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FEATURES OF SEASONAL DYNAMICS
OF HAZARDOUS CONSTITUENTS IN WASTEWATER
FROM COLLIERY SPOIL HEAPS
OF NOVOVOLYNSK MINING AREA

Abstract. Surface run-off is water from rain and snowmelt flowing from the territory of industrial enterprises.
The part of surface run-off in the total volume of discharged wastewater from the coal industry is 2%. Their volume
depends on the amount of rain and melt water, as well as the size of the sites of industrial enterprises.

The objects of surface run-off contaminants in the Novovolynsk mining area are: outdoor coal and concentrate
storages, colliery spoil heaps, sludge and tailings, crushing compartments, storages fuels and lubricants, points of
railway cars loading and unloading, cable cars, boiler installations, etc.

On the territory of the Novovolynsk mining area besides the wastewater a huge amount of mining waste is
formed. It is stored on flat heaps, adjacent to the area. Coal also accumulates on flat dumps. The surface run-off from
the arca of the flat heaps may contain chemical compounds. Surface water from the mine area is not purified,
although in terms of quality, it is highly polluted. During investigation period the Novovolynsk mining area the
storm run-off from their territory contained more than 15,000 mg / ml of suspended substances and up to 500 mg / ml
of petroleum products [4].

Spoil heaps are the main sources of surface run-off contamination by suspended solids, mineral salts and
heavy metal ions. Thus, the amount of suspended solids in rainwater reaches 12000 mg /1 and in meltwater - up to
50,000 mg / 1, the total salt content reaches 8000 mg / 1. The maximum amount of iron is more than 7550 mg / L. It is
found in the meltwater from the spoil heaps of almost all mines in the Novovolynsk mining areca. The composition
and concentration of pollutants in coal storage water runoff doesn't differ too much from the spoil heaps water run-
off. An extremely important factor of man-made impact on the sanitary status of natural water bodies is the pollution
of the water-intake areas around coal and mining enterprises by chemical elements, especially during polymetallic
ores development [2].
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Introduction. The development and implementation of effective wastewater treatment methods is an
urgent environmental task. There are various methods of wastewater treatment. The most common are:
mechanical, physico-chemical, chemical and biological methods. Depending on the hazard level and type
of the pollution, wastewater treatment can be carried out by one method or a set of methods (combined
method). The purification process involves the treatment of sediment (or excess biomass) and the
disinfection of wastewater before discharge. The theoretical basis and problematic features of seasonal
dynamics of the content of hazardous components in wastewater from the waste heaps of the coal mines of
the Novovolynsk mining area are the subject of research for many scientists [5].

Purpose, tasks and methods of research. In this paper the investigations of content of hazardous
components in wastewater from coal mine dumps of the Novovolynsk mining area and the peculiarities of
their seasonal dynamics are presented.
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Results and their discussion. Rock dumps are the current storage of empty rock — a waste of coal
mining technology. Although, when coal was mined manually, the content of empty rock was lower.
Mechanized production could either optimize or increase its quantity. Speaking about ecological safety in
the process of mine decommissioning, the author tried to build his methods of description, modeling and
predicting the ecological status of coal mines [3]. The communication elements listed are directly
dependent on the amount of empty rock produced. Thus, based on the annual production of empty rock,
new possible remedies should be identified. Quantitative indicators are introduced into the model and the
current amount of empty rock per tonne of coal produced is obtained. Improvements of operation could be
measured by the reduction in the volume of empty rock per tonne of coal. The immediate positive effects
of such an improvement could be the reduction of transport costs, frequency and intensity of dust pollution
[10-12].

Maximum admissible concentration of harmful substances in the water is the maximum
concentration, which does not have a direct or indirect impact on the health of the population and the next
generations, that is determined by modern methods of research with its impact on the human body
throughout life and does not impair the hygienic conditions of water. Features of harmful substances
manifest in their adverse effect on the processes of natural self-purification of water reservoirs (general
sanitary index), organoleptic properties of water (organoleptic index) and population health (sanitary
toxicological index), characterized by limiting and threshold concentrations [6]. The admissible threshold
harmful concentration by the organoleptic features is the maximum concentration in water at which
changes of organoleptic properties of water are acceptable for the population. The admissible threshold
harmful concentration of a substance by a general sanitary features is a maximum concentration that does
not lead to disfunction of natural self-purification of reservoirs. The admissible limiting harmful
concentration by a sanitary toxicological feature is maximum concentration that does not adversely affect
the health of the population. The limiting harmful index is one of the indexes of harmfulness that
determines the adverse effect of this substance and is characterized by the smallest amount of threshold or
subthreshold concentration.

