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Abstract: Former industrial areas can be reintegrated for the
benefit of the local community through ecological restoration.
This can be achieved by the means of a "green" technology that
uses plants for soil and groundwater remediation called
phytoremediation. Due to limitations provided by this solution
related to the long time needed for remediation and the need for
customization of each analyzed site, it is a method that has not
been frequently chosen to treat various contaminants. More
numerous recent research have led to an expansion of
knowledge in this area and have caused an increased interest
in applying phytoremediation widely. Thus, different companies
appeared and offer their services, providing both advice and

implementation of ecological restoration projects using
phytoremediation technology.
Keywords: phytoremediation, entrepreneurial perspective,
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1. Introduction

Industrial zones have been subjected to changes
over time. One of the main reasons for this is
technological development. Another reason that
caused the transfer of manufacturing to services
is changing market requirements. These things
have led in many cases to the abandonment of
industrial areas which are characterized by large
spaces with a profile of local identity that is lost.

In the process of urban development which
aims to create superior living conditions can also
be found the reorganization and ecological
restoration of polluted and abandoned sites.
Decontamination of soil and water by using an

Rezumat: Zonele industriale dezafectate pot fi reintegrate
pentru  beneficiul comunitétii locale printr-o reconstructie
ecologica. Aceasta poate fi realizata printr-o tehnologie "verde"
care Uutilizeaza plantele pentru decontaminarea solului si a
apelor subterane, fitoremedierea. Din cauza limitérilor legate de
timpul indelungat de remediere oferit de aceastd solutie,
precum si de necesitatea particularizarii fiecarui sit analizat,
este o metoda care nu a fost aleasa in mod frecvent pentru
tratarea diferitilor contaminanti. Cercetdrile recente tot mai
numeroase au dus la o expansiune a cunostintelor in acest
domeniu si au starnit un interes crescut in aplicarea
fitoremedierii la scara larga. Astfel, au aparut diverse companii
care Isi oferd serviciile, oferind atat consultanta, cat si
implementarea proiectelor de reconstructie ecologica utilizdnd
tehnologia fitoremedierii.

Cuvinte cheie: fitoremediere, perspectiva antreprenoriald, zone
industriale contaminate, reconstructie ecologicé

1. Introducere

Zonele industriale au fost supuse unor schimbari
de-a lungului timpului. Unul din principalele motive
este evolutia tehnologica. Un alt motiv care a
cauzat transferul de la productie la servicii este
modificarea cerintelor pietei. Aceste lucruri au dus
in multe cazuri la abandonarea zonelor industriale
care sunt caracterizate de spatii intinse cu un profil
de identitate locala pierdut.

In cadrul procesului de dezvoltare urbana
care are ca obiectiv crearea unor conditii
superioare de trai se regaseste si reorganizarea i
reconstructia ecologica a siturilor poluate si
abandonate. Decontaminarea solurilor si apelor cu

environmentally friendly technology can be ajutorul unei tehnologii prietenoase cu mediul
achieved by using phytoremediation and its Tinconjurdator se poate realiza utilizand
techniques. fitoremedierea cu tehnicile sale.
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Private companies can bring more value by
developing projects for ecological restoration of
former industrial sites that can directly contribute to
increasing social and urban quality.

This paper approaches the issue of
rehabilitation and reintegration of former industrial
areas with the help of phytoremediation from an
entrepreneurial perspective.

2. Domain evolution

The idea that plants can be used for environmental
cleanup is old. However, it was only in 1948 when
Italian researchers Margazzi and Vergano were
the first that have reported about the accumulation
of Ni of up to 0.79% in the Alyssum bertolonii plant
from the soil containing 0.42% nickel [1]. This
research was not considered a significant
discovery until 1977 when scientist Robert Brooks
from Massey University of New Zealand made
similar observations. The concept has developed
and investigations took amplitudine in Russia at
the beginning of the nuclear age [2].

