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Abstract.  New options are proposed for the modernization of existing air purification systems 

using know-how in the wastewater treatment plants themselves and in the area of their location. 

For air purification, it is proposed to use a new highly effective sorbent material, which is a 

claydite, covered with a thin layer of pyrolusite (manganese dioxide). This sorbent, which is in 

a wet state, oxidizes organic and inorganic toxicants on its surface, and also destroys pathogens. 

The proposed sorbent material is a natural formation obtained from the available raw materials 

approved for use for which additional permits are not required. Currently on the market there are 

no direct analogues of this product. Especially it is necessary to note a low cost of a new highly 

efficient sorbent material. In modern conditions, as a result of the increasing exploitation of 

water resources, the problems of human impact on the environment become particularly acute. 

These impacts, as a rule, are accompanied by factors that adversely affect the ecological state of 

the environment, both in the area of operation of the treatment facilities and in places far from 

them.  

1.Introduction 

New options are proposed for the modernization of existing air purification systems using know-how in 

the wastewater treatment plants themselves and in the area of their location. For air purification, it is 

proposed to use a new highly effective sorbent material, which is a claydite, covered with a thin layer 

of pyrolusite (manganese dioxide). This sorbent, which is in a wet state, oxidizes organic and inorganic 

toxicants on its surface, and also destroys pathogens. The proposed sorbent material is a natural 

formation obtained from the available raw materials approved for use for which additional permits are 

not required. Currently on the market there are no direct analogues of this product. Especially it is 

necessary to note a low cost of a new highly efficient sorbent material [1].  

In modern conditions, as a result of the increasing exploitation of water resources, the problems of 

human impact on the environment become particularly acute. These impacts, as a rule, are accompanied 

by factors that adversely affect the ecological state of the environment, both in the area of operation of 

the treatment facilities and in places far from them. To solve this problem, the authors propose the 

following: 

 

 carry out the work on the modernization of existing air purification systems using know-how in 

the wastewater treatment facilities themselves, and in the area of their location 
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 implement a pilot project that will increase investment attractiveness and eliminate risks from 

competitors. 

 

The subject of design is the reconstruction of the system of southern sewage treatment facilities 

(SSTF) of the city of Astrakhan. SSTF serves the Sovetsky district, partly Leninsky and Kirovsky, that 

makes about 100,000 inhabitants, the number of users will grow [2]. 

The climate in the design area is moderate with high humidity. The average annual air temperature 

is 22.8 ° C. Maximum temperature is 42 ° C, minimum is 35 ° C. The coldest month is February, the 

hottest month is July. Soils are of sedimentary origin. The maximum depth of soil freezing is 0.9 m. The 

level of groundwater varies from 1.1 to 1.3 m. 

 

2.  Theoretical review 

The southern sewage treatment facilities were commissioned in 1957 and are located in a flat area, with 

an artificial embankment to create gravity flow. The main structures include [3]: 

 

 receiving chamber; 

 horizontal sand traps;  

 radial sump tanks; 

 aerotanks; 

 contact tanks. 

 

In the process of urbanization, the residential area increased and approached the treatment facilities, 

thereby violating sanitary standards (see table 1). 

Table 1. Sanitary standards for the location of treatment facilities. 

Wastewater Treatment Facilities 

The distance in m, with the estimated capacity of treatment 

facilities, thousand m3 per day 

up to 0.2 
more than 0,2          

up to 5,0 

more than 5,0           

up to 50,0 

more than 

50,0 up to 

280 

Pump stations and emergency 

control tanks 
15 20 20 30 

 

Mechanical and biological 

treatment facilities with sludge 

beds for digested sludge 

150 200 400 500 

 

Structures for mechanical and 

biological cleaning with 

thermomechanical treatment of 

sludge in enclosed spaces 

100 150 300 400 

 

Fields: 

a) filtration 

b) irrigation 

 

200 

150 

 

300 

200 

 

500 

400 

 

1000 

1000 

Biological ponds 200 200 300 300 

Two factors influence the environmental safety of a design object: 

 

 use of chlorine for sewage disinfection;  

 unpleasant odor from primary radial septic tanks (formed in the process of biological treatment 

of wastewater from waste gases during the purification process, which are a mixture of smelly 
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recovered sulfur compounds — hydrogen sulfide, light mercaptans, nitrogen-containing organic 

substances, aromatic hydrocarbons, organic acids, ammonia, etc.) [4]. 

 

There are technical solutions that allow the use of ultraviolet radiation instead of chlorination. To 

solve the second problem (constant unpleasant smell), which has a direct, negative impact on the 

environment, the use of expensive technologies is proposed. 