The most important or complicated problem is the protection of surface water from pollution. The
following environmental measures are envisaged, namely:

— development of non-waste and anhydrous technologies. Implementation of circulating water
supply systems;

— sewage treatment (by bio-plateau method, etc.);

— sewage pumping into deep aquifers;

— treatment and disinfection of surface water used for water supply and other purposes.

The main pollutant of surface water is untreated wastewater. Mechanical purification of industrial
wastewater by screening, precipitation and filtration removes more than 90% of insoluble mechanical
impurities of different dispersion rate (sand, clay particles, etc.) from industrial waste, more than 60%
from domestic waste. Water screens, sand extractor, sand filters, sediment ponds of various types are used
for these purposes. Substances floating on the surface of wastewater (oil, resins, fats, polymers) are
entraped by oil separator or burned [13-15].

Chemical and physico-chemical treatment methods are most effective for the treatment of industrial
wastewater. The main chemical methods include neutralization and oxidation. For neutralization of acids
and alkalis special reagents (lime, soda ash, ammonia) are added into the wastewater. Different oxidants
(O3, KMnQy) are used for oxidation. These methods give an opportunity to remove toxic and other
components from wastewater. Physical and chemical purification includes:

1. Coagulation - the addition of coagulants (salts of ammonium, iron, copper, sludge waste, etc.) into
the wastewater

2. Sorption - the ability of some substances (bentonites, activated carbon, silica gel, peat, etc.) to
absorb pollutants. valuable soluble substances can be extracted from the wastewater by sorption and
subsequently disposed.

3. Flotation - the blowing of gas through the wastewater. Gas bubbles capture surfactants (oil or other
contaminants) when moving upwards [7,8].

The biological (biochemical) method is widely used for the purification of sewage from pulp and
paper, oil refining and food processing enterprises. The method is based on the ability of microorganisms
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to use organic and some inorganic compounds contained in wastewater (hydrogen sulfide, ammonia,
nitrites, sulfides) for their development. Purification is carried out by natural (irrigation fields, filtration
fields, biological ponds, bioplato method) and artificial methods (acrotanks, biofilters, circulating
oxidation channels).

After screening of the wastewater, a residual matter is formed, which is fermented in concrete tanks
and then removed on a sludge site for drying. Dried sludge is usually used as a fertilizer, but in recent
years, many harmful substances (namely heavy metals) have been detected in wastewater, which
eliminates this method of disposal [17].

The clarified wastewater is purified in aerotanks by special closed tanks, where the oxygen-rich
effluents mixed with activated sludge are slowly discharched into the treated water. Active sludge is a
mixture of heterotrophic microorganisms and small invertebrates (mold, yeast, aquatic fungi), as well as a
solid substrate. It is important to choose the right temperature, pH, additives, mixing conditions, oxidizer
(oxygen) to maximize the intensification of hydrobiocenosis [9].

In wastewater treatment systems, the biological method is final stage after which the wastewater can
be used in circulating water or discharged into surface water.

In recent years, new effective methods have been actively developed, contributing to the greening of
the wastewater treatment process, namely:

— Electrochemical methods are based on the processes of anodic oxidation and cathodic reduction:
electrocoagulation and electro-flotation.

— Membrane processes. Ultra filters, electrodialysis.

— Magnetic processing. Improves the flotation of suspended solids.

— Radiation purification of water, gives an opportunity to expose pollutants to oxidation, coagulation
and decomposition as soon as possible.

— Ozonation: no hazard substances are formed in wastewater.

— Introduction of new selective types of sorbents for selective recovery of useful components from
wastewater for reuse [20-22].

Methane, CO,, H,S release during decomposition of organic substances. The energy of this biogas is
used for heat and energy production. One promising way to reduce surface water pollution is to pump
wastewater into deep aquifers through a system of absorbing wells (underground disposal). Among the
water protection issues, one of the most important is the development and implementation of effective
methods of disinfecting and purifying surface water used for drinking purposes. Insufficiently treated
drinking water is dangerous both from an ecological and social points of view. Beginning from 1896 to the
present day, chlorine water disinfection is the most common method. However, the chlorination of water
carries a serious risk to human health. Reducing the content of carcinogens in drinking water is possible
by replacing primary chlorination by ozonation and UV treatment, as well as by using a non-reagent pre-
purification method in biological reactors [23].

