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ABSTRACT 
 
 
The Brazilian Nuclear Industries Ore Treatment Unit (UTM/INB), located in the plateau region of Poços de 
Caldas – MG, is the first uranium extraction mine to have its deposits explored in Brazil. The Repersa das Antas 
(RA) receives treated acidic effluents from waste rock dumps, originated from acid mine drainage from 
UTM/INB. At RA`s downstream, the Represa Bortolan (RB) - focus of this study - can be located. The dam is 
characterized by the receiving of domestic and industrial residue discharges, in addition to the RA waters.  
Within this context, the purpose of the study is to evaluate if the release of the effluents treated by UTM/INB 
has influence over the chemical quality of the water at RB. Water samplings were carried out at RB in three 
different periods of the day (9am, 12pm and 4pm), during three consecutive days, on the surface, through and in 
the bottom of the water column. The evaluated chemical variables were: zinc (Zn), manganese (Mn), fluoride (F-

), molybdenum (Mo), sulfate (SO4
2-), uranium (U), thorium (Th), pH, dissolved oxygen (DO), total phosphorus 

(TP) and total nitrogen (TN). The results indicated that elevated Mn concentrations - above limits established by 
current legislation in Brazil - can be related to the treated effluent released by UTM/INB, since the metal Mn is 
one of the chemical components of the effluent in natura. Regarding the other chemical components (F-, Zn, 
Mo, SO4

2-, U and Th), related to the acidic effluent’s composition as well, their recorded values were found to 
be within the limits established by current legislation.  
 
 

1. INTRODUCTION 
 
 
Located in the plateau region of Poços de Caldas, Minas Gerais State, the Osamu Utsumi 
mine – the first uranium ore production mine to have its deposits explored in Brazil – is 
situated in the premises of the Brazilian Nuclear Industries Ore Treatment Unit (UTM-INB). 
In this mining area, the activities of mineral exploration, beneficiation and chemical treatment 
of uranium ore were in operation from 1982 to 1995 [1]. 
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After interruption of the mining activities, the main environmental liability faced by the 
UTM-INB decommissioning is the acid mine drainage (AMD), which is generated in the pit 
mine, in the waste rock dumps containing low uranium and in the tailings pond [2]. 
 
The AMD occurs when metal sulfides associated to the ore suffer natural oxidation in 
presence of water and oxygen, leading to the formation of sulfuric acid, which when diluted 
in water promotes the solubilization of the metals present in the rock [3],[4]. In addition, the 
action of bacteria of the genus Thiobacillus is also significant in the oxidation process of the 
sulfides, accelerating the AMD process [5]. It can be emphasized that the AMD leads to the 
formation of effluents chemically characterized by high acidity, associated to elevated 
concentrations of solubilized metals such as: aluminum, copper, zinc [6], iron, manganese 
[7], in addition to radionuclides such as uranium and thorium [8],[9] present in uranium 
extraction mines, such as in the Osamu Utsumi Mine. 
 
According to Salomons [10] the chemical elements originated from AMD can negatively 
impact the hydric resources of the region of their occurrence, located up to hundreds of 
kilometers from the mining area. Such impact can occur for a long period of time, even after 
the cessation of mining activities [11]. 
 
Elevated concentrations of chemical species can be found in the trophic chain and the human 
being, on the mining area vicinities, due to the addition of these elements in the soil and 
water bodies, which could endanger the entire population influenced by mining actions [12]. 
Given this scenario, numerous studies have been conducted in the sense of evaluating the 
effects caused on the environment by mining activities and ways to evaluate them [13]. Thus, 
the continuous monitoring of water bodies which receive effluents derived from mining is 
necessary, aiming at the their chemical quality management, such as the case of Represa 
Bortolan (RB) - a reservoir - the focus of this study, which besides being under the influence 
of the uranium mine, it also receives discharges of domestic and industrial waste. 
 
The RB is located downstream of the Ribeirão das Antas Hydrographic Sub-Basin, which 
begins at the head region of Represa das Antas (RA), extending throughout numerous water 
bodies. This Hydrographic Sub-Basin constitutes the largest and main hydrographic network 
of the Poços de Caldas Plateau, covering an area of 422.96 Km2. According to Ronqui [14] 
numerous activities have been conducted around this Sub-Basin such as: mining activities, 
production of plastics, fertilizers, dairy products, chocolates, in addition to intense use of 
agrochemicals in crops, which end up compromising the chemical quality of this water body.  
 
