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ABSTRACT 
 

The present study assessed the composition of the phytoplankton community and the physicochemical variables 
in an area located within the Ore Treatment Unit – Brazilian Nuclear Industries, in Caldas and also in ‘Antas’ 
dam, which is under the influence of the treatment unit. Water samples were taken from three sites; one located 
within the treatment unit (site CM), which receives non-treated effluents generated during the mining process; 
and the other sites are located in ‘Antas’ dam (sites Cab and 41). We determined the values of dissolved oxygen, 
pH, chlorophyll a, hardness, thorium, uranium, sulfate and total organic nitrogen in water samples, and 
identified the phytoplankton community in October 2008 and January 2009. Water samples from the site CM 
exhibited lower pH medium values (3.9) than from the site 41 (6.9). The highest medium value of chlorophyll a 
was detected in water samples at site CM (5 µg L-1), whereas the lowest value was recorded at site 41 (0.47 µg 
L-1). Higher medium values of sulfate were detected in water samples from site CM (1743 mg L-1) compared to 
site Cab (110.11 mg L-1). We identified six classes in the phytoplankton community at site CM and eight classes 
at sites Cab and 41. Total average density of phytoplankton were 444 ind mL-1, 316 ind mL-1 and 303 ind mL-1 

at points Cab, 41 and CM, respectively. The results obtained show that the environmental conditions at site CM 
are not favorable to the maintenance of a high density in the phytoplankton community. 
 
 

1. INTRODUCTION 
 

Mining can be considered a significant source of environmental contamination due to mining 
activities, processing, transport of ores, and generation of effluents containing high levels of 
toxic elements. According to Abdelouas [1], extraction and processing of uranium has 
occurred in several countries and in most cases, associated with the contamination of surface 
water and groundwater. With respect to mining, one environmental problem is the mine acid 
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drainage that may compromise the quality of water resources in the region of its occurrence 
[2]. Acid drainage is characterized by effluents presenting high acidity and high 
concentrations of solubilized metals such as aluminum, copper, iron, manganese, zinc, 
uranium, and others [3]. Metals are transported through the drainage of water and when they 
reach the water bodies and groundwater, they eventually compromise their, preventing their 
use and altering aquatic flora and fauna. 

 

Among the groups of organisms that make up aquatic ecosystems, the phytoplankton stands 
out. These organisms are the basis of the food chain to higher trophic levels and it is believed 
that this group is responsible for producing around 98% of the oxygen of the earth's 
atmosphere [4]. The development of the phytoplankton community reflects the physical and 
chemical characteristics of aquatic systems and thus these bodies end up responding to 
changes in environmental variables. In this sense, the knowledge of the dynamics of 
phytoplankton community in aquatic ecosystems is important, since temporal and spatial 
fluctuations in its composition and biomass may be efficient indicators of natural and 
anthropogenic changes of environment [5]. 
 

The Osamu Utsumi uranium mine is located in the Poços de Caldas Plateu (state of Minas 
Gerais, Brazil). It is the first mine to extract uranium ore from Brazil, within the area of the 
Ore Processing Unit – Brazilian Nuclear Industries (UTM/INB). The uranium deposits occur 
associated with iron sulfide (FeS2) and the presence of chemolitotrophic bacteria 
(Acidithiobacillus spp), pyrite oxidizers [6], which provide conditions for the occurrence of 
acid mine drainage [7]. The Antas dam, located in the Plateau hydrographic network, in 
addition to supply of water for industrial processes, also receives treated effluent from the 
UTM/INB, from acidic drainage generated in the piles of mine tailings (waste rock) from low 
content uranium ore [8]. 
 

This study evaluated the composition and density of the phytoplankton community and 
physico-chemical variables in an area located within the facilities of the Ore Treatment Unit 
and also the Antas dam suffers influence from this nuclear installation. Results will provide 
data aimed at contributing to the knowledge of this ecosystem since there is a lack of 
information about the qualitative and quantitative characterization of the main components of 
the phytoplankton community in environments that suffer impact due to the uranium mining 

 

2. MATERIALS AND METHODS 

 

In the present study water samples were collected in October 2008 and January 2009 in three 
points of collection. A point is located within the premises of UTM, called CM point (21 ° 56 
'46.0''S and 46 º 30' 06, 7''WO), which receives untreated effluents generated by the process 
of acid mine drainage. The other two points are located in the Antas dam: points Cab and 41. 
Point Cab shows depth of about 1.50 m, is located at the head of the dam (21 º 58 '22.2 "S, 46 
° 30' 43.7" WO) and do not have direct influence of the treated effluents from the uranium 
mine. Point 41 (21 º 58 '03.2 "S, 46 ° 30' 46.9" WO) has approximately 1.0 m deep and is 
located in the central region of the reservoir, receiving treated effluents from UTM/INB. 
Water samples were collected with Van Dorn bottles of 5 L capacity and brought to the 
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Radioecology Poços de Caldas Laboratory – Brazilian Nuclear Energy Commission (LAPOC 
/CNEN) for physical, chemical and biological analyses. 
 

