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Abstract. The article deals with the problem of surface
water pollution by untreated industrial wastewater,
namely oil products, using clarifiers applied by the
“Zaporizhstal” PJSC plant in the city of Zaporizhzhya.
The survival of gram-positive bacterial colonies and
periphyton immobilized on a fibrous carrier in the
wastewater of the sludge collector was experimentally
observed, taking into account the optimal ambient
temperature ideal for the life of microorganisms (within
the range of 25.0-27.5 °C during the summer period).
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1. Introduction

Ferrous metallurgy of Ukraine is among the most
significant consumers of water in the national economy
of the country. Despite the fact that the metallurgical
enterprises of Ukraine make extensive use of recyclable
water supply, the share of which exceeds 80 %, the
amount of wastewater discharged into the water bodies is
still quite significant and exceeds 1.5 hillion m3/year [1].

Since the sludge collectors of metallurgical
enterprises in Ukraine are a part of the production
technology of the metallurgical industry, they tend to

occupy large areas, reaching tens and hundreds of
millions of cubic meters in volume. They are a significant
source of negative impact on the environment.

It is known that in the Dnieper basin there are 3 main
zones of pollution of surface and ground water, which
were formed under the influence of technogenic
intervention [2]. In the area of the mining and
metallurgical complex located in the basin of the middle
reaches of the Dnieper River, there are more than 350
reservoirs, 279 of which are sludge collectors and 22 are
tailings ponds. The latter are used as reservoirs for
collecting effluents of solely industrial origin [3].

Oils that enter industrial wastewater are used by
metallurgical enterprises as a lubricant for various types of
machinery (e.g. hot rolling mills), as well as in other
technological processes. During the rolling process, at each
technological operation, the water is heated, contaminated
with mill scale, lubricants and dumped into a tunnel, located
under the central roller table, and then — into a settling tank
(clarifier) for scale. It has been established that the amount
of oil in the sediment from the mill scale pit amounts to 1 %
of the total weight of the scale, whereas the sludge from the
secondary clarifiers contains around 10-20 % [4]. These are
usually petroleum oils that contain a mixture of various
hydrocarbons and additives.

Process flow charts for the purification of oil-
containing wastewater in our country and abroad involve
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mixing of all types of oil-containing effluents and their
settling [4]. Waste oils that have been used in industry
require proper disposal. Different methods (mechanical,
thermal, physicochemical, thermochemical and biological)
are used for the purpose of utilization of waste petroleum
products [5]. It is well known that priority is given to the
use of biotechnology in current scientific research, since
biological methods ensure the simultaneous environmental
friendliness and economic profitability of wastewater
treatment. The appeal of biological treatment lies in the
unique ability of microorganisms to adapt under the most
extreme and unfavorable circumstances [6].

The analysis of biological methods of industrial
wastewater  treatment shows the advantage of
biotechnology that uses fibrous carriers with immobilized
microorganisms [7]. It has been shown that the
immobilized microorganisms can reach extremely high
levels of concentration of cells per unit surface of the
carrier and are more stable and effective than the
microorganisms living within the water column of the
treatment plant. Therefore, this method of industrial
wastewater treatment does not require the remodelling of
existing wastewater treatment plants and makes it
possible to intensify the processes of biological
wastewater treatment. The information on the use of such
biotechnologies for the effective purification of surface
and waste waters using immobilized microorganisms and
organisms contained in periphyton on a fibrous carrier of
the “VIYA” type is presented in [8-10].

The aim of this study is to substantiate the
biotechnology of industrial wastewater treatment of
effluents contained in the Kapustianka gully sludge
collector, that belongs to the “Zaporizhstal” PJSC
metallurgical plant, from petroleum products through the
use of microorganisms immobilized on a fibrous carrier
and periphyton organisms.

2. Experimental part

Zaporizhzhia region has a powerful industrial
capacity that is manifested in the form of metallurgical,
mining, machine-building and chemical complexes.
“Zaporizhstal” PJSC is the largest polluter of water
supply both in the city and the entire region. The overall
share of the plant in the total amount of discharge of
contaminated return water in the region amounts to 85 %.

