* K o
S
* S *
* *

X 4 X

LIFE Project Number

LIFE15 ENV/IT/000396

Final Report

Covering the project activities frodd/07/2016 to 31/12/2019

Reporting Date
30/06/2020

LIFE PROJECT NAME
LIFE BIOREST

Bioremediation andevegetation to restore the piib use of

contaminated land
Data Project

Project location: Italy

Project start date: 01/07/2016

Project end date: 30/06/2019Extension date31/12/2019
Total budget: € 1.710.267

EU contribution: € 968.274

(%) ofeligible costs:

Data Beneficiary

Name Beneficiary:

CONSORZIO ITALBIOTEC

Contact person:

Ms llaria Re

Postal address:

Via Gaudenzio Fantoli, 16/15 20138 Milano

Telephone: direct n°+39.3924751449
Email: ilaria.re@italbiotec.it
ProjectWebsite: www.lifebiorest.com




[EEN

--------

. Table of contents
. List of keywords and abbreviations............cccooiiiii e ceeeiiiiiie e 3
. EXECULIVE SUMIMABLY.....ciiiiiiiiiee et e e e aeese e e 4
B [0 o 18 o 1o o PP PPPPPPPP 5
B Ao 0 41T ES3 (= LAY 0= U USSP 7
- TECNNICAI PN eeer e e e e e as 9
6.1 Technical progress Per ACHQN..........cooiiiiiiiiiieeeee e mmme e eeeaeeaanae 9
ACTION B1-Optimized soil bioremediation by selected degrading strains......9
ACTION B2 - Upscaled production of microorganisms.............cccccevvvvimemeenennnn. 11
ACTION B3 —In situ bioremediation and revegetation................cccceeeeeeevvvvnnnn 12
ACTION C1—Monitoring and LCA. ...t eeee e 14
ACTION D2 - Dissemination and communication materials...............cccccvvveennns 27
ACTION E1—Project Management..........ccceieeeeieeeeeieeeiiieeeee e e e eee e e e eeeeerenne e e e 36
6.2 Evaluation of Project Implementation.................uuvuiiiieeeiiiiiiiiiiieieeeeeee e 38
Effectiveness bthe dissemination activitieS..........cccccccevveeeeiiiceceiiieeeeeeeeeeeeen 40
POLCY IMPACT. ... neee e 42
6.3 Analysis of DENETIIS.......ooee e 43
ENnvironment DENeTitS.......oooiiiiiie e 43
ECONOMIC DENETIIS . ..ciiiiiiie e e 45
SOCIAl DENETIES. ... eerrr e —————— 46
Replicability, transferability, COOPEration.................uuvueeiiieemiiiiiiiiiiiieeieeeee e 49
LEeSSON IEAIMEM........cci i ee bbb 51
Innovation and demonstration ValLL................eiiiiiiiecceeiiiiiieee e e e eeeens 53
POlCY IMPIICAION. .....euiiiiiiiiiii e 54



--------

2. [ A&liS@2ME YR F00NBOALI GA2Ya

AB
ACTY
ARPA
BTEX
CB

cfu
CsIC
DC

HC
ITB
MCB
OB
PAH
PMV (%)
R
UCsC
UNITO
WCB

Associated Beneficiary

Actygea Srl

Agenzia Regionale per la Prevenzione, I'Ambiente e I'Energia delEomi@gna
Benzene, Toluene, Ethylbenzene, Xylene

Coordinating Beneficiary

Colony Forming Units

Agencia Estatal Consejo Superior de Investigaciones Cientificas
Dissemination Committee

Hydrocarbons

Consorzio Italbiotec

Mater CelBank

Objectives

Polycyclic Aromatic Hydrocarbons

Packed Mycelium in Volume

Resllts

Universita Cattolica del Sacro Cuore

Universita degli Studi di Torino

Working Cell Bank

SATT Sayens SATT Sayens (ex SathndEST, WelienceWEL



3. 9ESOdzi A @S { dzY Yl NE

LIFE BIORESWwv.lifebiorest.com is a LIFE project involving three European countries (Italy, France

and Spain) conceived to demonstrate éfficiency and costffectivenes®f bioremediation approach

for polluted soil by PAHs, BTEX and-tdran alkanes contributirtg the scientifickknowledge needed

for the development of European environmental and soil protection policy.

The project foresees the collaboration among Consorzio Italbiotec, Coordinating Beneficiary (CB), and

the Associated Beneficiaries (AB) ActygéaA®enzia regioiaS LISNJ I t NB@SyT1 A2y S
f Q9 y-SARPAE | University of Turin, Univar€iattolica del Sacro Cuore, Agencia Estatal Consjeio
Superior de Investigaciones Cientificas (Spainpaid Sayens (France).

The biotechnology approh is based on migorganisms, agricultural lyroducts and plants, aiming to
re-vegetate and restore contaminated soil and its return to public use. LIFE BIOREST experimental
activities are focusedn validatinga sustainabldBioremediation Modehble totreat PAHs, BTEX and
alkanes which are, together with heavy metal, 45% of the total contaminants in Eurodend lufs
contaminationh & (G NXzS | f &2 Ay CARSyITlQa aArxasS 69YAtALF w2
takes place. Experimaitactiviies started in July 2016, in the area of-Garbochimica”, Site of
National Interest (SIN) in Fidenza, thanks to the support of the Municipality that is providing
infrastructure and spaces already affected by other reclamation actifiiedenonstratbn activities

lasted for 42 monthsind ended in December 2019, with a global of the bioremediation approach
validation at the industrial level.

LIFE BIOREST ensduttee achievement oseveralresultsthat enhance the effectiveness oin-situ
bioremediation treatments, and the dissemination of their advantages to an audience of stakeholders,
citizens of sites neighbouring areas, industrial groups and students.

Specifil.IFE BIORE&Tjectivesaim at:
9 Optimize protocols andyuidelines fobioremediationpotentially applied in other scenarios.
1 Demonstrat how the adopted approach can achieve a reduction of contaminants concentration,
complying to the threshold limits foesidential and public land use
Revegetat the decontaminated sgitestore its ecologial functions, and returning it to public use.
Exploit the microbiological remediation of contaminated sites as a meapead knowledgand
consciousness about environmental pollution, risk assessment, biodiversity, ecotoxicology, soll
ecology, and biceonomy.
1 Dissemina¢ the clear societal benefits of addressing the iss@ibtontaminatiorat the European

level (supporting the Seventh Environment Action Programme).

1
1

Project nain projectresultsare:

1 Optimised and tailored protocols for the biorediation of the test site, based @combination
of microbial consortia with improved degradation abilities towards alkanes, PAHs and BTEX.

i Validate the saing-up method forthe production of microorganisnable to guarantee efficient
bioremediation of alemonstration area of 400 hin the site "exCarbochimica" of Fidenza.

1 Draw up Guidelines to exploit indigenous microorganisms for the remediation of contaminated
land to reduce soil pollutants concentrationsmpatible with residential or public use.

1 Re-establishmentecological function®f the treated soil, showing the possibility of cultivating
different plant species and production of chemical, microbiological antbrimmlogical indicators
of soil quall restoration.


http://www.lifebiorest.com/
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Soil degradation is a serious problem all around Europe. It is usually driven or exacerbated by human
activities suclas inadequate agricultural or forest practices, industrial activities, waste disposal, oil spills,
urban and industrial proliferation amdnstruction works.

The main negative impacts of soil degradation are loss of fertility and biodiversity, redueed wa
holding capacities, impairments of biogeochemical cycles and reduced resilience and buffer capacities.
It is estimated that there are around three EU member states millions of potentially contaminated sites.
Estimates show that more than 10% (more nthd40,000 sites) are contaminated and need
interventions, but this percentage @vergrowing and it is esthated that the total number of sites
contaminated that needs reclamation may become 50% by 2025.

The contamination found is attributed to commereiatl industrial activities and treatment of waste.

The most responsible industries are the metallurgicasptie chemical poles, thermoelectric power
plants and refineries and common causes of soil contamination are related to tank spills.

About 37% osites are contaminated from heavy met#ig( 3, 34% by mineral oils, 13% by polycyclic
hydrocarbons arowtic (PAHS), 6% by mixtures of benzene, toluene, ethylbenzene and xylene (BTEX),
4% by phenols and 2.4% by organic polychlorinated (Van Liedekezka M.

mixtures of benzene, toluene phenols organic polychlorinated
ethylbenzene and xylene 4% 3%
— g
polycyclic heavy metals

hydrocarbons 38%

aromatic (PAHs
i
P\

mineral oils
35%

Fig.1 Mostcommon contaminants in Europe

Up to the present, the most common remediation technique has been the excavation of contaminated
az2Af YR AGa RAALRALFE Fa fFyRFAfE 0az2YSGdAYSa NBT
control of lardfill operations and ass@téed rising costs, combined with the development of improved
ex-situ and irsitu remediation techniques, is altering the pattern of remediation practiées
assessment of remediation technologies adopted in the EU indicatesxhitu treatmentsare the

most adopted despite being generally expensive (Megharaj et al., 2011) and less sustainable in terms
of Life Cycle Assessments (Cappuyns and Kessen, 2012), are still the most widespré&ggl gnes (
Excavation of contaminated soil and disposal atfidds indeed the most common remediation
technique in several countries, reaching values of more than 50% of adopted approbmiwvay
Slovakia, Italy and Lithuania and up to more than 90%eitunited Kingdom. Converseliy situ
treatments generayl account for less than 50% of adopted technology, with biological treatments
constituting a minor part of it. It is however clear from the scientific literature that biolagisdl
remediation, espédally for contaminants quite easily biodegradablehsas petroleum oils, PAHs and
BTEX, present undoubted economic and technological advantages, and it is thus necessary to better
demonstrate their efficacy in technological and economic terms to pronhete implementation

around the EU.
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Fig.2 Most frequently applied remediation techniques for contaminated soil
European Environment Agency

LIFE BIOREST projecteaito implement and demonstrate the most important and innovative aspects
of in situ bioremediation of polluted #®based on the bioaugmentation with autochtheaslogically
adaptedbacteria and fungi. The projelatd to be considered athe pre-industrial level since it aigal
at demonstrating the efficacy and cafficiency of the approach in areas of limited elivsions located
within amore extensiveolluted site (Municipality of Fidenza, Italy).
LIFE BIOREST activitvas supported in thtesting phase bye Fidenza Municipalitthe ownerof the
contaminated area and responsible for the overall reclamatwich provided infrastructure (biopile)
and facilities (soli excavators) already operating in the soil treatfiisaspectis fundamentalsince
AG NBaLlSoOGta GKS aLkft f dzi SNMunigipaitgdid haNdausertielpli@ionl R 2 LI S
but took responsibility after acquiring the area. In the site, a biostimulation approach with biepiles
currently ongoingandit aimsat a reduction of pollutant concentrations compatible with industrial land
use. LIFE BIOREST demoredréiow the bioremedation approachbaseal on the inoculum with
selected bacteria and fungi followed by revegetatould improve the remediation up to the reach of
values acceptable for residential/ or public use, while the Fidenza municipality is at the moment just
aiming & reachingvalues acceptable only for industrial use.
LIFEBIOREST ensdréhe achievement okeverl results that enhance the effectivenessiofsitu
bioremediation treatments, and the dissemination of their advantages to an audience of stakeholders,
citizens of sites neighbouring areas, industrial groups and studéaits projectResult§R) are:
1 Optimised and tailored protocols for the bioremediation of the test site, bas@tombination
of microbial consortia with improved degradation abilitiesaals alkanes, PAHs and BTEX
1  Scaleup of the production of microorganisms for the treatment ofyded sites able to guarantee
efficient bioremediation of a defined demonstration area of about 460inmthe site "Ex
Carbochimica" of Fidenza
1 Elaboration of Guidelines to exploit indigenous microorganisms for the remediation of
contaminated land toeduce soil pollutants concentrations compatible with public use
1 Reestablishment of vegetation on the treated soil, showing the possibility of cultivating mtiffere
plant species and production of chemical, microbiological andos@mlogical indicatoref soll
quality restoration
1 Increase citizen awareness of the bioremediation benefits and the relevance of bioavailability and
ecotoxicology in the risk assessrmand remediation of polluted soils.

6
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Project management process

The management structure of LIFE BIOREBSdefined to ensure planning, organising and monitoring
of the effort to achieve the technical objectives of the projeithiw the constraints of time, schedule
and budget, define clearly the main decisinakingprocedures and enable regular and efficient
monitoring and performance control of the project.

During the Kickff meeting, held Julp2, 2016, the Coordinating Besficiary (CB) ITBet up the
management structure through tHeroject Management HandboGkNNEX 1.1

LIFE BIOREST project partners and stakeholder organizatmthe primary target audience of this
handbook, which is considered a working tool rathan a policy or strategic document.

LIFE BIOREST Project management handbtesdtructured accordingo the main sections of Grant
Agreement and Guidelines for Applicants.aiteed to provide tools for proper management of the
project set internal andx@ernal communication strategy andseme effective project achievements.

Project manager

Report
Project Action Leaders
Report management Staff
VRN 77N
—— Adiminisrative and Dissemination Report
financial Staff Committee .

N

Fig 3 Project management scheme

Management structure of LIFE BIORE&Tcompsed by 6ur main componentgFig.3):

1. Project Manager fulime ¢ PM wasresponsible for: (iPlanming project managementneeting

and videeconference agenda, (ii) Ensure the delivery of milestone and deadlines, (iii) Overseeing the
implementation of the activities, (iv) Defining the Contingency Plan, (v) Overseeing administrative
management, (vi) Defing overall project regrting and performance indicator, (vii) Ensure data sharing
between partners and EC, (viii) Defining the After Communication Plan

2. Project Management StafPMSchaired by the PMyascomposef one representative of each
partner. The PMS igsponsible for: (frategicand scientific orientations of the projeets well as any
re-orientation in terms of the work plan, budget and partnership including measures towards defaulting
partners, (ii),Ensure the relevance of the peoj work planconcerningthe progress, (iii) Analyse
performance indicators (deliverables/milestonegnificantisks and all other relevant information.

The Action Leaders; AL were responsible for monitoring the Action progressisuring that the
objectives of theproject are performed within the strategy of the work plan. ALs are the interface
between partners and the PM, ensuring optimised concerted actions and responsive scientific
management Their tasks aré) Deliverablesproduction due to subrhito the EC offices, (lBnsuring

the participant commitment to each Action, @igsentActions progress reports (scientific and financial




reports), (ividentify potential risk (Contingency plan) and inform the PM of any otiffeculty arising

in cannection with the Action.

3. Administrative and Financial StafAFSwasresponsible for the datpo-day project administrative

and meeting logistic tasks: (i) Ensures thetdagay project management and administration in close
collaboration with the PM,ii) Set up and maintenance of all management tools required for all partners
and governance bodies (i.e. project guidelines, Contingency plan, report and deliverable templates,
contact and mailing lists), (iii) Financial administrat{monitoring of expeses against budget
allocations, consolidation of financial summary sheets, etc.) according to the contractual requirements
and the certificates on financial statements when required

4. Dissemination Committee DCchaired by PM, is cqmsedof one representdve of each
Partner. The DC is the -decision making of the PROJECT relation to dissemination activities: (i)
Dissemination Plan (DP) implementation and monitoring, (ii) Coordinate the demonstration events
organization, educationadisits and public evés, (iii) Ensure the proper design, planning and
implementation of dissemination materials, (iv) Overseeing the planning and implementation of
communication tools and social network activities, (v) Analyse performance indicatachmvement

of PROJECIEliverables and milestones.

TheLIFE BIRESTontingency Pla(ANNEX 2.Bivas elaborated and regularly updatexiguarantee

project achievementsThe document allows assessment of potential risks, therefore allowing the
Consortium to take appropriate, preventive, isi@t, on time and effective remedidtions.

ThePartnership AgreemeifeNNEX 3.BIsigned on March3, 2017, defines the organisation between
partners, the management of LIFE BIOREST, rights, obligations, IP and ethical rules within the project.
The pupose of this agreement is to achieve progressive complementarities and integration among the
partners and to @sblish sustained structures.

Main Action E1 outpuchieved are listed below.

1 Project management Handbook

1 Contingency Plawas elaborated and regularly updated. The document allows an assessment of
potential risks, therefore allowing the Consortium to take appropriate, preventive,icgalistime
and effective remedial actions.

1 PartnershipAgreemensigned on March 12017, defines the organisation between partners, the

management of LIFE BIOREST, rights, obligations, IP and ethical rules within the project.

Performance indicators stof-the-art (project beginning)

Performance indicatofinal report

[F@YIFyQ&d NBLR2NI

After-Life Communication Plan
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6.1 Technical progress péction

ACTION B4 Optimized soil bioremediation by selected degradingns
A STATUS OF ACTIONMPLETED

A Foreseen start datel:/7/2016 Actual start date1/7/2016

A Foreseen end dat&1/12/2017 Actual (or anticipated) end dait31/03/2018

A Action leaderUNITO
A Partners involved in the ActiodCSCSATT SAYENEB, ACT, CSIC

SUBACTIONS DESCRIPTION

Action B1 aimed at the selection of the strathat were further exploitedfor in situtreatment of the
contaminated soil The approach of bioaugmentatioforesaw the use of autochthonous
microorganisms, those that natuisa populate the contaminated site; allochthonous straivere
avoided being alien organisms whose effects once introdudke ecosystem could be unpredictable.
Even thoughhe contaminated soilvascertainly compromised in comparison to clean soilljnitsg
biome includd few microorganisms buctivdy adapted to the extreme conditions.

SUBRACTION B1l.1lsolation andcatalytic screening of bacteria and fungi | Start: 1/9/2016 | End:
30/6/2017. SubAction B1l.1lwas dedicated to the selection of miargganisms to set up targeted
0A21FdAYSYldlGA2y NBYSRAFGAZ2Y Ay (G(KS @kdStiel I Q&
contaminated soil, identifying more than 350 strains. Their performances against the pollutants on
interest were evaluatedand diffeent techniques were applied to have an insighd their metabolic
pathway. Many strains were capable of producing biosurfactants and oxidative enzymes. Detailed
results are reported in D2.B1.

