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ABSTRACT 

 

Environmental contamination caused by uranium mining is a widespread problem throughout the world, with serious implications. 

The goal of the remediation actions is to reduce environmental risks and to protect the health of exposed populations. This can be 

done by removing or reducing the sources or the critical exposure pathways. This remediation is achieved by physical, chemical 

and biological methods. Among the biological ones phytoremediation is considered the most simple and the cheapest way to 

remedy contaminated soils. The phytoremediation can act in different ways: Phytostabilization, phytodegradation, 

phytovolatilization, rhizodegradation and phytohydraulics. An important factor in phytoremediation is the bioavailability of 

radionuclides, which depends on the radionuclide itself, on the time of deposition and on soil characteristics. This paper proposes 

a strategy of phytoremediation for the unit of ore processing situated at Caldas, MG, BR which is an agricultural area, and the use 

of land for crops production is, hence, a critical exposure pathway to human. To block this exposure pathways a phytoremediation 

process was idealized based on the creation of a forest that will be used as an area of permanent preservation (Brazilian legislation 

term which prevents the use of land for any purpose other than the maintenance of the forest). The main requirement for this type 

of preservation area is the use of native trees. Thus, a survey of trees native to the region and available in three nearby forest 

gardens was carried out. The time of flowering, fruiting, ways to break dormancy of seeds and care for the production of seedlings 

and planting in the field were surveyed. Based on this study, the extension of the area to be covered and the species to be used 

could be defined. 

 

1. INTRODUTION 

 

The radionuclides that are present in nature originate mainly from two sources [1]: 

1) The primary radionuclides; and 

2) The radionuclides generated and deposited by cosmic rays. 
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Human activities may alter the concentrations of radionuclides in ecosystems and provide increased 

exposure of humans and biota to these radionuclides. In Brazil this kind of activity is called ―practice‖ and is 

regulated by the National Commission for Nuclear Energy (CNEN) [2-3]. 

In particular, the mining of uranium has caused environmental damage by the abandonment of areas, 

especially those operated between the end of the Second World War and the end of the 60s, when large 

amount of uranium was mined to manufacture nuclear fuel and reprocessing fuel spent on research and 

development [4]. 

Environmental contamination caused by radionuclides, in particular by uranium and its decay products 

resulting from practices is a serious problem that increases with the increasing use of radiouclídeos in human 

activities. There is a need to recover the contaminated areas and to provide mechanisms for mitigation of 

impacts on new areas to be developed. 

In Brazil, any activity that exploits mineral resources is required, by law, to recover the degraded 

environment. Besides the legal issue, the recovery is a fundamental step to close a mining activity. One way 

of mitigating the environmental effects of mining is the use of phytoremediation [5]. 

The procedures defined for the recovery of degraded areas require not only the introduction of plant 

communities in degraded sites, but also the sorting of these species and the adequacy of management 

methods and of environmental management to stimulate the acceleration of the process of natural succession 

in order to restore the floristic diversity at the climax stage [5]. 

Besides the legal issue, the environmental recovery is necessary to mitigate the adverse effects caused to the 

environment. This recovery allows the establishment of ecological niches used by animals, serving as 

attractive to them. Such process must be executed within the norms and with full knowledge of local flora, 

fauna and ecology. 

The basic aim of this work was the identification of native tree species used in phytoremediation of areas 

degraded by mining in the region of the Plateau of Poços de Caldas - MG, BR, producing a list of tree 

species that can be used in phytoremediation, thus supporting the Program of Recovery of Degraded Areas 

(PRADO) of a uranium mining plant (the ore processing unit - UTM) disabled in this region. 

 

 

2. FUNDAMENTALS. 

 

The goal of the remediation of degraded areas is to reduce the risk to human health and to the environment, 

achieved removing or reducing contamination sources or blocking the routes of human exposure (4). 

The remediation to be carried out needs decision-making processes that are explained by several authors 

(Iskandar, 92, USEPA, 97 and 00 and Baca, 00), all cited in [4]. 

 

Gavrilescu and collaborators [4] suggest three possibilities for remediation: 

1) monitored non-intervention 

2) containment 

3) removal 

 

Associated with those opportunities there are different techniques/technologies, which are summarized by 

Gavrilescu et al. [4] in three groups: 

1) separation; 

2) concentration and/or volume reduction; 
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3) immobilization/sequestration. 

