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Abstract: The heavy metals accumulation in soil are very
serious due to the toxicity of these metals. The elimination
and the extraction of metals (Cu, Pb, Zn, Fe, Mn, Cd) by
biological treatment of contaminated soil is the aim of the
PhD.The theoretical and experimental research effectuated
to achieve this PhD. Thesis were conducted in order to
identify the existent pollutants, their extraction from soil by
different solutions, elaboration of an innovative solution for
leaching treatment of soil placed in a test stand. The
application of in situ bioleaching using Thionabillus
thiooxidans microorganisms for soil sampled within the limits
of Romplumb, conducted to the following efficiencies: Fe 96
%, Cd 85 — 97 %, Mn 85 —95 %, Pb 78 =90 %, Zn 74 — 90 %
si Cu 68 — 84 %. The high values of obtained efficiencies
imprint to the experimental research a special importance
from the application at pilot scale point of view.
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1. PhD. Thesys actuality and novelty

Ecological implications generated by the heavy
metals accumulation in soil are very serious due to
the toxicity of these metals and their metallic
compounds, but also for the chemical bound that is
formed by metals with the mineral fraction of soil.
The heavy metals pollution increases the soil
reactivity generating the risk of ground water
contamination due to both transport of new heavy
metals compounds, by infiltration waters, and their
uptake by plants through which they enter the food
chain.

Rezumat: Acumularea metalelor grele Tn sol sunt deosebit
de grave datorita toxicitatii acestora. Aceasta teza de
doctorat are ca scop eliminarea si extractia metalelor (Cu,
Zn, Pb, Fe, Mn, Cd,) prin tratare biologicd cu ajutorul
microorganismelor. Cercetéarile teoretice si experimentale
efectuate Tn cadrul tezei s-au concentrat pe identificarea
poluantilor existenti, extractia acestora din sol cu diferite
solutii, si elaborarea unei solutii inovative de tratare pentru
levigarea solului asezat in standul de laborator. Aplicarea
biolixivierii in situ cu microorganisme de tipul Thiobacillus
thiooxidans pentru solul prelevat din incinta Romplumb a
condus la obtinerea urméatoarelor randamente de extractie:
Fe 96 %, Cd 85 — 97 %, Mn 85 —95 %, Pb 78 —90 %, Zn 74
—90% si Cu 68 — 84 %. Valorile ridicate ale randamentelor
obtinute imprima cercetarii experimentale o importanta
deosebita, prin prisma aplicabilitatii.

Cuvinte cheie: Dbiolixiviere, in situ, metale

microorganisme, sol poluat.

grele,

1. Actualitatea si importanta tezei de doctorat

Implicatile ecologice generate de acumularea
metalelor grele in sol sunt deosebit de grave datorita
toxicitafii acestora si a compusilor lor, dar si prin
legatura chimica pe care o formeaza cu fractia
minerala a solului, ceea ce influenteaza negativ
reactia solului. Poluarea cu metale grele creste
reactivitatea solului aparand pericolul de contaminare
a apelor subterane datorita transportului noilor
compusi ai metalelor grele de catre apele de infiltratie,
precum si de preluarea acestora de catre plante si
patrunderea lor in lantul trofic.
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Ensuring the soil quality protection as an
extension measure of soil resources as well for
the environment protection, provide among
others the utilization of of some techniques and
treatment technologies for pollutant flux
neutralization or efficiency and the application
of law for soil quality. The application of in situ
treatment for the heavy metals contaminated
soils is not implemented because of the lack of
a solid scientific database. The research
conducted worldwide till present were
orientated on the reduction of heavy metals
extracted quantities or on the growth of
uneatable plants on this soils.

The elimination and the extraction of
metals (Cu, Pb, Zn, Fe, Mn, Cd) by biological
treatment of contaminated soil is the aim of the
PhD. Thesis. It must be mentioned that both
worldwide and in Romania, some researches
were conducted in order to use microorganisms
for the elimination of heavy metals from polluted
soils. Thus the theme of this PhD. Thesis
presents a great actuality, and domains like
Materials Engineering and Environmental
Engineering are successfully interacted and
have a common aim: elimination and extraction
of metals from polluted soils.

