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SEDIMENTI E SERVIZI ECOSISTEMICI

• I servizi ecosistemici sono i benefici multipli forniti dagli
ecosistemi al genere umano. Li distinguiamo in:

• Servizi di approvigionamento: foniscono beni quali cibo, 
acqua, legname, fibre

• Servizi di regolazione: regolano il clima e le precipitazioni, i
cicli idrici, i rifiuti

• Servizi culturali: relativi alla bellezza, all’ispirazione ed allo
svago che contribuiscono al nostro benessere spirituale

• Sevizi di supporto: formazione del suolo, fotosintesi, cicli
nutritivi



SEDIMENTI E SERVIZI ECOSISTEMICI

Trhush et al. (2013 ) The many uses and values of estuarine ecosystems. 



The economics of ecosystem biodiversity, 
teebweb.org

Servizi ecosistemici dei 
laghi garantiti dalla 
presenza ed attività dei 
microrganismi



• Più antichi organismi sulla Terra
• Alto rapporto superficie/volume
• La più alta biodiversità
• Unicellulari, piccoli, semplici ma

estremamente versatili (“small but not
stupid”)

• Costante, interminabile adattamento a
nuove condizioni (xenobiosi come
condizione temporanea)

• Tutti i possibili metabolismi sono
rappresentati nel mondo microbico,
inclusi i metabolismi degradativi degli
inquinanti

PERCHE’ I MICROORGANISMI?
UNIT 1 • Principles of Microbiology6

in biological evolution because oxygen (O2)—a waste product of
their metabolism—prepared planet Earth for more complex life
forms.

The First Cells and the Onset
of Biological Evolution
How did cells originate? Were cells as we know them today the
first self-replicating structures on Earth? Because all cells are
constructed in similar ways, it is thought that all cells have
descended from a common ancestral cell, the last universal com-
mon ancestor (LUCA). After the first cells arose from nonliving

materials, a process that occurred over hundreds of millions of
years, their subsequent growth formed cell populations, and
these then began to interact with other populations in microbial
communities. Evolution selected for improvements and diversifi-
cation of these early cells to eventually yield the highly complex
and diverse cells we see today. We will consider this complexity
and diversity in Chapters 2 and 17–21. We consider the topic of
how life originated from nonliving materials in Chapter 16.

Life on Earth through the Ages
Earth is 4.6 billion years old. Scientists have evidence that cells
first appeared on Earth between 3.8 and 3.9 billion years ago,
and these organisms were exclusively microbial. In fact,
microorganisms were the only life on Earth for most of its his-
tory (Figure 1.6). Gradually, and over enormous periods of time,
more complex organisms appeared. What were some of the
highlights along the way?

During the first 2 billion years or so of Earth’s existence, its
atmosphere was anoxic; O2 was absent, and nitrogen (N2), carbon
dioxide (CO2), and a few other gases were present. Only microor-
ganisms capable of anaerobic metabolisms could survive under
these conditions, but these included many different types of cells,
including those that produce methane, called methanogens. The
evolution of phototrophic microorganisms—organisms that har-
vest energy from sunlight—occurred within a billion years of the
formation of Earth. The first phototrophs were relatively simple
ones, such as purple bacteria and other anoxygenic (non-oxygen-
evolving) phototrophs (Figure 1.7a; see also Figure 1.5), which are
still widespread in anoxic habitats today. Cyanobacteria (oxygenic,
or oxygen-evolving, phototrophs) (Figure 1.7b) evolved from
anoxygenic phototrophs nearly a billion years later and began the
slow process of oxygenating the atmosphere. Triggered by in-
creases in O2 in the atmosphere, multicellular life forms eventu-
ally evolved and continued to increase in complexity, culminating
in the plants and animals we know today (Figure 1.6). We will
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Figure 1.6 A summary of life on Earth through time and origin of
the cellular domains. (a) Cellular life was present on Earth about 3.8 bil-
lion years ago (bya). Cyanobacteria began the slow oxygenation of Earth
about 3 bya, but current levels of O2 in the atmosphere were not achieved
until 500–800 million years ago. Eukaryotes are nucleated cells and
include both microbial and multicellular organisms. (Shelly invertebrates
have shells or shell-like parts.) (b) The three domains of cellular organ-
isms are Bacteria, Archaea, and Eukarya. The latter two lineages diverged
long before nucleated cells with organelles (labeled as “modern eukary-
otes” in part a) appear in the fossil record. LUCA, last universal common
ancestor. Note that 80% of Earth’s history was exclusively microbial.
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Figure 1.7 Phototrophic microorganisms. (a) Purple sulfur bacteria
(anoxygenic phototrophs). (b) Cyanobacteria (oxygenic phototrophs).
Purple bacteria appeared on Earth long before oxygenic phototrophs
evolved (see Figure 1.6a).

