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Description 
 
The environmental threat originating from con-
taminated land (and contaminated groundwa-
ter) have been recognized as a serious prob-
lem. One of the first operational techniques for 
soil decontamination was thermal treatment. 
However, a major disadvantage of thermal 
treatment is the poor quality of the product. 
To decontaminate soil without destroying its 
fertility, biological techniques are considered 
attractive remediation alternatives. 
In this project the development of a biotech-
nological slurry process for the decontamina-
tion of excavated polluted soils is described. 
The slurry process is especially designed to de-
contaminate soils polluted with organic com-
pounds (e.g. oil). Crucial in the slurry process 
is the use of three phase 
(soil-water-air) suspension bioreactors. In 
these bioreactors, natural microbial communi-
ties are used, originating from 
polluted harbour sludge.  
In order to design a large-scale reactor, the proper design parameters are identified. Both 
kinetic experiments at 40 liter scale and hydrodynamic experiments at 4 m4 are carried out. 
The latter has a - new – geometry: The Dual Injected Turbulent Separation (DITS) reactor. 
In this reactor, the coarse soil fraction (particle size larger than 700 m) is fluidized at the 
bottom, while the polluted fines are kept in suspension in the bulk. Subsequently the fluid-
ized fraction is withdrawn. Once the coarse 
fraction has been removed, the fines are further processed in a cascade of air agitated slurry 
reactors. Final step is the remixing of both fractions in a dewatering section. 
 
Dissertation 
 
René Kleijntjens, Biotechnological slurry process for the decontamination of excavated polluted 
soils. PhD Thesis, Delft University of Technology, 1991. In TUD-repository, http://re-
solver.tudelft.nl/uuid:c8d4233b-fe1b-437c-8ad0-0fc0a816e6a4 

 



Publications following from the dissertation 
 
Kleijntjens, RH, Luyben, KCAM, 2006. Bioreactors. Chapter 11 in: Environmental Biotechnol-
ogy: Concepts and Applications. HJ Jördening, Josef Winter (eds). John Wiley & Sons. Pages 
287 - 307 
 
Kleijntjens, RH; Kerkhof, L; Schutter, AJ; Luyben, KCAM; De Kreuk, JF; Janse, J, 2002. The 
slurry decontamination process - Bioprocessing of contaminated solid waste streams. In: Bio-
technology for The Environment: Soil Remediation, Vol 3b. S.N. Agathos, W. Reineke (eds). 
Book Series: Focus On Biotechnology. Kluwer Academic Publishers, Dordrecht. Pages 51-
70.    
 
Geerdink, MJ; Kleijntjens, RH; vanLoosdrecht, MCM; Luyben, KCAM, 1996. Microbial decon-
tamination of polluted soil in a slurry process. Journal Of Environmental Engineering-
ASCE   Volume: 122 (11) 975-982  
https://doi.org/10.1061/(ASCE)0733-9372(1996)122%3A11(975) 
 
Kleijntjens R., Oostenbrink I., Mijnbeek G., (1995), ‘Application of the’ Slurry Decontamina-
tion Process’ for cleaning of polluted sediment from the Petroleumhaven Amsterdam’, final 
project report (RIZA/POSWII) (in Dutch language). 
 
Oostenbrink, IM; Kleijntjens, RH; Mijnbeek, G; Kerkhof, L; Vetter, P; Luyben KCAM, 1995. Bi-
otechnological decontamination of oil and PAH polluted soils and sediments using the 4 m3 
pilot plant of the ''slurry decontamination process”. In: Contaminated Soil '95, Book Series: 
Soil & Environment   Volume: 5  Springer, Dordrecht  863-872    
https://doi.org/10.1007/978-94-011-0421-0_11 
 
R.H. Kleijntjens, R.G.J.M. van der Lans, K.Ch.A.M. Luyben, 1992. Particle suspension hydro-
dynamics in a tapered gas agitated reactor. Can. J. Chem. Eng., 72 (1994), 392-404. Best 
paper in The Journal in 1994 award. 
https://doi.org/10.1002/cjce.5450720303 
 
Kleijntjens R., Oostenbrink I., Mijnbeek G., (1994), ‘Development of the’ slurry Decontamina-
tion Process’, final project report (NOVEM) (in Dutch language) 
 
M.H. van der Jagt, R.H. Kleijntjens, R.G.J.M. van der Lans, K.Ch.A.M. Luyben, 1994. A contin-
uous three phase suspension reactor for the microbial decontamination of excavated polluted 
soils. In: A.W. Nienow, Proceedings of the Third Int. Conf. on Bioreactors and Bioprocess Fluid 
Dynamics, Cambridge, sept 1993, BHR Group Conf. Series No 5, MEP, London, 335-344. 
 
R.H. Kleijntjens, R.G.J.M. van der Lans and K.Ch.A.M. Luyben, 1992. Design of a three-phase 
slurry reactor for soil processing. Trans.I.Chem.Eng. Part B, Process Safety & Env. Protec-
tion, 70 (1992), 84-92. 
 
Kleijntjens, RH; Meeder, TA; Geerdink, MJ; Luyben KCAM, 1990. Design of a Slurry Process 
for the Biotechnological Treatment of Excavated Polluted Soils, Contaminated Soil 90, Ed: F. 
Arendt, M. Hinsenveld, W.J. van den Brink. Springer Science + Business Media BV ISBN 978-
94-010-5443-0 Vols 1 and 2 997-998  
https://doi.org/10.1007/978-94-011-3270-1_216  
 
 
 



  



 