In the early 1990s, rapid progress have
been made due to previous findings that proved
the phytoremediation potential materialized by
filing a patent by the Japanese Utsunomiya for the
use of plants to extract Cd [3].

llya Raskin and his colleagues founded in
1993, "Phytotech"” a remediation company from
New Jersey, which obtained two patents, one for
phytoextraction and another for rhizofiltration [2];
[4]; [5]-

Phytoremediation has been successfully
implemented by the US Air Force to depollute
trichlorethylene from groundwater using poplars
and by the US military to depollute contaminated
areas with 2,4,6-trinitrotoluene (TNT) [2].

In the last 20 years, phytoremediation has
become increasingly popular and was used at sites
with  contaminated  soil.  Projects  where
phytoremediation is applied are usually funded by
state agencies. Due to the expansion of the field
and an increased interest for this technology,
dozens of jobs in the laboratories from academia
and industry are being established.

There are over 65 international companies
that have applications in the phytoremediation
domain [6].

Companiile private pot aduce un plus de
valoare prin dezvoltarea de proiecte de
reconstructie ecologicdi a zonelor industriale
dezafectate care pot contribui in mod direct la
cresterea calitatii sociale si urbane.

Aceasta lucrare abordeaza problematica
reabilitarii si reintegrarii fostelor zone industriale cu
ajutorul aplicatiilor fitoremedierii din perspectiva
antreprenoriala.

2. Evolutia domeniului

Ideea ca plantele pot fi utilizate pentru reabilitarea
mediului este veche. Cu toate acestea, cercetatorii
italieni Margazzi si Vergano au raportat primii
despre acumularea de Ni de pana la 0,79% a
plantei Alyssum bertolonii dintr-un sol care
continea 0,42% Ni abia in 1948 [1]. Aceasta
cercetare nu a fost considerata o descoperire
importanta pana in 1977 cand cercetatorul Robert
Brooks de la Universitatea Massey din Noua
Zeelanda a facut observatii similare. Conceptul s-a
dezvoltat si cercetéri au luat amploare in Rusia la
inceputul erei nucleare [2].

La Tnceputul anilor 1990, s-au facut
progrese rapide datorita descoperirilor anterioare
prin care s-a realizat potentialul de fitoremediere
concretizate prin depunerea de catre Utsunomiya
a unui brevet japonez pentru utilizarea de plante
pentru a extrage Cd [3].

llya Raskin si colegii sai au fondat in 1993,
"Phytotech”, o companie de remediere din New
Jersey, care a obtinut doua brevete de inventie,
unul pentru fitoextractie si un altul pentru
rizofiltrare [2]; [4]; [5].

Fitoremedierea a fost implementata cu
succes de catre Fortele Aeriene ale SUA pentru a
depolua, prin utilizarea plopilor, tricloretilena din
apa freatica si de armata SUA pentru a depolua
zonele contaminate cu 2,4,6-trinitrotoluen (TNT) [2].

In ultimii 20 de ani, fitoremedierea a devenit
din ce in ce mai populara si a fost utilizata la situri
cu soluri contaminate. Proiectele Tn care este
aplicata fitoremedierea sunt finantate de obicei de
agentiile  statelor. Din cauza expansiunii
domeniului si a interestului crescut pentru aceasta
tehnologie, se infiinteaza zeci de locuri de munca
in laboratoarele din mediul universitar si din
industrie.

Exista peste 65 de companii
international care au aplicatii in
fitoremedierii [6].

la nivel
domeniul
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3. Domains of interest and applications

Ecological restoration of the former industrial sites
contributes to improving the environment and
biodiversity, but also to energy production through
biomass recovery with applications in the following
areas:

* Soil decontamination;

* Treatment of polluted waters;

* Biomass production and development of
energy crops;

* Sustainable Development;

* Energy;

* Functional reconversion;

* Landscape Architecture.

Phytoremediation applications include:

- In situ decontamination

» Selection of plant species (Toxicity
can determine the choice: seeds or mature
plants of chosen species)

. Absorption/accumulation of
contaminants from soil and/or groundwater
in plants (Studies on the accumulation and
translocation from roots to shoots)

» Harvesting plants to remove heavy
metals accumulated from the site (Including
recovery using "phytomining" method)

- Ex situ decontamination

» Hydroponic cultures where plants

are grown in contaminated water [6].

4. Interdisciplinary

For the phytoremediation success, a
multidisciplinary approach is necessary. The
professionals who can take part in the

phytoremediation process are in a large number
(Table 1) [7].