Brock Biology of Microorganisms 13th edition - © Pearson



Pandei & Jain Bacterial chemotaxis towards environmental pollutants: role in bioremediation. AEM 68, 5789-5795 (2003)

XENOBIOTICI E MICROORGANISMI



ATTIVITA’ MICROBICHE IN SUOLI E SEDIMENTI

Processi che dipendono 
dall’attività dei microorganismi:

• Decomposizione della 
sostanza organica

• Riciclo e rilascio dei nutrienti
• Fissazione di azoto e gas 

serra
• Degradazione e mitigazione 

degli inquinanti
• Struttura dei sedimenti
• Qualità delle acque
• Emissione e stoccaggio di 

gas serra

sino ed oltre milioni di cellule per grammo, appartenenti a decine di migliaia di specie 



TECNICHE E COSTI

Perelo Review: in situ and bioremediation of organic pollutants in aquatic sediments J Haz Mat 177, 81-89 (2010)



• Bioremediation: degradazione dei contaminanti ambientali tramite
metodi biologici che sfruttano il potenziale metabolico di 
microorganismi o piante capaci di degradare diversi inquinanti
organici
• Attenuazione naturale: sfrutta la innata capacità degli organismi

autoctoni, in combinazione con processi chimici e fisici
• Biostimolazione: l’attività dei microorganismi degradanti

autoctoni viene stimolata agendo sulle condizioni ambientali
(e.g., rapporto C/N, elettrostimolazione)

• Bioaugmentazione: ceppi con alta efficienza degradativa
vengono selezionati ed introdotti in alte dosi

• Fitorimedio: utilizzo di piante ed alghe in grado di degradare e/o 
rimuovere gli inquinanti

TECNICHE DI BIOREMEDIATION



Adapted from “A Citizen’s Guide to Bioremediation”, United Nation Environmental 
Agencies, Office of Solid Waste and Emergency Response, EPA 542-F-01-001

BATTERI E BIOREMEDIATION

CHAPTER 24 • Nutrient Cycles, Biodegradation, and Bioremediation 715

possible. We emphasized that under oxic conditions oxygenase
enzymes play an important role in introducing oxygen atoms into
the hydrocarbon. Our discussion here will focus on aerobic
processes, because it is only when O2 is present that oxygenase
enzymes can function and hydrocarbon bioremediation can be
effective in a relatively short time.

Hydrocarbon Decomposition
Diverse bacteria, fungi, and a few green algae can oxidize petro-
leum products aerobically. Small-scale oil pollution of aquatic
and terrestrial ecosystems from human as well as natural activi-
ties is common. Oil-oxidizing microorganisms develop rapidly
on oil films and slicks, and hydrocarbon oxidation is most exten-
sive if the temperature is warm enough and supplies of inorganic
nutrients (primarily N and P) are sufficient.

Because oil is insoluble in water and is less dense, it floats
to the surface and forms slicks. There, hydrocarbon-degrading
bacteria attach to the oil droplets (Figure 24.21) and eventually
decompose the oil and disperse the slick. Certain oil-degrading
bacteria are specialist species; for example, the bacterium
Alcanivorax borkumensis grows only on hydrocarbons, fatty
acids, or pyruvate. This organism produces surfactant chemicals
that help break up the oil and solubilize it. Once solubilized, the
oil can be incorporated more readily and catabolized as an elec-
tron donor and carbon source.

In large oil spills, such as those shown in Figure 24.20 or the
more recent Gulf of Mexico spill off the coast of Louisiana (USA),
volatile hydrocarbons, both aliphatic and aromatic, evaporate
quickly without bioremediation, leaving nonvolatile components
for cleanup crews and microorganisms to tackle. Microorganisms
consume oil by oxidizing it to CO2. When bioremediation activi-
ties are promoted by inorganic nutrient application, oil-oxidizing
bacteria typically develop quickly after an oil spill (Figure 24.20b),
and under ideal conditions, 80% or more of the nonvolatile oil
components can be oxidized within one year. However, certain oil
fractions, such as those containing branched-chain and polycyclic
hydrocarbons, are not preferred microbial substrates and remain
in the environment much longer. Spilled oil that finds its way into
sediments is even more slowly degraded and can have a signifi-
cant long-term impact on fisheries that depend on unpolluted
waters for productive yields.