The objectives of remediation are subject to various factors that cause impact on decision-making. These 

factors involve engineering processes and other types of procedure. Following the philosophy of "cheaper, 

smarter and cleaner" soil remediation, Gavrilescu and collaborators [4] propose the following factors as 

important for the remediation of areas. 

1) cleanup goals; 

2) form and concentration of pollutants; 

3) volume and physical/chemical properties of the polluted soils; 

4) remediation effectiveness; 

5) designated use of the cleaned site; 

6) cost associated with the remediation program; 

7) occupational safety and health risks associated with the technology; 

8) potential secondary environmental impacts (collateral damage); 

9) prior experience with the application of the technology; 

10) sustainability of any necessary institutional control; 

11) socio-economic considerations. 

 

2.1. Physical Remediation Processes, following [4]. 

 

Physical processes include soil capping, soil washing, soil aeration and heat flow, water storage and 

drainage, solidification, solubilization and solute transport. 

Among the physical processes, the most used is impermeabilization: caps could be single of multi-layer 

clays, topped by plastic sheets, soil, etc. Capping process can be structured in four phases: 

1) mobilization (preparation of site for cap construction); 

2) operational (actual cap construction); 

3) closure (installation of monitoring wells, decontamination and demobilization of equipment); 

4) post-closure (monitoring and long-term maintenance). 

 

2.2. Chemical Remediation Processes, following [4]. 

 

Chemical processes for remediation of radionuclide polluted soils include chemical degradation/ 

transformation, volatilization, oxidation/reduction, solubility processes and adsorption/desorption. A variety 

of chemical remediation techniques are available for remediation of radionuclide-contaminated soils that can 

be grouped as 

1) chemical conversion into a water-soluble form; 

2) chemical immobilization. 

 

2.3. Biological Remediation Processes. 

 

Biological processes can be used for remediation of soils contaminated by metals, among them 

radionuclides. Three main biological processes can be used [4]: 

1) biotransformation: the alteration of contaminant molecules into less or no hazardous molecules; 

2) biodegradation: the breakdown of organic substances in smaller organic or inorganic molecules; 

3) biomineralization: is the complete biodegradation of organic materials into inorganic constituents 

such as CO2 or H2O4. 
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In optimal conditions biological remediation methods can be quite effective, but a site characterization is 

necessary, which should include the following aspects [4]: 

1) nutrient sources availability (such as nitrates, phosphates, carbon source, minerals) to support the 

microbial or plant species; 

2) characterization of existing site biological activity (plants and microbes) and plume delineation; 

3) bioavailability of the pollutant for effective treatment; 

4) soil acidity/alkalinity to determine the need for fertilizers and 

5) aeration; 

6) chemical form of the radioactive species; 

7) half-life of the radionuclide; 

8) plant or microbial species the best suited for site decontamination; 

9) plume delineation. 

Among the biological processes of recovery of degraded areas, the use of green plants is well studied, being 

a simple and inexpensive method, that can be used at long term. Such processes were developed primarily 

for countries of temperate climate [4]. 

 

2.3.1. Phytoremediation 

 

Phytoremediation, the use of green plants for environmental remediation, has been an area of intense 

research over the past decade, driven by the need for a low-cost, in situ alternative to expensive, 

engineering-based remediation technologies [6]. 

USEPA has defined phytoremediation as the use of plants for containment, degradation or extraction of 

xenobiotics from water or soil substrates [1]. Phytoremediation involves the use of plants to extract, 

sequester and/or detoxify the pollutants present in soil, water and air. For long-time projects and adequate 

pollutants, phytoremediation is considered as the cheaper and simplest option available for soil cleanup [4]. 

Plants are used increasingly as tools in controlling or remediating environmental contamination, because it 

was found that they have the ability to absorb and accumulate metals and radionuclides in an efficient way if 

they are adapted to a wide range of environmental conditions. These are tolerant plants, having heavy metal 

hyper accumulation potential, which could be beneficial in phytoremediation for cleanup of soil and water; 

on the other hand tolerant food crops, if exposed to heavy metals in their growth medium, may be dangerous 

as carriers of toxic metals in the food chain leading to food toxicity [4]. 

Plant-assisted remediation of soil can generally occur through one or more of the following mechanisms 

(Gavrilescu, 05, Chang et al 05) cited in [4]: 

1. phytostabilization: involves the use of plants to contain or immobilize contaminants in the soil by: 

absorption and accumulation by roots; 

adsorption onto root surface; 

precipitation within the root zone. 

