
ISSN 2307–3489 (Print), ІSSN 2307–6666 (Online) 

Наука та прогрес транспорту. Вісник Дніпропетровського  

національного університету залізничного транспорту, 2019, № 4 (82) 

ЕКОЛОГІЯ ТА ПРОМИСЛОВА БЕЗПЕКА 

Creative Commons Attribution 4.0 International 

doi: https://doi.org/10.15802/stp2019/175883 © O. Y. Oleynik, T. S. Airapetian, S. M. Kurganska, 2019 

UDC 628.35 

A. Y. OLEYNIK1, T. S. AIRAPETIAN2*, S. M. KURGANSKA3 

1Іnstitute of Hydromechanics of the NAS of Ukraine, Zheliabov St., 8/4, Kyiv, Ukraine, 03057, tel. +38 (050) 559 72 89,  

+38 (044) 459 65 10, e-mail Oleynik2019Al@gmail.com, ORCID 0000-0002-9110-1709  
2*Dep. «Water Supply, Sewerage and Purification of Waters», O. M. Beketov National University of Urban Economy in Kharkiv, 

Marshal Bazhanov St., 17, Kharkiv, Ukraine, 61002, tel. +38 (057) 707 33 40, +38 (057) 707 31 06,  

e-mail Tamara.Ayrapetyan@kname.edu.ua, ORCID 0000-0002-8834-5622 
3Іnstitute of Hydromechanics of the NAS of Ukraine, Zheliabov St., 8/4, Kyiv, Ukraine, 03057, tel. +38 (063) 917 87 84,  

e-mail kurganska@ukr.net, ORCID 0000-0002-7593-6458 

EVALUATION OF THE PERFORMANCE OF AEROTANKS DUE TO 

ADD-ON ATTACHED BIOCENOSIS 

Purpose. The research involves the implementation of comparative calculations to evaluate the performance of 

aerotanks with add-on attached biocenosis (biofilm). Methodology. For improving the performance of the aerotanks 

due to the introduction of an additional load with attached biocenosis (biofilm), the authors constructed the mathe-

matical models that consider the simultaneous oxidation of organic pollutants with suspended and attached bioceno-

sis. Based on these models, the methods were developed for calculating clarification parameters. The authors per-

formed evaluation of the influence of various clarification factors in aerotanks. They proved that the clarification 

intensity is increased due to additional elements with the attached biocenosis. Herewith, possible technological and 

structural schemes of aerotanks were considered, when the loading elements (nozzles, screens, etc.) are located 

throughout the whole volume or more densely and compactly only in its individual sections. Findings. The parame-

ters of effluent clarification from organic pollution in the aerotanks are determined using numerical methods. The 

graphs show the significant performance of aerotanks due to the introduction of the additional load with the attached 

biocenosis (biofilm). The calculations of the effect of additional loading on the performance of complete-mix aero-

tanks and continuous-flow aerotanks show that the use of immobilized biocenosis can improve the quality of remov-

al of organic pollutants by 2-5 times. Originality. The authors substantiated scientifically the influence of various 

factors of wastewater treatment in aerotanks, the efficiency of which is increased due to additional elements with the 

attached biocenosis. Practical value. The introduction of research results in wastewater treatment plants can signifi-

cantly improve the quality of the removal of organic pollutants by biological methods. The implementation of the 

calculation methods for the proposed dependencies makes it possible to more fully and reasonably take into account 

important processes that significantly affect the utilization of organic pollutants and the efficiency of the aerotanks 

with the additional involvement of wastewater treatment by the attached biocenosis. 
Keywords: aerotanks-reactors; attached biocenosis (biomass); biofilm, active sludge; clarification reactions

Introduction 

Among the most important environmental 

problems of the present day, the issue of protecting 

natural sources of water supply is of paramount 

importance. The discharging of raw and insuffi-

ciently treated wastewater in the surface water res-

ervoirs constantly worsens their condition; these 

sources of pollution, as a rule, contain compounds 

of nitrogen and phosphorus. Therefore, deep puri-

fication of wastewater is one of the most important 

problems for today. 

The accumulated experience and scientific re-

search of many generations of specialists prove the 

priority of biological methods of purification. To-

day, the majority of wastewater, which is dis-

charged in a centralized way, is cleared at aeration 

stations in aerotanks [1, 2, 4, 5, 12]. However, the 

existing conventional biological purification tech-

nology is characterized by inadequate efficiency 

(especially for the removal of phosphorus com-

pounds) and is not always able to meet the set 

norms [3, 7, 14, 16, 19, 23]. 