Degradation of Stored Hydrocarbons
Interfaces where oil and water meet often form on a large scale.
Besides water that separates from crude petroleum during storage
and transport, moisture can condense inside bulk fuel storage
tanks (Figure 24.22) where there are leaks. This water eventually
accumulates in a layer beneath the petroleum. Gasoline and crude
oil storage tanks are thus potential habitats for hydrocarbon-
oxidizing microorganisms. If sufficient sulfate (SO4

2-) is present
in the oil, as it often is in crude oils, sulfate-reducing bacteria can
grow in the tanks, consuming hydrocarbons under anoxic condi-
tions ( Sections 14.13 and 17.18). The sulfide (H2S) produced
is highly corrosive and causes pitting and subsequent leakage of
the tanks along with souring of the fuel. Aerobic degradation of
fuel components is less of a problem because the storage tanks are
sealed and the fuel itself contains little dissolved O2.

MiniQuiz
• What is bioremediation?
• Why might the addition of inorganic nutrients stimulate oil

degradation whereas the addition of glucose would not?

24.10 Xenobiotics Biodegradation 
and Bioremediation

A xenobiotic is a synthetic chemical not produced by organisms in
nature. Xenobiotics include pesticides, polychlorinated biphenyls
(PCBs), munitions, dyes, and chlorinated solvents, among many
other chemicals. Some xenobiotics differ chemically in such major
ways from anything organisms have experienced in nature that
they biodegrade extremely slowly, if at all. Other xenobiotics are
structurally related to one or more natural compounds and can
sometimes be degraded slowly by enzymes that normally degrade
the structurally related natural compounds. We focus here on pes-
ticides as examples of the potential of microorganisms to degrade
xenobiotics.
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Figure 24.21 Hydrocarbon-oxidizing bacteria in association with
oil droplets. The bacteria are concentrated in large numbers at the
oil–water interface, but are actually not within the droplet itself.

Figure 24.22 Bulk petroleum storage tanks. Fuel tanks often support
microbial growth at oil–water interfaces.

• Xenobiotico: una sostanza chimica estranea agli organismi viventi
• Mineralizzazione: gli inquinanti sono usati come sorgente di C e totalmente

metabolizzati a CO2

• Co-metabolismo: I contaminanti sono trasformati in intermedi, 
possibilmente meno tossici

• Immobilizazione / mobilizzazione: agire sulla biodisponibilità degli inuinanti, 
tramite substrati adsorbenti o molecole biosurfattanti



Reid, B.J., Jones, K.C., Semple, K.T. Bioavailability of persistent organic pollutants in soils and sediments-a perspective on
mechanisms, consequences and assessment. Environmental Pollution 2000a, 108, 103-112.

BIODISPONIBILITA’ ED INQUINANTI



Lin et al. (2017 ) Effects of rhamnolipids on the cell surface characteristics of Sphingomonas sp. GY2B and the biodegradation of phenanthrene

BIODISPONIBILITA’ E BIOSURFATTANTI



• Indipendentemente dalla tecnica selezionata (in situ o ex situ, 
biostimolazione o bioaugmentazione), l’approccio microbiologico è 
imprescindibile al fine di:
• valutare preliminarmente il potenziale di bioremediation (quanti, 

quali MO presenti e potenzialmente efficaci)
• selezionare i ceppi migliori per una eventuale bioaugmentazione
• monitorare la presenza e l’attività dei MO degradanti durante il 

processo
• sfruttare eventualmente attività biosurfattanti (vedasi 

biodisponibilità e limiti di legge)
• valutare l’efficacia dell’intervento in termini di ripristino 

dell’ecologia microbica e delle relative funzioni ecosistemiche

TECNICHE DI BIOREMEDIATION



Librrando and Pappalrardo In silico bioremediation of PAHs: a frontier in environmental chemistry J of Molecular Graphics and Modelling 44, 1-8 (2013)

XENOBIOTICI E MICROBI: EFFICACIA



• I microorganismi possono essere utilissimi alleati per le bonifiche ambientali.
Dobbiamo però affrontare alcune domande:
• Come possiamo individuare e trovare i migliori degradanti ?
• Quali metodi per selezionarli ?
• Come produrli su larga scala ?
• Come fare con i composti più recalcitranti ?

EVIDENZE E DOMANDE APERTE



IL PROGETTO LIFE-BIOREST: 
ISOLAMENTO, SELEZIONE ED 

APPLICAZIONE DI MICROORGANISMI 
PER LA BIOREMEDIATION DA 

PETROLIO



LIFE BIOREST sta implementando un approccio biologico per la bonifica in situ di 
suoli contaminati da idrocarburi

1. Dimostrare l'efficienza di un approccio di biorisanamento per suoli 
inquinati basato sulla BIOAUGMENTATION con BATTERI e FUNGHI 
autoctoni, adattati ecologicamente 