As far as enterprises of the Zaporizhzhia industrial
site are concerned, including “Zaporizhstal” PJSC plant,
the discharge of wastewater occurs mainly through the
Kapustyanka gully, where wastewater is concentrated and
settled, which allows us to reduce to a certain extent the
content of slurry and insoluble oils, but it does not solve
the problem of progressing pollution of the Dnieper
River. The sludge that accumulates in the gully is fed by

dredges to the sludge accumulator for long-term storage,
which is located on the Horodyska gully at a distance of
30 km from the Kapustianka gully [1]. From the
Horodyska gully sludge collector clarified water is fed
back to the Kapustyanka gully catch basin and discharged
into the lower canal pond and further into the Dnieper
River (upper Kakhovka reservoir). The volume of return
water discharge into the water supply of the “Zaporizhstal”
PJSC plant amounted to 69.30 million m%/year in 2015,
including contaminated water, and through the
Kapustianka gully off-site sludge disposal complex it was
59.51 million m3/year.

The sewage treatment, which is carried out between
production cycles at the plant, does not allow removal and
disposal of all pollutants, as evidenced by the results of
an independent laboratory study of the surface waters in
the region [11].

The efficiency of integrated use of fibrous carrier of
the “VIYA” type for the purification of industrial
wastewater was tested under the conditions of a hydraulic
structure (Kapustyanka gully clarifier of industrial
wastewater), which belongs to the “Zaporizhstal” PJSC
plan off-site sludge disposal complex.

A 10.5 million m? storage facility was designed by
Kharkiv “Vodokanalproekt” (Ukraine). Industrial wastewater
and sludge discharge capacity is around 1.1 million tons /
year, service life — 25 years, area of the sludge collector —
135 hectares, which has been in operation since 1958. The
sludge collector is designed to process industrial
wastewater and sludge of the “Zaporizhstal” PJSC plant
(sludge obtained through wet gas scrubbing at a sinter
plant, blast furnaces, open-hearth furnaces, machines for
casting cast iron, sewage from TPPs, water influx of scale
from rolling mills, foundries, waste emulsions, etc.) [3].
In addition to the sewage from “Zaporizhstal” PJSC plant,
the sludge collector collects wastewater from a number of
enterprises, in particular: “Dniprospetsstal” PJSC,
“Zaporizhzhia Aluminum Combine” PJSC, “Zaporizhzhia
Steel Rolling Plant” PJSC, “Kremniypolimer” ZSE,
“Zaporizhkoks” PJSC.

In 1979, a circulating cycle of industrial wastewater
of the NTLS-1680 thick-sheet hot rolling mill was put
into operation. Prior to this, the effluents polluted with
scale and oils were discharged into the sludge collector
after being processed in presettling tanks. Taking into
account that the system of a circulating cycle entrapped
around 12.000 tons of scale / per year on average, during
the period from 1958 to 1979 the oxide scale that was
contained in industrial wastewater was being
accumulated in the Kapustianka gully channel, and after
20 years its mass reached the mark of around 252
thousand tons [3].

To ensure the intensification of biological sewage
treatment of the sludge collector, three rafts with fibrous
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carrier of the “VIYA” type were installed on the surface of
the artificial reservoir. Fibrous carrier rafts were placed in
a hydraulic structure so that the fibrous carrier was
continuously in the surface layer of water, accumulating

oL OB AAMAAAAL T

Fig. 1. Rafts with fibrous carrier of the “VIYA” type installed at the sludge collector of the “Zaporizhstal” PJSC plant

The primary immobilization of microorganisms and
other aquatic organisms on a fibrous carrier was
performed at the stormwater treatment facilities ZTF No.
54 of the “Motor Sich” PJSC plant, where natural
selection of immobilized destructor-bacteria that
eliminate petroleum products has been taking place for 2
years. Then, the fibrous carrier with the immobilized
organisms was removed from the treatment facility of the
motor-building plant and transported to the hydraulic
structure, where it was placed near the already installed
rafts equipped with a nozzle of the “VIYA” type.

During the period of July-August, 2018, the chemical
composition and physical properties of wastewater were
determined, where bacteriological and hydrobiological
studies of the “VIYA” fibrous carrier biofilm were
conducted under the conditions of a sludge collector.

