs XCK 3a Habarato HIKYOT 1031 —
100 mr/am® [2]. Ipu pH 6 nns FeCls ta pH 7 nna Alx(SOs)s ontumanbhia go3a Al** cranosuiia
188,4 mr/nm®, a edextuBHicTh BumaneHHs XCK csrama 33%. ns Fe** onmtumansHa mo3a
nopiBHioBana 172,5 mr/nm?, a 3HmwkeHHs XCK — 45%. Takum 4yMHOM, Kpaili pe3yibTaTH
ounnieHHs Oynu oTpumani 3a Bukopuctanis FeCls mopiBasHO 3 Al2(SO4)s [3].

Metox koarynsnii OyJo BUKOPUCTAHO Ui OYMIIEHHS MOJENBHUX CTIYHMX BOJ
MOJIOKOTIEPEPOOHUX MIANMPUEMCTB 32 JIOTIOMOTOI0 HEOPTaHIYHUX KOATYJISHTIB, TaKHX SIK
nomiamominiixmopun (PAC), cynedar 3amiza (FeSOs) Ta ramyH Kali€BO-amtOMiHI€BUN
(KAI(SO4)2:12H20) [4]. ExcriepumeHTH IPOBOIWIN JUIS OL[IHKY BIUIMBY nodatkoBoro pH (5-10)
1 mo3u koarynsHTy (100-5000 mr/am?) Ha eexTuBHICTh Bunanenns XCK. OnTumansHe 3HaUeHHS
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