2. Dimostrare la fattibilità di SCALARE la produzione di microrganismi attivi 
nel biorisanamento. 

3. Sviluppare protocolli e LINEE GUIDA PER IL BIORIMEDIO che possono 
essere applicati con successo in altri scenari. 

4. Diffondere a livello europeo i chiari vantaggi sociali di affrontare il 
problema della CONTAMINAZIONE.

Decontaminazione
Rivegetazione e 
recupero delle 

funzioni 
ecositemiche

Restituzione ad uso 
pubblico

IL PROGETTO EUROPEO LIFE-BIOREST



Fidenza, Emilia Romagna 
Sito di interesse nazionale ex-Carbochimica ed ex-CIP, Fidenza

LIFE15 ENV/IT/000396

FONDAZIONE LUIGI MICHELETTI 
 

INDUSTRIA E AMBIENTE IN ITALIA 
 

PER UN ATLANTE STORICO DELL’IMPATTO SUL TERRITORIO  
DELL’INDUSTRIALIZZAZIONE DIFFUSA E INTENSIVA 

 
-  

 
Sito di interesse nazionale di Fidenza (Parma) 

 
Inquadramento storico e territoriale 
 
Cronologia 
Data iniziale: 1888 
Data finale: 2003  
 
Localizzazione geografica 
Regione: Emilia Romagna 
Provincia: Parma 
Comune: Fidenza, fino al 1927 Borgo San Donnino. 
 

 
 
 
Insediamento produttivo 
 
Nomi delle industrie operanti nell’insediamento produttivo:  
1. Distilleria di catrame, nata nel 1888, poi Cledca, Conservazione Legno e Distillazione 
Catrame, dal 1929 ed infine Carbochimica, dal 1972 fino al 2003; 

Insediamento produttivo  

LIFE-BIOREST TEST SITE



LIFE-BIOREST: NUMERI E SCHEMI

Suolo inquinato da Fidenza

Isolamento e arricchimento di batteri degradanti

Dereplicazione e identificazione molecolare di isolati

Screening in microtiter per quantificare efficienze 
degradanti e selezionare i migliori isolati

Test dei migliori isolati e dei consorzi su microcosmi di 100 g 

Test dei migliori consorzi su mesocosmi da 15 kg

Test dei migliori consorzi a livello di biopila

4 differenti suoli,
3 profondità (sino a 3 m)

192 ceppi

113 ceppi X 6 inquinanti
= 798 misuri

133 ceppi (20 patogeni)

35 microcosmi X 2 replicati

6 mesocosmi X 3 replicati

350 m3 di suolo trattato in 
biopila



METODI COLTURALI: ARRICCHIMENTI



10g suolo contaminato +  terreno minerale (M9) contenente inquinanti come sola sorgente di C

BENZENE PARAFFIN OIL CRUDE OIL

28 isolati 55 isoalti 9 isolati

Tre sottoculture di arricchimento consecutive eseguite nelle stesse condizioni

METODI COLTURALI: ARRICCHIMENTI



BENZENE PARAFFIN OIL CRUDE OIL

28 bacterial isolates 55 bacterial isolates 9 bacterial isolates 

Soil	-1

34% 

Soil	-2

53% 

Soil	-3

13% 

ARRICCHIMENTI

BACTERIA B N P Phe Pa O total
Soil -1m 28 12 7 15 15 4 81
Soil -2m 18 14 6 12 34 9 93
Soil -3m 9 9 5 7 14 1 45

25% 16% 10% 15% 29% 7% 219



ARRICCHIMENTI-INDAGINI MOLECOLARI

METHODS
S1 (0-1 m)

S2 (1-2 m)

S3 (2-3 m)

T0 T1 T2 T2

campionamenti arricchimenti

Culturomica

Metagenomica

• Campioni prelevati a 3 profondità del suolo (1, 2 e 3 m)
• Arricchimenti sequenziali su inquinanti bersaglio M9 + 7 

come unica fonte C 
• Campioni per metagenomica prelevati dal terreno originale 

e ogni fase di arricchimento (1, 2 e 3 settimane)
• Isolamento dei ceppi alla fine dell'arricchimento (3 

settimane)



Spini et al. (2018) Molecular and microbiological insights on the enrichment procedures for the isolation of petroleum degrading bacteria
and fungi. Frontiers in Microbiology, in press.
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• Estrazione del DNA 
dagli isolati

• Amplificazione con 
PCR del gene 16S

Sequenziamento dei
prodotti di PCR

RDP Sequence match

Generi

• Pseudomonas
• Bacillus/Paenibacillus
• Sphingobacterium
• Pseudoxanthomonas

• Enterobacter
• Acinetobacter

n° 20 patogeni scartati (ina
ccordo con il Dr.L 81/2008) 

Figure. P1-P6 PCR products visualized on
agarose gel (expected length 1500bp)

