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Abstract  
 
Research has shown the use of dewatered sludge soda production as an insulating material in landfills. This will 
reduce the environmental burden on the environment and people at the locations of tailings pond soda 
production, prevent the use of land for the construction of new tailings pond, and will help to reduce the need 
for natural inert materials needed to isolate the waste in landfills.  
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1 Introduction 

Requirements for the construction and operation of solid wastes landfills (MSW) determine the need for 
isolation of municipal solid wastes by their storage. Isolation of MSW is carried out in process of working off the 
parts of active maps to design height [1, 2]. It is accepted to use soil from local pits as an isolating material which 
is an example of irrational use of natural resources. Also it is allowed to use substitute soil materials for the 
insulating layer: crushed building materials, close to them on their properties and composition industrial wastes, 
slag from heat stations. 
According to the requirements production wastes can be used as an insulating material under the following 
conditions: Hazard Class - IV (in accordance to the International Health Regulations), homogeneous structure 
with a fraction size less than 250 mm, preservation in the filtrate the biochemical oxygen consumption level 
(BOC 20) at 100 - 500 mg / l, chemical oxygen consumption (COC) - less than 300 mg / L [2]. Also isolating 
materials have to conform on their properties the demands made to soil: to have humidity no more than 85%, 
not to be explosive, self-inflammable and spontaneously igniting. 
The aim of this study was to evaluate the possibility of using the soda ash slurry by the ammonia method 
(calcium carbonate slurry) as an insulating material for disposal of solid wastes at landfills. 
To achieve the goal the following tasks are solved: 
• the analysis of formation and placement conditions of calcium carbonate slurry is carried out, 
• physical and chemical, physic mechanical and toxicological properties of calcium carbonate slurry 
are defined, 
• possibility of use the calcium carbonate slurry as an isolating material at MSW landfills is defined. 
 
 
 

2 Material and Methods 

 
Analysis of the conditions for the formation and placement of calcium carbonate slurry was carried out on the 
basis of the technical documentation and inspection of objects. 
Physical - chemical and physic - mechanical properties determined by approved methods. 
To establish hazard class waste water extract bioassay conducted on test objects of different taxonomic groups: 
Ceriodaphnia affinis, Daphnia magna Straus, Scenedesmus guadricauda, Paramecium caudatum.  
Assessment of the toxicity of samples analyzed for Ceriodaphnia affinis in a series of experiments with the 
following concentrations of the aqueous extract of the samples: 100 %, 80 %, 50 %, 25 %. The period of 
exposure - 48 hours. Initial amount Ceriodaphnia affinis in each experiment - 30 individuals. 
In the study of the toxicity of samples on Daphnia magna Strausin a series of experiments, an aqueous suspension 
(1:10) of dry waste and distilled water, stirred in a mixer 8 hours, defended the sample within 12 hours and 
filtering. Time bioassay aqueous extract was 96 hours. 
In the study of the toxicity of samples on Scenedesmus guadricauda measured growth rate (change in size) of algae 
cells under the influence of toxic substances present in the water extract of waste compared to the control 
sample (distilled water) Initial amount of algae in each experiment - 420 thousand kl./sm3. Time bioassay 
aqueous extract was 96 hours. 
Toxic effect on the Paramecium caudatum determined by the chemotactic response of ciliates on the device - a 
spectrophotometer "Biotester-2." The criterion for toxicity is a significant difference in the number of cells of 
ciliates observed in the upper region of the cell in a solution that does not contain toxic substances (control), in 
comparison with the value observed in the test sample solution. 
 
. 
 
 

3 Results and Discussion 

Analysis of technological processes for soda ash production by the ammonia method allowed determining that 
the main production waste is distillery liquid that is mixed with solid wastes, forming slime water, and sent to the 
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slurry tank. After settling of solid particles dumping of clarified phase in surface water is made, the solid phase is 
stored in slurry tank as calcium carbonate slurry. At the surveyed enterprise the slurry tank is broken into two 
maps. The map № 1 is filled and taken out of service; the map № 2 is operated and filled for 95% that causes 
need of utilization the calcium carbonate slurry. 
The composition analysis of the chemical slurry water coming into the slurry tank and the clarified waste water 
allowed to determine that the average COC in the slurry is 182 mgO2/dm3 and in the clarified water is 158 
mgO2/dm3. This determines the value of COC and BOC within the specified requirements and the use of the 
calcium carbonate slurry as an insulating material. 
Definition of chemical composition of the calcium carbonate slurry water extract with various storage periods 
from the slurry tank surface from maps No. 1 and No. 2 showed existence of an essential difference (tab. 1) At 
long sludge storage there is a washing-out of a significant dissolved ions amount at the expense of the 
atmospheric precipitation infiltration and of the lack of fresh entries [3, 4]. 
Table 1: Chemical composition of the calcium carbonate slurry water extract, mg/kg 