 

2. MATERIAL AND METHODS 

 

2.1 Water Sampling and Physical and Chemical Analyses  
 
Water samples were collected during three consecutive days, in the same point, located in the 
limnetic region of Represa Bortolan in Poços de Caldas, Minas Gerais (21º 46’ 57,4″S and 
46º 38’ 2,4″W). The samplings were performed on surface, through and bottom at 9 am, 12 
pm and 4 pm, with the aid of a 5 liter-capacity Van Dorn bottle, in order to conduct chemical 
and physical analyses, employing the daily average values. The parameters analyzed in the 
collected samples were: hydrogenic potential (pH), electrical conductivity (EC), dissolved 
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oxygen (DO), sulfate (SO4
2-), fluoride (F-), manganese (Mn), zinc (Zn), molybdenum (Mo), 

uranium (U), thorium (Th), total phosphorus (TP) and total nitrogen (TN). Then, the samples 
were conducted to the Radioecology laboratory of the Brazilian Nuclear Energy Commission 
(CNEN/LAPOC). 
 
 
 

Figure 1. Localization of Represa Bortolan (RB) and  
The Osamu Utsumi Mine (UTM-INB) 

 

 
 
 
 
 
2.2 Sampling Location 
 
Represa Bortolan, located in the Ribeirão das Antas Hydrographic Sub-Basin, occupies an 
area of 3.54 km2, with volume of 6.6 million m3 and extension of 5000 m2 This aquatic body 
is used for recreational activities, navigation (boating, schooners and sports), in addition to 
power generation (nominal potency of 900kVA/720kW and flow of 7.0m3/s), for the city of 
Poços de Caldas, Minas Gerais. 
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3. RESULTS AND DISCUSSION 
 
 
Table 1 presents the results of the physical and chemical analyses conducted in water samples 
collected at Represa Bortolan. In the current study, the pH values at RB were found within 
the usual range recorded at lakes and reservoirs (6 - 9) [15]. According to Grande et al. [16] 
the acid mine drainage process is responsible for the decrease of pH values in reservoirs 
impacted by mining activities and AMD. Such fact was not verified in the current study, 
indicating that the treated effluent discharged by UTM-INB in Represa das Antas (dam), 
located upstream of RB, was not related to the acidity on RB, since the pH values in this 
aquatic body were close to neutrality (6.64 - 6.79).  
 
Regarding the dissolved oxygen, the variable presented values below the limit on the first 
sampling days, that is, 4.72 and 4.73. According to Esteves [17] the water temperature 
influences the solubilization of oxygen in the water, that is, when there is an increase of the 
temperature, the oxygen solubilization level descreases. In the current study, this tendency 
was not observed, since the measured temperature values were practically constant 
throughout the evaluated period. In a study conducted by Ferrari [18] in the same dam, the 
DO values were found to be more elevated (6.2 - 8.4 mg.L-1), indicating that during the 
sampling period of the current study, there could have been a greater amount of organic 
material into the reservoir. 
 
Herlihy and Mills [19] and Fortin et al. [20] mention that the effluents deriving from AMD 
present elevated SO4

-2 concentrations. In the current work, this ion presented low 
concentrations in all sampling days, being below the limit allowed by current legislation, 
which establishes values up to 250 mg.L-1. This same pattern was observed for F-, Zn, Mo, U 
and Th, which presented low concentrations, even when related to the chemical composition 
of the uranium mine effluent. 
 
The metal manganese, commonly found in effluents of different mining processes [21], [22], 
[23], presented values slightly over the limit permitted by current legislation (0.1 mg.L-1). In 
a study conducted by Ronqui [14] on the Represa das Antas, situated upstream of Represa 
Bortolan, relevant manganese concentrations were detected on the water column, with 
concentrations up to 18.2 mg.L-1. This fact can be probably related to the entrance of other 
tributaries that contribute to the process of dilution of the metal concentrations until they 
reach Represa Bortolan. Another fact taken into consideration, according to López et al. [24] 
is the allochthonous materials are carried to the interior of the reservoir, which may contain 
manganese hydroxides. Also, according to Moraes and Jiménez-Rueda [25], the soil of the 
Ribeirão das Antas Hydrographic Sub-Basin region presents high manganese oxide 
concentrations, which can contribute to the presence of this material in the water column as 
well. 
 
