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ANALYSIS OF EFFICIENCY OF BIOLOGICAL TREATMENT OF DOMESTIC
WASTEWATER APPLICATION AT PRIVATE LOCALITY NEAR
THE SOUTHERN MINING AND ORE-DRESSING COMPLEX

Resulting from intensive construction activity at localities without canalization system with creation of living environ-
ment and such constructions as infectious diseases hospital, camping centers, small agro-processing enterprises problem of
wastewater treatment of such objects by establishment of scientifically based, reliable, compact, low energy technological
schemes and designs systems of low productivity take center stage. Not all the treatment facilities and wastewater treatment
methods provide quality wastewater treatment and give reliable operations or require highly qualified personnel presence.
Therefore improvement of existing and development of more effective and safe in terms of Ecology wastewater treatment
methods is urgent. Using of remediation facilities is one of the perspective trends of wastewater treatment. Treatment facili-
ties combining basic construction elements of land treatment with hydrobiocenosis of bio-plateau or bioponds with higher
water plant.

BTP technology uses processes of sedimentation, filtration and natural self-purification of water objects based on the
ability of higher water plants, aquatic flora and microorganisms to carry out destruction, transformation and accumulation of
organic and mineral suspended solids, oil, heavy metals and bacterial contamination.Using advanced technologies based on
the actions of higher water plants nowadays are environmentally acceptable and economically promising direction in waste-
water treatment systems. Distribution of such technologies can contribute to improving the environmental situation at locali-
ties without canalization system in Krivoy Rog.

Key words: biological treatment of water, bio-plateau, higher water plant.

Problem and its relation with scientific and practical tasks. Domestic wastewater treatment at
localities without canalization system under conditions of complex environmental situation requires
competent wastewater treatment (in accordance with discharge to water objects regulations) [1,6,10].

Resulting from intensive construction activity at localities without canalization system with crea-
tion of living environment and such constructions as infectious diseases hospital, camping centers,
small agro-processing enterprises problem of wastewater treatment of such objects by establishment of
scientifically based, reliable, compact, low energy technological schemes and designs systems of low
productivity take center stage [2].

Not all the treatment facilities and wastewater treatment methods provide quality wastewater
treatment and give reliable operations or require highly qualified personnel presence. Therefore im-
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provement of existing and development of more effective and safe in terms of Ecology wastewater
treatment methods is urgent. Using of remediation facilities is one of the perspective trends of waste-
water treatment. Treatment facilities combining basic construction elements of land treatment with
hydrobiocenosis of bio-plateau or bioponds with higher water plant [1,7,12].

Research and publications analysis. Wastewater treatment method based on using water objects
self-purification processes with higher water plant (HWP), water flora and micro-organisms is widely
used in Western Europe (UK, Denmark, Switzerland, Finland, Spain, France, Germany, Norway, Aus-
tria, Estonia), and also USA, Canada, New Zealand, Ukraine [9, 11, 12].

Bio-plateau technology is used for domestic, industrial, agricultural, rainwater, leachate hard do-
mestic waste [7]. Bio-plateau facilities have been designed and implemented in Donetsk, Zaporizhia,
Luhansk, Kharkiv, Ternopil and Transcarpathian Regions [3].

Problem statement.

Objective: to establish ecological expediency and to define advantages of using biological meth-
ods of wastewater treatment. Tasks: - to determine the effect of wastewater on environment; - to con-
sider fitotechology method and its application at wastewater treatment; - to investigate removal of pol-
lutants mechanisms at bio-plateau facilities; - to investigate fitotechlogies efficiency at wastewater
treatment for improving ecological situation at private locality near the Southern mining and ore-
dressing complex.

Object: private locality near the Southern mining and ore-dressing complex without canalization
system. Subject: wastewater treatment at biologically engineered facilities. Methods: using horizontal
and vertical bio-plateau.