The number of microorganisms was determined using
the standard method in aqueous microbiology by seeding
of sequential dilutions of aqueous suspension on standard
nutrient media [12]. Studies of microbial colonies were

the immobilized (attached) microfauna of the aquatic
organisms during the period of July-August, 2018, Fig. 1.
Floating carrier elements in the shape of a “raft” were
characterized by the following dimensions — 1.50x0.54 m.
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carried out after 2 days of cultivation, beginning with the
identification of available morphotypes. Each type of
colony was assigned a number, its colour, size and shape
were described. The most isolated and visible colonies of
each morphotype were labeled and smeared for
microscopic examination. After the preparation of smears
from the marked colonies, Gram staining was performed.
In the presence of pure cultures, the microorganisms were
transplanted onto the mowed agar for storage in the
collection. For further stages of identification of
microorgansms-destructors, Berji Bacteria Determinant
was used

Thus, laboratory studies of bacterial cultures
included a series of the following sequential operations:
inoculation of the test material (water suspension),
cultivation of the material, selection of pure culture,
identification of culture.

Hydrobiological material (periphyton installed on a
fibrous carrier of the “VIYA” type) was selected
according to the method described by us previously [9].

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua
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The calculation of the number of periphyton organisms of
the fibrous carrier was carried out taking into account the
surface area of the substrate and was expressed in
specimens/m?. First, the area of a single fiber was
determined, that is, the area of the cylinder, and then the
area of the substrate was recalculated taking into account
the number of cut fibers. The number of fouling
organisms in a given volume (0.1-0.3 ml) was then
determined and their quantity was recalculated adjusted
for the total volume of a sample (50-60 ml).

Studies of the chemical composition of water were
conducted in the laboratory of environmental protection
of the “Zaporizhstal” PJSC plant.

3. Results and discussion

The chemical composition and physical properties
of water from industrial effluents contained in a sludge

collector fluctuated within certain limits, in mg/dm3:
total iron — 0.61-0.91; petroleum products -
0.193-0.214; organic pollution by biochemical
oxygen consumption (BOCs) — 4.20-4.30 and by
chemical oxygen consumption (COC) — 32.40-33.20;
hydrogen index (pH) — 7.54-8.10; the total amount of
suspended solids is 8.7-11.0. The values of dissolved
oxygen and redox potential (ORP) of wastewater
ranged from 3.7 to 5.7 mgO,/dm?® and from +170 mV
to +286 mV, respectively. Water temperature of
industrial wastewater fluctuated within 25.0-27.5 °C,
see Table 1.

During the study of the redox characteristics of the
sludge collector wastewater we have determined that the
values of the ORP of water increase from July to August,
and the capacity of the redox system in terms of rH;
corresponds to favorable conditions for the oxidative and
oxidative-destructive purification processes.

Table 1
Characteristics of the main chemical and physical components of effluents found in a sludge collector in 2018
Indicators Sampling date

04.07 06.07 23.07 01.08 09.08 13.08 28.08 MAR
Total iron, mg/dm?® 0.70 0.91 0.79 0.90 0.80 0.61 0.76 0.295
Petroleum products, mg/dm 3 0.193 - - 0.214 - - - 0.166
BOCs, mgO2/dm? 4.20 - - 4.30 - - - 3.796
COC, mgO2/dm? 324 - - 33.2 - - - 22.39
Suspended solids, mg/dm3 9.4 8.7 9.4 10.0 9.0 9.0 11.0 5.9
ORP, mV +180 +170 +235 +270 +286 - - -
pH 7.96 7.87 7.99 7.71 7.96 7.54 8.10 6.5-8.5
rH: 22.13 21.60 24.08 24.73 25.78 - - -
Dissolved oxygen, mgO2/dm? 4.2 5.7 3.7 - - - - -
Temperature, °C 275 275 27.5 27.0 25.0 27.0 27.0 -

Note: (-) — the figure was undetermined

In order to determine the sanitary status of the
hydraulic structure and to clarify the issue of the process
of immobilization (attachment) of microorganisms on the
fibrous carrier of the “VIYA” type, we have determined
a microbiological indicator — the total number of
microorganisms in the wastewater of the hydraulic
structure and on the fibrous carrier, see Table 2.

According to the results obtained in accordance with
bacteriological indicators it was found that the total number
of microorganisms on the fibrous carrier was high.

