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Abstract—This paper deals with a proposal of a new 

methodology for durability assessment of solidification product for 
its safe further use. The new methodology is based on a review of the 
current state of assessment of treated waste in Czech Republic and 
abroad. The aim of the paper is to propose an optimal evaluation 
methodology for verifying properties of solidification product to 
ensure its safe further use in building industry.  
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I. INTRODUCTION 

ROBLEMS of waste production and subsequent disposal 
of waste are frequently discussed, as well as searching for 

new possibilities leading to minimization of waste production. 
The important group of waste, that has significant impact on 
the environment, is a group of hazardous wastes. The question 
of its safe deposition or successful disposal is worldwide very 
actual and new proper ways of its disposal in light of both 
economic and ecological point of view has been developed. 
One of the effective possibilities of its safe disposal is their 
solidification/stabilization (S/S) and results of different 
technologies are widely published in recent years [1]-[15]. 

The need to solve the issue of hazardous waste management 
in the Czech Republic results from the outputs of current 
statistics on the production of hazardous waste in the Czech 
Republic, when form the environment protection point of view 
there is very negative trend in the category of hazardous waste 
production. The waste production in the category of hazardous 
waste between years 2003 and 2009 had increasing tendency, 
in 2010 the production of hazardous waste decreased again, 
however, in 2011 there was again an increase in the 
production of hazardous waste about 3.2% comparing the year 
2010 [16]. 

Another factor having a negative impact on the environment 
is the fact that the most common method of waste disposal in 
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the Czech Republic - including hazardous waste - is currently 
being landfilling although there is general effort to reduce the 
total amount of waste sent to landfills strongly supported by 
waste legislation. In 2011 the landfilling of the wastes 
occupied 97% of different types of waste disposal. 

But nowadays the waste disposal technologies are among 
the fastest growing branches of the Czech Republic national 
economy and the development of this area is mainly 
stimulated by the permanent increasing of environmental 
protection requirements. 

The cement based S/S process is also one of the most 
progressive methods of physic-chemical treatment of waste 
that currently cannot otherwise be effectively used and that 
can significantly contribute to the effectiveness of the waste 
disposal. It is also the one of the most often used technologies 
for waste disposal around the world if we do not count 
landfilling. S/S processes are characterized by the decrease of 
the waste surface, but the content of hazardous substances 
remains. A barrier is being formed between the hazardous 
substances and surrounding environment and the contaminants 
are chemically bounded to the matrix consisting of organic or 
inorganic inert substances. 

Since the cement based S/S process does not reduce the 
amount of pollutants contained in waste, but it rather creates 
the physical and chemical barriers that prevent these pollutants 
to from getting into the environment, it is necessary to 
examine the stability of the cement matrix with inbuilt waste. 

II. CURRENT SITUATION IN THE CZECH REPUBLIC 

A fundamental document in the field of waste management 
in Czech Republic is Government Regulation No. 197/2003 
Coll., The Waste Management Plan which establishes basic 
principles and measures for all relevant aspects of this branch. 
In connection with the current trend, when efforts to prevent 
waste generation or its minimization are dominating, there are 
also set out some precautions to encourage changes in 
production processes and in this context it is also 
recommended to work out life cycle analysis of products, etc. 
Significant space in the Plan is also devoted to hazardous 
wastes - to the possibility of preventing their production as 
well as to the treatment with them. 

Another important document overarching the field of waste 
management is the State Environmental Policy of the Czech 
Republic (SEP CR), which is based on fundamental 
precautions of The Waste Management Plan. The area of 
wastes falls under the Chapter "Sustainable Use of Natural 
Resources, Material Flows and Waste Management". The 
need to prevent the use of primary source material and vice 

Bozena Dohnalkova, Jakub Hodul, Rostislav Drochytka, Jana Kosikova 

New Evaluation Methodology for Solidification 
Product Durability Assessment 

P



International Journal of Earth, Energy and Environmental Sciences

ISSN: 2517-942X

Vol:8, No:6, 2014

456

 

 

versa to deal more effectively with secondary via their reuse is 
emphasized. In terms of European legislation a key document 
is the European Parliament and the Council Directive No. 
2008/98/EC on waste, which specifies the requirements for 
waste management rather on a general level, a specific 
solution is always determined by national legislation. The 
implementation of these requirements of the European 
Directive was implemented through an amendment to Act No. 
185/2001 Coll., on waste from year 2010; however, other 
amendments occurred in following years. 

