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2. Executive Summary 
 

The CLEANSED project demonstrated and evaluate an innovative, integrated, multisector 

approach for the smart and sustainable management of polluted dredged river sediments to be 

reused in two different sectors: 1) road construction as a filling material 2) plant nursery as a 

substrate/amender.  

The project brings together the problems and needs of three different sectors (management of 

dredged sediments, plant nursing, road building), demonstrating an innovative and fully 

sustainable set of strategies that allows public and private stakeholders to face their existing 

challenges in new and more effective ways. 

The CLEANSED approach has been demonstrated within an integrated basin system in the 

Tuscany region, Italy, showing how to achieve a higher, cost-effective integration of local and 

regional production systems, with sediments used within the same basin as the river/canal. 

 

1) Road construction 

After a preliminary characterization of some sediment samples dredged in different location 

of the Navicelli canal, the more idoneous sample was selected and dredged in the quantity of 

about 800 m3.  
The dredged material was deposited in a Navicelli basin, and on the bases of chemical physical 

properties, undergo to a landfarming process (selected as more appropriate technology enables to 

reduce water content, organic matter and organic contaminants). 

The analysis carried out on the sediment after about five months of landfarming confirmed the 

general suitability of the sediment for its reuse in road construction. 

Because of the great content of water, the sediment needed another post treatment consisting 

in the use of lime; in addition, and since the sediments were classified in the A7-6 group, they 

were used in the body of the embankment. A 100 m long road has been constructed; the 

monitoring activity confirms the suitability of the sediment for road construction. 

 

Some delays in the above actions have been due to: 1) need of burocratic permissions for  

fresh sediment disposal, 2) a longer period of fresh sediment landfarming treatment, 3) 

adverse weather conditions (rainy winter). Despite of these bureaucratic and technical 

problems, the activities have been carried out as planned in the proposal. 

 

2) Plant nursery 

For plant nursery purpose, sediments decontaminated with plants (phyto-treatment) and 

organic amendment in the framework of a previous European project (AGRIPORT 

ECO/08/239065/S12.532262) were used. 

The results of the characterization suggested the need to subject the sediments to a 

landfarming treatment with the aim to homogenize the substrate, to increase the biological 

activities and, as a consequence, to further reduce the organic contamination. 

Two months landfarming process were particularly effective in improving biological activity 

and further decreasing organic contamination in the sediments; however, due to the lower 

nutrient content and water holding capacity, a mix of sediments with an organic matrix, such 

as agronomic soil, has been necessary. Three different matrices were prepared for nursery 

activity 

-T0 = CTL (control) = Decontaminated river sediment (0%) and agronomic soil (100%) 

-T33 = Decontaminated river sediment (33%) and agronomic soil (66%),  

-T50 =  Decontaminated river sediment (50%) and agronomic soil (50%) 
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Three ornamental species were selected: Photinia x fraseri, RobinViburnum tinus L., 

Eleagnus macrophylla L. 

In order to assess the suitability of sediment in plant nursery activity, the mixtures were 

monitored through periodical chemico-physical and biological measures. In addition, plant 

growth and physiological stress have been also regularly evaluated. The results obtained at the 

end of the experimentation, confirmed the suitability of sediments in plant nursery activity 

since plant growth and their physiological response were equal (for Eleagnus macrophylla 

and Photinia x fraseri) or better (Viburnum tinus) than those found using a traditional 

agronomic soil. A percentage of 33% decontaminated sediments in the mixture (soil-

sediment) gave also the best performance, for some species, in terms of root vitality.  
 

At the end of the project, the following objectives are achieved: 

 About 800 m
3
 of sediments were dredged from the Navicelli canal (Action B1). 

 The fresh dredged sediments to be reused in road construction and the sediments 

already treated with Agriport phyto-tecnology were characterized by chemical, 

physical and biological point of view (Action B1). 

 The landfarming treatment used alone or a post-treatment were defined as the more 

suitable treatment for both sediments (Action B.1). 

 The sediments were characterized by chemical, physical and biological point of view 

during the whole landfarming process (Action C 1). 

 The selected landfarming methodology was effective in the decontamination 

(reduction of organic pollutant of about 95% in dredged sediments) and the 

transformation of sediments in matrices reusable in road and nursery activities. 

However, due to the lower nutrient content and water holding capacity, a mix of 

sediments with an organic matrix, such as an agronomic soil, was suggested for 

nursery activity. Instead, in road construction was necessary another chemical 

treatment in order to further reduce the water content (Actions B.2 and C.1). 

 The trials in nursery activity were set up preparing 6 cold frames of about 3m
3
 each 

with three substrates: 

T0= agronomic soil (100%), 4 replicates 

T33 = Decontaminated river sediment (33%) and agronomic soil (66%), 4 replicates 

T50 = Decontaminated river sediment (50%) and agronomic soil (50%), 4 replicates 

Three ornamental species have been selected: Photinia x fraseri var. Red Robin; 

Viburnum tinus L.; and Eleagnus macrophylla L. 48 plants for each species were used, 

for a total of 144 plants  

Aggregating power of the sediments on the soils, assessment of the hydraulic 

characteristics of the mixture, and growth and qualitative features of plants were 

demonstrated (Actions B.3). 

 The suitability of sediment (different mixtures sediment-agronomic soil) in plant 

nursery activity were tested and monitored through periodical chemico-physical and 

biological analyses of the agronomic substrate, growth and physiological stress of 

plants (Actions C.2). 

 The sediments mixtures resulted suitable for in field cultivation of shrub species since 

plant growth and physiological response were equal (for Eleagnus macrophylla and 

Photinia x fraseri) or better (Viburnum tinus) than in the agronomic soil traditionally 

exploited for plant nursing. A percentage of 33% decontaminated sediments in the 



 

Final report LIFE+                                                           ENV/IT/000652- CLEANSED 

 

 

 

mixture gave also the best performance, for some species in terms of root vitality. 

(Actions C.2). 

 A 100 m long road was constructed with treated fresh sediments after another 

chemical treatment consisting in the use of lime in order to further reduce the sediment 

water content. Since the sediments were classified in the A7-6 group, they were used 

in the body of the embankment (Actions B.4). 

 The monitoring activity carried out confirmed the suitability of the sediment for road 

construction. (Actions C.3). 

 

In this Final Report the chapters 3 and 4 present the technical and administrative topics and 

organisations of the project; while, in the chapters 5 and 6 technical and financial results 

obtained at the mid-term period of the project are reported. 

 

 

3. Introduction 
Environmental problem/issue addressed 

Every year in Europe 130 million m
3 

of polluted river sediments are dredged and need to be 

disposed of in specific and expensive ways (up to € 7.000/ton). Every year 5.2 million m
3
 of 

soil are removed from the ground due to plant nursing activities. To prevent the risk of a 

tendency which would lead to a 8-10 mm/year lowering of the ground level, plant nurseries 

are forced to buy soil from third-party catchments, which are often of poor quality and 

contribute to soil exploitation elsewhere. Similar problems are faced by the EU road building 

industry, whose yearly demand for sand, gravel and aggregates for stability and draining 

purposes is around 30 million m
3
, for an average value of € 450 million. 

The CLEANSED project shows how polluted dredged river sediments can be treated and used 

within two different production processes in an ecologically and financially advantageous 

way: the sediments are turned from a valueless and expensive waste into a valuable raw 

material, guaranteeing the full environmental and financial sustainability of the approach. The 

physical-chemical characteristics of decontaminated sediments make it possible to smoothly 

include them in current production processes. 

 

Outline the hypothesis demonstrated by the project 

The CLEANSED project demonstrated, evaluated and disseminated an innovative, integrated, 

multisector approach for the smart and sustainable management of polluted dredged river 

sediments. 

Polluted sediments were dredged, transformed from a contaminated waste into a valuable 

material via a specific decontamination treatment, and then put to productive use in two 

different sectors: 

1) plant nursing: decontaminated sediments were used as a substrate/amender to prevent the 

loss of soil and biomass due to plant nursing activities; 

2) road construction: decontaminated sediments were used as a filling material for the 

construction of roads. 

The whole cycle took place within a real natural and productive district, i.e. the basin and 

alluvial plains of the Arno river, Italy. 

 

Description of the technical solution 

The implementation of CLEANSED has involved the following main actions: dredging, 

analysis and characterization of contaminated sediments; sediment treatment; demonstration 
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of the use of decontaminated sediments as a substrate for plant nursing; demonstration of the 

use of decontaminated sediments in road construction; technical and economic impact 

assessment, drafting of guidelines for the use of decontaminated sediments. Monitoring 

actions have also been included in the work plan to ensure the accomplishment of project 

objectives.  

Thanks to its long scientific and project management experience, ISECNR coordinated the 

CLEANSED consortium, took care of sediment characterization and treatment and took part 

in the setup of the demonstration fields. NAVICELLI provided the dredged sediments as well 

as the facilities for their storage and treatment. UNIFI contributed with its expertise in 

pedology and agricultural systems in screening the toxicity of transformed sediments and 

evaluated the economic benefits of CLEANSED. DICI, thanks to its experience in 

engineering, contributed mainly to the implementation of the road construction demonstration 

field. IBIMET, as an expert in rural development and land use, provided the expertise and the 

facilities for the demonstration and evaluation of CLEANSED in plant nursing. CEBAS-

CSIC, which specializes in soil conservation, performed chemical, physical, microbiological 

analyses on the sediments and soil/sediment mixtures and analyzed macro and 

micronutrients/elements in plants during the nursery activity. 

 

Expected results and environmental benefits 

During the implementation of the CLEANSED project, the following objectives were 

achieved: 

1) About 800 m
3
 of sediments were dredged from the Navicelli canal and decontaminated 

(reduction of organic pollutant of about 95% in dredged sediments), they were turned 

from a valueless waste into a usable and marketable raw material 

2) Smart management of contaminated sediments: instead of being treated at an average 

price of €75/m
3
, the sediments were treated at €35/m

3
 and turned into a clean raw material 

with a market value between €10 and €20/m
3
. This means a 66% to 80% net saving for 

sediment decontamination and the generation of m
3
 value for what used to be just waste. 

3) Demonstration of decontaminated river sediments as substrate for the cultivation of 144 

ornamental plants of 3 different species with different saline stress tolerance 

4) Demonstration of decontaminated river sediments as a structural material for the 

construction of a 100m long road under real working conditions 

5) Use of about 800 m
3
of decontaminated sediments instead of aggregate from third-party 

catchments, with subsequent conservation of quarry and river environments 

 

Expected long-term results 

The future diffusion of the CLEANSED methodology at a European level will lead to the 

following achievements: 

1) The effective and sustainable management of dredged sediments (130 million m
3/

year), 

turned from waste into a marketable raw material. 

2) Possibility to cut the avg EU yearly expense for treatment and disposal of inland sediments 

by 60-80%. 

3) Prevention of 35 million m
3
/year of materials from being mined/extracted from quarries or 

catchments 
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4) Sustainable conservation of EU agricultural soil used for plant nursing up to 5.2 million 

m
3
/year 

5) Up to 600.000 km of EU roads constructed using sustainable technologies and materials 

6) Sustainable management of EU river basins 

7) Implementation of integrated systems within national and transnational river basins 

 

4. Administrative part 

4.1 Description of the management system 
CLEANSED project proceeded smoothly and all actions were completed as foreseen. During 

the whole project period the CLEANSED project has benefited from the close collaboration 

between all the beneficiaries and a close contact among them has been maintained through 

different media: emails, telephone, meetings, etc.  

The management of the project has been carried out in compliance with what it was 

established in the proposal approved by the European Commission, with all beneficiaries 

acting in compliance with the Common Provisions and the Partnership Agreement.  

The project management structure is very simple as only 6 beneficiaries are involved plus the 

EC and the LIFE external monitoring team. The following diagram provides information 

about the general management structure: 

 

 
Figure 1. CLEANSED management structure. 

 

In particular, the CLEANSED beneficiaries defined the following two management 

structures: 

 Technical Committee: 

 ISECNR: Dr Grazia Masciandaro 

 CEBASCSIC: Dr. Carlos Garcia Izquierdo 

 DICI: Dr. Massimo Losa 

 IBIMET: Dr. Luciano Masetti 

 NAVI: Dr. Giacomina Gennusa 

 UNIFI: Dr. Giancarlo Renella 

 Administrative Committee: 

 ISECNR: Dr Cristina Macci 
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 CEBASCSIC: Dr. Maria Teresa Hernandez 

 DICI: Dr. Pietro Leandri 

 IBIMET: Dr. Francesca Martelli 

 NAVI: Dr. Giacomina Gennusa 

 UNIFI: Dr. Paola Arfaioli 

 

The beneficiaries have carried out different meetings in order to organize, coordinate and 

develop the project. The following coordination meetings were organized:  

 Coordination meetings: 

 Kick-off meeting, 11
th

 October 2013, at the partner ISECNR premises in Area della 

Ricerca CNR, Pisa- Italy. 

 Progress and Coordination 6 month meeting, April 3 2014, at the associated beneficiary 

NAVI premises in Pisa – Italy.  

 Progress and Coordination 12 month meeting, 26
th

 November 2014, at IBIMET project 

experimental site in Pistoia - Italy 

 Progress and Coordination 18 month meeting, 10
th

 September 2015, at CEBASCSIC 

premises in Murcia - Spain 

 Progress and Coordination final meeting, 25
th

 February 2016, at ISECNR premises in 

Area della Ricerca CNR, Pisa- Italy. 

 Monitoring meetings with LIFE’s External Assistance Team: 

 LIFE beneficiaries Kick-off meeting, 11
th

 October 2013: Dr. Roberto Ghezzi. 

 LIFE beneficiaries Progress and Coordination 6 month meeting, April 3 2014: Dr. 

Roberto Ghezzi. 

 Monitoring meeting, 30
th

 March 2015: Dr. Roberto Ghezzi. 

 LIFE beneficiaries Progress and Coordination final meeting, February 25-26 2016: Dr. 

Roberto Ghezzi and EC Technical Desk Officer Ms Elisabetta Scialanca 

In addition many phone and web meetings between some partners were organised in order to 

plan and monitor the project technical activities. 

 

4.2 Evaluation of the management system 
The CLEANSED management process needs daily work to maintain a permanent flow of 

action with the aim of achieving the objectives set. The specific management activities carried 

out were: 

 Preparation of the Partnership Agreement and relative Addendum (sent with the Inception 

Report) 

 Organisation of Coordination meetings  

 Organisation of different phone and web meetings between some beneficiaries in order to 

plan and monitor the project technical activities 

 Continuous contact between all project beneficiaries for monitoring project activities 

 Preparation of material for meetings and dissemination events. 

 General actions and activities for the coordination of the project.  

 Management of the financial aspects of the project. 

 Two-months reports to the LIFE external team monitor on the evolution of the project.  

As shown in the previous diagram reported above, the CLEANSED beneficiaries added 

values were: 

 ISECNR, project coordinator, a public organisation specialist and responsible of sediment 

analysis  
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 CEBASCSIC: a public organisation expert in sediment treatment and analysis 

 DICI: an University Department expert in road construction 

 IBIMET: a public organisation specialist in plant nursing 

 NAVI: a company supplier of sediment and expert in sediment treatment 

 UNIFI: an University Department expert in plant nursing and toxicity 

During all the project period, the 5 beneficiaries associated, CEBASCSIC, DICI, IBIMET, 

NAVI and UNIFI participated in project management activities, keeping in smooth contact 

with the project coordinator and the other partners. In this sense, they prepared and attended 

the project management meetings and collaborated with the project coordinator (ISECNR) in 

the preparation of the Inception Report, Midterm Report and of this Final Report, as set out in 

the project proposal. 

During the all project period, monitoring tasks have been carried out for each action, in 

particular: 

 ISECNR, as project coordinator, has continuous contact with all project beneficiaries for 

monitoring project activities 

 ISECNR, as project coordinator, prepares and sends a monthly indication of operative 

activities to be done to all the partners 

 ISECNR, as project coordinator, every two months sent a report to the monitor of LIFE’s 

External Assistance Team on the progress of the project, which allowed him to follow-up 

of the CLEANSED project.  

 

 

5. Technical part 

5.1. Technical Actions 

 
5.1.1. Action B.1. Dredging, analysis and characterization of contaminated sediments 

Action B.1 started on 1-10-2013, as scheduled in the project, and was completed, as planned, 

on 31-03-2014. This action was completed by 100 %. 

This action was led to 1) dredging, analysis and characterization of fresh dredged sediment 

(labeled "fresh sediments") to be reused in road construction and to 2) analysis and 

characterization of sediment already decontaminated with the Agriport phyto-tecnology 

(labeled "Agriport sediments") to be reused in nursery activity.  

1) Fresh sediments in road construction  

In order to select the most idoneous sediment to be used in road construction, four different 

fresh sediments were dredged along the Navicelli canal (Figure 1) in November 2013 and 

characterized: 1) a clay sediment with high level of contamination, 2) a clay-silty sediment 

with medium level of contamination, 3) a sandy-clay sediment with medium level of 

contamination, 4) a sandy sediment with low level of contamination. On the basis of the 

characteristics of the four fresh sediments, the sediment number 2 "Sandy Clay medium 

contamination" was selected as the most idoneous for road construction. 
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Campione n.1

(Argilloso H. contaminazione)

Campione n.2

(Limoso – Argilloso M. 

Contaminazione)

Campione n.3

(Limoso – Sabbioso

M. Contaminazione)

Campione n.4 (Sabbioso –

Limoso L. contaminazione)

Sito di Dragaggio

Vasca n. 1

S.p.A. Navicelli di Pisa

B1. Dredging, analysis and charaterization of contaminated

sediments
 

 

Figure 1. Four sampling points along the Navicelli canal 

In February-April 2014 about 800m
3
 of sediment number 2 were dredged and disposed in a 

proper basin located in Navicelli area (Figure 2) 

 
Figure 2. Dredging, disposal and collection (8 sampling points) of sediment in Navicelli 

basin.  

 

Few weeks after the sediment disposal, necessary for the dewatering process, the fresh 

sediments were sampled in 8 different points in order to cover the overall sediment surface 

(Figure 2). 

2) Agriport sediments in plant nursery  

The Agriport sediments were decontaminated using plants (phyto-treatment) and organic 

amendment in the framework of a previous European project (AGRIPORT 

ECO/08/239065/S12.532262).  

In November 2013 the sediments were collected at 0-30 and 30-60 cm and analysed. 
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CNR-ISE, CEBAS, UNIFI, DICI and Eontych characterized the Agriport sediments and 

Fresh sediments from a physical, chemical and biochemical and toxicological point of view, 

in order to evaluate the suitable treatments for sediment reclamation. 

The results of the characterization suggested the need to subject both fresh sediments and 

Agriport sediments to a landfarming treatment. In fresh sediment, this treatment enables to 

reduce water content, organic matter and organic contaminants too high for reusing them 

directly in road construction.  

Instead, for Agriport sediments, the landfarming treatment will aim to homogenize the 

substrate, to increase the biological activities and, as a consequence, to further reduce the 

organic contamination. 

All technical details were given in the Deliverables of Action B.1 "Sediment characterization 

reports" and "Technical specification of sediment treatments attached" and Technical annex 1 

and 2, attached and sent as Annexes of the Inception Report. 

 

5.1.2. Action B.2 Sediment treatment 
Action B.2 started on 1-10-2013 and it has been completed at the end of August 2014, even if 

it should have finished by the end of March 2014. The delay was due to the fact that the 

landfarming treatment of fresh sediment  started in April instead of January (for the needing 

of some burocratic permissions for sediment disposal) and the need of a longer period of 

sediment treatment. This action was completed by 100 %. 

