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Abstract. At least 70% of WWTP of small capacity in Russia include
biofilters, that's why development of new technologies for treatment and
methods of reconstruction are the points of great interest This abstract
describes the methods and techniques of biofilters reconstruction to
achieve desired water quality. The presence of biogenic compounds (NH4,
PO4) in the water body are one of the causes of eutrophication. The article
considers the methodology of modeling processes of wastewater treatment
in the biofilters: The results of sanitary - chemical researches and
researches of the formed biomass are given. Based on the obtained data,
laboratory models for hydraulic modeling and simulation of denitrificationnitrification processes on biofilters were developed. Modified
mathematical model for calculating the height of the biofilters received
specific mathematical dependences for the studied feed material.

1 Introduction
Water bodies are the basis of environmental safety and comfort of the population living in
cities and towns. Availability of water and wastewater systems is a mandatory element of a
comfortable environment for human life. Wastewater treatment is an important part of
urban engineering systems. Modelling of wastewater treatment processes is the most
important factor in the management of urban life support systems [1].
Wastewater treatment system is part of must ensure the quality of the water in the
water bodies. This issue is as relevant for small towns as it is for big cities.
The experience gained speaks in favour of biological methods (based on natural
processes of microbial life activity) of waste water treatment that show maximum
efficiency when removal of biogenic compounds is needed. Moreover, vast majority of
waste water treatment plants have facilities of biological treatment.
In Russia the norms for discharge into water bodies does not vary depending on the
amount of discharged waste water, unlike many other countries, particularly the European
Union.
Thus, in Russia the issues of intensification of processes of small capacity wastewater
treatment plants are very important.
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A significant part of the low capacity waste water treatment plants in Russia includes
biofilters. Thus, the optimization of the biofilters is the relevant objective up-to-date [2].

2 Materials and methods
Process modeling can be divided into 3 parts:

biological process modelling and biomass analysis;

hydraulic modelling;

Mathematical model, based on the results.
A laboratory model with 4 alternating zones of nitrification and denitrification was
developed. The studies were carried out on artificial waste water based on pepton. The
model worked in two modes: with nitrate water recirculation (stage 1) and without (stage
2).After the positive results of the model studies in the laboratory, the semi-production
model with real wastewater was studied (stage 3)[3].

Fig. 1 Shows the laboratory model under study at stage 3

3 Modeling of biological processes
Biofilter is a reactor with feed, on which biofilm is formed. Biofilm can be defined as
colonies of microorganisms which vital activity provide removal and treatment of
pollutants of wastewater.
The feed should provide proper work of microorganisms that means steady income of
nutrients and free access of oxygen. In this viewpoint high efficiency of work of biofilters
is a matter of hydrodynamic and biological factors [4].
The model of trickling biofilter worked for six months in each mode. The best results
were in the nitrate water recirculation mode (stage 1), so the model work on real water
(stage 2) was also carried out in the recirculation mode.
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First of all, it is possible to evaluate the work of the biofilter using sanitary and
chemical analyses 3th stages results are presented in table 1.
Table 1. 3th stages results
Step

NH4-N

BOD5

1

(mg/l)
21.65

(mg/l)
95.0

2

24.82

18.27

1

14.25

20.38

2

0.19
0.39

3.28
3

Sample
Waste water
Treated water
Norms of discharg

Biofilm showed in fig.2.

Fig. 2. Biofilm

The biofilm was located in a thin layer throughout the feed material. For this type of
film, experimental proof is obtained that the processes occurring in them are described by
kinetic equations.

4 Hydraulic modeling
The research included additional test to define contact time of waste water with feed. The
factor of time has a serious action upon biochemical processes in biofilters that means that
intensity and efficiency of treatment also depend on the length of the path to pass by the
drops of waste water on the feed’s surface. According to above a number of experiments to
determine a contact time was carried out to establish optimal operation mode.
The time of presence of waste water in the feed has a significant influence on processes
of biochemical oxidation in biofilters that means that intensity and efficiency of treatment
processes also depend on the length of the path drops pass on the feed surface. As a result

