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Gestione dei siti contaminati priorità politica  

Gli impegni assunti dalla U.E. a valle della 

Conferenza Internazionale di Kyoto,  

 

Direttive della U.E. sul tema della prevenzione e 

riduzione integrata dellõinquinamento (Direttiva 

96/61/CE  (IPPC), 

 

Direttiva quadro sul suolo (COM(2006) 232 

 

Direttiva sulla protezione delle acque sotterranee 

(2006/118) 

 



Å Eea : classificazione dei siti contaminati 

Å UE : azioni coordinate Caracas, Clarinet, Sednet, Nicole, Eurodemo 

Å In Italia vi sono oltre 18.000 siti, di cui 57 SIN pari a 180000ha (aree a terra e  mare) 

ECOSCIENZA Numero 3 Å Anno 2010 



NECESSITAõ DI RICERCA  

 

- una maggiore partecipazione ad attività di 

sperimentazione in campo con razionalizzazione 

dei risultati ottenuti e loro divulgazione 

 

-approfondimento delle conoscenze sull uso di 

prodotti a lento rilascio di agenti riducenti e 

ossidanti (attualmente utilizzati con know-how di 

pochi produttori) e sull uso di tensioattivi 

biocompatibili 

 

--approfondimento delle conoscenze su batteri e 

funghi in grado di biodegradare inquinanti organici, 

con particolare attenzione ai composti 

recalcitranti (quali organoclorurati e distruttori 

endocrini) e al comportamento dei microrganismi 

in presenza di fasi non acquose separate (L-Napl e 

D-Napl) 

 

--  sviluppo di strumenti biotecnologico-

molecolari in grado di integrare le conoscenze 

acquisibili in fase di caratterizzazione e di 

monitoraggio, ed eventualmente di consentire una 

più mirata progettazione dei trattamenti di 

bonifica. 

FATTORI DI RITARDO  

 

 ÅNormativa (prevalente) 

 

ÅPrevalenza di di Pmi, scarsamente  disponibili le 

competenze per gestire lapplicazione 

 

ÅScarsa interazione tra aziende e università o 

centri di ricerca 

 

ÅTempistiche 

 

ÅEffetti sulla tossicità 

 

 

 

 

Obiettivi di bonifica più aderenti alle 

situazioni specifiche locali e quindi più 

realistici da raggiungere  



Confindustria per la 

Sostenibilità : 

 Carta dei Principi per la 

Sostenibilità Ambientale e Guida 

Operativa- 2012 
 

10 Principi  per 10 Impegni  

 

5. Centralità di tecnologie 

innovative 

Investire in ricerca, sviluppo e 

innovazione, al fine di sviluppare 

processi, prodotti e 

servizi a sempre minore impatto 

ambientale.  
 

 

Agenda post -2015    

Brussels, 5.2.2015 COM(2015) 44 final 

 

òDrive transformative change through science, 

technology and innovationó 

 

 

Solutions generated by science, technology 

and innovation are important drivers for the 

implementation of the vision for the world 

beyond 2015. 

 

 

 

 

 

Lõunica possibilità reale di sviluppo sembra essere realizzabile nellõambito dello  

schema logico òricerca - tecnologie innovative ambientalmente 

compatibili - raggiungimento di un livello duraturo di 

competitivit¨ó 



Å Natural attenuation  

Å Bioremediation 

Peculiarity of òbioremediationó is to restore an 
environmental matrix (e.g. soil, sediment, water) 
preserving its quality and thus its functions. 

 

 

restore while preserving 

Å Not always possible 

Å Requires a feasibility study 

 



RATIONAL 

ÅMicrobial processes - responsible for the biodegradation of organic 

contaminants and for the transformation and detoxification of 

inorganic contaminants - are the driving forces behind natural 

attenuation. 

 

Å Nevertheless the accumulation in the environment of highly toxic 

pollutants emphasises the fact that m.o., by themselves, are insufficient 

to protect the biosphere from the flux of the anthropogenic pollution. 

 

ÅMicroorganisms are able to accelerate chemical reaction up to 106  

 

ÅThey can be harnessed in òenhanced bioremediation technologiesó. 