 

1) Fresh sediments in road construction  

In February-April 2014 about 800m
3
 of fresh sediments were dredged and disposed in a basin 

in Navicelli area (Figure 2). 

The fresh sediments were sampled and characterized. Based on the water, organic matter and 

organic contamination content, the landfarming technology was selected as the most suitable 

treatment to have an idoneus substrate for road construction. 

The landfarming treatment consisted in the periodically (once-twice per week) aeration by 

mechanically moving the sediment and turn it over (Figure 3). 

 

 
Figure 3. Mechanically turning over of fresh sediments (landfarming process). 

 

The sediments, at the end of the landfarming process (about five months), have been analyzed 

by an external chemical laboratory to provide a complete sediment characterization needed 

for the sediment reuse in road construction. 
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The results confirmed the general suitability of the sediment for its reuse. In addition, in order 

to have a proper content of organic matter and water, a specific and commonly used lime 

treatment have been planned used. 

2) Agriport sediments in plant nursery  

After a physical, chemical, biochemical and toxicological preliminary characterization, the 

Agriport sediments were submitted to two-months landfarming technology as a post-treatment 

phase, in order to obtain a suitable substrate for ornamental plant growth. This post-treatment 

was a necessary step, given the high quality of plants and flowers requested in the plant 

nursery sector. 

The landfarming treatment consisted in a periodically turning over of the sediments inside 

each container (12 containers of about 1 m
3
, six different treatment) (Figure 4).  

This activity was carried out by manually moving the sediments and turning them over. 

 

 
Figure 4. Containers in which the landfarming process was carried out. 

 

During the landfarming process the sediments were collected by a shovel (after one and two 

months from the start) (Figure 5) in each container and characterized from chemical, 

biochemical and toxicological point of view. 

 
Figure 5. Sediment collection during the landfarming process 

 

Two months landfarming process were particularly effective in improving biological activity 

and further decreasing organic contamination in the sediments. However, due to the lower 

nutrient content and water holding capacity, a mix of sediments with an organic matrix (such 

as vegetal residues, compost, soil) were recommended to make them suitable for their reuse in 

nursery activity.  
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Due to the very similar chemical nutritional and biological characteristics of all the analysed 

sediments in the 12 different containers, a mixture of them was made, in order to obtain 

enough and homogenous substrate necessary for the next plant nursery activity.  

These samples were analyzed by an external chemical laboratory to provide a complete 

sediment characterization needed for the sediment delivery to the plant nursery.  

All technical details were given in the Deliverables of Action B.2 "Report on treatment" and 

"Visual Documentations" attached and sent as Annexes of the Inception Report. 

 

5.1.3. Action B.3 Demonstration of the use of decontaminated sediments as a substrate 

for plant nursing 

This action started in April 2014 (as scheduled) and it was completed at the end of December 

2015. This action was completed by 100 %. 

The aim of this action was to demonstrate the use of decontaminated dredged river sediments 

in the field of plant nursing. IBIMET CNR began the logistic and bureaucratic procedures in 

January 2014. Among five proposals to the call launched for the experimental setting,  Centro 

Sperimentale per il Vivaismo (Ce.Spe.Vi, Pistoia) offered the best price so that it was chosen. 

Pistoia is the main centre for plant nursing in Italy and worldwide famous whereas Ce.Spe.Vi 

is well equipped for greenhouse and open field experimentations.  

The experimental plan aimed to simulate the open field nursing productions testing the use of 

decontaminated river sediments mixed with an agronomic soil extracted from an actual plant 

nursing area. This meets the purpose of reducing the use of agronomic soil in nursery activity 

as well as recycling river sediments, thus improving their nutritional content, aeration and 

water holding capacity. Since the sediments can not be used directly in open field, woody 

frames were designed wide enough to transplant the vegetal species at the usual distance of 50 

cm and ensuring enough soil in depth.  

The experimental field was set up in April 2014 (Figure 6) using 5 m
3
 of decontaminated  

river sediments mixed with an agronomic soil extracted from an actual plant nursing area.  

 
Figure 6. Woody frames and plots 

 

The mix of substrates took place in Ce.Spe.Vi using a tractor with 1 m
3
 grabber.  

The three substrates were: 

 

T0 = CTL (control) = Decontaminated river sediment (0%) and agronomic soil (100%), 4 

replicates 

T33 = Decontaminated river sediment (33%) and agronomic soil (66%), 4 replicates 

T50 =  Decontaminated river sediment (50%) and agronomic soil (50%), 4 replicates 
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Environmental parameters were measured by an automatic meteorological station located at 

Ce.Spe.Vi. Soil related parameters (soil moisture, temperature and electric conductivity) were 

measured using two types of sensors in each woody frame, Decagon sensors 5TE e DeltaT 

PR1 (Figure 7). 

 
Figure 7. Set-up of the system for monitoring environmental parameters 

 

Substrates were also characterized in terms of hydraulic properties by permeameter 

measurements for water infiltration calculation and retention curves in the laboratory.  

 

Soil respiration and CO2 concentration in the substrates were measured on site using the 

Infrared Gas Analyser EGM-1.  

 

Soil samples from the three substrates were taken and prepared for soil physical, chemical and 

biological analysis. 

 

Three ornamental species (Figure 8) have been selected on the basis of their water needs to 

see the difference in growth according to the soil properties.  

Photinia x fraseri var. Red Robin (1), fast growth specie and water exigent; Viburnum tinus L. 

(2), slow growth and xerophytic and Eleagnus macrophylla L. (3), in between the two species 

for water need and growing at medium rate. 48 plants for each specie, for a total of 144 plants, 

were planted in order to assess plant response growth and final biomass after two years 

growth since plants are typically sold after 2-3 years. 

The drip irrigation system delivers water twice a day for 5 minutes each time (1 L each), at 10  

a.m. and 4 p.m in order to supply enough water and balance the loss of transpiration. 
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Figure 8. Three evergreen species selected: Photinia x fraseri var. Red Robin (1), Viburnum 

tinus L. (2) and Eleagnus macrophylla L. (3) were planted and pruned at the same height from 

the ground in order to assess growth and biomass. 

 

Monitoring of plant physiological responses to the micro-ecological conditions started in May 

2014 and was carried on throughout the demonstration trial. This allows to assess the status of 

the plant functionality and stress symptoms.  

Four kinds of parameters have been regularly monitored:  

1) Leaf gas exchanges: CO2 absorption for photosynthesis (PN) and evapotranspiration (ET) 

and stomatal conductance.  

2) Leaf water potentials at the time of maximum leaf turgor and at the time of maximum 

transpiration, to describe the leaf water status.  

3) Chlorophyll a fluorescence for the assessment of photosystem II efficiency  

4) Chlorophyll content or “greenness” of plants  

 

In addition, the leaves were analysed in terms of photosynthetic pigments and concentration 

of malonydialdehide, a metabolite indicating plant stress, were determined in early spring and 

autumn 2015, macro and micro-nutrients, and other elements (including heavy metals) in 

three samplings during each growth period. 

At the end of the first year, half plants (72 plants out of 144) were extracted and final 

biomass, growth were assessed, beside the evaluation of the root growth and root ball 

characteristics. Indeed, rootballing is an important aspect in plant nursing operations, and soil 

cohesion is traditionally required because it facilitates the operations of burlapping. 

The remaining plants were extracted and measured at the end of 2015. Biometric parameters 

included 

5) Plant root visual assessment 

6) Stem diameter and height growth, leaf area, biomass. 

7) Assessment of the root balls at the second year.  

 
All technical details were given in Technical report ANNEX 1 "Sediments in plant nursery" 

attached and sent as Annexes of Mid-term Report 

 

5.1.4. Action B.4 Demonstration of the use of decontaminated sediments in road 

construction 

This action started in April 2014 (as scheduled) and it was completed in January 2015, even if 

it should have finished by the end of September 2014. The delay was due to some sediment 

1 2 3 
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characteristics at the end of landfarming process. In fact, even if the chemical characteristics 

of sediment (included contaminants) were idoneous for road construction, parameters related 

to salinity were slightly higher than legal limits (Italian regulation L52/1998, Dlgs 152/2006). 

For this reason, the use of the material in road construction needed an authorization asked to 

local province authority and arrived in the middle of October 2014. However, the preliminary 

activity for road construction started at the beginning of September and the road was 

completed at the end of January 2015 for another little delay due to the adverse weather 

conditions (intense and continuous rains). 

This action was completed by 100 %. 

 

The activities was carried out on a demonstration site pertaining Navicelli Spa (partner 

NAVI): an existing cycle path along the right side of the Navicelli Canal.  

The specific technical goals of the action B.4 was: 

- preliminary assessment of the optimum percentages of use of the treated sediments for the 

different parts of a road (foundations, intermediate layer, etc); 

- construction of a site for the demonstration of the use of sediment mixtures in the 

construction of an actual life-size road. 

 

The first phase of action B.4 (design of experimental road) began with the definition of the 

most appropriate mixture(s) of decontaminated dredged sediments and other standard 

materials, based on the mechanical features induced by the use of the sediments themselves in 

order to evaluate the suitable materials for the different layers of the road. 

In the action B.1 the dredged sediments were characterized in laboratory with the aim of 

identifying the most suitable position in the Navicelli canal where the material could be 

dredged in order to make the project more representative; after specific controls on collected 

samples, the dredged sediments were stored in a confined area and analyzed again. 

The results obtained showed that the samples contained great percentages of organic 

components (usability threshold < 5%).  

The samples belong to A7-6 group, that represents the highly plastic clay; for this reason they 

can be used only if stabilized in the construction of embankment, but cannot be used in 

construction of subbase or subgrade layers 

 

Because of the great content of organic matter their usability t has been assessed by using 

lime as stabilization agent.  

 

Design of the trial road embankment 

An embankment refers to a volume of earthen material that is placed and compacted for the 

purpose of raising the grade of a roadway above a specific level.   

Many different types of soils may be suitable for use in the construction of an embankment. 

Regardless of the type of soils used to construct embankments, the material should be well 

graded, capable of being well compacted, be within a proper range of moisture to optimize 

compaction, and be free of unsuitable or deleterious materials, such as tree roots, branches, 

stumps, sludge, metal, or trash. 

In this case, because of the sediments stored belong to A7-6 group, it was necessary to use for 

the other layers that compose the experimental road (subbase, subgrade, etc ), suitable 

materials, different from the analyzed sediments. 

 

Figure 9 shows a cross section of the embankment (as reported in executive design).  
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Figure 9. Cross section of the road 

 

The different layers of the road section are composed as the following: 

1. Asphalt concrete (Binder course) thickness=10cm 

2. Granular Subbase thickness=20 cm 

3. Natural soil thickness=50 cm 

4. Subgrade layer made with soils belonging to the groups A1-a, A1-b, A2-4 (CNR-UNI 

10006/2002) thickness=30cm 

5. Fill material: dredged sediments stabilized with lime thickness=150cm 

6. Sand bedding thickness=20cm   

7. HDPE Geomembrane thickness=2mm 

8. Extensometer system for measuring settlements at various depths in embankment 

layers 

 

In order to evaluate the behaviour of the embankment under working conditions has been 

provided a magnet extensometer system for monitoring of settlements in the time (Figure 

1110). Comparison of surveys taken over time provide profiles of settlement. 
  

  

  

  

Figure 10. Details of extensometer system for measuring settlements in the time 

 

Localization of the trial road embankment  
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During the CLEANSED project the dredged river sediments was decontaminated, air-dried 

and then used as a structural material for the construction of the experimental road. 

With the above amounts of sediments was achieved about 100 m long road with significant 

height of embankment ( at least 1.80 m). 

 

  
Figure 11. Demonstration area 

 

The project area, identified in Figure 11, is referenced through the GPS coordinates 

43°41'48.5"N; 10°22'47.8"E. 

The embankment has been build on a cycle path along the right side of the Navicelli Canal. 

First of all the existing cycle path throughout the required area of the project (about 1500 m
2
) 

has been completely excavated. 

The location of the road embankment is highlighted in Figure 11. The images before the 

intervention are reported in Figure 12. 
  

    
Figure 12. Demonstration area before works 

 

Construction of the trial road embankment  

After the excavation and the verification of the bearing capacity of the natural subgrade 

properly compacted, the high density polyethylene (HDPE) geomembrane was placed. On the 
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HDPE a sand layer of 20 cm was laid in order to protect the geomembrane itself during the 

processing (working) phase.  

HDPE geomembrane is used to form a homogeneous chemical-resistant barrier, with the 

intention of isolating the constructed road from the groundwater by the leaching solution 

(Figure 13). 

    

Figure 13. Working phases: excavation and installation of HDPE geomembrane 
  

    
Figure 14. Installation of extensometers 

 

After fixing 1 m long telescopic bottom end tube with magnetic target ring that has the 

function of datum point (Figure 14), and after positioning the first magnetic ring on the sand 

layer (bottom of the embankment) the construction of the embankment has been started, 

proceeding with the stabilization with lime of the dredged sediments.  
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Figure 15. Working phases 

 

Each layer (Figure 15) has been put in place only after the verification of the suitability of the 

previous layer by testing control: determination of the bearing capacity through the evaluation 

of the Modulus using the static and dynamic plate, of the CBR using the DCP (Dynamic Cone 

Penetrometer), and the determination of the density in site. Simultaneously the settlement 

gauges (Multipoint Settlement System) have been placed on the others predetermined heights 

of the embankment (Figure 16). 
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Figure 16. Embankment layers and settlements position 

 

The material has been laid in layers of about 25 cm thickness in order to allow the 

stabilization process with the milling and mixing machine and to allow an appropriate 

compaction; the transversal slope of the layers has been kept at 4%. 

Last layers of subgrade and subbase, that required a greater bearing capacity, have been 

realized with different materials from the dredged sediments because the latter do not allow to 

ensure appropriate bearing capacity. The surface layer of the pavement has been realized with 

a binder mixture of asphalt concrete (Figure 17). 
  

  
Figure 17. Experimental road 

 

All technical details are defined in the Technical report ANNEX 2 "Sediments in road 

construction" attached as annex to the Mid-term Report. 
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5.1.7. Action C.1 Monitoring and validation of treated sediments. 

This action started in April 2014 and it was completed in August 2014 (even though planned 

for end of June 2014) due to the need of a longer period for the landfarming treatment of fresh 

sediments. This action was completed by 100%. 

As widely previously discussed, two kinds of sediments were submitted to landfarming 

process.  

1) Fresh sediments intended for road construction (labeled "Fresh sediments") 

2) Sediments previously treated by Agriport phyto-tecnology (use of organic matter and 

plants for sediment decontamination and recovery) to be reused in nursery activities (labeled 

"Agriport sediments"). 

 

1) Fresh sediments for road construction 
After about two months of landfarming, the sediments were taken in the same 8 sampling 

points (starting characterization) and analysed again to verify if the sediments had reached the 

idoneous characteristics to be used in road construction, and/or if they needed a further 

treatment or a longer landfarming period. 

On the basis of the preliminary results, and in particular, due to the too high water and organic 

matter content, a longer period of landfarming treatment was carried out. 

After about five months of landfarming, sediments were taken again in the same 8 sampling 

points and analysed. The chemico-physical, nano-micro and biological results obtained by 

ISECNR, CEBAS, UNIFI, DICI and Eontych at the end of five-months process showed a 

significant decrease in water, organic matter, and organic contaminant content (of about 95% 

) confirming the general suitability of the sediment for its reuse in road construction. 

 

2) Agriport sediment for nursery activities 
The Agriport sediments were collected every month during the landfarming treatment and 

analyzed from their chemical-biological and toxicological point of view. 

The results of two months landfarming showed a significant stimulation of the microbial 

activity but the presence of a quite low content in macro and micro nutrients resulted poorly 

adequate for plant growth and development. On the other hand, the microbial stimulation 

caused a further, even if small, significant reduction in the organic contaminant concentration. 

Moreover, the absence of toxicity in the sediments, already observed in the first 

characterization sampling, was confirmed also at the end of the landfarming process, in that 

the heavy metal content was averagely not dangerous for plant life and growth. 

 

Therefore, on the basis of chemical-biological characteristics at the end of landfarming 

process, it is useful to mix the treated sediments with an organic matrix (vegetal residues, 

compost, soil) able to increase nutrient content, aeration and water holding capacity, making 

the sediments suitable for their reuse in nursery activity.  

 

All technical details were given in the Deliverables of Action C.1 "Sediment sampling" and " 

Sediment characterization report (chemical, biological, nano etc) and Technical Annex 

1"Sediment chemico-physical characterization by CEBAS-CSIC", attached as Annex of 

Inception Report. 

 

5.1.8. Action C.2 Monitoring and validation of the use of decontaminated sediments for 

plant nursing 
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This action started in April 2014 and it was completed in December 2015. This action was 

completed by 100%, and included additional tests and demonstration trials not originally 

planned in the project proposal.  

In order to evaluate the suitability of sediment in plant nursery activity different mixtures 

sediment-agronomic soil (growth substrate) were tested and monitored through periodical 

physical, chemical and biological analyses (IBIMET-CNR, ISECNR, CEBAS-CSIC, UNIFI) . 

In addition, plant growth and physiological stress were evaluated.  

 
Monitoring of the substrates and the plant behaviour started as soon as the experiment was settled.  

The three growth substrates were:  

T0 = CTL (control) = Decontaminated river sediment (0%) and agronomic soil (100%) 

T33 = Decontaminated river sediment (33%) and agronomic soil (66%) 

T50 = Decontaminated river sediment (50%) and agronomic soil (50%) 

 

We should mention that the two years in which the demonstration trial was performed, 

recorded different weather conditions, with moister summer 2014 (+50% precipitation than 

the climate average) and warmer especially in the end. On the contrary, 2015 was 

characterised by drier conditions than 2014 with higher temperature (+3°C in average) and 

much less precipitation. This conditions affected partially the plants’ physiological response. 

 

Hydrological characteristics of the substrates 

T50 and T33 were the treatments which showed the highest infiltration rate (especially T50) 

but also the highest water content at saturation. In contrast CTL had the highest content of 

available water to plants whilst T50 and T33 higher retention capacity likely due to the 

presence of micro-porosity and possibly organic matter.  

Concerning the measurements of soil moisture, for a certain period in 2014 we observed some 

inconsistencies between the replicates in T50 and T33 with very different values within the 

substrate typology. For this reason, sensors were moved to other position. T33 and T50 

showed more regular trend throughout the year, with CTL recording the higher values of soil 

moisture than the mixed substrates at 10 cm depth by PR1 and  at 20 cm depth by Decagon 

sensor (root deepening space).  

At 30 cm depth, the mixed substrates recorded higher soil moisture, likely due to the limited 

drainage by the fabric at the bottom of the woody frame. In addition, in this substrate 

waterlogging occurred in winter 2014, as typical of silt rich soils.  

Soil temperature and electric conductivity were generally lower in CTL than in T33 and T50. 

All these differences were enhanced during dry periods  Even though this study is not 

significant from a climatic point of view since it only lasted two years, these findings are 

relevant because they refer to two different summer conditions: one extremely wet and the 

other hot and dry. 