SUBACTION B1.20ptimization of bioremediation protocolsStart: 1/1/2017 | End: 30/9/2017As

reported in D3.B1, strains were selected accortbriifferent parameters as their capability to grow in

the presence of pollutants as sole C sourcethagroduction of aemarkable biosurfactanSelected
consortiawere inoculated in microcosms and mesocosms trials, upscaling the treated soil from 500 g
up to 10 kg. Bacteria were first tested in microcosms made up to single or mixed strains. The same was
done with fungiBacteria and fungi were then combined, inatinlg up to 35 microcosms thesis. Six
microbial consortia were inoculated in mesocosms ftrials. As indicated in D9.B1, according to the
chemical, ecotoxicological and biological analysis, consortium A was thg@erfosming one. The

treated soils of all #&n mesocosms were then used for plant treatment.

SUBACTION B1-3Plants selection and neegetation condition$ Start: 1/7/2017 | End: 31/03/2018

Action B1.3 aimed at selecting plants for thesiture-vegetation in Fidenza. Two experiments were
performed to identify the most suitable plahgpecies to be used for revegetation: a germination test

with polluted soil eluate and a germination test on contaminated untreated soil of Fidenza sitehFor bot
the germination tests, 14 species were testedlamabis sativa, Dactylis glomerata, Festuca
arundinacea, Festuca rubra, Lolium multiflorum, Lolium perenne, Lotus corniculatus, Medicago sativa,
Solanum licopersicum, Sorghum bicolor, Trifolium praten®iufin repens, Triticuurum, andZea

mays. As reprted in D7.B1, the selected species weestuca arundinacea, Trifolium repeasd

Q)¢



Sorghum bicoldhat resultedin the most indicated for phytoremediation in the soil contaminated with
PAHs and BTEX.

RESULTS COMPARED WITH PLANNED OUTPUT, TIME SCHEDULE.

The microbial biodiversityf the contaminated soil was much higher than expote t | NIy SNE&E Q
allowed the isolation and identification of more than 350 fungi and bacteria. They were characterized
for their degradation capabilities, biosurfactants and enzyme production. Teéetedpesults foreseen

by subAction B1.1 were achied in time. Soil treatment was optimizead more than 35 microcosms

and 6 mesocosms consortia were run. This step required 3 additional months in the time schedule of
sub-Action B1.2 that ultimately f&fcted the end of Action B1 (postponed at the endiafch 2018).

The choice of the most suitable plants for the revegetation was indeed obtained within the new
timeline. This change did not cause any further delay on the entire project time schedulsebiea
revegetation ofn situtreated soil was natcheduled before Summer 2018.

10

S



ACTION B@Upscaled production of microorganisms

A STATUS OF ACTIONMPLETED

A Foreseen start date:/10/2016 Actual start date1/10/2016

A Foreseen end dat&0/9/2018 Actual (or anticipated) end dat&0/9/2018

A Action leaderACTY
A Partners involved in the Agti: UCSC, UNITO, CSIC

SUBACTIONS DESCRIPTION

The Action Baimed toachieve suitable conditions (both economic and practical) for the growth of the
most suitable ndroorganisms to be applied in mesocosm experiments and in field applications. In the
frame of LIFE BIOREST, microorganisrexconsidered not only for their dlty to degrade high impact
pollutants but also for their ability to produce biosurfactantgehiulsifiers and enzymes. Indeed,
biosurfactants, bioemulsifiers and enzymes could be relevant for some aspects of the biodegradation
of the pollutants and alsfor the stimulation of other relevant microorganisms.

SUBACTION B2.4Biostimulation and ojpnization of growth conditions | Start: 1/10/2016 | End:
30/9/2017. The isolation of microorganisms able to degrade relevant polluteasperformed in
ActionB1. The microorganisms isolated in Action B1 were then tested in microcosm experiments. The
goal of Action B2wasthe achievement of suitable conditions for the growth of the most suitable
microorganisms to be applied in mesocosm experiments and in fipletations. In the considered
reporting period, the conditions for the optimal growth were iifeed and were applied to larggcale
production.

SURACTION B2:2.arge scale production of microorganisms for in situ activities | Start: 1/10/2017 |
End:30/9/2018. The main task of Swdrtion B2.2 was to reach a cheap and suitable production of
microorganisms, metabolites or enzymes scaled t8@DL volumes (revised in the midterm report for
3-30 L due to better than expected performancés)leterminelargescale production criteria and to
provide enough material for field testing in Action B& main Task was achieved through the following
subtasks:

- Production of microorganisms and their products icoateffective, and environmentally sound
manner after strain selection for improved performance of microorganisms and selection and
improvemen of the fermentation media (by use of the proprietary dasd ActyMedDat)
(deliverable1.B2 and D2.B2);

- ldentification ofthe best conditions for downstream processing of microorganisms for tfieldn
applicationsdeliverable€2.B2).

As foreseen itthe proposal, the production of microorganisms was achiesed the microorganisms

were applied successfully to the mesocosm experiments and the biopile. All the activities foreseen were

achieved according to the timetable. The production of microorgenikd directly affect the fulfilment

of the Action B3 in #hpreparation of the biopilevhich the most relevant part of the project is itself.

RESULTS COMPARED WITH PLANNED OUTPUT, TIME.SCHEDU

The results werentirelyin line with the programmed output, bettdran expected results in the growth

of microorganism allowed a reduction of the fermentation volumes. As a consequence, ACTY was able
to avoid subkcontracting of the 200 L fermentatipand all the necessary work was organizeldanse

with an increase ithe use othe internal resource.
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ACTION B8In situ bioremediation and revegetation

A STATUS GECTIONCOMPLETED

A Foreseen start datel:/1/2018 Actual start date:1/1/2018

A Foreseen end dat&0/6/2019 Actual (or anticipat#) end date31/12/201%

*according to the Letter Amendment no. 3

A Action leaderJCSC
A Partners involved in thaction:ACTY

SUBACTIONS DESCRIPTION
The action encompasses the final operations to be performed in the SIN of Fidemzaject
finalisation. Activities started in January 2018 and fadstith the end of the project

SUBACTION B3-1n situbioremediation | Start: 1/1/2018 | End: 38/2019. The main aim of this Sub
action was to prepare a biopile treated with thesbconsortium sekted in Sukaction B1.2. According
to the project, in situ bioremediation was carried out in Fidenza test site, taking advantage of the
infrastructure and facilities already active. These facilities intltide excavation of the soil tbe
remediated, i$ transportation to a covered area for its mixing with selected fungal/ bacterial inocula
and carrier material (rice husk, as identified in action B1), thepsahd maintenance of a biopile that
run for at least 3 months. The soil wadlected from thed SGarbochimicaarea, with a presence and
concentration of pollutants described in action C1.1. The biopile had a total volume of @20360
m? of soil+ 50 rhof mixed carrier material and inocula) and covered 331320 m x 15 m) of field
surface.
According to delierable D2.B3, the microbial strains produced AGTYwere used for the
bioaugmentation of approximately 530 too$ soil The microbial strains were producedACTY
according to deliverable D2.B2 and delivered to the application sitedatgto Milestore 3.2.
The biopile was prepared as follows:
- microorganisms were mixed with a suitable amount of water (approximatefyfdr @00 tons of
soil)
- the microorganisms were applied to the polluted soil (in batches of 10 tons excavated from the
polluted site) byuse of a pump for liquids
- soil, microorganisms, amendment and nutrients were mixed with an excavator
- the prepared soil was delivered to the biopile site and arranged according to the principles of a
standard aerated biopile

SUBACTION B2 - Revegetatino and restoration of soil ecological functions | Start: 1/7/2018 | End:
31/12/2019. The @m of this subactivity wasthe preparation of a demonstration area (provided by
FidenzaMunicipality in a formal agreement) where the soil treatedhim biopile was moved and
planted with selected species. Thevegetationwasperformed on the soil remediated in the biopile
using the plant species selected during the-action B1.3 actity.

During the month of March 2018, in agreement with thenMipality of Fidenzathe LIFE BIOREST
GNBG@SASGHlIGA2Yy FNBF¢ gFa ARSYGATASR® | NB@S3ISOlFGA
the soil treatment with the phytoremediation method and also the opportunity to provide a permanent
demonstration area the revegetatd site host public visit® disseminatethe effectiveness of the
bioremediation method. Due to the uneven decontamination of the biopile soil, the start of
revegetation in autumn or winter could be hindered by climatic conditionstalaifect sowing and
germination of the selected plants.

For this reason, to guarantee the effectiveness of the phytoremediation assesgreenfjouse trial
werealso included in the Work PldRevegetatiorin greenhousestarted from the beginning ofd@ber

12



2018, by using soil samples withdrawn from the PL1 and PL3 biopile sectors (300 kg/each) and last at
least until the end of March 2019 (also according to the life cycle of each plant species) to meet the
contingency gn of the LIFE BIOREST projécicording to the starting season of the trials (autumn),
greenhouse pots experiment consists of 4 treatments (represente@rifplium pratensgFestuca
arundinaceaT. pratense- F. arundinaceaand norrevegetated contrglin 4 biological replicatesrfd

thesis for a total of 32 pots of 15 kg each one to guarantee a high scientific/statistical consistency.

The phytoremediation of soil from bjple at the demonstration level started after reaching of the
satisfying levedf pollutant degradation (Jur2Z019). The revegetation area was created within the SIN,
according to the project realized in agreement with the Municipality of Fidémzpuarantee the full
phytoremediation treatment, the observation period was upNtovember 2019In situ revegetatio

showed that all selected species were able to grow well in the soil coming from the biopile, while
microbiological analyses indicated a further increase in total cultivable bacteria and fungi as compared
to the initial ©ntaminated soil.

SUBACTION B3:-Experimental test replication on other similar polluted $&tart: 1/10/2018 | End:
30/6/2019 This subaction aimedo replicate the remediation protocol on representative soil samples
from other polluted sites in Spain and Franceeggentiatieliverable propaedeutic to this action (D1.B3
Map and identification of different hydrocarbon polluted sites) has alrbadgcarried out according

to the planned schedule: the results of this deliverable posed the basis -attoi B3.3 since it
provideda detailed mapping of the European sites where the LIFE BIOREST protocol could be replicated.
In the first months of 201&takeholders from these sites have been contacted to make agreements on
the soil samples and protocols for the method replicatitwe.actionwasperformed, starting from Fall
2018, on French and Spanish polluted sites. Activities carried out at CSHor the Spanish soil and
inthea A OKSt / KI f 2FoR &niversitaird iNdPays délontbéliard for the FrenchA@EY
produced and providel the consortia inoculum to the partners involved in the test replication. The
polluted soilwasinoculatedwith the selected microbial consortigroontrol wasset up without the
bioaugmentation. Chemical analyses (UCSC), biological rmanitgJCSC, WEL, UNITO) and
ecotoxicological analyses (UNIT¥@)e conducted at time 0 (Oct/Nov) and time 60 days (beginning of
2019) and compare to the abiotic control to ass¢he efficacy of the LIFE remediation approach on
other soils.

RESULTS COMPARED WITH PLANNED OUTPUT, TIME SCHEDULE.

The technical problems observeduring subAction B3.1 had primary effects on the following
revegetation activities. In order not to affect the Project schedule, it was proposed not to change the
time schedule of the suBictions but to modify some activitie$ the subAction B3.2. Thedalitional
samples and activities were performed by the project partners who made additional efforts to obtain
the expected deliverables. The involvement of UNITO e ACTY in-#hetismbB3.2 helped to achieve

the expected redis. Greenhouses activitieere performed and followed by UCSC.
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ACTION C4dMonitoring and LCA

A STATUS OF ACTIONMPLETED

A Foreseen start dat€1/01/2017 Actualstart date:01/01/2017

A Foreseen end dat&0/06/2019 Actual (or anticipated) end date0/11/201%

*according to the Letter Amendment no. 3

A Action leaderARPAE
A Partners involved in the ActiofT'B, UNITO, CSIC

SUBACTIONS DESCRIPTION

Action C1 activitiesvere focused on providing the evolution of chemical, microbiological and
eootoxicological parameters during project activities at the micro, meso asitliilevel. Furthermore,
sustainability is an important aspect involved in economic, environmental aatlissaesand it is
commonly assessed by LCA analysis. This Addémincludesa preliminary quantitative analysis of
energy efficiency for the fudicale bioremediation process. This kind of monitoring is indeed specific to
evaluate soil management img at GHGs emissions level, while LCA allows having a global avaluatio
of the overall environmental impact of the entire project.

SURACTION C.1:1Chemical monitoring of project activities at micro, meso arxitinlevel | Start:
1/1/2017 | End: 3011/2019. Action C1.1 of the LIFE BIOREST prejasenclosed the chemat
analyses required to monitor one of the mestevant results of the project, namely reducing the
concentrationof contaminants through bioremediation activities. The monitorinchefvariation of
contamination in the microcosm and mesocosms samipdee contributed to defining the most
suitable fungi and bacteria for the degradation of pollutants.

During the mesocostnial with the LIFBBIOREST soils, the importance of asselsgiagailabilityduring

a bioremediation approach as highlighted Indeed,this measurement provides more FHs&sed
information than that provided by total pollutant concentrations only. In this voekbioavagbility

was measured as the fraction of PAHs extracted after 20 h with Tenax (ISO/TSahé@76wps one of

the first studies that use this measurement systematically in the field of bioremediation. Theisiagle
point Tenax extraction method has réied in a reliable and robust way to determitte bioavailability

of PAHs in aomprehensig set of samples from baugmentedLIFEBIOREST soils. Differences often
emerged through measurements of bioavailability between samples from uninoculated, soiig;ol

and samples in which the effect of bioavailabaitiented bioremediation was studied by using thEE
BIOEEST consortia. By showing the usefulness of these measurements in the bioremediation field, these
results provide additional environmentatemarios for improved ridkased evaluations based on
bioavailability of organic pollutants.

CSIC tested the corréilan between different amendments (rice husk, biosurfactants) and PAHs
extractability. Unfrozen soil sample and amendmerieused. Total PAHs concentrations determined
after soxtherm extraction, as well as bioavailable concentrations, determined wi &gtraction,
revealed no significant effect of the amendments on pollutant extractability. These methods have been
applied tomesocosm soil samples. Bioavailability through the gédrbing fraction and complete
desorption kinetics with Tenax in mesms samples were determined. This study is very important in
determining the magnitude of the different desorbing fractionser in the soil.

Because the hydrophobicities BTEX and alkanéas reflected by their, respectively, low and high
octanol/water partitioning coefficients dtw) fall outside the chemical window most suitable for Tenax
extractions, their bioavailaltiliwas assessed through the standard OECD 304 biodegradability test with
1Glabelled chemical® all mesocosms at tireero teatments.
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ARPAE has carried out chemical analysis (PAHs and Hydrocarbons C>12) to verify the biopile
bioremediation activity. Feach sector, an average sample was made, from the excavation of 6 holes,
2.5 meters deep. The surveys were carried out witheghanical shovel; 3 soil samples were taken
which were subdivided into 12 aliquots. Chemical monitoring of biopile codtimtiéthe achievement

of the threshold limits.

SUBACTION C.1-Microbiological and ecotoxicological monitoring at theifalevel | Start: 1/1/2017

| End: 3041/2019. This sutactionwascarried out by ARPAE in collaboration with the University of
Parma. The following consolidated ecotoxicological testee applied according to certified ARPAE
methods:Daphnia magndacute t«icity test ofDaphnia magn®PAT CNRRSA 8020. Man. 29/2003

or OECD GUIDELINE FOR TESTING CHEMICALS n° 202, april 1Bhph2®®4p.), acute
immobilisation test (certificated BPMibrio fisheri(acute toxicity test o¥ibrio fischerUNI EN ISO
113483), Eisenia fetidddetermination of acute toxicity t&isenia fetidéEisenia andrdiSO 11268
1:2012), Folsomia candiddinhibition of reproduction of Collembolddlsomia candidaby soil
contaminants ISO 11267:2014), germination tests (Germinatighroot extension test UNICHIM
1651:2003)Microbiological monitoringrasbased on microbial count (UCSC and UNITO) andutzslec
methods as qPCR and médarcoding of bacteria and fungi (UNITO, UCSC, WEL). These methods
providedadditional information abut the microbial communityincluding the unculturable fraction,
which may constitute the majority of soil microbial diversity. The quantification of several targeted
genes allowd evaluating the capacity of the microbial community to degrade the potlptasent in

the soll.

SURACTION C.1:3Bocieeconomic impact and LCA | Start: 1/9/2016 | End13(2019

1. Socieeconomic impact assessmehhe socieeconomic evaluatioaimed atmonitoring of impacts

generated by the project during its lifecycledahereafter. The main socegronomic effects of LIFE
Lhwo{¢ LINR2SOl KI@PS 06SSy ARSYGAFTFASR Fa ¢ ANRGAY

in particular to soil pollutn ¢ and the widening of the proposed bioremediation method at nation

and European levefeveral performance indicators have been defined, such as the number of people,

companies, public administrations interviewed and involved in public events, tchreetings,

educational initiatives and information campaigns.

Thefirst phaseof the Socieeconomic impact evaluatiomascarried out by surveys handed out to the
target audience identified during public events and communication actions, wéietalsoaimed at
promoting project objectives and showing-gaming activitis and results.

Surveyswere focused on gathering useful data to assess elementary environmental awareness,
consistency between such awareness and sustainable behaviours and perceived environmental
concerns by citizenBesides these tools are useful to doess and verify the effeggness of
dissemination activitie®ata collection mainly concerns the Erfitiamagna Region (Italy), in particular

the city of Fidenza, where the proposed bioremediation treatmemt& place, and all areas where
research actiities are carried out byRE BIOREST partners (Italy, France, Spain).

Results ofheseactivitieswere fully described in the deliverablzl.C1

Thesecond phasef the Socieeconomic impact evaluatiomasfocused ordefiningthe main obstacles

to increased use of bioremediatiorRolluted sites and especially those that have not adopted
decontamination solutions yaepresentedhe target of this studylThe analysis could benefit from the
Mapping of contaminated sites (Deliable D1.B3) and focused tre Italian ones for whictve have

a higher amount of information abotlte state of remediation, source and type of pollutants.
Adatabase ohydrocarbon pollutedites of regional and national interesisdeveloped starting from

20 registries produceby the Italian regions. The database represents the first national instrument for
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the census of all polluted sites in Italy, where thesre classified by region, source and type of
contaminants with gparticular focus on hydrocarbons pollutants and statke implementation of
reclamation Results otheseactivitieswere fully described in the deliverab8.C1

2.Life Cycle AssessmehiCAL ife Cycle Assessment is a process to evaluaenthimnmental burdens
associated with a product, process, otivdty by identifying and quantifying used energy and materials
and the waste released to the environment, i.e. it is the systematic analysis of the environmental impact
of products during theientire life cycle. Life cycle assessment (LCA) is becomimgraasingly
widespread tool in support systems for environmental decisiaking regarding the clearp of
contaminated sites. Remediation of a contaminated site reduces a local environpnebkain, but at

the same time, the remediation activities meguse environmental impacts. LCA is to be used to
evaluate the inherent tradeff and to compare remediation scenarios and technologies in terms of
their associated environmental burden.