The theoretical and experimental research
effectuated to achieve this PhD. Thesis were
conducted in order to identify the existent
pollutants, their extraction from soil by different
solutions, elaboration of an innovative solution
for leaching treatment of soil placed in a test
stand. The test stand was imagined for in situ
bioleaching of polluted soil with heavy metals.
An important factor for choosing the sampling
area was the metallic ions content of polluted
soil. The Romplumb Baia Mare was identified as
an area with high content of metals in soil profile
based on the bibliographic study: Pb: 499 -
48430 mg/kg; Zn: 117 — 79310 mg/kg; Cu: 96.8
— 7550 mg/kg; Cd: 4.32 — 49.79 mg/kg; Mn:
314.4 — 10960 mg/kg; As: 7.24 — 2157 mg/kg;
Cr: 38,67 — 150.9 mg/kg.

The application of in situ bioleaching using
Thionabillus thiooxidans microorganisms for soil
sampled within the limits of Romplumb,
conducted to the following efficiencies: Fe 96 %,
Cd 85 — 97 %, Mn 85 —95 %, Pb 78 —90 %, Zn
74 — 90 % si Cu 68 — 84 %. The high values of
obtained efficiencies imprint to the experimental
research a special importance from the application
at pilot scale point of view.

Asigurarea protectiei calitatii solurilor, ca
mijloc de crestere a resurselor de sol, cat si
pentru protectia mediului Tnconjurator, prevede
printre altele utilizarea unor procedee si tehnologii
de depoluare menite sa neutralizeze sau sa
blocheze fluxul de poluanti asigurand in acelasi
timp eficienta dorita si aplicarea legislatiei privind
protectia calitatii solului. Datorita lipsei unei baze
stiintifice solide, aplicarea Tn teren a depoluarii
solurilor contaminate cu metale grele nu se
realizeaza. Cercetarile Tintreprinse, pana in
prezent, la nivel mondial au fost orientate fie spre
diminuarea cantitatii de metale grele extrase din
sol, fie spre cultivarea de plante necomestibile pe
aceste soluri.

Scopul tezei de doctorat 1l reprezinta
eliminarea si extractia metalelor (Cu, Pb, Zn, Fe,
Mn, Cd,) prin tratare biologica cu ajutorul
microorganismelor. Trebuie mentionat faptul ca atat
la nivel national, cat si international, exista foarte
putine cercetari care au vizat eliminarea metalelor
din solurile poluate utilizind microorganisme. Astfel,
tema abordata este de mare actualitate, reusind ca
domeniile Ingineria Materialelor si Ingineria Mediului
sa se intrepatrunda si sa aiba un scop comun:
eliminarea si extractia metalelor din solurile poluate.

Cercetarile teoretice si experimentale
efectuate in cadrul tezei s-au concentrat pe
identificarea  poluantilor existenti, extractia
acestora din sol cu diferite solutii, si elaborarea
unei solutii inovative de tratare pentru levigarea
solului agsezat in standul de laborator. Standul de
laborator a fost conceput in vederea realizarii
biolixivierii in situ a solului poluat cu metale
grele. Un factor important urmarit in alegerea
amplasamentului de prelevare a solului poluat a
fost continutul de ioni metalici. Pe baza studiului
bibliografic efectuat, s-a identificat perimetrul
Romplumb Baia Mare ca fiind o zona cu
concentratie ridicata de metale in profilul de sol:
Pb: 499 — 48430 mg/kg; Zn: 117 — 79310 mg/kg;
Cu: 96,8 — 7550 mg/kg; Cd: 4,32 — 49,79 mg/kg;
Mn: 314,4 — 10960 mg/kg; As: 7,24 — 2157
mg/kg; Cr: 38,67 — 150,9 mg/kg.

Aplicarea biolixivierii in situ cu microorganisme
de tipul Thiobacillus thiooxidans pentru solul
prelevat din incinta Romplumb a condus la
obtinerea urmatoarelor randamente de extractie:
Fe 96 %, Cd 85 — 97 %, Mn 85 —95 %, Pb 78 —
90 %, Zn 74 — 90 % si Cu 68 — 84 %. Valorile
ridicate ale randamentelor obtinute imprima
cercetarii experimentale o importanta deosebita,
prin prisma aplicabilitatii.