 

The amount of Carbon Dioxide in the soil due mainly to respiration processes by living 

organisms like roots, micro-fauna, fungi etc., was rather similar in all the substrates but T33 

and T50 showed the highest rates of soil respiration (flux of CO2 from the soil to the 

atmosphere) in both years. This might be related to the substrates structure that also may 

create the optimal conditions for microorganisms, root growth and gas diffusion. 
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Figure 18. Soil respiration measurements 

 

Physico-chemical, chemical and biological results 

On the basis of the physico-chemical, chemical and biological analysis carried out by CEBAS 

and ISE-CNR in the different agronomic mixture substrates, the use of remediated sediments 

(by phytotreatment and landfarming) as “Plant Growth Substrate” could be considered a good 

strategy. 

From this study the following Results can be highlighted: 

1) The results showed some differences among the soil/sediments mixture tested, while 

few variation among the plant species was observed for all the chemical (pH, 

Electrical conductivity (EC), water holding capacity (WHC), C ad N in total and 

soluble form, nutritional element, metals) and biological (dehydrogenase, hydrolitic 

enzymes linked to C,N an P cycle, microbial respiration) parameter investigated. 

2) Balancing the air and water contents has been one of the biggest problems for the 

substrates used in greenhouse. The substrate can greatly influence the air and water 

content in the root zone. The best strategy is to integrate the mixture into a production 

system that addresses substrate aeration and water retention as well as plant nutrition 

and fertilization requirements. Our results showed that water holding capacity (WHC) 

in the T50 mixture was higher than in the control soil. The increase of WHC is due to 

the sediment which showed values of WHC after treatment between 17-20%. 

3) The addition of the sediment to the soil decreased the pH value and increased the EC 

(salinity). The latter result should be kept in mind when choosing application rates in 

order to avoid risk of soil salinization. However, in all the sediment substrates (T33 

and T50) the EC decreased significantly during the time, reaching, in all the thesis 

values similar to those of CTL at T4, and close to the optimum value of 0.2 dS/m.  

4) Soil/Sediments mixture increased the cationic exchange capacity with respect to the 

control soil. This fact can be considered as positive. 

5) Total organic C was higher in T33 and T50 than in control soil, but the increase was 

small. This increase could probably be attributed to the different plant yield obtained 

with these treatments (plant debris and root exudates).  

6) Soluble N value was between 150-200 ppm in all the samples. The concentrations of 

soluble elements such as Ca, S, K, Mg and Na in soil/sediments were higher than in 
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the control, whereas soluble Al and Fe concentrations were lower than in the control. 

These parameters were also influenced by plant species. 

7) Contaminants in sediment may impact the ecological or chemical water quality status. 

Some contaminants have the intrinsic possibility to cause such negative impacts and 

thus are hazardous. However, the actual risk of contaminants is to a large extent 

determined by their bioavailability. In our study, we can indicate no problem with 

heavy metal content in all the analysed samples. Control soil showed higher 

phosphate, fluoride, sulphate and nitrate with respect to the soil/sediment mixture. 

8) T33 and T50 substrate showed a better effect on seed germination (Germination 

Index) and root length with respect to the control soil; it seems that sediments could 

have some phytohormonal compounds capable to stimulate the germination of seeds. 

Also the microbial respiration and enzyme activities were higher in T33 and T50 that 

in the control soil.  

 

Toxicity analysis 

The BioTox test indicated that the pure sediments were not toxic either before nor after 

landfarming, with bioluminescence inhibition % equal or below 0. Trend of eco-toxicity 

during the demonstration trial of the alluvial soil and soil-sediment mixture is shown in the 

next figure (Figure 19). The used soil showed low toxicity, overcoming the biolouminescence 

inhibition values > 20% in soil sampled, whereas the T33 and T50 soil-sediment mix were not 

toxic. 

 

 
Figure 19. Eco-toxicity of the soil and soil-sediment mix during the CLEANSED 

demonstration trial. The dotted red line indicate the threshold of toxicity for the BioTox test, 

the numbers indicate the % of inhibition of V. fischeri bioluminescence. 

 

Plant physiology monitoring 

At the very beginning of the experiment, plants showed stress physiological signals likely due 

to transplanting and pruning. Apart from some days when the leaf gas exchanges and water 

potentials were likely influenced by temporarily water stress due possibly to lower soil 

moisture or too high air temperatures, P. x fraseri and E. macrohylla grew well either in 

alluvial soil and in the mixed substrates, showing no differences in physiological response 

compared to the plants in control. V. tinus did not show particular differences in the first year 
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of project but in the second year it showed a reduced electron transport until the final 

acceptors in PSI, with likely negative consequences in the carbon fixation phase.  

 

Leaf analysis 

Regarding the pigments content, in spring samplings E. macrophylla showed the lowest 

content in the mixed substrates regardless of the sediments percentage, P. x fraseri had lowest 

contents in T50 and CTL and in V. tinus no differences. In autumn, in contrast, increasing 

concentrations upon increasing sediment percentage were observed for E. macrophylla, whilst 

lower concentrations than in control were found in P. x fraseri growing in the mixed 

substrates, whereas no difference in V. tinus (Figure 20).  

 
Figure 20. Chlorophill a, b and Carotenoid concentration in leaves of E. macrophylla, P. x 

fraseri and V. tinus in spring and autumn 2015. Small and capital letters indicate significant 

differences of mean values (n= 5) between treatments and sampling periods.  

 

The malonyl dyhaldheide concentration was detected only for the Viburnum tinus and the 

most stressed plants resulted those in the alluvial soil (CTL) (Figure 21).  
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Figure 21. Malonyl dyhaldheide concentration in leaves of V. tinus in spring and autumn 

2015. Small and capital letters indicate significant differences of mean values (n= 5) between 

treatments and sampling periods.  

 

Macro-, micro-nutrients and other elements 

The availability of nutrients for plants is influenced by many different variables e.g. 

fertilization, weather, substrates characteristics and physiological response of the plants. Each 

plant was fertilized in late spring 2014 with 30 g Osmocote 16N-11P-10K +2MgO. The two 

growth years were completely different in weather conditions, particularly wet was the 

summer 2014, so much to provoke waterlogging in the control soil, and warm and dry most of 

the summer 2015.  

The soil-sediment mixed substrates are rich in carbonates, which, up to a certain amount, have 

a positive effect for plant nutrition and for the mineralization of organic matter. When the 

carbonate content is high, the alkalinity has controversial effects especially in the availability 

of nutrients like Phosphorous and Iron. Also the slight higher content in clay can affect the 

availability of nutrients, nevertheless, the sediments contain also higher organic matter than 

control soil, which is important either for structural and nutritional benefits. Many 

macronutrients are released by the mineralization of the organic matter, and many organic 

compounds bring micronutrients like iron, boron, manganese, zinc, copper and make them 

available to the plants.  

The availability of micronutrients in the substrates is then reflected in the leaf contents of such 

elements. Regardless of the quantity of sediments in which the plants grow, their content in 

the three species showed similar amount and changes during the growth. We report the 

meaningful results that should be taken in consideration in any fertilization plan to adopt in 

case of sediments utilization.  

In the mixed substrates, the plants generally showed lower content of Phosphorous that along 

the time may lead to symptoms of deficiency. Indeed, in alkaline soils, P easily bounds to 

Calcium becoming insoluble, hence not available for plants. Regular soluble additions in form 

of fertilizers would be necessary, especially as soon as symptoms of deficiency appear. 

Potassium was similar in all the plants except in Photinia x fraseri, in which the plants 

growing on the mixed substrates had higher initial contents, likely due to the higher 
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availability, whilst in the second year, without fertilization, it apparently increased only in the 

substrates with more alluvial soil (T33 and CTL). 

Microelements like Molybdenum and Copper were higher in the plants grown in the mixed 

substrates reflecting their higher availability as soluble elements, possibly linked to the higher 

content of organic compounds. Mo is an important microelement because of its interaction 

with the nitrogen utilization, being part of the enzymes nitrogenase and nitrate reductase; 

whilst Cu is essential in several enzyme systems and required in the process of 

photosynthesis, being part of the copper-protein (plastocyanin) and in plant respiration.  

Despite the Zinc was less available in the mixed substrates (at high pH Zn is not soluble) than 

in control soil. Nevertheless, the plants in these substrates generally showed higher contents 

of Zn in leaves. Zinc availability has a reverse relationship with phosphorous content in soil 

and in addition, Zinc reacts with clay minerals, strictly depending also upon the kind of clay 

mineral (Robson 1993). Therefore, the two different origins of control soil and 

decontaminated sediments may also influence the reaction between the ion and the minerals, 

with consequent availability to the plants.  

In addition, the metal concentration in the soil solution has been found to correlate well with 

organic matter and total metal concentration in the soil (McBride et al. 1997). However, 

Eleagnus macrophylla showed a marked loss along the time in the mixed substrates, 

compared to control, and this might be due to an antagonistic relationship between Zinc and 

Manganese. 

Manganese, in facts, was generally lower in the plants growing in the mixed substrates. The 

higher clay content in the mixed substrates, may provide more sites for the absorption of these 

metals, reducing their bioavailability to plants (Shuman 1975, Ghanem and Mikkelsen 1988, 

Barrow 1993, Qiao and Ho 1996). However, we observed some differences between the three 

species. Indeed, though limited to the first year, contrarily to P. x fraseri and V. tinus, E. 

macrophylla, showed higher concentrations of Manganese in the mixed substrates. 

Nevertheless, Mn increased particularly in CTL and T33, in which its availability may have 

been connected to soil reducing conditions (characterizing the control soil) such as in flooding 

and in soil compaction which apparently influence Mn availability (Cheng and Ouellette, 

1971). 

Regarding pollutants in the substrates, the mixtures at 33% or 50% remediated sediments, 

contained a certain concentration of Cadmium. Nevertheless, also the alluvial soil used for the 

mixture, was slightly polluted in Thallium, Nickel, Arsenic and Strontium. In facts, the land 

use or the location where the soil is dug, may strongly affect its quality. 

However, the species can contribute to the further remediation, especially during their 

vegetative growth period, by absorption and translocation from roots to other parts of the 

plant.  

P. x fraseri for instance demonstrated a certain capacity to absorb Cadmium, reaching the 

higher concentrations in T33 and T50 without symptoms, though the concentrations were 

slightly higher than those found in other plants (Anderson et al. 1999). Nickel, even though in 

very low concentrations, was higher in the plants grown in the control soil, reflecting the 

content in the substrate. 

E. macrophylla demonstrated the capacity to absorb toxic elements like Arsenic and 

Strontium more present in the control soil and in 2015, as well as P. x fraseri, also Nickel was 

found especially in the plants of T33 and CTL.  

V. tinus showed increasing concentrations of Cadmium, Lithium and Lead, reflecting the 

concentration in the substrates (T50 higher than T33, higher than in CTL). 
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Some elements however, disperse also in the atmosphere emitted by other sources of pollution 

e.g. traffic, and they deposit on surfaces (e.g. soil and leaves). The vegetal species can act as 

accumulating surfaces and this properties are strictly related to their physical features and to 

the capacity of transferring elements into the leaf.  

E. macrophylla resulted effective in the capture of Iron, Aluminium, Cadmium, Chromium, 

Nickel, Lead, Titanium likely thanks to its wide leaves with star-shaped flat and flaky scales. 

V. tinus, with its small leaves characterized by kind of rough surface though without hairs, 

captured pollutants like Nickel, Thallium, Lead and Titanium.  

 

Leaf colour  

The leaf colour is a parameter taken into consideration for the aesthetic value of the plants. In 

fact, colour different from the species-specific colour (e.g. yellowish leaves) may decrease the 

value of the plant. At sight however, a colour can be “seen” differently, or better said, the 

variations in colour (in brightness and colour) can be different from eye to eye, depending 

upon the sensitiveness. An objective way to assess the colour is measuring the colour space. 

The colour space L*a*b* was defined in 1976 by CIE and officially recognized to assign the 

colour to things and objects. The three values L, a and b mean brightness (L) while a and b are 

the colour coordinates toward red (+a) or green (-a), yellow (+b) and blue (-b). For the 

sampled leaves, the mean value for each parameter was defined (Table 1).  

In V. tinus, all the leaves, from the bottom to the upper part of the canopy, showed “Just 

Noticeable Differences” between the control and the mixed substrates, which tended to darker 

green colour than in CTL. In E. macrophylla, only the leaves in the upper part showed some 

noticeable differences, with darker leaves in the mixed substrates. Statistical differences 

(though unnoticeable by human eye) were found also in the lower part with the plants 

growing in T50 brighter and greener than those in CTL. In P. x fraseri, only the leaves of the 

middle part of the canopy were analysed because the new red leaves at the top were too a few 

for a representative sample. The leaves of the middle part of the canopy did not show 

differences between different substrates.  

 
 

V
ib

u
rn

u
m

 t
in

u
s 

Leaf position Parameter CTL JND T33 JND T50 JND ANOVA
a
 

Lower part 

L 35.261.9 a 

 
 

32.671.34 b 

+ 

33.221.07 b 

+ 

*** 

a -7.760.67 c -6.311.02 a -6.690.52 b *** 

b 14.432.78 a 9.892.23 b 10.481.37 b *** 

Middle part 

L 37.172.5 a 

 
 

34.11.64 c 

+ 

35.121.08 b 

+ 

*** 

a -8.380.67 c -7.190.83 a -7.810.51 b *** 

b 17.773.89 a 12.572.42 c 14.171.73 b *** 

Upper part 

L 43.931.9 a 

 
 

40.492.47 b 

+ 

40.781.70 b 

+ 

*** 

a -9.171.09 -8.961.11 -9.300.97 n.s. 

b 28.602.42 a 23.583.57 b 23.802.65 b *** 

All 

L 38.794.3 a 

 

35.753.88 b 

+ 

36.373.48 b 

+ 

*** 

a -8.441.01 c -7.491.48 a -7.931.28 b *** 

b 20.276.80 a 15.356.56 b 16.155.97 b *** 
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E
le

a
g

n
u

s 
m

a
cr

o
p

h
y

ll
a

 
Lower part 

 

L 37.262.1 b 

 

37.621.95 ab 

 

38.301.75 a 

 

* 

a -8.470.82 b -8.770.91 b -9.201.03 a *** 

b 15.963.16 16.573.65 17.153.45 n.s. 

Middle part 

 

L 35.892.3 b 

 

36.791.52 a 

 

36.341.14 ab 

 

* 

a -6.830.83 -7.170.82 -7.172.25 n.s. 

b 14.282.79 14.672.81 15.182.22 n.s. 

Upper part 

 

L 37.482.9 a 

 

35.761.61 b 

+ 

35.151.45 b 

+ 

*** 

a -6.121.19 a -4.880.62 b -5.050.76 ab *** 

b 14.134.09 a 9.331.35 b 9.751.81 b *** 

All 

 

L 36.882.6 

 

36.721.85 

 

36.601.96 

 

n.s. 

a -7.141.38 -6.941.79 -7.142.26 n.s. 

b 14.793.47 a 13.524.13 b 14.034.06 ab * 

P
h

o
ti

n
ia

 

x
 f

ra
se

r
i 

Middle part 

L 39.212.0 

 

39.452.38 

 

38.982.32 

 

n.s. 

a -8.770.77 -8.740.81 -8.610.90 n.s. 

b 20.742.79 20.323.70 19.673.32 n.s. 

Table 1 L*a*b* values in the three species. (mean values  st. dev.). ANOVA was performed 

followed by the Duncan at 95 % of probability (n.s., *, **, ***, mean: no significance, 

significant difference at 0.01<P≤0.05, 0.001<P≤0.01, P≤0.001. JND means Just Noticeable 

Difference, and “+” means JND>2.3 between mixed substrate (T33 o T50) and control (CTL).  

 

Growth and biomass 

Regarding the final biomass, at the end of the first year there were no differences in growth 

and biomass in all the species, whilst at the end of the second year, an improvement in the 

biomass and in aesthetic shape for the plants growing in the mixed substrates, was observed 

particularly in V. tinus. In T50 for instance, plants were ~35% higher than in CTL and with 

~80% more leaf area, in T33, they were averagely ~20% higher and with ~60% more leaf 

area.  

 

 

 H Fin 

(cm) 

ΔH 

(cm) 

Ø fin 

(mm) 

ΔØ 

(mm) 

Leaf area 

(m
2
) 

Leaf biomass 

(g) 

Woody 

biomass  (g) 

CTL 

E
. 

m
a

cr
o

p
h

yl
la

 

226±17 181±18 40±3 17±3 4.5±1 617±106 1105±144 

T33 214±22 170±21 41±8 17±8 4.3±0.6 592±78 932±252 

T50 210±19 167±17 37±9 16±6 4.1±1 587±122 8804±229 

CTL 

P
. 

 x
 f

ra
se

ri
 151±10 100±10 33±3 12±2 1.4±0.4 242±67 590±193 

T33 165±23 117±22 34±3 13±2 1.7±0.5 270±71 628±139 

T50 156±28 100±29 35±4 15±5 1.8±0.5 293±78 652±166 

CTL V
. 

ti
n

u
s 64±14 b 39±15b 23±5 11±5 1.24±0.6 b 152±65 b 152±78 b 
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T33 79±5 a 50±7 b 25±5 11±4 2.44±0.4 a 247±45 a 259±76 a 

T50 89±5 a 62±5 a 28±6 16±8 2.2±0.5 a 237±51 a 269±67 a 

Table 2 Biometric parameters for the three plants cultivated on soil and soil:sediments 

mixtures. Values in bold indicate significant differences identified by ANOVA followed by 

the Tukey Test at P>0.05. 

 

 

 
Figure 22. Pictures of representative plants in each species growing on the three substrates (A) 

Photinia x fraseri var. Red Robin; B) Eleagnus macrophylla L.; C)Viburnum tinus L.). 
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More differences were found for the root system. At the end of the first year in fact P. x 

fraseri and E. macrophylla in T50 showed somewhat presence of dead thin roots as well as in 

V. tinus and also E. macrophylla growing in CTL (Figure 23). Reduced root vitality may have 

been caused by different reasons among which the high soil moisture and likely caused anoxic 

conditions in the wet year. However, the vitality of the root system apparently did not affect 

growth during the second year of P. x fraseri and E. macrophylla, but it affected the one of V. 

tinus in CTL.  

At the end of the second year, root system was partially lost due to digging, so that roots were 

evaluated in root defects (Table 3). These, were likely originated during the first nursery 

stages, when plants grew in containers that elicited peripheral roots and circling roots, 

particularly in E. macrophylla. 

The presence of sediments seemed also to exacerbate some defects that however can be 

removed at the moment of the initial transplanting. For instance, kinking was observed mainly 

in T50 (E. macrophylla and P. x fraseri – this also in T33); in constrast, V. tinus showed most 

of the defects in the more compact substrate – the control, in which it also presented no plants 

with a good root structure and growth. Kinking might be generated by the presence of hard 

parts (e.g. stones, clay aggregates, other roots) that might interfere with the root extension.  

However, T33 ensured a uniform distribution of roots in all the species and, as well as T50, 

root growth appropriate to the species.  
 

 

  CTL T33 T50 α value 

P
h

o
ti

n
ia

 x
 

fr
a

se
r
i 

Circling roots 75 a 50 b 50 b α<0.005 

Kinked roots 0 b 0 b 38 a α<0.005 

Uniform distribution 38 b 63 a 38 b α<0.005 

Appropriate growth 88 b 88 b 100 a α<0.01 

E
le

a
g

n
u

s 

m
a

cr
o

p
h

y
ll

a
 L

. Circling roots 50 50 50  

Kinked roots 25 b 63 a 50 a α<0.005 

Uniform distribution 63 a  50 ab 38 b α<0.005 

Appropriate growth 63 b 88 a 75 ab α<0.005 

V
ib

u
rn

u
m

 t
in

u
s 

L
. 