Modem technology for the purification of drinking water from petroleum products from surfactants,
pesticides, organic and other compounds is based on the use of sorption processes on activated carbon.
Agroforestry and hydrotechnical measures are of great importance in protecting surface water from
pollutants. Resulting data of Mine #9 of Novovolynsk mining area are presented in table 1.

Table 1 — Resulting data of Mine #9 of Novovolynsk mining area

Spring Winter Autumn Summer
Index units MAC MAC MAC MAC
1 2 3 4 5 6 7 8 9 10
Smell at +20 °C scores 0 <2 0.5 <2 0 <2 0 <2
Transparency cm 5 >20 28 >20 40 >20 30 > 20
pH pH units 7.9 6.5-8.5 5.9 6.5-8.5 6.4 6.5-8.5 6.6 6.5-8.5
Suspended solids mg/l 169 N/A 93 N/A 18.2 N/A N/A
Dry residues mg/l 2463 <1000 29,2 <1000 1633 <1000 770 <1000
Total hardness mg/l 312 <7.0 0.31 <7.0 225 <70 9.3 <70
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content of harmful substances in mines. Collection, removal, detoxification, recycling and disposal are the
main tasks of environmental engineering [25].

In order to investigate the system of environmental safety around the coal mines of the Novovolynsk
mining area, a model of the interconnection of environmental and human components is taken. The
mentioned system of ecological safety should protect the person from environmental threats caused by
anthropogenic factors, in our case - it is coal production. The environment, in the context of environmental
safety, means the development of a system of protection of man against man-made factors through
environmental management [18,19]. The impact of man-made factors on the environment should be
standardized by separate substantiated documents, that is, an integrated indicator should be developed for
the total environmental status around the coal mines can be calculated. Considering that long-term
production in the country has led to uncompensated, uncontrolled environmental degradation, we consider
this environment to be critical. In order to remedy this situation, it is proposed to rchabilitate the coal
territories by improving the management system in environmental protection and ecological safety,
alongwith timely demineralization, recultivation, vegetative reclamation of disturbed lands and bio-
plateaus.
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OCOBEHHOCTb CE30HHOM JUHAMMKHU COAEP)KAHHA OIA CHBIX KOMIIOHEHTOB
B CTOYHBIX BOJAX C OTBAJIOB YI'OJIbHBIX ITAXT
HOBOBOJIBIHCKOI'O YI'JIENPOMBIHIJIEHHOI'O PAUOHA

AHHOTaHI/Iﬂ. Hpo6neMa OXpaHbl BOOAHBIX PECYPCOB OT 3ATPASHCHUA HCOTHINCHHBIMH CTOYHBIMU BOAAMH IHAXT
proOpeno 0co0YI0 BAKHOCTD, TAK KAK IPEIIPHUATHASI YTOJbHOH MPOMBIIUICHHOCTH XapaKTEPU3YIOTCS KaK MOCTAB-
mwKe 00bIOro oobeMa cTokoB. IIlaxTHBIC BOIBI, 3arpsA3HEHHBIC MCXAHMUCCKUMH W OPTaHUYCCKHMH IIPHMECSIMH,
OTIIMYAOTCS MOBBIICHHBIM COJCCOACP)KAHUEM, YTO MPEACTABILIET PEATBHYEO ONMACHOCTH 3arPS3HEHHS MOBEPXHOC-
THBIX H TOA3CMHBIX BOJ.

Bonee 80% oOmiero moTpeOICHUS BOJBI IMAXTOH COCTABILICT MUTHEBAS BOJA, MCIONB3YEMAas ULl OPOIICHUS
TOPHBIX BBIpa6OTOK, B allMI/IHI/ICTpaTI/IBHO-6BITOBI>IX KOM6I/IHaTaX, KOTCJIIbHBIX, KOMIIPCCCOPHBIX, 4 HC3HATUTCIIbHAA
YACTh MIAXTHOH BOABI, 4TO BbIAACTCA HA MOBCPXHOCTDH, HCHOJB3YCTCA I TCXHOJIOTHICCKUX ueneﬁ B T'OPHBIX BBIPA-
ootkax. LlenecooOpa3HbIM PEIICHHEM TAHHOH MPOOIEMBI ABICTCH H(P(PCKTHBHAA OUNCTKA MAXTHBIX BOJ (MCTOIOM
O6momIaro), meab KOTOPOH — MOIOJHEHHWE 3aIlacOB IPECHON BOBI, MCHOJIB3YEMOHM HA TEXHOJIOTHUCCKHE HY Kb
MPSIIPHATHSA, YIYYIICHAS KAYeCTBA BOBI epe cOPOCOM B BOTHBIH OOBCKT, 4 TAKIKE BOSMOKHOCTH HCTIOIb30BAHMA
B TEXHOJIOTHYECKHX MPOLECCAX APYTHX OTPACICH MPOMBINIIICHHOCTH U CEIBCKOTO XO3IHCTBA.