In the LIFEBIOREST projethis evaluation provided technical ancientific evidence to outline the
opportunities of bioaugmentation remediation technolpggnd it allowed to performing a
benchmarking of this innovation against other used technologies.

LCAwas completed at the end of the project using the data collectadng the project. In the first
phase of the project, it identified as a clear structure of the new bioaugmentation précésgentory

of the inputs and outputs of the productipnocess and the bioremediation techniquesre produced

This inventory mvided the basis for the data colledt during the omnsite biopile comparative
NEBYSRAFGAZ2Y FFTOUA@GAGE 2y3I2Ay3 Ay |OGAZ2Y .od .S
performed to frame the relevant impacts and to understand the main contibsitdf inputs of the
inventory, further data collection was implementead the LCA calculation was implemented based
on the actual data of the biopile functioning. All the datateel@o biopile running, VOC emission; on
site energy and water consumptievere collected.

During the last reporting period (1/11/201®1/12/2019), a complete LCA analys#sperformed and

the resultswere presented during the final LIFE BIOREST &e#thin PARMA on £®ecember 2019

and reported in the final deliverabl.C1

RESULTS COMPARED WITH PLANNED OUTPUT, TIME SCHEDULE

The results obtained by the LCA analysimducted by ITB, showed that:

- the bioaugmented biopile displayed better performance than control when considering the
amount of HC removed.

- the production of inoculum, specific for the Bioaugmentation biopile, with respect to control
biopile, has negligle secondary impacts in all the impact categories taken in consideration in the
study, thus does not bring further burdens to the bioremeadiaprocess.

Regarding the final risk assessment, conducted by UCSC, all the calculated values resulteghlower th

the limits of acceptability both for individual and cumulated carcinogenic andaroimogenic risks

Therefore it can be said that theraeano health risks for visitors caused by the presence of a

contaminated aquifer underlying the site.
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ACTION D4 Dissemination initiatives

A STATUS OF ACTIONMPLETED

A Foreseen start datel:/7/2016 Actual start datei/7/2016

A Foreseen end dat&0/6/2019 Actual (or anticipated) end datei/12/2019*

*according to the Letter Amendment no. 3

A Action leaderiTB
A Partners involved in the ActiodCSC, UNITO, ACTY, ARPAE, CSIC, WEL

SUBACTIONS DESCRIPTION

The general communication objectivegere focused on informinghe broad public about the
advantages othe LIFE BIOREST solutions and promote generalityigibithe LIFE Programme,
encourage the transfer difie project results to other users, otheountriesand maybeo the European
legislative process and spread public awareness about the proper use of natural reaodpaijtion
prevention.

SUBACTION D1.Dissemination plan implementation Start: 1/7/2016 | End: 30/6/2019The
Dissemination Plamasfocused on integrated actions aimeddafivering information oimnovation in
the field of bioremediationpn the return to the cityof contaminaton-free-greenspace, on the
redudion of land use andhe disseminaibn of sustanable practices for the biotech and remediation
industry sectorsDissemination initiatives e carried out according to the timeline and the workplan.

SURACTION D1:Demonstration events, educational visited public events | Start: 1/7/2016 | End:
30/12/2019.1TB played a crucial role in organizing events aimed at strengthening school involvement.
In this regard, additional actiorvgere introduced to involve studenis research and communication
activities, such as an ide@sompetition ¢VerdePerTutlicreatedto promote soil and environmental
protection ( ).

During the project34 public eventscongresses and workshops were organized by the LIFE BIOREST
with more than 2.638 attendees involved. A summary table and a detailed descaifgti@ported
below.

Tablel Summary ofIEE BIOREST events accorditigetonain type and number of attendees

YEAR TYPE OF EVENT N OF EVENT{ N ATTENDEE

2016 | Kickoff meeting and stakeholder meeting 2 80

2017 | Bioremediation lesson for Secondary School studen 4 119

2017 | Bioremediationdssonfor High School students 3 122

2017 | Scientific conferengencluding Annual meeting 5 357

2017 | Open day & Networking public seminar 2 241

2017 | @ [LC9 . Lh V\.19 { tgainihgYod hlg@ &ho&? 5 400
studentsand communication contest of soil protectio

2017 Green protection day workshdpr High school 1 224
students

2017 | Bioremediation lesson for High School teachers 1 30
G[LC9 .Lhw9{¢ FYOol&aalR2

2018 students anccommunication contest of soil protectiof 2 270

2018 | Summe School and Scientific workshop 2 180
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2019 | Policymakers and (i I 1 S KviksRép NA Q 6 485
2019 | Bioremediation lesson at LIFE BIOREST testing arg 4 150
TOTA 34 2658
1. Kickoff meeting (Fidenza, September 9, 2016). A public event egea LIFE BIOBSHE major

10.

11.

12.

stakeholders, such as the regional authorities, professional associations, researchershand
general public50 attendeesvere involved.
Stakeholder meetingFidenza, September 21, 201&he meetingwas aimed at ensuring joint
programming ofthe experimental activities of the project. Local authorities involved in the
management of the National Interest Site of the Municipality of Fid&maiaRomagna Region,
the Ministry of the Environment and the Protection of the Territory and thetlsed,ocal health
agency, took part in the meeting0 attendeesvere involved
1st seminar for High School studeiiBacenza UCSC labs, March 18)1Z). The first event
dedicated to the protection of the soil, which has inaugurated an environmenttsaiuprogram
for 70 studentdrom the "Lorenzo Respighi" and "Raindfiarcora” high schools in Piacenza.
Scientific conferencéMilan, March 18, 207). The meeting organized in collaboration with the
Lombardy Green Chemistry ClustdtGCAwas a oppartunity for discussindhe role played by
biotechnology in remediation applicatio®€ attendeesvere involved
Technical lessofiodi, April 19, 2017A lesson focused osoil pollution, biotech solutions and
bioremediation approacti2 studentsvere involved.
Seminar for Secondary School studeiita 2 y G A OSf f A R QhThekleyitindugusated mMT I |
the cycle of lessons plaed by LIFE BIOREST to involve schbtile Piacenza ared9 students
were involvedKig.8).
Seminar for Secondary Schagtudentsdo CA 2 NBy 1 dz2 f I R Q ThéFRetoRhd lesdo® M p3
focused on environmeat emergencies and soil remediatiorB6 studentsof the "Terre del
Magnifico" Schoakere involvedKig.8).
Seminarfor Secondary School studerSortemaggiore, May 24017). Third ecology lecture
promoted by the Institute of Microbiology of the UC&Cstudentswere involved
Seminarfor Secondary School studerftaorso, May 27, 2017he burth lesson focused on soil
protection and biotechnology solutioaglopted by LIFE BIORETstudentsvere involved.
WSAaASIFENDODK YR Lyy2@FiA2y Ay HixSe DANBIS|YS K/2K RYSANA ¥
(Milan, May 8, 2017)The conference prooted a dialogue between universities, companies,
clusters and public authorities on bioeconomy, environmental policies, research and development
issuesThe Lombardy Green Chemistry Association attendeciuster of 40 research cessrand
companies oerating inthe green chemistry field and the Lombardy Region delegates for Research,
Innovation, Agriculture and Environmeb43 attendeesvereinvolved
Seminar for young researchers and students of the Biology and Biotechnolotigsfadiibn ¢
Univesity of Milan, Milan 25, 2017). The seminar was focuseshowingthe LIFE BIOREST
objectives and expected results and on promoting new green jobs in the bioremediation3sctor.
studentswere involved.
G[ LC9 t NRB3INI YY SHatimayd titheSustainableludeldi3asources. LIFE programme
ddz00Saa (KNP dg®ian cAUinigersig bf iwl=8, avE@y526,62017). The Open Day was
designed as a contribioh to the 25th LIFE Programme Anniversghy

), suppeting European
environmental policies and enhancinguks of LIFEunded research projects for society and the
environment. The event provides an overviewhefLIFE objectives, strategy, results and success,
focusing on disseminating awareness to thblig, the scientific community and the industry in the
field of environmental protection and responsible use of resources. The LIFE Programme OPEN DAY
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13.

14.

15.

16.

17.

BIOREST

gl a I f az & G NHzO (0 dzNB R |l 36 UIFE profeSt(4FE NBIOREFIEE A Y A ()
DORIPNOAVITISOMFORAGE4CLIMATRASOFF took part in the event and illustrated their

main achievements to the puhlB&3 attendeesvereinvolved

6Green Jobs for a Greener (FdzN@®daé ¢ Research National Council, June 9, 20TRg

conferencepartner of the EU Green Weeid( Jwasaimed to engage students,
researchers and entrepreneurgerested in dlalogue on swshable and responsible growth issues
( ). TheEU Green Week is

an annual opporttnity to debate and discudsuropean environmental policy. Organised by the
European Commission's Directoréeneral for Environment, this key event in the environment
policy calendarattracted policymakers, leading environmentalists, stakeholders and other
interested parties from@oss Europe and the globe. LIFE BIOREST took part in the event together
with 19 LIFE and ndnFE projectactive in the environment, green chemistry and aigax
sectors.158 attendeesvereinvolved

Seminar of High schoalBidenza, September 19, 201The event was designed to involve the
aGdzRSyidia 2F (GKS atl OAz2ft2 5QlyydzyT A2é YR 4Lt {
environmenal training programme40 studentswere involved.

G! YOrd&dFR2NA 2F { OASyOSo . AcdmpbtidayodoiepieSidn | NB 7
(Bologna; Fondazione Golinelli, September 25, 204 he context of the European Biotech Week

( jy LIFE BIOREST organized a public seminar

( J focused on strengthening awareness about soil
protection and bioremediation of contaminated land. "Ambassadors of Science" involved 10 High
and Secondary Scbig of Bologna and Modena, for a total of nearly 200 students, who were the
protagonists of thea 0 A2 NBYSRALF GA2Y 3FYSés |y AYyUGUSNIOGAQ
biotechnological methods for soil remediation. During the ev/¢rdePerTuttivas launchd, an

idea competition aimed at involving studeatspollution issues, particularly soil, itepention and
treatment, and encouraging them to become active in raising public awareness. The initiative is part
of an environmental education course openl® high schools Bologna and Modena (Emilia
Romagna region), that includes laboratory, comiration and scientific dissemination experiences
related to contaminated soil, bioremediation, pollution prevention and environmental protection
(Fig.10). 200 gudentswere involved.

Green protection Day. Biotechnologies for environmental prote¢ionin¢ University of Turin,
September 29, 2017). In the context of the the European Biotech Weel. [ »

LIFE BIOREST organizedlalic seminar to raise awareness on environmental issues related to soil
protection and its bioremediation with biotech solutiof3g(6). The proposal is linked to the
European petition #salvailsuolo, aimed to recdggizoil asa common heritage that needs
protection at European level, as it ensures food security, biodiversity conservation and climate
changes regulation. The "Green Protection Day" was attend284gtudentsrom High Schools

which have already collataied with MUT - Mycotheca Universitatis Taurinensis of the Turin
University. The &minar was also oped to sectorial stakeholders, enterprises and public
institutions to promote a dialogue on the advantages of industrial biotechnology for health and
envionmentalprotection.

Progetto Alternanza Scuola Lavoro with the Piedmont area high schodisly, the National

t N22S0O0 W{ Odz2 f I diréctedioshig/schgdl $tuddnts &hé fi®see addiional extra
curricular activities student have to take pdite idea is that they may get in contact with industrial

and research realities to be aware about the actual development of theoretical studies, to get
inspired for their choice of academic studies and to have a first controlled contact with professional
jobs. UNITO was involved in the educational program with high school students. Students have to
participate to lab activities for a certain period (frorto13 weeks) and are involveato support
actions. From 2017, UNITO hosted more tB@rstudentscomng from two schools: 1S "Gobetti
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19.

20.

21.

22.

23.

24.

25.

Marchesini- Casale- Arduino” of Torino and Liceo Scientifico e Classico Statale "G. £&no
Pellico" of Cuneo. Stunts were involved in training activities aimed to discover the importance of
microorganisms in sothe actual risk of polluted soil, the possibility to perform ecotoxicological
bioassays to monitor the safety of soil, the capability of fungi to produckecoies as
biosurfactants, etc. The program was based on the LIFE BIOREST activities to gidledh&sian

of the application of biological approaches and the possible impact of the ecosystem and human
society. During the Summer of 2017 studentsktpart on focused activities and ultimately this led

to the creation of aidentification Atlas fondngi The Atlas was freely distributed to the high schools

to facilitate the role of teachers, giving lessons about fungi and their identification.

[ LC9 . Lhwo§éA#FasyzdzOktobey 8, 2017The conference provided an
opportunityfor policymakerslialogueandoutline the LIFE BIOREST project resbi{zertstalked

about the application of methods for Fidenza and other polluted soils at national and European
level.30 attendeesvere involved

Bioremediation lessor®olognaOctober 25, 2017). G N} Ay Ay 3 O2dz2NES T2 NJ KA
focused on bioremediation issue was organized to improve their skills and labs pridices.

than 30 teachersof 10 schod in EmilieRomagna region took part. | TiB collaboration with the
Golinelli Foundation (host institution of labs) and ACTY, has developed an educational format
dedicated to bioaugmentation of bacteria and biosurfactants production. Thisitamhal fornat

can be replicated by teachers at their schools'.labs

Soil protection and remediation workshop. Effective communication {8alogna November

24" 2017). The seminar focused on media and communication tooendourage public
awareness abdtsoil protectionand its remediation was organiz&f0 studentsvere involved
Bioeconomy DialogsgVarese, November £82017).LIFE BIOREST through its partner ACTY,
attended to the public seminar organized by thenbardy Green Chemistry Clustectised on
sharing the best projects and practices on bioeconomy and circular economy8€sattendees

were involved

Bioremediation labs practisgBologna, Februafylarch 2018).Sudents participating in the
#VerdePerTutti competition carried out practical laboratory activities according to the formats
developed by ITB and ACTY, in collaboration with the Golinelli Foundhtdab activity airad

to monitoring fermentation of micoorganisms (yeasts and bacterie use of specifieasors

for determining the concentration of oxygen or carbon dioxide allowed estimation of the type of
metabolism (aerobic/anaerobic) of the microorganism. The migemisms and fermentation
reactiors have been studied to understand the bioremediation method applied by LIFE BIOREST at
the Fidenza sited00 studentsvere involved.

LIFE BIOREST Ambassadors Video Contes{Hilizgna May 15 2018).Over170 students
participated in the #VerdePerTutti contest wd® promotional videoproducedin orderto raising

public awareness on soil pollution, bioremediation and sudibinae of natural resources
LYGSNYIFGAZ2YFE {dzZYYSNI A0K22f & &/ 2 yel | oYeAdyNiiyS RW it 28
¢ 13", 2018) The International summer training school was organized by ITB, WEL, ACTY

and CSIC angasdedicated toproject promotion ando the training of the young researchers
involved, with particular attention to the techniques and methods application on the field with
strong involvement of SMEs partners. The InternatiSnaimer School took place in Torino and

was articulated in 4 waepth training days. Fidenza municipality was involved for-thagy Xrip to

the contaminated site of Fidenza; during the trip, other sites of interest were visited (in Asti and in
Piacenza)The program included 17 speakers. Amorg 72 candidates30 participantswere
selected accordingly to their CV and motivation letters.

Mid-G SNY AO0ASYGATAO 62N) aK2LI0 aG¢ 2 ¢ MG July 139 dzNB LIS +
2018). A scientific cordrence aimedat supporing academia ad industry collaboratiom the
bioremediation sector was organized as the Summer School satellite event. Collaboration among
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26.

27.

28.

29.

30.

31.

young researchers was encourageadrderto give them the chance to improweeir skills, learn
from senior scientists and shateir work in an international context. More thab0 peopleand
speakers beloriggto 6 different National, and International projects attendled even.

LIFE BIORESTwé&i&sL) a DNBSYy AGNX G6S3ASa F2N) GKS OAd
d2Af O2yadzyYLIiA2y NBRAzOG A 2 yBolégyaR10 Blaz2di e yerd
promoted and organized by LIFE BIOREST showed project achievementnaosttignifican
number of stakeholders, and at the same time broadghe reflection to the wider theme of the
safeguardand sustainable use of the terrestrial ecosysiaspired by the goals of the United
Nations Agenda 2030. A whole day of work where itistits and some local administrations were
involved who promoted good practices to make their cities more sustainable. A second technical
part of the day was dedicaleto the study of some aspects related to soil remediation and
conservation, involving amgrothers ISPRA and the SOS4LIFE pramctthis occasion, the first
national mappin®@f SIN and SIR contaminated by hydrocarbons was distributed, a contribution in
favour of the establishment of an integrated system of the state of pollution in Itay,tlad
successful birth of the National System for Environmental Protection (SM&&)than 130
participantswere registered to the event, which was also suppdrtey the Agronomist ral
Engineeringegionalassociation.

22N) aK2L) 4! LIWINBOOA2 YdzXt GARAAOALIE AYFNB LISN f 2
RA NRljdzZr £ ATAOFT A @hio, 22 Repterybér2aiANE @oykShopipe2itdd ths €
resuts obtained in the course of some projects redbte the recovery of marginal areas and the
implementation of urban gardens. It involved actors belonging to very differemiexts
(representatives of academia, local environmental agencies) to addeessstie of sustainable
development and the redevgdment of urban areas with a multidisciplinary and intersectoral
approach anavasopenredto citizens150 attendeesvere involved

Shool visitg3) to the revegetated area within the Fidenza 8iNere LIFE BIOREST took place
(Fidenza, OctobeDecember 2019)Students of high schools already involved in Bioremediation
lessons and labs practgearticipated as visitors to thevegetated area whereRE BIOREST took
place. More thari50 studentsparticipatedto the agronomidessons

BorgoFood 2019Fidenza, 43 Cctober 2019).Annual event organized by the city of Fidenza
focusal on the issues of sustainability of food production, "slow" and "green Life" md@whitgral
eventsdedicated to eceustainability, reuse and recycling were organized, including arsessio
dedicated tathe LIFE BIOREST project and the city's commitment to remediation. BorgoFood was
also an opportunity to engage citizens to discuss and share the impact of bioremediation for the
restoration of new green spaces and theturnto the commurtiy. More than80 peopleattended

the project presentation.

