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Every year in Europe 100-200 million m3 of polluted sediments are 
dredged and need to bedisposed of in specific and expensive ways.

On a nationallevel, port sedimentsin surplus amountto about50 million
m3 with an averageincreaseof about5 million m3/year. 

Italy is the secondEuropeancountry in the Mediterraneanfor the length
of its coastsand it has653 ports (Apat2006)
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Dredgingsedimentmanagement

Contaminated sediment = dangerous waste 

The qualityof the sedimentisdefined
exclusivelyby the concentrationvaluesof the 

contaminants

Consolidatedtechnologies
ü Landfilldisposal
ü Inertization



future perspectives

No more destructiveremediationgoals

Contaminated sediment ґ dangerous waste 

Social 
benefits

SUSTAINABILITY

Environmental
benefits

Economical
benefits



EU GREEN DEAL 2019

The Green Deal sets ambitious targets of which the circular economy is a key 
element



ΧManystepsforwardbut critical issuesremain

Biogeochemicalaspects
Å Sinkof contaminants
Å Difficulty of treatment due to compact physical

structureand low microbialactivity
ÅMultiple factorsimpact on their qualityand danger
Ecologicalaspects
Å In direct contactwith other matrices: biota-water-air

Bio-geo-morphologicalcharacteristics Normative aspects

EU Regulations
Å Lackof specificrulesfor sediments
Å Lackof EU standardizedsedimentqualityguidelines
Different scientificapproaches
Å Empirical, theoreticaland/or integrated
MemberStateslegislation
Å Differentways of characterization
Å Continuousregulatoryupdating

COMPLEX MATRIX

PERCORSO DI ADEGUAMENTO NORMATIVO
DA RIFIUTO A RISORSA

D. LGS.152/06 art.183 

Sedimenti Rifiuto?

Qualsiasi sostanza od oggetto che rientra nella

categorie riportate nellôallegato A alla parte quarta 

del presente Decreto e di cui il detentore si disfi, 

abbia deciso o abbia lôobbligo di disfarsiò.

D.M. 173/2016

Sedimenti Risorsa

Il nuovo Decreto parte dallôassunto ormai 

condiviso che il sedimento ¯ una risorsa da 

recuperare e utilizzare

Normativeupgrade path from wasteto resource

sediment = waste?
Χanysubstanceor object that fallswithin the 

categorieslistedin AnnexA Part Fourof this decree
and of whichthe holderdecides, hasdecidedor is

obligedto discard.

sediment = resource
The new decreestartsfrom the assumptionthat
sedimentisa resourceto be recoveredand used



Preliminary experiments on mesocosms

associationof a grassand a schrub

Physical/ chemicalpre-conditioning:
a)Sediment: soilmixing (5:1 v/v)   

K0 = 10-6 m/s K = 10-3 m/s
b) Plannedirrigationaimedat reducingsalinityto 
levelstolelatedby the selectedplants.
c) Surface applicationof vegetalcompost 

Addition of earthworms

Capacitive probe for detectionof 
soilmoistureverticaldistribution



Controlsoil

untreatedsediment

Treatedsediment



Marine and brackish 
sediments

Landfarming Co-compostingPhytoremediation

Ornamental plants

Food plants
(horticulture)

Marine sedimentsBrackish sediments

Soil reconstitution

REUSE AS AGRONOMIC
SUBSTRATE IN NURSERY

Ornamental plants

Brackish sediments

TREATMENT



AGRIPORT 
Agricultural Reuse of Polluted dredged Sediments

No. ECO/08/239065/S12.532262 

Research aimed atreclaiming slightly contaminated 
sites through phytoremediationas an innovative 
technology to recover dredging sediments using plants.
Twoexperimentalsites:

1. Marine sedimentsfrom harbor (Livorno,Italy)

2. Brackish sediments from navigable canal (Pisa,
Italy)
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An integratedsystem,at pilot level,basedon simultaneous
plantςmicroorganismactionis proposedfor the recoveryof
dredgedmarinesedimentfrom the followingpointsof view:

1) Contaminantreduction( )

2) Restoration of agronomical and biochemical fertility
( )



Samples of polluted marine 
sediments were dredged from the 
industrial canal
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180000 m3

(57%)
15000 m3

(5%)

80000 m3

(25%)

40000 m3

(13%)

