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WHAT IS REVIVING?
CE ESTE REVIVING?

This project is focused on valuing mine tailings
as resources, supplying metals that are extracted
today via other processes, promoting recycling,
minimizing the production of hazardous waste
and thereby embracing a circular economy. The
project will consist of several work steps,
starting will small-scale assays performed in
columns to test the potential of the
manipulation of the tailings microbiome in
leaching of Cu, Mn, Zn, Mo (non-critical major
elements), W and Mg (critical metals) from
tailings from Portuguese (Beralt Tin & Wolfram,
Panasqueira) and Romanian (CUPRUMIN S.A.
Abrud CNCAF Minvest Deva) mines.

Panasqueira Mine

Acest proiect se concentreazd pe evaluarea sterilului de mina ca resurse, furnizand metale care sunt
extrase astazi prin alte procese, promovand reciclarea, minimizdnd producerea de deseuri periculoase
si, astfel, adoptand o economie circulara. Proiectul consta in mai multe etape de lucru, incepand cu
analize la scara mica efectuate in coloane pentru a testa potentialul manipularii microbiomului
sterilului In extractia de Cu, Mn, Zn, Mo (elemente majore non-critice), W si Mg (metale critice) din
sterilite provenite din minele din Portugalia (Beralt Tin & Wolfram, Panasqueira) si din Romania
(CUPRUMIN S.A. Abrud CNCAF Minvest Deva).
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ROLE OF MICROORGANISMS IN THE LEACHING OF CRITICAL
METALS FROM TUNGSTEN MINE WASTES: FROM THE
MICROSCALE TO THE FIELD SCALE

Elia Laroche, Lorenzo Spadini, Laurent Oxarango, Armelle Crouzet, Céline Duwig, Yvan Rossier, Gaspard Boujut, Luciane Cand, Thomas
Maret and Jean M.F. Martins. “Role of microorganisms in the leaching of critical metals from tungsten mine wastes: from the microscale to
the field scale”. Oral conference at the 3rd Intern. Conf. in Microbial Ecotoxicology. Montpellier, France. Nov. 15-18, 2022.

The availability of primary resources will continue to be a growing need to satisfy the increasing global
demand for raw materials. An innovative approach is to consider tailings/wastes from mining in a circular
economy concept, as secondary raw materials. The REVIVING project has been developed in this context,
with the objective of obtaining optimized experimental models for efficient recovery of critical metals from
mining wastes, based on the manipulation of the indigenous tailing’s microbiome. The aim of this study is to
evaluate the ability of a microbial consortium to leach metals of interest (Cu, Mn, Mg, Zn and W) from the
mining waste of Panasqueira (Portugal) under acidic conditions. The microbial consortium was directly
enriched from residues, and, was able to mediate the oxidation of iron and sulfur when grown at an initial
pH of 1.8. Bioleaching assays were conducted biotically and abiotically under different experimental
conditions (+ nutrients, iron and/or sulfur). Physico-chemical parameters (pH, 02, concentrations of metals
..) and biological parameters (QPCR and DNA-metabarcoding) were analyzed over 60 days of incubation.
First results confirmed effective increase of metal bioleaching in biotic reactors compared to abiotic
conditions: between 5 and 70 times more according to the metal considered. An external (and expensive)
addition of sulfur and iron is not necessary for this process development, as they do not stimulate
bioleaching. However, additional experiments are in progress to investigate the effect of nutrients on the
biostimulation of indigenous micro-organisms. This work will allow a better understanding of the
bioleaching phenomenon, and therefore, to design an efficient system for recovery metals from mining
waste on a large scale.
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ROLUL MICROORGANISMELOR 1IN EXTRACTIA METALELOR
CRITICE DIN DESEURILE DE MINA DE WOLFRAM: DE LA
SCARA MICRO LA SCARA IN SITU.

Elia Laroche, Lorenzo Spadini, Laurent Oxarango, Armelle Crouzet, Céline Duwig, Yvan Rossier, Gaspard Boujut, Luciane Cand, Thomas
Maret and Jean M.F. Martins. “Rolul microorganismelor in extractia metalelor critice din deseurile miniere de wolfram: de la scara micro la
scara industriala”. Conferintd orala la the 3rd Intern. Conf. in Microbial Ecotoxicology. Montpellier, France. Nov. 15-18, 2022.