The strategy to bring green land bagkhe community. LIFE BIOREST final workd@rogsels, 26
November 2019)The meetingvasaimed atdeepernng all the significant aspects of the project

and at shaing the final results with the European stakeholders. It was an opportunity for
policymakers, public institutions, researcheasd industry to come together to exchange
knowledge and practices on the implematdn in the EU of soil and lanelated SDGs, and
particular the Land Degradation Neutrality target. During this meeting, LIFE BIOREST first addressed
the challenges related to soil and land degradation in the EU and then it explored the opportunities
for urgently needed actia 15 attendeesrom 6 different EU regions were involved

LIFE BIOREShal evenfParma, 18 December 2019)he final public evenwasorganized in

Parma to present the final resul@btained through LIFE BIOREST project. More an
participants registeredotthe event, which was also supported by the AgronoAssbciatiorof

Bologna province80 attendeesvere involved
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32. Invited speakeréVilano, 19 December 2019)he University of Milano invited the group of UNITO
to be held two Seminar to the Mter students focusedn the Bioremediation of Soil80
attendeeswere involved.

During the last reporting period, the major findings of the project were presented to International
ConferencesAfull detailed list is reported below.

Table2 Oral presentations and poster presented at international conferences by the LIFE BIOREST partners
n INTERNATIONAL CONGRESS PARTICIPATION
Lyon, NovembeR1-24, 2017 Fist InternatiodaConference on Microbial ecotoxicolog!
EcoToxicoMimww.ecotoxicomic.fr/fr_fr/ecotoxicomiz017
POSTER PRESENTAHB@Nhment procedures for the isolation of xenobidigrading
1 bacterial and fungal strains: a focus on microbial ecology by UCSN&R@The congres:
was focused on the ecotoxicological evaluation of polluted sites. It was possible to dit
with many researchers who had to face complex heterogeneous matrices agethw
Fidenza. This informatiamasthen very useful during the experimental phases of the Pro
Bologna, September-®& 2017 9 International Conference on Environmental Eegig
and management. Circular economy and sustainability ICEEMv28Liceem.ro
ORAL PRESENTAMONG . A 2f 2 3A OI € NEBYSRAIFGAZ2Y 27
UNITO The topic of the congress were of particular interest for the Project. Amon
2 different discussions and scieitiichats, Federica Spina (UNITO) talked with prof. N
Gavrilescu about a possible joint PhD program and the sharing of students btevéea
labs and with prof. Simona di Gregorio and some other indugtiiitersabout possible
joint researches. $ee of them were also involved as experts for the organisation o
International Summer School.
Prague, June 289, 2017 BioBio 2017"6International Symposium on Biosorption a
Biodegradation/Bioremediationww.biobio.vscht.cz
ORAL PRESENTATf@®Mremediation of contaminated land by autochthonous fulnldiE
Lhwo{¢ &GNIGS3Ie¢ o6& ! bL¢h
3 Federica Spina (UNITO) talked with many colleagues about the exploitation of fu
different biotechnological uses. hadapted metabolism of the isolated fungi led tc
significant interest and the possibility to stagw collaboration. For instance, UNITO tt
started a scientific common research about fungal enzymes with Luisa Barbieri (Unive
Modena and Reggiemilia).
Microbial Diversity 2017, Drivers of Microbial diversity, Bari, Italy, O@4t2&,2017. UCS(
4 POSTER PRESENTATH&®MNoring the xenobiotidegrading bacterial and fungal consor
during the selective enrichment procedure.
PhD Summer c2 2f G h NBFYAO al (GSNJ Unidesita. di ifapd
5 Federico Il, Portici, Napoli JB¥, 2017.Edoardo Puglisi as invited speafe® E LJ 2 A
OA2RAOGSNEAGEY | 1jdzSad T2NJ ESy20A2GA0 F
SETAC Europe 27th AahuMeeting, Brussels, Belgium, Mayll; 2017. POSTEI
6 PRESENTATI®N PosadBaquero & J.J. Ortegzalvo. Effect of rhamnolipid biosurfactant
biodegradation of slowlesorption PAHs in contaminated soils
6" International Conference on Industrial 8ichnology- IBIC 2018 (Venice, I8 April,
2018)www.aidic.it/ibic2018
ORAL PRESENTATKMeening of anionic biosurfactants production among fungi
bacteria by UN'Q The topics were highly targeted on teichnological application, includir
soil treatment. Federica Spina (UNITO) discussed about the scale up the process to bt
in the LIFE BIOREST biopile and the possibility to patent the system.
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11th International Mycological Congress (IMC11)213uly 2018, San Juan, Puerto Ricc
POSTER PRESENTABI@Nmediation of contaminated land by autochthonous fungi: |
Biorest strategy by University of Turin UNITO

- LL /2y@S3Ay2 brtiTA2yFEfS RA aAlO2f23Al
September6-8,2018, Siena, Italfhe talk won the special prize for the best oral presental
ORAL PRESENTATBmYemediation of contaminated soil: a stratdzpsed on fungi ant
bacteria by University of Turin UNITO
The oral presentation was awardeslthe best presentation at the congress. Federica <
(UNITO) talked about soil bioremediation with other colleagues who are currently w
on HC and DDT imland and Check Republic, and on hydrocarbons in an industrial
Italy. Besides there a8 number of questions about the possibility to patent the sele
microorganisms.

-xLL !bb} '] a99¢LbD hC ¢19 DRGANIATIC

(Mosca, 1315 September 2018)
ORAL PRESENTATEDMMemediation and ecological restoration of @oninated soils by
fungal and bacterial consortia by UNITO
Cristina Varese (UNITO) showed the progress of the Project and discussed ab
chalenges faced for the preservation of the microbial diversity. This was also useful tc
the required effots and find a common strategy along the fi&uropean countries.
Remtech (Ferrara, 181 September 2018)
ORAL PRESENTATB@NRemediation di suolo contaminato da idrocarburi: approccic |
BIORES del sito di Fidenza by University of Turin UNITO
Fedeica Spina (UNITO) had a number of questions about the possibility to pate
selected microorganisms. It was possible to chdt miany industries that are working ¢
polluted soils and waters.
8th edition of the International Forum on IndustriabtBchnology and Bioeconomy (IFI
27-28 September 2018, Torino, Italy.
POSTER PRESENTAT@OMbining fungi and bacteria for an efficient bioremediatiol
contaminated soilby University of Turin UNITO
The presentations provided a clear idea about thtef the research at the European lev
During the be2be Meetings, it was possibleUdHTO to directly discuss with many peo
of the Bio Based Industries Network.
Ecomondo 2018,-81 November 2018
ORAL PRESENTATIOMNustrial hydrocarbon pollad soil: bioremediation b
bioaugmentation approach. An LCA evaluation by Consorzio Italbiotec, ITB
2nd International Conference on Mycology in MENA -@CM) Suez Canal Univers
ConferenceOctober16¢18,2018
Prof. Cristina Varese (UNITO) wageadwvior a plenary lecture on Soil and Fungi Remedia
in a series of international conferences on Mycology, Fungi and Fungal Biology of Aral
for Fungal Conservation. During the conference, prof. Varese deaxeral networking
meetings with otheresearchers including Prof. Ahmed M. Abdistem (University of Sut
Canal, Egypt). They decided to work on an Erasmus Plus Proposal for next year Call
Italian conference on bioremediation, Mantova (Italy), Octd@e2018
Prof. Edoardo Puglisi (UQ3as been invited as a speaker to the conference.
11° Congreso Ibérico y 8° Iberoamericano de Contaminacion y Toxicologia Ambiental
Madrid, 1313 July 2018.
OREAL PRESENTARG® Posada, Jose Luis Garcia, Manuel Cantos, José JuliG &lvie
Evolution of Bioavailability of PAHs during Bioremediation of polluted soils. Oral (R. P
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Details o the mainabstracts of the oral presentatiosd on posters showed during international
congresseare reported in detail ithe Communication Agend®eliverable Repo®2.Dland inAmnex
1.D1
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SETAC Europe 28th Annual Meetitgna, Italy, 137 May 2018.

OREAL PRESENTATRONPosadBaquero & J.J. Orte@zalvo.lmplementing desorptior
extraction methods into bioavailabilitriented bioremediation. Oral (R. Posada).

1st Global CleanUpongress 2018, Coimbatore, India;2510ctober 2018.

OREAL PRESENTATIQON Orteg&alvo, R. Posadkaquero, J. Vila, J.L. Garcia, M. Cal
How to irfluence bioavailability for reducing risks from organic pollutants in bioremedie
Oral (J.J. Ortm).

38th Annual Meeting of the European Culture Collections' Organisation (ECCO)
(Italy)_1214 June 2019

POSTER PRESENTABINased remeditdon of polluted soils: LIFIOREST experience
University of Turin UNITO

UNITO was mostly focused to merge its experience on the preservation of the fungal
in the Collection and to deal with a proper benefit sharing. Moreover, during the sernig
was possible to talk with Domenico Davolos (INAIL) about a commorchebased on the
genome sequencing on some fungi isolated from LIFE BIOREST. It is also discus:
submitted future project together.

First international Biosurfactanterdference Stuttgart (Germany)_-259 September 2019
ORALPRESENTATIORuNgi as an undiscovered source of biosurfactants by Univers
Turin UNITOThe congress merged most of the scientific skills around the world
microbial biosurfactants. Bactarand yeast are the main microbial producers. Fedepica ¢
(UNITO) discussed about the possibility to use filamentous fungi. This aroused mar
and comments; for instance, many groups shared their problems for the fermentation o
and the contol of process parameters. She had many suggestions tidgotgchnical need:s
for the isolation and purification of the molecules.

FEMS 8 Congress of European Microbiologists., Glasgow, Scotlddd)uly 2019POSTEI
PRESENTATI@Ilation and higlthroughput screening of xenobiotic degrading bacte
and fungal strains.

FEMS 8 Congress of European Microbiologists. Glasgow, Scotkdrid)aly 2019
POSTER PRESENTATI@#tment of contaminated soil mesocosms dutochthonous
selected bactedl and fungal consortidJCSC poster

Isolation, characterizatioand application of soil microorganisms useful for the degrads
of recalcitrant pollutants and for the stimulation of plant grov@I5S PhD school, Napali
7 June 2019. Edoardo Psigls invited speaker

15th European Conference on Fun@ahetics, ECFG18omel7-20 February 2020
POSTER PRESENTATB@Xemediation of polluted soils the role of Fungi, Anna Pol
Federica Spina, Valeria Prigione, Alice Romagnolo, Giulial@janiRd, Edoardo Puglisi a
Giovanna Cristina Varese.

Other education and dissemination activities:

AaztlyYSyidzs

Involvement of Undegraduate students-ew Bachelor and Master students have been involved
in the experimental activities of the project, discussing their final Thesis on the topic:
a) Andrea Zanellat(UNITO) entitledd . A2 NAal yI YSy {2
OF NI} GGSNRT T IT with /GBvanfa CriSiriaS/arase ¥sS
supervisor and, Federica Spina and Anna Polisispsovisors;
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b) Giuseppe Bentivegna (UNT®Y (i A (i f S Rion¢ di RuBgyfi icdn Elavaté capadikégradative
contro gli idrocarburi mediante un innovativo screening miniaturigzatad A G K DA 2 @I y y I
Varese as supervisor and Federica Spina-aspayvisor;

c){ At GAl { I NI 2 Ringidsndwiscutcedof bidstifaktdisiSFovaina Crista Varese
as supervisor andPierluigi Quagliotto anBederica Spina as-sapervisos;,

Photographic CompetitiorJNITO was involved in a project with two professional photographer
(Andrea Lorenzoand Silvia Pastore) to take part to an International Photo Competition. The topic

of the competition was the Green Sustainability. LIFE BIOREST project and the reality of Fidenza
was taken as an example. Several pictures were taken of the most impytaes that all move

around the SIN were taken, from the Municipality to the technicians working in the field, from the
retieired workers of the old Industries to the partners of LIFE BIOREST project, etc. Everything was
merged in a storelling documenand submitted to the Competition Committee. The goal was to
achieve new visibility and to sensitize a new public to sensitive.

SUBACTION D1 -Networking with other project | Start: 1/7/2016 | End: 3@2019. A lot of projects

and programmes on saind environment protection are currently ongoing in Italy and Europe. To
achieve synergies between LIFE BIOREST and such initiatives, networking activities to present the
project were held through participation inwents, such as project communication eaefices or
meetings.

Synergies with the following other LIFE projaase establishedas follows

S.0.S.4LIFBSave Our Soil for LIFE LIFE15 ENV/IT/0002250s4life. it

LIFE HelpSoil Helping enhanced soil funatis and adaptation to climate change by sustainable
conservation agriculture techniquigp://www.lifehelpsoil.eu/

NewLIFE Recupero ambientale di un suolo degradato esettificato mediante una nuova
tecnologa di trattamento di ricostituzione del terremawvw.lifeplusecosistemi.eu

BIOREM Innovative System for the Biochemical Restoration and Monitoring of Degraded Soils
www.biorem.ise.cnr.it

HORTISEP Demonstration of the suitability of dredged remediated sediments for safe and
sustairable horticulture productionwww.lifehortised.com

LIFE SUBSEBustainable substratesrfagriculture from dredged remediated marine sediments:
from ports to potsvww lifesubsed.com

LIFE AGRISEDse of dredged sediments for creating innovative growing media and technosols
for plant nursery and daiehabilitationwww.lifeagrised.com

Networking activitiesvere promotedto encourage best practices exchange among LIFE antlR&n

Y
1

2,

rojects, such as:

. Networking event Bologna, November 28, 2014FE projestevent organized in collaboration with
SO.S4LIFE and LIFE SAM4CP

Networking event Pisa, January 29, 2QIioresnov&roject organised a workshop about recovery
and valorisation of contaminated soils and sediments through innovative biotechnolodies an
supported by chemicgdhysical processes to share expertise and good practises.

Mid-term scientific conferenceEngagement o5 other national and European projects, such as:
PhytoSUDOE (funded by Interreg Sods&),S.4LIKRInded by LIFE Programmk)l Spill (funded
by FP7), BioresNoaadReHorti.

Networking Event;, Torino, September 26, 201®ilots4U Horizon Scan Workshop: Equipping
Europe for Bidased Innovatioras asatellite event to the International Forum on Industrial
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Biotechnology and & conomy(IFIB2018)The Pilots4U project has set up an easily accessible
database of open accesdopiand demonstration infrastructure for the European bioeconomy.
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ACTION D&Dissemination and communication materials

A STATUS OF ACTIONMPLETED

A Foreseen start date: 01/07/2016 Actud start date:01/07/2016

A Foreseen end date: 30/06/2019 Actual (or anticipated) end dated/12/2019*

*according to the LetteAmendment no. 3

A Action leaderiTB
A Partners involved in the ActiodCSC, ARPAE

SUBACTIONS DESCRIPTION
The planning andedvelopment of promotional materiaésd digital communicatiowascarried outby
ITB. Material features and management methods was detailbe Dissemination Plan (DP).

SUBACTION D2-BIOREST LIFE lpgtart: 1/7/2016 | End: 3@6/2019. ITB (CBasthe manageifor
communication activities, developed the project logo brahd usage guideline useful for PowerPoint
presentatiors, public presentatios) press releaseto define a coordinated image of project identity.
ITB guarantees the correct usilee LIFE logon documents, visual supports and durable goods, giving
instructionson thisto all partners during meetilsgseminars and workshep

¢ .,

The Brand usage guideds and obligations about the LIFE logo were reported iDigsemination Plan
(M1.DJ) andProject Management Handbo¢kNNEX 1.51

SURBACTION D2.-2Project leaflet and notice board | Start: 1/7/2016 | End: 30/6/201I® developed
a project newsletter, in order to disseminate information about the project (objectives, intermediate
results, events), demonstration events and any information relatéuet topics covered by the project
of national or global interest). All newsletter issues produced are freely downloadable from the website
and sent to registered users. The newslettes hacorporate identity with the site of the projelttis
possibleto sign up to the project newsletter via the project website (a specific banner is available on all
pages). Social network campaigns to promote signing up to the newsletter were alsediekig first
issue of the project newsletter was sent to over R,50bscribers iMay 2017
1 Leaflet Leaflets include a general overview of the project, main objectives, project context, LIFE and
partner logos, goals and members, highlighting the itapoe of the results and main areas of
interest for potential users.
1 Notice boardPosterRA LJt @ SR G LINRP2SOG LI NIYySNARAQ LINBYAAaS
communicated at notechnical languageobjevtive and impact of the project.
1 "Soil Biorenediation" leaflet It illustrates facts and figures related to soil pollution and its
reclamation through biological technologies. The guide has been distributed during the School and
the international conference (TurinL.3uly), it is also publishedandigital version on the project
website and promoted on social networks (Faceboojeptpage); attached in this report.
9 State of hydrocarbon pollution in Italy infographite leaflet summarized fact and figure of the
state of contaminatioasreporS R Ay (KS LINRP 2SO0 Lzt AOFGA2Y a{ 2A
nLdFted ! YFLIAY3I 2F LINRPIAINBaa Ay NBOfFYFdA2y 217
1 Bannerand backdropProduced tadisplay the mission of the project during public events.
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1. Leaflet (A4 format double sider) distributed in digital and pa
versbn; 2. Notice board (poster format 50x70 cm) displayed at proj
partners and Fidenza testing area si@sSoil bioremediation leaflet (A!
format) distributed in digital and paper versidnState of hydrocarbon
pollution in Italy (A4 format) distributed in digital and paper ver&on
Banner (3x2 m) and backdrop (6x3 m)
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1 Gadgets and Promotional banndn order toincrease the public engagement in the LIFE BIOREST

project, through visits to the website and newsletter signup, LIFE BIOREST merchandising and graphic
materials were developed, suchgens pen-drives wristbands rollup andblock notes

7

6. LIFE BIOREST gadget (pensdpeers, wristbands, block
notes distributed during public events and workshops; |
Roll-ups (200x80 cm); 8. & { 2 A f Oz2yily
hydrocarbons in Italy (Italian and English versions),-Rifieer
Play FyR [ | &Y9.yEdronnéeRtdlJBdldelines
(English, French, Spanish versions) 8

T 2Af O2yiit YAYI GAZ2Y T NR Waphhg RNBeOdtabo2 Yiyd@rocdkbyn L G I f
contamination in Italy (Italian an English versidhgpsecond parbf the sociceconomicStudy is
focused on mapping the state of plon and the main obstacles to the full application of the
bioremediation method. A database of all the sites of regional and national interest has been
developed starting from 20 registries produced by the Italian regions.