3. Domenii de interes si aplicatii

Reconstructia ecologicd a zonelor industriale
dezafectate contribuie la imbunétatirea mediului si
a biodiversitatii, dar si la producerea de energie
prin recuperarea biomasei, utilizandu-se in
urmatoarele domenii:

» Decontaminarea solului;

 Tratamentul apelor poluate;

* Productia de biomasd si dezvoltarea
culturilor energetice;

* Dezvoltare durabila;

* Energie;

* Reconversie functionalg;

* Arhitectura peisajera.

Aplicatiile fitoremedierii includ:

- Decontaminare in situ

+ Selectarea speciilor de plante
(Toxicitatea poate determina alegerea:
seminte sau plante mature ale speciilor
alese)

+ Adsorbtia/Acumularea poluantilor din
sol si/sau ape subterane in plante (Studii
privind acumularea si translocarea din
radacini catre tulpini)

* Recoltarea plantelor pentru a elimina
metalele grele acumulate de pe sit (Inclusiv
valorificarea prin metoda "phytomining")

- Decontaminare ex situ

* Culturile hidroponice unde plantele

sunt cultivate Tn apa contaminata [6].

4. Interdisciplinaritate

Pentru succesul fitoremedierii, este necesara o
abordare multidisciplinara. Profesionistii care pot
lua parte Tn procesul fitoremedierii sunt Tn numar
mare (Tabelul 1) [7].

Table 1. Experts from different fields who contribute to the success of phytoremediation applications[7]

Agronomists Microbiologists

Landscape architects

Specialists in vegetable crops

Botanists Foresters Specialists in land reclamation Environmental engineers
Ecologists Hydrogeologists Nurseries and seed producers Agriculture agencies
Pedologists Fruit growers Scientists in food production University departments

The methods used can be transferred from one
discipline to another. The presented scientific field
represents an opportunity for cooperation and
knowledge exchange at global scale. Within ecological
restoration, four systems interrelate: environmental,
social, technological and economic [8].

Metodele utilizate se pot transfera de la o disciplina
la alta. Domeniul stiintific prezentat reprezintd o
oportunitate de cooperare si a unui schimb de
cunostinte la nivel global. in cadrul reconstructiei
ecologice interrelationeaza patru sisteme: ecologic,
social, tehnologic si economic [8].
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Phytotechnology is a more general term
which includes phytoremediation. Using the word
"technology" focuses on the application of sciences
and environmental engineering to examine the
problems and offer solutions that use plants
providing a multidisciplinary approach. This has
been identified as being particularly important to
the successful implementation of phytoremediation
[9]; [10]; [11]; [12]; [23].

Sustainable solutions (Fig. 1) can only be
realized if environmental objectives are achieved
while the needs of stakeholders are satisfied.
Scientific knowledge obtained in research centers
can be used to provide ecological solutions to
problems that can be widely applied in commerce.

Fitotehnologia este o notiune mai generala
care cuprinde si fitoremedierea. Utilizarea
cuvantului "tehnologie" pune accent pe aplicarea
stiintelor si ingineriei ecologice pentru a examina
problemele si a oferi solutii care folosesc plantele
oferind o abordare multidisciplinara. Aceasta a fost
identificata ca fiind deosebit de importanta pentru
aplicarea cu succes a fitoremedierii [9]; [10]; [11];
[12]; [13].

Solutiile durabile (Fig. 1) pot fi realizate
numai in cazul in care obiectivele de mediu sunt
atinse in timp ce sunt indeplinite nevoile partilor
interesate. Cunostintele stiintifice obtinute 1n
centrele de cercetare pot fi utilizate pentru a oferi
solutii ecologice la problemele care pot fi aplicate
pe scara larga in comert.