44



Ingineria Mediului si Antreprenoriatul Dezvoltarii Durabile — Vol. 4, Nr. 3 (2015)

2. The objectives of this PhD. Thesis

The main theoretical and specific objectives
which were followed for the achievement of this
Thesis are:

— realization of the present-day bibliographic
study on the in situ extraction technologies of
metals based on the recent and suggestive
studies and researches conducted nationally
and worldwide in the extraction domain;

— physical and chemical characterisation of
studied materials used for the experimental
researches: soil with high content of metals;

— establishment of the influence factors on the
bioleaching process of metals, based on the
preliminary experimental researches
effectuated with different solutions on small
amounts of soil;

— final set-up of the in situ bioleaching
technology based on the experimental
research accomplished based on the
experimental model,

— utilization of UnSat suite software for
experimental results analysis obtained
comparative to the natural attenuation of the
pollutants transfer process in soil.

3. Organization and structure of the thesis

The Thesis extents on seven chapters to which
are added a list with bibliographic references
and 14 annexes.

In Chapter 1 named “Present-day study on
the researches of heavy metals in situ extraction
methods” are presented problems of soil
pollution, with the aim of their best
decontamination techniques. The adherence of
Romania to European Union structures assess
taking of measures for competitiveness
parameters fruition, through which some
performances in technical, technological,
economical and energetically plane could be
achieved, being in harmony with the legislative
cadre in the European Union. Some remediation
technologies depending on the pollution type are
required by this fact.

The decontamination procedures of heavy
metals polluted soils imply high costs, money
that Romania doesn’t have. This is way the in
situ bioleaching treatment is proposed as the
decontamination method of polluted soils.

In Chapter 2 named “Studies on the
influence factors of in situ bioleaching” are
presented the most important characteristics

2. Obiectivele tezei de doctorat

Principalele obiective teoretice si specifice
care au fost urmarite Tn realizarea acestei
lucrari sunt:

— realizarea  studiului  bibliografic asupra
stadiului actual al tehnologiilor de extractie a
metalelor aplicate in situ, in baza celor mai
recente si sugestive studii si cercetari n
domeniul extractiei Tintreprinse la nivel
mondial si national,

— caracterizarea fizico — chimica a materialului
utilizat in cercetarile experimentale: solul cu
concentratii ridicate de metale.

— stabilirea factorilor de influenta asupra
procesului de biolixiviere a metalelor, pe baza
cercetarilor experimentele preliminare
efectuate pe probele de sol cu diferite solutii.

— definitivarea tehnologiei de biolixiviere in situ
prin cercetarea experimentala realizata pe
modelul de laborator.

— utilizarea  softului UnSat suite pentru
analizarea rezultatelor experimentale obtinute
comparativ. cu atenuarea naturala a
procesului de transfer al poluantilor in sol.

3. Organizarea si structura tezei de doctorat

Lucrarea se extinde pe sapte capitole, la care se
adauga o lista cu referintele bibliografice utilizate si
14 anexe.

in capitolul 1 intitulat ,Stadiul actual al
cercetérilor privind metodele de extractie in situ a
metalelor grele” sunt prezentate problemele legate
de poluarea solurilor, cu scopul identificarii celor

mai bune metode de depoluare a acestora.
Incadrarea Romaniei 1n structurile  Uniunii
Europene a impus, in industria romaneasca,

luarea unor masuri in vederea atingerii unor
parametrii de competitivitate, care sa conduca la
realizarea unor performante Tn plan tehnic,
tehnologic, economic si energetic aflate Th armonie
cu cadrul legislativ din Uniunea Europeana. Acest
fapt necesitd stabilirea unor tehnologii de
remediere n functie de tipul poluarii.

Analizdnd procedeele de decontaminare
a solurilor poluate cu metale grele s-a constatat
ca acestea necesita costuri ridicate, bani de care
Roménia nu dispune. Acesta fiind un argument
de a propune ca metoda de depoluare tratarea
biologica prin biolixiviere.

In capitolul 2 intitulat ,Studiu asupra
factorilor de influenta ai biolixivierii in situ” sunt
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which sustain the bioleaching successfulness:

» knowledge the existent pollutants and
their biodegradability;

» choice of oxidant
substances;

» characteristics of the medium which is
decontaminated;

» type of used microorganism.

and nutritive

In Chapter 3 “Physical and chemical
characterization of soils from studied area” are
described the sampling points of soil assays
and the physical and chemical analyses
effectuated for adequate extraction method
establishment.