Pseudomonas
31%

Bacillus
9%

Paenibacillus
5%

Sphingobacterium
9%

Pseudoxanthomonas
3%

Cupriavidus
2%

Achromobacter
3%

Stenotrophomonas
3%

Pantoea
4%

Enterobacter
9%

Serratia
3%

Stenotrophomonas
3%

Acinetobacter
5%

Stenotrophomonas
4%

Others
7%

IDENTIFICAZIONE DEGLI ISOLATI
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SCREENING MASSIVO DEGLI ISOLATI



Isolate	ID Genus/Species Isolation	approach
Isolation	T	

(°C)
Substrate Substrate Substrate Substrate

EC1 Gordonia	rubripertincus enrichment	culture 30°C Naphtalene (++)	* Paraffin (++)	
EC33 Achromobacter	xylosoxidans enrichment	culture 30°C Heptadecane (+) Naphtalene (++) Benzene (+++) Paraffin (++)	
EC17 Pseudomonas	putida enrichment	culture 30°C Paraffin (++) Benzene (+++) Naphtalene (++)
EC34 Pseudoxanthomonas	mexicanaenrichment	culture 30°C Naphtalene (+++) Benzene (++) Paraffin (+)
O7 Pseudomonas	putida solid	screening 24°C Paraffin (+)
O6 Pseudomonas	putida solid	screening 24°C Paraffin (+)
O2 Pseudomonas	sp. solid	screening 24°C Paraffin (+)
EC52 Sphingobacterium	sp. enrichment	culture 30°C Benzene (+++) Paraffin (++) Naphtalene (++)
B7 Bacillus	idriensis solid	screening 24°C Naphtalene (++) Benzene (++)
EC43 Pseudomonas	fluorescens enrichment	culture 30°C Paraffin (+)
B17 Pseudomonas	chlororaphis	 solid	screening 24°C Paraffin (+)
EC47 Pseudomonas	fluorescens enrichment	culture 30°C Paraffin (++)
EC103 Serratia	marcescens enrichment	culture 30°C Benzene (+++) Naphtalene (+) Paraffin (++)
EC80 Bacillus	subtilis enrichment	culture 30°C Benzene (++) Paraffin (++)
P31 Agrobacterium	sp.	SCAU685 solid	screening 24°C Paraffin (+)
P32b Rhizobium	sp.	 solid	screening 24°C Paraffin (++)
P33 Rhizobium	sp.	 solid	screening 24°C Naphtalene (++) Benzene (++) Paraffin (++)
P37 biocide-degrading	bacterium	 solid	screening 24°C Paraffin (+)
B19 denitrifying	bacterium	SN230 solid	screening 24°C Benzene (++)
B20 Ochrobactrum	sp. solid	screening 24°C Paraffin (+)
P36 Agrobacterium	sp.	 solid	screening 24°C Paraffin (+)
EC42 Serratia	marcescens enrichment	culture 30°C Paraffin (+)
P34 Pseudomonas	plecoglossicida solid	screening 24°C Paraffin (+)
B11 Pseudomonas	putida solid	screening 24°C Pyrene (+) Phenanthrene (++) Paraffin (++)
O5 Pantoea	agglomerans solid	screening 24°C Paraffin (++)
P26 Pseudomonas	putida solid	screening 24°C Paraffin (+)
B10 Pseudomonas	putida solid	screening 24°C Paraffin (++)
P34B Pseudomonas	putida solid	screening 24°C Benzene (++) Paraffin ** Phenanthrene (++)
P27 Pseudomonas	putida solid	screening 24°C Paraffin (++++) Phenanthrene (+)
P30 Pseudomonas	chlororaphis solid	screening 24°C Paraffin (++++)
P28 Pseudomonas	putida solid	screening 24°C Paraffin (+++)
P29 Acinetobacter	calcoaceticus solid	screening 24°C Paraffin (+++)
B13 Pseudomonas	putida solid	screening 24°C Phenanthrene (++)

*percentage increase of the OD at 750nm after six days (t6) compared to the zero time (t0), normalized to the abiotic controls
(+) more than 150% (+++) greater than 300%
(++) between 200% and 300% (++++) greater than 400% (**) greater than 700%

SCREENING MASSIVO DEGLI ISOLATI



vTest colorimetrici (ABTS, Poly R478)
vTest su piastra (Oil spread test, emulsification test, etc.)
vIdentificazioni chimiche metabolomiche

SCREENING DEGLI ISOLATI PER ATTIVITA’ 
BIOSURFATTANTI



SELEZIONE IN MICROCOSMO



LIFE BIOREST 
••• 

Deliverable n° 5 Action B1 
 

8 

20 theses, the rationale for strains choice are also reported in Table 2. The criteria for these 

choices were largely based on the microtiter screenings results reported in Deliverable 

B1.D3: we chose the best degraders towards different pollutants, as well as good 

biosurfactant producers, strains versatile towards different pollutants, strains that were 

isolated from oil and thus had a good adaptation. 

