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SOME FEATURES OF IRON DISTRIBUTION IN THE SUSPENDED MATTER
OF THE DNIEPER RIVER WITHIN ZAPORIZHZHIA CITY

Abstract. The main purpose of the research was determination of the peculiarities of iron distribution in the suspended matter
of rivers in the industrialized regions of Ukraine, in particular the city of Zaporizhzhia. Long-term observations and continuous
sampling of natural substances made it possible to determine the distribution features of the solid component of the river suspension
containing iron oxide, study the morphological characteristics of these particles, and to preliminarily define their genetic affiliation to
different technological processes of metallurgical production. Genetically, particles can be divided into two main categories related to
the technological processes of crushing iron ores and their high-temperature processing. The first category (Fe,O, spherules) includes
spherical mineral aggregates represented by iron oxide of varying degrees of corrosion, sometimes with micro-impurities of ZnO,
zine, titanium, manganese, and copper oxides.. The second component of technogenic nature in the river suspension is fragments
of Fe,0,, sometimes with MnO impurities, represented by a significant range of dimensions (from 5 to 70 and more microns) in
the form of acute-angled, sometimes slightly rounded grains. In this case, the dispersed formation (in contrast to iron-containing
condensed formations) is presented not only in the pelit and aleurite, but even the finely-psammite component. Morphological features
of the particles of a technogenic component in the water suspension indicate that the condensed and dispersed components can be
attributed by genetic affiliation to various technological processes of preparation and processing of iron ore at the metallurgical
complex of the city. This was evidenced by laboratory examinations of matter of atmospheric emissions of a number of production
units at the relevant metallurgical enterprises of the city of Zaporizhzhia. In the environmental field, our researches are very important
because such particles are usually carriers of heavy metals (often with a high concentration of these metals).

Key words: suspended matter, Dnipro, glandular spherules, heavy metals, technological processes.

Introduction Considerable attention in the scientific world is
The city of Zaporizhzhia occupies the leading paid to various aspects of the problem of monitoring
place among the most industrially loaded centers with  the distribution of pollutants in the environment, as
a high potential of the metallurgical industry in Ukraine.  evidenced by a significant number of relevant publications
Significant concentration of enterprises of ferrous, non-  [1,4,7,8]. Largely, this concerns the state of the atmospheric
ferrous metallurgy, mechanical engineering causes in some  environment, surface waters and land soils, to a lesser
areas of the city an intensive emission of a number of trace  extent, bottom sediments and river suspension.
elements into the environment, in particular, in the Dnieper The purpose of the study
waters. For a long time, Institute of Geological Sciences
The distribution of pollutants released into  of the NAS of Ukraine has been undertaking continuous
the environment depends on a number of natural factors comprehensive studies of the sediment-forming substance
and is determined by the strength and direction of winds, transported in the atmospheric and aquatic environments
hydrodynamic and hydrochemical regimes of surface  within the city of Zaporizhzhia. Observations of economic
watercourses, etc. activity impact on the natural environment include
Analysis of recent research and publications monitoring of quantitative and qualitative changes in
Until now, the processes of transformation of pollutants  the composition of the river suspension and atmospheric
released into the environment, the features of their aerosol by the methods of continuous accumulation
distribution and interaction with natural components of natural matter for a month and its subsequent selection
remain insufficiently studied. First of all, this concerns  for analysis.
the dynamic components of the environment (surface The objectives of these studies also include determining
waters and atmospheric flows). the features of the distribution of a number of heavy metals
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in transit flows of sedimentary material, in particular
in aqueous suspension, finding out and examination
of redistribution patterns of their forms and concentrations
depending on natural and anthropogenic factors.

Such observations, in comparison with the state
system for monitoring the quality of surface waters,
make it possible to obtain on a permanent basis samples
of the river suspension in quantities sufficient for a number
of additional studies, in particular, using an electron
microscope, sedimentograph, and energy dispersive
spectrometer.

Methods of investigation

The technique for suspended matter sampling is based
both on the methodological recommendations presented in
the literature [3], in particular, and on our own experience
obtained during similar work in marine areas [6].

Monitoring observations of the Dnieper suspension
were realized at the pier of the State Institution
"Scientific Hydrophysical Center of the NAS of Ukraine"
(Komunars’ky district of the city of Zaporizhzhia,
lower reaches of the Dnieper river). Suspended matter
accumulates in vertical sediment traps designed by
Nasedkin Ye, Senior Researcher of IGN NAS of Ukraine
(Fig. 1). The accumulated material is removed from
the traps on a monthly basis for further laboratory research.