Bacteriological indicators of wastewater of the
hydraulic structure varied within wider limits. Thus, at
the beginning of August, the total number of
microorganisms of wastewater was at a level of
513.333x106 cells/cm?, and in the first decade of August it
decreased 9-fold and thus amounted to 56.500x106 cells/cm®.
It should also be noted that, on average, the total number
of microorganisms on the fibrous carrier was 2.3 times
higher than in the effluents found in a sludge collector

over the entire study period. Among the bacteria isolated
from the biofilm, specimens of the Pseudomonas,
Flavobacterium, Arthrobacter and Bacillus genera were
found. The vast majority of bacteria were represented by
the last two genera. Taking into account the peculiarity of
wastewater contained in the sludge collector, we consider
that species of the Bacillus and Arthrobacter are edifiers
that provide favorable conditions for the existence of
consorts.

The assessment of the sanitary status of the sludge
collector by the total number of microorganisms was
carried out based on the assessment scale for fishery
reservoirs [12]. According to this scale, the water of the
hydraulic ~ structure  belongs to the “Polluted
(hypersaprobic water)” category at the beginning of
August and to the “Polluted (polysaprobic water)”
category at the end of the first decade of August.
According to the BOCs indicator, the water of the
hydraulic structure also belongs to the “Polluted” water
category (BOCs > 4.0 mgO/dmd).
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Table 2

The total number of microorganisms (106 cells/cmd)
in wastewater and on the “VIYA” fibrous carrier
installed on the sludge collector
of the “Zaporizhstal” PJSC plant

Sampling date

Object of study 12575018 | 01.08.2018 | 09.08.2018
Industrial effluents - 513.333 56.500
Fibrous carrier 726.667 596.667 -

Note: (-) — the total number of microorganisms was not
being determined

Analysis of the morphological structure of bacterial
colonies (grown on a MPA medium) showed that all
isolated colonies belong to gram-positive bacteria, which
are characterized by a smooth surface and a soft texture,
see Table 3.

The periphyton of the fiber carrier installed at the sludge
collector of the “Zaporizhstal” PISC plant consisted of 20 taxa
of hydrobionts, which belong to three functional
groups — protistoperiphyton, microzooperiphyton and
macrozooperiphyton. Protistoperiphyton was represented
by most species (11) belonging to three taxa.
Microzooperiphyton was represented by the rotifers (3 species
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and varieties), nematodes (1 species) and the turbellaria
(1 species). The macrozooperiphyton group consisted of
oligochaeta (2 species), gastropod molluscs (1 species), and
dragonfly larvae (1 species),

Describing the species composition and the number
of organisms in the periphyton attached to the “VIYA”
fibrous carrier installed on the sludge collector, it should
be noted that on the 19th day after the installation of
“rafts” with a fibrous carrier, the periphyton was
represented by the greatest number of species and the
number of specimens — 15 taxa and 1196.56 thousand
specimens/m?, respectively. Zoocenosis of the periphyton
was characterized by the dominance in the number of
Rotifera, which accounted for 48 % of the total number.
The number of ciliates and oligochaetae in the periphyton
was lower — 21 % and 15 %, respectively.

The periphyton groupings found in the fibrous carrier
on the 23rd day since the exposure were represented by
12 species and the maximum number of organisms was
1504.467 thousand specimens/m?. In the periphyton
under study, Rotifera were significantly more numerous
and accounted for 84 % of the total number of organisms
in the zoocenosis. The number of ciliates, oligochaetae
and nematodes was low and varied within 4-5 % of the
total number of organisms in the periphyton.

Table 3

Morphological description of colonies of microorganisms detected on the fibrous
carrier installed on the sludge collector of the “Zaporizhstal” PJSC plant

Ne | Shape | Size,mm | Colour | Edges | Morphology
23.07.2018
1 | regular 4 translucent even Gr+ non-spore-forming bacilli of medium size
2 | elliptical 11 milky even Gr+ non-spore-forming bacilli of medium size
3 | regular 5 white fringe Gr+ bacilli with a central disposition of spores
01.08.2018
4 | regular 5 milky even Gr+ spore-forming ("drum-stick™) bacilli
5 | irregular 27 translucent wavy Gr+ non-spore- and spore-forming bacilli
6 | regular 11 milky even Gr+ barrel-shaped bacilli

