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Limits: 

Contaminant concentrations are too high for allowing the     

   survival of plants and microbia 

 

Contaminated soil layer is too deep  

   to be reached by roots or microbia 

 

Sanitary risks are too high 

  for waiting the time required  

  by bio-, phyto-remediation 

 

 

 



a) Environmental restoration: transforming landfills in parks 

 

 

 

 

 

 

b) Securing: avoiding contaminant movements 

 

 

 

 

 

 

 

                         1.800.000 euro/ha                                                                               100.000 euro/ha 

According to the Italian legal definitions the bioremediation 

techniques for recovering degraded soils are aimed to: 

Concrete Platform                Dense meadow 



c) Remediation (to reduce risks below the 

thresholds): biodegrading organic contaminants, 

extracting PTEs and reducing PTE mobility and 

bioavailability. 

Poplar and Brassica juncea 

for phytoexctraction of 

bioavailable Cd 

Dig and dumping 



Poliannual crops allow to achieve all these 

objectives, also providing other ecosystem services 

PROVISIONING S.: biomasses for energy or bioplastic 

 

REGULATING S.: climate (C sequestration in soils), water 

(groundwater protections), erosion, biodiversity 

 

CULTURAL S.: educational, recreational,  



Compost fertilization increases: 

- PTEs uptake (as it increases 

bioavailability and plant growth) 

- Organic contaminant 

biodegradation 

In this context, we defined and validated at pilot 

scale an assisted phytoremediation protocol 

based on biomass 

crops fertilized with 

compost from MSW 



1) completely covers the soil 

(also with crop residues), 

2) completely cancels soil 

erosion (and dispersion of 

soil particles), 

3) increases C storage into 

the soil, thus improving 

soil fertility, 

4) produces high biomass 

yield with low inputs (no 

irrigation, low N doses) 

Among the different species, we consider giant reed 

particularly interesting because it: 



Dense poplar stands are also interesting since they: 

- uptake great amount of PTEs and accumulate them in roots and 

wood 

- reduce ground wind speed since reducing risk of resuspension of soil 

particles 

N.B.: PTEs accumulated in leaves return in the soil but they are 

recirculated from the deep to top soil layers, thus protecting groundwater 

from leaching. The effects on PTE bioavailability must be better studied 



Contaminated wood can be pyrolysed for concentrating and 

immobilizing PTEs in the char (and producing energy from syngas) 

Wood can also be used in smelters as  

substitute of pet-coke 



Dense meadows perform different functions: 

- Avoiding contaminated soil resuspension and risk of inhalation or 

deposition in surrounding fields  

- Reducing percolation and PTE leaching toward watertable 

- Stimulating microbial metabolism thank to the rhizosphere effect 



Mixing macrothermal species (i.e. Cynodon dactylon, Paspalum 

vaginatum) = salinity and drought resistant  

and microthermal species (i.e. Lolium perenne, Festuca rubra, Poa 

spp.) = fast growth and cold resistant 

 

allows to maintain a complete soil cover during all the year 

 

NB. In low fertility soils a N-fixing species can be added (i.e. Trifolium 

repens) 



In press on Environmental Pollution 

Analysis of native vegetation for detailed characterization 

of a soil contaminated by tannery waste  

 
Donato Visconti, Nunzio Fiorentino, Antonio G. Caporale, Adriano Stinca, Paola Adamo, 

Riccardo Motti, Massimo Fagnano 

The preliminary floristic survey of contaminated 

sites allows to: 

- assess the risks for biological communities and 

ecosystems due to PTE pollution; 

- evaluate the potential for phytoremediation of native 

species growing in situ. 



Bio-stimulants improve plant growth, uptake 

efficiency and tolerance to abiotic stresses 
 

• Humic substances (compost, vermicompost) 

 

• Hydrolysed proteins 

 

• Seaweed extract 

 

• PGPR, arbuscular mycorrhizae 

 



1) Extraction, selection and 

characterization of soil microbia 

for their bio-degradative activity 

and bio-surfactants production; 

 

 

 

2) multiplication of the more 

interesting strains 

 

 

 

 

 

 

 

 

3) inoculation in open field for 

accelerating biodegradation of 

organic pollutants (es. PAHs, 

Hydrocarbons C>12) 

We decided to make also bioremediation (in the strict sense) by 

using autochthonous microflora because it is already adapted to 

pedoclimatic and contamination conditions of the site 

4) Organic fertilization with 

compost  

 

 

 

 

 

 

 

 

5) Poliannual crops 

transplanting 

 

 

 

 

 

 

 

 

6a) Rhizosphere effect 

6b) Uptake of bioavailable PTEs 



FUNCTIONS OF PERENNIAL VEGETATION FOR 

REMEDIATION AND RISK MANAGMENT 

1) To prevent access and irregular use of contaminated 

soils, and thus the health risks, thanks to the 

presence of perennial and not-grazeable species (i.e. 

(i.e. eucalyptus, giant reed), eventually green-covered 

for preventing spread of contaminated dusts; 
 

2) To improve rural landscape and soil fertility, 

protecting and improving eco-systemic services of 

soil; 
 

3) To allow analysis of risks for food chain (i.e. uptake 

of contaminants by hyperaccumulating crops). 

 



4) To  strengthen metabolism of soil microbia (rhizosphere 

effect) helping them to biodegrade organic pollutants  

 

5) To extract the bioavailable fraction of mineral 

contaminants, so reducing the consequent risks for 

consumer health 

6) To represent a technology more environmental 

friendly and much more inexpensive than the physico-

chemical remediation techniques (removal, capping, soil 

washing,….) that destroy soil fertility of soils making 

them unsuitable for agriculture (but ready for new 

urbanization). 