1 d&Environmental Guideline faontaminated soil bioremediatiénit represents the final galication
of LIFE BIOREST project produced in three langg&gegish, Spanish and French, representing a
useful tool for the public authorities and decision makers who is facing the probfeanagjing a
hydrocarbon polluted site all over Eurofteaims to demonstrate benefits of bioremediation among
local authoritiesvhere soil pollution isnsolvedproblem

29



---------

BIOREST

‘e s 0"
te s s’

I
Naah. —
e g

HOREST BIOREST & BOREST

SUBACTION D2.3 Press campaign, publication in Scientific Journals and Progeatal | Start:
1/7/2016 | End: 3012/2019. During the projecl5 press releasesere published by LIFE BIOREST and
20KSN) 2yt AyS ySgalld LISNES o6f23a yR LINRB2SOG adl ¢
to promote events, seminars and confeces organized by LIFE BIOREST among magazines and local
newspapers. From the gject beginningl newsletter 3 articleson the leadingtechnical national
magazines an@scientific articlesvith the highest uptake in the bioremediation sector were pubtish

Finally 31 newspaper articlesn local daily newspapers were publish&fliof the articles are available

2y GKS LINP2SOG ¢6S0&A0GS .dzyRSNJ GKS Gt dzof AOFGA2yaté

Alofi KS I NIIAOE S&E INB F@LAfrofS 2y @tk LINRP2SOG 6S0o

Press releases published during LIFE BIOREST public events

AUTORS EVENT AND PRESS RELEASE PRODUCTED
CONSORZIO ITALBIOTEC LIFE BIOREST Public-#fickleeting.September 9, 2
COMUNE DI FIDENZA LIFE BIOREST Public-#fickeeting. Septembed, 2016
LIFE BIOREST Annual Meeting. Fidenza October 7, 2017

Green Protection Day. Green biotechnologies for environmel
protection. TorinoSeptember 29, 2017

Green Protection day. Green biotechnologies for enviemm
protection. Torino, September 29, 2017

@EUBIotechWeek: Green Protection Day. University of Turir
6. LIFE BIOREST opens doors to 250 students to talk about soil, pollution and
environment protection

@EUBIotechWeek: Science Ambassadors.dBiotdogies are

P ONMPE

COMUNICABTAMPA.NET

5. LOMBARDIAPRESS

7. LIFE BIOREST for you! 200 students welcomed at GolinElbundation. Start
idea competition #VerdePerTutti (Green for all)

8. LOMBARDIAPRESS EU Biotech Week Bologna, September 25, 2017
Biological remediation of contaminated site: the European

9. LIFE BIOREST project LIFE BIOREST meets 50 students. FideliZef@mber
2017

10. LIFE BIOREST LIFE Programme Open Day. May 26, 2017
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11. LOMBARDIAPRESS
12. LIFBBIOREST

13. LIFE BIOREST

14. LIFE BIOREST

15. LIFE BIOREST

--------

Lombardy Green Chemistry Cluster. March 30, 2017
G¢2gF NRA | 9dzNRPLISIyY &aiGnllyS3
13", 2018

G¢2L) 2F 62NI R YAONROAZ2f 238
NBOf I YlIGA2YE D

In collaboration with Fidenza Municipality

[ LC9 . Lhwo{ ¢ str@ddibsiok e dityfDEB S
future. Polluted soils bioremediatipgoil consumption reductiot
IyR &adzaidl AylrofS dzaS 2F NBa?2
LIFE BIOREST Final event (Parma, 18 December 2019).

Avrticles published on theain technical national magazines

NAME OF MAGAZINE

TITLE OF ARTICLE

1. RECWER
MAGAZINE, N°37
2016

2. eCOSCIENZA, N
2017

3. Platinum

4, Arborn 3, 2018

|I. Re, Bioremedtion, revegetation and ecological restoration at
Carbochimica of Fidenzap. 4649

E. Puglisi, G. Spini,Spina, G.C. Vare®ipremediation of polluted soi
contaminated by hydrocarbongp. 1618

Green strategies for cities of the futuigril 2019

Re I, Rigenerazione urbana: modelli sostenibili per la bonifica del s
LIFBBIOREST, un proge#aropeo per il biorisanamento

Scientific articles published on the scientific journals.

NAME OF SCIENTIFI(
JOURNAL

TITLE OF ARTICLE

1. CHEMICAL
ENGINEERING
TRANSACTIONS

2. FRONTIERS IN
MICROBI@MGY

3. ENVIRONMENTAL
SCIENCE &
TECHNOLOGY

4, SPRINGER

INTERNATIONAL AC
2017

5. ENVIRONMENTAL
ENGINEERING AND

Federica Spina, Giulia Spini, Anna Poli, Alice Romagnolo, Zadedati,
Nicolo G. Bentivegna, Najoi&har, Tiffanie Regnier, Anbaure Blieux,
Abdelwahad Echairi, Valeria Prigione, Edoardo Puglisi, Giovanna C
VareseScreening of Anionic Biosutfats Production among Furand
Bacteria

Giulia Spini, Federica Spina, Anna Poli, Anne L. Blieux, Tiffanie Rec
Carla Gramellini, Giovanna C. Varese, Edoardo RMqlesiular and
microbiological insights on the enrichmpriicedures for the isolation @
petroleum degrading bacteria afidhgi

Rungroch Sungthong, Margalida Tauler, Magdalena Grifoll and Jose
OrtegaCalvoMyceliumEnhanced Bacterial Degradation of Organic
Pollutants under Bioavailability Restrictions

Julio OrtegaCalvo Strategies to increase Bioavailability and Uptake o
Hydrocarbons
DAdzt A Yy I 5QLYLEZ2NI I y2Z LEFNRARIF w

Edoardo Puglisi, Giulia Sptarla Gramellini, Giacomo Zacgant
Fabrizio Beltrametti, Adriana Bava, Fabrizio Adani
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https://s3.eu-central-1.amazonaws.com/giulia-storage/websites/lifebiorest.com/blog/rivista+pubb.pdf
https://www.arpae.it/cms3/documenti/_cerca_doc/ecoscienza/ecoscienza2017_4/Ecoscienza2017_4.pdf
https://www.arpae.it/cms3/documenti/_cerca_doc/ecoscienza/ecoscienza2017_4/Ecoscienza2017_4.pdf
https://s3.eu-central-1.amazonaws.com/giulia-storage/websites/lifebiorest.com/blog/127-ING.pdf
https://s3.eu-central-1.amazonaws.com/giulia-storage/websites/lifebiorest.com/blog/es%2526Tmycelium-ilovepdf-compressed.pdf
https://s3.eu-central-1.amazonaws.com/giulia-storage/websites/lifebiorest.com/blog/es%2526Tmycelium-ilovepdf-compressed.pdf
https://s3.eu-central-1.amazonaws.com/giulia-storage/websites/lifebiorest.com/blog/strategiesSPRINGER-ilovepdf-compressed.pdf
https://s3.eu-central-1.amazonaws.com/giulia-storage/websites/lifebiorest.com/blog/strategiesSPRINGER-ilovepdf-compressed.pdf

MANAGEMENT Optimizing bioremediation of hydrocarbon polluted soil by life cycle

JOURNAL asessment (Ica) approach
SCIENCE OF THE Rosa Posa}daaquero, Marla ez Mz_mn, Jose ‘.JU|IC.) Orte_gaalvo, -
TOTAL Implementing standardized desorption extraction into bioavalability

oriented bioremediation of P¥pollutes soil

ENVIRONMENT

During themeeting among Partners of MarcH 3020, the schedule of the upcoming papers has been
discussed. Wth a complete overview of the results, Partners agreed to work together to have few

papers submitted in the upcoming months as described below:

NAME OSCIENTIFI TOPIC / RESULTS PARTNER responsit PARTNERS involve
JOURNAL of writing in the publication
1. FRONTIERS IN Microbial isolation and UNITO UNITO, UCSC, WE
MICROBIOLOG' characterization (Action B1.1) ACTY

! Microcosms andnesocosms UCSC, UNITO, AC
2. To be defined (Action B1.3) UCSC ARPAE
3. BIORESOURCE In situ biopile and revegetatio

TECHNOLOGY (Adion B3.13.2) ACTY ALL

! Greenhouses Trials (Action UCSC, UNITO, AC
4. To be defined B3.2) UCSC ARPAE

, . i , UNITO, UCSC, WE
5. Tobe defined  Testingactivities(Action B3.3) UNITO ACTY, CSIC
6. Tobe defined LCA on in situ trials (Action B: ITALBIOTEC ALL
7. To bedefined Biosurfactants (Action B1) UNITO UNITO, UCSC, AC

Newspaper articles published on daily newspapers
ISSUE NEWSPAPER

1. September 9, 2016 life biorest kicloff meeting Gazzetta di parma
2. September 9, 2016 life biorest kicloff meeting Il parmens
3. September 9, 2016 life biorest kicloff meeting Pamadaily
4. September 9, 2016 life biorestkickoff meeting Gazzetta di parma
5. September 9, 2016 life biorest kickoff meeting Piacenza sera
6. December 21, 2016live streaming Teleliberta
7. Novemberd, 2016¢ biorest among soil protection eu project Europanatura
8. September 29, 201@torino, green protection day Obiettivonews
9. September 19, 2017 fidenza seminar for high schools Parmapress24
10. September 19, 2017 fidenza seminar for high schools Pamabilly
11. September 19, 2017 fidenzaseminar for high schools Parma repubblica
12. June 9, 201¢ biorest partner of #eugreenweek Green planner magazine
13. June 26, 2017 life programme open day#25lifenatura Green planner magazine
14. May 17, 201¢ fungi andbacteria for bioremetiation Liberta piacenza
15. March 16, 201% fist seminars for high schools Liberta piacenza
16. March 16, 201% fist seminars for high schools Il piacenza
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17.

Ex cip e carbochimica di fidenza: le bonifjgteseguono

Parma repubblica

18. 1fur@ KA YIFyYy3IAlL AYyldZAylYSyd2Y Greenme
carbochimica
19.[ ' FIFO0O0NAROI RSA TFdzy3KA OKS Lastampa
20. Life biorest: ecco i funghi mangia inquinamento lo pensgositivo
21. Saranno i funghi a liberarci @asostanze inquinanti? La stampa
22. On air interview to prof. Cristina varese Radio rai
23. June 2018 Batteri e funghi riqualificano i suoli Green planner (2018)
24. June 2019 Il biorisanamento funziona Greenplanner (2019)
25.Lf Y2RSff 2 & JoNBt&nyaziondi2z G G2 A Gazzetta di parma
26,9002 02YS A TFdzyIKA OA &l f @S Ehabitat
27. Bonifica siti contaminati: progetto europeo arruola 50 studen Parmapress
fidenza
28. Bonifica siti contaminati: progetto europeo arruola 50 studen Parmabilly
fidenza
29. April 201X Life Biorest: come ripulire i terreni contaminati da 1l Piacenza
petrolio con funghi e batteri
30. May2019- Strategie Green per la citta del futuro La Stampa
31. June 201 | funghi: futuri protagonisti delle bonifiche Pimonte che cambia

ambientali

SURACTIOND24 I @ YI Yy Q& NB L2 NI |BOR/MOANTIKYS M KITEKYHInyMETE pNIDL2RNI
elaborated and completed during the last months of the project, reporting a summary of the project
objectives, the actions and reldteesults.

SUBACTION D2.5Project website and newsletter | Start: 1/7/2016 | End: BB2019. The LIFE
BIOREST websitgas expected to attract individual visitors as well as stakeholders with interest in
bioremediation and ecology issues and constitate essentialsource of information for public
authorities, relevant to their decision making. Academind technical audiensealso have the
opportunity to benefit from the published reports and research dat{ S RS RA OF G SR a5 2 Odz
andPNE & & ©n allo<réallers to download all project dissemination documentation and practical
information for epert and norexpert audiencesBesidesjournalists can find information sources in
0KS at NBaa NBGASEES at NBhelAFE BIRESS ivebSmieant tbfyffiRthea . £ 2 3 €
following functions:
- To serve as a dissemination channel fonvids®uscommunication materials that will
be produced alonwith the project
- To provide material for press & specialised media professionals and to calect th
reportsof the project on these media
- To provide information about events related to decontaminabbmolluted soil, especially
those events in which LIFE BIOREST participates
To serve as a connection channel to social media netwadkes Twitter, Inkedh etc
The project websitevasset up under the URkww.lifebiorest.comAs Coordinating Beneficiary (CB),
ITALBIOTEC (IM&s responsible for the website hosting, design, correct functioning and contents
update. The domain will be kept registered for at least Srydmyond the project's end date.
The website of the projeavasdeveloped irboth Italian and Englisln consideratiorthat this is not
only the official language of the project but also phienary communication language if the technology
must reach &roadaudienceTheLIFE BIOREST project website was implemented and updated during
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the project, according to the project pge'saeline. It was launched at the end of October 2016.

g -

®  LIFEBIOREST -

The strategy to ko prosp Lins back o cormen ty

~

Biorermedialion, Revegetation and Ecolegical

Mestoeation of contaminated soils

Figurel5- The Life BIOREST website homepage

Leadingproject website performance indicatorselated duringthe last reporting period (from
1.11.2018 to 31.12.2019re reported below.

- Total number of users reache2i851,of which2.841new users

- Total number ofesssions3.601(1,26 session per user)

- Totalnumber of visualisations per page656

- New visitors89,6%

- Returning visitorst0,4%

g 201% e 201% gy 2013 uyks A0H aalisnbn 2018 nuwinizs 2018

Figurel6 - Monthly trend of users reached during the reporting period (2.851 users).
Website performance indicators asgistered by Google Analytics.

During the overall project duratiofirom 1.7.2016 to 31.12.2018)e reported below:
- Total number of users reachetl327

- Total number of sessionH).227(1,40 session per user)

- Total number of visualisations per pag4.012

- New visitors86%

- Returning isitors:14%

& Urenti

200

0

2007

Figurel? - Monthly trend of users reached during the project life from 1.7.2016 to 31.12.2019 (7.327 users).
SUBACTION D2Broject videos | Start: 1/7/2016 | End: 3/2019.During the LIFE BIORFS®ject
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videos focused on the dissemination and promotion of project objectives and results are being
developed. These are live streaming videos filmed during the seminars and demonstration events, but
also interview, vide@animations, spots. Videos inclutte LFE logo and a clear reference to the LIFE
financial support. Videaae available on the project website and disseminated through social network
campaigns on LinkedIn, Facebook and YouTub@gthe project lifecyclegs5 videoswere developed

to dissemirate project goals and results and increase knowledge about soil pol@taoerninghe

primary target audience of LIFE BIOREST (general ,psibiients, researchers, entrepreneurs and
policymakers), different content and messagese identified. Three respective types of videos have
been designed, labelled within the project website as "Educational”, "Interviews" and "Events."
(https://www.lifebiorest.com/documenyi

All videos are also availabwithin the YouTube channel of the Consorzio Italbiotec (CB), collected
within the Playlist called "IlHBIOREST, a strategy for soil protection".

More videos than expected were also produdedncreasevisibility and public participation in project
adivities. Thankgdo the LIFE BIOREST Ambassadors initiative (Bologna May 15th, 2018) over 170
students participated in the #VerdePerTutti Video Contest 4&tlpromotional videoproduced to

raising public awareness on soil pollution, bioremediation asihisable use of natal resourcesAll

videos are also available within the YouTube channel of the Consorzio Italbiotec (CB), collected within
the Playlist called "LIFE BIOREST, a strategy for soil protection”.

In collaboratiorwith Striscia la Notizia @diaset network, Itg), a video was produced dealing with

the approach and the major findings of LIFE BIOREST. The video was taken in the UNITO lab in
December 2018also interviewingorof. Cristina Varese. The video was nationally released in Spring
2019

SUBRACTION D2.8ocial network promotion | Start: 1/7/2016 | End: 2@/2019. The LIFE BIOREST
project ha a presence on selected social network communities (Facebook, Twitter, LinkedIn), which
play aressentialole in the overall communication and desrination work. The profileareintegrated

on the website as feeds, thus functioning as an effective way of keeping the website updated. Content
and inbound marketing were designed to increase visits to the project website, the number of
newsletter substbers and video views.

Since the beginning of the projet8 promotion campaignsn Facebook Ads and Google Awards were
launched. The main objectives of advertising ads are: (1) Increasing event participation, (2) Connecting
people to the LIFE BIORESTphAges, (3) Increasing video views, (4) Promoting project outcome. Each
produced ad should refer or link to a form for newsletter subscription, thus ensuring a repeatedly and
flexible manner of communicating to project stakeholders.

The main results asummarized below:

Total number of LIFE BIOREST Facebook follower 2.000
Total number of peopleeached /contents displayefvia Facebook) 191.619
¢c2GFrt 2F afA1S¢ 2F [LC9 . Lhw9{ ¢ 1980
Number of post published + 50
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ACTION E4Project Management

A STATUS OF ACTIONMPLETED

A Foreseen start date: 01/07/261 Actual start date01/07/2016

A Foreseen end date: 30/06/2019 Actual (or anticipated) end datei/12/201%

*according to the Letter Amendment no. 3

A Action leaderiTB
A Partners involved in the ActiodNITOJUCSCACTYARPAECSICSATT SAYENS

SUBACTIONS DESCRIPTION

Monitoring activities were carried out by the ITB and consistexyaluating the efficacy of planned
FOlGA2ya FyR @SNRATEAY IweikKdhivedTKBepardNBndp@I@isReiand2 6 2 S O (
compliant financial reports, theRE BIOREST Consortiwstaklished a reliable system for collecting
administrative and financial data of each AB. organised a private folder on Dropbox Platform, where
ABswere invited to upload timesheets, invoices, contracts, financial statementarandther useful

file, for LIFE reporting purposes. Every quarter the CB checked all the files uploaded, registered the
information, requested clarifications where needed. The private folder was useful also to share
Guidelines, Templates, Minutes, Monthdport, link to LIFE kit on the Internet as well as internal
Minutes, Letters from the European Commission. The CB was able to monitor costs and to compare
them to the budgetontinuously

SUBRACTION E1.1Project management by ITB | Start: 1/7/20L&nd: 31/12/2019. The Project

Goordinatorwasresponsible for the full implementation of the project andintenancethe contacts

with the Commission and stakeholders to achieve the project actiaitt$o disseminate the project

results. According tohe Grant Agreementeach AB were directly involved in the technical

implementation of one or more tasks of the projddteManagement Stafiwith representatives of all
partners had a tranwersal role with decision poweand oversaw project implementati. Ateach
meetingor videacconference were documented by the Minutes. Theork plan set dowmvasregulary
updated following the generatheme of the Gantt chart. Moreover, ther® Chartwasdiscussed and
shared akeach meeting, for reassurance abthg consensus.