Material statement and its results. Privy with drainage for wastewater treatment is mostly used
at the private locality near the Southern mining and ore-dressing complex. Advantage of such con-
struction is its simplicity. Disadvantage is that wastewater leaks into the ground and reaches the
groundwater of the Iguletz River and makes environment threat to homeowner and his neighbors’ wel-
fare within radius of 30 m from drain privy. There is also odor. In addition there is possibility of
wastewater leakage when the drain privy is overfill of wastewater or settled sludge. Besides environ-
mental pollution the house owner faces the problem of water siphonage. At the bottom of the drain
privy sludge, grease, feces, vegetables cleaning accumulate and ground absorbing possibility reduces
[3]. It is not profitable for the house owner to use sewage pipe cleaner services and pay for wastewater
disposal which is 95% consists of water [1]. When wastewater reaches water objects there is oxygen
debt and stink damp concentration and blue-green algae, blue-green blanket reproduction, water
blooming or eutrophication that causes mass water organisms extinction especially industrial fish. The
presence of large quantities of organic matter in the ground where special type of sludge contains there
are hydrogen sulfide, ammonia, metal ions. Such water is unfit for drinking and recreational need [3].

Great amount of wastewater contains detergent agents. Which contain surface-active substances
(SAS) and various additives alcaine, neutral bath, peroxide, elements preventing pollution agents’ re-
sorptions. Detergents falling into the water, causing foaming, degrade the water organoleptic proper-
ties, disrupt the oxygen metabolism, toxic effects on fauna, and worsen processes of biological oxida-
tion of organic substances that prevent wastewater biological purification [1]. In addition untreated
water may contain pathogens of various infectious diseases.

One of the most effective, ecological and promising methods of wastewater treatment at localities
without canalization system is using biologically engineered facilities. Bioengineering treatment plants
(BTP) are treatment facilities that combine basic construction elements of ground treatment with hy-
drobiocenosis of bio-plateau bioponds with higher water plant (HWP). A distinctive feature of BTP is
formed biocenosis which quantitative and qualitative characteristics are formed under the direct and
indirect effects of HWP. Design of such construction provides treated fluid flow movement in a hori-
zontal plane - through thickets of macrophyte, in the vertical plane - through the root-saturated layer of
soil micro flora rich and well-developed algocenosis. The area of BTP depends on the wastewater
amount [5].

Natural process is a great advantage of BTP in accordance with biological treatment in aeration
chamber where biodestruction processes are stimulated and are different from natural. That leads con-
stant supporting necessity (mostly aeration) which consists of power consumption, constant control
and appropriate maintenance [4]. BTP technology uses sedimentation processes, filtration and natural
self-treatment of water objects based on the ability of higher water plant, water flora and microorgan-
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isms to make destruction, transformation and accumulations of organic and mineral solids, oil, heavy-
metal ions and bacterial contamination.

Vertical infiltration bio-plateau. At vertical infiltration bio-plateau wastewater comes from the
bio-plateau surface to the bottom vertically, oxygen comes to the system due to air diffusion from the
atmosphere and through the plants roots. Nitrification processes in type bio-plateau plants occur more
rapidly than in the horizontal therefore wastewater containing high nitrogen concentration treatment is
possible. The disadvantages of this bio-plateau type are complex treatment process system and creat-
ing favorable conditions for insects [6, 9]. Every 10-15 years it is necessary to remove sediment from
the surface of the vertical filter without violating the filter layer. This mineralized sediment moisture
content of 20-30% can be used as fertilizer peat.

Horizontal infiltration bio-plateau. Wastewater moves through the downloading layers from one
end to the other almost horizontal. It consists of one or more sections, which include waterproof coat-
ing downloading layers and plants. Compared with surface bio-plateau at such structures big hydraulic
load and high efficiency of wastewater treatment for BOD, COD are achieved, solids, heavy metals,
and at the site of treatment facilities virtually no odor and insects presence. Horizontal infiltration bio-
plateau is widely used in the USA, Japan, Australia and Europe. The disadvantage of such construc-
tion type is only that the ability to remove nitrogen is slightly lower than vertical type bio-plateau.

Mixed type bio-plateau. For treatment efficiency improving it is often used different combinations
of the above-mentioned bio-plateau types that leads to different fluid flows formation in one facility.

For achieving the required quality of wastewater treatment biologically engineered plants with
cascade structure are used where each step of the cascade operates as an independent structure and
removes necessary part of the pollution. Thus, a cascade of 3-4 plants eliminates pollution of wastewa-
ter, even in the first year of BTP.

