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A B S T R A C T   

The study investigated the effectiveness of clarification of domestic wastewater of small sewerage facilities in the 
suspended bed of activated sludge. The research was conducted in semi-production and production conditions on 
the example of a small sewerage facility of East Kazakhstan region with discharge into the river Yertis. The 
purpose of the study is to develop an effective scheme of wastewater treatment for small sewerage facilities. 

The experimental method was used to study the effectiveness of water clarification. Analytical, systematic, 
comparative methods, as well as methods of mathematical statistics were used to process the experimental 
results. 

The results showed the effectiveness of wastewater treatment in suspended bed of activated sludge flakes 
sludge. The obtained treatment effect in semi-production and production conditions is comparable with the effect 
of additional wastewater treatment on sand filters. The treatment effect in semi-production conditions for sus-
pended solids was in the range from 87.5 % to 92 %, and for BOD5 in the range from 70 % to 72 %. For the 
application of this technology in production conditions, it was found that the optimal height of suspended bed 
from 2 to 2.5 m, and the speed of upward water flow from 0.2 to 0.7mm/sec. At the same time, the residual 
concentration of suspended solids is in the range of 5–10 mg/l. 

Treatment with the use of aeration zones and suspended bed of activated sludge can be used for effective 
clarification of domestic wastewater of small sewerage facilities.   

1. Introduction 

Small sewerage facilities or “small wastewater treatment plants” 
include small settlements with up to 5000 inhabitants and freestanding 
buildings (schools, recreation centers, small industrial enterprises) [1]. 

Over the last two decades, the construction of cottage-type settle-
ments in cities has been developed. Lack of treatment facilities, insuf-
ficient efficiency of treatment, associated with the specificity of these 
objects, leads to the growth of accidents, pollution of water sources. 

Creation of comfortable living of people causes the need for low 
capacity treatment facilities. It is also necessary to adapt existing and 

search for new technologies for wastewater treatment of small sewerage 
facilities. 

When treating wastewater from such facilities it is necessary to take 
into account their peculiarities.  

1) Wastewater arrives at treatment facilities very unevenly during the 
day. At night their quantity can be practically equal to zero. There 
may be volley discharges of wastewater, which are practically 
impossible to prevent. In the design of small sewage treatment 
plants, sewage volley discharges should be given special attention. 
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2) Due to the irregularity of wastewater inflow, its composition 
changes, which complicates and reduces the effect of its treatment. 
There is a need for additional treatment. As a rule, aftertreatment 
facilities are energy-intensive and difficult to operate. 

In most cases, small sewerage facilities are remote from centralized 
wastewater disposal systems. Modern requirements for landscaping and 
environmental protection dictate the need for wastewater treatment 
systems. These systems should have good technical and economic in-
dicators and high treatment efficiency. 

For small settlements both centralized and decentralized schemes of 
wastewater disposal with their further treatment are envisaged. 

The author concludes that it is necessary to change the centralized 
approach to wastewater treatment in small settlements to the principle 
of distributed treatment in a place as close as possible to the source of 
their formation [2]. Application of this principle will reduce the capacity 
of the required single treatment facilities. At the same time, the pumping 
of wastewater between settlements is excluded. 

Under conditions of water scarcity, some studies consider the pos-
sibility of reuse of treated water. The authors cite the experience of 
development and adaptation of technologies for treatment of domestic 
wastewater from rural communities in Jordan for its reuse for irrigation 
[3]. They considered the following technologies: septic tank followed by 
batch sand filter; septic tank followed by wetland; and UASB-hybrid 
reactor; retractable sand filter (DCSF); septic tank with aerobic bio-
char filter; bioreactor with vertical flow and recirculation. 

The article considers the treatment of domestic wastewater of tourist 
areas with changing flow rates of incoming wastewater [4]. The treat-
ment technology includes several stages. The first one is a septic tank, 
the second one is injection into wells with sand-gravel and zeolite 
loadings. 

The authors suggest for decentralized systems to apply wastewater 
treatment in an anaerobic reactor with baffles based on corrugated PVC 
[5]. With this technology, the efficiency of organic matter removal was 
77–81 %. The average treatment effect on suspended solids is 76–83 %. 
This technology has low operating costs compared to activated sludge 
process. However, the capital costs of construction of treatment facilities 
increase. This is due to the large size of the treatment plant due to the 
duration of treatment. 

