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INQUINAMENTO 
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Cos’è la qualità del suolo?

“la capacità di uno specifico suolo di funzionare all’interno dei confini di 

ecosistemi naturali o antropizzati, di sostenere la produttività di piante ed 

animali, di mantenere o migliorare la qualità dell’acqua e di supportare la 

salute dell’uomo”

Quali sono le cause di riduzione di qualità del suolo?

• Inquinamento, erosione, cementificazione, riduzione della biodiversità

Come misurare la qualità del suolo?

• La funzionalità ecologica di un suolo è la risultante di una interazione tra 

le sue componenti fisiche, chimiche e biologiche

→Un singolo parametro non è mai sufficiente, occorrono indicatori 

multivariabile

Karlen et al. (2007) Soil quality: a concept, definition and framework for evaluation Soil Sci Soc Am J 61:4-10
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Cosa fanno?

• Decomposizione della 

sostanza organica

• Ciclo dei nutrienti

• Fissazione dell’N2

• Soppressione delle 

malattie delle piante

• Miglioramento della 

struttura del suolo

• Biodegradazione degli 

inquinanti

• Emissioni di gas serra 

Chi sono? Quanti sono ?

La biomassa microbica in 1 ha di suolo 

pesa circa come una vacca

Dotazione microbiologica di un g di suolo 

di buona qualità:

• Oltre 1 miliardo di cellule

• Centinaia di migliaia di specie 

microbiche

I microorganismi e la funzionalità ecologica del suolo
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Bais et al. (2006) Annu Rev Plant Biol 57:233-66; van West et al. (2002) Mol Plant-Microbe Interact 15:790-98

Interazioni biologiche nel suolo: batteri, funghi, piante 

rendono il suolo un ambiente vivo che supporta la vita
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Cook & Hesterberg 2013; Tang et al., 2010; Amrani et al. 2015

Il contributo delle piante alla decontaminazione del suolo
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Le fasi del progetto LIFE-BIOREST

1. Biorisanamento

2. Rivegetazione

3. Monitoraggio del recupero della funzionalità

ecologica

4. Diffusione internazionale del metodo
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Best Practice Note: Landfarming 

10   www.epa.nsw.gov.au 

Any waste transported from the site that is required by the Protection of the 
Environment (Waste) Regulation 2005 to be tracked must be recorded using the 
EPA’s on-line tracking system or an alternative system approved in writing by the 
EPA. 

8. Validation 

The time frame for landfarming is site-specific: treatment is complete when the 
remedial target levels have been achieved for the specified use of the soils and there 
is confirmation that the chemicals of concern no longer present a risk of harm to 
human health or the environment. 

The number of samples collected and analysed for the validation of landfarmed soil 
should be adequate to provide a statistically reliable result (EPA 1995), taking into 
account the intended use of the soils (SA EPA 2005). After removal of the 
landfarmed soils, the underlying area should be validated to confirm that 
contamination has not migrated vertically through the underlying liner (Tas DTAE 
2006). 

Information on the landfarming process, including monitoring data for air, odour and 
leachate, etc. collected during the landfarming process and validation results of 
landfarmed soils and underlying soils, should be described in a validation report for 
each site. The report should also include records of measures that were taken to 
optimise biodegradation of the contaminated soils and control volatilisation, including 
details of any laboratory and field trials. 

Appendix I: Biopiles 

‘Biopiles’ – also known as biocells, bioheaps and biomounds – are similar to 
landfarms in that they are both above-ground, engineered systems that use oxygen 
to stimulate the growth and reproduction of aerobic bacteria which, in turn, degrade 
the contaminants adsorbed to soil. 

While landfarms are aerated by tilling, biopiles tend to be aerated by forcing air to 
move by injection or extraction through slotted or perforated piping placed throughout 
the pile (US EPA 2011), as shown in Figure 2. 

Figure 2: Schematic of a biopile 

 

 
Source: UK EA 2002 

Biopiles should be considered an alternative to landfarms, especially on sites near 
sensitive receptors, as emissions can be more easily controlled. 

Il miglior consorzio di batteri e funghi selezionato nelle prove in mesocosmo è

stato prodotto in opportuni volumi da Actygea ed utilizzato per inoculare una

biopila di 400 m3 di suolo dell’ex-Carbochimica

Biorisanamento del suolo

Azione B1

Azione B2

Azione B3
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E’ stata effettuata una attività di selezione delle varietà più resistenti agli

inquinanti tra

Piante agricole: grano, orzo, mais, sorgo, pomodoro

Piante da foraggio: erba mazzolina, festuca, loietto, trifoglio

Piante industriali/da biomassa: miscanto, canapa, panico, arundo

Rivegetazione del suolo – fase in lab e in serra

Scale up

Capsule petri -eluati Piccoli vasi Grandi vasi
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Recupero delle funzionalità ecologiche del suolo

• Analisi chimiche

• Analisi microbiologiche

• Analisi biochimiche

• Analisi ecotossicologiche

Best Practice Note: Landfarming 

10   www.epa.nsw.gov.au 

Any waste transported from the site that is required by the Protection of the 
Environment (Waste) Regulation 2005 to be tracked must be recorded using the 
EPA’s on-line tracking system or an alternative system approved in writing by the 
EPA. 