The wused analysis methods for the
identification of pedological characteristics of soil
samples were establish and adapted after the
National Research-Development Institute for
Pedology, Agro-chemistry and Environmental
Protection — Bucharest (ICPA — Bucharest), the
place where those analyses were effectuated. The
soil samples were analysed by X-ray difractometry
and inductive coupled plasma atomic emission
spectroscopy. The mineral phases identification,
the content of metals present in soil samples
respectively, were the aim of those analyses.
Thus, the possibility of in situ bioleaching utilization
as an extraction method of metals from polluted
soils was highlighted.

In Chapter 4 “Preliminary laboratory
experiments for the extraction of metals from
polluted soils” are described the experiments
effectuated and the results obtained for the
identification and assessment of the influence
factors on the bioleaching process. This chapter
was focused on the extraction of metals from soil
using different leaching solutions, three
experiments being effectuate, wherefrom in two of
them small amounts of soil (homogenised), and
for the third one the soil samples were used in
natural state, the soil structure being reclaimed.

Chapter 5 “Researches on the heavy metals
extraction on the experimental model” represents
the most important part of this PhD. Thesis. This
chapter contains the elaboration techniques of the
test stand, the work method applied for the
research of the bioleaching process, as well as the
extraction efficiency of metals from polluted soils
by microorganism utilization.

In Chapter 6 “Computer modelling of
pollutants behaviour in unsaturated zone under
natural attenuation conditions and in comparison
with the in situ bioleaching process” was achieved

prezentate cele mai importante caracteristici
care stau la baza succesului biolixivierii:
» cunoasterea  poluantilor existenti si
biodegradabilitatea acestora;
> alegerea oxidantului si a substantelor
nutritive;
» caracteristicile mediului supus depoluarii;
» tipul microorganismelor utilizate.

In capitolul 3 ,Caracterizarea fizico-
chimic& a solurilor din zona luata in studiu” sunt
descrise punctele de prelevare a probelor de sol
si analizele fizico - chimice efectuate Tn vederea
stabilirii metodei adecvate de extractie.

Metodele de analiza utilizate in
identificarea caracteristicilor pedologice ale
probelor de sol au fost cele stabilite si adaptate
dupa Institutul  National de  Cercetare-
Dezvoltare pentru Pedologie, Agrochimie i
Protectia Mediului - Bucuresti (ICPA -
Bucuresti), locul de efectuare a acestor analize.
Probele de sol au fost analizate prin
difractometrie de raze X si spectrometrie de
emisie atomica cu plasma cuplata inductiv.
Determinarea fazelor minerale, respectiv
concentratiile de metale prezente in probele de
sol, a fost scopul acestor analize. Astfel, s-a
pus Tn evidenta posibilitatea utilizarii biolixivierii
in situ ca metoda de extractie a metalelor din
solurile poluate.

In capitolul 4 ,Experimentdri preliminare
de laborator in vederea extractiei metalelor din
solul poluat” sunt descrise experimentele
realizate si  rezultatele obtinute  privind
identificarea si stabilirea factorilor de influenta
asupra procesului de biolixiviere. Acest capitol s-
a axat pe extractia metalelor din sol n diferite
solutii de solubilizare, efectudndu-se trei
experimente, din care doua pe probe mici de sol
(omogenizate), iar cel de-al treilea pe probe
prelevate in stare naturala, refacandu-se
structura solului.

Capitolul 5 ,Cercetari privind extractia
metalelor grele pe modelul experimental”
reprezinta cea mai importanta parte a acestei
teze de doctorat. Acest capitol cuprinde tehnica
de elaborare a standului de laborator, metoda
aplicata n cercetarea procesului de biolixiviere,
precum si randamentul de extractie al metalelor
utilizand microorganismele din solurile poluate.

In capitolul 6 ,Modelarea computerizata a
comportamentului poluantilor in zona nesaturata
in conditii de atenuare naturald si in comparatie
cu procesul de biolixiviere in situ” a fost realizata
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a comparative analysis between the results
obtained for the first experimental model and the
natural attenuation. The application of
bioleaching solution in the case of metals
polluted soil beside the transfer by natural way
of pollutants in the soil profile highlighted the
bioleaching process efficiency.