Mainoutcomesof SubAction E1.1. are:

- Project Management Handboékcusing on administrative and financial reporting was distributed
on July 8, 2016 to check the compliance of the AB to the Common Provisions rules. This document
has beenupdated onaprivate folder and discussed during the Public-&itkleeting on September
9, 2016 ANNEX 1.B1

- Contingency Plam evaluate potential mitigation and response actions to reduce potential delays in
project achievements and provide solutiand protocol optimizations. Project management staff
and Action leaders met regularly to discuss and develop actions while myomigirsight of data
analysis, reviewing work productions and participated in public outreach effogContingency
Plan seves as a source of information and planning consensus to manage main defriatitine
work plan ANNEX 2.51

- Partnership Agrementwas signed on March 13, 2017. It defines the organisation between partners,
the management of LIFE BIOREST, righigatbhs, IP and ethical rules within the project. The
purpose of this agreement is to achieve progressive complementaritieatagcation among the
partners and to establish sustained structurés.amendment to théartnership Agreementas
signed betwen ITB and ARPAE August 20190 formalize the budget relocation for the design
YR RS@St2LIVSYl G9yOBANRYYSyiGlf DIdZARStAYyS T2N O
to ITB(ANNEX 3.B1

- Financial and Administrative periodic evaluatiovisnioring activities were carriedub by the CB
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had been achieved. In order to prepare comprehensive and compliant financial reports, the LIFE
BIOREST Camsum established a reliable system for collecting admatist and financial data of

each AB. CB createdaopbox foldeasa private area, where ABs are invited to upload timesheets,
invoices, contracts, financial statements and any other usefuidil&ife reporting purposes. Every
quarter the CB checkedl #éhe files uploaded, registered the information, requested clarifications
where needed. A second Dropbox folder open to all Project Partner was created in order to share
Guidelines, templatesnternal minutes, letters from the European Commission, elalbles and
milestone. The CB was able to monitor costs armbtopare them to the budget on a continuous
basis.

Monitoring meetingswere organized in order to discuss and solve any techniealinistrative
problem eventually encountereBuring theproject lifetime 43 meetingsvere organized (including
videoconferences),
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6.2 Evaluation of Project Ingrhentation

The strategy of the LIFE BIOREST project is base@ekey pointsldentify, Produce, Apply

1 Identify. Identification of the pollutants as well as of the actors (microorganisms, stakeholders,

communities) involved in the bioremediation process is crucial.

1 ProduceThe LIFE BIOREST approach produces the follmiéngorganismsor the application the
areato be remediatedawarenes®f the population about the advantages of having bioremediation
over another approach and investment on the future of the azeatrolby use of ecotoxicological
data to increase the awaresg and the acceptance not only oétimethod applied but also on the
possibility to have back land for several purposes (recreational, residential).

1 Apply. The application of microorganisms, biostimularaed awareness is of fundamental
importance for thevhole remediation process itself.

FORESEEN IN THE REVI|

ACTION PROPOSAL ACHIEVED EVALUATION
1 Objective.Selection of the| Optimized andailored .
strainsfor the further rotocol based on a =l IrEEmErt S
Action Blg P optimized by the isolation

Optimization of
sall
bioremediation
protocol

Action BZ;
Upscaled
production of
microorganisms

Action BX; In
situ
bioremediation
and
revegetation

exploitad inthe treatment
of contaminated soil.

1 Result Optimize protocol
for bioremediation
potentially applied in other
scenarios

1 Objective Demonstrate the
efficiency and cost
effectiveness of a
bioremediation approach

fResultsLargescale
production of
microorganisms in situ
activities

1 Objective Revegetate the
decontaminated soil,
restore its ecological
function

1 ResultIn situ
bioremediation and
revegetation of 400
polluted soil

combination of
microbial consortia
with improved
degradation abilities
towards alkanes, PAH
BTEX

Validated scalep
method to produce
microorganisms able
to guarantee efficient
bioremediation and
demonstration area of
400 n?in the siteof

& SCGarbochimica

Feasibility stug for
LIFE BIOREST wide
range testing was
supported by in situ
bioremediation and
revegetation of an
area of400 nPinside
2F (GKS aSE
CarmOKA YA Ol §
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of 350 fungi and bacteria
selected according to
their degradation abilities
and tested at micro and
mesocosm leels.

Costefficiency and cost
effectiveness of
microorganism
production were proven.
The costof
bioremediationcould
range approximatelydm
€  HL000 per ton of
soi.

Bioremediation and
revegetation of polluted
soil were achieved.
Experimental tests
replication on othe
polluted soil in Spain and
France were successfully
proved.

A fungal treatment of a
polluted urban garden
was run by UNITO, thank
to the methodology
developed by LIFE
BIOREST.



Action CX,
Monitoring and
LCA

Action D¢
Dissemination
initiatives

Action D2
Dissemination
and
communication
materials

Action EX,
Project
management

1 Objective.Monitoring the
efficiency of the
bioremediation methods

9 ResultsChemical,
microbiological,
ecotoxicological
monitoring

1 Objective Spread
knowledge and
consciousness about
environmentapollution

1 ResultsIncrease
knowledgeof risk
assessment, biodiversity,
ecotoxicology, sodcology,
and bioeconomy.

1 Objective Developmenof
promotional material and
digital communication
tools

1 ResultsCommunication
pack (logo, factsheet,
notice board, website)
videos and other digita
tools

1 Objective Guaranteethe
effectivedevelopment of
project activties

1 ResultsReach expected
goals and results

Chemical,
microbiological,
ecotoxicological
monitoring socio
economidmpact,and
Life Cycle Assessmen

Exploitbiological
methods for soil
bioremediationbased
among public
authorities the
scientfic community,
industrial sector and
general public

Communication
materials expected by
the projectfully
designed developed
and successfully
spreading
(communication pack,
gadgets and
publications)

Monitoring activities
were carried out by
the ITB and consisted
of evaluating the
efficacy of planned
actions and verifying
aKI G
objectiveswere

0KS LI

achieved

Demonstrdion ofthe
bioremediation with
bioaugmented and
biostmulated
microorganisms is cheap
and environmentally
sound.

Disseminate the clear
societal benefits of
addressing the issue of
soil contaminabtin at the
European level

The LIFE BIOREST prim:
LJdzo £ A Ol Soik 2 Y
contamination from
hydrocarbons in Itafy |
(i K Bhviranmental
Guideline for
contaminated soil
bioremediaton¢ & S N.
translate in several
languages and
successfullgisseminated
among the project target
audience

LIFE BIOREST Consortit
established a i@ble
system for collecting
administrative and
financial data of each AB
as well as periodic
technical reporting

Thelesson learnedvas reported if | & Y| y Qat is hkgetd# ldila nospecialistaudience and
results in an informative tool fatecsiornrmakers and noiechnical parties of th@roject objectives
and resultslt represents along with the projectvebsite, one of the main tools for disseminating

informationt F G4 SNJ G KS.
The reportmcludes an overview of the soil pollutiomgblem and its consequences on #eosystem,
I.
a
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Objectives anh actions of the project are repead, along with the benefits of the innovative solution
proposed by LIFE BIOREST. The results of the project are described-iacamioal way to reach a
wider audience, including naechnical parties.

The[ | € Y lepofdso Ntends to highlight thotential of replicability of thapproach developed in

the LIFE BIOREST project. Indeed, considering the potential of microorganisms, the same strategy could

be adopted in improving soil fertility, in speeding up thiéisly of soils from traditional torganic

agriculture, in preventing (by reatly-dzd S LINR (2 O2f & oNA BIZ € f dklyARedya (0 Ol& | fa |
Therefore, LIFE BIOREST has the potential to integrate into several of the different policies of the EU.

In canclusion, from the social point eiew, contaminated soil represents a lost economic opportunity

and a threat to the health and wellness of human beings and the environment.

Effectiveness of the dissemination activities

The impact of disseminationitiatives is summarized in Key performance indicators as follow:

32 public events, seminars, workshapganized by engaging more than 2,600 people

24 oral presentations and poster exhibitiahinternational scientific conferences

1.100 secondary and ¢in school studentsvolved in bioremediation lessons, seminars and labs
30 international researchemsvolved in the Summer School

30 high school teagrsengaged in bioremediation training

2 open day and networking initiativesyanized engaging moreah 240 people

7 LIFE projects engageddissemination initiatives

250 students engaged in a Videantest for communicating pollution issu@srticubrly soil, its
prevention and treatment, and encouraging them to become active in raising public asgrene
55 videos producedeaching more than 50.000+ people

2.000LIFE BIOREST Facebook follower

191.619people reached / contents displayed (via Facebook)

31 newspaper articlesn local daily newspapers published

15 press releasesnd1 newsletterpublishedby the LIFE BIOREST

4 articleson the leading technical national magazines

1 6 scientific papers on peeeviewed journals + 7 under preparatidexpected by 2020)

=4 =4 =4 =4 -4 -4 -8 9

=A =4 =4 =8 -8 =9

The AfterLIFE Plan elaborated within LIFE BIOREST project is intended to give a clesdratemaf
the commitment of each partner to contribute to the continuation of the activities during the next 5
years after the end of the project (202@024) Figure 7.

Each action of the LIFE BIOREST pfojesieests continuation throughthe pdli y SNE Q | QG A @A (i A

1 ACTION BAIl the selected fungi are included in the Mycotheca of the University of Turin Database,
enlarging the stored biodiversity that could be useful for future biotechnological exploitation.
continuous study of the fungal game will carry out, thanks to@llaboration with INAIL. Through
which the genome of some fungi has been sequenced, and their metabolic and molecular
peculiarities are under study. A continuous investigation of secondary microbial metabolites
(fungal lipass, bacterial biostimulantshd microbial biosurfactant production, trying to reduce
the production costs; the selected microorganisms will be tested on different matrices (e.g.
wastewater, industrial water) other than soil, to adapt the developed biad&tien protocol.
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ACTION B2he optimization of lowcost culture media for bioaugmentation and biostimulation of
microorganisms will be carried out, along with the implementation of a protocol for rapid and
effective intervention on polluted soils. Thevdped knowhow will value fothe development

of new bioremediation projects worldwide

ACTION B3he identification of plant species that can tolerate highly polluted environments to be
tested in other sites of interest will be explored; a completegirsteed approach that combines
culturomic techniques and negeneration sequencing analysis will be applied to evaluate
microbial community of any matrices. The Municipality of Fidenza will be supported in urban
development plans to promote the restoratiohurban areas.

ACTION Cinventory data of LCA analysis of LIFE BIOREST project will be shared, to disseminate
the importance of the use of LCA as aramste and expost evaluation tool and to increase the
available data on LCA for soil bioremediation

ACTIONS D1, Dihe followingnitiatives will support the dissemination and exploitation of project

results:

Project Websitenaintainedfor at least 5 yearand 1000 viewsyear.

Facebook project pagepdatedfor at leasts yearsandat least 1000 viewsgear.

Environmental educatiofor high school studenthroughtesting area lessor(d visit/yea)

Videos on YouTube channehintainedfor at leasts years and at least 1000 views/years
Communicationmaterialsdistributedthroughpendrivesduring conferenes / events /exhibitions.

(At least 30 pendrives distributed in 2 events/year

Networking activitiesvith similar projects and actors for the progression of theoretical and applied
knowledge in the field of soil bioremediation.

5 papersgublishedon peerreviewedscientific journals.

The AfterLIFE communication strategy will be focused on the awareness increasing through the
dissemination of two publications elaborated during the projéc{ 2 A £ I 2Y01F YAYF GA
Hydrocarbons.Mapping of the progress of t& of National and Regional Interest I y R
¢Environmental Guideline for contaminated soil bioremedidtions KSNBE y 2 NBYSRAI (A z
has been initiated, to reach at least 20 sites. The knowledge arose and the experi@téga

the LIFE BIORES®®ject will be exploited in the development of further projects on soil protection

and the use of bioremediation as a promising alternative to conventional methods.
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Figurel8 The LIFE BIOREST publication (fromdeft)2 A f O2 y (i | YA y lotisingtalg, TNBY K& RNR Ol N
[FeYlI yQ&d wWBelRPBNInE9 Yy BARBBY YSy it DdZARStAYS ®EN O2y Gl YAYLI
(English, French, Spanish versions

Policy impact

Soil Thematic Strategy (COM(2006)231)

Project contribution supporting the second adgjtive which is focused on restoring degraded
soils to a level of functionality consistent witte intended use, also considering the ttos
implications othe restoration of soil. The project develops a soswidtion for the restoration

in situ of contarmated soils by oil pollutants through bioremediation approach, but it also
addresses the socconomic aspects of the remediation actions by proving tbest
effectiveness and scalability.

EU Biodiversjtstrategy for 2020 (COM(2011) 244 final)

Proect contribution supporting the Target 2 related to the restoration of the degraded
ecosystems, by providing effective solutions for the in situ bioremediation of contaminated
soils by oipollutants, hence providing for the necessary conditions for esihgrbiodiversity

and restoring ecosystem functions.

{SPSYGK 9YPANRYYSYyilh ! OGA2y tNRPAINFYYS 6TGK 9!
Project contributionsupport the priority objectives of the 7th EAP, related:

§ safeguardi KS ! yA2y Qa ORA (i A-lelStgtidpressuRand riskg BAINE v Y Sy
and well-being, by providing a feasible solution for the issue of soils heavily
contaminated by toxic compounds)

1 turn the Union into a resoureefficient, green and competitive ecomy, by proposing
a costeffective working protocol to bioremedesoils that valorize waste biomass

The first richness coming from LIFE BIOREST project is the microbial biodiversity isolated from this
extreme environment. As globally recognized, it is more and more important to ppzetg, animals

and micrmrgarisms, and the terrestrial, marine angghwater ecosystems of which they are a part.
Biodiversity is essential for our existence and intrinsically valuable in its owr{Emyirtonment
Protection and Biddersity Conservation Act 1998BPBC Acthe Austalian Government This is
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because bidiversity provides the fundamental building blocks for the many goods and services a
healthy environment provides. The Eldlsocommitted to the protection of biodiversityy launching

the EU Strategy to limihe loss of biodiversity and treeegradation of ecosystem services in the EU by
2020.It stands to reason that we cannot waste all the efforts taken during LIFE BIOREST. UNITO wants
indeed to respect it and currently is storing all the fungi of Fidenza site Fungal Collection
(Mycotheca Universitatis Taurinensigyww.mut.unito.i). Since 2008, the MUT has been affiliated to
the World Federation Culture Collections (WFCC), which represents a global network airaezkto th
situ conservation of rarobiological biodiversity.

Moreover, since 2008, MUT has becom& SY0 SNJ 2F GKS 9dzNRLISI Yy [ dzf G dzNB
(ECCOX¥-ungi are stored ia different condition, targeted on the peculiar development behaviour of
each fungus. For instance, lpntime conservation is made by means of Iyophilisation or
cryopreservation. After the procedure, each strain4aativated to assess the stability of the preserved
fungus. This is repeated duritige time to be surealways tgossess the original strain

Moreover, all the strains are listed in a public database with a unique recognizing code. All the
information about the growing capability and medium preferences, the biotechnological application etc.
are included in the fungufatasheet.

This is free foconsultancy by any academic and institutional entities as well as industries potentially
interestedin usingfungi in different applications. lthe case of actual industrial exploitatiosome

issues mahavearisen regardinghe intellectual and econoim properties of these strains. This is why
MUT is a profound supporter of the Nagoya Protoché Wagoya Protocol on Access to Genetic
Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilizégioto (e
Convention on Biogical Diversity is a supplementary agreement to the Convention on Biological
Diversity It is aimed to establistine fair and equitable sharing of benefits arising out of the utilization

of genetic resources. Its objectivehig fair and equitable shagrof benefits arising from the utilization

of genetic resources, thereby contributing to the conservation and sustainable use of biodlwgyaity.
certainty and transparency for both providers and users of genetic resarecttee main goals. MUT
applies these principles in running the Fungal Collection, in all the collaborations with industries and
academic partners, etc. and it is going to do as well with the fungi isolated from the Fidenza site.
UCSC is also storing all tesial isolates from the piject activities in its collection, and its planning to
screen at least part of them for the degradation of other pollutants and for other properties of interest
such as plant growtpromoting activities.

6.3 Analysis of bend$

Environmenbenefits

Soil chemical contamination is still a largely unsolved problem at global, European and regional levels.
European data show that there are about 5.7 contaminated sites for every 10,000 inhabitants; number
rising to 42 if potenti&} cantaminated sites are also considered.

The statistics updated to 2014 estimate the number of sites to be reclaimed in Europe at 340,000 of
this only 15% has been reclaimed or is undergoing reclamation (Van Liedekerke et al., 2014). Heavy
metals repreentthe main form of contamination, with 35% of the sites involved; followed by linear
hydrocarbons (24%), polycyclic aromatic hydrocarbons (PAH: 11%), BTEX -fotureeme
ethylbenzenexylene: 10%) and chlorohydrocarbons (8%). These last four categgeiber form the

class of hydrocarbons, and their summation leads to 53% of the total contaminated sites in Europe.
PAHs are a group of persistent, sewlatile organic pollutants. They accumulate in soils because of
their persistence and hydrophobigiandtend to be retained in the soil for long periods of time. The
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most frequent ones are anthracene, fluoranthene, naphthalene, pyrene, phenanthrene and
benzopyrene. The very low water solubility of PAHs and the slovidraaster rates from solid phase

may Imit their availability to microorganisms, thus hindering natural attenuation by autochthonous

microflora. The situation in Italy and Emilia Romagna reflects European data, with hydrocarbons
representing the main typef soil contaminants.