sampling point 
Mois 
ture, 
% 



3HCO
 

2

4SO  
Cl  



3NO
 



2NO  
2Ca  

Na +
K  



4NH  
Salt 

amount 
pH 

Operating map (№ 2) 82,9 488 12349 11912 90,0 10,5 10822 4184 13,0 39869 11,8 

Old map (№ 1) 69,9 30,5 305 323 24,5 2,9 301 78,2 5,4 1070 10,4 

 
As seen from the presented data slurry is a mixture of calcium carbonate and calcium sulfate, which indicates a 
high resource of the waste potential. The obstacle for widely slurry use is high рН value of the water extract 
which causes the toxicological waste hazard. 
Environmental and toxicological hazard of the calcium carbonate slurry is caused by extraction of water-soluble 
toxic elements from it at interaction with liquid phase of industrial waste water and precipitation. The pore space 
of sediment layer contains a solution, similar to the composition of industrial waste water arriving in a 
construction and it is washed off after contact with water.  
Analysis of the slurry storage conditions showed that the construction area can be divided into several sections: 
the map of dehydrated sludge (surface beach), the map with the water surface (settler pond) and the map located 
on the border with water surface. To determine the sludge formation conditions during the storage the samples 
at the site of dehydrated sludge (surface beach) from the surface (sample №1) and from a depth of 1.5 - 2 m 
(sample №2) were taken. The third average sample (sample №3) of sludge was selected on the border with water 
surface from a depth of 0.3 m, 0.5 m and 0.8 m, and represented an aqueous suspension. 
To assess the physical and chemical properties of the calcium carbonate slurry the researches were conducted in 
extraction of water-soluble components from selected samples, the results are presented in table. 2.  
Table 2:  Physical and chemical properties of the calcium carbonate slurry  

Sample moisture, 
% 

solid residue, 
mg/l 

Сa 2+ 
mg/l 

Mg2+, 
mg/l 

Inflexi 
bility, 

mg – eq. /l 

Cl-, 
mg/l 

рН 
aqueous 
extract 

№ 1 28,6 5071 986 36,2 52,3 1632 10,5 

№ 2 66,5 15958 2322 35,6 119 4276 11,9 

№ 3 79,1 2214 448 9,5 232 1174 8,8 

Sample filtrate № 3  2430 266 27,5 15,5 1605 11,0 

 
The results of experimental studies have shown that the composition of the filtrate obtained in the processing of 
the samples is different. 
The highest extraction of water-soluble components is fixed for the sample 2, taken from a depth of 1.5-2.0 m 
what can be explained by compaction processes in the slurry tank body and the gradual saturation of the solution 
in porous layer of sludge by the released water-soluble components. By the sample moisture of 66.5% during the 
drying the water-soluble salts accumulate in the porous space of the sediment layer and by contact with water are 
subjected to leaching. Sample 3, selected on the border with water surface, is much less subjected to leaching. Its 
porous space contains a solution similar in the composition to the clarified water. 
Dehydration with slurry consolidation can lead to the porous liquid separation which increases slurry toxic 
properties. To determine whether to use the calcium carbonate slurry as an insulating material for burial of solid 
wastes at landfills the hazard class of the dehydrated and not dehydrated samples was identified.  The assumption 
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was made that the dehydrated sludge is less subjected to leaching by contact with water and, therefore, is 
characterized by the lower environmental and toxicological hazard.  
 
For confirmation of this assumption the toxicological properties of the sample № 3 and the sample received at 
its mechanical dehydration (sample № 4) we determined by a biotesting method. The sample № 4 was received 
by dehydration on vacuum–filter to moisture content of 60-65%.  
Biotesting the water extract of the calcium carbonate slurry carried out on test objects from different systematic 
groups: the lowest crustacean Ceriodaphnia affinis, daphnia Daphnia magna Straus, infusorians Paramecium 
caudatum and green protococcal algae Scenedesmus guadricauda by approved methods, results of researches are 
presented in tab. 3.  
Table 3: Hazard class of the calcium carbonate slurry  

calcium carbonate slurry Test - objects 

Ceriodaphnia 
affinis 

Paramecium 
caudatum 

Daphnia magna 
Straus 

Scenedesmus 
guadricauda 

Watered 4 4 4 5 

Dehydrated 5 5 5 5 

 
On the basis of the conducted researches it is determined that the dehydrated calcium carbonate slurry has no 
toxic effect on the test objects and in accordance with the criteria of hazardous for the environment waste 
classification belongs to the 5th class of hazardous waste, what corresponds to the 4th hazardous class according 
to sanitary requirements. Biotesting results of water extracts from studied samples № 3 and № 4 showed that 
preliminary mechanical dehydration reduces toxicological hazard of the calcium carbonate slurry. 
Researches of the physic-mechanical properties of the calcium carbonate slurry, selected from the surface of the 
slurry tank allowed to determine that the fractions size makes less than 1,25 mm what meets the requirements 
made to isolating materials.  
The conducted experimental studies of the physical, chemical, physical, mechanical and toxicological properties 
of the calcium carbonate slurry allowed determining its properties’ compliance to the requirements for the 
production wastes, when using them as an insulating material MSW landfills.  
In order to reduce the hazard class of the calcium carbonate slurry and for technologically more acceptable laying 
of an isolating material its preliminary mechanical dehydration or the use of long-term storage sludge can be 
recommended.  
Currently, there is a great need for isolating materials in connection with active construction of MSW landfills. 
On the example of the MSW landfill in Krasnokamsk with a total amount of about 2 million m3 a demand for 
ground insulation of about 200 thousand m3 is identified. At a site in the Perm for the production of soda ash 
about 15 thousand m3 per year of sludge, whose use as insulating materials landfills will dispose of the entire 
volume of the slurry and. At one of the soda production plants in Perm region for about 15 thousand m3/year of 
sludge is annually produced which use as isolating materials at MSW landfills will allow to utilize all the sludge 
volume at the current output and the part of accumulated wastes. 
 
 
 

4 Conclusions 

The conducted researches showed the possibility of use the dehydrated calcium carbonate slurry as an insulating 
material at MSW landfills. This will allow reducing the environmental burden on the environmental objects and 
people in placement of soda production slurry tanks, will force parcellation for construction of new sludge tanks, 
and also will reduce the need for natural inert materials needed to isolate waste at MSW landfills, what 
corresponds to the principles of rational environmental management and sustainable development. 
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