Circling roots 88 a 50 b 63 b α<0.005 

Kinked roots 50 a 13 c 25 b α<0.005 

Uniform distribution 75  63 75  

Appropriate growth 0 b 75 a 88 a α<0.005 

Table 3 Percentage of plants per species with defects. Chi squared analysis was done for 

identifying significant differences between percentages within the species. 
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Figure 23. Root apparatus of the three species in the three treatments. A) Photinia x fraseri; 

B) Eleagnus macrophylla L.; C) Viburnum tinus L. 

 

 

Root ball assessment  
Soil texture plays an important role for the characteristics of the root ball: for instance, high 

clay content ensure compaction and lower deformation of the soil around the roots than sandy 

soils that are incoherent, deform the root ball and increase the risk of desiccation.  

Soil moisture also plays also an important role: plant harvest should be done when the plants 

are in the winter rest (e.g. from October until February in Mediterranean areas) and with moist 

soil (e.g. three/four days after a raining period), beneficial for root apparatus and for making a 

more cohesive rootball. More cohesive and plastic root balls are usually required features in 

plant nursing. Root-balling in soil-sediment mixed substrates (T33 and T50) therefore should 

be done at certain range of soil moisture that keeps the particles together, otherwise breaking 

easily (for instance, higher than 28% in T50).  

In the Cleansed demonstration trial the plant extraction was done manually when the 

substrates had 25-30% soil moisture.  

The assessment of the root ball was done visually by observing any deformation and breakage 

occurring from extraction to placement on the surface.  

 

Assessment and the images of rootballs of the three tested species in the Cleansed project are 

reported in the following table (Table 4). The best performance was observed for the control 

soil, whereas the worst performance was observed for theT50 which reported impaired 

rootballs. In T33 intermediate performances were observed, possibly allowing the burlapping 

operation.  
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The poor rootballing performance in T50 could be improved by burlapping in special fabrics 

or plastics that prevent root desiccation or ensuring a fast transplanting in landscape within a 

few hours from extraction. 

 

 CTL T33 T50 

Photinia x fraseri var. Red Robin 

   

SWC % = (FWs-DWs)/DWs 32 31 26 

Resistance to penetration (Kg cm
-2

) 1.3±0.4 a 0.7±0.2 b 0.5±0.1 b 

Deformation & Breakage 

Very compact. It 

deforms without 

breaking 

Rather compact. It 

breaks in a few 

blocks for 30% 

Little compact. It 

breaks in blocks for 

60% 

Eleagnus macrophylla L. 

   

SWC % = (FWs-DWs)/DWs 34 28 32 

Resistance to penetration (Kg cm
-2

) 0.8±0.2 0.8±0.3 0.7±0.2 

Deformation & Breakage 

Rather compact. It 

deforms without 

breaking 

Rather compact. It 

breaks in a few 

blocks for 30% 

Little compact. It 

breaks in a few 

blocks for 60% 

Viburnum tinus L. 

   

SWC % = (FWs-DWs)/DWs 36 32 26 

Resistance to penetration (Kg cm
-2

) 0.9±0.1 0.8±0.2 0.9±0.2 

Deformation & Breakage 

Very compact. It 

deforms without 

breaking 

Rather compact. It 

breaks in a few 

blocks for 30% 

Little compact. It 

breaks in a few 

blocks for 60% 

Table 4 Root ball evaluation for the tested species of Cleansed project after two year 

cultivation. 

 

Conclusions  

In conclusion, the nursery experiment demonstrated the great potential of the phytoremediated 

sediments for plant nursing, especially for those species sensitive to high soil moisture and for 

the use in open field productions when mixed to a compacted agronomic soil.  



 

Final report LIFE+                                                           ENV/IT/000652- CLEANSED 

 

 

 

However, plant nursing looks also to specific features like soil cohesion that is important to 

ensure root ball plasticity, despite the higher risk of root damages and anoxic conditions when 

waterlogging occurs. 

The two tested mixture have different characteristics though worthy for different aspects in 

this agronomic sector. The plants showed great capacity to adapt to the substrates producing a 

dense foliage and branching for all the three species tested. The treatments T33 and T50 

enhance the potential capacity of the root system to explore the ground around in comparison 

to the more compacted structure of CTL. 

33% sediments in the mix has guaranteed a good growth of all the tested species with 

relatively low impairment of the root ball, so that this percentage might be suggested for field-

grown plantations.  

Nevertheless, 50% sediments might be used for those plantations that need root shaking at the 

extractions e.g. transplanted in containers or within in-ground nursery production cycle or 

sold as bare rooted plants.  

These former results confirm the effectiveness of the Cleansed methodology in 

phytoremediation of polluted river sediments and their use in plant nursing when the 

agronomic substrate has a fair silty texture, though some recommendations have to be 

suggested 

 

Additional experiment 

An additional experiment, not planned in the project proposal, was done to assess the use of 

the sediments in the forestry sector. This experiment was carried out by IBIMET-CNR in 

collaboration with academic partners specialized in forestry nursery (GESAAF-University of 

Florence and University of Molise). Unfortunately, in Italy, forestry sector and land 

restoration is not a well established sector, contrarily to other European countries where 

afforestations and plantations sites are more usual. Common aspects of these final destination 

is the relatively scarce opportunity of post-transplanting cares to the young plants, so that the 

vegetal material should be resistant enough to survive the transplanting stress and enable to 

grow further. Adaptation to the landscape, genetically biodiverse material increase the chance 

of survival, then the morphological traits should be also functional to the environment. Plants 

produced in nursery stage should develop phenotypical characteristics that enable the plants to 

resist and grow after transplanting (e.g. hardened, showing well developed root apparatus).  

An experiment testing the germination rate of a common Mediterranean species, the holm oak 

(Quercus ilex) was set up in Florence. In the experiment carried out, as most sediment was 

used as higher rate of acorn survival was observed. In addition, their physiological activity 

was longer than in the traditional substrates, demonstrating the good adaptation to the 

substrates with sediments and opening perspectives for the use of decontaminated sediments 

especially in the forestry restoration sectors (e.g. restoration of abandoned sites, quarries, 

compacted soil, brownfields etc ..). However, further experiments are needed to confirm this 

hypothetical destination, for instance implementing land restoration plans using 

decontaminated sediments. 

 

All technical details are defined in the Deliverable "Validation Report" of Action C2 attached 

as annex of this Final Report 

 

5.1.9. Action C.3 Monitoring and validation of the use of decontaminated sediments for 

road construction 
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This action started in January 2015, instead of July 2014 and it will continue up to February 

2016. The postponement in the beginning of this action was due to the delay of the end of the 

action B4 " Demonstration of the use of decontaminated sediments in road construction"due 

to the need of authorization by local province authority for the high salinity in the sediments 

at the end of landfarming process and for the adverse weather conditions (intensive and 

continue rains). This action was completed by 100%. 

  

The implementation of this action led to the validation of the use of decontaminated 

sediments for road construction according to current technical standards of the sector. 

The first phase of monitoring activities were carried out at the end of each working phase of 

the embankment construction in order to evaluate the use of dredged sediments as structural 

materials.  

The demonstration was completed with the full characterization of the materials used for 

construction of the other layers that compose the experimental road (subbase, subgrade, 

pavement surface ) which were made with suitable materials, different from the analyzed 

sediments, because they aren’t allowed for this type of layers. The characterization tests were 

carried out on site and in laboratory. 

In order to evaluate the behavior of the embankment under working conditions (traffic loads), 

the monitoring activities were completed through the measurement of different parameters 

(settlements, rut depths, fatigue and rutting resistance). 

In order to evaluate the effectiveness of sediments stabilization, two phenomena must be 

understood: 

a) layers consolidation; 

b) bearing capacity. 

In order to evaluate the consolidation process of the embankment, field measurement of 

ground settlements at a given depth is essential.  For this reason the installation of multipoint 

settlement system in embankment layers allowed to measure embankment settlements 

directly, confirming that after stabilization and compaction, the sediment is completely 

consolidated and it doesn’t continue to increase density.  

In order to evaluate the bearing capacity under traffic loads, it is essential to evaluate 

pavement resistance to fatigue and rutting; in fact influenced by subgrade deformation under 

traffic loads. For this reason it is necessary to distinguish between resistance of pavement 

layers and resistance of subgrade, that is influenced by the behavior of the stabilized 

sediments. Tests carried out on pavement layer materials, allowed to evaluate their resistance 

to fatigue and rutting; these data, combined with the results of loading pavement structure 

resistance is partially dependent on pavement layer properties, that it is strongly tests carried 

out on the road, allow to isolate the specific bearing capacity of stabilized sediments. 

 

First Phase: Field investigation 

 

The first monitoring phase was done during the embankment’s construction. Each layer has 

been put in place only after the verification of the suitability of the previous layer by testing 

control. In particular, during the stabilization phase was controlled the water content of the 

dredged sediments to ensure the maximum dry density. The maximum dry density and the 

optimum water content at which this density is reached are previously determined in 

laboratory by Proctor test.  

In particular were evaluated: 
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1. moisture content control of the layers of dredged sediments stabilized with lime (BS 6576);  

2. determination of the field density after compaction of the layers of dredged sediments 

stabilized with lime by sand-cone apparatus (CNR BU n. 22/72);  

3. determination of the bearing capacity through the evaluation of the Modulus using the 

static and dynamic plate (B.U. C.N.R. n. 146/1992, ASTM E2835–11; ASTM E2583–07 

(2011) );  

4. determination of In-situ and laboratory CBR index (ASTM D6951-03, UNI EN 13286-

47:2012 );  

5. full characterization of the asphalt mix (volumetric and mechanical characteristics) 
  

  
Static load plate test Dynamic load plate test 

  
Dynamic Cone Penetrometer (DCP) test Field density 

Figure 24. Field investigation during construction works 
 

Description of methodology 

 

Bearing capacity 

The Static Plate Load Test applies in road construction in order to determine load settlement 

lines and by this to evaluate the deformability and the load capacity of the soil. 
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With the static plate load test the examining soil layer is repeatedly in steps loaded and 

relieved by a circular load plate by means of a load device. The settlement measuring 

instrument consists of the carrier frame with sensing arm and dial gauge. As a counterbalance 

of the load device a heavy-weight vehicle is used. The indentation of the load plate into the 

soil, generated with every load step, is indicated via the dial gauge. The settlements of every 

load step and the corresponding mean normal stress below the load plate appear as test values. 

The dynamic plate loading test using the Light-Weight Deflectometer is a field test designed 

to determine the dynamic deformation modulus of subsoils and fills in all types of earth 

working and ground engineering applications.  

 

Field density 

The sand cone method is used for field density test in highway construction. In the field, the 

dry density test is carried out for check the compaction of layers. 

Compaction is most useful for the preparation of sub base grade and other pavement layers 

and in construction of embankment in order to increase the stability and to decrease 

settlement. In field compaction, the compacting moisture content is first controlled at 

optimum moisture content and the adequacy of rolling or compaction is controlled by 

checking the dry density achieved and comparing with the maximum dry density. 

 

In-situ CBR 

The Dynamic Cone Penetrometer (DCP) is an instrument designed for the rapid in-situ 

measurement of the structural properties of existing road pavements constructed of unbound 

materials at different depths.  

Correlations have been established between measurements with the DCP and conventional in-

situ CBR so that results can be interpreted and compared with CBR specifications for 

pavement design.  

 

Tests on pavement layer materials 

Tests on asphalt concrete mix were carried out by use of a Mobile Laboratory which allows to 

evaluate the characteristics of road materials since it is provided with the principal equipment 

(gyratory compactor, bitumen extractor machine, sieve shaker, universal compression testing 

machine).  

Mechanical tests were carried out subsequently in lab by using a dynamic press, set up 

specifically for the fatigue tests, and by using a traffic simulator (Double wheel trucking- 

DWT). 

 

Results 

 

In Table 5 are shown the more important results of in-situ tests. Because of  the optimum 

Proctor density of the dredged sediments stabilized with lime is known (1.650 kg/dm3), it can 

be calculated the mean value of the compaction degree for the stabilized layers equal to 94%,  

that represents a good value for the embankment layers. 

 

Layer 

Mean value of  
a series of measurements for each layer 

STATIC LOAD 
PLATE 

Md   [MPa] 

DYNAMIC LOAD 
PLATE 

Ed  [MPa] 

Field density 
[kg/dm3] 
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Natural subgrade 13 29  

I  embankment layer 46 122 1.580 

II embankment layer 44 122 1.547 

III embankment layer 70 130 1.531 

IV embankment layer 50 113 1.509 

V e VI embankment layer 32 113 1.604 

Granular Subbase  39 -   

Subgrade 69 144   

Table 5 In-situ test results 

 

  
Figure 25. Embankment layers 

 

In the subsequent 6 and Table 777 are reported the test results of in- situ CBR measured by 

DCP for the natural subgrade and the last layer of the embankment after compaction.  
 

Depth [mm] 
Natural subgrade 

 

CBR [%] 

0 ------ 

252 4 

461 4 

639 5 

809 6 

  
  

  
  

  
  

  
  

  
  

Table 6 In-situ CBR (measured by DCP) on the natural subgrade 
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Depth [mm] 
VI embankment layer 

 

CBR [%] 

0 ------ 

108 9 

273 6 

452 5 

525 14 

588 17 

645 19 

690 24 

741 22 

786 25 

828 27 

 Table 7 In-situ CBR (measured by DCP) on the last layer of the embankment 

  

Second Phase: Monitoring Activities  

 

The second phase of the monitoring activities was carried out both on the constructed trial 

road embankment and in laboratory by tests carried out on pavement layer materials with the 

aim to evaluate their resistance parameters.  

For the field monitoring activities, it was necessary loading the trial section with a mobile 

load, that simulates the action of vehicle traffic; this was achieved by a truck that moved on 

the pavement for a specific number of loading cycles.  The consolidation process of the 

embankment was investigated by measuring over time, at specific loading cycles, the 

following parameters: 

- Settlements 

- rut depths 

In order to evaluate the bearing capacity under traffic loads, tests were carried out in 

laboratory on pavement layer materials for determining: 

- resistance to rutting 

- resistance to fatigue 

Rut depths were measured, by using laser profilometer, in four different measuring points of 

the road section; at the same time, rutting resistance was evaluated in lab on specimens of 

asphalt pavement material by using a double wheel trucking (DWT) traffic simulator. Fatigue 

resistance was evaluated by using dynamic press. 
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Figure 26. Truck passages for simulate the action of vehicle traffic 

 

The passages of the different types of axles were converted into equivalent axes (the weight of 

an equivalent axis corresponds to 8.2 KN). 

 

Settlements monitoring 

Field measurement of ground settlements at a given depth is essential in geotechnical 

monitoring to evaluate the relation between stress and strain. 

Settlements measurement was carried out in two different sections and at various depths of 

the embankment body by using multipoint settlement systems.  

Figure 1127 shows the installation phases of the measurement system. 
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Figure 27. Installation phase of extensometer system  

 

The system consists of access tube with external corrugate pipe, magnet rings, telescopic 

bottom section with datum ring and suspension head. A number of magnetic rings (measuring 

points), placed along the tube move together with surrounding soil along the axis of the access 

tube (Figure 28). 
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Figure 28. Magnet extensometer system installation scheme and localization of the measure 

points in the embankment body 

 

The magnetic targets follow the ground during the settlement. The measurement is done by a 

special dipmeter with millimetric tape with a tipswitch that is actived by the magnetic field 

generated by the target rings (29). Comparison of surveys taken over time provide profiles of 

settlement; the reading of vertical movements is taken by means of the so-called “settlement 

gages”. 
  

    
Figure 29. Settlements measurements 

 

Rut depth monitoring and evaluation of rutting resistance of asphalt pavement  

Ruts in the pavement surface manifest as a continuous depression in a longitudinal direction 

in the area of the wheelpaths. Pavement uplift (shearing) may occur along the sides of the rut. 

There are two basic types of rutting: mix rutting and subgrade rutting. Mix rutting occurs 

when the subgrade does not rut yet the pavement surface exhibits wheel path depressions as a 

1st Ring

2nd Ring

3rd Ring 
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result of compaction/mix design problems. Subgrade rutting occurs when the subgrade 

exhibits wheelpath depressions due to loading. In this case, the pavement settles into the 

subgrade ruts causing surface depressions in the wheelpath (Figure 30). 

  
  

Figure 30. Rutting phenomena 

 

The field monitoring testing consisted of rut depth measurements by stationary laser 

profilometer in four different measuring points across the wheelpaths (Figure 31). This latter 

is classified as a non-contact device according to the ISO/TS 13473-3 standard (2001). Its 

main components are a laser box containing the source and the receiver, a support frame, a 

displacement sensor, a control unit and management software. The control unit and the 

management software associate the output deriving from the source/receiver set with the 

output deriving from the displacement sensor, so that each height measured is matched to the 

corresponding longitudinal distance. The profile recorded will be identified by a discrete 

sequence of heights approximating the real profile.  

The rut depth is defined as the greatest deviation of the transverse profile of a pavement 

surface and a virtual straight reference line of length sliding on the surface of the profile 

within the limits of the analysed width, by leaving an edge of the rut towards the other edge.  

The results of measurements, analized according to EN 13036-8:2008 standard, were plotted 

as a function of loading cycles. Very low values of wheel path were found on the 

experimental road. 

    
Figure 31. Rut depth monitoring 
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Specimens of pavement materials were made during construction and tested to determine 

material and mixture rutting resistance by using a double wheel trucking (DWT) traffic 

simulator. 

    
Figure 32. Rutting resistance lab tests 
 

Conclusions 

The results of the monitoring activities show that after about 30000 passages of equivalent 

axes settlements and rut dephts values are very low.  

These values,  together with the pavement layers and subgrade resistance data, were used as 

set up parameters for implementing a degradation model of the road structure. This latter was 

necessary to determine the number of passes of equivalent axes needed to produce the failure 

of the road structure, that were interpreted and compared with specifications for pavement 

design. 

The results obtained are very promising: they show that, if properly treated, the dredged 

sediments can be used advantageously as a structural material in road construction. 

 

All technical details are defined in the Deliverable "Validation Report" of Action C3 attached 

as annex to this Final Report 

 

5.1.10. Action C.4 Assessment of technical and economic impact-guidelines for the use 

of decontaminated sediments 

 

Action C.4 started on October 2015 and was completed on March 2016. This action was 

completed by 100 %. 

 

The action C.4 was aimed at the socioeconomic assessment of the use of decontaminated 

sediments as a filling material for the construction of roads and as growth substrate in the 

nursery activity, with the support of the Life Cycle Assessment method (LCA). 

 

In road construction activity, the LCA was used to compare, in terms of their associated 

environmental burdens, two scenarios for managing the polluted dredged river sediments: 
a) confined disposal - placement of dredged material in a confined disposal facility; 

b) road construction - use of decontaminated sediments as a filling material for the construction of 

roads. 
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This study was performed using a methodological framework based on the International 

Organization for Standardization (ISO) recommendations (UNI EN ISO 14040 and 14044). 

According to the ISO 14044, LCA methodology consists of four phases: 
1) goal and scope definition; 

2) inventory analysis; 

3) impact assessment; 

4) results and interpretation. 

Goal and scope definition 

The main objective of this LCA was to compare the environmental potential impacts of two 

types of placement alternatives (confined disposal facility, and road construction) for material 

dredge from rivers, and detect high environmental impact processes for the purpose of 

improving their environmental performance and reducing substances consumption. The scope 

is to include all important activities of each scenario. Based on recommendations for a life-

cycle framework for the assessment of site remediation, the functional unit was set equal to 

the management of 1 ton of contaminated sediment dredged from rivers. 