At most of the treatment plants at the wastewater outlets there are 
exceedances of the normative values for BOD5, suspended solids, ni-
trogen and phosphorus. Removal of biogenic pollutants from waste-
water of small sewerage facilities is a labor-intensive process. 

The authors proposed a way to reduce the concentration of phos-
phorus and nitrogen using simultaneous nitrification and denitrification 
processes in aerobic reactors [6]. At the same time, the aeration in-
tensity was reduced. In this technology, chemical pretreatment with 
Fe3+ was applied. The average removal efficiencies of organic matter 
and phosphorus were 51.1 and 74.1 %, respectively. 

This technology increased treatment efficiency and reduced energy 
consumption. 

The issues of energy consumption in wastewater treatment are 
considered in the article [7]. The authors presented the analysis of en-
ergy consumption and reliability of operation of 8 wastewater treatment 
plants of small settlements with capacity from 60 to 4400 m3/day. Five 
different treatment technologies, including aeration with activated 
sludge, are considered. The most energy consuming technology is the 
one using chemicals and filtration. The lowest energy consumption is the 
technology of “Laguna” complex, where purification takes place in 
conditions close to natural. 

An example of wastewater aftertreatment in lagoons is given by the 
authors in the article [8]. The scheme of treatment of domestic waste-
water of a small sewerage facility is considered. Wastewater undergoes 
mechanical treatment, biological treatment in aeration tank and sec-
ondary settling tanks. After that it enters the lagoons - evaporators. 
Insufficient treatment in secondary settling tanks leads to accumulation 

of sludge at the bottom of lagoons. The authors proposed to reconstruct 
secondary sedimentation tanks into clarifiers with suspended sludge 
layer. This will allow to obtain water with concentration of suspended 
solids and BOD5 in clarified water in the range of 2–6 and 5.6–8.3 mg/l, 
respectively. 

Thus, the technology of wastewater treatment of small sewerage 
facilities is developing in two directions: improvement of biological 
treatment and additional treatment of biologically treated wastewater. 

The main method of household wastewater treatment is biological 
methods. They are the most environmentally friendly. Wastewater 
treatment can be carried out in aeration tanks. Separation of activated 
sludge flakes from water after aeration tanks is carried out mainly by 
gravitational method in secondary settling tanks [9]. Analysis of treat-
ment plants operation shows that at the outlet of secondary settling 
tanks the required effect of water clarification is not achieved. In most 
cases, the concentration of suspended solids and BOD5 is up to 25–30 
mg/l, the purification effect varies from 40 to 56 %. This makes it 
necessary to install additional aftertreatment facilities. Pretreatment can 
be carried out on sand filters and microfilters. At additional treatment a 
high effect of water clarification is achieved: the concentration of sus-
pended solids is reduced to 5–8 mg/l, and BOD5 to 8–10 mg/l. These 
facilities have disadvantages: they are difficult to operate, 
energy-intensive due to washing of the load by reverse water current. 
This leads to an increase in the cost of water treatment. 

To achieve the required concentrations of BOD5 and suspended 
solids after biological treatment, a number of authors propose the use of 
suspended bed treatment technology. The suspended bed is formed from 
activated sludge flakes. 

The technology of water treatment with the use of a clarifier is 
considered [10]. The clarifier consists of a body, a flotation chamber 
unit, suspended bed and thin-layer sedimentation chambers. There is an 
electromagnetic treatment system to enhance the effect of flake 
enlargement and disinfection. 

The idea of clarification in a suspended bed was first suggested by 
Prof. C. Azerier in 1930. Clarifiers have been widely used as the first 
stage of natural water clarification instead of settling tanks [11]. The 
author presents the principle of operation and calculation of suspended 
sludge clarifiers for water purification. 

The study of unsteady characteristics of particle motion in the con-
tact mass of the clarifier reactor was carried out by scientists [12]. They 
considered a model of the filtering process in the contact mass of flu-
idized bed for natural water treatment. 

Processes of separation of concentrated sludge mixtures in a sus-
pended sludge bed were considered in Ref. [13]. The feasibility of the 
sludge separation method in suspended bed of activated sludge was 
theoretically substantiated. The mechanism and established the main 
factors, affecting the formation and operation of the suspended bed. The 
height of the suspended bed was maintained within 1.0 … 2.0 m. 
Intensification of the process of separation of concentrated sludge mix-
tures was carried out due to upward-downward flow distribution to 
increase the productivity of the facility. 