 

 

 



 

Å "niche adjustment" , 

 by the inoculation of competent 
microorganisms into these systems 

 (bioaugmentation) 

 

 

Possible ways to activate this potential 

Å  changing physico-chemical parameters: pH, 
T, oxygen, electron donors or acceptors, 
nutrients, etc. (biostimulation, bioventing etc) 

       
      

 

Offers a way to provide specific microbes in sufficient numbers to complete the 

biodegradation 



   

Å Co-contamination  

 

organic pollutants and heavy metals  

 

 

 

Å Heavy metals  

 

 

 

serious limiting factors in 

bioremediation technology 

 

Black-box approach  

single key criterion: degradation ability of strains 

 

TO  
 

knowledge-based approach 

 

 relative spatial and temporal 

abundance of potential source of 

populations and their ability to tolerate 

the prevailing conditions in target 

habitats  

 

FROM 

TARGET  
BIOAUGMENTATION  

 STRATEGY  



 Bioaugmentation  controversy  

 Benefit & Failure 

Å Apparent semplicity 

Å Failures (Goldstein, 1985, Stephenson and Stephenson 1992, Bouchez 2000, 

Vogel and Walter 2001, Wagner-Dobler 2003) 

 

Å Pollutants characteristics  

Å (concentration, bioavailability,toxicity ) 

Å Physico-chemical environmental characteristics 

ÅReducing the microbial activity: temperature, humidity, ionic strength 

ÅRestricting the mass transfer of the contaminants to m.o.: clay and organic 
matter content.  

Å Microbial Ecology  

Å energy flux, indigenous activity, predators, competitors 

Å Microbiology  

Å co-substrates, genetics of relevant m.o., enzyme stability and activity 

Å Methodology 

ÅStrains selection, concentration and methods of the inoculation , inoculum 
etherogeneity 

 

FACTORS associated with Bioaugmentation  

 



 L Streptomyces aurantiacogriseus 

 A1 Streptomyces sp.  

 A6 Streptomyces peucetius  

 A7 Streptomyces sp.  

 H Streptomyces sp.  

 A8 Streptomyces setonensis  

 F Streptomyces phaeochromogenes  

 E Micromonospora sp.  

 SL3 Nocardioides sp.  

 A5 Aeromicrobium erythtreum 

 K Mycobacterium sp. 

 G Nocardia sp.  

 X Gordonia sp.  

 SL2 Rhodococcus erythropolis  

 LAM18 Rhodococcus erythropolis  

 LAM19 Arhtrobacter sp.  

 LAM22 Arhtrobacter sp.  

 U Microbacterium sp.  

 W Microbacterium oxydans  

 A Brevibacillus brevis  

 B Brevibacillus brevis  

 Y Paenibacillus sp.  

 SL8 Bacillus licheniformis 

 D Bacillus megaterium  

 N Bacillus mycoides 

 Q Bacillus cereus  

 OSS31 Paenibacillus polymixa  

 LAM23 Exiguobacterium sp. 

 OSS42 Bacillus subtilis  

 LAM30 Bacillus cereus  

 T Porphyrobacter donghaensis  

 S Massilia sp.  

 SL5 Duganella nigrescens  

 LAM29 Delftia tsuruhatensis  

 A2 Stenotrophomonas sp.  

 A4 Pseudomonas sp.  

 LAM9 Pseudomonas resinovorans  

 LAM33 Pseudomonas fluorescens  

 LAM1 Pseudomonas jessenii  

 Z Flavobacteriales bacterium  

0.05 

Actinobacteria 

Bacilli 
b-proteobacteria 
g-proteobacteria 
Flavobacteria 

How to interpret this biodiversity ? 