Therefore, in wastewater treatment plants, 

where biological treatment of effluent is carried 

out according to the traditional scheme, the im-

portant practical tasks are the issues of improve-

ment of existing technologies of wastewater treat-

ment on the basis of these structures, increase of 

their efficiency. 

In general, the following solutions are used to 

improve the efficiency of aerotanks: the creation of 

sites with aerobic and anaerobic conditions of oxi-
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dation [2, 13, 21], the use of uneven dispersed ef-

fluent intake [2], the supply of technical oxygen [2, 

15], the addition of reagent preparations [2, 15], 

etc. It is clear that the improvement of structures 

and technologies is delayed by economic factors. 

Also currently, the widely used effluent clarifica-

tion method has become the process of simultane-

ous removal of organic pollutants (OP) and nitro-

gen by suspended and attached biocenosis [20, 22]. 

By their activity immobilized biocenosis consider-

ably exceed the oxidation capacity of suspended 

active sludge. 

In this case, the loading elements (nozzles, 

screens, etc.) can be located throughout the volume 

of the aerotanks or more densely and compactly 

only in its individual sections. 

However, the possibility of evaluating the effi-

ciency of aerotank due to add-on elements with 

attached biocenosis (biofilm) requires more com-

plete and advanced mathematical models. Models 

that will take into account the processes of simul-

taneous oxidation of OP by suspended and at-

tached biocenosis will allow to reasonably estimate 

the influence of various factors of purification in 

aerotanks. These processes are associated with the 

formation of a biofilm of different thickness and 

structure on the surface of the additional loading 

(screen) in the aerotank volume [13, 21]. 

The parameters of wastewater treatment, de-

termined by numerical methods, taking into ac-

count the influence of various purification factors 

will give an opportunity to obtain reliable results. 

Based on the results obtained, it is possible to 

evaluate the effectiveness of the aerotanks through 

the introduction of additional elements with the 

attached biocenosis (biofilm). 

Purpose 

The main purpose is to carry out calculations 

and obtain a comparative assessment of the effi-

ciency of complete-mix aerotanks and continuous-

flow aeration tanks. Herewith wastewater is treated 

due to the additional arrangement in their volume 

of loading with the attached biocenosis (biomass) 

in the form of a biofilm with a high concentration 

of microorganisms. 

To achieve this purpose, the following tasks 

need to be addressed: 

– Provide calculation dependencies and math-

ematical models that allow estimating the influence 

of various factors on the simultaneous removal of 

organic pollutants (OP) with suspended and at-

tached biocenosis in aerotanks of various 

structures, namely in complete-mix aerotanks and 

continuous-flow aeration tanks; 

– On the basis of the proposed models and 

methods of calculation, to conduct an analysis and 

evaluation of the influence of the main factors, to 

identify the parameters of supply of the required 

amount of oxygen to the place of reaction and the 

disposal of OP; 

– To consider the specific examples for differ-

ent process flow schemes of the location of the 

attached biomass reactor and to provide compara-

tive results of studies of simultaneous OP purifica-

tion; 

– To substantiate the increased efficiency of ef-

fluent clarification due to the arrangement of the 

attached biocenosis in the volume of the aerotanks. 

Methodology 

Mathematical models were constructed and 

methods for calculating the parameters of purifica-

tion [6, 7, 11, 17, 18] were developed for the esti-

mation and analysis of the simultaneous removal 

of organic pollutants (OP) with suspended and at-

tached biocenosis in aerotanks of various struc-

tures. In this case, for various hydrodynamic 

schemes of aerotanks, namely complete-mix aero-

tanks and continuous-flow aeration tanks. The spe-

cific examples showed and substantiated a signifi-

cant increase in the efficiency of purification due 

to the add-on attached biocenosis. 

First, let us consider the most advisable from 

the practical point of view technological scheme of 

a complete-mix aerotank, which consists of two 

parts (reactors 1 and 2) [7]. In reactor 1, the OP is 

removed only due to the suspended biocenosis (ac-

tive sludge), that is, it works as an ordinary com-

plete-mix aerotank. In the second part (reactor 2), 

the OP removal occurs mainly by the attached bio-

cenosis, which is formed at the add-on load, with 

the possible consideration, if necessary, of the ac-

tion of the active sludge in the reactor 2. It is be-

lieved that the biochemical oxidation process is 

adequately provided with oxygen, that is, the flow 

of oxygen will not limit the kinetics of oxidation of 

both the suspended and attached biocenosis. Let us 

consider also the most widespread case in which 

the removal of OP by an active sludge occurs by  
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a zero-order reaction, and in a biofilm – by the 

first-order reaction. Then, according to [7], to de-

termine the concentration of OP at the output from 

the 2nd reactor (of the aerotank) La2, the following 

general dependence is proposed 
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For the 1st reactor, the volume of the liquid is 

assumed to be equal to the reactor volume 

11
p aWW  . For reactor 2 it is necessary to take 

into account the volume loaded with biofilm 
2

W , 

therefore we have  
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The specific loading area with the biofilm in 

the reactor 2 is determined by the formula 
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where 2F  is the total surface area of loading (bio-

film) in reactor 2 of volume 2aW .  