For intensification of water treatment in the suspended bed in 
Ref. [14] the author recommends using a coagulant and a flocculant. 
This contributes to the consolidation of contaminants. Purification is 
carried out in a double suspended bed fluidized bed reactor. With this 
purification technology, a high degree of suspended solids removal 
(more than 99 %) was achieved. 

The efficiency of water clarification in the suspended bed depends on 
maintaining a certain height of the suspended bed. 

The authors present the factors influencing the permissible limits of 
sludge mixture circulation velocity for an airlift reactor - clarifier with 
suspended sludge bed [15]. They define upper and lower limits of cir-
culation velocity for the existence of suspended bed. 

There is experience in the development of an innovative hybrid 
membrane bioreactor with suspended biomass for wastewater treatment 
[16]. The system consisted of a hybrid circulating bed reactor connected 
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in series with an ultrafiltration membrane module. The COD removal 
efficiency was up to 95 %. 

To reduce phosphorus, the authors conducted studies on a 
sequencing batch reactor (SBR) for the treatment of chemical effluents 
[17]. Suspended biomass under aerobic conditions was used for treat-
ment. SBR processes can save more than 60 % of the operating costs 
compared to a conventional activated sludge treatment process. SBR 
also has the advantage of enhanced phosphorus removal by combining 
anaerobic and aerobic processes. 

A more uniform wastewater inflow is necessary for the effective 
operation of treatment plants. Therefore, it is necessary to smooth out 
the irregularity of wastewater inflow characteristic of small sewerage 
facilities. This can be achieved by means of sludge recirculation systems 
from the upper zone of the suspended bed. 

The authors noted that abroad the most effective reactors for 
biochemical processes in wastewater treatment are recognized as airlift 
reactors (ALR) with internal circulation of sludge mixture [18]. In their 
work they determined the maximum and minimum permissible values 
of circulation intensity at different hydraulic loads. They obtained de-
pendencies for determining the main parameters of the suspended bed:  

- velocity of the upward flow of liquid in the suspended bed;  
- flow rate of the sludge mixture returned from the suspended bed to 

the circulation flow of the airlift reactor;  
- residence time of the sludge mixture in the suspended bed of the 

clarifier aeration tank;  
- maximum hydraulic load on the clarifier. 

Experimental determination of modeling parameters of aeration 
clarifiers with flooded airlift aeration system is presented in Ref. [19]. 
The results of the study showed that the hydrodynamic parameters 
required for the operation of the suspended bed in the aeration clarifier 
with flooded airlift aeration system do not depend on the size of the 
structure. It is sufficient to observe geometric similarity of the designed 
full-scale structure. 

The authors continued the work on the improvement of the design of 
the aeration tank sedimentation tank with a renewable suspended 
sludge layer [20]. The aeration tank with flooded airlift aeration system 
allows to maintain increased concentrations of activated sludge in the 
bioreactor with the minimum size of the built-in settling tank. This 
provides a decrease in energy consumption and an increase in the effi-
ciency of biological treatment. 

The authors considered the design features of aeration clarifier with 
a flooded airlift aeration system [21]. The research results showed that 
the increase of activated sludge concentration in the suspended bed 
provides the efficiency of water clarification. This is achieved due to the 
intensity of circulation of activated sludge. 

The mathematical description of hydrodynamic parameters of an 
airlift bioreactor clarifier was continued by the same authors in 
Ref. [22]. A stationary two-dimensional problem of fluid motion in an 
airlift bioreactor-lightener (aeration tank-lightener with a flooded airlift 
aeration system) was solved by the finite difference method. The for-
mation of a whirlpool zone in the clarifier of the biological reactor is 
taken into account. 

The temperature of clarified water significantly affects the stability 
of clarifier operation. This issue was studied by the authors of the in-
fluence of the temperature of clarifying water [23]. The researchers 
show that the efficiency of clarifier operation depends on water tem-
perature and sludge index. Analysis of graphs of dependence of residual 
suspended solids concentration in treated water on the speed of upward 
water flow shows a decrease in the silt index from 120 to 137 cm3/g to 
50–58 cm3/g with a simultaneous increase in the wastewater tempera-
ture from 19.0 оС to 24.5-25 оС. This leads to a significant improvement 
in water clarification quality. Namely, the residual content of suspended 
solids in treated water at the speed of upward flow in the clarification 
zone V = 1.2 mm/s decreases from 11 to 12 mg/l to 3 mg/l. 