[MTaxTHast BOJA K&KIOTO BOJOOTIMBHOTO KOMIUIEKCA HMEET OINPEICJICHHBII XHMHYCCKHH COCTaB.
KOHTpomIpyrOTCA OCHOBHBIC IOKA3aTCIH, PEIJIAMEHTHPYEMBIC I CTOYHBIX BOJ YTOJBHOW HMPOMBIILICHHOCTH,
KOTOpBIC COPACHIBAIOTCS B IMPUPOTHBIC OOBCKTHL. 3TO B3BCIICHHBIC BEIECTBA, COJICCOACPKAHNE, CYIb(AThI, XIOpH-
I, HePTCTPOAYKTHI, (DEHOIBI, THKCITBIC MCTALIHI H mpouce. [10 CBOGMY COCTaBY INAXTHAS BOJA BOJOOTIHBHBIX
KOMIUICKCOB BIOJTHC NMPHTOJHA MU TCXHHYCCKOTO BOAOCHAOKCHHS NMPEAMPUATHH, HAPHMEP, METAJLTY PrHYCSCKHUX,
0¢3 IOpPOTOCTOAMICH BOJONMOATOTOBKH. MCMOMB30BAHHE >KE¢ IMAXTHOH BOZBI I HHTHCBOTO BOJOCHAOKCHHS
BO3MOJKHO TOIIBKO B COUCTAHHH C IPEABAPUTCILHON INIyOOKOH OUHCTKOM, OCOOEHHO ECIIM 3TO BOJA, OTKAYHBACMAS
BOAOOTIUBHBIMH KOMIUICKCAMH C IOT'PY>KHBIMH HACOCAMH. B Taxou BOAC, KAK MPABHJIO, MPCBBIMICHBI MPEACIBHO

— 44 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

JIOTYCTHMBIC KOHIICHTPALWH JKEJIE3a, MAPTaHIa. 3TO CBI3AHO C TCOXHMIICCKUMHE MPOLECCAMHU, TPOUCKOIAIINME B
TOA3CMHBIX BOAHBIX TOPU30HTAX MOCJIC 3AKPBITHA MIAXT.

HOBerHOCTHBIe CTOKH o6p33yI0Tc;1 W3 OOKACBBIX U TAJBIX BOA, CTCKAINUX C TCPPHUTOPHUH IMPOMBIIIICHHBIX
npeanpusTui. Jl0JIs1 MOBEPXHOCTHOTO CTOKA B 00MIEM 00BEME COPACHIBACGMBIX CTOYHBIX BOJ YTOJIBHOH IPOMBIIII-
JICHHOCTH COCTaBIICT 2%. X KONMHYESCTBO 3aBUCHT OT 00BEMA JTOKICBBIX M TANBIX BOJ, 4 TAKXKE OT BEIMIHHBI ILJIO-
IMAJ0K MPOMBIIUTICHHBIX TPEATIPHATHH.

OO0 BeKTaMHU-3arPSI3HUTEIBIME TIOBEPXHOCTHOTO CTOKA HA TEPPUTOPHH HOBOBOJBIHCKOTO YIJICTIPOMBIILICHHOTO
paﬁona ABJLIFOTCA: OTKPBITHIC CKJIAAbI YITIA W KOHOCHTPATOB, IIAXTHBIC MOPOJHBIC OTBAJbBI, IIIAM, Z[p06I/IJ'H>HI>Ie
OTACICHUS, CKIabl TOPIOYE-CMA30UHBIX MATEPHATIOB U (POTOPEATCHTOB, IMYHKTHI IOTPY3KH H PA3TPy3KH HKEIC3HO-
JOPOKHBIX BATOHOB, KAHATHBIC JOPOTH, KOTCJIBHBIC YCTAHOBKHA H T.II.

