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Abstract: The most important principle of bioremediation is that
microorganisms (mainly bacteria) can be used to destroy
hazardous contaminants or transform them to less harmful
forms. The microorganisms act against the contaminants only
when they have access to a variety of materials-compounds to
help them generate energy and nutrients to build more cells. In
a few cases the natural conditions at the contaminated site
provide all the essential materials in large enough quantities
that bioremediation can occur without human intervention, a
process called intrinsic bioremediation. More often,
bioremediation requires the construction of engineered systems
to supply microbe-stimulating materials a process called
engineered bioremediation.
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1. Introduction

Methods of in situ decontamination are applied
directly in the polluted environment, without
making soils excavation works and without
extraction of the contaminated water.

In situ bioremediation is a biological
process of soil decontamination which is based
on the presence in the soil or sub terrain
environment of certain microorganisms (bacteria,
fungus) which are capable of decomposing the
bulk of the organic carbonates pollutants and the
majority of inorganic pollutants [1], [2].

In situ bioremediation is a technique which
can decontaminate the highly polluted soils while
protecting the organic ratio of it, compared with
other techniques, and with reasonable costs [3], [4].

The bioremediation process represents, in
general, the transformation of the polluted organic

compounds, using the activity of the
microorganisms, into harmless inorganic
substances like CcoO, and water.
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inginerie, proces numit bioremediere tehnica.
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1. Introducere

Metodele de depoluare ,in situ” sunt aplicate direct
in mediul poluat, fara a se efectua lucrari de
excavare a solului si fara extractia apelor
contaminate.

Bioremedierea in situ este un procedeu
biologic de depoluare a solurilor care se bazeaza
pe prezenta in sol/mediul subteran a unor
microorganisme (bacterii, ciuperci) capabile sa
degradeze cea mai mare parte a poluantilor
organici carbonati si o bunad parte a poluantilor
anorganici [1], [2].

Bioremedierea in situ este o tehnica care
permite depoluarea solului cu un grad ridicat de
poluare in conditii in care fractia organica din sol
este protejata, fata de alte tehnici si in conditii de
costuri acceptabile [3], [4].

Procesul de bioremediere reprezinta in
general, transformarea compusilor organici poluanti,
prin activitatea microorganismelor, in substante
anorganice inofensive cum ar fi CO, si apa.

Corresponding author / Autor de corespondenta:
Phone: +40 264/401264
e-mail: ioanamonica_berar@yahoo.com

53



Environmental Engineering and Sustainable Development Entrepreneurship — Vol. 3, No. 4 (2014)

Basically the bioremediation technology
consists in  acceleration of the natural
decomposition processes by feeding the polluted
area with oxygen and with other receiving
electrons, nutrients (nitrogen and phosphorus) and
in some cases even with microorganisms because
the soils polluted with heavy metals are difficult to
be decontaminated [1], [5].

Conditions of applying the method:
Compared with other decontamination

techniques, in situ bioremediation is heavily
dependent on local conditions and soil properties.
The factors leading to a successful

designing of a bio-remedy system include [6]:

good knowledge of the pollutants in the
respective area,

natural macro/micronutrients add-ons;
availability of the receivers;

presence of indigenous bacteria capable of
decomposing the pollutants;

soil characteristics.

In situ systems are the ones for which, the
contaminated environment, either soil or underground
water, is not moved from its origin location. This kind
of systems can be of intrinsic remedy or systems of
bio remedy technical (fig. 1) [1], [5].

in esentd tehnologia remedierii constd in
aceelerarea proceselor de degradare naturala prin
alimentarea zonelor poluate cu oxigen sau alfi
electroni acceptori, nutrienti (azot si fosfor) si in
unele cazuri chiar cu microorganisme deoarece
solurile contaminate cu metale grele sunt greu de
decontaminat. [1], [5].

Conditiile de aplicare a bioremedierii

Bioremedierea in situ fatda de celelalte
tehnici de remediere este in mai mare masura
dependenta de conditiile locale si de proprietatile
solului.