Tanks system and water regulators are necessary for effective work of both types of BTP (hori-
zontal and vertical filtering) [8]. Compared with traditional treatment methods removes bio-plateau
system is better for suspending solids, ammonia, phosphates and surfactants (Table 1).

Table 1
Treatment efficiency %
Treatment Suspended BOD COD Ammonia Surfactants Phosphates
technology substances
Traditional 62,6 58,8 61,6 8,4 2,1 4,1
Bio-plateau 76,5 92.0 83,3 1.4 4,6 3,0
BTP advantages:

Unproductive land can be used for bioengineering treatment plant constructing; - Constructing
does not require high-qualified workers and can be implemented by local construction companies with
traditional technical means; - Operation does not require electricity consumption or chemical reagents;

BTP life term without any repairs is more than 30 years as it’s a self-repairing system; - HWP on
the surface of bio-plateau provides deodorization of domestic wastewater so sanitary protection zone
of treatment facilities complex can be about 50 m; - BTP is a part of natural landscape; - BTP service
may involve a small number staff that saves construction and operating costs; BTP provides stable
efficiency in summer and winter periods [2].

According to the results of the INCOCOPERNICUS project in Kharkiv region, wastewater treat-
ment is provided by bio- plateau BODfull from 90 to 95% (5-6 mg / 1), COD of 85 to 95% for sus-
pended solids from 95 to 99% (4-5 mg / 1) on petroleum from 0 to 0.05 mg / 1 in detergents than 85%
mineralization from 20 to 99% transparency treated water reaches 30 cm according to Snellen for bac-

teriological from 98 to 99%[8].

Table 2
Treatment efficiency of mixed bio-plateau
Sampling

Indexes Ent Pond Vertical Horizontal eggsiﬁen‘;

y bio-plateau bio-plateau y 7
2,25 16,97 26,99
3,50 1,60 0,25

Suspended solids, mg/dm3 284,99 212,75 25,02 13,58 95,23

Dissolved oxygen mg/dm’ 2,29 1,06 6,83

lipHuuwmii BicHuK, Bu. 99, 2015

81



COD, mg02 / dm’ 188,57 28,22 23,77 87,40
BOD, mg02 / dm’ 77,68 8,83 3,79 95,12
Permanganate oxidation

mgO2 / dm® 30,68 6,68 6,17 79,89
Ammonia nitrogen, mg/dm3 54,86 40,11 26,89 50,99
Orthophosphate, mg/dm3 0,55 0,24 0,25 55,24
Phosphorus general, mg/dm’ 6,33 7,53 5,21 17,69
Surfactants, mg/dm3 0,337 0,085 0,043 87,19
Chloride, mg/dm’ 4421 51,33 42,43 4,04
Sulfates, mg/dm’ 262,57 239,04 244,84 6,75
Bacterial contamination

Total Coliform (TC index

(x105)) 8016,4 302,73 13,32 99,83

It eliminates odor, increases dissolved oxygen level, and reduces nitrogen and phosphorus to 35-
60%. Publications analysis shows that the bio-plateau system mechanisms remote contaminants from
wastewater. This complex system (plant-microorganisms-load) occurs aerobic and anaerobic biologi-
cal processes involving filtration, adsorption, precipitation, absorption and transformation plants nutri-
ents and other compounds (Table 2).

The role of HWP in agricultural ecosystems is versatile and multifunctional. First of all they are
autotrophs and are directly involved in the organic matter formation. CO, recycled from the atmos-
phere and water, and oxygen is liberated, which water is saturated with. They bind nitrogen, phospho-
rus, calcium, magnesium and other elements and play an important role as biofilters at wastewater
treatment from pollution, detain and weighed accumulate and organic particles [7]. The most often
used facilities in bio-plateau are reed, cattail, blackamoor, pondweed and others.

Along with BTP treatment there is wastewater natural disinfection by HWP phytocenoses without
chemical methods of wastewater treatment. The process is by extracting plants, algae, BTP microor-
ganisms into the aquatic environment and other volatile substances that suppress pathogens such as
helminthes eggs, Escherichia coli, and Mycobacterium tuberculosis [5].