Fig. 1. Set of vertical sediment traps on the pier of the State
Institution "Scientific Hydrophysical Center of the NAS of
Ukraine"

Mineral, macro- and micro-component, chemical
composition of samples of the sedimentary matter was
identified by electron microscopy, as well as energy
and water dispersion analysis in the laboratory of the Center
for Collective Use of Scientific Equipment of the IGN NAS
of Ukraine. A number of analytical studies (the distribution
of trace elements and their chemical forms) were carried
out in the laboratories of the Scientific and Educational
Institute "Institute of Geology" of Taras Shevchenko
Kyiv National University and Yuriy Fedkovich Chernivtsi
National University.

Results of investigations

The generalization of the information obtained
during the observation period made it possible to
identify and evaluate the contribution to the complex
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of the suspended matter of such component which with
a high probability can be considered anthropogenic.
In particular, a comparison of the total iron content
in the composition of the river suspension within
Zaporizhzhia and the corresponding average values for
the waters of the Dnieper [5] showed significant excesses
of the content of the element in the area adjacent to the area
of metallurgical enterprises. Here the total iron content
in the composition of the river suspension reaches 12%.
It significantly exceeds the corresponding average values
for the Dnieper waters. Summarizing the data obtained
over a five-year study period and averaging the distribution
of the main components of the suspended matter by month
showed that the second place in the total mineral content,
after silica, is divided by iron oxide and calcium oxide
(12% of each in total distribution of basic oxides) (Fig. 2).
Minor fluctuations in the content of metal-containing
components occur in different sampling periods, reaching
a minimum in spring.

o

o

Fig. 2. The average monthly distribution of the main
components of the river suspension substance (%) within the
study area, 2015-2019.

Correlation coefficients indicate that this occurs most
likely due to a significant increase in the content of organic
silica, and to a lesser extent due to changes in the intensity
of winds from land and the peculiarities of the hydrological
regime.

The results of electron microscopic analyzes of samples
also indicated a significant role of metal-containing
particles of silty dimension in the formation of the main
phase of the mineral component of the suspended matter
during the study period. Within the city of Zaporizhzhia,
where such components as grains of quartz
and feldspars, mixed-layered formations of chlorite-illite-
montmorillonite, skeletal remains of siliceous microalgae
dominate in the suspension matter, amount of metal-
containing component can reach significant volumes.
Iron is the predominant chemical element. Genetically
particles could be divided into two main categories
associated with the technological processes of iron ores
grinding and their high-temperature processing. The first
category is Fe,O, spherules (spherical mineral aggregates)
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and aluminosilicate spherules (Fig. 3) of varying degrees
of corrosion with admixture of Fe and microimpurities
of zinc, titanium, manganese, and copper oxides.

The particle size of the main phase averages from
0.1 to a few tens of micrometers, in rare cases it can reach
7- 107, while the silt-sized substance can contain impurities
of manganese and titanium (up to 10% or more).

Based on the analysis of information sources [2],
these formations are associated with the smelting of iron
ores, metalworking, welding and other technogenic
processes using high temperatures (operation of thermal
stations, etc.) and are transported into the aquatic
environment by air.

Our investigation showed that solid particles are
a significant component of the suspended matter.
These particles were formed and entered in the aquatic
environment due to human activities. Some authors
consider that ferruginous spherules are especially unstable
to environmental factors and are easily amenable to
decomposition processes in the river media [2]. Oxidation
and other changes in such formations can adversely affect
the ecological state of the environment.

Element | Weight% Formula
Fe K 69.94 Fe203
(0] 30.06

Totals 100.00

a0

Electron Image 1

Fig. 3. Fe,O, spherules from Dnieper suspended matter,
April-May 2016 (SEM).

Clastic fragments of Fe,O, with microimpurities

Fragment 1 Fragment 2

Element | Weight % Formula  Element | Weight 5% Formula

Sik 0.90 Sio2 SiK 8.89 Sio2

Fek 6860  Fe203 Fek 56.64 Fe203

o 3050 o 3447

Totals | 100.00 Totals | 100.00

Electron Image 1

Fig. 4. Fragments of Fe,O, grains of different sizes (SEM) from
the aqueous suspension of the Dnieper and fragments of siliceous
microalgae. Sampling period January 15 — February 15, 2016.

of MnO are other technogenic components in the river
suspension. They are represented by a significant range
of dimensions from 5 - 10 to 5 - 10 or more microns
in the form of acute-angled, sometimes slightly rounded
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grains. The chemical composition of the clastic part
of the suspended matter attracts attention primarily
by the presence of a significant amount of heavy
metal oxides (Cu, Cr, Ni, Ti, Zn), and the content
of Fe,O, according to microprobe chemical analysis can
reach 80-95% (Fig. 4).