Disponibilitatea resurselor primare va continua sa fie o nevoie in crestere pentru satisfacerea cererii
globale tot mai mari de materii prime. O abordare inovatoare este sd se ia In considerare sterilele/deseurile
provenite din minerit In conceptul unei economii circulare, ca materii prime secundare. Proiectul REVIVING
a fost dezvoltat in acest context, avand ca obiectiv obtinerea de modele experimentale optimizate pentru
recuperarea eficienta a metalelor critice din deseuri miniere, bazata pe manipularea microbiomului indigen
al sterile. Scopul acestui studiu este evaluarea capacitatii unui consortiu microbian de a extrage metalele de
interes (Cu, Mn, Mg, Zn si W) din deseurile miniere de la Panasqueira (Portugalia) in conditii acide.
Consortiul microbian a fost izolat direct din reziduuri si a fost capabil sa medieze oxidarea fierului si
sulfatului cand a fost crultivat la un pH initial de 1,8. S-au efectuat teste de bio-extractie In conditii biotice
si abiotice in diferite conditii experimentale (+ nutrienti, fier si/sau sulf). Parametrii fizico-chimici (pH,
02, concentratii de metale ...) si parametrii biologici (QPCR si DNA-metabarcodare) au fost analizati pe
parcursul a 60 de zile de incubatie. Primele rezultate au confirmat cresterea eficienta a bio-extractiei
metalelor in reactoarele biotice in comparatie cu conditiile abiotice: intre 5 si 70 de ori mai mult in functie
de metalul considerat. Aditia externa (si costisitoare) de sulf si fier nu este necesara pentru dezvoltarea
acestui proces, deoarece nu stimuleaza bio-extractia. Cu toate acestea, experimente suplimentare sunt in
desfdasurare pentru a investiga efectul nutrientilor asupra biostimularii microorganismelor indigene. Acest
lucru va permite o intelegere mai buna a fenomenului de bio-extractie si, prin urmare, proiectarea unui
sistem eficient pentru recuperarea metalelor din deseuri miniere la scara larga.
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PREZENTARI SI

ARTICOLE STIINTIFICE

PRESENTATIONS AND SCIENTIFIC PAPERS

Potentialul rezistentei la telurit in bacteriile
heterotrofe din medii miniere

Farias, Pedro ; Francisco, Romeu ; Morais, Paula V.
"Potentialul de rezistenta la telurit a bacteriilor heterotrofe
din mediile miniere". iScience 25 7 (2022) : 104566.

Deseurile miniere netratate si eliminarea necorespunzatoare
a dispozitivelor high-tech genereaza o crestere a
disponibilitatii ~biologice a metaloizilor in mediul
inconjurator, exercitand  stres  asupra  populatiilor
microorobiene autohtone. Telurul este un metaloid, un
element cu o importanta economica crescanda; cu toate
acestea, interactiunea sa cu organismele vii nu este inca pe
deplin inteleasa. Aici am caracterizat bacteriile heterotrofe
aerobe, izolate din reziduurile miniere cu continut ridicat de
metale, capabile sa reziste/reduca teluritul in structuri de
telur si sda determine prezenta determinantilor genetici
confirmati de rezistenta la telurit in tulpinile rezistente. Am
identificat peste 50 de tulpini rezistente la telurit, din 144 de
tuplini izolate, opt tulpini au redus teluritul la telur cu rate
diferite, cu productia concomitentd de depozite de telur. Cele
mai multe gene de rezistenta la telurit au fost gasite in
tulpinile din Bacillales, cu prevalenta genelor din operonul
ter. Acest lucru a demonstrat ca izolatele bacteriene, din
medii cu o presiune selectiva persistentd, reprezinta
potentiali candidati pentru descoperirea strategiilor de
rezistenta la telurit si/sau productia de materiale valoroase
care contin telur.

https:

Potential of tellurite resistance in heterotrophic
bacteria from mining environments

Farias, Pedro; Francisco, Romeu; Morais, Paula V. "Potential
of tellurite resistance in heterotrophic bacteria from mining
environments'. iScience 25 7 (2022): 104566.

