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ENVIRONMENTAL EXPERTISE OF WATER TREATMENT AND WASTE
MANAGEMENT SYSTEMS OF LOCAL SEWAGE FACILITIES FOR SERVICING
MODERN RESIDENTIAL COMPLEXES AND RESORTS

The article presents the features and technological aspects of organizing local wastewater treat-
ment systems, relevant and efficient equipment for mechanical and biological treatment blocks of do-
mestic wastewater, the problem of sludge formation on mechanical screens, sand traps, and in sedimen-
tation tanks. Toxic chemical pollutants that may be present in the sludge formed after the treatment of
domestic wastewater are analyzed. The annual amount of waste generated during mechanical and bio-
logical treatment blocks of domestic wastewater at local treatment facilities is calculated. The dynamics
of sludge volume increase in conditions of rising residents is shown, and waste management pathways
are analyzed. Methods for separately disposing of low-organic and high-organic sludge from
wastewater are discussed, integrated into the technological scheme, and recommended for use.

Keywords: wastewater; wastewater sludge; local treatment facilities; mechanical grids; sand
traps; sedimentation tanks.

Y cmammi nokasani ocobausocmi ma mexnHono2iuni acnekmu opeanizayii 10KATbHUX cucmem
OUUUEHHS] CMIYHUX 800, AKMYANbHE MA eeKmugHe yCmamky8antsa MeXaHiuno2o ma 0iono2iuno2o o10-
Ki6 ouuueHHss nooymogoi cmiuHoi 600u, npodiema ymeopenus 0cady Ha MEXaHiuHux 2pamax, nickoy-
Josm0eauax ma y eiocmivnuxax. Ilpoananizoéamni MoKcuuHi XiMiuHi 3a0PYOHUKU, WO MOICYINb MICHU-
MUCL Yy 0CA0AX, YMBOPEHUX Nicis ouuwents nooymogux cmiynux 600. Pospaxosano piuny xinekicmo
8i0X0018, WO YMBOPIOEMbCA N0 YAC MEXAHIYHO20 MA BIONI02IUHO20 OA0KIE OUUWEHHs NOOYMOBUX CIIY-
HUX 800 HA JTOKAILHUX OYUCHUX cnopyoax. Tlokazano ounamixy 3pocmanis KitbKocmi ocadié CrmiuHux
600 6 YMO0BAX 3pOCMAHHA Pe3UOeHmié ma NPOAHANi308aH0 WIAXU NOBOONCEHH 13 8ioxo0amu. Po3zens-
HYMI, 86€0€Hi ) MEXHONO02IUHY CXemy ma peKOMEeHO08aHI 00 BUKOPUCMAHHA MEMOOUKYU YMUNI3ayii OK-
PemMo HU3LKOOP2AHIYHUX MA BUCOKOP2AHIUHUX 0CA0i68 CIMIYHUX 80O.

Kniouosi cnosa: cmiuni 600u; ocad cmivnux 800, J1OKANbHI OYUCHI CROPYOU; MEXAHIUHI pamu,
RICKOYN06/1H08a4i; GIOCMIUHUKU.

Problem’s formulation
Local treatment facilities are appearing to serve residential and hotel complexes and resorts.
They are used to ensure water supply and purification of household wastewater through mechanical,
biological units, and disinfection units. For the biological treatment unit, closed-type aeration tanks or
septic tanks are provided, where the decomposition of organic pollutants occurs. For decentralized fa-
cilities, it is logical to abandon the reagent disinfection method and instead use ozonation.
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Local sewage treatment plants are being built in Ukraine under conditions that ensure environ-
mental safety in the area where construction takes place and where the water treatment system is planned
to operate. In particular, a requirement for such construction will be the absence of a risk of contaminat-
ing aquifers that are used for water supply. The issue of waste disposal is relevant both for residential
complexes, where every square meter can be allocated for functional development, and for full-fledged
resorts, where there is a need to ensure safety and aesthetic combination of all components of the infra-
structure object. Therefore, the issue of refusing to store waste and finding resource-efficient methods
of its utilization become an urgent task for the developer.