Researches in the field of domestic wastewater treatment in sus-
pended sludge beds have been carried out by scientists, the results of 
which are reflected in Ref. [24]. The efficiency of water treatment in 
clarifiers with suspended sludge bed formed from biofilm flakes or 
activated sludge is determined by the residual concentration of sus-
pended solids in clarified water. The obtained results show the reduction 
of suspended solids concentration to 3–5 mg/l and BOD5 to 6–10 mg/l. 
At the same time, the cost of water purification is quite low and lower 
than in the case of additional water treatment on sand filters. 

The results of the author’s research of the processes of treatment of 
biologically treated wastewater after biofilters and aeration tanks in 
clarifiers with suspended sludge bed [25]. The mathematical model of 
clarification process in suspended sludge bed is developed. The high 
effect of water clarification comparable with the effect of additional 
treatment on sandy rapid filters is provided. The concentration of sus-
pended solids ranges from 2 to 6 mg/l, BOD5 from 2 to 8 mg/l. 
Achievement of such indicators is provided at the height of suspended 
layer from 1.0 to 1.8 m and upward flow velocity in the clarification 
zone from 0.6 to 1.2 mm/s. 

The authors presented the results of experimental studies on clari-
fication of biologically treated wastewater in a clarifier with a sus-
pended sludge layer [26]. From the obtained experimental relationships 
between the technological parameters, the range of upward flow ve-
locity from 0.6 to 1.4 mm/s was established. This provides dynamic 
equilibrium of the suspended layer from 1.2 to 1.8 m. Under these 
conditions, the content of suspended solids in clarified water at 
discharge is less than 5.0 mg/l. 

Literature review revealed: 

- there is a need to intensify the operation of small wastewater treat-
ment plants;  

- lack of data in the study of technology of treatment of biologically 
treated domestic wastewater in clarifiers with a suspended bed of 
activated sludge flakes for small sewerage facilities. 

Increasing pollution of surface water sources and deterioration of the 
ecological situation cause an increase in the requirements for waste-
water treatment. In this connection, improvement of the technology of 
treatment of household wastewater with small flow rates is very 
relevant. 

The purpose of this research is expediency of application of tech-
nology of treatment of biologically treated domestic wastewater in 
clarifiers with suspended sludge bed. 

Scientific novelty of this work consists in justification of the use of 
suspended sludge layer of activated sludge flakes in clarification of 
wastewater. 

In the present study, the experimental dependencies of the parame-
ters determining the efficiency of water treatment are studied. 

The results of this study can be used in the design and construction of 
treatment facilities for small sewerage facilities. 

2. Materials and methods 

2.1. Object of study 

The object of the study is biologically treated wastewater after 
aeration tanks. 

Quality indicators of initial wastewater are given in Table 1. 
The studies were conducted under semi-production and production 

conditions. 

2.2. Parameters under study 

The following dependences were studied during the research under 
semi-production conditions: 
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- concentration of activated sludge in suspended bed (Csus.l, g/l) on the 
velocity of upward water flow (Vasc, mm/s);  

- concentration of residual suspended solids in clarified water (Ccl, 
mg/l) from the upward water flow velocity (Vasc, mm/s);  

- influence of suspended activated sludge layer height (Hsus.l, m) on 
the residual suspended solids content in clarified water (Ccl, mg/l). 

The effect of water clarification, parameters of clarified water: dis-
solved oxygen concentration, NH3, NO2, NO3 content, acidification, 
BOD5, COD, sludge index (J, cm3/g) were determined. The biocenosis of 
activated sludge of the suspended bed was studied during the research. 

When conducting research in production conditions, the dependence 
of the concentration of residual suspended solids in clarified water (Ccl, 
mg/l) on the speed of upward water flow (Vasc, mm/s) was studied. 

The dependence studies were carried out in a wide range of changes 
in the upward water flow velocity (Vasc = 0.6–1.8 mm/s), suspended bed 
height (Hsus.l = 0.33–1.8 m) and suspended solids concentration in 
clarified water (Cen = 0.02–0.06 g/l). 

2.3. Methods used 

The complexity of physical, chemical and hydraulic processes that 
occur in clarifiers with suspended sludge layer excludes the use of 
mathematical method. 

Therefore, the experimental method was used to study the de-
pendences of water clarification efficiency on the studied parameters. 

To process the results of physical experiment used analytical, sys-
tematic, comparative methods. To obtain empirical dependencies used 
methods of mathematical statistics. All measurements and sampling 
were carried out not earlier than 2–3 hours after the change in the feed 
water flow rate and, accordingly, the rate of upward water flow. 