Inventory analysis 

In the inventory analysis phase, inputs (energy and chemicals used) and outputs (emissions to 

the environment) associated with treatment processes were listed in detail.  

The environmental load was calculated in relation to the functional unit, and the inventory 

results are evaluated and distributed into the life cycle stages (Figure 33). Each life cycle 

stage (for instance, site preparation) is composed of one or several processes, which can be 

material production or equipment operation. 

 
Figure 33 - Life cycle flow diagram of the studied systems 

Impact assessment 

In the impact assessment stage, inputs and outputs were interpreted in terms of their 

environmental impacts. The potential impacts are calculated according to the ReCiPe 

assessment method, which calculates midpoint scores that combine hundreds of individual 

impacts into grouped impact equivalent for global warming, ozone layer depletion, aquatic 

and terrestrial ecotoxicity, fossil depletion, and land use. Besides, an endpoint method was 

used for the impact assessment in order to achieve maximal agreement with the comparative 

and management-oriented objectives of the study. The ReCiPe method uses three main 

damage categories (endpoint indicators): human health, ecosystems and resources. 

Results and interpretation 

The results obtained by the LCA are encouraging: the comparison of the midpoints results per 

impact category shows that the environmental burdens associated to a road built using 

dredged sediment is lower than a road built using traditional materials. The results show that 

the potential environmental loads for the two studied scenarios are similar for all impact 

categories. 
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These results of the life cycle assessment at endpoints level highlight that the resources used 

for road building are not compensated for by gains from climate change or ecotoxicity 

reduction. This indicates that the amount of energy and resources to reuse contaminated 

sediments result in higher environmental burdens in comparison to the disposal into confined 

facility. On the other hand, the potential damage on human health results higher for confined 

disposal in relation to loads in the climate change and human toxicity categories. 

 

In nursery activity, the LCA was used to compare the impact of plant nursery using 

soil/sediment mix rates of 0 (T0) 33% (T33) and 50% (T50), compare the environmental 

scenarios for sediment or excavated soil as backfill material, and sediment landfilling, and 

identify environmental improvements for the use of sediments in plant nursery. For these 

aims, the inventory and system boundaries were compiled and defined on the basis of 

information obtained by project partners and relying on previous experience on the plant 

nursery. The m
3
 of phytoremediated sediment or excavated soil was used as functional unit, 

and the GWP in terms of kg of CO2 was chosen as impact category. The option appraisal, 

results interpretation, improvement analysis as well as assumptions and simplifications were 

done on the basis of the beneficiary UniFi working group. The LCA for plant nursery 

activities were conducted using the GaBi software with Ecoinvent Database 

Inputs in terms of energy, materials, infrastructure and chemicals used are reported in Table 8. 

Emissions associated to the selected inputs were calculated on the basis of the functional unit 

and evaluated and depending on the processes they are involved in, relying on the data 

obtained from the project industrial partners and other beneficiaries. Processes were devised 

according to those available in the Ecoinvent Database. 

The LCA inventory was devised according to sediment management (phytoremediation for 

plant nursery or landfilling) and plant nursery options (phytoremediated sediment or 

excavated soil), activities related to sediment management (sediment temporary placement, 

sediment phytoremediation), and input information items for all the processes.  

 

Sediment 

management 

options 

Activities Items 

Inshore 

placement and 

ladfilling 

Temporary 

placement site 

preparation 

Pond excavation, geotextile insulation, 

sediment dewatering, transportation to 

temporary storage pond, monitoring, 

transportation to landfill 

Phytoremediation 

for ornamental 

plant growth 

Phytoremediation Sediment dewatering, transportation to 

phytoremediation facility, phytoremediation 

implementation and monitoring, landfarming 

Plant nursery Sediment transportation to plant nursery 

farm, backfill of farm soil and plowing, 

ornamental plant establishment, fertilizers 

and agrochemicals use, irrigation, plant 

excavation and rootballing. 

Excavation 

materials 

 Soil excavation, materials transportation to 

plant nursery farm, backfill of farm soil and 

plowing, ornamental plant establishment, 
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fertilizers and agrochemicals use, irrigation, 

plant excavation and rootballing. 

Table 8. Input data used to device the Navicelli sediment management options and to compare 

the impact of using phytoremediated sediments or excavated soil for plant nursery. 

 

The results, for the sediment or excavated soil showed impacts of 32.0, 45.8 and 58.9 kg CO2 

equivalent for ornamental plants growth with soil/sediment rates of 0 (T0), 33% (T33) and 

50% (T50). The LCA indicated that the higher impact of phytoremediated sediments as 

compared to the use of excavated soil was due to the phytoremediation activity, and allowed 

to identify improvements in the phytoremediation activity.  

The LCA for comparing the use of sediments for plant nursery with the sediment landfilling 

recommendation for reducing the impact of phytoremediation are under preparation. 

 

5.2 Dissemination actions 
 

5.2.1 Objectives 

All the project beneficiaries made sure that the CLEANSED project gained maximum 

visibility at a European level. During the whole project period various dissemination materials 

were produced and distributed in fairs, conferences, newsletters and so on. A logo was 

designed together with posters, brochures, gadgets and various other items which allowed for 

a full dissemination of the project aim and results. 2 TV and radio interviews was also 

broadcasted and some articles were also edited on newspapers and a project website was 

created and published online within the second month of the project. 

The tight, fruitful cooperation among CLEANSED beneficiaries gave very positive results, 

feasible in the practice and also in dissemination activities.  

Among the actions started, dissemination activities and material are fundamental in order to 

show the role of Life+ projects, in general, and the importance of CLEANSED project, in 

particular, to people working in the field of sediment treatment as well as to final users, plant 

nursery and road construction sectors. CLEANSED has been presented in different events, in 

a specific web site, in notice boards, in gadgets and in brochures. In particular, the 

CLEANSED dissemination ACTIONS (Actions D.1 to D.13) has been performed in the 

whole project period detailing the type of CLEANSED innovative technology and product. 

All the beneficiaries were involved in the development and implementation of the following 

main CLEANSED dissemination activities from the start of the project (01/10/2013) until the 

end of the project (31/03/2016): 

 Development of the web site: ISECNR registered, developed and updated the website 

www.lifecleansed.com 

 Notice board: ISECNR produced 12 CLEANSED notice boards, which were sent to 

all the partners and displayed in visible spots and accessible places to the public on the 

partners’ premises. 

 Dissemination material:  

o Logo definition 

o 12,500 brochures/leaflets 

o 3,100 different items as gadgets 

o 1 roll-up 

o 25 posters 

o 3 project presentations 
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 Events: CLEANSED project was presented to 48 events, seminars, fairs and 

workshops  

 TV interviews, articles and press release: 42 articles, 2 TV and 1 radio interviews 

 

The following table summarises and compares for each project ACTION which dissemination 

activity and material was foreseen in the project and which was the real result at the project 

end. 

 

DISSEMINATION PRODUCTS 

Number of 

the Action 
Name of the Action Deadline Expected results Results at the project end 

Action D.1 Project website 30 months Project web site Project web site and 

continuous updating to 

general public 

Action D.2 LIFE+ information 
boards 

3 months 12 notice boards  

 

12 notice boards 

displayed in beneficiary 

public places to general 

public visiting the 

beneficiary premises 

Action D.3 Layman's report 30 months  Layman's report 100 copies of Layman's 
report to general public 

Action D.4 Diffusion material 
preparation 

30 months Logo definition 
24 posters 
12,000 brochures/leaflets 
2,400 various items 
6 roll up 
 

Logo definition 
12,500 brochures/leaflets 
3,100 different items as 
gadgets 
1 roll-up 
25 posters 
3 project presentations 
Distributed in project 
events to general public 

Action D.5 Press and media 
releases 

30 months 30 articles 42 articles, 2 TV and 1 
radio interviews to 
technicians through 
scientific journals and to 
general public through 
general newspapers 

Action D.6 Networking 30 months Clusters with 7 projects Clusters with 11 projects 

through specific meetings 

Action D.7 CLEANSED 
manual for the use 
of decontaminated 
sediments in plant 
nursing 

30 months CLEANSED manual 250 copies of 
CLEANSED manual sent 
to companies involved in 
sediment, soil and 
agriculture management 

Action D.8 CLEANSED 
manual for the use 
of decontaminated 
sediments in road 
building 

30 months CLEANSED manual 250 copies of 
CLEANSED manual sent 
to companies involved in 
sediment and road 
management 

Action D.9 Demonstration 
workshop, 
seminars, 
conferences and 

30 months Organisation of 4  

workshops 

Organisation of 6 specific 
workshops and events  
Meetings with companies 
involved in sediment, 
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other events road, soil and agriculture 
management, 
Associations and 
Institutions, technology 
transfer organisations 
managers, environmental 
Institutions, public 
authorities 

Action D.10 Dissemination to 
Institutions and 
policy makers 

30 months Successful 
communications 

9 contacts during projects 
workshops 

Action D.11 International fairs 
and other events 

30 months Participations at 6 fairs Participation at 41 fairs 

and international events 

with contacts and 

material distribution to 

companies involved in 

sediment, road, soil and 

agriculture management, 

Associations and 

Institutions, technology 

transfer organisations 

managers, environmental 

Institutions 

Action D.12 Digital supports for 
international 
diffusion 

30 months 1000 copies of 1 project 

video in English, Italian 

and Spanish 

1000 copies of 

CLEANSED video in 

English, Italian and 

Spanish sent to 

companies involved in 

sediment, road, soil and 

agriculture management 

Action D.13 After-LIFE 
Dissemination Plan 

30 months After-LIFE 

Dissemination Plan 

After-LIFE 

Dissemination Plan 

 

5.2.2 Dissemination: overview per activity 

 

5.2.2.1 Action D.1 Project website 

During October 2013 the web site www.lifecleansed.com and the project Facebook page have 

been published and it is network-accessible. The site was periodically updated and it contains: 

 English, Spanish and Italian version 

 Visit counter  

 Link to LIFE+  

 Link to each beneficiary website 

 Results update 

 News update 

 Coming up 

 Reserved area 

 Link with the Facebook page for event booking/registration  

ISECNR was the responsible of the creation of the CLEANSED web site. The web site 

created was clearly and visibly marked with Life logo. In the website we have also uploaded 



 

Final report LIFE+                                                           ENV/IT/000652- CLEANSED 

 

 

 

the CLEANSED dissemination material presented and used during the attended fairs and 

conferences. At the end of the project the following results were obtained: 

 Website visitors: 272,592 

 Facebook page: 63 friends  

 

5.2.2.2 Action D.2 LIFE+ information boards 

During the first period of the CLEANSED project ISECNR created the structure of the project 

Notice board and produced 12 CLEANSED Notice boards, which were sent to all the partners 

and displayed in visible spots and accessible places to the public on the partners’ premises.  

 

5.2.2.3 Action D.3 Layman's report  

At the end of the project ISECNR created and produced 100 copies of the CLEANSED 

Layman's report which were sent and distributed in Italy and Spain through direct contacts to 

companies involved in sediment, road, soil and agriculture management, Associations and 

Institutions, agricultural, sediments, road and soil technicians and experts, technology transfer 

organisations managers, environmental Institutions, public authorities. 

The results of the activities carried out in Action D.3 are defined in the following project 

Deliverable foreseen at the end of the project and attached as annex to this Final Report: 

 Deliverable Action D3: Layman's report 

 

5.2.2.4 Action D.4 Diffusion material preparation 

During this period, all partners prepared various dissemination materials to be used in fairs, 

conferences, newsletters, etc, in particular: 

 Logo definition and design performed. A CLEANSED logo was created for the project, 

which will be shown on all dissemination documents of the project. 

 7,000 brochures and leaflets of the project in Italian and in English 

 3,000 CLEANSED leaflets (two types) 

 2,500 CLEANSED plastic leaflets 

 1,000 copybooks as project gadget 

 1,000 CLEANSED cups as project gadget 

 1,000 CLEANSED pendrives as project gadget 

 100 CLEANSED bags as project gadget 

 1 CLEANSED roll up in English 

 25 CLEANSED posters 

 3 CLEANSED power point presentation in English; Spanish and Italian to be used in 

different events 

The results of the activities carried out in Action D.4 are defined in the following project 

Deliverables foreseen at the end of the project and attached as annexes to this Final Report: 

 Deliverable Action D11: Proof of attendance, materials marked with LIFE and 

project's logo, proceedings 

 Deliverable Action D9: Attendance lists, photographic evidence, dissemination 

materials 

 

5.2.2.5 Action D.5 Articles and press releases. 

During this period, all the beneficiaries produced: 

• 8 articles  and 1 TV interview related to the CNR event in CNR premises on 25 March 

2014  in local and web newspaper 

• 1 article in local newspaper “La Nazione” 



 

Final report LIFE+                                                           ENV/IT/000652- CLEANSED 

 

 

 

• 1 article in "Navicelli news" journal 

• 1 article in “La Verdad” 

• 3 articles (Italian, Chinese and English) in Platinum journal 

• 3 articles and 1 TV interview related to the CLEANSED street inauguration event on 

16/03/2015 

• 18 indirect articles related to the participation of CLEANSED to the ASTRA and 

ENEA event on 22 January 2015 in local and web newspaper 

• Participation at radio transmission on 09/04/2015 on Radio Aula 40 

• 1 technical article for ISPRA, Roma, 15 Ottobre 2015 

• 1 technical article for "International Scientific Symposium: ”Management and 

Legislation in Agriculture, Agrotourism, Food, Agrifood Economics, Environmentand 

Consumer Protection” at Buzău Branch of the Bioterra Bucharest University, in 

October 23-24, 2015 

• 2 technical article for  Sardinia2015 - 15th International waste management and 

landfill symposium. Santa Margherita di Pula, Cagliari, Italy. 4-9 Ottobre 2015 

• 1 technical article for iForest Physiological performance and growth of Viburnum 

tinus L. on phytoremediated sediments for plant nursing  

• 1 technical article for Acta Italus Hortus  

• 1 technical article for. IICBE & IA-E Conference Proceedings. London, UK, March 

24-25, 2016.  

• Press conference in the CLEANSED event on 24 February 2016 at Florence Tuscany 

Region premises  

The results of the activities carried out in Action D.5 are defined in the following project 

Deliverables foreseen at the end of the project and attached as annexes to this Final Report: 

 Deliverable Action D5: Technical article 

 Deliverable Action D5: Published articles 

 

5.2.2.6 Action D.6 Networking 

During this period, ISECNR was responsible of the following networking activities: 

• Networking contacts and activities with BIOREM, After-Cu, GREEN SITE, 

SOILPRO, RESAFE, SEKRET, EVERGREEN, IPNOA, SeResto, HORTISED (LIFE 

09-10-11-12-14 projects) and Erasmus LANDCARE project. In particular: 

o Specific meetings with GREENSITE and After-Cu LIFE projects 

o All the project coordinators were invited to the CNR LIFE event at Pisa on 25
th

 

March 2014 

o Some coordinators presented the projects at the CNR LIFE event at Pisa on 

25
th

 March 2014 

The results of the activities carried out in Action D.6 are defined in the following project 

Deliverable foreseen at the end of the project and attached as annex to this Final Report: 

 Deliverable Action D6: Networking report 

 

 

5.2.2.7 Action D.7 CLEANSED manual for the use of decontaminated sediments in plant 

nursing  

IBIMET, with the collaboration of all the beneficiaries, has prepared the CLEANSED 

technology manual related to the use of decontaminated sediments in plant nursing which 

were sent and distributed in Italy and Spain though direct contacts to the technicians and 

managers of sediments, agricultural and soil companies.  
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The results of the activities carried out in Action D.7 are defined in the following project 

Deliverable foreseen at the end of the project and attached as annex to this Final Report: 

 Deliverable Action D7: CLEANSED manual for the use of decontaminated sediments 

in plant nursing 

 

5.2.2.8 Action D.8 CLEANSED manual for the use of decontaminated sediments in road 

building  

DICI, with the collaboration of all the beneficiaries, has prepared the CLEANSED technology 

manual related to the use of decontaminated sediments in road building which were sent and 

distributed in Italy and Spain though direct contacts to the technicians and managers of 

sediments and road companies. 

The results of the activities carried out in Action D.8 are defined in the following project 

Deliverable foreseen at the end of the project and attached as annex to this Final Report: 

 Deliverable Action D8: CLEANSED manual for the use of decontaminated sediments 

in road building 

 

5.2.2.9 Action D.9 Demonstration workshop, seminars, conferences and other events 

Some beneficiary organised and presented CLEANSED in the following event: 

 CLEANSED Workshop in Pistoia on 26/11/2014 

 CLEANSED street inauguration event on 16/03/2015 

 CLEANSED workshop in NAVI premises (Pisa) on 24/11/2015  

 CLEANSED workshop organised by IBIMET in VANNUCCI NURSERY CAMPUS, 

Pistoia, on 15/12/2015  

 CLEANSED workshop organised by CEBAS in Universidad Politecnica de 

Cartagena, on 21/12/2015 

 CLEANSED event on 24 February 2016 at Florence Tuscany Region premises  

The results of the activities carried out in Action D.9 are defined in the following project 

Deliverable foreseen at the end of the project and attached as annex to this Final Report: 

 Deliverable Action D9: Attendance lists, photographic evidence, dissemination 

materials 

 

5.2.2.10 Action D.10 Dissemination to Institutions and policy makers 

Since the start of the project, all beneficiaries began to have some contacts with different 

Institutions and policy makers in order to organise specific project meetings and 

dissemination events. The following contacts with institutions have been taken: 

 Environmental Department of San Giuliano Terme City (PI) - Italy 

 Councillor for the Environment of Pisa City - Italy 

 Environmental Department of Pisa Area - Italy 

 Environmental Department of Murcia Area - Spain 

 Environmental Department of Puglia Region - Italy 

 Senator of the Italian Government - Italy  

 Assessorato Agricoltura Regione Emilia-Romagna – Italy 

 ENEA Manager 

 Councillor for the Environment of Tuscany Region 

Italian Environment Minister, Tuscany Region President, Tuscany Region 

Councillors for the Environment and for the Infrastructures (SEKRET event 24 

February 2016 at Florence Tuscany Region premises) 
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The results of the activities carried out in Action D.10 are defined in the following project 

Deliverable foreseen at the end of the project and attached as annex to this Final Report: 

 Deliverable Action D10: Policy-oriented dissemination report 

 

5.2.2.11 Action D.11 Internationals fairs and other events 

Some beneficiaries disseminated the CLEANSED project participating in the following 

international fairs and events: 

 LIFE CNR event in CNR premises on 25 March 2014 

 EFUF 2014: June 3 - 7, Lausanne, Switzerland  

 REMIDA 28-29/11/2013, Terni (Italy) 

 SICA 17-20/02/2014, Piacenza (Italy) 

 ECOCITY fair in November 21-24, 2013, Pisa (Italy) 

 ECOMONDO fair in November 5-8, 2013, Rimini (Italy) 

 International Congress on Phytoremediation of Polluted Soils. Vigo, July 28 – 29, 

2014 

 FIERA DI PRIMAVERA, Sesto Fiorentino 4-13 April 2014 

 European Forum on Urban Forestry. Lausanne, June 3-7, 2014. Title: Reuse of  

decontaminated river sediments for plant nursing (CLEANSED - LIFE+) 

 Urban Environmental Pollution. Toronto, June 12-15, 2014. Title: Recycling of river 

sediments for plant nursery. An experimental study in Europe: CLEANSED - LIFE+ 

project. 