8. Validation 

The time frame for landfarming is site-specific: treatment is complete when the 
remedial target levels have been achieved for the specified use of the soils and there 
is confirmation that the chemicals of concern no longer present a risk of harm to 
human health or the environment. 

The number of samples collected and analysed for the validation of landfarmed soil 
should be adequate to provide a statistically reliable result (EPA 1995), taking into 
account the intended use of the soils (SA EPA 2005). After removal of the 
landfarmed soils, the underlying area should be validated to confirm that 
contamination has not migrated vertically through the underlying liner (Tas DTAE 
2006). 

Information on the landfarming process, including monitoring data for air, odour and 
leachate, etc. collected during the landfarming process and validation results of 
landfarmed soils and underlying soils, should be described in a validation report for 
each site. The report should also include records of measures that were taken to 
optimise biodegradation of the contaminated soils and control volatilisation, including 
details of any laboratory and field trials. 

Appendix I: Biopiles 

‘Biopiles’ – also known as biocells, bioheaps and biomounds – are similar to 
landfarms in that they are both above-ground, engineered systems that use oxygen 
to stimulate the growth and reproduction of aerobic bacteria which, in turn, degrade 
the contaminants adsorbed to soil. 

While landfarms are aerated by tilling, biopiles tend to be aerated by forcing air to 
move by injection or extraction through slotted or perforated piping placed throughout 
the pile (US EPA 2011), as shown in Figure 2. 

Figure 2: Schematic of a biopile 

 

 
Source: UK EA 2002 

Biopiles should be considered an alternative to landfarms, especially on sites near 
sensitive receptors, as emissions can be more easily controlled. 

biopila
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Analisi chimiche

• Sono finalizzate a valutare l’abbattimento degli inquinanti:

• Idrocarburi policiclici aromatici, BTEX, alcani

• Occorre valutare la biodisponibilità; ovvero, verificare che eventuali

residui di inquinanti nel suolo siano bloccati e quindi non in grado di 

creare impatto sull’ambiente e sulla salute dell’uomo

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 Pol lution

2000a, 108, 103-112.

Non bioavailable

Non degradable

Non bioavailable 

degradable

Bioavailable

Non degradable

Bioavailable

degradable
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Analisi ecotossicologiche 
Ecotossicologia: branca della tossicologia che si occupa dello

studio degli effetti tossici causati da inquinanti naturali o sintetici sulle

componenti animali, vegetali e microbiche degli ecosistemi

Daphnia magna

Vibrio fisherii

Eisenia fetida

Triticum aestivum

Lepidium sativum

Folsomia candida
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Analisi microbiologiche

Carica batterica e fungina totale

+ = ?

Indici di biodiversità Struttura delle

comunità microbiche
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Selezione delle piante: prove di germinazione

• Confronto tra 14 specie: 

Cannabis sativa, Dactylis

glomerata, Festuca

arundinacea, Festuca rubra, 

Lolium multiflorum, Lolium

perenne, Lotus corniculatus, 

Medicago sativa, Solanum 

licopersicum, Sorghum bicolor, 

Trifolium pratense, Trifolium

repens, Triticum durum, and Zea

mays.
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Species Not germinated 

seeds (n)

Germinated seeds 

(n)

Roots length (cm)

Sorghum bicolor 0 25 102.3

Trifolium repens 1 24 68.2

Zea mays 3 22 167.1

Trifolium pratense 4 21 116.4

Dactylis glomerata 7 18 39.0

Festuca rubra 7 18 24.5

Medicago sativa 9 16 63.6

Festuca arundinacea 10 15 43.4

Lotus corniculatus 11 14 56.3

Lolium perenne 11 14 9.7

Lolium multiflorum 13 12 68.7

Triticum durum 22 3 48.2

Solanum licopersicum 22 3 0.4

Cannabis sativa 24 1 1.2

Selezione delle piante: prove di germinazione
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Prove in vaso sulle 3 piante selezionate: efficienze di 

degradazione
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Festuca arundinacea: dati di degradazione
 with Festuca 

arundinacea  

control 

(no 

plants) 

