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SUBSTANTIATION OF THE POSSIBILITY OF THE FLUID DISCHARGE 
IN THE SEWAGE SYSTEM, OBTAINED BY MEANS OF THE SOLID 
HOUSEHOLD WASTE DEHYDRATION IN THE PROCESS OF THE 

LOADING INTO THE DUST-CART  

In recent years the total area of the solid household waste landfills and sites has considerably increased, 
this threatens with the pollution of the environment with the harmful substances, including high toxic 
filtrate. The aim of the research is the substantiation by means of the regressive analysis of the possibility of 
the discharge in the sewage system the fluid, obtained by means of dehydration of the solid household waste 
during the loading in the dust-cart, that is actual scientific-engineering problem. The adequate regressive 
exponential dependence of the percentage ratio of the fluid, discharged from the solid household waste to 
actual productivity of the waste treatment plants of the sewage system on the population of the city has been 
obtained . Graphic dependence of the percentage ratio of the fluid, removed from the solid household waste, 
on actual productivity of the sewage treatment facilities system on the population of the city, that enables to 
illustrate the given dependence and show the sufficient convergence of the theoretical results with actual 
results. It is determined that in the cities with the population of at least 200 thousand people, there is a 
possibility to discharge in the sewage system the fluid, obtained as a result of solid household waste 
dehydration during the loading in the dust-cart as the percentage ratio of the fluid, removed from the solid 
household waste to actual productivity of the sewage treatment facilities does not exceed the scientifically 
grounded value of 0,2%. For the cities with the population of less than 200 thousand  people the dependence 
for the determination of the percentage volume of the possible safe dehydration of the solid household waste 
with the discharge of the fluid in the sewage system, that is one of the components for the solution of the 
problem of the creation scientific-engineering fundamentals for  the design of high efficient working organs 
of the mechanisms, intended  for the primary processing of solid household waste is suggested. 

Key words: dust carts, landfill, dehydration, solid household waste, filtrate, sewage network, regression 
analysis.  

Introduction 

Solid household waste (SHW) pose a hazard to the health of people and the environment [1, 2], 
annually more than 54 mil. m3 of solid waste is generated in Ukraine. Greater part of the domestic 
solid household waste (SHW) is buried on 6107 landfills and sites, their total area is 7700 hectares,  
but only a small part of the waste is recycled or disposed at the waste incineration plants, unlike  the 
developed countries,  where modern recycling technologies  are widely used [3]. During 1999-2014 
total area of the landfills and sites in Ukraine increased 3 times. The area of the overloaded landfills 
increased 2 times and the area of the landfills, that do not correspond to the norms of the ecological 
safety, including the pollution of the soil by the high toxic filtrate, that can penetrate to the under-
ground waters, polluting them, increased 3.1 times. To reduce the rate of the landfills area increase 
the technological operation of SHW compaction in the process of the waste loading into the dust-
cart is performed [6]. High compaction coefficient of SHW makes possible more efficient usage of 
the landfills area [7]. Transportation of SHW by the dust-carts to the site of the disposal at minimal 
distance of 30 km (the dimension of the sanitary zone), in Ukraine is connected with the considerable 
financial expenses, as the municipal services spend more than 45 thousand tons of fuel per year [8]. 
Wear of the dust-carts fleet of the municipal enterprises of Ukraine reaches almost 70% [9], it 
provides the necessity to manufacture new dust-carts.   

Problem set-up 

According to the Decree of the Cabinet of Ministers of Ukraine №265 usage of modern high 
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efficient dust-carts is among the priority directions of solid household waste management in Ukraine 
[10]. That is why, the substantiation  of the possibility of discharging in the sewage system the fluid, 
obtained as a result of the solid household waste dehydration during the loading in the dust-carts is 
important scientific-engineering problem as one of the components for the solution of the problems, 
dealing with the creation of scientific-engineering fundamentals of the design of high efficient 
working organs of the mechanisms, intended for collection and primary processing of the solid 
municipal waste.    