The conclusions and the future direction of
researches are contained by Chapter 7, being
presented synthetic the most important and
relevant conclusions detached based on the
studies and the researches effectuated, as well
my personal contributions.

After the last chapter is Bibliography,
which includes references used in this thesis.

And finally the Annexes attached and the
scientific work paper published and
communicated during doctoral internship.

4. Personal contributions

— The Thesis theme opportunity, actuality and
importance was highlighted by the synthesis
that presents the present-day tendencies and
methods of in situ biological treatment for
metals extraction prom polluted soil.

— A bibliographic study was effectuated in order
to highlight the most important extraction
methods of metals from polluted soils.

— The influences factor of in situ bioleaching
were identified in order to be applied a
remediation method of heavy metals polluted
soils: time, temperature and O..

— Polluted soil assays were sampled from
Romplumb Baia Mare, which were analysed
by modern methods used for physical and
chemical properties characterization and for
the determination of heavy metals pollution
grade.

— Two types of preliminary experiments were
effectuated with soil samples: homogenous
and in natural state.

— An experimental laboratory model was
elaborated, designed and developed for the
extraction of metals from polluted soils by in
situ bioleaching.

— The testing method was effectuated by
successive assays sampling of both soil and
lechate, the elimination of metals from soil
assays and the increase of metals content in
lechate was investigated.

o0 analizéd comparativa intre rezultatele obtinute
pe modelul experimental si atenuarea naturala.
Aplicarea solutiei biolixivianta Tn cazul solului
poluat cu metale, fata de transferul pe cale
naturala al poluantilor in profilul de sol, a scos
in evidenta eficienta procesului de biolixiviere.

Concluziile si referirile despre directiile
viitoare de cercetare sunt cuprinse in Capitolul 7,
fiind prezentate sistematizat cele mai importante si
relevante concluzii desprinse Tn urma studiilor si
cercetarilor intreprinse, precum si contributiile
proprii.

Dupa ultimul capitol este Bibliografia, care
cuprinde referintele utilizate Tn cadrul acestei teze.

lar in final sunt atasate Anexe si Lucréari
stiintifice publicate si comunicate pe perioada
stagiului de doctorat.

4. Contributii personale

— Oportunitatea, actualitatea si importanta temei
acestei teze de doctorat a fost subliniata prin
realizarea unei sinteze a tendintelor si
metodelor actuale de tratare biologica in situ
privind extractia metalelor din solul contaminat.

— S-a realizat studiului bibliografic prin care s-au
scos in evidenta cele mai importante metode de
extractie a metalelor din solurile poluate.

— In vederea aplicarii metodei de remediere a
solurilor contaminate cu metale grele s-au
identificat principalii factorii de care depinde
succesul biolixivierii: timpul, temperatura si O,.

— Au fost prelevate probe de sol poluat din zona
Romplumb, Baia-Mare, care au fost analizate
prin  metode performante in  vederea
caracterizarii proprietatilor fizico-chimice si a
determinarii gradului de poluare cu metale
grele.

— S-au realizat doua tipuri de experimente
preliminare cu probe de sol: omogene si
prelevate in stare naturala.

— S-a elaborat, proiectat si realizat un model
experimental de laborator pentru extractia
metalelor grele din solurile poluate prin
biolixiviere in situ.

— Testarea metodei s-a efectuat prin colectari
succesive de probe de sol si levigat urmarindu-
se eliminarea metalelor din probele de sol si
cresterea cantitati de metale in levigat.
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— The development of the metals extraction
process was investigated by correlating the
concentrations obtained before, during and at
finish time of soil treatment on the laboratory
model;

— The utilization of the computer modelling of
the pollutants transfer in unsaturated zone in
order to highlight the in situ bioleaching
efficiency compared to natural attenuation;

— In the three years of PhD. | wrote 24 articles,
from which 16 were published in speciality
magazines, 8 are in process of publication
and an ISl article. In these years | also
activated as a member in the research team

for the following project: “Innovative
remediation technology of polluted soils by
activities specific to metallurgy”,
RESOLOMET.
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