Analysis of recent research and publications

Modern conditions for the development of society and infrastructure stimulate new challenges
in the field of water purification systems. Residents of industrial and urbanized cities increasingly use
their own filters. In particular, membrane technologies are effective for ensuring quality drinking water
and the scientists discusses filters based on metallic iron [1]. Filters based on graphene are also used for
individual water purification [2]. Article [3] provides information on how ceramic water filters have
been able to improve the turbidity and microbial quality of drinking water. Article [4] analyzes whether
affordable ceramic water filters can improve water security in rural areas of South Africa. Article [5]
provides information on rapid sand filters for removing organic micropollutants during drinking water
production and their bioremediation. Among the latest solutions is the use of nanotechnology. Thus, the
article [6] provides information about filters impregnated with silver nanoparticles (AgNP) that ensure
the disinfection of drinking water.

An important issue is the determination of methods for the disposal of waste generated at local
wastewater treatment plants. Since sewage can contain pollutants [7, 8], wastewater sludge is considered
waste that requires careful analysis before selecting a disposal method. Furthermore, municipal treat-
ment plants also have an impact on the environment. Thus, an important source of phosphates for fresh-
water rivers is the wastewater treatment facilities themselves [9]. In addition, wastewater sludge typi-
cally has bacteriological contamination, and the mechanism of virus inactivation in wastewater sludges
is shown in [10]. The storage of sludge is strictly prohibited without special permits and conditions; they
cannot be buried in regular landfills, and the requirements for sludge sites are regulated by the state
standard DSTU 8727:2017 [11].

Organic waste often serves as a source of biofuel, while low-organic waste can be used for the
production of building materials [12—13]. In these works, thermoplastics act as a binder for the pro-
duction of building blocks. Furthermore, the authors of article [14] note that polymer fibers can be used
to reinforce cement, while the authors of article [15] believe that polymers can serve as raw materials
for the production of waste containers.

Evaluating the mentioned experience, the proposed methods and techniques for the disposal of
wastewater sludge should be adapted, taking into account the territorial features of local treatment fa-
cilities, the chemical composition of the waste, its volumetric quantities, and providing recommenda-
tions for effective management of them.

Formulation of the study purpose

The goal of the work is to assess the water purification scheme at decentralized local treatment
facilities of residential complexes, hotels, and resorts, as well as to determine the volumes of waste
generated by mechanical grids, sand traps, and sedimentation tanks, and to establish a correlation be-
tween the amount of waste and the number of residents of the infrastructure object.

The work analyzes the quantitative composition of waste generated during water purification at
local treatment facilities. The dynamics of the increase in wastewater treatment waste with the growth
of the population occupying the living area were graphically determined in the diagrams. Considering
the volumes and chemical composition of the waste, a diagram of the movement and disposal of
wastewater treatment waste from local treatment facilities was constructed.

Presenting main material

In decentralized wastewater treatment conditions, mechanical treatment facilities are tradition-
ally used. Mechanical grids are advisable to use with opening widths of 6 mm. In this case, the volume
of waste per resident per year will be 16 liters/person per year, which is more than at urban wastewater
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treatment plants. In addition, grids with a small opening width can be used separately for processing wet
sludge from anaerobic digesters. Sand and suspended solids are retained in horizontal sand traps. The
amount of waste retained in the sand traps amounts to 0.02 I/person per day.

The volume of waste retained on mechanized grids and in sand traps, taking into account the
total number of residents and the volume of waste per capita per year [16]. The amount of sludge retained
in sedimentation tanks, taking into account the hundredth part of the average annual consumption of
domestic wastewater [17], was determined by calculation. The calculations took into account the number
of residents in the residential complex, hotel, or resort depending on the size of the living area. In this
case, 10 m? was taken as the area convenient for one person. The determined quantities of waste retained
on the grids for infrastructure facilities are shown in Fig. 1. The work includes a recalculation to the
annual amount of waste, the quantities of waste retained in horizontal sand traps have been determined

(Fig. 1).
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Fig. 1. Correlation between the amount of low-organic waste generated at local treatment facil-
ities and the number of residents of the infrastructure facility.