The trend of waste recovery is encouraged by the legislation 
as well. International law of EU and OECD countries respects 
the requirements of a large international market with 
secondary raw materials and it adapts gradually the mode of 
regulation, control and monitoring. Established modes are 
introduced for the Czech Republic as a member country of the 
OECD and EU and are regulated by the Act on Waste No. 
185/2001 Coll. 

Insufficient use of secondary raw materials and wastes in 
the Czech Republic in recent years primarily stems from the 
low price for waste disposal to landfill as compared with the 
costs of their recycling. However this price is now increasing 
every year and currently it moves around thousands of CZK 
for landfilling of one ton of hazardous waste and around 
hundreds of CZK for landfilling of one ton of other waste. The 
fee also needs to be paid by the waste producer even when he 
is a landfill operator and the landfill is placed at own land. The 
fee for hazardous waste landfilling consists of two constituent 
parts. The basic part is transferred to the account of the 
municipality in whose territory the landfill is placed on, then 
there is a „risk part“ of the fee which is the income of The 
State Environmental Fund of the Czech Republic (SEF). The 
rate of the risk part of the fee has increased in 2009 from 3300 
CZK to 4500 CZK per ton. The Supreme Audit Office (SAO) 
the Czech Republic audited that the amount of deposited 
hazardous waste is increasing. The statutory rate of this fee is 
therefore now 6200 CZK per ton of deposited waste (including 
the basic parts and the risk part of the fee), with the fact that 
the landfill operator adds and charges his own part of the fee. 
Comparing the fee for hazardous waste landfilling in the 
Czech Republic with this fee in all other EU countries we find 
out that the fee is highest in the Czech Republic. In other 
countries the most expensive fees move up to around 1 600 
CZK per ton (two other states of the EU), in other states are 
around 700 CZK. 

Legislative requirements for treated waste including S/S 
products in the Czech Republic and abroad are mainly focused 
on the environmental protection. For this reason the 
leachability tests and ekotoxicity tests are considered to be the 
most important and from the results of these tests can be 
assessed if potentially hazardous substances were successfully 
fixed in a matrix of S/S product. In Czech legislation only 
conditions under which it is possible to use the waste on the 
surface are anchored. These requirements do not include the 
requirements for mechanical properties of S/S product. Unlike 

the Czech Republic, solidified waste is being further used in a 
much greater extent abroad (USA, UK) and therefore it is also 
needed to determine more in detail the possible side effects to 
the environment. 

Valid Waste Act (185/2001 Coll.) in the Czech Republic 
prefers the material use of waste before the other methods of 
its disposal, but the society is not yet ready to accept this trend 
of further use of waste and therefore the legislation does not 
address enough this issue of screening properties of the treated 
wastes. Another reason why it is not considered as important 
to use treated wastes is sufficient primary raw material 
resources of Central Europe. The legislation of the Czech 
Republic does not include any mechanical and technological 
requirements for use of treated wastes on the surface, but it 
includes only the basic requirements regarding the impact on 
the environment. Therefore it is necessary to establish 
mandatory requirements for the entire European Union, which 
would have to drive all the Member States concerning the 
efficient use of wastes and the definition of funding for 
science and research necessary for improving technology for 
treating wastes. 

The current Czech legislation is very weak from the 
perspective of further use of treated waste as well because the 
evaluation of the durability, which is not verified, but is very 
important for the further use of S/S product. Mainly for this 
reason – the lack of mechanical and technological 
requirements and durability verification - optimal 
methodology for evaluating the S/S product was designed on 
the basis of various tests those will ensure the attainment of 
quality S/S product that can be further used in building 
industry. 

Fig. 1 summarizes the current insufficient legislative 
requirements on the environment, since it deal with wastes – 
only – but it is not specified what kind of waste is involved. 
With the tests laid down by Czech legislation long-term 
stability and durability of S/S product cannot be guaranteed, in 
fact it is not assured that S/S product will not have a negative 
impact on the environment during its further use. 
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Fig. 1 Diagram
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carbonatation/sulfatation and they may result into unexpected 
cracking, which can cause intensive leaching of contaminants 
into the environment [17]. 

IV. CONCLUSION 

On the basis of tests those can verify the impact of the S/S 
product use on the environment and they also enable the 
assessment of S/S product durability, the optimal testing 
methodology was proposed from the point of view of its 
further use in building industry. These physic-mechanical-
chemical and technological requirements for solidified wastes 
are described on Fig. 2. It would be appropriate to include 
these requirements into Czech legislation in the near future to 
have an optimal way for assessing the S/S product suitability 
for its further effective use.  