Facilities don’t stop in winter. Low temperature stops growing season, reduces microbial proc-
esses rate in the filtering layers that affects the wastewater treatment quality. But filter thickness does
not freeze in winter, pollution transformation processes continue, but slow down. Bacterial degrada-
tion processes are responsible for wastewater treatment from organic matter (BODfull) is exothermic,
providing heat in indigenous facility [6].

Conclusion and further research direction. One of the solutions to the problem of wastewater
treatment near the Southern mining and ore-dressing complex is using of biologically engineered
structures. Significant advantage of BTP at wastewater treatment is that it is an environmentally
friendly method that simulates the natural processes of self-purification of water is much cheaper than
traditional treatment systems, BTP method is also energy-saving technology that does not involve the
use of coagulants, flocculants and ion compounds providing high efficiency of wastewater treatment.

BTP technology uses processes of sedimentation, filtration and natural self-purification of water
objects based on the ability of higher water plants, aquatic flora and microorganisms to carry out de-
struction, transformation and accumulation of organic and mineral suspended solids, oil, heavy metals
and bacterial contamination.

Using advanced technologies based on the actions of higher water plants nowadays are environ-
mentally acceptable and economically promising direction in wastewater treatment systems. Distribu-
tion of such technologies can contribute to improving the environmental situation at localities without
canalization system in Krivoy Rog.
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KpuBopi3bkuii HallioHaTbHUN YHIBEPCUTET

PO3BUTOK I'AJ1Y31 TEOTEPMAJIbHOI EHEPTETUKHU B YKPAIHI

B pe3ynbrarti orsiy 1 aHami3y BCTAHOBJICHO, IO TEPCHEKTUBHOIO ANIETEPHATHUBOIO TPAIULIHHIM [DKepesiaM €Hepril SBISIEThCS
reoTepMallbHa eHepreTrKa. | eoTepMarbHa eHeprist 103BOJIsIE OTPUMYBATH HEOOXIIHY JIFOICTBY €HEPIilo 3aB/ISKH TEIUIOTI Hazip 3eMIi.
UnM OiibIIe BifyTaieHHH Bi HeHTpa 3eMJIi IeBHUI BHYTPIIIHI IIap, THM HIDKYe foro Temmeparypa. Aje HaBiTh CaMuii BEpXHIH map
3emii (Ot 10- TH KiTOMETPIB) MICTHTh KUTBKICTh TEIUIOTH, SIKOT IOCTATHBO ISl 3a0€3MEUCHHS BCIX CHEPreTHYHHX MOTPEO JIFOMHH.
Uepes pozaMul B KOpi TEIUIOTA MPOHUKAE HA TIOBEPXHIO TUIaHETH. [lOTeHIan reoTepMaibHOi SHEpril BEJIMUC3HUN 1 HEBUYCPITHHI.
3a/IHILIAETCA JUILIE HABYUTUC BUKOPHUCTOBYBATH T€, 1110 TaK BEJMKOIYLIHO Japye npupoaa. [ToteHrian Haap 3emiti 103BOIs€ IOKPHU-
TH yCi MOTPeOU JTIOIMHY B eHepril. PO3MIIsHyTI TeopeTH4Hi 1 IPaKTHYHI MMTaHHS BBEICHHS TeOTepMAIbHIX CTaHMLIN. Po3rsiHyTi cxe-
MH, YCTaTKyBaHHS 1 TEXHOJIOT 11 Te0TepMATIbHOI €HEpreTUKH B YKpaiHi 1 iHIIKX KpaiHax.

JocTynHicTh 1 MiHIMyM BHTpaT Ha BifOip mapu i raps4oi BOAM 3 TIOBEPXHI 3eMIIi JaBHO LIKaBIATH AOCHiAHUKIB. On-
Hak, y OLTbIIOCTI KpaiH Temuiora 3eMili MpHxoBaHa TMMOOKO B i1 Hampax. Po3poOKy rmOMHHUX MKepewl TeIUIOTH MOoYaif
MOPIBHSIHO HENABHO W MPAKTHYHO OJHOYAcHO B TakuxX KpaiHax sk CIHA, Smowis, Icmannis, Kuraii, @iminmian, AHTIIS,
Opannis, ®PH. Haiibinbie nocsraens y qanomy HanpsiMky Marote CIIA ta @pannis. [IpomucioBe 0CBOEHHS reoTepMatb-
HHUX PECypciB y CBITi IoYanocs Hicis CTBOpeHHsS W mycky B Itamii B 1916 p. reorepmansHOI €I€KTPOCTAHIIIT MOTYXHICTIO
7,5 MBr i3 Tppoma TypbOinamu pipmu «Dpanko Tozi» motyxkHicTio o 2,5 MBT xoxna. OiHaK IIMpOKe MPOMHUCIIOBE Oy miB-
HHLTBO re0TepMajIbHUX EIEeKTPOCTaHLii Oyio po3ropuyTo Tiibku B 60-x pp. y CLLIA, HoBoi 3enaunnii, SAnowii, Icnanmii # in.
KpaiH.