Conclusion

Our studies showed that a significant component
of the suspended matter of the Dnieper within the city
of Zaporizhzhia, in particular in the observation area,
are solid particles formed or transferred from other areas
(including mining sites) and also entered the aquatic
environment due to human economic activity. According
to morphological features, the particles of the technogenic
component in the water suspension are divided into
condensed and dispersed components which by genetic
affiliation can be attributed to various technological
processes of preparation and processing of iron ore
at the metallurgical complex of the city. In particular,
the dust obtained in the process of wet gas cleaning
of open-hearth furnaces, as well as from the filters
of electric steel-smelting furnaces, largely consists of iron-
containing spherules and cenospheres, similar in chemical
composition and external features to those studied by us
in the suspended matter. The substance filtered out by
the systems of wet-gas cleaning of process gases of sinter
machines and electrostatic precipitators of the tail section
of sinter machines, in turn, corresponds to the detrital
component of iron oxide, which is also observed by us in
samples of the river suspension.
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Anomauia. OcnosHol Memorw 00CniOxHceHb 0Y10 BUSHAYEHHA O0COONUoCHel PO3NOOLLYy 3ani3d 8 3A6UCHIN PedO8UHI PIYOK Y NPOMUCTOBO
Hasanmaoicenux pecionax Yxpainu, soxpema micmi 3anopisicorci. Tpusani cnocmepedicenis ma 6e3nepepenuil 6i00Ip npobd HamypHoi peuosunu d03601UNU
BUBHAYUMU OCOOIUBOCMI PO3NOOLLY MEEPO020 KOMNOHEHMY PIUKOBOI 3A8UCE, WO MICIMUMb OKCUO 3Ai3d, QOCIIOUMU MOPGONIOZIYHI XAPAKMEPUCTIUKU
3a3HAYEHUX YACIMUHOK Ma NONepeonbo 3 ACY8amu ix 2eHemuyiy HANeNCHICMb 00 PI3HUX MEXHONO2IYHUX NpOoYecié Memanypeiiino2o eupooHuymaea.
TI'enemuuno uacmunky MOJICHA PO3OLIUMU HA O8I OCHOGHI Kame2opii, nog's3ani 3 MexXHONOSIUHUMU npoyecamu NOOPIOHEHHs 3aNI3HUX pyO ma ix
sucokomemnepamyproi nepepooxu. Ilepuia kamezopis — chepynu Fe203 — exnwouae cepuyni Minepanvui azpeami, NpeoCmeaieHi OKCuooM 3anisa,
PI3HO20 chynenst KopooosaHocmi, iHOOI 3 MIKPOOOMIWUKAMU OKCUOI8 YUHKY, MUMAHY, MAP2aAHYIo, MiOi. /Ipyeoto CK1a00800 MexHO2eHHO20 Xapakmepy
v piukogiil 3asuci ¢ ynamkogi ¢gpaemenmu Fe203, inooi 3 mixpodomiwxamu MnO, npedcmagneni snaunum oianazonom posmipnocmi — 6id 5 0o 70
i Oinbue MIKPOH Y 8U2NA0T 20CMPOKYMHUX, IHOOI HE3HAYHO 0OKAMAaHux 3epet. IIpu ybomy, Ha 8IOMIHY 80 3a1i306MIUYIOUUX KOHOEHCAYIUHUX YIMBOPEHD,
oucnepaayiiini 3a poO3MIPHICMIO NPUCYMHI He MINbKU 8 NeNIMOsIll ma aneepumosiil, ane i Hagims OpiOHONcamimosiil cknadosiil. Mopgonoziuni osnaxu
4ACMUHOK MEeXHO2EHHOI CKN1ad060l y BOOHII 38UCT CEI0UAMb, WO KOHOEHCOBAHY MA OUCNEP208AHY KOMIOHEHMU 34 2eHeMUYHOIO HANEHCHICIIO MONCHA
8IOHeCmU 00 PI3HUX MEXHOLOIUHUX NPOYeCi6 Ni020mMosKU ma nepepooKu 3a1i3H0I pyou Ha NIONPUEMCMEAX Memanypeitinoeo komnaekcy micma. OcmanHe
3acgioyunu 1abopamopHi 00CIiOHceHb PeyosUHI AMMOCHePHUX BUKUOIE HUZKU JIAHOK 8UPOOHUYMBA HA BIONOBIOHUX MeMANypilHux NiONpUEMCmeax
3anopidicoica. B exonociunitl cghepi yi 00CaiONCeHHS 6ANHCIUGT MUM, WO MAKL YACMUHKY, K NPAGUILO, € HOCIMU BAICKUX MEMANIG, HEPIOKO GKII0UAIOUU
CYmmesi KOHYeHmpayii OCmanHix.

Knwuogi cnosa: 3asucna pewosuna, JJninpo, 3anizucmi cghepynu, mexnonoiuni npoyecu.
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