Recommendations for determining the parame-

ter 2

2a

L
A

L


  under the assumption that the reaction 

rate in the biofilm is taken of the first order, are 

given in the papers [7, 9]. Here 
2aL  and 2L  are 

the concentrations of OP in the reactor 2 and on the 

surface of the biofilm. 

For further analysis, the dependence is repre-

sented in the form 
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Fig. 1 shows the graphs of the function 

 ,,
0

2 f
L

La   constructed according to the de-

pendence (5). It is assumed that the volumes of the 

first and second reactors coincide 21 aa WW   and 

that aaa www 
21

. The results presented in Fig. 1 

show that post-treatment by the attached biomass 

can significantly improve the quality of wastewater 

treatment. However, as shown by Fig. 2, with the 

increase of the parameter γ, which depends on the 

flow N and mainly on the specific loading area 

nF , that is, on the load element density, this im-

provement is significantly slowed down. There-

fore, in this case, as in other process flow schemes 

of aerotanks with attached biocenosis, an important 

issue is the choice of the most appropriate loading 

area F  based on the additional analysis. 

Fig. 3 shows the graphs of the function 

 2

0

, ,
aL

f
L

    constructed under the condition that 

the clarification in the second reactor due to the 

suspended biocenosis (active sludge) can be ne-

glected, i.e.  
2 1

0a aT T   . 

 

Fig. 1 Dependency graph   ,
0

2 f
L

Lа
   

As can be seen from the data in Fig. 1 and  

Fig. 3 the active sludge in the second reactor with 

the same values of the parameter τ does not signif-

icantly affect the overall clarification effect. How-

ever, clarification in the free volume of the 2nd 

reactor allows for some increase in the value of the 
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parameter τ, and, accordingly, the quality of the 

removal of organic pollutants.  

 

Fig. 2. Dependency graph  f
L
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

0

2  with 0  

 

Fig. 3. Dependency graph   ,
0

2 f
L
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The paper [10 (Fig. 2, 3)] presents the compara-

tive results of the studies of simultaneous OP clari-

fication in complete-mix aerotank, in which the 

elements of additional loading are evenly arranged. 

When constructing these graphs, the dependence 

(5) is used, in which the parameters τ and γ are 

taken in accordance with the adopted process flow 

scheme of the complete-mix aerotank, namely: 
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Fδl is the total area of loading elements in the 

complete-mix aerotank with length l and volume 

Wal. According to [10 (Fig. 2, 3)], only at signifi-

cant values of the parameter τ and minor values of 

γ one should also take into account the removal of 

OP due to the active sludge. 

The obtained dependencies and performed cal-

culations allow substantiating the increase in effi-

ciency of the aerotank using the arrangement of 

loading elements with the attached biocenosis in 

the second half of its volume. 

The works [7, 10] present theoretical studies 

and methods for calculating the parameters of bio-

logical wastewater treatment from organic pollu-

tants (OP) in continuous-flow aeration tanks with 

simulatneous purification of suspended and at-

tached biocenosis. To evaluate the efficiency of 

such aerotanks, let us consider the scheme of their 

work with the suspended and attached biocenosis 

when the loading elements (nozzles, screens, etc.) 

are evenly spaced along the entire length l [10]. 

As a result of the theoretical studies carried out 

under the condition that the removal of the OP by 

the suspended and attached biocenosis occurs by 

the first-order reaction, the following dependence 

is obtained to determine the change in the concen-

tration of La along the aerotank X 

   xB
a exLXL  ~

0  (8) 

   
l

x
xlkABxBxkAx aa   ,,~ , (9) 

where  

   ,,,1 0
0

L

a

a
a K

F

F

V

k
kA

V
A 


    

 
a

a

ama

ama
a

F

Q
V

YK

X
k  ,


 

lFF    is the loading surface area (biofilm) per 

unit length of aerotank l  (m), LK  – coefficient of 

mass transfer in a liquid film (m/h), 
0L

L
A   is the 

biofilm parameter determined according to the rec-

ommendations given in the papers [7, 9]. 