 Installation of biological purification of waste gases generated in the process of biological 

wastewater treatment, consisting of a dropping biofilter \"AZURAIR\" with contact loading with 

immobilized microorganisms, irrigated by water with nutrients is known; the biofilter is equipped with 

a device for supplying water and a device for distributing the gas to be purified in the upper part of the 

body and with nozzles for discharging polluted water and purified gas - in its lower part [5]. 

A known system of biological purification of domestic wastewater and waste gases from the 

purification process is a mixture of foul-smelling compounds of reduced sulfur - hydrogen sulfide, light 

mercaptans, nitrogen-containing organic substances, aromatic hydrocarbons, organic acids, ammonia, 

etc. The system consists of a pump station with a receiving tank, receiving chamber of mechanical 

cleaning grids, sand trap, primary settling tank, aerobic stabilizer, anaerobic sediment digestion 

chamber, compaction units and both sedimentation, exhaust fan, exhaust gas pipeline, which ensures 

their discharge from the above system installations, equipped with an overlap, biofilter “Bioreactor TM” 

incoming air moisturiser, circulation water tank, deentrainment netting and air emission pipe [6]. 

We know a system of biological wastewater treatment and waste gases in the process of purification, 

including aerotank, secondary settling tank and ventilation device in the form of an inverted U-shaped 

tube, one of the branches of which forms a supply manifold, and the second one - with a vacuum 

degassing chamber located between them and a gas suction chamber built in it, connected to a vacuum 

source, for example, a suction pump [7]. 

The system of biological treatment of wastewater and waste gases in the process of purification is 

known. It consists of a receiving tank of a sewage pumping station, grate, sand trap, mixer - averager, 

primary clarifier, aerotank with recirculation sludge loop, pump, secondary illuminator, after-treatment 

filter, sludge treatment unit exhaust gas vent, biofilter, equipped with cassettes with a droplet separator 

adjacent to them, a spraying system, a tray for collecting the sludge mixture, as well as an intake pipeline 

sludge mixture and mixed liquor discharge pipe [8]. 

The system is also equipped with a fan exhauster, an exhaust gas after-treatment adsorber, an 

installation of UV-disinfection of waste gases and a pipe to release the purified gas into the atmosphere 

[9]. 

The system of biological treatment of industrial wastewater and waste gases in the cleaning process 

is known. It includes sewage pumping station, gratings, sand traps, mixer - average, primary clarifier, 

aero tank with sludge recirculation pipeline, secondary clarifier, after-treatment filter, exhaust gas duct, 

exhaust fan, bio filter in the form of a cylinder with a ratio of height to diameter of 2: 1 for the 

purification of exhaust gases, equipped with a water circulation loop, and a pipe for the discharge of 

purified gases into the atmosphere. 

 

3.  Practical importance, implementation and results 

To solve this problem, the authors offer two versions [10]. 

 

3.1. The first version 

As unpleasant odors are related to the functioning of the septic tanks, it is proposed to “cover” the septic 

tank and clean the dirty air. To solve this problem, it is proposed to build a dome and a reinforced 

concrete foundation on which this structure will be supported and fastened with bolts. The skeleton of 

the dome will be assembled by welding with the help of corners and I-beams and covered with sheets 

of cellular polycarbonate [11]. 
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Cellular polycarbonate is a polymer profiled in two- or three-layer panels with internal longitudinal 

ribs, properties, and stability, which can be attributed to plastic materials of engineering class. The 

reasons for choosing a polycarbonate coating were its economic, technical characteristics.  

In the designed structure (dome), a ventilation system is provided, which includes:  

 

 five axial industrial fans;  

 sensors (fan operation regulation);  

 panels with new sorbent material located in front of the fan [12-14] 

 

3.2. The second version 

It is proposed to “cover” the sump and clean the dirty air. To solve this problem, it is proposed to build 

a roof (cylindrical form) and a reinforced concrete base over the settling tank, on which this structure 

will be supported and fastened with bolts. Filters (representing canisters of various shapes made of 

plastic, grids and legs for fixing canisters) are placed at the base of the cylinder and in the center of the 

cylinder. A new sorbent material is poured into the case [15-17]. 

Among the means of air purification of the working zone of industrial enterprises and in residential 

premises, various absorbers and engineering systems are used, among which active carbons, clays, 

expanded clay, oxide and calcium hydroxide, which are able to sorb and chemisorb acidic gases and 

vapors of organic substances on their surface. At present, separate sorption units are used to remove 

each of the listed toxicants. For air purification, it is proposed to use a new highly effective sorbent 

material, which is a claydite, covered with a thin layer of pyrolusite (manganese dioxide) [18-19]. 