Untreated mining wastes and improper disposal of high-tech
devices generate an environmental increase of bioavailable
metalloids, exerting stress on autochthonous microbial
populations. Tellurium is a metalloid, an element with raising
economic importance; nevertheless, its interaction with living
organisms is not yet fully understood. Here we characterized
aerobic heterotrophic bacteria, isolated from high metal-
content mining residues, able to resist/reduce tellurite into
tellurium structures and to determine the presence of
confirmed tellurite resistance genetic determinants in
resistant strains. We identified over 50 tellurite-resistant
strains, among 144 isolates, eight strains reduced tellurite to
tellurium at different rates, with the concomitant production
of tellurium deposits. Most tellurite resistance genes were
found in strains from Bacillales, with the prevalence of genes
of the ter operon. This work demonstrated that bacterial
isolates, from environments with a persistent selective
pressure, are potential candidates for uncovering strategies
for tellurite resistance and/or production of valuable Te-
containing materials.
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GLOBAL RESEARCH PROGRESS AND TRENDS
ON CRITICAL METALS

Butu A, Rodino S, Butu M. Global Research Progress and Trends on Critical
Metals: A Bibliometric Analysis. Sustainability. 2023; 15(6):4834. Farias,
Pedro; Francisco, Romeu; Morais, Paula V. "Potential of tellurite resistance in
heterotrophic bacteria from mining environments". iScience 25 7 (2022):
104566.

https://doi.org/10.3390/su15064834

In the perspective of observing the latest worldwide and European
strategies toward green transition and delivering a secured access
to local resources, the objective of this study was to analyze the
research progress on critical materials and, more specific, critical
metals and review the future research hot-topics for critical
metals. Consequently, a bibliometric analysis for the assessment
of the current state of the art research, future trends as well as
evolution through time of the critical metals research was
performed in the present work. The study included four phases of
work: (i) search string selection, (ii) data collection, (iii) data
processing, and (iv) data interpretation. A total of 433
publications on critical metals were collected from Scopus
database between 1977 and 2023, with an increasing yearly trend
and a burst in 2013. The data retrieved showed a significant
increase in publications related to the topic in the last 10 years.
The results show that research interest is concentrated around
six critical areas: (i) bioleaching as an important process of
critical metal recovery, (ii) circular economy concepts and
recovery of critical metals by urban mining from e-waste, (iii)
resource recovery from waste landfills as urban mines, (iv)
targeted studies on various critical elements (copper, zinc,
gallium, silver, lithium), (v) rare elements as industry vitamins
and, (vi) coal deposits and coal ashes as an alternative source of
critical metals. This analysis could provide important guidance
for further directions on the development of research for recovery
of critical metals.

PROGRES SI TENDINTE GLOBALE iN
CERCETAREA METALELOR CRITICE

Butu A, Rodino S, Butu M. Progresul cercetdrii globale si tendintele privind
metalele critice: o analiza bibliometrica. Sustainability. 2023; 15(6):4834,
https://doi.org/10.3390/su15064834.

Avand in vedere perspectivele observarii celor mai recente strategii
la nivel mondial si european in directia tranzitiei verzi si asigurarii
unui acces securizat la resursele locale, obiectivul acestui studiu a
fost de a analiza progresul cercetarilor privind materialele critice
si, mai specific, metalele critice, precum si de a examina temele de
cercetare viitoare pentru acestea. Prin urmare, in aceasta lucrare s-
a efectuat o analiza bibliometrica pentru evaluarea stadiului actual
al cercetarilor, tendintelor viitoare si evolutiei in timp a
cercetarilor privind metalele critice.

Studiul a inclus patru etape de lucru: (i) selectia sirului de cdutare,
(ii) colectarea datelor, (iii) prelucrarea datelor si (iv) interpretarea
datelor. Au fost colectate 1n total 433 de publicatii despre metalele
critice din baza de date Scopus Intre anii 1977 si 2023, cu o tendinta
anuald crescatoare si un varf in 2013. Datele extrase au aratat o
crestere semnificativd a publicatiilor legate de acest subiect in
ultimii 10 ani.

Rezultatele arata ca interesul cercetarilor este concentrat in jurul a
sase domenii critice: (i) bio-extractia ca proces important in
recuperarea metalelor critice, (ii) concepte de economie circulara si
recuperarea metalelor critice prin reciclarea urband a deseurilor
electronice, (iii) recuperarea resurselor din depozitele de deseuri ca
mine urbane, (iv) studii directionate asupra diverselor elemente
critice (cupru, zinc, galium, argint, litiu), (v) elemente rare pentru
industrie si (vi) depozitele de cdrbune si cenusa de carbune ca sursd
alternativd de metale critice.

Aceasta analizd poate oferi orientdri importante pentru directiile
ulterioare in dezvoltarea cercetdrilor privind recuperarea metalelor
critice.
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Reducerea cantitatii de deseuri miniere periculoase
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