The electrical conductivity values recorded at RB were considered low (42.05 - 43.62 
µS.cm1), when compared to the ones found by Ferrari [18] (64.5 - 99.5 µS.cm-1) in the same 
dam. Such fact indicates the presence of low dissolved ion concentrations in the water, 
reflecting the low concentrations of F-, SO4

2-, among other chemical elements. Gómez-
Alvarez et al. [26] in a study conducted at Rio San Pedro (México - USA), influenced by 
copper mining, reported an elevated average value of electrical conductivity in the water (540 
µS.cm-1) also associated to elevated values of heavy metals, evidencing the relationship 
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between high levels of electrical conductivity and the presence of heavy metals. The average 
values of electrical conductivity recorded in this study were similar to those observed by 
Vercellini and Bicudo [27] in a tropical oligotrophic reservoir of São Paulo, where the 
authors reported values ranging from 38.4 to 65.2 µS.cm-1. Araújo [28] found values ranging 
from 201 to 341 µS.cm-1 in a more eutrophic environment. 
 
Concerning the total forms of the phosphorus and nitrogen nutrients, a temporal increase 
from the first to the third day of sampling was observed, where a sharp increase was verified 
for total nitrogen. On the third sampling day a higher dissolved oxygen concentration was 
also observed, which according to Buffon et al. [29], exerts a decisive influence on the 
nutrient cycle. Lansac-Tôha et al. [30] found total phosphorus values close to those recorded 
in this study (15.5 - 31.0 µg.L-1) during the rainy season in Corumbá Reservoir, Goiás. 
 
 

Table 1. Average values of the physical and  
chemical variables evaluated at Represa Bortolan  

on the different sampling days. 
 

Variables 
Average Concentrations 

Day 1 Day 2 Day 3 
pH 6,68 6,64 6,79 

Electrical Conductivity 
(µS.cm-1) 42,05 43,23 43,62 

DO (mg.L-1) 4,72 4,73 5,21 

SO4
2- (mg.L-1) 8,89 8,81 7,23 

F- (mg.L-1) 0,62 0,63 0,65 

Mn (mg.L-1) 0,164 0,171 0,173 

Zn (mg.L-1) <0,02 

Mo (mg.L-1) <0,05 

U (mg.L-1) <0,005 

Th (mg.L-1) <0,005 

TP (µg.L-1) 18 28 29 

TN (µg.L-1) 230 308 466 
 

 
 

CONCLUSION 
 
 

The results of the current study indicated that the elevated Mn concentrations found above the 
limits established by current legislations, can be related to the treated effluent released by 
UTM-INB, since this metal is one of the chemical components of the effluent in natura. 
Concerning the remaining chemical components (Zn, SO4

2-, F- and Th), also related to the 
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acid effluent composition, the values recorded were found within the limits established by 
current legislation.  
Thus, it was verified that the treated effluent deriving from the Osamu Utsumi uranium mine, 
released into Represa das Antas, did not influence directly the chemical quality of the waters 
at Represa Bortolan, expect for the metal manganese. 
 
 

ACKNOWLEDGMENTS 
 
 
The authors would like to thank the radiochemistry and radioecology technicians at the 
Brazilian Nuclear Energy Commission (CNEN) Poços de Caldas Laboratory (LAPOC) and 
CNPq for sponsorship.  
 

 
REFERENCES 

 
 
1.  F.A. Nóbrega, H. M. Lima,  A.L. Leite, “Análise de múltiplas variáveis no fechamento de 
mina: estudo de caso da pilha de estéril BF-4, Mina Osamu Utsumi, INB Caldas, Minas 
Gerais”, Rem: Rev. Esc. Minas, Vol. 61 n. 2, pp.197-202 (2008). 
 
2. A.B. Salviano, “Avaliação de Escória de Aciaria para o Controle e Abatimento de 
Drenagem Ácida de Mineração”, Universidade Federal de Ouro Preto (Dissertação de 
Mestrado), pp.187 (2010).  
 