Fig. 1 shows a direct increase in the amount of low-organic waste with the increase in the num-
ber of residents in residential complexes, hotels, and resorts. Grids retain twice as much waste as is
captured in sand traps. When crushed into a powder, waste from mechanical grids along with waste from
sand traps can be used in a mixture (the total amount is also shown in the graph in Fig. 1) in the con-
struction industry as a filler in the production of building blocks.

Septic tanks or aeration tanks are used for the breakdown of organic pollutants in the context of
local treatment of household wastewater. Today, closed aeration tanks, which are highly efficient, are
in operation. They can be designed underground. To enhance the efficiency of separating activated
sludge from water, in addition to sedimentation tanks, biofilters are provided, which typically retain
activated sludge on the surface of the filtering material. Such materials may include gravel, pebbles, or
layers of small-diameter plastic or ceramic material. In fact, processed thermal and formed low-organic
waste from screens and sand traps can serve as the filler for the filter.
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In the settling tanks, partial separation of activated sludge from residual water occurs. Often,
waste in this form ends up in storage areas in sludge fields. Therefore, the quantities of this waste for
different numbers of inhabitants were determined (see Fig. 2), and the dynamics of waste increase in
relation to population growth were analyzed. However, organizing an area for garbage storage in a city
with a high level of construction or in a recreational area covering several hectares is impractical from
both economic and environmental standpoints. Therefore, measures are being taken to dewater such
waste. The dynamics of the increase in the amount of waste converted to dry weight concerning the
population growth in residential complexes, hotels, and resorts is shown in the graph in Fig. 2.
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Fig. 2. Correlation between the amount of highly organic waste generated at local treatment
facilities and the number of residents of the infrastructure facility.

From Fig. 2, it can be seen that the amount of waste without dehydration is several times higher
than the amount of waste calculated based on dry matter.

Traditionally, the sludge from municipal wastewater treatment facilities (due to the influence of
wastewater from industrial enterprises that direct their wastewater under agreements to municipal treat-
ment facilities) can contain metal compounds, including aluminum, iron, lead, zinc, tin, cadmium, co-
balt, zirconium, nickel, copper, and even vanadium, germanium, bismuth, silver, and lanthanum. Of
course, in the absence of industrial wastewater at water treatment facilities, the quantitative composition
of metal compounds may decrease; however, the wash water from repair and construction works, pre-
servatives, water after rinsing cosmetic products, and wastewater after the use of household chemicals
often become sources of metal compounds, nitrogen, phosphorus, potassium, and sodium.

The composition of modern food products is not always safe. Compounds such as chlorine,
sodium, nitrogen, ammonium, and benzoates can be present in products that people consume daily. In
particular, the preservative sodium benzoate can be found in margarine, mayonnaise, ketchup, sweet
carbonated drinks, meat and fish preserves, and fruit-berry products in packaging. Sodium nitrite is an
integral ingredient in boiled and semi-smoked sausages, hot dogs, and smoked meat products. The crys-
talline white powder ammonium chloride can be present in baked goods and pasta. The food emulsifier
ammonium hydroxide may be found in confectionery products, particularly in chocolate candies, baked
goods, and even in fast food.
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Despite the scientific evidence proving that tartrazine can provoke allergic reactions, there are
still certain discussions regarding its impact on the attention and activity of children, as it is still added
to food products — confectionery, ice cream, jelly, puree, soups, yogurts, mustard, carbonated drinks,
candies, and cakes. The brightly red dangerous food dye ponso may be found in sausage products, cakes,
candies, canned red berries and fruits, and fillings for baked goods.

Food and cosmetic dye amaranth is also widely used in a number of countries around the world.
Sodium laureth sulfate, due to its ability to form good foam, is included in a number of cleaning agents
— shampoos, soaps, gels, etc. Sodium lauryl sulfate, although it can cause skin problems and oral cavity
diseases (if used as a component of toothpaste), has wide applications in a number of countries around
the world. Sodium and potassium hydroxides, which have an irritating effect, are contained in bar soap.
Benzoic acid and methylisothiazolinone are also dangerous components of cleaning agents.