The activated sludge concentration (Csus.l.) and suspended solids 
content in clarified water (Ccl) were determined according to the stan-
dard method [27]. The gravimetric weighing method was applied using 
paper filters with pore size 2–3 μm and membrane filters with pore size 
0.45 μm, respectively. 

The upward water velocity (Vasc) was determined volumetrically at 
the clarifier outlet. The cross-sectional area of the clarifier and the feed 
water flow rate were used. 

The height of the suspended activated sludge layer was determined 
by direct measurement using a measuring scale. 

Dissolved oxygen concentration was determined by the Winkler 
method [28]. The content of BOD5, COD, NH3, NO2, NO3, and acidifi-
cation were determined according to standard methods [29–31]. 

Sludge index (J, cm3/g) was calculated according to the standard 
method [32]. It was defined as the ratio of the volume of settled sludge 
in cm3 to the mass of its dry matter in grams. 

The biocenosis of suspended bed activated sludge was studied using a 
microscope in the hydrobiological laboratory. 

The cleaning effect was determined by the formula:  

E = (Cen - Cex)/ Cen × 100%,                                                                

where Cen is the concentration of pollution at the inlet, mg/l; 
Cex - concentration of pollution at the outlet, mg/l. 

2.4. Studies under semi-production conditions 

Studies under semi-production conditions at the pilot plant. 
The pilot plant is presented in Fig. 1. 
The clarifier column is made of organic glass with a diameter of 

200mm and a height of 4.0 m. 
The operation of the unit was carried out as follows. Source water by 

pump (2) from the channel (3) through the pipeline (4) was fed to the 
flow stabilizer (5). From the stabilizer (5), the water was supplied to the 
bottom of the clarifier (1) by pipeline (6). The source water was up-
wardly flowing up the clarifier column. At certain velocities of the up-
ward flow a suspended layer of activated sludge flakes was formed. 
When water passed through the suspended bed, biological purification 
processes and retention of activated sludge flakes took place. The clar-
ified water was discharged from the upper zone of the clarifier through 
the pipeline (7) into the clarified water channel (8). Excess activated 
sludge flakes were discharged from the upper level of the suspended 
layer through the pipeline (9) into the tank (10). The discharge was 
regulated by means of gate valve 11. Water supply to the clarifier was 
regulated by gate valves 12 and 13. 

Table 1 
Quality indicators of initial wastewater.  

Quality indicators Unit of measurement Significance 

Suspended solids mg/l 20 - 60 
Water temperature 0С 15 - 20 
рН  7,0–7,5 
BOD5 mg/l 15 - 25 
Dissolved oxygen mg/l 4,5–6,0 
NH3 mg/l 3–25 
NO2 mg/l 0,3 - 0,45 
NO3 mg/l 3 - 6  

Fig. 1. Schematic diagram of the experimental setup.  
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2.5. Research in industrial settings 

Studies were conducted at one of the small objects of East 
Kazakhstan region with average daily flow rate of domestic sewage 16.7 
m3/day. Inflow during the day is highly irregular. 

Wastewater treatment was carried out in a septic tank of three 
chambers with a total capacity of 26m3. After the septic tank the 
wastewater is discharged into the river Yertis. Concentration of treated 
wastewater was 100.5 mg/l, suspended solids - 125 mg/l. This does not 
meet the requirements for discharge into the water body - the Yertis 
River. Such water quality at the discharge has an anthropogenic impact 
on the water source. 

Due to the fact that the septic tank does not provide the proper 
treatment effect, a project was developed and a full biological treatment 
plant was constructed. The throughput capacity of the treatment plant is 
up to 24 m3/day. In order to smooth the unevenness of wastewater 
inflow, a device for recirculation of water and activated sludge flakes 

from the upper zone of the suspended layer of the facility is provided. 
The following factors were taken into account when developing the 

design of facilities for wastewater treatment of small sewerage facilities:  

1) conditions of treated effluent discharge;  
2) mode of wastewater inflow to the treatment facilities. 