ACKNOWLEDGMENT 

This paper has been prepared with the financial support of 
the project „SUPMAT – Promotion of further education of 
research workers from advanced building material center“. 
Registration number CZ.1.07/2.3.00/20.0111. The project is 
cofounded by European Social Fund and the state budget of 
the Czech Republic. The paper has been prepared also with the 
financial support of the project CSF 14-31248P “The study of 
the inbuilt hazardous waste impact on the cement matrix 
properties”. 

REFERENCES  
[1] Malviya, R., Chaudhary, R., 2006. Factors affecting hazardous waste 

solidification/stabilization: A review, Journal of Hazardous Materials 
B137 (2006) 267–276. 

[2] Qian, G., Cao, Y., Chui, P., Tay, J. Utilization of MSWI fly ash for 
stabilization/solidification of industrial waste sludge, In Journal of 
Hazardous Materials B129,2006, p. 274–281. 

[3] Zhang, J., Liu, J., Li, C., Jin, Y., Nie, Y., Li, J., 2009. Comparison of the 
fixation effects of heavy metals by cement rotary kiln co-processing and 
cement based solidification/stabilization, Journal of Hazardous Materials 
165 (2009): 1179–1185. 

[4] Eskander, S.B., Abdel Aziz, S.M., El-Didamony, H., Sayed, M. I., 
Immobilization of low and intermediate level of organic radioactive 
wastes in cement matrices.(2011) Journal of Hazardous Materials, 190 
(1-3), pp. 969-979. 

[5] Plecas, I.B., Dimovic, S., Immobilization of industrial waste in cement-
bentonite clay matrix.(2004) Bulletin of Materials Science, 27 (2), pp. 
175-178. 

[6] Stegemann, J.A., Zhou, Q., Screening tests for assessing treatability of 
inorganic industrial wastes by stabilization/solidification with cement. 
Journal of Hazardous Materials,2009, 161 (1): 300 – 306. 

[7] EPA – Office of Solid Waste and Emergency Response, 
Solidification/Stabilization Use at Superfund Sites, 2000, United States, 
c. n.68-W-99-003. 

[8] Kafka, Z., Punčochářová, J., Využití procesu solidifikace/stabilizace 
přizneškodňovánínebezpečnýchsložek v průmyslových odpadech, Ústav 
chemie ochrany prostředí, Vysoká škola chemicko-technologická Praha, 
In IUAPPA Praha 2000, Czech Republic, 2000. 

[9] Hills, C.D. Introduction to the science behind stabilization/solidification 
technology, In Stabilization/Solidification Symposium, Halifax, Nova 
Scotia, 2007. 

[10] Detwiler, R.J., Bhatty, J.I., Bhattacharja, S., Supplementary cementing 
materials for use in blended cements, Research and Development, 
Bulletin RD112T, Portland Cement Association, USA, 1996. 

[11] Asavapisit, S., Naksrichum, S., Harnwajanawong, N., Strength, 
leachability and microstructure characteristics of cement-based solidified 
plating sludge, Cement and Concrete Research, Volume 35, Issue 6, 

June 2005, Pages 1042-1049, ISSN 0008-
8846,10.1016/j.cemconres.2004.07.041. 

[12] Li, X.D., Poon, C.S., Sun, H., Lo, I.M.C., Kirk, D.W., Heavy metal 
speciation and leaching behaviors in cement based solidified/stabilized 
waste materials, J. Hazard. Mater.A82 (2001): pp 215– 230. 

[13] Karfíková, M., Havlica, J., Imobilizace odpadních iontů ve structure 
ettringitu, Ústav chemie materiálů, Chemická fakulta, VUT Brno, 
Materials Structure In Chemistry, Biology, Physics and Technology 
Bulletin of the Czech and Slovak Crystallographic AssociationRPDK 
98,1998, pp 47 – 48. 

[14] Sora, N., Pelosato, R., Botta, D., Dotelli, G., Chemistry and 
microstructure of cement pastes admixed with organic liquids, Journal of 
the European Ceramic Society, Volume 22, Issues 9-10, September 
2002, pp. 1463-1473.7 

[15] Choon-Keun Park, Hydration and solidification of hazardous wastes 
containing heavy metals using modified cementious materials, In 
Cement and Concrete Research 30, 2000, p.429-435. 

[16] Report on the Environment of the Czech Republic 2011 
[17] Hodul, J., Development of a new methodology for solidification 

products made of hazardous waste durability evaluation, Brno, Czech 
Republic 2013. 60 Brno University of Technology. 