The world is gradually moving away from phosphates in laundry detergents. When they enter
wastewater and are insufficiently treated at treatment facilities, these compounds become a cause for the
proliferation of algae, particularly blue-green algae, which, during their life processes, reduce the oxygen
content in surface water and can cause changes in the functioning and composition of ecosystems. As a result,
freshwater becomes unsuitable for drinking. An alternative to phosphates is zeolites, which are gaining wide-
spread popularity, but still have certain drawbacks. These include low washability of detergent residues from
fabric, high content of anionic surfactants, and water pollution with aluminum compounds.

Traditionally for wastewater sediments, particularly those obtained from the treatment of domestic
wastewater, high levels of indicators such as total microbial count and the index of lactose-positive coli-
form bacteria are observed. This complicates the processes of disposal and storage of such waste.

Considering the above, composting and other methods of wastewater sludge treatment, where there
are no processing technologies that use high temperatures and other disinfection methods, cannot be applied
even to wastewater sludge extracted from domestic sewage. Given the chemical composition of food prod-
ucts (which contain colorings, preservatives, flavor enhancers of chemical origin), cleaning and cosmetic
products that directly affect the composition of domestic wastewater, the use of such waste as fertilizers is
also hazardous. The scheme of waste formation and the specifics of their handling are shown in Fig. 3.
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Fig. 3. Technological scheme for the movement and disposal of waste from the treatment of
wastewater at local treatment facilities: 1 — mechanical grids, 2 — sand trap, 3 — aerotank, 4 — bio-
filter, 5 — sedimentation tanks, 6 — melting-heating unit, 7 — vibropress, 8 — filter press
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Dehydrated sewage sludge can serve as a source for the production of briquettes and pellets.
Without thermal treatment, dehydrated sludge should not be used as a high-organic fertilizer. Filter
presses (Fig. 3) are effective for dewatering activated sludge. Considering the above, both low-organic
and high-organic waste are generated at local wastewater treatment plants, depending on the equipment
and technological process. The first and second can be used separately.

Fig. 3 shows that household wastewater flows from the screens to the sand traps, and then to the
aeration tank, biofilter, and sedimentation tanks. Low-organic waste is formed at mechanical screens
and in sand traps. Under conditions of shredding waste from mechanical screens, both types of waste
are sent to the melting-heating unit. Plastic is also added to this unit (preferably of one type: polyeth-
ylene, polypropylene).

Heating occurs to the melting temperature of the selected type of plastic. The technological
thermal process, besides its primary goal of binding the mixture of waste, also addresses the disinfection
of the wastewater treatment waste. The viscous heated mixture goes to the vibropress, where products
of specific shapes are produced. Highly organic activated sludge undergoes dewatering at the filter press
and is subject to disposal or storage at sludge sites. Water after the biofilter, sedimentation tanks, and
filter press goes to the disinfection stage of the wastewater from local treatment facilities.

Conclusions

When studying the correlation between the amount of low-organic waste generated at local
treatment facilities and the number of residents of the infrastructure facility, it was found that mechanical
grids produce significantly more waste with a predominance of inorganic components (from 8 to 160
m? per year, depending on the number of residents of a residential complex or resort) than in sand traps
(from 3.65 to 73 m® per year, respectively). At the same time, the total amount of waste from mechanical
grates and sand traps (from 11.65 to 233 m? per year, depending on the number of residents) allows for
their disposal on an industrial scale. The technological scheme for processing organic-containing sedi-
ments from secondary settling tanks with the disposal of from 10 to 200 m?® per year of dehydrated waste
can also be applied on an industrial scale. The scheme of separate utilization of sewage sludge of differ-
ent chemical composition allows to optimize energy and economic resources during the implementation
of technological processes of heating and biological fermentation of raw materials. In addition, it allows
to obtain building materials with characteristics of strength, frost resistance and water absorption that
meet current national standards, as well as biofuel, which in conditions of unstable energy supply of
consumers serves as an additional effective and inexpensive resource to meet thermal needs.
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EKOJIOTTYHA EKCITEPTHU3A JIOKAJIBHUX KAHAJIBAIIMHAX CIOPY ]I
JJIs1 OBCIOYTI'OBYBAHHSA CYYACHUX )KUTJIOBUX KOMIUIEKCIB TA
PE3OPTIB