When developing designs of clarifier with suspended sludge bed, it is 
necessary to create optimal conditions for suspension formation, water 
treatment, dynamic equilibrium of the contact medium and sludge 
removal. This will ensure:  

1) uniform distribution of flows over the live cross-section at the water 
inlet and outlet; 

2) optimal size and density of particles of the contact medium, suffi-
cient particle settling rate; 

Fig. 2. Technological scheme of the treatment plant.  
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3) removal of air from the water to eliminate the process of barbotage 
and destruction of the integrity of the suspended layer;  

4) absence and minimum of stagnant zones and local suction of clarified 
water from the contact medium in the upper zone of the suspended 
bed;  

5) uniform removal of excess suspended solids from the suspended bed;  
6) maximum sludge thickening with minimum water losses for its 

removal;  
7) possibility of operation with interruptions and fluctuations in 

wastewater inflow;  
8) simplification and cheapening of constructions at preservation of 

clarification efficiency. 

In East Kazakhstan Technical University named after D. Serikbayev 
(Republic of Kazakhstan) developed a new technology of water treat-
ment using clarification in suspended sludge layer. This technology is 
presented in Fig. 2. 

The main structures of the developed technological scheme are: 
aeration tank - clarifier, aeration tank, clarifier with suspended activated 
sludge bed. 

Aeration tank - clarifier is round in plan and cylindrical in shape. It 
works on the principle of aeration tank - mixer with subsequent clari-
fication of water in a layer of suspended activated sludge. The facility 
has aeration zone and clarification zone with suspended sludge layer. 
The aeration zone occupies the central part of the plant and the clari-
fication zone is located around it. The aeration zone is supplied with air 

Fig. 3. Schematic diagram of the treatment plant facilities.  
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for oxidation of organic matter. 
Fig. 3 shows a schematic diagram of the treatment plant facilities. 
The process of wastewater treatment proceeds as follows. 
Mechanical treatment of wastewater is carried out in the existing 

septic tank. 
Wastewater flows through the pipeline (2) into the first septic tank 

chamber (1.1), which performs the role of primary sedimentation. 
Through the window (3) the wastewater flows into the second septic 
tank chamber (1.2) in case of overfilling of chamber 1.1. By pumps (4) 
through the pipeline (5) the water is delivered to the receiving chamber 
(6) for smoothing of unevenly incoming wastewater. Then the water 
enters the aeration tank zone (7) of the first stage. After biological 
treatment, the wastewater enters the clarification zone (8) from the 
suspended bed. The water moves through the suspended bed from bot-
tom to top. Coagulation of activated sludge flakes takes place in the 
suspended bed. The clarified water flows through the pipeline (9) to the 
base of the second stage aeration basin (10) for biological treatment. The 
water passes from bottom to top and enters the circular trough of treated 
water. Further water through the pipeline (11) enters the lower part of 
the third stage treatment facility - clarifier with suspended bed of acti-
vated sludge (12). 

Wastewater, passing the suspended layer, is subjected to deeper 
purification. Then through the pipeline of purified water (13) enters the 
septic tank chamber 1.3. A bactericidal water disinfection unit (14) is 
provided on the pipeline (13). From the septic tank chamber (1.3) the 
treated wastewater is discharged by gravity flow into the river Yertis 
through the pipeline (15). 

Compressed air is supplied to the aeration zones (7) and (10) through 
ducts (16) from the blower (17). This is necessary for the biological 
treatment processes. Excess sludge from the plant is discharged into a 
tank (19) via pipeline (18). 

In this treatment technology, the nitrification process takes place in 
the aeration zone and the denitrification process in the suspended sludge 
zone. This allows to obtain high quality of treated water. 

3. Results and discussion 

3.1. Results of the study under semi-production conditions 

The results of experimental studies showed that the use of a clarifier 
with a suspended sediment layer of activated sludge flakes will intensify 
the process of water clarification. The concentration of suspended solids 
in the clarified water was within the range from 2 to 6 mg/l, BOD5 
within the range from 5.6 to 8.3 mg/l at the rate of upward water flow 
from 0.6 to 1.4 mm/s. The concentration of the sludge mixture fed into 
the clarifier was Cen = 50–200 mg/l. The obtained effect is comparable 
to the effect of aftertreatment on sand rapid filters. 

The main regularities obtained in semi-production conditions are 
given below. 

The experimental graphical dependence of Csus.l = f(Vasc) is pre-
sented in Fig. 4. 