 

Table 2. Composition of the first 20 microcosms theses  

 
Micro
cosm/
thesis 

strains Rationale 
ba

ct
er

ia
 

1 CP7 1st best degrader 

2 B11 2nd best degrader 

3 EC77 3rd best degrader 

4 CP7+B11+EC77 first best 3 

5 CP7+B11+EC77+P34-24 first best 3 + biosurfactant prouducer 

6 O3 good pyr degrader (isolated from oil) 

7 O3+P34-24 good pyr degrader + biosurf (bioavailability issue) 

8 O6 degrader isolated from oil 

9 EC31 versatile on different pollutants 

10 CP122 versatile on different  pollutants 

fu
ng

i 

11 127 first best fungus 

12 71 second best fungus 

13 299 third best fungus 

14 127 + 71 + 299 3 best fungi 

15 219 + 15 + 304 + 117 best mitosporic fungi  

16 219 + 15 + 304 + 117 + 127 best mitosporic fungi + basidiomycete 

17 219 + 15 + 304 + 117 + 127 + 71 + 299 best mitosporic fungi + 3 best fungi 

18 51 + 203 among the best tens, different growth, biosurfactant 
producers 

19 304 + 117 + 307 + 308 isolated from oil 

20 304 + 117 + 307 + 308 + 127 isolated from oil + basidiomycete 

 

The chemical results provided by ARPAE for the first 20 bacterial and fungal microcosms at 

20 days were used to decide the composition of the following 15 microcosms. The 

preliminary chemical data at 20 days were then statistically analyzed (variance analysis) by 

SELEZIONE IN MICROCOSMO



LIFE BIOREST 
••• 

Deliverable n° 5 Action B1 
 

10 

Table 4. Composition of the last 15 microcosms theses, together with the rationale for their selection 

 Microcosm/thesis strains Rationale  

fu
ng

i+
ba

ct
er

ia
 

21 127 + 71 + 299 + EC77 + B11 + CP7 + 
+P37 3 best fungi and bacteria 

22 219 + 15 + 304 + 117 + 127 +299 + 
EC77 + B11 + CP7 + P37 T17 + 3 best bacteria 

23 304 + 117 + O3 + O6 isolated from oil 

24 304 + 117 + O3 + O6 + 127 + 299 isolated from oil + 
basidiomycete 

25 304 + 51 + 299 + CP7 + EC77 + P37 
those that seem to grow on 
soil + basidiomycete + best 
bacteria 

26 219+15+304+117+148+ 
06+EC31+CP122+ CP7+EC77 

best fungi and bacteria 
accoridng to 20d data of 
microcosms 

27 304+117+307+308+299+148 + 
06+EC31+CP122+EC77+B11+P37 

best fungi and bacteria 
according to 20d data of 
microcosms+ best 
biosurfactant bacterial 
producers 

28 143 + 131 + 307 + 188 + 177 + 
06+EC31+CP122+P29+EC30+EC101 

fungi with high growth in 
microplate + best bacteria in 
microcosm+ alkanes 
bacterial degraders 

29 245 + 239 + 203+307 + 131 + 188 + 299 
+ B24+ EC101+EC77+P36+EC31 

fungi isolated in enrich + 
pyr/phe growing fungi + 
versatile bacteria on different 
pollutants 

30 203 + 274 + 177+51+148 + 299 + 
P29+EC30+03+B19+B20+B10 

pyr or phe or alkanes growing 
fungi + basidiomycete + 
pyr/phe and alkanes 
bacteria degraders  

fu
ng

i+
ba
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io
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31 Thesis 21 + biosurfactants Thesis 21 + biosurfactant 
(bioavailability issue) 

32 Thesis 22 + biosurfactants Thesis 22 + biosurfactant 
(bioavailability issue) 

33 Thesis 26+ biosurfactants Thesis 26+ biosurfactant 
(bioavailability issue) 

34 Thesis 27+ biosurfactants Thesis 27+ biosurfactants 
(bioavailability issue) 

35 Thesis 29+ biosurfactants Thesis 29+ biosurfactants 
(bioavailability issue) 
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Table 2. Scores of microcosms theses as compared to the control 

