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Gestionedei siticontaminatipriorita politica

Gli impegni assunti dalla U.E. a valle della
Conferenza Internazionale di Kyoto,

Direttive della U.E. sul tema della prevenzione e
ri duzi one I ntegrata de
96/61/CE (IPPC),

Direttiva quadro sul suolo (COM(2006) 232

Direttiva sulla protezione delle acque sotterranee
(2006/118)




A Eea: classificaziongei siti contaminati
A UE:azionicoordinate Caraca€larinet SednetNicole,Eurodemo
A In Italia vi sono oltre 18.008iti, di cui 57 SIN pari a 180000haet a terra e mare)

Piano di
caratterizzazione
approvato: 24%

Aree da te———
caratterizzare: 74%

Progetto Preliminare:
Bonificato 0,19%
e/o svincolato: 1,5%

Progetto definitivo: 0,40%

Fonte: elaborazione di dati Annuario ISPRA 2008
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FATTORI DI RITARDO

ANormativa (prevalente

Arevalenza dii Pmj scarsamente disponibili le
competenze per gestire applicazione

MScarsa interazione tra aziende e universita o
centri diricerca

Alempistiche

Aeffetti sulla tossicita

Obiettivi di bonifica piu aderenti alle
situazioni specifiche locali e quindi piu
realistici da raggiungere

NECE S S IDT RIGERCA

- una maggiore partecipazione ad attivita di
sperimentazione in campo con razionalizzazione
dei risultati ottenuti e loro divulgazione

-approfondimentadelle conoscenzsull uso di
prodotti a lento rilascio di agenti riducenti e
ossidanti (attualmente utilizzati con kndvow di
pochi produttori) esull uso di tensioattivi
biocompatibili

--approfondimentadelle conoscenze su batteri e
funghi in grado di biodegradare inquinanti organi
con particolare attenzione ai composti
recalcitranti (qualorganocloruratie distruttori
endocrini) e al comportamento dei microrganismi
in presenza di fasi non acquose separatblé@bl e
D-Napl)

-- sviluppo di strumentbiotecnologice
molecolariin grado di integrare le conoscenze
acquisibili in fase di caratterizzazione e di
monitoraggioed eventualmentei consentire una
pil mirata progettazione dei trattamenti di
bonifica



L 6 u passibiita reale di svilupmembra essere realizzabilee | | 6 a mb i t

schema | ogi <texnolgieiinnaativee ambientalmente
compatibili - raggiungimento di un livello duraturo di
competitivit™o

Confindustria per la Agenda post -2015
Sostenibilita : Brussels5.2.2015 COM(2015) 4#nal
Carta dei Principi per la
Sostenibilita Ambientale e Guida | 0 D r transfermativehangehroughscience,
Operativa 2012 technologgndinnovatiai

10 Principi per 10 Impegni
Solutionsgeneratedoy sciencetechnology

5. Centralita di tecnologie andinnovationare important drivers for the

innova}tivc_e _ _ implementatiorof the visionfor the world
Investire in ricerca, sviluppo e beyond2015.

iInnovazione, al fine di sviluppare
processi, prodotti e
servizi a sempre minore impatto
ambientale.




restore while preserving

ANatural attenuation
ABioremediation

Peculiarity of m@dtorearr e medi a
environmental matriXe.g. soil, sediment, water)
preservingts quality and thus its functions.

A Not alwayspossible
A Requiresafeasibilitystudy



RATIONAL

AViicrobial processes- responsiblefor the biodegradationof organic
contaminants and for the transformation and detoxification of
Inorganic contaminants - are the driving forces behind natural
attenuation

ANeverthelessthe accumulationin the environmentof highly toxic
pollutantsemphasisethe fact that m.o., by themselvesare insufficient
to protect the biospherefrom the flux of the anthropogenigollution.