3. D.A. Fungaro, J.C. Izidoro, “Remediação de drenagem ácida de mina usando zeólitas 
sintetizadas a partir de cinzas leves de carvão”, Química Nova, Vol. 29 pp.735-740 (2006). 
 
4. L.F.O. Silva, M. Wollenschlager, M.L.S. Oliveira, “A preliminary studyof coal mining 
drainage and environmental health in the Santa Catarina region, Brazil”. Environm. 
Geochem. Health, Vol. 33 pp. 55-65 (2011). 
 
5. T. Sugio, S. Uemura, I. Makino, K. Iwahori, T. Tano, R.C. Blake, “Sensitivity of Iron-
Oxidizing Bacteria, Thiobacillus ferrooxidans and Leptospirillum ferrooxidans, to Bisulfite 
Ion”. Applied and Environmental Microbiology, Vol. 60 n. 2, pp. 722-725 (1994). 
 
6.  D. Lyew, J. Sheppard, “Technical Note Use of Conductivity to Monitor the Treatment of 
Acid Mine Drainage by Sulphate-Reducing Bacteria”, Water Research, Vol. 35 n. 8, pp. 
2081-2086 (2001). 
 
7.  V.P. Campaner, W. Luiz-Silva, “Processos físico-químicos em drenagem ácida de mina 
em mineração de carvão no sul do Brasil”, Química Nova, Vol. 32 n.1, pp.146-152 (2009). 
 
8.  V.P. Souza, “Drenagens ácidas do estéril piritoso da Mina de Urânio de Poços de 
Caldas: interpretação e implicações ambientais”, Universidade de São Paulo-USP 
(Dissertação de Mestrado), pp.143 (1995). 
 



INAC 2011, Belo Horizonte, MG, Brazil. 
 

9. M.R.L. Nascimento, H.T. Fukuma, W.C. Costa, A.L. Quinelato, O. Garcia Jr., H.A. 
Gomes, “Removal of radionuclides from acid mine waters by retention on adsorbing 
materials”. Journal of Radioanalytical and Nuclear Chemistry, Vol. 269 n.3, pp.755-759 
(2006). 
 
10. W. Salomons, “Environmental impact of metals derived from mining activities: 
Processes, predictions, prevention”, J. Geochem. Explor., Vol. 52, pp.5-23 (1995). 
 
11.  L.S. Borma, P.S.M. Soares, Resíduos sólidos de mineração e drenagens ácidas. In: R. B. 
E. Trindade, O. Barbosa-Filho, “Extração de ouro: princípios, tecnologia e meio ambiente”. 
Rio de Janeiro: CETEM/MCT, pp.344 (2002). 
 

12.  C.R. Gonçalves,”Remoção de manganês e recuperação de urânio presentes em águas 
ácidas de mina”. Comissão Nacional de Energia Nuclear - Centro de Desenvolvimento da 
Tecnologia Nuclear (Dissertação de Mestrado), pp.87 (2006). 
 
13. M. Monjezi, K. Shahriar, H. Dehghani, F. Samini Samin, “Environmental impact 
assessment of open pit mining in Iran”. Envir. Geol., Vol. 58 pp. 205-216 (2009). 
 
14.  L.B. Ronqui, “Caracterização Limnológica e Avaliação de Efeitos Ambientais causados 
por efluentes de mina de urânio sobre populações microbianas planctônicas da Represa das 
Antas, Caldas (MG)”, Instituto de Ciências Biomédicas ICB-IV- Universidade de São Paulo-
USP (Dissertação de Mestrado), pp.136 (2008). 
 
15. R.G. Wetzel, “Limnologia”, Lisboa: Fundação Calouste Gulbenkian, pp.919 (1993). 
 
16. J.A. Grande, A. Jiménez, S. Romero, M.L. de la Torre, T. Gómez-Oliveira, 
“Quantification of heavy metals from AMD discharged into a public water supply dam in the 
Iberian Pyrite Belt (SW Spain) using centered moving average”. Water air soil pollut., Vol. 
212 pp.299-307 (2010). 
 
17. F.A. Esteves, “Fundamentos de Limnologia”, 2ed. Rio de Janeiro: Interciência Ltda, 
(1998). 
 
18. C.R. Ferrari, “Mineração e Recursos Hídricos: Caracterização limnológica e composição 
de espécies da Comunidade Zooplanctônica, em área que sofre influência de mineração de 
urânio”, Universidade de São Paulo-USP (Dissertação de Mestrado), pp.130 (2010). 
 