This sorbent, which is in a wet state, oxidizes organic and inorganic toxicants on its surface, and also 

destroys pathogens. The proposed sorbent material is a natural formation obtained from the available 

raw materials approved for use for which additional permits are not required. Currently on the market 

there are no direct analogues of this product. Especially it is necessary to note the low cost of new 

sorbent material. Table 2 presents the advantages of a new sorbent material in comparison with other 

analogues on the purification of atmospheric air [20]. 

Table 2. Comparative characteristics of a new sorbent material with known analogues. 

Characteristics of the 

developed sample, defining 

indicators 

Characteristics of well-known 

national and foreign samples 

Improvement of 

parameters or systems in 

relation to the best 

samples 

Sorbent. Removal of sulfur 

dioxide SO2 from atmospheric 

air 

Absorption time – 5 s. 

Bringing the content of SO2 up 

to 0.01 mg /м3 

SO2 + H2O2→H2SO4 

H2SO4 + CaO→ CaSO4 + H2O 

The non-toxic product calcium 

sulfate is formed 

Special sorption installation is 

based on the absorption of sulfur 

dioxide by lime milk 2SO2 + 

Ca(OН)2→ Ca(НSO3)2 

Installation cost –1500 thousand 

rubles., exploitation -  500 

thousand. rubles / year 

Absorption time – 20 min. 

When operating the 

installation with a new 

sorbent material, the 

installation using lime 

milk is not required. 

 

Sorbent. Removal H2S from 

atmospheric air.  

Absorption time – 5 s. 

H2S + 2H2O2→H2SO4+2H2O 

Bringing H2S content to 

0,0001 mg/m3 

H2SO4 + CaO→ CaSO4 + H2O 

The nontoxical product sulfate 

of calcium is formed 

 

Special sorption installation based 

on absorption of hydrogen 

sulphide by soda 

H2S+Na2СO3→NaНS+NaНСO3 

(sorption) 

When CO2 is purged, H2S is 

desorbed: 

NaНS+NaНСO3+СО2→ H2S+ 

Na2СO3 

When using a new 

sorbent material, 

installation with Na2СO3 

is not required. 
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Further capture of H2S. 

Installation cost 1500 thousand 

rubles., exploitation -  500 

thousand. rubles / year 

Adsorption-desorption time  

– 1 h 

 

Sorbent. Removal of nitric 

oxide NO and nitrogen 

dioxide NO2 from atmospheric 

air 

2NO2 + H2O2→2HNO3 

2NO+3H2O2→2HNO3+2H2O 

Contact time – 5 s. 

Final concentration of NO2 и 

NO – 0,001 mg/m3 

2HNO3+CaO→Ca(NO3)2+   

+H2O 

The nontoxical product sulfate 

of calcium is formed 

A instalation in which NO is 

oxidized to NO2 and N2O3 with 

oxygen or reconstructed to 

elemental nitrogen (methane, 

CH4). Catalysts are ruthenium, 

platinum, composites based on 

chromium, nickel, copper, zinc, 

vanadium, cerium. 

Process time – 1–10 s. 

Installation cost 1500 thousand 

rubles., exploitation -  500 

thousand. rubles / year 

When using a new 

sorbent material, a 

catalytic unit for the 

oxidation or 

reconstruction of NO is 

not required 

Final conclusion 

For the sorption and oxidation 

of SO2, H2S, NO2, one 

installation is used with a total 

cost of 500 thousand rubles. 

Exploitation -  500 thousand 

rubles / year 

The installation is used with a 

total cost of 1500 thousand rubles, 

Exploitation - 1500 thousand 

rubles / year 

No need for three 

installations. The 

economic effect will be: 

due to the work of a 

single installation - 1000 

thousand rubles, 

exploitation  - 1000 

thousand rubles / year 

Table 3 presents the indicators for improving the quality of the created installation for cleaning 

unpleasant odors from primary radial sumps. 

Table 3. Indicators of the quality of the sorbent. 

Defining indicators 
Parameters of quality improvement, 

% 

Service life 10 

Cleaning ability 45–50 

Improvement of working conditions of 

the personnel of facilities 
It has a social effect 

Improvement of the ecological 

characteristic of facilities 
to 50 

The service life connected with 

stability in relation to external factors 

(wearability, corrosion stability) 

20–25 

Physical Data (Weight and dimension 

characteristics) 
200 

 

4. Conclusions  

The technical result of upgrading existing treatment facilities is: 

 

 increasing the degree of purification of waste gases; 

 the ability to reduce the sanitary protection zone of treatment facilities, and thereby ensure a 

more dense development of the territory; 
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 reduction in the cost of the system; 

 simplification and improvement of the operating conditions of the system. 
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