Analysis of the recent studies and publications  

In [11] the hydraulic drive circuit for SHW dehydration and compaction in the dust-cart during 
the loading and fluid removal into the sewage system is suggested. In [12, 13], it was determined 
that SHW dehydration enables to provide the increase of waste compaction coefficient and reduction 
of  the waste mass to be transported, directly at the place of the collection, perform the preliminary 
recycling of the waste by means of the dehydration and partial grinding, as well as, as a result of 
decreasing the volume and mass of the SHW, greatly reduce the increment of the area of the land, 
allotted for the landfills  that will lead to the decrease of the rates of the environmental degradation. 
In [14], the mathematical model in the form of the logarithmic dependence of the polluting 
substances concentration in the filtrate of SHW landfills has been improved. In the simplest way the 
problem of the decontamination of the filtrate in case of its small volume can be solved by means of 
discharging in the municipal sewage system, if the concentration of the pollution, with the account 
their dilution does not exceed the established norms [15]. However, in greater part of cases, the 
filtrate contains high toxic and bio resistive components, that leads to the complication of the sewage 
treatment process. For instance, in Germany, such common treatment of the filtrate is allowed only if 
its volume is less than 5% of the total volume of the waste, supplied to the municipal sewage 
treatment plants. According to p. 3.113 of the Building code В.2.4-2-2005 [16] the discharge of the 
filtrate in the municipal sewage system is allowed only in the case if the volume and the composition 
of the filtrate correspond to the requirements of “Regulations of the waste water collection from the 
enterprises into municipal and departmental sewage systems of the cities and settlements of Ukraine” 
by the agreement with the local sanitary epidemiological departments. In [17], by means of long-
lasting experiments and semi industrial studies the perspectiveness of the filtrates treatment at 
municipal sewage treatment plants on condition of their dilution by the municipal sewage prior the 
supply to the purification to the ratio of 1:500, i.e., the volume of the filtrate must not exceed 0.2% 
from the volume of the waste water, supplied to sewage treatment plants by the sewage networks. In 
case of such ratio for the mixture of the flows high concentrated filtrates of the landfills do not make 
negative impact on the activity of the microorganisms of the active sludge and purification effect by 
the ammonia nitrogen is 92.6%, that almost equals the effect of 95% purification of the sewage 
waters without the addition of the filtrate. However, the specific mathematical dependences of the 
percentage ratio of the removed  fluid from SHW to actual productivity of the sewage treatment 
plants on  the population of the city, as a result of the analysis of the known publications the author 
did not reveal.  

Aim and task of the paper 

The aim of the paper is to substantiate by means of the regressive analysis the possibilities of 
discharging in the sewage system the fluid, obtained by the dehydration of solid household waste 
during the loading in the dust-cart, that is one of the components for the solution of the problem, 
aimed at creation of scientific-engineering fundamentals for the design of high efficient working 
organs of the mechanisms, intended for the collection and primary processing of solid household 
waste.  
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Methods and materials  

For the determination of the regressive dependence of the percentage ratio of the fluid, eliminated 
from SHW to actual productivity of the sewage treatment plants on  the population of the city the 
following methods are used: regressive analysis of the results of single-factor experiments and other 
pair dependences, computer modeling.  

The results of the research  

Table 1 contains the statistical data, needed for the determination of the percentage ratio of the 
fluid, removed from SHW to actual productivity of the sewage treatment plants in the cities of 
Ukraine with different population [18, 19]. On the base of the data, contained in Table 1, it was 
planned to obtain the pair regressive dependence of the percentage ratio of the fluid, removed  from 
SHW to actual productivity of the sewage treatment plants on the population of the city. 

Table 1 

Statistical data for the determination of the percentage ratio of the fluid, removed from SHW to actual 
productivity of the sewage treatment system in the cities of Ukraine with different population [18, 19]  

City Kyiv Odesa Kryvyi 
Rih 

Vinnytsi
a 

Rivne Lytsk Kramatorsk Berdychiv 

Population, ths. people 2965.5 993.1 634.8 370.8 243.9 214.0 157.2 75.44 
Actual productivity of the 
sewage treatment plants 
m3/day [18] 

725644 246301 201452 64110 60000 45963 21836 3918 

Daily-average volume of 
SHW, m3/day [19] 

15500 5479 4863 1954 1945 1699 1509 400 

Approximate daily volume of 
the fluid, removed  from 
SHW m3/day 

817,9 289,1 256,6 103,1 102,6 89,66 79,63 21,11 

Percentage of the fluid, 
removed  from SHW to actual 
productivity of the sewage 
treatment plants, % 

0,1127 0,1174 0,1274 0,1608 0,1711 0,1951 0,3648 0,5388 

 
 As the compacting  pressure of SHW in the existing constructions of the dust-carts does not 

exceed 0.1 MPa that is far less than the necessary 10…60 MPa [12] for the removal of the humidity, 
then the obtaining of the statistical data, regarding the real volumes of the humidity, removed from 
SHW is not possible. That is why, the approximate daily volume of the fluid, removed from SHW by 
the result of the experimental study [21], which are suggested to realize in practice by means of new 
construction of the hydraulic drive for the dehydration and compaction of SHW in the dust-cart [11] 
is determined by the formula  

 
0 1 SHW 0

Р.SHW
( )

100
w w QQ 




  [m3/day], (1) 

where w0 – initial relative humidity of SHW [20], %; w1 – approximate relative humidity of SHW 
after dehydration, determined by the dependence, obtained in the paper [21], %; QSHW – daily 
average volume of SHW, m3/day; ρ0 – bulk density of SHW [20], kg/m3; ρwater = 1000 kg/m3 – 
density of the water, kg/m3. 