DredgedSediments(m3)

Uncontaminated

Heavy metals

Hydrocarbons



Design of the basin
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ÅLength15 m

ÅWidth 6 m

ÅDepth1.3 m

ÅTreatedsediments80 m3



1. High adaptabilityto water stress;

2. Resistance to high salt 
concentrations;

3. Survival in the presence of 
pollutants.

Paspalumvaginatum

TamarixGallica SpartiumJunceum



Pre-condictioning
VSediment: soil (5:1 v/v)

VA top layer (about 10 cm) 
mixedwith green compost(40 
t/ha) to givenutritional support
at the earlystage of plant
development

Characteristicsof
sediments

Sediment Soil Compost Mix 
Soil

-sediment

Italian
legislation

152/06
ColumnA 

Clay (%) 38.0 4.6 - 18.8

Silt (%) 46.5 26.2 - 25.0

Sand (%) 15.4 69.2 - 56.2

pH 7.78 7,99 6.92 7.1

E.C. (dS m-1) 3,0 0.20 3.69 1.9

TOC (%) 1.20 0,075 45.1 0.860

TN (%) 0.119 0 1.49 0.078

TP (mgP kg-1) 640 197 2015 536

Cd (mgCd kg-1) 1.55 - 1.44 1.43 2

Cu (mgCu kg-1) 65 - 80.7 52.0 120

Zn (mgZn kg-1) 278 - 258 256 150

Ni (mgNi kg-1) 84 - 21.7 63.0 120

Pb (mgPb kg-1) 83 - 35.5 64.0 100

Cr (mgCr kg-1) 60 - 30.0 37.0 150

TPH (mgTPH
kg-1)

1566 - - 1430
10 + 50 

(C<12+ C>12)

56,2 %25 %

18,8 %

Sabbi
a

Sand

Silt

Clay



Organic matter (compost) 
addition

Planting - Paspalum vaginatum, Tamarix gallica, Spartium junceum

Experimentalsetup
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ÅPhysical:

ÅChemical:

ÅBiological:

ÅOther:

ω LƳǇǊƻǾŜǎ ǎŜŘƛƳŜƴǘ ǎǘǊǳŎǘǳǊŜ
ω LƴŎǊŜŀǎŜǎ ǇƻǊƻǎƛǘȅ ŀƴŘ ǿŀǘŜǊ-holding capacity 

ω aƻŘƛŦƛŜǎ ŀƴŘ ǎǘŀōƛƭƛȊŜǎ ǇI
ω LƴŎǊŜŀǎŜǎ Ŏŀǘƛƻƴ ŜȄŎƘŀƴƎŜ ŎŀǇŀŎƛǘȅ
ω {ǳǇǇƭƛŜǎ ƴǳǘǊƛŜƴǘǎ

ω LƴŎǊŜŀǎŜǎ ƳƛŎǊƻōƛŀƭ ōƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ ŀŎǘƛǾƛǘȅ
ω {ǳǇǇǊŜǎǎŜǎ Ǉƭŀƴǘ ŘƛǎŜŀǎŜǎ

ω .ƛƴŘǎκŘŜƎǊŀŘŜǎ ŎƻƴǘŀƳƛƴŀƴǘǎ
ω .ƛƴŘǎ ƴǳǘǊƛŜƴǘǎ

All thesecharacteristicsenhancethe sedimenthealth and provide a
mediumsatisfactoryfor plant growth.

Organicmatter role
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Paspalum
(~1440 

PLANTS)

CONTROL
(NO 

PLANTS)

Spartium(~120 
PLANTS) + 
Paspalum

Tamarix(~120 
PLANTS) + 
Paspalum

Experimentalsetup



Paspalumvaginatumand 
Tamarixgallica

Paspalumvaginatumand 
Spartiumjunceum

Control

Paspalumvaginatum

After planting



Paspalumvaginatumand 
Tamarixgallica

Paspalumvaginatumand 
Spartiumjunceum

Control

Paspalumvaginatum

Twoyearslater
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Paspalumvaginatum
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Rootdepth: 20 cm
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SpartiumJunceum

Spartiumjunceum(L.) has a root system 
predominantly taproot, 
consisting of few roots with a diameter 
between 10 and 20 mm and a depth 
between 50 and 80 cm.

Rootdepth: 50 cm