Table 4

Structural characteristics of periphyton attached to the fibrous carrier of the “VIYA”
type installed at the sludge collector of the “Zaporizhstal” PJSC plant

Indicators Exposure period of the "VIYA" fibrous carrier
on the 19" day | on the 23" day | on the 40" day
Taxonomic structure (number of species)
1. Protistoperiphyton
Mastigophora — 8.25 % (1) —
Heliozoa 6.75 % (1) — —
Ciliophora 40.0 % (6) 33.0% (4) 40.0 % (2)
2. Microzooperiphyton
Rotatoria 20.0 % (3) 17.0% (2) 15.0% (1)
Nematoda 6.75 % (1) 8.25% (1) 15.0% (1)
Turbellaria — 8.25% (1) —
3. Macrozooperiphyton
Oligochaeta 13.0% (2) 17.0% (2) 15.0% (1)
Odonata (larvae) 6.75 % (1) — —
Gastropoda 6.75 % (1) 8.25 % (1) —
Total number of species 15 12 5
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In general, the study of periphyton attached to the
“rafts” of the “VIYA” fibrous carrier during July-August
in 2018 showed that species biodiversity and the number
of organisms in a grouping were high on the 19th and the
23rd days of our study, but afterwards the species
composition of periphyton decreased from 15 to 5 species
by the 40th day of the exposure. The number of organisms
in the periphyton attached to the fibrous carrier also
decreased significantly, almost 3-fold. Thus, the number
of Rotifera and Oligochaeta in the zoocenosis decreased
almost 25-fold and 3-fold, respectively, compared to the
initial indicators. The number of nematodes, on the
contrary, increased 3.3 times.

The decrease in the qualitative and quantitative
characteristics of the periphyton attached to the “VIYA”
fibrous carrier can be explained by the fact that the
placement of “rafts” with fibrous media under the
conditions of a rapid flow of wastewater (significant flow),
microscopic fibers of the capron carrier (3 um in diameter)
quickly become clogged with slurry from the sledge
collector due to the constant work of dredgers. Also, on the
40th day of exposure, it could be seen with a naked eye that
the fibrous carrier during this time concentrated a large
amount of waste oils and was completely immersed in
them. Thus, these factors coupled together adversely affect
the development of the immobilized microbiota and
periphyton on a fibrous media.

In general, during the study of periphyton found on
the fibrous carrier “rafts” installed at the sludge collector
during the summer period, we have identified the
environment-forming complex of periphyton species.
These include 4 species and forms represented by rotifers
(2 taxa) — Macrotrachela qudricornifera Milne and
Rotaria rotatoria rotatoria (Pallas), ciliates — Aspidisca
cicada (Muller) and oligochaetae — Chaetogaster setosus
Svetlov.

The results of our study within two months have
shown that the process of immobilization of bacterial
biota and organisms of periphyton occurs on the fibrous
carrier that is installed at the sludge collector of the
“Zaporizhstal” PJSC plant, which may allow further
research to clarify the issue of biological purification of
industrial wastewater from petroleum products. This has
been confirmed by bacteriological and hydrobiological
studies.

Conclusions

1. It is established that the process of biofouling of a
thin chemically textured fiber of the “VIYA” type during
the summer period in the effluents of the Kapustianka
gully sludge collector of the “Zaporizhstal” PJSC plant is
intense enough to allow the use of the system of “rafts”
to eliminate petroleum products.

2. The great biodiversity of bacterial biota and
functional groups of periphyton in the biofilm of the
fibrous carrier under favourable thermal conditions of
wastewater (25-27°C) indicates that the biofilm
establishes stable trophic bonds, which is the key to the
long-term existence of the biofilm.

3. The decrease in the qualitative and quantitative
characteristics of the periphyton attached to the “VIYA”
fibrous carrier during the 40th day of exposure by the
“rafts” in the hydraulic structure under study is due to the
intensive adsorption of suspended slurry particles, which
reduced the access of organic substances (nutrient
medium) to the bacterial biota of the biofilm itself.

4. The results obtained during the study
experimentally confirm the possibility of using the
proposed biotechnology to reduce the concentration of
petroleum products and other organic contaminants in the
wastewater of the sludge collector, but it is necessary to
take into account the factor of periodic increase of
suspended slurry particles in the water in some individual
parts of the hydraulic structure.
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