The percentage of the fluid, removed from SHW to actual productivity of the sewage treatment 
plants was determined by the formula  
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where QФ.SHW. – actual productivity of the sewage treatment plants, m3/day. 
Regression was carried out on the base of linearized transformations, which enable to reduce the 

non-linear dependence to linear dependence. Determination of the beta coefficients was carried out, 
applying the least square method by means of the developed computer program “RegAnaliz”, which 
is protected by the certificate of the state registration of the rights to the copyright objects [22] and 
described in details in [23].   

The results of the regressive analysis are presented in Table 2, where the cell with the maximum 
value of the correlation factor R is marked with the grey color.  

Thus, by the results of the regressive analysis on the base of the data of Table 1, finally the 
following regressive dependence was taken as the most adequate   

 %03,41101,0 /8,129  neQ  [%], (3) 
where n. – population of the city, ths. of people.  

Table 2 

Results of the regressive analysis of the dependence of the percentage ratio of the fluid, removed  from SHW to 
the actual productivity of the sewage treatment plants on the population of the city  

№ Type of regression Correlation factor R № Type of regression Correlation factor R 
1 y = a + bx 0.48365 9 y = axb 0.87249 
2 y = 1 / (a + bx) 0.68724 10 y = a + b·lg x 0.79682 
3 y = a + b / x 0.94998 11 y = a + b·ln x 0.79682 
4 y = x / (a + bx) 0.94980 12 y = a / (b + x) 0.68724 
5 y = abx 0.58520 13 y = ax / (b + x) 0.92223 
6 y = aebx 0.58520 14 y = aeb / x 0.95975 
7 y = a ·10bx 0.58520 15 y = a ·10b / x 0.95974 
8 y = 1 / (a + be-x) 0.63042 16 y = a + bxn 0.34991 

 
As it is seen from Table 2 with the increase of the population of the city the percentage of the 

fluid, removed from SHW to actual productivity of the sewage treatment plants drops by the 
exponential dependence.  

 

 
Fig. 1. Dependence of the percentage ratio of the fluid, removed from SHW to actual productivity of the sewage 

treatment plants on the population of the city: actual ○, theoretical —, admissible - - - 
 
Fig. 1 shows actual and theoretical graphic dependences of the percentage ratio of the fluid, 

removed from SHW to actual productivity of sewage treatment plants on the population of the city.  
The comparison of the actual and theoretical data showed that the theoretical dependence of the 
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percentage ratio of the fluid, removed from SHW to actual productivity of the sewage treatment 
plants on the population of the city, calculated by means of regression equation (3) does not differ 
greatly from the data, presented in Table 1 [18, 19], this proves the sufficient accuracy of the 
obtained dependence.  

As it is seen from Fig. 1 in the cities with the population of at least 200 ths. people, there exists 
the possibility to discharge in the sewage system the fluids, obtained as a result of SHW dehydration 
during the loading into the dust-cart, as the percentage ratio of the fluid, removed from the SHW to 
the actual productivity of the sewage treatment plant does  not exceed scientifically substantiated in 
[17] value [δQ] = 0,2%. For the cities, where the population is less than 200 ths. people only partial 
discharge of the fluid, obtained after the dehydration of the SHW during the loading in the dust-cart 
is possible and the percentage volume of the safe, possible dehydration of SHW for such cities can be 
determined by the dependence  

 %03,4][3,908%03,4%100
1101,0

][%03,4%100][
/8,129/8,129.deh  nn e
Q

e
Q

Q
QП 



 [%]. (4) 

For instance, for the towns Berdychiv and Kramatorsk the percentage volume of the possible safe 
dehydration of SHW with the discharge of the fluid in the sewage system, calculated by the 
dependence (4), is 32,51±4,03% and 79,55±4,03%, accordingly. 

Conclusion 

1. It was determined, that with the increase of the population of the city, the percentage of the 
fluid, removed  from the solid household waste to the actual productivity of the sewage treatment 
plants decreases by the exponential dependence.  

2. Graphic dependence of the percentage ratio of the fluid, removed from the solid household 
waste to actual productivity of the sewage treatment plants on the population of the city is 
constructed, it enables to illustrate the given dependence and show the sufficient convergence of the 
theoretical results with actual results.  

3. It is established that in the cities with the population of at least 200 ths. people there exists the 
possibility of discharging in the sewage system the fluid, obtained after the dehydration of the solid 
household waste during the loading into the dust-cart, as the percentage ratio of the fluid, removed  
from SHW to actual productivity of the sewage treatment plants does not exceed scientifically 
substantiated in [17] value [δQ] = 0,2%. 

4. For the cities with the population of less than 200 ths. people the dependence for the 
determination of the percentage volume of the possible safe dehydration of SHW with the discharge 
of the fluid in the sewage system is suggested, it is one of the components for the solution of the 
problem, aimed at creation of the scientific-engineering fundamentals for the design of high efficient 
working organs of the machines for the collection and primary processing of solid household waste.  
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