19. A.T. Herlihy, A.L. Mills. “Sulfate reduction in freshwater sediments receiving acid mine 
drainage”, Appl. Environ. Microbial”, Vol. 49 pp. 716-186 (1985). 
 
20.  D. Fortin, B. Davis, T.J. Beveridge, “Role of Thiobacillus and sulfate-reducing bacteria 
in iron biocycling in oxic and acidic mine tailings”, Microbiol. Ecol., Vol. 21 pp.11-24 
(1996). 
 
21.  P. Wu, C. Tang, C. Liu, L. Zhu, T. Pei, L. Feng, “Geochemical Distribution and removal 
of As, Fe, Mn and Al in a surface water system affected by acid mine drainage at coalfield in 
Southwestern China”. Environm. Geol., Vol. 57 pp.1457-1467 (2009). 
 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

22.  J.S. Benedetto, S.K. Almeida, H.A. Gomes, R.F. Vazoller, A.C.Q. Ladeira, “Monitoring 
of sulfate-redulcing bactéria in acid water from uranium mines”, Mineral Engineering, Vol. 
18 pp.1341-1343 (2005). 
 
23.  M.L. de la Torre, J.A. Grande, J. Graiño, T. Gómez, J.C. Cerón, “Characterization of 
AMD Pollution in the River Tinto (SW Spain). Geochemical Comparison Between 
Generating Source and Receiving Environment”, Water Air Soil Pollut, Vol.216 pp.3-19 
(2011). 
 
24. D.L. López, E. Gierlowski-Kordesch, C. Hollenkamp, “Geochemical mobility and 
bioavailability of heavy metals in a lake affected by acid mine drainage: Lake Hope, Vinton 
County, Ohio”, Water Air Soil Pollut, Vol.213 pp.27-45 (2010). 
 
25.  F.T. Moraes, J.R. Jimenez-Rueda, “Importância de estudos fisiográficos no planejamento 
municipal: exemplo do Jardim Botânico de Poços de Caldas, MG”, Geociências, Vol. 24 n.3, 
pp. 255-266 (2005). 
 
26.  A. Gómez-Álvarez, D. Meza-Figueroa, A.I. Villalba-Atondo, J.L. Valenzuela-García, J. 
Ramírez-Hernández, J. Almendariz-Tapia, “Estimation of potential pollution from mine 
tailings in the San Pedro River (1993-2005), Mexico-U.S. border”, Environmental Geology, 
Vol. 57 pp. 1469-1479 (2009). 
 
27. I.S. Vercellino, D.C. Bicudo, “Sucessão da comunidade de algas perifíticas em 
reservatório oligotrófico tropical (São Paulo, Brasil): comparação entre período seco e 
chuvoso”. Revista Brasileira de Botânica, Vol. 29 pp.363-377 (2006). 
 
28. M.A.R. Araújo, “Produção, consumo de carbono orgânico na comunidade planctônica 
da Represa da Pampulha - Belo Horizonte, MG”. Universidade Federal de Minas Gerais, 
Belo Horizonte (Dissertação de Mestrado), pp.86 (1995). 
 
29.  A.G.M. Buffon, S.M. Tauk-Tornisielo, A.C.S. Pião, Relação de nitrogênio e fósforo na 
microbacia do córrego da Barrinha, Pirassununga, SP. Boletim Técnico do CEPTA, 
Pirassununga, Vol.15 pp. 39-47 (2002). 
 
30. F.A. Lansac-Tôha, L.M. Bini, L.F.M. Velho, C.C. Bonecker, E.M. Takahashi, L.C.G. 
Vieira, “Temporal coherence of zooplankton abundance in a tropical reservoir”. 
Hydrobiologia, Vol. 614 n.1, pp.387-399 (2008). 
 


	ABSTRACT
	1. INTRODUCTION
	2.1 Water Sampling and Physical and Chemical Analyses

	3. RESULTS AND DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES
	23.  M.L. de la Torre, J.A. Grande, J. Graiño, T. Gómez, J.C. Cerón, “Characterization of AMD Pollution in the River Tinto (SW