3

MATEC Web of Conferences 251, 03041 (2018)
IPICSE-2018

https://doi.org/10.1051/matecconf/201825103041

there was a number of experiments carried out to determine time of contact of water with
feed surface. The cylindrical loading material presented in figure 1 was investigated
First a concentrated solution of dye was put into the lab model to define its
concentration change in output water by means of photocolorimetry. The samples at the
output were taken through the certain periods of time until coloration is absent [5,6].
Based on the results, graphs of the dye concentration dependence on the sampling time
were constructed using a pre-built calibration curve, which is based on the results of
determining the optical density of a number of standard dye solutions with different
concentrations. Then the area of the figure obtained on the chart and the static moment of
the plane figure relative to the ordinate axis are calculated.
Contact time was defined as the center of gravity of a flat figure.
After processing the results of the experiments in logarithmic coordinates, it was found
that at the height of the layer of the feed material H= 1 m, the formula takes the form:
V=57 * L* q-0.2;
where

(1)

V- speed,
q-hydraulic load.

5 Mathematical model, based on the results
Non-stationary equation of material balance of substrate mass for a relatively unlimited
area of a thin active layer of biofilm for a cylindrical feed material:
  2 L 1 L 
  RL  L ,
DL  2 
 r

r

r
r



(2)

where t - the time,
r - radial coordinate,
DL - is the molecular diffusion coefficient of substrate in the biofilm,
RL -is the kinetic rate of reaction of utilization of the substrate. The most common
model for the rate of reaction RL in the absence of inhibitory process of biooxidation is
described by the known equation Mono,

RL  K 1  L ,
where K1 

т
Kт

т 
У

,

т  
У

, (the reaction of the 1st order)

d
- the ratio of substrate to microbial biomass.
dL

 - concentration of active biomass of microorganisms inside the biofilm,
K т - half-saturation constant,

m - maximum specific growth rate of microorganisms.
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As a result of mathematical transformations of the non-stationary equation of the
material balance of the mass of the substrate, we obtain the formula:
Н 

L
F V
 ln 0
F  K L (1  A)
LS

(3)

where S - height of the biofilter,
V- speed of water flow,
F- sectional area of biofilter,
Fδ -surface area of biofilm,
KL - coefficient of mass transfer,
L0, LS- the parameters of the incoming and treated water
Thus, the height of the biofilter depends not only on the required degree of purification,
the parameters of the incoming water, but also on the type of feed material (the amount of
biofilm formed). To determine the speed V for the test feed material, the time dependences
of the residence time on the hydraulic load, the rate of movement of waste water passing
through the biofilter body were obtained.
In the resulting formula for calculating the height of the filter, you must substitute the
known values for the speed of movement of water, sanitary and chemical parameters of
incoming water in BOD5 or NH4, the required values of purified water and the calculated
coefficients.
The resulting height of the biofilter should be divided by the number of zones.

6 Conclusions
1. Studies of the system of denitrification-nitrification using biofilters have shown the
feasibility of its use for deep treatment of wastewater from nitrogen compounds with the
provision of regulatory indicators for discharge into the reservoir of fishery importance.
2. The maximum effect on the removal of nitrogen is achieved by using a technological
scheme that works with the recycling of nitrate water.
3. Microbiological studies of biofilm proving the possibility of using a mathematical model
are carried out.
4. The velocities of water movement in the drip bio-filter for this feed material are obtained.
5. Modified mathematical model to calculate the height of biofilters.

7 Prospects for implementation
Thus, the closest mathematical model will be obtained to the process flow diagram with the
previously designated charging material

8 Discussions
The presented studies has a complex nature, which will allow using biofilters, both in the
reconstruction of existing structures and in the design of new ones [7-9].
Water balance is one of the key factors that concerns quality of life on Earth. There is a
need to control discharge of various polluting compounds in water bodies among which
there are biogenic compounds to be introduced with treated waste water. Biogenic
compounds – nitrogen and phosphorus – leads to the eutrophication of water bodies that
results in fauna exhaustion, rise of the cost of fresh water treatment and other
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consequences. Besides, process of eutrophication is reversible, so decrease of pollutants
amount means restoration of quality of water resources [10-16].
This work was financially supported by Ministry of Science and Higher Education of the Russian
Federation (#NSh-3492.2018.8).
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