Hydrocarbons aabe degraded to structurally simpler molecules: at best, the complete mineralization
of pollutants can be achieved; otherwitas important to verify that the disappearance of pollutants

is not associated with thimrmation of metabolic intermediatesitiv even greater toxicity. The term
bioremediation indicates the use of microorganisms or plants to remove or immobilize the
contaminants by lowering the toxicity of the system. Specifically, it distinguishes between
biostimulation, when nutrients (mainly and P) are added to the soil to restore optimal ratios for the
growth and activity of microorganisms, and-bigmentation when selected strains with marked
degradation capacity are added to the soil to be reclaimed.

In recent decades, the effectivenesmsd economic convenience of bioremediation have been widely
demonstrated (Azubuile et al., 2016). Nevertheless, the diffusion of this technique at European and
national level is still limited: in situ biological treant is applied in less than 20% o$e&s and with
different percentages in European countries (Van Liedekerke et al., 2014).

There is therefore,an important gap between the scientific progress achieved in the last decades in
terms of bioremediation antthe application of this technique. Rbis reason, the European community
financed the LIFE BIOREST project, with the aim of demonstrating the advantages of an application
based remediation protocol of appropriately selected bacteria, fungi and plants.

In the LIFE BIOREST projdéetughthe development of an innovative miniaturized screening system,
the best performing strains were selected in terms of biodegradation of pollutants, biosurfactant
production and redox enzymes. Thirty fungal and bactstriains were selected for wdhi, thanks to

the participation of an industrial partner, the industrial inoculum production and the introduction into
contaminated soil were optimized. The strains of fungi and bacteriaamatgsedndividually and in
different combinations (consortialo verify the ability to reduce the concentration of different
pollutants over awo-month period through the preparation of microcosms containing several hundred
grams of contaminated soil. The 6 most promisimgaland bacgrial consortia were used &®t up a

series of mesocosms of 15 kg of soil: during the current test, the ability to remove pollutants and reduce
soil toxicity is monitored. The best microbial consortwasapplied in a biopile at the Fidengite to

treat about 350 M of contaminated soil. The soil of the mesocosrasalso used to select among the
genotypes of 20 species of plants the most suitable for the revegetation of the ground reclaimed in the
biopile, creating a demonstration area essible to thepublic.

The chart here shows the removed hydrocarbons (TPH, mg/kg of soil) by the bioaugmented biopile (LIFE
BIOREST) and the fimbaugmented one (control) during time. The bioaugmentation led to faster
pollutant degradation. LIFHORESJiopile remove up to 300 mg/kg of hydrocarbons already after 60

days. At the end of the treatment, it was more efficient: TPH removal was 38% higher than the control.
The toxicity was even halved in comparison with the control.
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Fig. 19LIFE BIOREKi®remediation results compared to the
traditional one.

Economic benefits

The Global Sollreatment Market was accounted for $26.52 billion in 2016 and expected to grow at a
CAGR of 9.2% to reach $49.25 billion by 2023 (Source: strategymrc.com). Therefore, the soil protection
segment is anticipated to be one of theost signifiant market segrants, in terms of value, in the
upcoming years. North America accounts for the largest market share, followed by Hin®@psia

Pacific is the fastesfrowing market owing to rapid growth in the agricultural secEpecifically,
contaminded soils repreent a growing challeng&reener and sustainable solutions able to treat
polluted soils and at the same time, reestablish its ecological functions represent the prerogatives of
the growing market demand.

Globally, hundreds of thousands afntaminated $es have been identified and require clegm
Therefore, soil remediation is becomingignificantdriver of technology, products and services.
According to the state of EU soil pollution, in 2014 less than 15% of the contaminatedvsohiedn
remedated, and only 5% of the remediated soils have been treated with biological methods (Van
Liedekerke et al., 2014 last five years, the number of sites that require remediation is further growing
and 2019, according to the last report of theint Resaah Centre of the European Commission,
650,000 contaminatedreas have beeregistered in the inventories of the 28ember StategStatus

2F 20Kt az2iat O2ydGFYAYyLFrGA2y Ay 9dz2NRPLISY wS@OAAA2
contaminated sites in Eope, JRC 2019rimarycontaminants preserih soil are heavy metals, mineral

oils, volatile organic compounds amalycyclic aromatic hydrocarbortBat require sitespecific
protocols and approaches.

Technologies to remediate contaminated soil fall imto principal cleawup approachesn-situ (on

site), orexsitu (on or off-site).In-situ treatment deals with agdamination without removing material

from the groundExsitu treatment requires the removal of contaminated soil for treatment or landfill.
This being said, there is a growing preferencertaitu approaches, and for niche technologies for
specializedhemicalswhich cannot be treated by other remediation technologBispiles are sually,
applied to petroleum hydrocarbon impacted sodlgntaminated by petroleum hydrocarbonghere
excavation is carried out and subsequently the soil is mixedswiitamendments, forming compost
piles to allow the microorganism to enhance the degradation process.
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The lighter petroleum products tend toaporatefrom the pile due to aeration, but the medium and
heavy petroleum hydrocarbons are degraded aerobically.

Several conditionsave to be considered to make the process efficient andeftettive parameters
such agemperature, oxygen, pH, aeratiamd nutrients.The biopile is one of the most usathong
bioremediation techniques mainly for cesffectivenes, even thoughmany parameters have to be
controlled to establish effective biodegradation (Whelan et al., 2015).

By adopting aiintegrated bidogical approaclimicroorganisms and plante)th the combination of
bioaugmentation andiostimulation approacheshe LIFE BIORE§ioject contributesto placethe

partners in gorominentposition for the potential commercial exploitation of the results.

Thecostefficiencyof the LIFE BIOREST approach was guarantee thanks to the design of a protocol for
the prodution of cheapmicroorganisms and suitable for bioremediation treatment of 530 tons of soil

with more efficiency in the degradation of contaanits. Thisapproach eded upin shorter biopile

running times, witlconsistentenergy and management costs saving. The economic impact has been
LINE SR | O0O2NRAYy3 (2 (G(KS | @dSNIF3IS o0A2LIAES O02ad LIS
operations), osts of the bioaugmead bacteria producton @ 1 e k G2y 0 I Y Rnent.KS GAYS
As regards the treatment of PHAse tLIFE BIOREST methods demonstrated a reduction of 50% of the

time of treatment (3 months vs 6 months) which translated in up to 30% reduction of thdl cesta

of soil treatment

The bioaugmentation led indeed to faster pollutant degradation compared to the traditional approach
(the portion of biopile without selective bioaugmentatiofije LIFE BIOREST biopile removed up to 300

mg/kg of hydrocarbonslr@ady after 60 days. At the end of the treatment, it was more efficient: TPH

removal was 38% higher than the control. The tiyxigas even halved in comparison with the control

(a diagram of removal timefficacy is included in the Layman's and the Reabrt).

As a final consideratioremediation has to be tailored on each single intervention situation. Therefore,
an endless/ dzYo SNJ 2F Ol aS aGdzRASAE LI & NIYGKSNI GKIFy a
BIOREST project we have validated topod which is:

- Potentially applicable worldwide to improve existing remediation approaches able to treat

PHAsand BTEX pollutesbils

- Economically sustainable and integrated into remediation activities with a less impact

- Bringing a reduction of the timé mecovery of the contaminated land

- Eco and sociallyiendly

Social benefits

Science, technologgnd innovation in the environmental field play an increasingly crucial role in the
future of our society. In order to effectively carry out initiatives totgrt and enhance the
environmental heritage, promote knowledge and implement sustainable deveftpmojects, citizens

must play a strategic role in the development of suitable social and economic conditions, science and
environmental technologies anckpertise. These, on the other hand, look like still today very often
dispersedn the environmentd often seerrather like acomplexsystem of problems and limitations

than as an opportunity for growth and development. Important surieysopean Commigsi (2014)
¢{LISOALFE 9!wh.!wha9¢9w nmc d&! G0AGdzRS A& inzheé field dzNPB LIS |
show a strong gap between scientific knowledge, available methods and tools and collective awareness

of their importance and their implications fitie development of sustainable growth.
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The socieeconomic evaluation performed by LIFE BIORESIncluded in the Action Cdevotedto

the monitoring of impacts generated by the project during its lifecycle

The first part of the socieeconomic studyhas allowedunderstandingelementary environmental
awareness, consistency between such awareness and sustainable behaviours and perceived
environmental concerns by citized$he gcio-economic impact evaluation was carried oushpweys
handed out to thearget audience identified during plic events and communication actions, which
were also aimed at promoting project objectives and showirgodmg activities and results.

Interviewees were divided into threggrimary target audiences: (1) general publgith particular
attention to secondary and higher education students, (2) university researchers and entrepreneurs
operating in the biotech, green chemistry, and remediation sectors and (3) policymakers and project
stakeholdersData collection mainly cerrns the EmilidRomagna Regio(ltaly), in particular the city

of Fidenza, where the proposed bioremediation treatments took place, and all areas where research
activities were carried out by LIFE BIOREST partners (ltaly, France, Spain).

The survey wassiributed in the period Marclctober 2017, during 14 events organized and attended

by LIFE BIOREST partners. In this experimental s®surveys and 5.548 responsgese collected.
Overall,air pollutionis considered the most serious of environmémmergencies by 38% of total
interviewees, followed bwater pollution(23%)waste generatiorf20%) andoil pollution(19%). The
general public has no doubt about the greatest impact of air pollution (40%) and consider soil pollution
last in order of hanfulness (16%). Instead, resehers, entrepreneurs and policymakers consider
waste the most severe environment threat (35% and 3Eig)20).

Waste
Water pollution
Air pollution

Soil pollution

m Policy makers mResearcher & Enfrepreneurs m General public
Fig.20 Environmental emergency perception for each of the three s

target auliences

Overall, more than a half ofterviewees attribute the greatest responsibility for the poor spreadiing
biological remediation methods to the need for high investment (35%) and the complexity of
administrative and regulatory procedures (23%).
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Fig 21 Bioremediation: barriers to widespread use.

Looking at the three samples of the interviewed audience separately, uniformity of opinion between
the generapublic and researchers and entreprenecas be observed

For these targetglemand for high investment represents the main obstacle to overcome (36% and 32%
respectively) to ensure the wider diffusion of biotech methods in reclamation, followed byfineffe
legislation (22% and 28%), while third is the poor confidence in biwitrgy (17% and 26%).

Instead, policymakers wish to be more informed on technologies and innovations (31%) to support
policymaking actions towards more sustainable solutiotsdrreclamation sector (33%).

Poorconficencs in bictochnolooy 2E% 10%
Meed for high inwessiments 33T T4
Cornplexity of f:wl,.c-llj.l-lt ang regquistery 28% 5%
Apsanoe af O speciolsh neteci A o
Ponr krerwdezcdepes of neswe lechnningies m
LAC S PUBIC m Eesoorchers & Entreprere e L Rt | [t Ul palad o ol

Fig.22 Main barriers taovercome for a wide use of biotech solution in soil remediatio
according to each target audience

Biotechnology and phytoremediation are considered the most promising remediation techniques for
about 80% of the interviewed samples, even though thegtitate a minimum percentage among
solutions used for soil dectamination.

The results obtained through this survey suggestechédesl to strengthen public awareness on soil
pollution.

Results obtained by the LIFE BIOREST -emmomic study contributedo define a better
communication strategy able to foster knoddee about the soil pollution and benefits of the
bioremediation approach among the general public, policymaker, academia and industrial sectors. LIFE
BIOREST information and education camgaigere developed by involving high school students as

G. Lhweg@ltaal R2NAR¢é¢X (2 SyYyKFIyOAy3a GKS a[LC9 . Lhwo{
sustainable use of resources.
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Local communities were thprimarytarget audiences of these communication campsigvho are

often worried but also not correctly informed abotmetreal risks related teoil pollutionand the

possibilities offered by modern technologies to address and solve them.

¢CKFyl1a G2 GKS a[LC9 . L maré than 53 Woeds avaré pradbkid andh y A 4 A
disseminatd via social networks, reaching11619 people.

Replicability, transferability, cooperation

Besidesngoingand upcoming soil and water remediation requirements, the soil treatment market is

driven by different factors such as growing organic food market, demand fequadjty food, ad

shrinking arale land. The approach developed in the LIFE BIOREST project is somehow going beyond
the bioremediation of organic pollutants. Indeed, considering the potential of microorganisms, the
same strategy could the example be adopted in improgrsoil fertility in speeding up the shifting of
a2Aft&8 FTNRBY GNIRAGAZ2YLFE (2 2NEHIFYAO | ANAOdzZ (dz2NBX
NA&alé AYRAZAGNRAFIE T OGAGAGASEAD ¢ KSNBt® geMBabofieLC9 . L
different polcies of the EUn conclusion,rbm the social point of view, contaminated soil represents a

lost economic opportunity and a threat to the health and wellbeindhwhan beings and the
environment. This contamination is the legacy of indeistation and insufficient environmental
legislation and enforcemeritlIFE BIOREST is the legacy of an approach, which we ideally want to export
worldwide. For this reason, disseminati of the results is of fundamental importance in the LIFE
BIOREST pqewxt.

The project has demonstrated to date that the bioremediation with bioaugmented and biostimulated
microorganisms isheap and environmentally sound. With the technologies availabiate, we

foresee an application of the developed method also ® dbep soil which could eventually avoid

removal and mechanical mixing.

TR pare  Tesst Fetwel Bwies Havan  Aeoarh Aatioes Temedn feihaw Raiee meda Agni Doeeis Hsl wate metniaE  Frmid o
drargs dap iz mleldl EEr ] adropt feaidty ek waratts  oscaizr arecic sezizac bt minnd 2 3Ty Innd i duz et HCH prien

O 22 wmatrwi: @ 2wl

WEISaE P, P D 14 017 57 B nee HEone H LI ORI aben
Camzarng | kg 2Olzret model wh oy Sl

Fig.23 Impacts assessment for LIFE BIOREST ryelttelindicators) and landfilling
(greenindicators) calculated accorditgReCiPe midpoint (H) V 1.12 method

More precise andjuantitative datawasproduced at the end of the projecAs an example of the
efficacy of LIFE BIOREST approach in figu23 are reported the estimated environm&l impacts

due to the treatment of contaminated soil by biotreatment and bioaugmemtatjgproach compared

to the option of disposin@f soil in a landfill. The calculation is conservative, considering a mild
remediation efficiency in LIFE BIOREST tntdl&fficacy of sanitary landfill to prevent emission to soll
and water bodies. Mid anehdpoint analysiarereported §ig.24).
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Fig.24 - Impacts assessment ftire LIFE BIORESddel (eft) and landfilling
(right) calculated accordiny the ReCiPe endpoint (H) V 1.12 method

Finally, considerintpe important environmental indicatoisted inTable4, the restoration of soil with
a LIFE BIOREST-likadelis highly recommendeokecause it decreases the impactmpulationhealth
andthe environmentwhen comparedvith no action scenarios and soil landfilling.

Table Environmental indators

IMPACT CATEGORY UNIT LIFE BIORES LANDFILL NON ACTION
MODEL
Human toxicity, cancer cases 3.21E09 1.04E09 1.74E06
Human toxicity, nocancer cases 4.35E10 8.03E11 2.43E07
Freshwater ecotoxicity PAF.m3.day 1.44E+00 2.49E02 4.46E+02

The LIEE BIOREST approawhs replicated at the mesocosm lewel other French and Spanish
hydrocarbon contaminated sailRegardinghe French soil, the seip operations took place at the
Laboratoire Chronenvironment of the Universitge Bourgogne Franckeanté (Montbeliard, France)

with the collaboration of Professor Michel Chalot and Instituto de Recursor Naturales Y Agrobiologia de
Sevilla (Sevilla, Spain) with the collaboratiah@CSIC partner.

The mesocosm experimexwere paformed in triplicate ad consisted 08 x4 kg pots of contaminated

soil (12 kg total) supplemented with rice huska(earrier) and treated with the selected consortium of
fungi and bacteria (consortiunj produced as described in deliverable B2.D3t@ab for sustainable
large-scale production and functionalization of biocatalysis)l alreadyappliedto the biopile of
Fidenza SINThe abiotic control replicates are the soilice husk carrier without microbial inoculum.
Chemical, bioavailability, @oxicological and michiological analysis were performed on both
European soils. hE total polycyclic aromatic hydrocarbons (PAHS) content was extracted for both
French and Spanish polluted sa@ihd PAHs concentration was measured in control (pots only with
polluted soil) andreated (pots with polluted soil plus bacteria and fungi consortia) at different sampling
times (0, 20, 60 and 90 days).

TheFrench replication test indicatéhat the total PAK content did not changevertime. However, in

the case of the Spanish repliion test, the total PAHs concentratisiightlydecreased

The bioaugmentation with the selected strains was not as performing as in the soil of the Fidenza SIN.
This may seemontradictory but was indeed expected. LIFE BIOREST is indeed based porthadm

of building up a system designed on a case by case basis. When we stated that strains isolated in the
polluted site were possibly adapted to it, the meaningtivasdagation to a plethora of variables they
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were used to face, for instanaie pdlutants mixture and concentration, but also the pH of the soil,
and other physicochemical factors. These parameterseasentialand may interfere with the
replicability of agecific consortium in another soil. Autochthonous microorganisms are, theréfier
criticalfactor to have a bioaugmentation system working.

Besidesthe lack of biodegradation after bioaugmentation of the French soil, as evidenced by negligible
changesin PAH concentrations, could also be predicted well by independent biodiailab
measurements. The initially low bioavailability exhibited by PAHSs in thisasaild not change after
treatmentwas consistent with the observed recalcitrance, by itidigan extremely low bioavailability
of the pollutants, that would eventualtgsist the potential of the inoculated consortium to enhance
bioavailability and reduce the residual levels.

According to the mesocosm trials resultsisipossible to assert thgalidity of the LIFE BIOREST
bioremediation approachndat the same timeherole and importance of a tailored protodmised on

the selection of autochthonous microorganisms that naturally populate the contaminated site.

This assummtion is in agreement with an activity performed by UNITO, using the expertise adquired
the project. During a projecfunded and run at aegional levelthe goal was to treat polluted urban
areas that are used agardens.Much effort was dedicated tdhe isolation of the autochthonous
microorganism of the soil. This approach paid sime#u furgal treatment led to complete removal of
pollutants.