The graph shows that with decreasing velocity of upward flow (Vasc) 
in the suspended bed, the sludge concentration (Csus.l) increases, while 
with increasing velocity of upward flow it decreases. Studies have shown 
that the dynamic equilibrium of the suspended bed is maintained at 
upward flow velocities between 0.6 and 1.8 mm/s. At a velocity of less 
than 0.6 mm/s flakes are deposited on the bottom of the clarifier and 
compacted, at that, the concentration in the suspended layer (Csus.l) is 
12.5 g/l. At velocity Vasc = 1.8 mm/s and more, the layer is eroded, 
particles of suspended layer are carried away with the flow of clarified 
water, in this case, Csus.l was 2.0–2.5 g/l. When changing the velocity of 
upward flow from 0.6 to 1.8 mm/s, the concentration of activated sludge 
flakes in the suspended layer was within the limits (Csus.l) from 10.0 to 
2.5 g/l. The curve Csus.l = f (Vasc) at increasing the speed of upward 
water flow from 0.55 to 1.2 mm/s steeply declines. When increasing Vasc 
from 1.2 to 1.8 mm/s curve Csus.l = f (Vasc) passes into a gentle line, 

approaching a horizontal straight line. 
Efficiency of wastewater treatment was determined by residual 

concentration of suspended solids (Ccl) in clarified water. Studies were 
conducted in the same range of upward water flow velocities (Vasc) from 
0.6 to 1.8 mm/s. 

The obtained experimental dependence of Ccl = f (Vasc) is presented 
in Fig. 5. 

As a result of processing the experimental data of the dependence Ccl 
= f (Vasc), the empirical formula was obtained:  

y = 8.1233 - 12.8898x + 6.9203x2                                                 (1) 

Analysis of the graph showed that when Vasc changed from 0.6 to 1.2 
mm/s, the residual concentration of suspended solids in clarified water 
(Ccl) was 2–3 mg/l. This is 5–6 times less than after simple sedimentation 
in secondary sedimentation tanks. 

At increasing the speed of the upward flow of water more than 1.2 
mm/s of the curve graph is sharply directed upward. In this case, the 
concentration of suspended solids in clarified water (Ccl) also increases 
sharply. For example, at Vasc = (1.2–1.6) mm/s residual concentration in 
clarified water was Ccl = (3–5) mg/l, and at Vasc = (1.6–1.9) mm/s was 
Ccl = (5–9) mg/l. 

Fig. 4. Graph of the dependence of (Csus.l) on (Vasc).  

Fig. 5. Graph of the dependence of (Ccl) on (Vasc).  
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At further increase of speed of ascending water flow more than 1.8 
mm/s residual concentration in clarified water reaches 20 mg/l and 
more. 

According to the results of research the experimental graphical 
dependence of Ccl = f (Hsus.l), presented in Fig. 6. 

An empirical formula was obtained for the dependence Ccl = f (Hsus. 

l.):  

y = 6.5608-6.9193 x+2.0080x2                                                      (2) 

From the graph of dependence we can see that the higher the height 
of suspended sludge layer (Hsus.l), the lower the residual concentration 
of suspended solids (Ccl) in clarified water. The optimum height of the 
suspended sediment layer was determined based on the content of Ccl in 
the range from 0.5 to 2.8 mg/l and amounted to 0.6–1.8 m. 

Water quality parameters and treatment effect are summarized in 
Table 2. 

Analysis of the data in Table 2 shows that after treatment, the con-
centration of suspended solids and BOD5 is less than 10 mg/L. The 
concentration of suspended solids ranged from 2.5 to 4.8 mg/l and BOD5 
ranged from 4.5 to 7.0 mg/l. The treatment efficiency for suspended 
solids was in the range of 87.5 %–92 % and for BOD5 in the range of 70 
%–72 %. The treatment effect of the proposed technology is higher than 
in the traditional scheme with aeration tanks and secondary sedimen-
tation tanks, where the effect is from 40 to 56 %. The quality of treated 
water after clarifiers with suspended sludge bed is also higher in other 
indicators. 

The sludge index (J) was in the range of 60–64 cm3/g. This value 
shows that activated sludge has good sedimentation properties. It also 
indicates optimal conditions for activated sludge biocenosis in the sus-
pended bed. 

The biocenosis of activated sludge in the suspended bed is repre-
sented by microorganisms such as: Cathypha luna -3, Bodo -3, Aspidisca 
turrida - 7, Aspidisca costata -8, Rotathria marcoceria - 6, Opercularia 
glomerata -3, Aelosoma -4, Notommate ansata - 3, Zionotus anser-2, Zion-
otus lamella -3, Vorticella alba -4, Vorticella microstoma -4, Stentor raeseli - 
3, Callidina vorax -3, Nematoda -2. 