At the exit of the aerotank we have 

 ,1,  xlx  

   .
~

,0

~

0 BleLeLlL Bl
a    (10) 

In order to carry out further analysis and obtain 

comparative estimates of the influence of various 

factors on the clarification processes in this case, 

we represent the dependence (10) in the form 
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where .,   aaL lkBlAB  

Thus, at 0LB  the removal of OP in aero-

tanks occurs only at the expense of suspended bio-

cenosis (active sludge), and at 0аB  – only at the 

expense of the attached biocenosis (biofilm). 

Based on the dependence (11), we built the cal-

culated graphs
 

 aL
a BBf
L

lL
,

0

 , presented in 

work [8 (Fig. 3)] and in Fig. 4 

 

Fig. 4. Dependence graph 
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The results of the calculations presented in [8 

(Fig. 3)] and in Fig. 4 show that the additional in-

troduction into the aerotank of loading with the 

attached biocenosis (biofilm) allows to significant-

ly improve the work of the continuous-flow aera-

tion tank, especially with BL < 1.  

The work [13] presents an experimental evalua-

tion of the efficiency (EF) of the complete-mix 

aerotank due to add-on plastic screens, the results 

of which at 110aQ ml/min, 5
0 150

mgBOD
L

l
  

are given in Table 1. 

The Table 1 shows a significant increase in EF, 

a decrease in La when using 6 screens and a gradu-

al increase in efficiency with increasing number of 

screens. In this case, the total increase in efficiency 

is 25%. As noted earlier in Fig. 2, 3 and in [10 

(Fig. 2)], the intensity of the increase in efficiency 

is stabilized upon achievement of the minimum 

concentration of pollutants at the output La . 

Table  1  

Experimental EF evaluation of OP removal  

in aerotank  

Loading 

Relativ

e EF 
in% 

Total 

EF in% 

Intensity 

of EF 
in%,  

aL , 

mg/l at 

the 
output 

0 screens 

6 screens 

12 screens 

18 screens 

24 screens 

0 

25 

50 

75 

100 

72.50 

90.00 

95.00 

96.50 

97.50 

– 

17.50 

22.50 

23.75 

25.00 

44 

16 

8 

6 

4 

Findings 

The comparative calculations on the presented 

dependencies make it possible to estimate the in-

tensity of increasing the clarification efficiency in 

aerotanks due to additional elements with attached 

biocenosis. The constructed models take into ac-

count the special features of the intake of organic 

pollutants and oxygen in a biofilm, its parameters, 

as well as the velocity of kinetic reactions with the 

simultaneous removal of organic contamination by 

suspended and attached biocenosis. 

Implementation of the calculation methods for 

the proposed dependencies allows more fully and 

reasonably to consider the important processes of 

wastewater treatment, which occur with the addi-

tional involvement of the attached biocenosis. 

These processes significantly affect both the dis-

posal of OP and the efficiency of aerotanks. 

Originality and practical value 

As part of the study described in this article, it 

is proposed to increase the efficiency of the aero-

tanks by allotting its part for additional loading 

with attached biocenosis. In this part there is sim-

ultaneous oxidation of organic pollutants with ac-

tive sludge and biofilm. The mathematical model 

describing this process is presented. There are car-

ried out calculations, performed comparative eval-

uation of the unit efficiency, depending on the de-

gree of influence of the additional loading. Such an 

evaluation allows us to justify the rational parame-

ters of the biological treatment unit of improved 

design. This means that the obtained scientific re-

sult in the form of the results of calculations based 
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on the mathematical model of biological oxidation 

of organic pollutants by suspended and attached 

biocenosis, including an assessment of the influ-

ence of these components on the purification effi-

ciency, is interesting from a theoretical point of 

view. From the practical point of view, the con-

ducted researches allow to justify the use of addi-

tional loading with attached microorganisms in 

order to improve the quality of removal of organic 

pollutants in aerotanks. 

Conclusions 

The results obtained in the article give grounds 

for asserting the possibility of introducing into the 

actual technological process of wastewater treat-

ment the use of attached biocenosis in aerotanks, 

which will allow getting effluent at the output from 

the facilities with a concentration of organic sub-

stances within the permissible values.  
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ОЦІНКА ЕФЕКТИВНОСТІ РОБОТИ АЕРОТЕНКІВ ЗА РАХУНОК 

ДОДАТКОВОГО ВЛАШТУВАННЯ ЗАКРІПЛЕНОГО БІОЦЕНОЗУ 

Мета. Дослідження передбачає виконання порівняльних розрахунків для оцінки ефективності роботи 

аеротенків із додатковим закріпленим біоценозом (біоплівкою). Методика. Для підвищення ефективності 

роботи аеротенків за рахунок упровадження додаткового завантаження із закріпленим біоценозом (біоплів-

кою) побудовано математичні моделі, що враховують одночасне окислення органічних забруднень завислим 

і закріпленим біоценозом. На основі цих моделей розроблено методи розрахунку параметрів очищення. 