 AGRIFIERA, Pontasserchio (Pisa), 24April-04May 2014 

 ICTI, Pisa, 3rd International Conference on transportation infranstructure, 22-25 April 

2014 

 Event “Fare I conti con l’ambiente” Ravenna, 21-23 May 2014 

 Event “Bright 2014 – European Researcher’s Night”, Pisa, CNR premises, 

26/09/2014, 

 Conference “11th International Phytotechnologies Conference”, Heraklion, Crete Sept 

30 – Oct 3 2014 

 LIFE event of the University of Florence “Toscana & ambiente”, Florence, 

24/10/2014 

 Semana de la Ciencia en Murcia, in November 6-8, 2015  

 ECOCITY fair in September 18-21, 2014 at Pisa  

 ECOMONDO fair in November  3-7, 2014 at Rimini 

 LIFE event of ENEA and ASTRA “Dal confronto di esperienze diverse lo sviluppo di 

tecniche sostenibili”, Faenza, 22/01/2015 

 SICA2015 10-12/02/2015 at Piacenza (Italy) 

 SEKRET event on 14/04/2015 at Livorno (Italy) 

 CNR-IRSA event, Montelibretti Roma, May 7, 2015 

 Conference “Green Infrastructures and Urban forests for improving the environment 

and the quality of life” 17/11/2014, Roma 

 CRA event (Consiglio per la Ricerca e la sperimentazione in Agricoltura), 20/01/2015, 

Roma 

 Event VIVAIO RICERCA at EXPO 2015”,  28/01/2015, Roma 

 Giornate Tecniche della Società Italiana di Hortoflorofrutticulture (SOI) il 27-

28/05/2015, Pescia, Italy 
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 Conference "International Union of Forestry Research Organisations" at Nizza on 1-

5/06/2015 

 International meeting "Urban green infrastructure Mediterranean Forest Week and 

Silva Mediterranea” at Barcellona, 16-19 March 2015. 

 University of Warwick "School of Life Sciences, Gibbet Hill Campus, Coventry. 5-

7/07/2015 

 DAFNAE University, event, Padova, 23-25/09/2015 

 Etirya S.r.l. event, Entropya group, Lecce, Italia. 14/10/2015   

 Event “Bright 2015 – European Researcher’s Night”, Pisa, CNR premises, 25/09/2015 

 14th International Conference on Environmental Science and Technology CEST2015, 

3-5 September 2015, Rhodes, Greece  

 International Scientific Symposium: ”Management and Legislation in Agriculture, 

Agrotourism, Food, Agrifood Economics, Environmentand Consumer Protection” at 

Buzău Branch of the Bioterra Bucharest University, in October 23-24, 2015.  

 International Scientific Symposium Sardinia2015 - 15th International waste 

management and landfill symposium. Santa Margherita di Pula, Cagliari, Italy. 4-

9/10/2015 

 International Conference Phenology 2015 Conference. 5-8 Ottobre, Kusadasi  

 "ISE-Pallanza" event, Verbania, Italy, 15-16/02/2016 

 "National workshop "Reconnet" Roma, Italy 17-18/03/2016  

 TREVIS event, Bergamo, Italy 22/03/2016 

 5th International Conference on Biological, Chemical and Environmental Sciences 

(BCES-2016), 25-26/03/2016, London (UK) 

The results of the activities carried out in Action D.11 are defined in the following project 

Deliverable foreseen at the end of the project and attached as annex to this Final Report: 

 Deliverable Action D11: Proof of attendance, materials marked with LIFE and 

project's logo, proceedings 

 

5.2.2.12 Action D.12 Digital supports for international diffusion 

• Some beneficiaries produced specific videos related to specific project activities 

• ISECNR produced two project videos for the CLEANSED event on 24 February 2016 

at Florence Tuscany Region premises  

• UNIFI (as defined in the project) selected an external expert company for the 

production of the final CLEANSED project video to be attached to the Final Report  

The results of the activities carried out in Action D.12 are defined in the following project 

Deliverable foreseen at the end of the project and attached as annex to this Final Report: 

 Deliverable Action D112: CLEANSED DVD 

 

5.2.2.13 Action D.13 After-LIFE Dissemination 
At the end of the project, ISECNR created and produced the CLEANSED After-LIFE 

Dissemination Plan. 

The results of the activities carried out in Action D.13 are defined in the following project 

Deliverable foreseen at the end of the project and attached as annex to this Final Report: 

 Deliverable Action D13: After-LIFE Dissemination Plan 
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5.3 Evaluation of Project Implemention  
The project coordination actions needed daily work to maintain a permanent flow of action 

with the aim of achieving the objectives set. The actions carried out were: 

 Preparation of the Partnership Agreement and relative Addendum 

 5 Coordination meetings 

 4 Monitoring meetings 

 Organisation of different phone and web meetings between some partners in order to 

plan and monitor the project technical activities 

 Continuous contact between all project partners for monitoring project activities 

 General actions and activities for the coordination of the project.  

 Management of the financial aspects of the project. 

 Two monthly reports to the LIFE external team monitor on the evolution of the project.  

 ISECNR, as project coordinator, prepared and sent a monthly indication of operative 

activities to be done to all the partners 

 ISECNR, as project coordinator, prepared and sent every two months a summary of the 

project activities carried out to the monitoring team and to all the partners 

 

The following table compares through quantitative and qualitative information the results 

achieved at the end of CLEANSED project against the objectives of the proposal: 

 

Task Foreseen in the revised 

proposal 

Achieved at the project 

end 

Evaluation 

B1 Dredging, 

analysis and 

characterization 

of contaminated 

sediments 

Chemical, physical and 

biological 

characterization of river 

sediments. 

 

Definition of the 

treatment to be performed 

on the sediments 

The fresh dredged 

sediment to be reused in 

road construction and 

the sediment already 

treated with Agriport 

phyto-tecnology were 

characterized by 

chemical, physical and 

biological point of view. 

The landfarming 

treatment was defined as 

the more suitable 

treatment for both 

sediments. This action 

was completed by 100 

%. 

No particular 

technical 

problems 

occurred during 

this period.  

 

B2 Sediment 

treatment 

Sediment treatment for 

decontamining and 

refining of fresh dredged 

sediment and previous 

Agriport sediment  

 

The selected 

landfarming 

methodology was 

effective in the 

decontamination and 

transformation of 

sediments in matrices 

reusable in road and 

nursery activities. 

This action was 

The need of 

burocratic 

permissions for 

fresh sediment 

disposal and the 

need of a longer 

period of 

landfarming 

treatment had 

leaded to a delay 
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completed by 100 %. of about 5 months 

in the end of this 

action. 

B3 

Demonstration 

of the use of 

decontaminated 

sediments as a 

substrate for 

plant nursing 

Demonstration of the use 

of treated sediment  as 

agronomic substrate in 

field scale with different 

plant species by the 

evaluation of growth and 

qualitative plant features, 

hydraulic characteristics 

and  aggregating power of 

soil-sediment mixture. 

The demonstration 

frames were set up 

and treated sediments 

were suitable for plant 

growth. 

This action was 

completed by 100 %. 

No particular 

technical 

problems 

occurred during 

this period.  

 

B4 

Demonstration 

of the use of 

decontaminated 

sediments in 

road 

construction 

Demonstration of the 

reuse of treated  

sediments in the 

construction of a 100 m 

long roads under real 

working conditions 

 

A 100 m long road was 

constructed with treated 

fresh sediments after a 

post chemical treatment 

consisting in the use of 

lime in order to further 

reduce the sediment 

water content. 

This action was 

completed by 100 %.%. 

Due to the 

sediment 

characteristics 

(high salinity) at 

the end of 

landfarming 

process, their 

reuse in road 

construction 

needed a local 

authority 

authorization. 

This burocratic 

aspect, together 

with the adverse 

weather 

conditions (rainy 

winter), that made 

difficult the work 

operations for 

road construction, 

caused a 

a delay of about 4 

months in the end 

of this action. 

C1 Monitoring 

and validation of 

treated 

sediments 

Chemical, physical, and 

biological 

characterization of river 

sediments and the end of 

selected treatment 

Treated sediments have 

been analyzed by 

chemical, physical, and 

biological point of view; 

the sediment 

characteristics indicated 

their recovery and 

suitability in road and 

nursery activities.  

This action was 

Due to the little 

delay in the 

starting of fresh 

sediment 

landfarming and 

to the 

characteristics of 

this sediment, 

which needed a 

longer (3 months) 
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completed by 100 %. landfarming 

process, the end 

of this action was 

postponed of 

about 2 months.  

 

C2 Monitoring 

and validation of 

the use of 

decontaminated 

sediments for 

plant nursing 

Validation of the use of 

decontaminated sediments 

for plant 

nursing according to 

current industrial 

standards of the sector 

The suitability of 

sediment (different 

mixtures sediment-

agronomic soil) in plant 

nursery activity was 

tested and monitored 

through periodical 

chemico-physical and 

bilogical analyses of the 

gronomic substrate, 

growth and 

physiological stress of 

plants.  

This action was 

completed by 100 %. 

No particular 

problems 

occurred during 

this period.  

 

C3 Monitoring 

and validation of 

the use of 

decontaminated 

sediments for 

road 

construction 

Validation of the use of 

decontaminated sediments 

for road 

construction according to 

current industrial 

standards of the sector 

The monitoring activity 

carried out confirmed 

the suitability of the 

sediment for road 

construction  

 

This action was 

completed by 100 %. 

The beginning of 

this action was 

postponed of 

about 6 months 

for the delay in 

the end of the 

action B4. This 

activity was 

continued until 

February 2016 

instead of 

December 2015 

C4 Assessment 

of technical and 

economic 

impact – 

guidelines for 

the use of 

decontaminated 

sediments 

Assessment of the 

socioeconomic impact of 

the project Actions on the 

local economy and 

population 

of the involved regions  

A study containing the 

socioeconomic impact 

of the project on the 

local economy and 

population of the 

involved regions was 

prepared 

No particular 

problems 

occurred during 

this period.  

 

Action D.1 

Project website 

Project web site Project web site and 

continuous updating to 

general public 

In line 

Action D.2 

LIFE+ 

information 

boards 

12 notice boards  

 

12 notice boards 

displayed in beneficiary 

public places to general 

public visiting the 

In line 
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beneficiary premises 

Action D.3 

Layman's report 

Layman's report 100 copies of Layman's 
report to general public 

In line 

Action D.4 

Diffusion 

material 

preparation 

Logo definition 
24 posters 
12,000 brochures/leaflets 
2,400 various items 
6 roll up 
 

Logo definition 
12,500 
brochures/leaflets 
3,100 different items as 
gadgets 
1 roll-up 
25 posters 
3 project presentations 
Distributed in project 
events to general public 

In line 

Action D.5 

Press and media 

releases 

30 articles 42 articles, 2 TV and 1 
radio interviews to 
technicians through 
scientific journals and to 
general public through 
general newspapers 

More than 

foreseen 

Action D.6 

Networking 

Clusters with 7 projects Clusters with 11 projects 

through specific 

meetings 

More than 

foreseen 

Action D.7 

CLEANSED 

manual for the 

use of 

decontaminated 

sediments in 

plant nursing 

CLEANSED manual 250 copies of 
CLEANSED manual 
sent to companies 
involved in sediment, 
soil and agriculture 
management 

In line 

Action D.8 

CLEANSED 

manual for the 

use of 

decontaminated 

sediments in 

road building 

CLEANSED manual 250 copies of 
CLEANSED manual 
sent to companies 
involved in sediment 
and road management 

In line 

Action D.9 

Demonstration 

workshop, 

seminars, 

conferences and 

other events 

Organisation of 4  

workshops 

Organisation of 6 
specific workshops and 
events  
Meetings with 
companies involved in 
sediment, road, soil and 
agriculture management, 
Associations and 
Institutions, technology 
transfer organisations 
managers, 
environmental 
Institutions, public 
authorities 

More than 

foreseen 

Action D.10 Successful 
communications 

9 contacts during 
projects workshops 

In line 
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Dissemination 

to Institutions 

and policy 

makers 

Action D.11 

International 

fairs and other 

events 

Participations at 6 fairs Participation at 41 fairs 

and international events 

with contacts and 

material distribution to 

companies involved in 

sediment, road, soil and 

agriculture management, 

Associations and 

Institutions, technology 

transfer organisations 

managers, 

environmental 

Institutions 

More than 

foreseen 

Action D.12 

Digital supports 

for international 

diffusion 

1000 copies of 1 project 

video in English, Italian 

and Spanish 

1000 copies of 

CLEANSED video in 

English, Italian and 

Spanish sent to 

companies involved in 

sediment, road, soil and 

agriculture management 

In line 

Action D.13 

After-LIFE 

Dissemination 

Plan 

After-LIFE Dissemination 

Plan 

After-LIFE 

Dissemination Plan 

In line 

E.1 Project 

management 

Management of project 

activities 

Continuous contact 

between all project 

partners and project 

meetings 

Great 

beneficiaries 

collaboration 

E.2 Project 

monitoring 

Monitoring of project 

activities 

monthly indication of 

operative activities and 

monthly summary of the 

project activities with 

the beneficiaries. 

Two-months summary 

of the project activities 

with the monitoring 

team 

Great help from 

monitoring team 

E.3 Audit 

Report 

Audit Report Audit Report In line 

 

It is clearly evident from the above table that the work carried out at the end of CLEANSED 

project is perfectly in line with was expected in the CLEANSED proposal. 
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5.4 Analysis of long-term benefits 
 

Environmental benefits 

The CLEANSED project bring together the environmental problems and needs in three 

different sectors (management of dredged sediments, plant nursing, road building), 

demonstrating an innovative and fully sustainable set of strategies that will allow public and 

private stakeholders to face their existing challenges in new and more effective way. 

In particular, every year in the EU 130 million cubic meters of polluted sediments are dredged 

and become expensive waste, costly to treat and impossible to trade as they are. On the other 

hand, plant nursing and road building in Europe generate a yearly demand for more than 35 

million cubic meters of sand, gravel and other materials fully comparable to river sediments, 

but they currently resort to low quality filling materials from construction works, quarries 

and/or sediment catchments. 

This situation leads to the following problems: 

- Enormous amounts of polluted sediments left untreated, stored in landfills, or handled 

in a non-cost effective way; 

- EU soils are impoverished and overexploited to allow the matching of the demand for 

soil in nursery activity, causing loss of agricultural natural soil. 

- The low quality of filling materials used in road construction leads to the massive use 

of chemical amenders, with negative consequences in terms of both costs and 

environmental threats. 

 

The CLEANSED project provide an innovative integrated approach which includes the 

treatment of dredged river sediments and their transformation into a valuable material to be 

re-used in two different sectors: 

1) plant nursing 

2) road construction 

 

The project’s direct results were: 

1) In plant nursing activity:  

i) Smart management of contaminated sediments: instead of being treated at an average 

price of €75/m
3
, the sediments will be treated at €35-45/m

3 
and turned into a clean raw 

material with a market value between €10 and €20/m3. This will mean a 66% to 80% 

net saving for sediment decontamination.  

ii) Improvement of the physico-chemical (further reduction of the residual organic 

contamination) and biological properties of phytoremediated sediments 

iii)  Demonstration of the use of decontaminated river sediments as substrate for the 

cultivation of 144 ornamental plants of 3 different species with different saline stress 

tolerance. 

iv) Use of about 5 m
3
 of sediment as plant growth substrate prevent the loss of 5 m

3
 of 

agronomic soils due to plant nursing activities. 
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v) Improvement in some physiological and growth plant aspects with the use of sediment 

as growth substrate 

2) In road construction: 

i) Dredging and decontamination of about 800 m
3
 of river sediments, which were turned 

from a valueless waste into a usable and marketable raw material; 

ii) Demonstration of the use of decontaminated river sediments as a structural material 

for the construction of a 100 m long road under real working conditions; 

iii) Use of about 800 m
3
of decontaminated sediments instead of aggregate from third-

party catchments, with subsequent conservation of quarry and river environments 

The alternative practices implemented with CLEANSED have demonstrated that treated 

sediments can be used as a good alternative to materials used for road construction, and for 

substrates for nursery of ornamental plants, and for this reason, these practices are proposed 

for administration and agricultural nursery associations at low cost. Based on the results 

obtained, it can be said that the implementation of technologies proposed by CLEANSED 

entailed a more sustainable and environmentally friendly for road construction and nursery. 

 

Moreover, the results obtained by the LCA for the use of decontaminated sediments as a 

filling material for the construction of roads are encouraging: the comparison of the midpoints 

results per impact categories, confined disposal and road constructions, shows that the 

environmental burdens associated to a road built using dredged sediment is lower than a road 

built using traditional materials. The results show that the potential environmental loads for 

the two studied scenarios are similar for all impact categories. 

These results of the life cycle assessment at endpoints level highlight that the resources used 

for road building are not compensated for by gains from climate change or ecotoxicity 

reduction. This indicates that the amount of energy and resources to reuse contaminated 

sediments result in higher environmental burdens in comparison to the disposal into confined 

facility. On the other hand, the potential damage on human health results higher for confined 

disposal in relation to loads in the climate change and human toxicity categories. 

The results of LCA for the use of sediment in plant nursery, for the sediment or excavated soil 

showed impacts of 32.0, 45.8 and 58.9 kg CO2 equivalent for ornamental plants growth with 

soil/phytoremediated sediment rates of 0 (T0), 33% (T33) and 50% (T50). The LCA indicated 

that the higher impact of phytoremediated sediments as compared to the use of excavated soil 

was due to the phytoremediation activity, and allowed to identify improvements in the 

phytoremediation activity.  

 

Long-term benefits and sustainability 

The long term qualitative environmental benefits of the project will be the effective and 

sustainable management of dredged sediments (130 million m
3/

year), turned from waste into a 

marketable raw material. 

Possibility to cut the average EU yearly expense for treatment and disposal of inland 

sediments by 60-80%. 

The use of alternative cultivation practices may result in long-term cost savings due to 

recycling of decontaminated sediment. These long-term benefits have a social impact by 

positively affecting the daily life and protecting human health of inhabitants close to sediment 

disposal areas due to rational elimination of these sediments and minimization of the exposure 

to contaminants by direct or indirect way.  
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Moreover, the diffusion of the CLEANSED methodology will allow the prevention of 35 

million m3/year of materials from being mined/extracted from quarries or catchments  and the 

sustainable conservation of EU agricultural soil used for plant nursing up to 5.2 million 

m3/year. 

 

The sediment contamination (and therefore decontamination) issue cannot be viewed in 

isolation, because sediment contamination has an impact on all parts of the soil-water system: 

unlike contaminated soil, which is site-specific, the mobility of contaminated sediment makes 

it a river-basin issue. The CLEANSED project activities has been focused on actions that are 

most effective at the scale of the river basin, to ensure that money is spent well and in an 

easily repeatable way, and the environment is served most effectively. 

 

Replicability, demonstration, transferability, cooperation 

CLEANSED results are characterized as transferable and reproducible at least in 

Mediterranean countries. The impact of the project will be maximized if stakeholders apply 

the proposed practices not only at Mediterranean but also at European scale. The involvement 

of local authorities in persuading farmers to consider the use of the mixture soil-sediment 

through alternative cultivation practices will also result in additional indirect benefits. Local 

authorities may consider financing the construction of treatment units for sediments at 

local/regional scale; this initiative, apart from environmental benefits, will also result in 

positive effects on employment by the creation of new jobs and the increase of income at 

local/regional scale.  