difference  

2-methylnaphthalene  - - - 

1-methylnaphthalene  - - - 

naphthalene  - - - 

Total 2 rings - -  -  

acenaphthylene  0.05 0.1 -0.01 

acenaphthene  0.10 0.3 -0.18 

fluorene  0.17 0.2 -0.05 

phenanthrene  3.98 5.0 -1.04 

anthracene  0.55 0.8 -0.28 

Total 3 rings 4.86 6.4 -1.56 

fluoranthene  10.09 12.0 -1.90 

pyrene  8.21 9.6 -1.38 

benzo (a) anthracene  4.48 5.0 -0.48 

chrysene  4.29 4.3 -0.03 

Total 4 rings 27.08 30.9 -3.79 

benzo (b + j) fluoranthene  5.95 6.5 -0.53 

benzo (k) fluoranthene  2.20 2.4 -0.20 

benzo (a) pyrene  2.38 2.7 -0.35 

indeno 1.59 1.9 -0.27 

dibenzo (ac + ah) anthracene  0.49 0.6 -0.08 

benzo (ghi) perylene  1.66 1.8 -0.15 

dibenzo (a) pyrene  0.62 0.7 -0.10 

dibenzo (ae) pyrene  0.15 0.2 -0.02 

dibenzo (ai) pyrene  0.12 0.1 0.02 

dibenzo (ah) pyrene  - < 0.01  

Total 5-6 rings 15.17 16.8 -1.68 

Hydrocarbons C>12 218.50 286.5 -68.00 
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Sorghum bicolor: dati di degradazione

 with Sorghum 

bicolor 

control 

(no plants) 

difference  

2-methylnaphthalene  - - - 

1-methylnaphthalene  - - - 

naphthalene  - - - 

Total 2 rings - - -  

acenaphthylene  0.05 0.1 -0.01 

acenaphthene  0.24 0.3 -0.04 

fluorene  0.22 0.2 0.00 

phenanthrene  3.80 5.0 -1.22 

anthracene  0.72 0.8 -0.11 

Total 3 rings 5.03 6.4 -1.38 

fluoranthene  9.31 12.0 -2.68 

pyrene  8.46 9.6 -1.13 

benzo (a) anthracene  4.60 5.0 -0.36 

chrysene  4.03 4.3 -0.28 

Total 4 rings 26.41 30.9 -4.45 

benzo (b + j) fluoranthene  6.10 6.5 -0.38 

benzo (k) fluoranthene  2.13 2.4 -0.26 

benzo (a) pyrene  2.54 2.7 -0.19 

indeno 1.68 1.9 -0.18 

dibenzo (ac + ah) anthracene  0.53 0.6 -0.03 

benzo (ghi) perylene  1.73 1.8 -0.08 

dibenzo (a) pyrene  0.70 0.7 -0.02 

dibenzo (ae) pyrene  0.15 0.2 -0.03 

dibenzo (ai) pyrene  0.16 0.1 0.05 

dibenzo (ah) pyrene  < 0.01 < 0.01 0.00 
Total 5-6 rings 15.67 16.8 -1.17 

Hydrocarbons C>12 257.17 286.5 -29.33 
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Trifolium pratense: dati di degradazione
 with Trifolium 

pratense 

control 

(no plants) 

d ifferenc e  

2-methylnaphthalene - - - 

1-methylnaphthalene - - - 

naphthalene - - - 

Total 2 rings - - -  

acenaphthylene 0.04 0.1 -0.02 

acenaphthene 0.08 0.3 -0.20 

fluorene 0.17 0.2 -0.05 

phenanthrene 4.21 5.0 -0.81 

anthracene 0.81 0.8 -0.02 

Total 3 rings 5.32 6.4 -1.10 

fluoranthene 10.49 12.0 -1.50 

pyrene 8.75 9.6 -0.84 

benzo (a) anthracene 4.45 5.0 -0.52 

chrysene 4.19 4.3 -0.12 

Total 4 rings 27.88 30.9 -2.98 

benzo (b + j) fluoranthene 5.48 6.5 -1.00 

benzo (k) fluoranthene 1.96 2.4 -0.44 

benzo (a) pyrene 2.34 2.7 -0.39 

indeno 1.53 1.9 -0.33 

dibenzo (ac + ah) anthracene 0.47 0.6 -0.09 

benzo (ghi) perylene 1.55 1.8 -0.27 

dibenzo (a) pyrene 0.54 0.7 -0.18 

dibenzo (ae) pyrene 0.14 0.2 -0.03 

dibenzo (ai) pyrene 0.13 0.1 0.02 

dibenzo (ah) pyrene  < 0.01  
Total 5-6 rings 14.13 16.8 -2.71 

Hydrocarbons C>12 249.50 286.5 -37.00 
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In attesa della biopila…rivegetazione in serra
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Analisi in corso:

• Conte totali di batteri e funghi

• Analisi metagenomica della struttura delle comunità

microbiche

• Concentrazioni totali e biodisponibili degli inquinanti

• Analisi ecotossicologiche
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