theses 2ringsPAHs 3ringsPAHs 4,5,6PAHs C>12 final_score 
T1 0 1 1 0 2 
T2 0 1 1 0 2 
T3 0 1 1 0 2 
T4 0 1 1 0 2 
T4R 1 1 0 1 3 
T5 1 1 0 0 2 
T6 1 1 1 0 3 
T7 0 1 0 0 1 
T8 0 0 0 0 0 
T9 0 1 1 0 2 
T10 0 1 1 0 2 
T11 1 1 1 0 3 
T12 0 1 1 0 2 
T13 0 1 0 0 1 
T14 1 1 1 0 3 
T15 0 1 0 0 1 
T16 0 1 1 0 2 
T17 1 0 0 0 1 
T18 1 1 0 0 2 
T19 1 0 0 0 1 
T20 1 0 0 0 1 
T21 0 1 0 0 1 
T22 0 1 1 1 3 
T23 1 1 0 0 2 
T24 0 1 0 1 2 
T25 0 1 1 1 3 
T26 1 1 0 1 3 
T27 1 1 0 0 2 
T28 1 1 0 0 2 
T29 1 1 0 0 2 
T30 1 1 0 0 2 
T31 1 0 0 0 1 
T32 0 0 0 0 0 
T33 1 1 0 0 2 
T34 1 1 0 0 2 
T35 1 1 0 0 2 

 



MESOCOSMI
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The results showed that no theses scored 4 points (i.e., performed better than the control for 

all 4 classes), but several theses had 3, 2 or 1 points.  

These results were used to decide the composition of all 5 remaining mesocosms, focusing 

only on theses between 21 and 35 since we wanted to test always bacteria and fungi 

together. According to these elaborations, the mesocosms listed in Table 3 were then studied. 

Some modifications according to the results were made: for example T32 composition is 

exactly the same composition of T22, with the addition of chemical biosurfactants. 

Interestingly, ranking results gave the highest score (3) to T22, and the lowest (0) to T32. This 

may be due to an effect of the biosurfactant that makes the pollutants more bioavailable, 

and thus increase the total concentration still at 60 days. For this reason, we decided to test 

any way T32 in the mesocosms despite of the low ranking.  

 

Table 3. Composition of the mesocosms studied  

Mesocosms 
theses 

Corresponding 
microcosms 

Composition 

A 22 219 + 15 + 304 + 117 + 127 +299 + EC77 + B11 + CP7 + P37 

B 32 219 + 15 + 304 + 117 + 127 +299 + EC77 + B11 + CP7 + P37 

C 27 304+117+307+308+299+148 + 06+EC31+CP122+EC77+B11+P37 

D 28+biosurfact 143 + 131 + 307 + 188 + 177 + 06+EC31+CP122+P29+EC30+EC101 

E 29 245 + 239 + 203+307 + 131 + 188 + 299 + B24+ EC101+EC77+P36+EC31 

F 35 203 + 274 + 177+51+148 + 299 + P29+EC30+03+B19+B20+B10 

 

 

2. Preparation of selected fungi and bacteria  
The growth of the selected microorganisms was optimized for the application to mesocosms 

and to field as described in the Deliverable B2.D1 The overall material which was produced 

by ACTY for the application to mesocosms is described in Table 4 (Fungi) and Table 5 

(Bacteria).   

SELEZIONE IN MESOCOSMI
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STUDIO DELLE COMUNITA’ 
MICROBICHE IN SEDIMENTI 

CONTAMINATI DA PETROLIO A 
MONASTIR, TUNISIA 



• Le comunità microbiche degradanti il petrolio sono state arricchite da 4
diversi ambienti:
Table 1: Physico-chemical characteristics of the environmental samples used for the enrichment of oil-degrading 
microbial communities 

  
Sample 

label 
Sample 

description 
Grain size 

distribution (%) 
pH MO 

(%) 
Organic 
C (%) 

Nt 

(%) 
H 

(%) 
TPH 

content 
(mg/g) 

Sand Silt Clay 

R Refinery reservoir 
soil 

53.17 4.65 11.95 6.97 5.40 3.14 0.14 1.21 207.54 

K Petroleum station 
soil 

63.6 11.7 17.6 7.79 6.07 3.53 0.11 5.11 141.49 

S Sediment from 
Teboulba harbor 

91.3 0.5 1.7 7.96 1.77 1.03 0.11 24.08 4,67 

 
Sample label Sample description pH CE mmh/cm RS g/L % of suspended 

matter 
TPH content 

(mg/L) 

E Seawater from 
Teboulba harbor 

7.56 53 37 1.02 76.0 

 
Abbreviations: Nt   total Nitrogen; C carbon; MO organic matter; H water content in %, TPH total petroleum 
hydrocarbon  

	

ARRICCHIMENTI

Omrani et al. (2018) Modulation of microbial consortia enriched from different polluted environments during petroleum biodegradation. 
Biodegradation, 29:187-209



• I consorzi arricchiti sono stati testati per la loro capacità di degradare il
petrolio greggio.