Ha tepputopun HOBOBOIBIHCKOTO YITICHPOMBIIIICHHOTO PAaliOHA B KAYECTBE OTXOAOB MPOM3BOACTBA, KpOME
CTOYHBIX BOJ, 00pasyerca OobImag mMacca myctod mopoabl. OHA CKIAAHPYCTCS HA IUIOCKHX OTBANAX HA MPHMBI-
Karonmx TeppuTopisx. Ha mIockux 0TBajax HAKAIIMBACTCS TAKke Yroib. [lopoaa u yrombs B OUKIE 00OTAINCHUS
KOHTAKTHPYHOT C (I)OTopeal"eHTaMI/I, TIO3TOMY JIMBHCBBIC CTOKH C TCPPHUTOPHH IUTOCKHUX OTBAJIOB MOIYT OBITH 3arpsas-
HCHBI XHMHYCCKHMH COCAHHCHHAMH. OuncTKa TMOBCPXHOCTHBIX BOA C TCPPUTOPHH LIAXT HE MPOBOJUTCA, XOTA ITO
Ka4UeCTBCHHOMY COCTABY OHM OTHOCSTCS K CHIbHO3Arpsa3HEHHBIM. [Ipu oOcremosannn HOBOBOIBIHCKOTO YTIIEHPO-
MBIILICHHOTO PAHOHA THBHEBBIH CTOK C TEPPHTOPHH COAEPIAN CBBIE 15000 MI/IM’ B3BCIICHHBIX BEIIECTB, KOH-
ueHTpanus (OTopeareHTa JocTurana 6omee 450 Mr/mv’, a HedrenpoaykTos — 500 Mr/m,

HOpOZ[HI)Ie OTBAJIBI ABJIAKOTCA OCHOBHBIMHU HCTOYHHKAMH 3ArpA3HCHUA MOBCPXHOCTHOTO CTOKA B3BCUICHHBIMH
BCIICCTBAMH, MHUHCPAJIbHBIMH COJLIMH H HOHAMH TSAKCJIBIX MCTAIIJIOB. TaK, KOJIHYCCTBO B3BCHICHHBIX BCIICCTB B
OKACBBIX BoAax aoxomut A0 12000 mr/m m B Tameix — a0 50000 Mmr/m, olmee CONCCOACPKAHHUEC MOCTHTACT
8000 mr/m. MakCHMATbHOS KOJHYCSCTBO JKENIe3a COCTAaBIIICT Oomee 7550 mr/m OHO MpOSBIACTCS B TAIBIX BOIAX
OTBAJIOB MOYTH BCEX MIAXT HOBOBOIBIHCKOTO YTIIICMPOMBINIICHHOTO paifoHa. CTOKH YTOIbHBIX CKJIAA0B IO COCTAaBY H
KOHLCHTPAINHA 3arpA3HAIOIUX BCIICCTB MAJIO OTIHIAOTCA OT CTOKOB IMOPOAHBIX OTBAJIOB. IIpesBLIqaﬁHo BAXXHBIM
(I)aI(TOPOM TCXHOTCHHOT'O BIIMAHMA HA CAHUTAPHOC COCTOAHHUC MPUPOIHBIX BOOAHBIX 0O0BCKTOB ABIACTCS 3arpA3HCHUC
BOJOCOOPHBIX TEPPUTOPHH XHMHHUCCKHMH 3JIEMEHTAMH BOKPYT YTOJIBHBIX M TOPHOPY HBIX IPEIIPHUATHH, OCOOCHHO
pH pa3paboTKe MOJIUMETALTHIECKUX PY .

Ha ocHOBe mccrenoBaHWiT M aHATM3a CTOYHOM BOABI W3 TEXHOJOTHYECKHX OTBAJOB MOPOA IIAXT MBI
NPCATOKUTIN ONTUMHA3AITHOHHBIC MCPONPHATHA, HANPABJICHHBIC HA YIYyUYIICHUC COCTOAHUA KAK OTACIBHBIX KOMIIO-
HEHTOB OKPYKAIOLICH MPHPOJHOHW CPeAbl, TAK M LEIOCTHBIX MPHPOJHO-XO3IHCTBEHHBIX CHCTEM HOBOBOJIBIHCKOTO
TOPHOIPOMBIIIJICHHOTO PaHOHA.

K oueBnie ¢JI0BA: CTOYHBIC BOABI, ONMACHBIC KOMIIOHCHTHI, OTBAJIbI YTOJBHBIX IIAXT, BOAOCMBI, 3aTrPA3HCHUA,
OPTraHMYECCKHE BEMICCTBA.
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