Factorii care joaca un rol
proiectarea cu succes a unui
bioremediere cuprind [6]:
cunoasterea poluantilor existenti,
suplimente naturale de macro/ micronutrienti,
disponibilitatea acceptorilor,
prezenta unor bacterii indigene capabile sa
degradeze poluantii
caracteristicile subsolului.

Sistemele in situ sunt acelea pentru care
mediul contaminat, fie el sol sau ape subterane, nu
este deplasat din locatia originara. Aceste sisteme
pot fi la randul lor de remediere intrinseca sau
sisteme de bioremediere tehnica (fig. 1) [1], [5].
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Figure 1. Types of bioremediation. [7]

2. Bioremediation methods

a. Intrinsic bioremediation, also known as natural
or passive bioremediation, allows the nature to
follow its own way. But, with this type of
decontamination is necessary to strictly respect a
rigorous protocol/procedure. Thus, it must be
checked the presence of bacteria specific for each
type of contamination, it must be proven the
efficiency of natural diminishing of the pollutant
layer and must be established a long term
monitoring process [1], [5].

2. Metode de bioremediere

a. Bioremedierea intrinseca, cunoscuta si ca
bioremedierea naturala sau pasiva, permite naturii
sa-si urmeze propriul curs. Acest tip de
bioremediere insa, necesita urmarirea cu strictete
a unui protocol riguros. Astfel, trebuie verificata
prezenta bacteriilor specifice fiecarui tip de
contaminare, trebuie demonstratd eficacitatea
atenuarii naturale a penei de poluant si trebuie
stabilit un proces de monitorizare pe termen lung

(1], [5].
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The key characteristics for inherent bio-remedy
of the soil are [5]:
- water flow rate during seasons;
- presence of some minerals which can block
pH modifications;
- high concentrations of oxygen, either nitrate,
sulfate or ferric iron.

b. Technical (industrial) bioremediation implies the
presence of some installations which stimulate the
growth of underground bacteria. Technical
bioremediation can be done either through
biostimulation systems or bioaugmenation systems.

b.1. Biostimulation implies the modification of
the environment in order to stimulate the existing
bacteria, capable of decontamination. It is done by
insertion of nutrients or add-ons, like solil fertilizers
to stimulate the growth and the metabolism of the
indigenous species which perform biodegradation
(fig. 2.). The sub-layer which contains nitrogen and
phosphorous are the most commonly used as
stimulants, due to theirs electrons acceptance
capacity [1].

Caracteristicile cheie bioremedierea
intrinseca in teren sunt [5]:
- debitului de apa pe parcursul anotimpurilor;
- prezenta unor minerale care pot impiedica
modificarile de pH;
- concentrati mari de oxigen, fie, azotat,
sulfat, sau fier feric.

pentru

b. Bioremedierea tehnica (industriald) implica
existenta unor instalati care stimuleaza
dezvoltarea bacteriilor in subteran. Bioremedierea
tehnica se poate realiza atat prin sisteme de
biostimulare cat si prin sisteme de biocrestere.

b.1. Biostimularea implica modificarea
mediului de a stimula bacteriile existente, capabile
sa bioremedieze. Biostimulare implica introducerea
de nutrienti sau substraturi (fig. 2.), cum ar fi
ingrasaminte, pentru a stimula cresterea si
metabolismul speciilor indigene care efectueaza
biodegradare. Substratul care contine azot si fosfor
sunt cele mai utilizate in mod obisnuit ca si
stimulente, datoritd capacitatii lor de acceptare a

electronilor [1].
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Figure 2. Schematic representation of biositmulation [7]

In order for a biostimulation system to
succeed must be determined the underground
characteristics (like speed of the underground
natural water in ambient conditions, hydraulic
conductivity of underground waters) [8].