• Il campionamento è stato effettuato a 0, 1 2, 4 e 8 settimane
• Su ciascun campione sono state eseguite le seguenti analisi:

• Degradazione chimica (idrocarburi totali, aromatici, alifatici)
• PCR dei geni di degradazione
• analisi molecolari per valutare la struttura della comunità batterica

PIANO SPERIMENTALE



Percentages of biodegradation of TPH (total petroleum hydrocarbons), NAH (non-aromatic Hydrocarbons) and AH
(aromatic hydrocarbons)
Of ZCO by the bacterial consortia K,R,S and E at various incubation periods.
Values followed by the same letter are not significantly different according to HSD test for comparison of means
Sample W1 W2 W3 W4 W8 F value

TPH 63.4 ±0.8 c 69.4 ±8.8 bc 84.8 ±2.1 ab 88.4 ±0.9 a 92.0 ±1.7 a 18.288**
R NAH 28.1 ±2.3 c 36.0 ±4.4 bc 48.4 ±3.6 ab 57.8 ±4.2 a 63.7 ±5.8 a 24.601**

AH 39.8 ±2.2 b 63.7 ±2.8 a 68.1 ±0.2 a 72.8 ±5.7 a 80.9 ±7.4 a 23.93**
TPH 67.4 ±14.1 a 75.7 ±12.0 a 83.8 ±3.4 a 86.3 ±2.1 a 88.0 ±0.1 a 2.055ns

K NAH 13.0 ±2.3 b 37.4 ±8.4 a 45.9 ±4.2 a 52.9 ±7.3 a 54.9 ±5.6 a 16.269**
AH 27.2 ±0.0 e 38.6 ±0.9 d 48.8 ±0.0 c 55.6 ±0.4 b 69.4 ±0.4 a 2275.6***
TPH 57.9 ±1.0 c 74.5 ±2.1 b 83.4 ±3.2 a 88.3 ±1.7 a 91.2 ±0.7 a 95.01***

S NAH 18.6 ±0.6 b 21.4 ±4.2 b 33.8 ±7.5 b 57.2 ±0.4 a 64.3 ±2.1 a 54.312***
AH 31.8 ±1.7 c 38.3 ±4.8 c 47.2 ±9.6 bc 64.0 ±3.7 ab 71.6 ±0.4 a 21.531**
TPH 61.3 ±9.6 a 68.8 ±15.2 a 86.5 ±2.0 a 87.2 ±1.7 a 89.1 ±1.9 a 4.797ns

E NAH 15.1 ±6.5 b 28.7 ±8.6 ab 40.8 ±7.7 ab 47.4 ±7.1 a 55.8 ±4.8 a 10.326*
AH 34.9 ±21.0 a 46.6 ±13.5 a 55.7 ±11.1 a 58.0 ±9.6 a 67.0 ±6.1 a 1.701ns

ns not significant; * <0.05; ** <0.01; *** < 0.001

BIODEGRADAZIONE



Table 3. Detection of catabolic genes in soil samples before and during biodegradation assays 

 week 0 week 1 week 8 

gene inoculum treat treat control treat treat control 

 Consortium R 

AlkB + + + + + + - 

NdoB + + + - - - - 

Cat23 + + + + + - - 

XylA - + + - + - - 

NidA1 - - - - - - - 

 Consortium K 

AlkB + + + + + + + 

NdoB - + + - - - - 

Cat23 + + + - + + + 

XylA - + + + + + + 

NidA1 - - - - - - - 

 Consortium S 

AlkB + + + - + - + 

NdoB - - - - - - - 

Cat23 + + + - + - + 

XylA - + - - + - + 

NidA1 - - - - - - - 

 Consortium E 

AlkB + + + + + + + 

NdoB + - - - - - - 

Cat23 + - + + - - - 

XylA - - - - - - - 

NidA1 - - - - - - - 

(+) fragments of the same size of the reference; (-) no bands of the expected size were detected 

	

PCR
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FIORITURE DI BATTERI DURANTE LA 
BIOREMEDIATION



• I microorganismi sono i nostri migliori alleati per il biorisanamento
• Esiste una biodiversità ampia e in parte sconosciuta da studiare e poi 

sfruttare 
• I processi di scaling-up sono necessari per minimizzare i problemi 
• Passaggi chiave:

• Seguire con appropriati indicatori le attività ed il destino dei ceppi 
degradanti, siano essi stimolati o bioaugmentati

• Valutare il biorisanamento di composti fortemente recalcitranti 
• Identificare e superare vincoli fisici (biodisponibilità) e legali (limiti 

di legge, risk assessment, ecotossicologia)
• INTERDISCIPLINARIETA’ !!

CONCLUSIONI E SUGGERIMENTI
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