З’ясовано вплив різних факторів на очищення в аеротенках, установлено, що інтенсивність очищення під-

вищується за рахунок додаткових елементів із закріпленим біоценозом. При цьому розглянуто можливі тех-

нологічні й конструктивні схеми аеротенків, коли елементи завантаження (насадки, сітки тощо) розташовані 

по всьому їх об’єму або більш щільно й компактно тільки на окремих ділянках. Результати. Визначені за 

допомогою чисельних методів параметри очищення стічних вод від органічних забруднень і побудовані 

графіки показують значну ефективність роботи аеротенків за рахунок упровадження додаткового заванта-

ження із закріпленим біоценозом (біоплівкою). Виконані розрахунки впливу додаткового завантаження на 

ефективність роботи аеротенків-змішувачів та аеротенків-витискувачів показали, що використання іммобі-

лізованого біоценозу дозволяє підвищити якість видалення органічних забруднень у 2–5 разів.  
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Наукова новизна. Науково обґрунтовано вплив різних факторів на очищення стічних вод в аеротенках, 

ефективність якого підвищується за рахунок додаткових елементів із закріпленим біоценозом.  

Практична значимість. У разі впровадження результатів досліджень на підприємствах з очистки стічних 

вод може бути значно підвищена якість видалення органічних забруднень біологічними методами. Реаліза-

ція методів розрахунку за запропонованими залежностями дозволяє більш повно й обґрунтовано врахувати 

важливі процеси, які значно впливають на утилізацію органічних забруднень та ефективність роботи аеро-

тенків із додатковим залученням для очищення стічних вод закріпленого біоценозу. 
Ключові слова: аеротенки-реактори; закріплений біоценоз (біомаса); біоплівка; активний мул; реакції 

очищення 
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ОЦЕНКА ЭФФЕКТИВНОСТИ РАБОТЫ АЭРОТЕНКОВ ЗА СЧЕТ 

ДОПОЛНИТЕЛЬНОГО УСТРОЙСТВА ПРИКРЕПЛЕННОГО 

БИОЦЕНОЗА 

Цель. Исследование предусматривает выполнение сравнительных расчетов для оценки эффективности 

работы аэротенков с дополнительным прикрепленным биоценозом (биопленкой). Методика. Для повыше-

ния эффективности работы аэротенков за счет внедрения дополнительной загрузки с прикрепленным био-

ценозом (биопленкой) построены математические модели, которые учитывают одновременное окисление 

органических загрязнений взвешенным и прикрепленным биоценозом. На основе этих моделей разработаны 

методы расчета параметров очистки. Определено влияние различных факторов на очистку в аэротенках, 

установлено, что интенсивность очистки повышается за счет дополнительных элементов с прикрепленным 

биоценозом. При этом рассмотрены возможные технологические и конструктивные схемы аэротенков, когда 

элементы загрузки (насадки, сетки и т. п.) расположены по всему их объему или более плотно и компактно 

только на отдельных участках. Результаты. Определенные с помощью численных методов параметры 

очистки сточных вод от органических загрязнений и построенные графики показывают значительную  

эффективность работы аэротенков за счет внедрения дополнительной загрузки с прикрепленным  

биоценозом (биопленкой). Выполненные расчеты влияния дополнительной загрузки на эффективность  

работы аэротенков-смесителей и аэротенков-вытеснителей показали, что использование иммоби-

лизованного биоценоза позволяет повысить качество удаления органических загрязнений в 2–5 раз.  

Научная новизна. Научно обосновано влияние различных факторов на очистку сточных вод в аэротенках, 

эффективность которой повышается за счет дополнительных элементов с прикрепленным биоценозом.  

Практическая значимость. При внедрении результатов исследований на предприятиях по очистке сточных 

вод может быть значительно повышено качество удаления органических загрязнений биологическими мето-

дами. Реализация методов расчета по предложенным зависимостям позволяет более полно и обоснованно 

учесть важные процессы, которые значительно влияют на утилизацию органических загрязнений и эффек-

тивность работы аэротенков с дополнительным привлечением для очистки сточных вод прикрепленного 

биоценоза. 
Ключевые слова: аэротенки-реакторы; прикрепленный биоценоз (биомасса); биопленка; активный ил; 

реакции очистки 
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