 

ÅPolyphase approach  

Classical Microbiology 

Molecular Biology Molecular Ecology Metagenomics 

Globale Phenotype Analysis (BIOLOG TM system ) 

   

Biometers  

  

          

  Microcosms  

     

 ASTM E1197-87(2004) 

  

    

      

              

       

METHODOLOGY 

ÅExperimental systems for the Scale-up 



TAILORING MICROBIAL FORMULA 



CO-CONTAMINATION_LAB SCALE 

 

Pseudomonas jessenii LAM1 

Pseudomonas resinovorans LAM9 

Arthrobacter sp. A3Z-18 LAM11  

Rhodococcus sp. LAM18  

Arthrobacter sp. A3Z-18LAM19  

Arthrobacter sp. JCM 13 LAM22   

Exiguobacterium sp. LAM23  

Delftia sp. LFJ11-1, LAM29 

Bacillus sp. AH 540 LAM30 

Pseudomonas sp LAM33 

Formula ENEA-LAM  

Degradation 75% 

42 days 

Mn Zn Cr As Pb Cd Cu 

1044 115 12 20 48 0,12 13,90 

Abiotic control  

Biotic control  

Treated soil 

DIESEL OIL 1% (w/v)  

Heavy metals (mg/Kg) 



Formula ENEA-LAM/OSS  

 

LAM1  Pseudomonas jessenii 

LAM9  Pseudomonas 

resinovorans 

LAM33 Pseudomonas sp  

LAM18 Rhodococcus sp. 

LAM11 Arthrobacter sp.  

LAM19 Arthrobacter sp.  

LAM22 Arthrobacter sp.  

LAM23 Exiguobacterium  

LAM29  Delftia sp.   

LAM30 Bacillus sp.   

OSS31 Paenibacillus polymixa  

OSS42 Bacillus subtilis  

  

 

 

 

CO-CONTAMINATION: TERRESTRIAL MICROCOSMS _ SCALE 

 

105 days exp  

Diesel OIL  1% w/v 
 

Pb 500 mg/Kg  

Zn 1000 mg/Kg 





Formula ENEA-LAM/OSS  

 
LAM1  Pseudomonas jessenii 

LAM9  Pseudomonas resinovorans 

LAM33 Pseudomonas sp  

LAM18 Rhodococcus sp. 

LAM11 Arthrobacter sp.  

LAM19 Arthrobacter sp.  

LAM22 Arthrobacter sp.  

LAM23 Exiguobacterium  

LAM29  Delftia sp.   

LAM30 Bacillus sp.   

OSS31 Paenibacillus polymixa  

OSS42 Bacillus subtilis  

time 104 daysx 

  

 

 

CO-CONTAMINATION: TERRESTRIAL MICROCOSMS _ SCALE 105 days exp  

Diesel OIL  1% w/v 
 

Pb 500 mg/Kg  

Zn 1000 mg/Kg 



. 

CO -CONTAMINATION CONCLUSION  

 

The study shows that the microbial formula introduced as 

a bioaugmentation agent was able to promote a hydrocarbon  

biodegradation close to 75% in soil, under the dual pressure of 

diesel 

oil and heavy metals.  

 

The tailor-made microbial formula ENEALAMOSS was able to introduce 

to the system the right metabolic competences, without perturbing 

the native microbial community. 

 

A rational selection of inoculum for bioaugmentation, based on ecological 

criteria,, enables the system to exploit its full biodegradation potential. 



      TARGET 

ÅCo-contamination  

 

Biodegradation of organic 

pollutants in the presence of 

heavy metals  

 

ÅHeavy metals  

 

 

 

serious limiting factor in 

bioremediation technology 



Using MicroBes for the REgulation of heavy metaL mobiLity at  
 
ecosystem and landscape scAle: an integrative approach for soil  
 
remediation by geobiological processes 
 

 
 
  

http://www.umbrella.uni -jena.de/cms/index.php  

FP7- THEME 3.1.2. ENV.2008.3.1.2.1 : Recovery of degraded soil resources 
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In the  UE  0,6%, of soils are  

influenced  by mining  activity , with 

respect  to a world average of 0,2%.  

 

ÅThe estimated  cost of soil 

degradation  is about   38 billions  of  di 

euros per year.  

 

ÅThe remediation  of these areas is a 

strategic  priority  for European  

policies .  

 

ÅLack of sustainable  technologies  and 

landscape approaches with a positive 

impact  on the river  basin included  

international  waters .  

 

ÅLack of model  

Problems  

Providing   assisted phytoremediation  òtool -

boxesó to the end-users 

 

 

 1. Microorganisms and piants  
 

2.  Methodoligical approach 
 

3.  Previsional models 
 

Objectives  



Procedure for the screening and selection  of plants  and microbial  consortia  

 