 

The CLEANSED project will specifically contribute to the achievement of European 

environmental objectives: the EU, through acts like the Water Framework Directive (WFD) 

and the participation in the OSPAR Convention, actively promotes the search for sustainable 

and ecocompatible solutions for the management of sediments 

Moreover, an European regulation for the protection of soils is under discussion as part of the 

EU Soil Thematic Strategy, which may include sediment-related issues. 

The European Waste Catalogue (Decision 2000/532/EC) contains two waste codes for 

dredged sediment: 170505 ‘Dredging spoil containing dangerous substances’ and 170506 

‘Dredging spoil other than those mentioned in 170505’. The European Landfill Directive 

(Directive 1999/31/EC) has to be applied if dredged material has to be disposed on land. The 

waste legislation follows the principle: 1) avoidance of waste, 2) beneficial use, including 

treatment, 3) safe disposal. All three options are part of the CLEANSED integrated sediment 

management plan. 

Notwithstanding this, an integrated or even a standardized approach to sediment management 

is still lacking. The management of contaminated sediments in Europe has been mainly the 

direct concern of authorities dealing with navigable waterways. Contamination can inflict 

severely the management of dredged sediments, as the costs for the removal of excess 

sediment increases when it is too contaminated for unrestricted relocation.  

According to current literature, the WFD does not yet adequately deals with ‘sediment’ and 

‘dredged material’, although sediments are a natural and essential part of the aquatic 

environment and their management has to play an important role within water legislation. The 

CLEANSED project proposes itself as a complement to the Water Framework Directive: 

while the WFD aims at source reduction which in the long term may lead to ‘clean’ sediment 

quality, CLEANSED offers a way to immediately address the issue in its current terms, 

multiplying the long-term positive outcomes. 
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Also, CLEANSED will favour the implementation of further EU support to the beneficial use 

of sediments: beneficial use of sediments is a demand of EU waste legislation, but it is 

hampered by costs and legal restrictions, and the EU Landfill Directive itself asks for further 

elaboration of treatment techniques. The innovative approach demonstrated through the 

present project will result in more support in legislation, and promote more flexible standards 

for application of decontaminated sediment. 

The treatment and re-use of dredged sediments is politically encouraged, but it is currently 

applied only at a small scale because of the higher costs compared to disposal and the lack of 

product markets. The CLEANSED project, involving Italy and Spain and disseminated 

throughout Europe, will fill in this gap providing an example of state-of-the-art best practice 

in the integrated management of dredged river sediments, through a smart re-use within a 

basin system. The demonstration of the CLEANSED approach to sediment and dredged-

material management will push local, regional and national authorities to integrate the new 

model into existing frameworks at the different scales, such as river-basin management plans. 

The CLEANSED solutions have been developed in interaction with stakeholders, since the 

social perception of sediment depends on a variety of roles, values and definitions and it is 

influenced by stakeholder interests.  

 

Unfortunately, the main barrier to the further implementation and application of the technology 

is the lack of a regulation that identify the remediated sediment as a material to be reused as 

growth substrate in agriculture. 

So, while in road construction the replication of the project is supported by the law, in nursery 

activity the main objective to achieve is to act on regulation in order to include remediated 

sediment in the list of growth substrates. For this reason a huge effort was made during all the 

Cleansed project through the dissemination and face to face meeting with Institutions and 

environmental policy makers. 

In addition, other meeting will be planned with the ministry of the Environment in order to 

discuss and overtake the legislative problems. 

 

However, the Cleansed consortium are evaluating the real possibility to replicate the Cleansed 

solution in others EC area for both reuse in nursery activity and road construction. 

Several contacts have been established between the Cleansed consortium and stakeholders 

(basin and port authorities, local/regional/national authorities, plant nurseries); in particular, in 

Italy and Spain, location of the project consortium, and a greater interest has been showed by 

them 

(Councillor for the Environment of San Giuliano Terme an Pisa City - Italy, Councillors for 

Agriculture and education of Tuscany Region, Environmental Department of Puglia Region - 

Italy, Environmental Department of Murcia Area - Spain). 

In addition, more or less the same consortium would like replicate the Cleansed project, with 

some improvements in the technology, in the same basin system in Tuscany (Pisa, Italy) and 

also in the Murcia region in the Segura river basin. This area is of environmental interest both 

for Spain and Europe, being one of the most semiarid areas of Europe and under continuous 

flooding. 

These activity, will be hopefully carried out by a new European project we are going to 

submit in the next call, but in case of failure it will be realized with other funds (regional, 

internal, private..etc). 

In particular, the consortium wants to improve the technology demonstrated in the 

CLEANSED project in order to make the sediment decontamination process more quick, 
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efficient, cheap and appropriate for different environmental purposes (other than road 

construction and nursery activity) . 

For plant nursery, the use of plants together with selected microorganisms and a commercial 

bioactivator matrix could make the decontamination of sediment (also high level of 

contamination) more rapid, making sediment a biologically active substrate to be reused both 

from plant nursery and also for other environmental purpose such as amendment for the 

recovery of polluted soil. 

Instead, in road construction, a treatment consisting in a filter press plant, could increase the 

reduction of water content of dredged sediments, making dredged sediments workable in less 

time and by using lower amounts of stabilizing agents like lime. In this way, a reduction of 

costs and an increase of the potentiality in using dredged sediments would be achieved. 

 

Another concrete possibility to replicate the project derived by the interest of the port 

Authority of Cartagena (Spain). 

This port, as the majority of commercial ports, has the problem of dredging a great amount of 

sediments every year in order to allow the boat navigability. 

The port authority became aware of the Cleansed methodology during a dissemination 

situation of another Life project "Hortised" (LIFE14 ENV/IT/ 113) which used 

decontaminated sediments in horticulture.  

The port authority is interested in the remediation of sediment through phytoremediation and 

landfarming processes and the reuse of decontaminated sediment as growth substrate. 

Port authority and Cleansed consortium have already had several contacts for the planning of 

the treatment which, starting from pilot scale experiment, will allow to treat great volumes of 

sediments and hopefully transform them in an agronomic substrate. 

 

Assessed a certain potentiality of the decontaminated sediments in the sector of plant nursing, 

IBIMET-CNR met the referent of Agraria Checchi, leader company in Pistoia nursery district, 

for the preparation of substrates. This company is specialized in the preparation of substrates 

to meet more or less specific requirements of the customers (nurseries). These substrates are 

mostly created for in-containers productions, being peat, palm fibers, pumice, perlite, the 

basis materials on the market. The preparation of the substrate may include the addition of 

fertilizers or carbonates according the specific request, obviously based on the vegetal species 

that will be planted. Considering the important role of the company in the field of the 

substrates, Cleansed results were briefly presented to the referent person of the sector, 

pointing on the versatility of the decontaminated sediments in different sectors,  from the 

nursery plantations in open field to landscape restoration.  The referent of the company 

demonstrated his interest and he will personally check the material to assess hopefully its 

further exploitation.  

 

Best practice lessons 

The environmental, economic and social benefits of the project are considered very important 

at regional and also at national and Mediterranean level. The experimental as well as the 

demonstration results regarding the valorization and reutilization of dredged sediments after 

decontamination (treated sediments) have shown that they could be used for road construction 

or as substrate for nursery of ornamental plants. In addition, another important benefit of this 

approach is the subsequent reduction of the volume of the dredged sediments that is disposed 

of in landfills or incinerated 
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The choice and geographical scope of the two participating countries where the demonstration 

took place was  made in view of the optimization of outcomes and the creation of a European 

“domino effect”. Italy currently qualifies as the ideal site for the demonstration of the 

CLEANSED system. Not only it is involved in these three fields (dredged sediment 

management, plant nursing and road building) but it also provides the best possible legal 

framework for the project: a very recent piece of legislation (DM 161/2012) relative to the 

sediments, now allows to consider the materials resulting from dredging not as waste but as a 

valuable material, and also allows to reuse them on the ground, if they are not polluted 

(Column A or B of the regulation, depending on the intended use and leaching tests, as per 

DM 05/02/1998 and subsequent amendments).  

The sediments can therefore also be treated to reduce the level of contamination present for 

land application. In this new regulatory context, the CLEANSED project will be able to show 

its potential to the full, providing an example valid throughout the EU. 

In perspective of re-use in road technique, the decontaminated dredged sediment can be 

considered "alternative materials". This term is defined as any material produced from waste 

and intended to be used by themselves or mixed with other materials. Many types of 

alternative materials, such as recycled materials, are currently used as road building 

aggregate.  

One of the main causes that have hindered the development of alternative materials sector was 

the cultural resistance to the use of recycled aggregates in construction, fueled by the lack of 

adequate technical and regulatory instruments that would promote the large-scale use of these 

materials. A good opportunity to overcome this obstacle has been provided by D.M. n. 

203/2003 and the subsequent Circular of the Ministry of the Environment n. 5205/2005. The 

latter provision, in fact, provides directions to be operational in the road construction and 

environmental sectors the D.M. n. 203/2003, that has imposed to public bodies, or bodies 

publicly owned, to cover its annual requirements of manufactured products and goods with a 

share of products derived from recycled material not less than 30%. 

 

Innovation and demonstration value 

 

The dissemination of the project results to local/regional authorities, aiming to inspire them in 

investing money or implementing other effective initiatives, is considered very important. 

Also some of the project deliverables including data of interest such as the treated sediment 

management with the best practices and legislative recommendations for sediments reuse 

policy will be given to local/regional authorities in Spain, Italy and other countries and any 

other interested stakeholders free of charge.  

If this innovative approach of the implementation of treatment technologies for dredged 

sediments receives the proper acceptance by local societies, the social benefits will also be 

important. It is known though that in different cultures, people have different perceptions 

about wastes and thus innovative management concepts may encounter socio–cultural 

obstacles during implementation.  

 

Introducing a smart, sustainable solution for contaminated sediment management will have a 

significant impact on the local economy and population. The Navicelli canal is one of 15 

major enterprises mainly active in the nautical sector (with yachts being built there for brands 

like Azimut Benetti), with hundreds of employees and a yearly turnover exceeding 160 

million EUR. The maintenance of the canal itself is a major problem because, in order to 

allow proper navigability, frequent dredging is necessary, and every two years 315.000 m
3
 of 
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contaminated sediments are dredged (standard treatment cost about €23 million). The 

diffusion of the CLEANSED integrated approach will turn this – now valueless – waste into a 

valuable resources, encouraging sustainable dredging and the re-use of dredged materials, 

resulting in new investments as well as new jobs. 

Besides benefiting the environment by removing pollutants, the full implementation of 

CLEANSED within the Navicelli canal basin will: 

1) encourage sediment treatment against simple disposal; 

2) guarantee up to €9 million/year decontamination savings; 

3) produce new recycled materials for a commercial value of up to €3 million 

 

The impact will be extremely positive also for the local plant nursing sector. The Pistoia 

province hosts 74,2% of the plant nursing surface in the Tuscany region, which in turn 

accounts for almost 40% of the total Italian production. 1.560 plant nurseries are currently 

active, over an area of 4.772 ha, the proportion of plant nursing workers is three times the 

national average and in the last three years the number of enterprises has grown by 3,9%, and 

the land used has grown by a striking 45,6% leading to a yearly production of 39.000.000 

plants. Such a high territorial concentration takes a high toll on the use and quality of soil, and 

this expansion can only be sustainable if smart, eco-friendly approaches are implemented. The 

implementation of an integrated system like CLEANSED would therefore be of much use to 

the region: the demonstration of the innovative system will show that it is possible to sustain 

the growth of the sector in terms of both income and employment, at the same time preventing 

soil depletion. In the Pistoia province – where 3120 ha of land are used for the open field 

nursing of ornamental plants – more than 30.000 m
3
 of soil will be reintegrated using 

sustainable, high-quality decontaminated sediments, without resorting to quarries or other 

catchments. The use of “local” sediments from the very same basin of the Arno river (where 

the alluvial plains of Pistoia are located) will also cut the cost of soil replacement by up to 

45%. 

 

Moreover, the application of CLEANSED system will have a positive economic impact, in 

fact, the sediments have been turned from a valueless and expensive waste into a valuable raw 

material, guaranteeing the full environmental and financial sustainability of the approach. The 

physical-chemical characteristics of decontaminated sediments make it possible to smoothly 

include them in current production processes 

Every year in Europe 130 million m
3
 of polluted river sediments are dredged and need to be 

disposed of in specific and expensive ways (up to €7.000/ton). Every year 5.2 million m
3
 of 

soil are removed from the ground due to plant nursing activities. To prevent the risk of a 

tendency which would lead to a 8-10 mm/year lowering of the ground level, plant nurseries 

are forced to buy soil from third-party catchments, which are often of poor quality and 

contribute to soil exploitation elsewhere. Similar problems are faced by the EU road building 

industry, whose yearly demand for sand, gravel and aggregates for stability and draining 

purposes is around 30 million m
3
, for an average value of € 450 million. 

The cost for landfill disposal is around €75/m
3
, while the proposed technology will be of 

about €35-45/m
3
. The treated material could have a market value between €10 and €20/m

3
, 

meaning a 60-80% net saving. 200 million m
3
 of river sediments are dredged every year in the 

EU, 65% of which are polluted (SedNet– European Sediment Research Network). According 

to directive 75/442/CE, replaced by directive 98/249/CE, sediments are classified as waste 

under sections 170505–polluted sediments and 170506–other sediments. Contaminants in 
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sediment impact the ecological or chemical water quality status and complicate sediment 

management.  

Contaminated dredged sediments must be disposed of in confined disposal facilities (CDF) at 

much higher costs, or, when feasible, transformed into non-hazardous material through costly 

treatments (avg. 75 EUR/m
3
, see Netzband 2002 and SedNet ‘Sediment and dredged-material 

treatment’). Obviously enough, the cheapest options (relocation and subaquatic CDF) are the 

most frequently used, but also have the highest impact and the lowest 

economic/environmental return: the sediments are removed from the production cycle with 

high handling costs and no commercial value. The average yearly expense for the treatment 

and disposal of inland sediments in Europe is around € 2.47 billion—not including dewatering 

costs. 

 

The CLEANSED project is mainly aimed at the following categories of stakeholders: 

1) European managers of river sediments (basin authorities, local/regional/national 

authorities, private companies operating on inland waters etc.) 

2) Plant nurseries and related industries 

3) Private and public subjects active in the field of road building 

4) Policy makers 

5) The general public 

 

In this project, stakeholders and target groups tend to coincide, due to the fact that the themes 

at stake are tightly interconnected and can be considered of common interest. Resistance from 

stakeholders can prolong the innovation process and increase costs and efforts on the long 

term, so that the CLEANSED consortium has kept a constant two-way interaction with 

subjects, networks and organizations in Europe, operating at national/ international level and 

focusing on sediment, soil, water, plant nursing, road building, in fields such as science, 

policy making, management, industry, education etc.  

 

1) EU managers of river sediments. Managers of river sediments will mainly benefit 

from the project in that they will be given a viable, feasible, cost-effective and 

innovative option for the decontamination and re-use of polluted dredged river 

sediments. 

2) Plant nurseries and related industries. As detailed above, plant nurseries will be among 

the main beneficiaries of the project, because they will be able to count on a large 

supply of quality materials to replace the soil subtracted from the ground in their daily 

activities 

3) Private and public subjects active in the field of road building. The CLEANSED 

project is expected to have a significant effect on the road building sector. For this 

reason, quality interlocutors have been already identified during the preparation phase.  

Following the same pattern used for plant nurseries, stakeholders in the field (both 

research centers and commercial companies) have been already engaged during the 

preliminary experimental campaign, and will be kept constantly informed about the 

project.  

 

For the road building industry, it is reasonable to expect a geographically wider impact: the 

local demonstration of the CLEANSED system, by ruling out the need for sand, gravel and 

aggregate from quarries and catchments, will show the way towards a smart, more effective 

and integrated management and conservation of the landscape. 
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Finally, a significant impact is foreseen at policy-making level: the demonstration of a basin-

wide approach to sediment management and productive re-use will spread awareness and 

trigger changes in what is considered by the EU to be a crucial field. Policy makers in Italy 

and Spain (and also from other countries thanks to the international profile of the consortium 

members) will be stimulated to take and encourage effective measures for the smart 

management of polluted river sediments. 

 

 

6. Comments on the financial report 
In the following list for each involved beneficiary a justification/explanation concerning 

differences and/or increased costs for each item of each cost category is reported: 

 ISECNR: 

 Personnel: 

o As mentioned in the Mid -term report, the technician environmental expert 

(Scatena Manuele) cost is little higher than that planned in the proposal due to the 

unforeseen involvement of a technician specialized in chemical and biochemical 

soil field for defining the organic matter transformation during landfarming 

process and nursery activity (curriculum as attachment of final Report). 

o the higher rate of the senior project manager "Grazia Masciandaro" with respect to 

the proposal is due to the variation in the cost from the time of proposal up to now 

and also to a little carrier advancement. In fact, in 2015 she obtained a higher 

level, generally reached every three-four years. Moreover, Dr. Grazia 

Masciandaro, for her role, technical-scientific profile and experiences is an 

important staff member, fundamental for the development of the project, as 

demonstrated by her curriculum (attachment of final Report) in respect to the 

project topics.  

o in addition, we involved in the project an unexpected new temporary personnel 

specifically for the project with a lower daily rate than that foreseen in the project, 

mainly involved in the biochemical monitoring of the substrates in the nursery 

activity (Action C2), not planned in the proposal but fundamental for the 

evaluation of the biological transformation of agronomic substrates.  

 External Assistance: 

o The cost foreseen in External assistance for the action B1 "Shipping of sediments" 

and B2 "plant maintenance, installation removal, transport of material" was not 

spent since the works were carried out by internal personal of ISECNR and NAVI. 

These funds, together with a part of the cost foreseen for action D9 "Catering for 

project events" were used for the measurement of some specific parameters in the 

sediment under nursery experimentation (analyses made by Archa laboratory in 

action C2) useful for the assessment of sediment evolution and for English 

translation due to greater dissemination activity.  

 Consumables: 

o the foreseen cost for "Plants and organic matter" action B2, was not used because, 

on the bases of the "Agriport" and "fresh" sediment characteristics, only a 

landfarming process has been carried out, consisting in the periodic mechanical or 

manually mixing of the sediment realised by NAVI and ISECNR personnel. 

o  the foreseen cost for the action C1 was not wholly spent because of materials and 

chemical reagents already present in the ISECNR were used. To follow the 
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evolution of the nursery activity evaluating the agronomic-matrices from 

nutritional and biological point of view, different samples were taken considering 

frames, depths and time (more samples with respect to the proposal), and analyzed 

for testing conventional and specific agronomic parameters. For this reason, the 

funds remained from the actions B2 and C1 were spent in the actions B3 and C2 

(not planned for this action C2, even if necessary for the project development). 

 Other costs: 

o the foreseen cost was spent mainly for sample delivery in the action B1, B2, B3 

and C1, C2, for delivery of documents related to Inception and Mid-Term Report, 

and for dissemination activity such as the set up of a stand in a fair and the 

attendance in an international conference. The cost for sample delivery was 

necessary due to the need to send not only dry but also fresh samples not planned 

at the beginning. The set up of a stand in the fair, and the attendance in the 

conference were considered a good opportunity to disseminate project results due 

to the high visibility of the events.  

 CEBAS-CSIC  

 Personnel: 

o Carlos Garcia has a cost euro/hour higher than indicated in the initial proposal. 