3.2. Research results in production conditions 

As a result of the studies, the dependence of Ccl = f (Vasc), presented 
in Fig. 7, was obtained. 

Fig. 7 shows that with increasing velocity of upward water flow 
(Vasc) the sediment removal into clarified water (Ccl) increases. The 

lowest sediment removal into clarified water 5–10 mg/l is observed 
when the upward water flow velocity varies from 0.2 to 0.7 mm/s. At the 
velocity of Vasc from 0.7 to 1.0 mm/s, the suspended sediment concen-
tration (Ccl) varied from 8 to 15 mg/l. At the same time, the height of 
suspended activated sludge layer was in the range from 0.5 to 2.5 m. At 
velocity Vasc = 1.0–1.2 mm/s the concentration of suspended solids in 
clarified water was Ccl = 15–25 mg/l. 

Studies of wastewater clarification process in the suspended sludge 
bed under production conditions confirmed the main regularities ob-
tained under semi-production conditions. 

4. Conclusion 

The study investigated the process of domestic wastewater treatment 
using an aeration ta clarifier with a suspended sludge bed. The sus-
pended bed was formed from activated sludge flakes. The study was 
carried out under semi-production and production conditions. 

The results of the studies under semi-production and production 
conditions showed a high treatment effect on BOD5 and suspended 
solids, comparable to the effect obtained by the aftertreatment. The 
suspended solids concentration ranged from 2.5 to 4.8 mg/l and BOD5 
from 4.5 to 7.0 mg/l. After pretreatment, suspended solids concentra-
tion decreased to 5–8 mg/l and BOD5 to 8–10 mg/l. For the other pa-
rameters of treated water quality, a high effect is also observed. This is 
explained by the presence of nitrification processes in the aeration zone 
and denitrification in the suspended layer. 

In the study determined the optimum permissible fluctuations in the 
speed of the upward flow of water from 0.6 to 1.8 mm/s. In this range of 
velocities the required efficiency of water clarification is achieved and 
stable operation of the clarifier with suspended sludge layer is 

Fig. 6. Graph of dependence of (Ccl) on (Hsus.l).  

Table 2 
Water quality indicators and treatment effect.  

Parameters, indicators Before 
cleaning 

After 
cleaning 

Cleaning effect, 
% 

Suspended substances, mg/ 
L 

20 - 60 2,5–4,8 87,5–92,0 

Water temperature, 0С 15 - 20 9–12 – 
рН 7,0–7,5 7,0 – 
BOD 5, Мг/л 15 - 25 4,5–7,0 70–72 
Dissolved oxygen, mg/L 4,5–6,0 5–6 – 
NH3, mg/L 3–25 10–11 до 56 
NO2, mg/L 0,3- 0,45 0,1 - 0,12 66,7–73,3 
NO3, mg/L 3 - 6 2 - 3 33,3–50,0  

Fig. 7. Graph of dependence of concentration (Ccl) on the speed of upward 
water flow (Vasc) at the height of suspended layer Hsus.l = 2–2.5 m. 
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maintained. If the recommended speeds are reduced, sludge sliding is 
observed, and if the recommended speeds are exceeded, the suspended 
sludge layer is eroded. 

Under semi-production conditions, the optimum suspended bed 
height was 0.6–1.8 m, with Ccl ranging from 0.5 to 2.8 mg/l. Under 
production conditions, the suspended bed height was 2–2.5 m, with Ccl 
ranging from 2.5 to 4.8 mg/l. 

Dissolved oxygen with concentration of 4.5–6.0 mg/l entering the 
clarifier with wastewater is actively consumed in the suspended bed of 
activated sludge, providing viability of microorganisms. 

Species diversity of microorganisms and their activity allow us to 
conclude that in the suspended bed of activated sludge is in a viable state 
and actively participates in the processes of biochemical oxidation of 
organic pollutants. 

The results of research in production conditions confirmed the re-
sults of research obtained in semi-production conditions. 

Water quality, after the application of the proposed technology of 
wastewater treatment, meets the requirements for their discharge into 
rivers. Does not have a negative impact on water bodies. It is imple-
mented at one of the small sewerage facilities of East Kazakhstan region 
at discharge of treated wastewater into the river Yertis. It allows to 
reduce the anthropogenic load and negative impact on the aquatic 
ecosystem of the Yertis River basin in the conditions of industrial 
development of the region. 

This technology can be applied to other small sewerage facilities. 
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