Avicroorganisms are able to accelerate chemical reaction up to 10

AMhey can be harnessed in o0enhanced



Possible ways to activatbis potential

A changingphysicechemical parameters: pH,
T, oxygen, electron donors or acceptors,
nutrients, etc (biostimulatigbioventingtg

A "niche adjustment",

by the inoculation of competent
microorganisms into these systems

(bioaugmentatipn
}

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

A
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BIOAUGMENTATION
STRATEGY

TARGET "

FROM

Blackbox approach
singlekeycriteriondegradatioabilityof strains

A Co-contamination

organicpollutantsand heavynetals

TO

A Heavy metals knowledgebasedapproach

relativespatiabndtemporal
abundancef potentiabource of
populationandtheirabilityto tolerate
the prevailingonditions target
habitats

serioudimitingfactoran
bioremediation technology



Bioaugmentation controversy

Benefit & Failure

A Apparent semplicity

A Failures (Goldstein, 1985, Stephenson and Stephenson 1992, Bouchez 2000,
Vogel and Walter 2001, Wagner-Dobler 2003)

FACTORS associated with Bioaugmentation

A Pollutants characteristics
A (concentration, bioavailability,toxicity )
A Physico-chemical environmental characteristics
A Reducing the microbial activity: temperature, humidity, ionic strength

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

A Microbial Ecology

A energy flux, indigenous activity, predators, competitors
A Microbiology

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

A Strains selection, concentration and methods of the inoculation , inoculum
etherogeneity



. . . . . L Streptomyces aurantiacogriseus
How to interpret this biodiversity ? AL Streptomyces sp.
A6 Streptomyces peucetius
A7 Streptomyces sp.
H Streptomyces sp.
A8 Streptomyces setonensis

— F Streptomyces phaeochromogenes

E Micromonospora sp.

. . SL3 Nocardioides sp.
Actinobacteria 4|

il A5 Aeromicrobium erythtreum
—_— %?([:)Irolteobacteria K Mycobacterium sp.
— g proteobacteria [ . G Nocardia sp.
— Flavobacteria X Gordoniasp.

—LAM18 Rhodococcus erythropolis|
''sL2 Rhodococcus erythropolis
LAM19 Arhtrobacter sp.
LAM22 Arhtrobacter sp.
{ U Microbacterium sp.
W Microbacterium oxydans
| A Brevibacillus brevis
'B Brevibacillus brevis
4|— Y Paenibacillus sp.
[0SS31 Paenibacillus polymixal
L {LAM23 Exiguobacterium sp.]
— SL8 Bacillus licheniformis
| L{0SS42 Bacillus subtilis]
— D Bacillus megaterium

N Bacillus mycoides
Q Bacillus cereus
-[ILAM30 Bacillus cereus]

T Porphyrobacter donghaensis
ﬂassilia sp.
SL5 Duganella nigrescens
[ LAM29 Delftia tsuruhatensis]
A2 Stenotrophomonas sp.
—{LAM9 Pseudomonas resinovorans]|
A4 Pseudomonas sp.
|  —]LAM33 Pseudomonas fluorescens]|
YL AM1 Pseudomonas jesseniil
Z Flavobacteriales bacterium

0.05
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METHODOLOC %4
Aolyphase approach
Classical Microbiology

Molecular Biology Molecular Ecology Metagenomics

Globale Phenotype Analysis (BIOLOG ™ system )

AExperimental systems for the Scale-up

Biometers

Microcosms

ASTM E1197-87(2004)




Heavy Metals

(mg/kg) OSS AGL LAM
Cr 240 210 215
Ni 54 29 80
Zn 214 353 177
Co 5,4 5,9 4,1
Cu 65 129 117
As 34 118 41
Cd 1 2 1
Pb 249 345 227
Hg 0,6 0,6 0,3
Total heavy \g,5 A 71792,5| 899,7
metals
Organics
(mg/kg)
PCBs 1,703 0,067 1,241
PAHs 1,270 0,382 5,167
Total
hydrocarbons|4080 30 358

(mg/kg)




CO-CONTAMINATION_LAB SCALE
DIESEL OIL 1% (w/v)

Heavy metals (mg/KQ) Abiotic control
Mn Zn Cr As Pb Cd Cu Biotic COFIU.‘O|
Treated soll
1044 115 12 20 48 0,12 13,90