More details about Ecoremed approach will be given: 



Thank you ! 

The Ecoremed 

methodologies are reported 

in the handbook 

downloadable from: 

 

www.ecoremed.it 
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Study cases in Campania region 

 

a) agricultural areas 

b) industrial areas 

 

 



A) AGRICULTURAL SITES 

 

Acerra countryside 



A1. GIUGLIANO 

 

Private site, with illegal 

dumping of wastes 

2014 

2015 

2013 

Potentially contaminated by  

Cu and Zn, but values were 

< risk thresholds  



Sampling density (from 10x10m to 3x3m) influences 

(of course) quality of data. 
 

let’s imagine 100 x 100 m, as Italian law  

requires 

Cu 

 

 

 

 

Zn 



A2. Abandoned temporary landfill 

of Trentola-Ducenta Municipality 



Widespread presence (22/28) of hydrocarbons C>12, 

but with moderate  concentrations (max 186 mg/kg) 
 

Punctual presence (2/28) of Cu and low values (max 

= 157 mg/kg) 
 

Risk assessment= no direct or indirect risks for 

human health or environment 

Soil degradation 

was due to a severe 

soil compaction 

that impeded 

regular water 

infiltration and plant 

growth   



Photogrammetry allowed to identify 

micro-basins in which the 

accumulation of copper is more 

probable (and where to concentrate 

soil samplings) 



A3. Site confiscated to a criminal for illegal dumping of 

tannery sludge and hides coming from Toscana Region 

 

Max values 

Cr = 1705 mg/kg 

Zn = 609 mg/kg 



 



Expeditious (and cheap) 

methods (i.e. XRF) can 

orient the following 

sampling scheme (i.e. soil 

samples in the red areas). 



L’interpolazione di tutte le 

misure geofisiche  ha 

consentito anche di 

identificare le anomalie da 

indagare con scavi di trincee 

e profili 

vedi cap. 5 manuale 

Ecoremed (Terribile et al.) 



La caratterizzazione a «norma di legge*» indicava in 

125.000 m3 i volumi potenzialmente contaminati, 

con un valore massimo di 1700 ppm di Cr.  

*11 punti di prelievo randomizzati; campioni medi compositi dello 

strato 0-1 m. 



La caratterizzazione «di precisione*» indica in 

30,000 m3 i volumi potenzialmente contaminati, con 

un valore massimo di 23,000 ppm di Cr.  

*mappatura preliminare (XRF); campionamenti mirati (ICP-MS); 

campioni puntuali di strati di 20-30 cm. 



April 2016 



July 2016 



October 2016 

Note the dense meadow 

that prevents dispersion of 

contaminated soil particles 



The collection of soils from the hot spots with the 

highest PTE concentration and the cultivation of 

metallophyte crops (rocket salade, lettuce, chicory) 

allowed to exclude risks for consumers as regards 

Cr, Zn, Pb, As,  

 

Only Cd (in an area of 3000 m2) was accumulated in 

such crops at levels potentially toxic for consumers  



 

Phytoextraction of poplar was enhanced by 

consociation with the annual Brassica juncea 

(indian mustard): estimated reclamation time = 5 y  



Furthermore, a site where criminals 

discharged wastes, becoming a 

symbol of land degradation and 

illegality…….. 



…has been transformed in an open-air 

laboratory where to carry out 

researches and to show to students 

and policy maker how it is possible to 

heal the wounded ecosystems 



AGRICULTURAL SITES: CONCLUSIONS 

 

1- In most cases removal of wastes was sufficient 

for restoring cropland quality 

 

2- Physical anomalies (i.e. compacted or 

unstructured soil) were the most spread threaths to 

soil fertility (solved with deep tillage and compost 

fertilization) 

 

3- In no case we were able to find contaminated food 

or biomasses (also in the 30 ha classified as 

potentially contaminated) 



2° phase: for finding contaminated biomasses and for 

studying problems related to their conversion in energy or 

biopolymers (aim nr. 3 of the project) we addressed our 

attention to: 

B) INDUSTRIAL SITES 



B1. Battery recycling plant  

heavily contaminated by Pb (3,5 ha)  

Risk analysis identified a not tolerable 

risk linked to wind erosion (scattering of 

contaminated soil particles lifted by wind) 

(Groundwater was protected by 6 wells as 

hydraulic barrier) 

Soil detachment and lifting will be avoided by:  

- improving soil aggregate stability (compost), 

- permanent meadow with macro-thermal species 

(i.e. C.dactylon, P. vaginatum), 

- poplar stand that reduces wind speed at ground. 

Wooden chips produced by poplar will be used in the 

smelters of the same plant as reducing agent in 

substitution of Petroleum-Coke 



October 2015 



April 2016 



July 2016 

Note the dense meadow that 

in 3 months prevented 

dispersion of contaminated 

soil particles 



September 2016 



Conclusions 
1. Contaminated agricultural soils in plain area of 

Campania region are too few  (30 ha !!!) for satisfying 

the exigence of a bio-refinery (≈10.000 ha). 

The so called “Terra dei Fuochi” produces high-value, 

healthy and safe vegetables and water buffalo mozzarella 

cheese, that are exported worldwide and thus, there aren’t 

perspectives for biomass cultivation. 



Thank you !!! 

Many dissemination materials are downloadable from the website 

www.ecoremed.it 

Scientific publications can be requested to fagnano@unina.it 

http://www.ecoremed.it/
mailto:fagnano@unina.it