However, we want to point out that his participation, not foreseen in the proposal 

phase due to foreseen participation of another professor of different level, is now 

particularly important for CLEANSED project since he is now the coordinator of 

this project in Spain. The monitoring of the Spanish work during CLEANSED 

project by Prof. Garcia is considered of paramount important for the successful 

development of the same. Also, the participation of the Dr. Garcia in various 

meetings justify some of the hours worked, which should be considered in the 

project. His Curriculum is attached to this Final Report. 

o Teresa Hernandez and Jose Luis Moreno are members of the research group in 

Spain; it was considered necessary their inclusion in the project, despite being not 

initially considered. The participation of these researchers for CLEANSED 

projects has been considered as necessary in order to carry out the enzymes 

analysis and microbiological works on some soils and plants included in the 

project. The expertise of these researchers can see showed with the CV attached to 

this Final Report. The meetings carried out between the Spanish Group in order to 

know the project development justify some hours in the CLEANSED project. 

 External Assistance: 

o The unforeseen costs of Action C2 was necessary during the project in order to 

know some organic microcontaminants which were detected in soil and sediment 

samples. The aim of these analyses was to measure the following micropollutants: 

alquibenzene sulphonate (LAS), polyciclic aromatic hydrocarbons (PAHs), 

noniphenols (NPEs), ftalates (DEPHs), halogenate organic compounds (AOX) and 

polichlorate biphenils (PCBs). So we knew the micropollutants in river sediments 

and the effect of remediation treatments of these micropoluttants. Sediments had a 

littel quantity of these micropoluttants. 

 DICI 

 VAT declaration: the declaration of VAT as cost is included in the project audit report  

 Personnel: 

o In the preparation of the project proposal, we underestimated the staff we would 

have needed for the actions, especially for construction and monitoring activitiesof 
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the experimental road, which required a lot of human resources. For this reason, 

we hired temporary staff, specifically for this project, which joined the group and 

which was collaborating with the permanent staff already considered in the 

proposal. With the collaboration of the temporary staff, many activities were 

carried out so far internally, allowing to save part of costs predicted for external 

assistance; moreover, part of costs predicted for consumables were overestimated 

and can be used to pay the temporary staff, allowing to save costs for external 

assistance. This considering, part of the costs predicted for external assistance, 

consumables and travel and subsistence can now be transferred to Direct Personnel 

costs and used for Temporary staff specifically hired for this project. With the 

cooperation of the additional staff, tasks in which the permanent staff should have 

been involved were redistributed, and personnel was involved in tasks for which 

they were not foreseen; personnel was asked to perform roles that were not 

consistent with the project forecasts. This redistribution of skills had no effects on 

the successful completion of the project. 

o Costs of the senior project manager “Massimo Losa” are higher than those 

predicted in the proposal; this is due to his technical-scientific profile and 

experiences (as can be see in the attached curriculum vitae). As mentioned in the 

Mid-term report, during the preparation of the project proposal, we overestimated 

the costs of complementary activities needed for the construction of the road that 

were strictly pertaining to engineering services (topographical survey, geological 

and geotechnical investigations, preliminary, definitive and executive design, 

preliminary qualification of materials, quality control/quality assurance, 

supervision of works, assistance for workers safety). Most of these activities were 

carried out internally by involving prof. Losa experience in the field; he 

contributed actively in the design and supervision of the road construction works 

allowing to save most of the costs predicted for external assistance in the action 

B.4 that have been spent more usefully in the action C.3 for monitoring activities. 

Prof. Massimo Losa gave also his support in the preparation of the tender that 

NAVI used for the selection of the construction company. Since 1st January 2016 

he achieved the full professor ship. 

o Costs of the expert Pietro Leandri are slightly higher than those predicted in the 

proposal foryears 2015 and 2016; this is due to the confirmation in the role of 

assistant professor that determined an increase of the monthly salary from 2015. 

The role of ing. Pietro Leandri was crucial for planning all activities of the project, 

especially the construction and monitoring (action B4 and C3), due to his 

experience in road infrastructure, allowing to save most of the costs predicted for 

external assistance (Curriculum attached to the Final Report). 

o Regarding the technician Laurent D’Onofrio, his cost is slightly higher than that 

planned in the proposal and this is due to the unforeseen involvement of a 

technician specialized in geophysical surveys for the monitoring activities of the 

road. 

 Travel: 

o Taking also into consideration the fact that the location of the construction site is 

about 2 km away from the operative headquarter of DICI, costs for travel and 

subsistence during the construction and monitoring activities are lower than the 

predicted costs.  

 External Assistance: 
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o A not foreseen budget for external assistance costs was spent for monitoring 

activities in action C3, which was necessary for loading the pavement section with 

a mobile load; this was achieved by renting a truck that moved on the pavement 

for over 3500 loading cycles. This activity was essential to simulate the action of 

vehicle traffic. The absence of vehicle traffic on the experimental road wouldn’t 

have allowed to evaluate the behavior of a road embankment under working 

conditions and therefore the monitoring action C3 wouldn’t have been significant. 

Also the technical support to set up and calibrate the road monitoring system was 

necessary to evaluating the mechanical parameters of road materials. 

 Consumables: 

o The costs that were not foreseen for consumables in the action B1, i.e. reagents 

and accessories for lab tests, have been necessary for the initial characterization of 

sediments. Also considering that the aim of the project is to evaluate the use of 

dredged sediments as structural materials in road construction, preliminary tests 

were needed for mechanical characterization and for identifying the needs and 

techniques to be used for soil stabilization. Other little low costs for consumables 

not foreseen were needed for the purchase of DVDs for shooting video, for 

printing the executive design of the experimental road (needed for the preparation 

of the tender used for the selection of the construction company) and to bind the 

reports to be attached to deliverables. 

 Other costs: 

o the unforeseen costs for “other costs” were needed to delivering samplesto the 

University of Braunschweig for carrying out initial analyses on fresh sediments, 

dried by the filter-press in order to assess the feasibility of an alternative drying 

process (action B1) and for custom clearance of ASTM tyre from USA, necessary 

for measurements on asphalt pavement (action C3). 

 UNIFI 

 Personnel: 

o Giancarlo Renella during year 2014 achieved a carrier advancement from 

Researcher to Associate Professor. This promotion was effective since November 

1, 2014. For this reason, the cost for Giancarlo Renella was 41,582.22 for months 

January to October and 10,899.51 for months November and December 

(Curriculum attached to the Final Report). 

o Giacomo Pietramellara during year 2015 achieved a carrier advancement from 

associate professor to full professor. This promotion was effective since November 

2015. For this reason, the cost for Giacomo Pietramellara was 57.920,62 for 

months January to October and 15.533,37 for months November and December 

(Curriculum attached to the Final Report). 

 IBIMET 

 Personnel: 

o as already explained in the Mid-term report, we remind that the project personnel 

higher costs are mainly due to the fact that at the project presentation time the 

project responsible was a researcher who died before the project beginning. This 

particular situation forced our director to decide the introduction of new staffs in 

the project management with specific expertise in the research sector and with 

different daily costs in respect of the first presentation time (Curricula of Luciano 

Massetti and Maria Costanza Calzolari attached to the Final Report). 
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o Personnel involvement and costs during B3 (Demonstration of the use of 

decontaminated sediments for plant nursing) and C2 (Monitoring and validation of 

the use of decontaminated sediments for plant nursing) actions during 2014 and 

2015 were higher than expected due to:  

 Maintenance activities and reposition of the environmental monitoring 

system required to work on the experimental site a number of working days 

higher than expected 

 The number and type of monitored parameters and laboratory analysis 

required more personnel time both in the field site and in labs. 

 Travel: 

o With reference of travel costs IBIMET used some money in relation with travel 

from Florence to Pistoia for plant nursery experiments and control. At the 

proposal stage we cannot be sure about the nursery location and for the same 

reason we wasn't able to estimate the sum. These travels had been necessary for 

the project success and in order to monitor and obtain good results for B3-C2 

actions 
 

 Consumables: 

o Costs non estimated incurred specifically for D11 action in relation with 

consumables purchase for project dissemination. Panels and educational kits had 

been essential for a good communication and results dissemination. 

 

6.1. Summary of Costs Incurred 
The following table concerning the incurred project costs from the start of the project 

01/10/2013 until the end of the project 31/03/2016.  

 

PROJECT COSTS INCURRED 

  Cost category Budget according to the 

grant agreement 

Costs incurred until 

the end of the project 

31/03/2016 

% 

1.  Personnel 794,515 914,354.17 115.08 

2.  Travel 64,800 32,749.02 50.53 

3.  External assistance 396,920 373,044.63 93.98 

4.  Durables: total non-

depreciated cost 

   

  - Infrastructure sub-

tot. 

   

  - Equipment sub-tot.    

  - Prototypes sub-tot.    

5.  Consumables 287,000 223,879.75 78.00 

6.  Other costs 3,840 5,495.14 143.10 

7.  Overheads 108,295 108,466.59 100.15 

  TOTAL 1,655,370 1,657,989.30 100.15 

 



 

Final report LIFE+                                                           ENV/IT/000652- CLEANSED 

 

 

 

6.2. Accounting system 
Each beneficiary has a specific payment responsible 

• ISECNR, CEBASCSIC, DICI, IBIMET, UNIFI: respectively Grazia Masciandaro, Carlos 

Garcia Izquierdo, Massimo Losa, Luciano Masetti, Giancarlo Renella select the project cost 

formally approved by each department director 

• NAVI: Giacomina Gennusa select the project cost formally approved by the company 

director and administration department 

All beneficiaries have defined the following  internal specific code (codice commessa) which 

identify the project and all costs and income related to the project: 

 ISECNR: CUP B58C13000470006 

 UNIFI: CUP B58I13000220006 

 CEBASCSIC: 201930 

 DICI: CUP B58C13000470006 

 IBIMET: CUP B58C13000470006 

 NAVI: 40-115 

 

All beneficiaries respects the procedure of the best value for money for selecting all the 

project costs. All the beneficiaries approved only the costs: 

 directly linked to, and necessary for, carrying out the CLEANSED project;  

 reasonable, justified and comply with the principles of sound financial management, in 

particular in terms of economy and efficiency;  

 compliant with applicable tax and social legislation; 

 actually incurred during the lifetime of the project, as defined in the grant agreement, and 

which could be identifiable and verifiable  

 

All the beneficiaries completed in the electronic way all the project financial documents 

before printing them for the original signatures. 

All the beneficiaries charged to the project only invoices containing a clear reference to the 

CLEANSED project. 

 

6.3. Partnership arrangements 
ISECNR, as coordinating beneficiary, transferred to the other CLEANSED beneficiary 

payments were made to the other beneficiaries without unjustified delay in accordance with 

the agreements concluded with the associated beneficiaries in the Partnership Agreement. 

All the beneficiaries entered directly the information in the financial tables of the 

CLEANSED project. 

 

6.4. Auditor's report/declaration 
The selected auditor is Andrea Maestrelli, Registration no. 65038 in the Register of Auditors, 

published in the Official Gazette of the Italian Republic 136/n.46, of 16 June 1995. 

 

6.5 Summary of costs per action 
The following table presents the allocation of the incurred project costs per Action from the 

start of the project 01/10/2013 until the end of the project 31/03/2016. 
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Ac

tio

n 

no. 

Short name of action 

1. 

Personn

el 

2. 

Travel 

and 

subsiste

nce 

3. 

External 

assistanc

e 

6. 

Consum

ables 

7. 

Other 

costs  

TOTAL 

at the 

project 

end 

31/03/201

6 

TOTAL 

foreseen 

in the 

project 

B1  

Dredging, analysis and 

characterization of 

contaminated sediments 

56,620 61,5 
147,696.

32 

20,690.1

4 
105.50 

225,173.4

6 
151,360 

B2  Sediment treatment 97,200 
  

2,569.00 54.00 99,823 142,190 

B3  

Demonstration of the 

use of decontaminated 

sediments as a substrate 

for plant nursing 

110,450 1,325.84 
38,840.0

0 

44,694.7

6  
195,310.6 204,450 

B4  

Demonstration of the 

use of decontaminated 

sediments in road 

construction 

51,650 
 

59,822.1

5 
6,678.6 360.38 

118,511.1

3 
166,650 

C1  

Monitoring and 

validation of treated 

sediments 

61,450 
 

7,338.21 
50,845.5

6 
264.00 

119,897.7

7 
118,450 

C2  

Monitoring and 

validation of the use of 

decontaminated 

sediments for plant 

nursing 

73,000 1,573.62 3,993.25 
38,148.8

1 
557.00 

117,272.6

8 
99,200 

C3  

Monitoring and 

validation of the use of 

decontaminated 

sediments for road 

construction 

64,000 
 

10,122.1 
43,841.4

4 
99.07 

118,062.6

1 
67,700 

C4  

Assessment of technical 

and economic impact – 

guidelines for the use of 

decontaminated 

sediments 

75,000 
 

11,600.2 
10,666.3

9  
97,264.1 84,250 

D1 Project website 29,700 
    

29,700 36,100 

D2 
LIFE+ information 
boards 

900 
    

900 3,900 

D3 Layman's report 6,500 
    

6,500 12,335 

D4 
Diffusion material 
preparation  

91.60 
47,844.2

3   
47,935.83 43,400 

D5 
Press and media 
releases 

9,500 
 

6,792.09 
 

89.00 16,381 13,450 

D6 Networking 48,000 
    

48,000 57,500 
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D7 

CLEANSED manual 
for the use of 
decontaminated 
sediments in plant 
nursing 

32,000 
    

32,000 23,900 

D8 

CLEANSED manual 
for the use of 
decontaminated 
sediments in road 
building 

33,000 
    

33,000 23,900 

D9 

Demonstration 
workshop, seminars, 
conferences and other 
events 

16,000 246.45 
14,709.0

4  

3,704.1

9 
34,659.68 53,520 

D1

0 

Dissemination to 
Institutions and policy 
makers 

19,000 
    

19,000 36,000 

D1

1 

International fairs and 
other events 16,000 

14,203.6

1 
5,150.00 5,656.16 

 
41,009.77 45,120 

D1

2 

Digital supports for 
international diffusion   

9,636.90 11.79 
 

9,648.69 20,700 

D1

3 

After-LIFE 
Dissemination Plan 12,000 

    
12,000 9.600 

E1 Project management 
77,457.1

7 
15,246.4 

 
77.10 262.00 93,042.67 104,400 

E2 Monitoring 24,927 
    

24,927 24,000 

E3 Audit 
  

9500,14 
  

9,500.14 5,000 

Ov

er-

he

ads 

      
108,466.5

8 
108,295 

 
TOTAL 

914,354.

17 

32,749.0

2 

373,044.

63 

223,879.

75 

5,495.1

4 

1,657,989.

30 

1,655,37

0 
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7. Annexes 
 

7.1 Administrative annexes 
The CLEANSED Partnership agreement was already sent as attachment of the Inception 

Report. 

 

7.2 Technical annexes 
In attachment the following Deliverables: 

 Deliverable Action B.3: Photographic evidence 

 Deliverable Action C.2: Validation report  

 Deliverable Action C.3: Validation report 

 Deliverable Action C.4: Technical report: environmental data, viability, impact 

 Deliverable Action D.3: Layman’s report 

 Deliverable Action D.5: Technical article 

 Deliverable Action D.9: Attendance lists, photographic evidence, dissemination materials 

 Deliverable Action D.7: CLEANSED manual for the use of decontaminated sediments in 

plant nursing 

 Deliverable Action D.8: CLEANSED manual for the use of decontaminated sediments in 

road building 

 Deliverable Action D.5: Published articles 

 Deliverable Action D.6: Networking report 

 Deliverable Action D.10: Policy-oriented dissemination report 

 Deliverable Action D.11: Proof of attendance, materials marked with LIFE and project's 

logo, proceedings 

 Deliverable Action D.12: CLEANSED DVD 

 Deliverable Action D.13: After-LIFE Dissemination plan 

 Deliverable Action E.2: Monitoring appendixes to final report 

 

 CD with all the documents 

 

7.3 Dissemination annexes 
 Layman’s report as Deliverable Action D.3  

 Technical article as Deliverable Action D.5 

 Published articles as Deliverable Action D.5 

 Networking report as Deliverable Action D.6 

 CLEANSED manual for the use of decontaminated sediments in plant nursing as 

Deliverable Action D.7  

 CLEANSED manual for the use of decontaminated sediments in road building as 

Deliverable Action D.8  

 Attendance lists, photographic evidence, dissemination materials as Deliverable Action 

D.9  

 Policy-oriented dissemination report as Deliverable Action D.10  

 Proof of attendance, materials marked with LIFE and project's logo, proceedings as 

Deliverable Action D.11  

 CLEANSED video DVD as Deliverable Action D.12 

 After-LIFE Dissemination plan as Deliverable Action D.13  

 A project brochure in English and Italian 
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 A CLEANSED pendrive as project gadget 

 A CLEANSED cup as project gadget 

 A CLEANSED bag as project gadget 

 A CLEANSED copybook as project gadget 

 A CLEANSED pendrive with all project photos 

 

7.4. Final table of indicators 
 In attachment the Final output indicators table 

 

7.5 CLEANSED Annex – Answers to EC recommendations 
In attachment a document as Annex with the Answers to EC recommendations  

 

7.6. Curricula: 

In attachment the following curricula and documents: 

 ISECNR: Masciandaro Grazia and Manuele Scatena 

 CSICCEBAS: Prof. Carlos Garcia, Dr. Teresa Hernandez and Dr. Jose Luis 

Moreno 

 DICI: Massimo Losa and Pietro Leandri 

 UNIFI: Giacomo Pietramellara and Giancarlo Renella 

 IBIMET: Luciano Massetti and Maria Costanza Calzolari 

 

 

8. Financial report and annexes 
In attachment the following Financial report and annexes: 

 "Standard Payment Request" - duly signed original 

 "Consolidated Cost Statement for the Project" - signed original 

 "Financial Statement of the Individual Beneficiary" completed for each project 

beneficiary, signed, originals. 

 VAT declarations of public beneficiaries 

 Copy of the a copy of the salary slips, timesheets and calculations of social charges for 

Masciandaro Grazia and Manuele Scatena of ISECNR for 2014 and 2015 

 Copy of the salary slips, timesheets and social security calculations of Prof. Carlos 

Garcia, Dr. Teresa Hernandez and Dr. Jose Luis Moreno of CEBAS-CSIC for 2014 

and 2015 
 Copy of the salary slips, timesheets and calculations of social charges for Massimo 

Losa and Pietro Leandri of DICI for 2014 and 2015 

 Copy of the salary slips, timesheets and social security calculations of Giacomo 

Pietramellara and Giancarlo Renella of UNIFI for 2014 and 2015 

 Copy of the salary slips, timesheets and social security calculations of Luciano 

Massetti and Maria Costanza Calzolari of IBIMET for 2014 and 2015 

 Copy of the invoices and proofs of payment for items n° 1, 7, 8, 9, 11 and 13 of 

ISECNR for external assistance 

 Copy of the supporting documents and contract with Eontych of ISECNR for external 

assistance 

 Copy of the supporting documents with C.G.S. di Colucca Michele & CS AS, and a 

copy of the invoices and proofs of payment of CEBASCSIC for external assistance 
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 Copy of the supporting documents and contract with CESPEVI and a copy of the 

invoices and proofs of payment of IBIMET for external assistance 

 Copy of the Nicola D'Andretta provider form, the invoices and proofs of payment of 

NAVI for external assistance 

 Copy of the DHL documents for all DHL deliveries (documents and sediment 

samples) of ISECNR for other costs 

 Audit report 

 

 

 

 
 