Biodiversity
Odorless

Aesthetically

Use of brownfields

Solution to improve
quality of life

Social
Reconversion for
the benefit of community

Eco-responsible citizens

Environment
Use of plants and natural resources
Noninvasive decontamination solution
Natural environment protection
Positive influence on the ecosystems in proximity

Sustainable
New green / Chemical products are not used

spaces [ Permanent and self-adaptive solution
Intervention in the carbon cycle

Employment creator
Local subcontractors
New professions

Low power consumption
Increasing the
market value

of location

Financing solutions

Low cost of operation
and maintenance compared
to other methods

Economic

Recovery of by-products

Identical investment
in relation to competition

Energy recovery

Figure 1. Diagram of objectives regarding sustainable developement at environmental, social and economic levels [14], [15]

5. Entrepreneurial opportunities

Companies in the phytoremediation domain bring
together teams of engineers and technicians that
capitalizes knowledge and multidisciplinary
expertise to provide engineering consultancy
services, research and development as well as
sales and consulting services in financing projects.
These companies must work in close collaboration
with institutional partners from different sectors
(Table 2) [16].

Companies provide complete services, from
diagnosis and detailed engineering study to the
monitoring and functioning of implemented
elements of ecological reconstruction [17].

5. Oportunitati antreprenoriale

Companiile din domeniul fitoremedierii reunesc
echipe de ingineri si tehnicieni care valorifica
cunostintele si expertiza multidisciplinara pentru a
oferi servicii de consultantd in inginerie, cercetare
si dezvoltare, precum si servicii de vanzare si
consultantd privind finantarea proiectelor. Aceste
companii trebuie sa lucreze in stransa colaborare
cu organismele institutionale si parteneri din
diferite sectoare (Tabelul 2) [16].

Companiile asigura servicii complete, de la
diagnostic si studiu de inginerie detaliat pana la
monitorizarea si functionarea elementelor de
reconstructie ecologica implementate [17].
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Table 2. Types of services offered by companies in the phytoremediation domain

Diagnosis

Project Operation

Pollution analysis

Design

Monitoring

Selection of plant species adapted to the pollution
to be treated, the climate and the soil type

Implementation

Biomass recovery

Soil analysis

Operational management

Continuous improvement

Selection of suitable amendments

Purchases from suppliers

Adaptation

The target group to which companies which
have applications in phytoremediation field can
provide expertise includes:

e Clusters and SMEs in the agro-food, wine,
cosmetics, pharmaceuticals and others;

e Collective and semi-collective infrastructures:
villages, hotels, retirement homes, campsites
etc;

e Local government: municipalities and county
councils, waste collection centers, composting
areas, landfills etc;

e Owners of zoological and natural parks [18].

6. Conclusions

Former industrial sites can not be left in their
current state and something must be done for their
remediation using innovative solutions for
ecological restoration. For this, the use of
phytoremediation and its applications can be
successfully implemented both in situ and ex situ
by specialized companies.

These companies can provide the best
solutions through a multidisciplinary approach
offered by experts who collaborate with research
centers, environmental agencies and other
institutions. The entrepreneurial perspective is
necessary for the application of the research
obtained at laboratory scale in particular situations
at commercial level and value it by large-scale
results.
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Din grupul tintd caruia companiile care au
aplicatii in domeniul fitoremedierii pot sa isi ofere
expertiza fac parte:

e Grupurile industriale si IMM-urile din sectorul agro-
alimentar, vin, cosmetice, industria farmaceutica si
altele;

e Administratile locale: consili judetene si
primarii, centre de colectare a deseurilor, zone
de compostare, depozite de deseuri etc;

e Infrastructurile colective si semi-colective: sate,
hoteluri, azile de batrani, locuri de campare etc;

e Proprietarii de parcuri naturale si zoologice [18].

6. Concluzii

Zonele industriale dezafectate nu pot fi lasate in
starea lor actuala, ci trebuie intervenit pentru
remedierea lor prin aplicarea de solutii inovative de
reconstructie ecologica. In acest sens, utilizarea
fitoremedierii cu aplicatile sale poate fi
implementata cu succes atat in situ cat si ex situ
de catre companiile de profil.

Aceste companii pot oferi solutile cele mai
bune printr-o abordare multidisciplinara oferita de
specialisti care colaboreazd cu centre de
cercetare, agentii de mediu si alte institutii.
Perspectiva antreprenoriala este necesara pentru
aplicarea cercetarilor obtinute la nivel de laborator
in situatii particulare la nivel comercial si
valorificarea lor prin rezultatele obtinute la scara
larga.
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