Ipo6siema Ta ii 3B’A30K 3 HAYKOBHMH Ta NMPAKTHYHUMH 3aBIaHHAMM. . JDKepena reorepma-
JBHOI €Heprii MOXKYTh PO3PI3HATHCS 3alIe)KHO BiJ Cioco0y BUAUIEHHS eHeprii (y BUIJLALI cyxoi abo
BOJIOTOi TIapW, MiA3eMHUX BOJ, CyXHX MOpig abo Marmu). BUKOpPHCTaHHS TaHOTO BHAY €HEpPTil
NOB’si3aHe 3 BUKOHAHHSAM PsIy BUMOT. 30KpeMa, HalpuKia], HeoOXiTHO BPaxOByBaTH PiBeHb TBEPIO-
cTi abo miHepamizauii migzemHux Box. TemoTta 3emili Moke OyTH BHKOPHCTaHA SIK JKEPENo OTpH-
MaHHS eJISKTpOeHeprii a00 BUKOPHUCTOBYBATUCH OE3MOCEpEeTHBO ISl OMAJICHHS MPUMINICHb. 3amada
reoTepMalbHUX CTaHIIN TONATae y MEepeTBOPEHHI reoTepMalibHOI €Heprii B eNeKTpUUYHY. Y CIIilIHA
poboTa reoTepMaNbHUX CTaHLIA MOXIIMBA IPH BUCOKUX TEMIIEpaTypax MiA3eMHUX BOJ, a 1Ie 03HAUae,
III0 BCTQHOBJIIOBATU TaKi CHOPYIU MOXJIMBO TUIBKH B NMEBHHUX CEHCMOAKTUBHMX 30HaX. HaiOinmbmioo
KUTBKICTIO T€OTepMaIbHIX CTaHIIM HAa CHOTOIHIIIHIN JIEHb BOJIOMIIOTH Taki mepkasw, sk CIIIA, Ita-
nist, Ienanpgis, Snownis, Kenis (igep ramysi Ha AQpuKaHCEKOMY KOHTHHEHTI). ICHYIOTh KillbKa BHIIB
reoTepMajbHUX CTaHLIN: CTaHLIi IO MPALIOIOTh HA CyXOMY mapi (IepeTBOPEHHS 3IIMCHIOETBCS 3a
JIOTIOMOT'OF0 TypOiHM), CTaHIIIi 13 cermapaTopoM i CTaHIlii, poOoTa SKUX 3aCHOBaHA Ha 3aCTOCYBaHHI
OiHapHOTO HUKITY (B3aEMOIisl Tapsa4oi i OB poxooaHo1 Boan). OcTaHHIN THIT € HAHOLIBII PO3MO-
BCIO/PKEHHUM B CBITi, 10 TOSICHIOETHCSI 3AaTHICTIO TAKUX YCTAHOBOK BUKOPUCTOBYBAaTH HE 3aHAATO Ta-
psai Bomu (Hmokue 190 °C). OctanHa 00CTaBHHA T03BOJISIE KOPUCTYBATHUCS TETUIOTOO 3eMiti Habararo
OLTBIIIN KUTBKOCTI Kpair [1].

Jo HemomikiB reoTepMaibHOI €Heprii ciif BiTHECTH OOMEKEHICTh MOXIMBOCTEH OTPUMYBATH
3Ha4yHI 00caTH eHeprii 3emini KpaiHaMu CBITY, IO PO3TAIIOBaHi y HE BYJIKaHIYHUX paliOHAX IUIAHETH.
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