2. phytodegradation/phytotransformation: involves the breakdown of contaminants through: 

metabolic processes(internally); 

release of enzymes into the soil. 

3. phytovolatilization: the uptake and transpiration into the atmosphere of a contaminant by a plant; 

4. rhisodegradation: involves the breakdown of the contaminants in the soil due to microbial/root/soil 

interaction; 

5. phytohydraulics: involves the use of plants to control the migration of contaminants. 
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Radionuclide bioavailability mostly depends on [7]: 

1. type of radionuclide deposition; 

2. time of deposition; 

3. soil characteristics. 

Depending on soil conditions and mineralogy, U can be present in a wide variety of chemical species, 

including the free uranyl cation and various complexes with hydroxide, phosphate, or carbonate (6), which 

can also influence the bioavailability of radionuclides. 

Phytoremediation of radionuclides offers some advantages [7-8]: 

1) the soil is treated in situ, further disruption to the soil dynamics being avoided; 

2) plants remain for consecutive harvest on the land; 

3) exposure times for workers are reduced; 

4) can be used as a long-term treatment. 

 

3. MATERIALS AND METHODS. 

 

3.1. Collection of Information 

 

For the implementation of this work were selected 3 companies operating in the sector of mining in the 

region of the Plateau of Poços de Caldas, including the CBA - Companhia Brasileira de Aluminio (mining 

1), Curimbaba Mining (mining 2) and INB - Brazilian Nuclear Industries (mining 3). Visits were made to 

the forest nurseries of each company, together with technical staff to allow the identification of the species 

concerned by this work. 

 

3.2. Data Tabulation 

 

We tabulated the data on the number of species per family for each miner. Was also carried out the names, 

scientific and common species identified. The data on the number of species per family for each mining 

were tabulated. The names, scientific and common species identified. 

 

4. RESULTS 

 

The mining companies of the Plateau of Poços de Caldas studied in this work, used in their reforestations a 

total of 158 species belonging to 43 families. Regarding the number of species, the mining CBA 

demonstrated greater effort using 127 native species for vegetal reconstruction of the site degraded by 

mineral extraction, followed by the mining Currimbaba that used 88 species and finally the mining INB with 

only 62 native species. Regarding the number of families used for reforestation the mining CBA used in its 

reforestation. 36 families, the mining Currimbaba 32 families and finally the mining INB with 22 families. 

The number of species used by the three companies are expressed in Table 1, below. 

The family Leguminosae is predominent in the botanical gardens of studied minings, showing an average of 

32% of the species, followed by Myrtaceae with 12%, Bignoniaceae with 10% and finally Lauraceae with 

8% of the number of species. All together the species of these families comprise more than 50% of the 

species used for reflorestation. Hence, these families are more important from the viewpoint of maintaining 

the biodiversity of the reforested areas. Another important aspect was the number of families represented by 

only one species. The species of the families Leguminosae, Myrtaceae and Bignoniaceae are listed in Table 

2. 
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Table 1 –List of species by family found in the botanical gardens of studied minings. 

 

FAMILY 
NUMBER OF SPECIES 

Mining 1 Mining 2 Mining 3 

Anacard iaceae  4 1 2 

Annonaceae  2 2 1 

Apocynaceae  2 2 1 

Araucareaceae  1 1 1 

Asteraceae  2 --  --  

Bignoniaceae  7 7 4 

Bixaceae 1 1 --  

Bombacaceae  4 1 1 

Boraginaceae  2 1 --  

Cecropiaceae  -- --  1 

Cunoniaceae  1 --  --  

Ebenaceae  1 --  --  

Euphorbiaceae  4 4 2 

Fabaceae 1 -- --  

Flacourt iaceae  1 3 1 

Gutt iferae  -- 1 --  

Lauraceae  6 7 5 

Lecythidaceae  3 1 --  

Leguminosae  43 24 22 

Lythraceae  1 1 1 

Magno liaceae  1 1 --  

Melastomataceae  2 --  2 

Meliaceae  5 4 3 

Myrsinaceae  -- 1 --  

Myrtaceae  9 7 6 

Moraceae 2 1 1 

Palmae 4 4 1 

Phyto laccaceae  1 1 --  

Polygonaceae  1 1 --  

Proteaceae  -- 1 --  

Rhamnaceae  1 1 --  

Rosaceae 1 1 1 

Rubiaceae  2 1 1 

Rutaceae 3 1 2 

Sapindaceae  1 2 1 

Simaroubaceae  1 --  --  

Solanaceae  1 --  --  

Sterculiaceae  1 --  --  

Thymeliaceae  -- 1 --  

Tiliaceae  -- --  2 

Ulmaceae -- 1 --  

Verbanaceae  2 2 --  

Vochys iaceae  1 --  --  

Total 127 88 62 

    CBA= mining 1, Curimbaba = mining 2 and INB = mining 3 
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Table 2 – List of species of the families Leguminosae, Myrtaceae and Bignoniaceae, used by the three 

mining companies. 

