
ISSN 0204–3556. Химия и технология воды, 2017, т.39, №184

© A. Machnicka, E. Nowicka, K. Grübel, 2017

A. Machnicka, E. Nowicka, K. Grübel

DISINTEGRATION AS A KEY-STEP IN PRE-TREATMENT  
OF SURPLUS ACTIVATED SLUDGE

Department of Environmental Microbiology and Biotechnology,
Institute of Environmental Protection and Engineering,

University of Bielsko-Biala, Poland
amachnicka@ath.bielsko.pl

This study has been carried out to investigate the effect of microwave, alkalization 
and freezing on surplus activated sludge disintegration (release of organic/inorganic 
substances into the supernatant) and mesophilic fermentation. After applying pre-
treatments, chemical oxygen demand increased by 7 – 35 times, disintegration 
degree was 35 – 47%, proteins by 5 – 25, carbohydrates by 2 – 3, phosphates 
7 – 22 and ammonium by 3 – 16 times. Disintegration by microwave, alkalization 
and freezing has a positive effect on the rate of sludge anaerobic digestion. Biogas 
production increased by: 62; 49 and 58%, for microwave radiation, alkalization 
and freezing, respectively. The conducted research shows that the application 
of disintegration as a pre-treatment of surplus activated sludge is an effective 
method, allowing for practical using sewage sludge.
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sludge.

Introduction

The combination of anaerobic sludge digestion with disintegration are 
promising technical methods of enhancing the stabilization process. It can be 
noted that using different methods of cell disruption can significantly influence 
on the degree of disintegration and the digestion parameters. The anaerobic 
digestion of organic material basically follows; hydrolysis, acidogenesis, acetogenesis 
and methanogenesis. The hydrolysis step degrades both insoluble organic material 
and high molecular weight compounds such as lipids, polysaccharides, proteins 
and nucleic acids, into soluble organic substances (e.g. amino acids and fatty acids). 
The components formed during hydrolysis are further split during acidogenesis, 
the second step. The hydrolysis is the limiting step of the fermentation process. 
This process is accelerated by the increase of dissolved components.



ISSN 0204–3556. Химия и технология воды, 2017, т.39, №1 97

[19] Tchobanoglous G., Burton F.L, Stensel H.D. Wastewater Engineering: Treatment 

and Reuse. – New York: Metcalf & Eddy, 2002.

[20] Kunz P., Wagner S. Results and outlooks of investigations of sewage sludge 

disintegration – Ergebnisse und Perspektive aus Untersuchungen zur 

Klarschlammdesintegration, AWT Abwassertechnik: Heft 1, 1994.

[21] Muller J. Mechanical disintegration of sewage sludge – Mechanischer 

Klarschlammaufschlub-, Schriftenereihe "Berichte aus der Verfahrenstechnik" 

der Fakultat fur Maschinenbau und Elektro technik der Universitat 

Braunschweig. – Germany: Shaker Verlag, Aachen, 1996.

[22] Machnicka A., Grübel K., Suschka J. // Water S.A. – 2009. – 35, N1. – 

P. 129 – 132.

[23] Phothilangka P., Schoen M.A., Huber M., Luchetta P., Winkler T., Wett B. // Water 

Sci. and Technol. – 2008. – 58. – P. 1467 – 1473.

[24] Roman H.J., Burgess J.E., Pletschke B.I. // Afr. J. Biotechnol. – 2006. – 5, 

N10. – P. 963 – 967.

[25] Kennedy K.J., Thibault G., Droste R.L. // Water S.A. – 2007. – 33, N2. –  

P. 261 – 270.

[26] Debowski M., Zielinski M. // Woda i Scieki. – 2009. – 1. – P. 8 – 11.

[27] Kim J., Park C., Kim T.H., Lee M., Kim S.W., Lee J. // J. Biosci. and Bioeng. – 

2003. – 95, N3. – P. 271 – 275.

[28] Sahinkaya S., Sevimli M.F., Aygun A. // Water Sci. and Technol. – 2012. – 65, 

N10. – P. 1809 – 1816.

[29] Zhang X., Dong F.C., Gao J.F., Song C.P. // Cell Res. – 2001. – 11, N1. –  

P. 37 – 43.

[30] Hu J.H., Johnston K.P., Williams R.O. // Int. J. Pharm. – 2004. – 271, N1. – 

P. 145–154.

[31] Hu K., Jiang J.Q., Zhao Q.L., Lee D.J., Wang K., Qiu W. // Water Res. – 2001. – 

45, N18. – P. 5969 – 5976.

[32] Raunkjar K., Hvitved-Jacobsen T., Nielsen P.H. // Water Res. – 1994. – 28, 

N2. – P. 251 – 262.

[33] Gao M., Yang M., Li H., Yang O., Zhang Y. // J. Biotechnol. – 2003. – 108, N3. – 

P. 265 – 269.

Received 20.03.2014