Formula ENEA-LAM

Pseudomonas jessenii LAM1

RE700-4000 Pseudomonas resinovorans LAM9
o 0-C13 Arthrobacter sp. A3Z-18 LAM11
) Rhodococcus sp. LAM18
0y 0-C16 Arthrobacter sp. A3Z-18LAM19
p— Arthrobacter sp. JCM 13 LAM22
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CO-CONTAMINATION: TERRESTRIAL MICROCOSMS _ SCALE

Diesel OIL 1% w/lv
Pb 500 mg/Kg
Zn 1000 mg/Kg
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Formula ENEA-LAM/OSS

LAM1
LAM9

Pseudomonas jessenii
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.
0OSS31 Paenibacillus polymixa
0OSS42 Bacillus subtilis
105 days exp






CO-CONTAMINATION: TERRESTRIAL MICROCOSMS _ SCALE 105 days exp

Diesel OIL 1% w/v

Pb 500 mg/Kg
Zn 1000 mg/Kg

100

80

70

removal efficiency %
2

€15 Cl6  CI7 pristne CI8 phyane €19 €24  UCM

Fig. 2. Removal efficiency (%) of diesel oil hydrocarbons in soil top layer (0-20)
after 105 days in different conditions: DM, with the addition of diesel oil and heavy
metals; DB, with the addition of diesel oil and bacterial formula; and DBM, with the
addition of diesel oil, heavy metals and bacterial formula. The values are calculated
as the ratio of the amount of each hydrocarbon in the spiked DO soil sample to the
same hydrocarbon in the DMtO control.

Formula ENEA-LAM/OSS

LAM1

LAM9

LAMS3
LAM18
LAM11
LAM19
LAM22
LAM23
LAM29
LAM30
0OSS31

0SS42

Pseudomonas jesse. &
Pseudomonas resi
Pseudomonas sp
Rhodococcus sp.
Arthrobacter sp.
Arthrobacter sp.
Arthrobacter sp.
Exiguobacterium
Delftia sp.
Bacillus sp.
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Fig. 3. Heavy metal (Zn and Pb) concentration in the three layers of the microcosms
(20: top layer, 40: intermediate layer; and 60: bottom layer) at the beginning of the
experiment (DMt0) and after 105 days of treatment: DM, with the addition of diesel
oil and heavy metals; DB, with the addition of diesel oil and bacterial formula; and
DBM, with the addition of diesel oil, heavy metals and bacterial formula.

A.R. Sprocati et al. / Process Biochemistry 47 (2012) 1649-1655



CO-CONTAMINATION CONCLUSION

The study shows that the microbial formula introduced as

a bioaugmentation agemtas able to promote a hydrocarbon
biodegradation close to 75% in soil, under the dual pressure of
diesel

oil and heavy metals.

The tailo-mademicrobialformula ENEALAMOS®asableto introduce
to the systemthe right metaboliccompetencegwithout perturbing
the nativemicrobialcommunity.

A rationalselectionof inoculumfor bioaugmentatiorhasedon ecological
criteria,,enableghe systemto exploit its full biodegradatiorpotential




A Heavy metals

seriougimiting factor in
bioremediation technology



FP7ZTHEME 3.1.2. ENV.2008.3.1.2.1 : Recovery of degraded soil resource
Coordinator: Professor Erika Kothe, FS University of Jena, Germany

UsingMicroBesfor the REgulationof heavymeta. mobiLity at

ecosystermand landscapascile: an integrative approach for soil

5N Gon - oa
remediationby geobiological processes

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

Grant agreement no.: 226870
20092012
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Using MicroBes for the REgulation of heavy metal > ] o
i nd landscape scAle »
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mobility at ecosystem a
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Problems ODbjectives

Providing assisted phytoremediation otool -

Inthe UE 0,6%,0f soils are b o X etsthe end-users

influenced by mining activity , with
respect to a world average of 0,2%.
1. Microorganisms and piants
Ahe estimated cost of soil
degradation is about 38 billions of di

euros per year. 2. Methodoligical approach

Arhe remediation of these areas is a
strategic priority for European
policies.
3. Previsionalmodels
ALack of sustainable technologies and
landscape approaches with a positive
impact on the river basin included
international waters .

A ack of model



Procedure for the screening and selection of plants and microbial consortia