F AMI L Y L E G UMI NO S AE  

Acassia polyphylla Monjoleiro 

Acassia mangiun Acassia mangiun 

Anadenanthera columbrina Angico branco 

Anadenanthera macrocarpha Angico vermelho 

Ateleia glazioveana Timbó 

Bauhinia forficata Pata de vaca 

Bauhinia variegata Unha de boi 

Caesalpinia echinata Pau Brasil 

Caesalpinea férrea Pau ferro 

Caesalpinia peltophoroides Sibipiruna 

Cassia ferruginea Canafístula 

Cassia leptophylla Falso barbatimão 

Clitoria fairchildiana Sombra de vaca 

Copaifera langsdorffii Copaíba 

Croton floribundus Capixingui 

Enterolobium contortisiquum Orelha-de-nego 

Erytrina falcata Mochoqueiro 

Erytrina speciosa Mulungu vermelho 

Erytrina verna Mulungu 

Hymenae courbaril Jatobá 

Inga affinis Ingá 

Leucaena SP Leucaena 

Lonchocarpus guilleminianus Falso timbó 

Lonchocarpus muehlbergianus Imbira de sapo 

Machaerium nyctitans Bico de pato 

Machaerium stipitatum Sapuva 

Machaerium vilosum Jacarandá cascudo 

Mimosa bimucronata Espinho de jacú 

Mimosa caesalpinaefolia Sansão do campo 

Mimosa scabrella Bracatinga branca 

Mimosa SP Bracatinga do brejo 

Mimosa SP Bracatinga vermelha 

Mycrocarpus frondosos Óleo pardo 

Myroloxylon peruiferum Óleo vermelho 

Parapiptadenia rígida Umê 

Platycyamus regnellii  Pau-pereira 

Poecilanthe parviflora Coração de negro 

Pterogyne nitens Amendoim bravo 

Pithecolobium incuriale Angico rajado 

Schizolobium parahyba Fixeiro 

Sesbania sesba Sesbânia 

Senna spectabilis Acassia do nordeste 

Senna macranthera Fedegoso 

FAMILY MYRTACEAE 

Calycorectes acutatus Araça da serra 

Campomanesia xanthocarpa Cabiroba 

Eugenia involucrata Pitanga preta 

Eugenia pyriformis Uvaia 

Eugenia uniflora Pitanga vermelha 

Myrciaria trunciflora Jabuticaba 

Psidium cattleianum Araçá da terra 

Psidium guajava Goiaba 

Psidiun myrtoides Araça roxo 

FAMILY BIGNONIACEAE 

Cybistax antisyphilitica Ipê verde 

Tabebuia Alba Ipê amarelo da serra 

Tabebuia chryzotricha Ipê amarelo cascudo 

Tabebuia heptaphylla Ipê rosa 

Tabebuia impetiginosa Ipê roxo 

Tabebuia roseo Alba Ipê branco 

Zeyheria tuberculosa Ipê tabaco 

 

 

5. CONCLUSIONS 

Phytoremediation of degraded areas is considered a methodology simple, cheap and efficient. Its use 

requires some local parameters, mainly the identification of local species, which can be used. In the 

surrounding area of the UTM were identified 158 species belonging to 43 families. Matrices of most species 

were identified geographically, as well as their phenology. 

There is a need to identify the procedures for break of dormancy, aiming to increase the percentage of 

germinated seeds, making the planting more efficient. This is the next step to be performed by the group. 

The use of all species identified in the process of phytoremediation is a recommendation of the group, 

because it increases biodiversity, as compared to monoculture, which predominates in reforestation currently 

used. 

The evaluation of the distribution of species in forests remnants is an important information to define the 

proportion of seedling production and of planting of species in the process of phytoremediation. This 

procedure aims to bring the community used for phytoremediation as close as possible to its climax, 

increasing the availability of ecological niches and ecological stability of interactions introduced by 

phytoremediation. 
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