Pedepar

AKTyaJIbHOIO Cy4acCHOIO TEHJCHIIEI0 € MPOEKTYBAHHA CAMOCTIHHHUX JIOKaJIbHUX KaHai3alil-
HUX CIIOPY[ AJIsl OUMIIEHHs T00YyTOBOI CTIYHOT BOAM NpH OyIiBHULTBI )KUTIOBUX KOMIUIEKCIB Ta pe3o-
PTiB. ABTOpamMH MpoBe/ieHa EKCIIEPTHA OI[IHKA TEXHOJIOT1H OYHIICHHS MOOYTOBUX CTIYHUX BOJI, IO BH-
KOPUCTOBYIOTHCSI TEXHOJIOTaMH 1 3a0yJOBHUKaMH B YKpaiHi. B manomy Bumaznky HeoOXigHO 3abe3me-
YUTU MOBHUH LUKJI MEXaHIYHOTO, O10JI0TYHOr0 OUMILEHHS Ta 3HE3apaKCHHS BOAM BiJl MATOI€HHHUX Mi-
KpoopraHizMiB. OJHI€I0 13 BAKIMBUX 33J1a4 TAKOTO MPOEKTYBAHHS € HEOOXIIHICTD y MTOBHIN yTHITi3aIi1
0CaJliB CTIYHHX BOJI, IO YTBOPIOKOTHCS Yy IMICKOYJIOBIIOBAYAX, HA MEXaHIYHUX IpaTax, Micis POoOOTH
BifcTiitHUKIB. Ile JacTh MOXIIMBICTh BiIMOBUTHUCH BiJl TPAAMIIMHNX I MiCbKAX OYUCHUX CIIOPY/[] MY-
JIOBUX KapT, KOTPI € JpKepenoM 3a0pyAHEHHsI IPYHTIB 1, [0 BAXKJIMBO B YMOBAaX IIUIBHOI MiCBKOT 3a0y-
JIOBH, BHBOJATH 13 ()YHKI[IOHAJIBHOI eKCILIyaTallil JeCSITKH T'eKTapiB 3emeib. [l 3a0e3neucHHs
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e(eKTHBHOI yTUIII3alil BIIXO/iB OUMILEHHS BOAHM BaXKJIMBO PO3YMITH MaclITabu iX yTBOpeHHs. ABTO-
pamu BU3Ha4EHI 00’ €MH BiIXOiB, IO YTBOPIOIOTHCA ITpH oOciyroByBanHi Bif 500 mo 10 tuc. pesume-
HTiB. [lokaszano, mo npu odbciryroByBanHi 10 THC. pe3UIEHTIB YTBOPUTHCS CyMapHO y MEXaHIYHUX Tpa-
Tax Ta TmickoynoBmoBadax 6iabme 200 M3 Binxony, a y Bixcriliukax — 4000 M3 Bosororo ocany. I3
BpaxyBaHH;IM BMICTY OpraHiYHUX PEYOBHH Yy BiX0[aX, OTPMMaHUX Ha Pi3HUX eTanax OYHIIeHHS BOJY,
Ta 32 YMOB MIPOBEICHHS €KCIIEPTHOI OIIHKM Cy4YaCHUX TEXHOJOTIH yTHIi3allil MpOMHUCIOBUX IUTaMiB i
MYIIiB, aBTOpaMH 3allpOMIOHOBaHA CXeMa PO3IUTBHOT yTHIIi3allil HU3bKO- 1 BUCOKOOPTaHIYHUX OCa/IiB
CTIYHHUX BOJ i3 OTpUMaHHAM OionasuBa Ta OyIiBelIbHUX MaTepiajiB crelialbHOro Npu3HaueHHs. Bka-
3aHi TEXHOJIOTIUHI PIillIEeHHS € 3aI0PYKOI0 €KOJIOTIYHOI Oe3MeKH TepUTOopiil, MO BiABEAESH] ITiT KHUTIOBI
KOMIUIEKCH Ta PE30PTH, a TAKOXK 3a0€3MeTyI0Th BUPOOHHUIITBO 3aTpeOyBaHOI MPOAYKIIii.
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