LIFE BIOREST participated in the conference "Rehabilitation of lacunal areas within contaminated sites"
Mantova ¢ Italy October 18, 2018, organized by the Municipality share good practices and

sust AyFotS Y2RStaQ RSO2y il YAYFGA2Yy 2F LRftfdziSR &2
In Mantovathere is the Site of National Interest "Lakes of Mantua and Chemical Pole" recognized and
included in the National Reclamation Program with 1@9vof 13 July 2002boutthe characteristics

of the site, the quantity and danger of the pollutaipresent.

The characterization activities allowed to analyse the state of contamination of the soil and water of the
Site of National Interesexcept forsome areas not yet characterized or in which tharacterization

must be completed.

The data obtaied showed gbstantialsoil contamination due to aromatic organic solvents, organo
halogenated solvents, light and heavy hydrocarbons, MTBE, heavy metals and locally also PCBs and
PCDDs / PCDFs. In 2008, dharacterization activities of the lake and rigezas included in the SIN

were completed, as well as the analyses carried out on sediments, waters, benthos, bivalves and fish.

Lesson learned

The lesson learned was described in detail reported inlth@ ¥ | y Q& wssSargatddlaida nani
specialisaudience and reswdtin an informative tool for decisiemakers and notechnical parties of

the project objectives and results. It represahtalong with the project website, one of the main tools

for disseminating information F &4 SNJ 6§ KS LINR 2S00 Qa SyRo®

The report includd an overview of the soil pollution problem and its consequeandbe ecosystem,

KdzYly FyYyR FTYAYlFfQa KSI f ( Kkbrenediaid MisgtDn theKaPprohch i S NI/ I
developa by LIFE BIOREST projeatestore polluted séi + FFSOGUSR 060& K&RNROI ND 2\
Objectives and actions of the project are reported, along with the benefits afiribgative solution

proposed by LIFE BIOREST.

The results of the projeetere described in a notechnical way to reach a wideudience, including
non-technicalparties.
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In general terms, the lesson learned from LIFE BIORE&Tdai@tionapproachhas to be tailored on
each single intervention situation. Therefore, emmdless numbeof case studies apply rather than
G 0 NI R krietigighti § OKY A |j dzS a ¢ dhe higfemadiatiotprothdbl®Rad fravén:

- Potentially applicable worldwide to improve existing remediation approaches able to treat

PHAsand BTEX polluted soils

- Econonically sustainable and integrated into remediation activities with a less impact

- Bringing a reduction of the time of recovery af tontaminated land

- Eco and socialliyiendly

UNITO activated side research activities aiming at deepening the informatiumgi and their
metabolites. First, biosurfactants demonstrated to be powerful molecules with several biotechnological
application. At the moment, the production cost and their safety are still an issue, which is ultimately
limiting their applicationfor instance in environmental fields. It is important to define new microbial
sources that may produce very active biosurfactantshvbould be safely disposetlin polluted soil

to help remediation techniques as in other industrial activities. DurigBIOREST project, it emerged
that most of the molecules have a bacterial origin: despite bacterial fermentation are not sahecky,
upstream of intracellular products is very difficult and costly. The actual possibility to apply bacterial
biosurfactans hassome drawbacks indeedHowever, fungi demonstrated to express extracellular
molecules with both emulsification and surfactantivities. The LIFHOREST outline and aims were

not focused on these molecules but UNITO decided to spend additionas efifiothis. Several fungi

were chosen among the here isolated strains, but including also other strains coming from MUT Fungal
Colection. The MUT activate a collaboration with the Department of Chemistry to increase the
information about the compounds aeted. The production protocol was developed from the protocol

of LIFBBIOREST.

As regards the analysis, qualitative informatioams here implemented with quantitative ones: in
collaboration with the chemist group, surface tension analysis, CMC aedctintact angle were
measured. The idea is to screeast fungal biodiversity and to select the most promising one.
Surprisingly soe fungal metabolites were highly performing, posing for new questions: what are the
produced molecules? The actual chemiwaure of these molecules is the obvious step forward. In
collaboration with ACTY and the University Federico Il of Naples jgtaty3cientific researches have
begun, aiming to identify the fungal biosurfactants.

The protocol applied for biosurfactarproduction foresaw the use of oil as sole carbon source. Some
fungi were not only capable of producing biosurfactants but dasiiow a very strong growthdeed,

it seemed clear that some fungi were capable of activating a primary metabolism pilateeixthis
peculiar nutrient as more simple one as glucose. The idea thaBIOREST isolated strains had very
good skills ingrm of nutrient consumption and how to define a nutrient for them was already evident
during the project (e.g. pyrene used wasgll as glucose). They are indeed capable of triggering a
secondary metabolism including enzymes that guaranteed the exploitdtioaource as the olive oil.

This information was very useful during the congress held in Bologna (ICEEMQ07) where tliege was
possibility to share scientific achievement and prospects with other researchers working in the field,
including a group of thé&niversity of Modena and Reggio Emilia. They are working on biofuels
production but they were looking for new bitatalysts UNITO activated a collaboration with them
(prof. Luisa Barbieri and prof. Luca Forti) to study more in detail the enzymesdrinaive olive oil
transformation because potentially including lipases and esterases. Lipases (EC 3.1.1.3) are gaining
growing importance as demonstrated from a global market prevision of $590.5 million by 2020.
Following proteases and amylases, lipasesansidered as the third groupthre volume of sales. The
rising demand for these enzymes is amenable to their great fiattéor present and future industrial
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applications in many fields (textileather and paper industries, biofuel, detergents @oedmetics).
These enzymes are indeed very important in the transesterification of oil and lipidic substrates to
ultimately poduce biofuels.

The collaboration merged the scientific skills of MUT in the fermentation protocols and biodiversity
d0dzRASE 6AGK . I NPASNRQA 3INRdzL) 2y (NI yaSAaGSNATAOL
almost 200 strains were studigithicluding also many LIEEOREST isolated straifisst qualitative
screening was run with olive oil and trybutyrim sole carbon source. The screening allowed the
selection of almost 50 strains that were then tested in liquid fermentation thanks @ltioet
standardized lipase kinetics protocol that was developed by UNITO in the meantime. Submerged
fermentation highligted considerable lipases production in fevaists which were capabt# obtaining

good enzymatic yields in a medium supplemented witbraplex matrix like olive oil as sole carbon
source. Scatap experiments highlighted the good performanced-o6olanwhich was capable of
producing lipolytic enzymes comparably to results achiéwvesimall flasksF. solaniipases (FsLIP)
showed brod pH stability, while activity was stable at 40°C. FsLIP showed transesterification reaction,
observable on silica layer by triglycerides spot reduction. A reduction of abeRB%0of triglyceride

spa area occurred after 72 hours of enzymatic actiityplementation of biochemical characterization
could provide more info regarding potential application in various biotechnological fields.

Innovation and demonstration value

Soil pollution is a hugessue worldwide, includindgeurope. Severaldifferent, dten intriguing,
technologies have been studied, but very few of them have appliedat large scale.

The main concerns are often related to the economic and environmental sustainability of these
processes. Many researches did not consider the fagsibfl a process from the very beginning:
unfortunately, many technologies that provide good results at lab scale do not confirm themsalves at
larger scale or are abandoned becaabrot-applicablen real environments.

LIFE BIOREST showed an inn@vapproach from the very beginning, which may have helped to reach
the proposed objectives. First of all, despite at the beginsimme part of the research was done in
laboratories, it was always dein by the final actual application that the projeasaaiming for. In any

step, the best performers were selectead they indeed were able to work in timesitutreatment, in

axenic and poorly controlled conditions. Moreover, thanks also to the psecadlaboration between
Academia and Industries, thtechnical and economic feasibility of the method was discussed a
challenged in any step of the project. This clearly allowed to develop a sustainable method, that can
compete with the traditional one s from an economic point of view.

At a glance, the @sof microorganisms to degrade pollutants cannot be considered a new approach,
butweneedt®d I f I yOS GKS g2 NR WYniledodyiraatHhe iededrctids Qre d@alingS ¥ dzf
with bacteria. Mosbf the microbiologists in the world are bacterial sadists. Fungi is a less known
world. From one side, most of this Kingdom has been barely studied.

Up to now, it contains around 90,000 species, and thousands are described evesggtarated tha

there might be more than one million fungal speaethe world (Zaragoza 2017). Moreover, there are

very few institutions that work with them and are specialized in their conservation and characterization.
Thanks to the presence in the consortium ofI T LIFE BIOREST proposed then an innovative
approachbased on the synergic activity of both bacteria and fungi, whose activities can complete each
other. The other limitation of many studies is that they are focused on a single compartment of the
biologtal sciences. Bisased treatment should not be in d@hiesis. Mycoremediation should not be an
absolute alternative to phytoremediation. LIFE BIOREST looked at nature in its complexity and merged
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different expertiseto integrate microorganisms and plants together. The successful demonstration of
this ecofriendly bioremediation technique was first tested in microcosms and mesocosms, where all
parameters for field implementation were optimized. Thisda@ieed multifaeted approach was then
validated ain situleveswhere it proved to be a highly performingkemediation techniqu&€aragoza,

0. (2017). Mycology.

Policy implication

In Italy, the absence of a national register of the state of contamination and aticamf polluted

soils by hydrocarbons is the reason for a study carried dbeldyB, coristing of an extensive mapping

of contaminated sites classified by each Italian region.

The study examine20 Regional registrieto highlight the impact of gilollution on the national basis

and the state of restoration of the contaminated sites.

More than 20 thousand site®f regional interest have been surveyed which9,487 still require
remediation or further investigationsvithin this categorythere are2,119 sites contaminated by
hydrocarbons (oil and derivativegqual to 22% of the total ctaminated sites in Italy. The 10,560
remaining areas included in the registry are generally classified as not polluted after assessment and
potentially pollutedwhich therefore require analysis and further verification.

The objectives of a common database aimed at sharing a model to construct a complete picture of

the state of soil pollution in Italy, able to be updated according to a unifie@éxiettange standard. The
proposed database should contain information the progress of the management dfd sites,
potential sitesprimarycontaminants present, type of activities of the contaminated (according to the
ElOnet scheme), used cleaning technologies, costs (public and private).

The study is focused on creating a-geferenced picture of the siteontaminated by hydrocarbons

with the aim of evaluating their application potential with respect to the bioremediation model
LINPLI2ASR 6@ [LC9 .Lhw9{¢d ¢KAAa ISoidsbhtamifationfromSR G 2
hydrocarbons in Italg A mapping of progress in the remediii of Sites of National and Regional
Interest = RA &G NR O dzii RRZNAYN (iKS PRMWH & KRAY S { NI §S3IAS DI
Opificio Golinelli (Bologna) on May 2019.Thanks to actions to promote adésseminate the results
obtained fom the project, this study was aimed at informihg large and restricted public about the
benefits of biological bioremediation technologies as an alternative to traditional landfill disposal
practices for hazardous w&. It aims to sensitize the Muipalities, Regions and Provinces that have
contaminated sites on their territory (botd2 SIN and SIR) to the objective evaluation of
bioremediationtechniques

The second partof the LIFE BIOREST seamtonomic 8idy was focused on mapping the state of

pollution and the main obstacles to the full application of the bioremediation method. A database of

all the sites of regional and national interest has been developed starting from 20 registries produced

by the Italiamegons. The database represents fiist national instrument for the census of all polluted

sites in Italywhere theywere classified by region, source and type of contaminants with a spemial fo

on hydrocarbons pollutants and state of implementatbreclamationOver 20.000 Italian sitegere

mapped, of which 9,487 require remeddati interventions This category includes 2,119 sites
contaminated by hydrocarbons (oil and derivatives), equal to 22% of the total number of contaminated
sitesinltalyTHS NX & dzf G Ay 3 NBLIR2NIL ¢l a RAAGNAROIzISR FT2NJ KS
LISNJ £ S OAGGL RSt Cdzii dzNRB ¢ . ThAd stidiwasbasedohihefdat®Omagle D2 f A Y
F@FAftrofS o6& (GKS wS3IA2yast INGH W yHe tMinistrid e S&a 0!
Environment. Given that such data are sometimes outdated or lacking information on the type of
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pollution, the study must be held as preliminary. Indeed, a number of potentially contaminated sites
still need characterizatio The information on the Sites of Regional Interests has been extracted from
the 20 regional registers provided for in the environmental regulations. The regions with a greater
concentration of hydrocarbeoontaminated sites are Lazio (510), Tuscany (E#)inia (219) and

[ 2Y0lF NRe oOomMTTOX ¢KAES 2yfte | FSg 2F GKSY IINB T2
Campania (60) and Marche (69). The characterization tests performed at the Sites of National Interest
highlighted a predominance of hation by a combination of heavy metals, chlorine compounds,
hydrocarbons, pesticides and herbicides, which on the whole account for 61% of the various
contaminants.

As the final part of the study, tHenvironmental Guideline for contaminated soil bioreiagah was
elaborated. It represert the final publication of LIFE BIOREST project produced in three languages
English, Spanish and Frencbnsideringa useful tool for the public authorities and decisinakers

who are facing the problem of managingpalluted hydrocarbon site all over Eurofdiis publication

has the objective of presenting to the local authorities the collected and elaborated recdatines

and results obtained through the LIFE BIOREST project.

&O& Il : BIOREST
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Fig 5 ¢ LIFE BIOREST publications

This document was developed to provide a model for the application of a bioremediation technique in
those municipalities affected by contaminated sites, using thestadg of the Fidenza site, wheie

LIFE BIOREST project took place. For this radSBrBIOREST proposes a model for the application of
the bioremediation treatment to the contaminated sites, with the potential for it to be diffused around
Europe

The Bioremediation Guidelines could be then become a useful tool for the policymakess by al
enlarging their knowledge about all the possible solutionseftirdng pollution of soil and water. They
cannot be considered a procedural protocol that can be applied anywhere, because unfortangtely
site has its features and characteristic. Asest above, the method cahoweverpe implemented and
adapted to different problems and considered at the beginning of a site management plan.

Thebioremediationmodel that has been develed during the project offers several advantages also
in terms ofreplicability in other polluted sites. We know that the solution to pollution cannot be unique,
0 dzii site-g$periic. LIFBIOREST major achievements are surely the development ofbaseid
treatmentand its validation in a site at large scale, bustiyao set up of a methodological approach
that can be replicated in many different sites. It is indeed a flexible approach that can dednode
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accordingly to the environment conditions, the pollutievel, the contaminants, the matrices, etc. For
instance, a similar approach was used to treat the soil of an urban garden that was polluted by
hydrocarbons. Similarly, the mycoflora of the site was isolated and selected for its degradation skills.
The mebhod was implemented with other pollutants of intergse. perylene) and with other
achievements to be reached (soil ready to be used for agriculture purposes). But it did work. The fungal
bio-augmentation led tohe removal of much higher pollutarttsanthe control. Moreover, the project
foresaw also thetudy of a bioactivation approach, based on the addition of an organic soil conditioner
to provide nutrients and microelements to the soil in order to activate the microbial community of the
soil. This reatment helped the soils gaining a small reactivabtf its ecological services, but the
degradation rate was significéntower than the inoculation of selected strains which are the actual
degraders.

Since the LIFBEIOREST approach gave such promising results, it has been proposed in other projects
that have been submitted. For instance, ATLANTIS projeBIQTE®D8-2020) has the @al to treat

polluted wastewaters and sludge. The first Action of the project would study the microbial community
of these polluted environments. It surely would have speeuliar adaptation skills that may help in

the bioremediation.

Regarding theooperation initiatives promoted by the LIFE BIOREST ptbg&ummer School held

in Torino was a fruitful networking moment where it was possible to discuss about ths sssill
possible afterlife projects with speakers and participants. More inldefdiTO and prof. Simona di
Gregorio (University of Pisa) are now working on projects that have some overlapping activities. We
decided to merge our experience in microbial niaring of polluted soil, evaluating different
technological approaches. UNIf& mostly worked with fungi and Next Generation Sequencing. It was
decided to spend additional efforts to compéahese kinds of resultwith those coming from a novel
technok 38> NBOSy(dfe LIJzZNOKFASR o6& (KS LINEoagre®A DNB 3 ;
capability of the Oxford Nanopore MinlON was mainly developed and applied for rapidly sequence
bacterial ribosomal operons of complex natural communities. \é@njirfformation are available on

fungi. The two techniques have both pro and ¢dnsterm of scientific reliability and economic
sustainability. The idea of this collaboration is to compare these two systems to provide information for
further project actiities and proposals.

Our studies were of particular interest duringalaboration with Domenico Davolos of tfistituto

Nazionale per I'Assicurazione contro gli Infortuni sul Lavoro e le malattie professibmalias also
interestedin performinga whole-genome sequencing of fungi with potential issues on humankind and
humanNBf 6 SR | OGABAGASad LG ¢l a RSOARSR G2 adl NI
Scedosporium minutisporumlUT 6113, Trichoderma lixiMUT 3171.Thanks to the promisg
preliminary results, INAIL and UNITO are going to submit a peosmtinue the research.

The scientific skills developed and acquired by UNITO durin@IOREST help them also in other
projects dealing with polluted soil. MUT won a projectiBei), funded and run at a Regional level

that was focused on the remidion on urban gardens in the urban area of Torino. The project foresee
the selection of a case study in the metropolitan area where to perform biological approaches to soil
remediation. The concept was to apply microbes or plants. MUT was involvesidapértise in fungal
management in soil remediation as well as microbial and ecotoxicological monitoring. The system was
scaled up to in situ trials of a green area located in the dtality which was previously used as a
urban garden. Due to the presemof pollutants, the project highlighted that it was not a safe practice.
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fungi with a unique metabolism. In situ fungal treatment led to complete retaivpollutants.

UCSC group coordinated by Prof. Edoardo Puglisi is now officially involved in a project commissioned by
ERSAF (Lombardia Region Entity for Agriculture and Fooestig) bioremediation of an area close to

the Masetti Dam in Mantovataly. In the project, UCSC together with ACTY from the LIFEBIOREST
consortium, an approach similar to the onelLdFEBIOREST is being replicated: degrading microbial
strains have beeselected from the polluted site, replicated by ACTY and themoaildaed in the saill,

both in the open field and in pot greenhouse trials. Revegetation is also being carried out by the
Agronomy group dfJCS©f Prof. Stefano Amaducci.

https://video.gelocal.it/gazzettadimantova/localat@ntovabatteri-funghie-piante-per-bonificare
le-spondedeilaghi/98397/98&1

http://www.comune.mantova.gov.it/attachments/article/1702/Pieghevole 10x21definitivo.pdf
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