Biostimulation improves the ratio of
decomposing the polluted soil to which were added
nutrients and oxygen. The presence of oxygen is
favorable to the process. The procedure is applied
to soils contaminated with oil hydrocarbons,
solvents, pesticides. As a safety measure, the
water flow used can affect the groundwater layers.
The additives are, usually, added in underground
through injection wells, even if the injection
technology for biostimulation purpose is still in
development. The biostimulation can be improved
through bioaugmentation (adding of indigenous
microorganisms or exogenous in contaminated
soils for acceleration of the decomposition of the
organic pollutants present in the soil).

Pentru a avea succes un sistem de
biostimulare  trebuie  stabilite  caracteristicile
subterane (cum ar fi viteza apelor subterane
naturale in conditi ambientale, conductivitatea
hidraulica a apelor subterane) [8].

Biostimularea Tmbunatateste randamentul
biodegradarii solului poluat la care s-au adaugat
nutrienti si oxigen. Prezenta oxigenului este
favorabila procesului. Procedeul se aplica solurilor
contaminate cu hidrocarburi petroliere, solventi,
pesticide. Ca precautie, fluxul de apa folosit poate
pune in pericol stratul de apa freatica.

Aditivii sunt, de obicei adaugati in subteran
prin puturi de injectare, cu toate ca tehnologia de
injectie in scopuri de biostimulare este inca in curs
de dezvoltare. Biostimulare poate fi imbunatatita
prin biocrestere (adaugarea de microorganisme
indigene sau exogene 1in solurile contaminate
pentru a stimula degradarea de poluanti organici
prezenti in sol).
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b.2. Bioaugmentation represents the process
of growing quantities of underground bacteria and
requires the insertion of nutrients and electrons
acceptors at this level [5].

Bioaugmentation is used when it s
necessary the urgent treatment of a contaminated
area, or when the micro flora present is not enough
as number or decomposition capacity. It consists
of adding living microorganisms which are capable
of decomposing the respective pollutant, in order
to speed the bio decomposition, and it is shown in
Figure 3. The quantity of microorganisms used
depends of the:

- size of the contaminated area;

- dispersion of the pollutants;

- growth speed of the

microorganisms [1], [9].

decomposing

I

b.2. Biocresterea reprezintd procesul de
crestere a cantitdti de bacterii din subsol si
necesita introducerea la acest nivel a unor nutrienti
si acceptori de electroni [5].

Biocresterea se utilizeaza cand este
necesar tratamentul imediat a unui sit contaminat,
sau cand microflora autohtona este insuficienta ca
numar sau capacitate de degradare. Consta in
adaugarea de microorganisme vii, care au
capacitatae de degradarea a poluantului in cauza,
pentru accentuarea biodegradarii, aceasta este
reprezentatda Tn Figura 3. Cantitatea de
microorganisme utilizata depinde de:

- marimea zonei contaminate;

- dispersia poluantilor;

- viteza de crestere a microorganismelor

degradatoare [1], [9].
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Figures 3. Schematic representation of bioaugmentation [7]

Bioaugmentation is known for cleaning the
soils contaminated with herbicides, insecticides, oil
hydrocarbons and for cleaning wastes with high
concentrations of metals.

Before applying on an area, must be made
growth cultures of microorganisms capable of
metabolizing with, or use the pollutant as carbon
source and to grow until obtaining big quantities of
biomass.

Industrial bioremediation is based on
acceleration of the biodegradation process,
altogether with reactions of microorganisms’

growth, and on optimizing the soil in which the
organisms must establish detoxifying reactions. A
critical factor in deciding if random bioremediation
is advisable as a cure for an area is if the
pollutants are responsive to the decomposition
made by microorganisms present in the respective
soil (or by microorganisms later successfully added
in the area). Although there are microorganisms
which can detoxify a vast range of pollutants, some
compounds are much easier to be de-composed.
Generally, the easiest compounds to be de-
composed are oil hydrocarbons, but the
technologies for growth stimulation in order to de-

Aplicatii ale biocresterii sunt cunoscute n
tratarea solurilor contaminate cu erbicide
insecticide, hidrocarburi de petrol si pentru tratarea
deseurilor cu concentratii relativ mari de metale.

Inaintea aplicarii pe un sit, trebuie sa se
realizeze culturi de crestere a microorganismelor
capabile sa cometabolizeze sau sa utilizeze
poluantul ca sursa de carbon si sa le cultive pana
la obtinerea unor cantitati mari de biomasa.

Bioremedierea industriala se bazeaza pe
accelerarea doritd a biodegradarii cu reactii de
incurajare a cresterii microorganismelor, precum i
prin optimizarea mediului Tn care organismele
trebuie sa indeplineasca formalitatile de
detoxifiere. Un factor critic in a decide daca este
oportuna bioremedierea aleatorie, remediu pentru
un sit este daca contaminantii sunt sensibili la
biodegradare de catre organisme din situl (sau de
organisme care ar putea fi adaugat cu succes pe
site-ul). Desi existd microorganisme care pot
detoxifia o vastd gama de contaminanti, unii
compusi sunt mult mai usor de degradat. In
general, compusii cei mai usor de degradat sunt
hidrocarburi de petrol, dar tehnologiile pentru
stimularea cresterii de organanisme pentru a
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composed are oil hydrocarbons, but the
technologies for growth stimulation in order to de-
compose a wide range of other pollutants are
currently being developed and were successfully
tested in the field. The opportunity of a
bioremediation area depends not only on the
pollutants biodegradability, but also on the
geological and chemical characteristics of the area
[10-14].

The key characteristics of the area for
industrial bioremediation are:
- surface permeability of the underground
environment;
- concentration of polluted substances, in an
area of small size (less than 10000 mg/kg of
soil) [5].

3. Conclusion

Bioremediation is an especially attractive
alternative because it is potentially less costly than
conventional cleanup methods, it shows promise
for reaching cleanup goals more quickly than
pump-and-treat methods, and it results is less
transfer of contaminants to other media. However,
bioremediation presents a unique technological
challenge. The combination of the intricacies of
microbial processes and the physical challenge of
monitoring both microorganisms and contaminants
in the subsurface makes bioremediation difficult to
understand. As the limitations of conventional
ground water and soil cleanup technologies
become more apparent, research into alternative
cleanup technologies will inensify.

As a conclusion, "in situ" bioremediation is a
complete technology for which the full potential has
not been reached.

degrada o gama larga de alfi contaminanti sunt
in curs de aparitie si au fost testate cu succes in
domeniu. Oportunitatea unui sit  pentru
bioremediere depinde nu numai de
biodegrabilitatea contaminantului, ci si de
caracteristicile geologice si chimice ale sitului
[10-14].

Caracteristicile  cheie ale sitului
bioremedierea industriala, sunt:
- permeabilitate de suprafata a mediului
subteran;
- concentratia Tn substante poluante, in zona
de suprafata relativ scazuta (mai pufin de

10000 mg / kg de substanta uscata) [5].

pentru

3. Concluzii

Bioremedierea este o alternativa atragatoare in
special pentru ca este mai putin costisitoare decat
metodele conventionale de curatare, aceasta
promite atingerea obiectivelor mult mai rapid decéat
metoda de tratare si pompare si are ca rezultat, un
transfer de contaminanti mai mic de la alte
mijloace. Cu toate acestea, bioremedierea prezinta
0 provocare tehnologica unica. Aceasta asociere
intriseca de procese microbiene si fizice provoaca
monitorizarea atat a microorganismelor cat si a
contaminantilor in subteran facand bioremedierea
greu de inteles. Ca si n limitele conventionale ale
apelor subterane si a solului curatate, tehnologiile
devin mai evidente, iar cercetarea n tehnologii
alternative de curatare se vor intensifica.

in concluzie, bioremedierea "in situ" este o
tehnologie completa al carui potential nu a fost
realizat.
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