2.1. Physical and chemical analysis 

 

In the field, determinations of temperature and dissolved oxygen were measured with the 
water temperature sensor (WTW - 320) and with selective electrode for oxygen using 
oxymeter (WTM, model 315i oxy), respectively. In the laboratory, determination of pH 
values in water was performed using a pH selective electrode (Analion). Measures of 
conductivity values were obtained with a conductivity meter (Digimed). Determination of 
hardness values (calcium and magnesium) was performed by atomic absorption spectrometry 
by inductively coupled plasma (Varian - Liberty model RL Sequential ICP-OES). The 
analyses of sulfate were performed by UV-Visible spectrophotometry according to the 
method described in ASTM [9]. Analysis of uranium and thorium (spectrophotometry with 
arzenazo II) were performed according Fukuma et al [10]. Determination of total nitrogen 
and total phosphorus were performed according to the methodology described in Mackereth 
et al. [11] and Valderrama [12], respectively. The values for physical and chemical variables 
of water samples from points 41 and Cab (Antas dam) were compared with the limits 
established by CONAMA Resolution 357 [13]. This resolution provides the classification of 
water bodies in Brazil, giving reference limits, and establishing conditions and patterns for 
effluent discharge. 
 

2.2. Biological Analyses 

 

Chlorophyll-a concentrations were determined in samples of water in accordance with 
methodology described in Lorenzen et al [14]. For counting and identifying phytoplankton 
community, samples were collected using plankton net of 10 µm pore opening and fixed with 
1% acetic lugol. For identification of phytoplanktonic organisms specialized literature [15], 
[16], [17] and [18] was employed. For counting individuals the method of Utermöhl [19] was 
used, with an inverted microscope (Zeiss, model Axiovert). 
 

3. RESULTS 
 

Average values of physical and chemical variables, determined in samples of water from the 
collection of points evaluated in this study are shown on Table 01. Average values of water 
temperature in samples of points CM, Cab, and 41 remained around 24 ˚C. For values of 
dissolved oxygen, the average values in points CM (6.95 mg L-1), Cab (7.15 mg L-1), and 41 
(7.05 mg L-1) were close. High values of conductivity (2415 µS cm-1), hardness (1309.40 mg 
L-1), sulfate (1742 mg L-1), uranium (3.71 mg L-1), and thorium (0.10 mg L-1) were recorded 
in water samples from the CM point compared to average values in points Cab (269.65 µS 
cm-1 for conductivity, 115.75mg L-1 of hardness, 110.11 mg L-1 sulfate, <0.05 mg L-1 of 
uranium and thorium), and 41 (422.25 µS cm-1 for conductivity, 163.20 mg L-1 of hardness, 
165 mg L-1 sulfate, <0.05 mg L-1 of uranium and thorium ). Average total phosphorus 
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concentration of 7.98 µg L-1 and the average value of total organic nitrogen of 735 µg L-1 

were detected in CM point samples. These concentrations were close to those found in 
samples collected at points Cab (7.70 µg L-1 total phosphorus and 875 µg L-1 total organic 
nitrogen), and 41 (6.70 µg L-1total phosphorus and 770 µg L-1 total organic nitrogen). 
Average pH values, sulfate and total phosphorus in water samples from the Cab and 41 points 
were within the limits established by Resolution 357 [13]. High values of conductivity, 
hardness, and sulfate were recorded in point 41 as compared to those recorded in point Cab. 
Average values of chlorophyll-a of 5 µg L-1, 0.63 µg L-1, and 0.47 µg L-1 were recorded in 
water samples from points CM, Cab, and 41, respectively. 
 

Table 1. Average values and standard deviation of physical, chemical and biological 
variables analyzed in water samples from the UTM/INB, Caldas, MG 

 

Variables Point CM  Point Cab  Point 41  
pH 3.9 ± 0.28 6.65 ± 0.07 6.95 ± 0.35 

Temperature (˚C) 24 ± 1.34 23.4 ± 2.05 23.6 ± 2.33 
Dissolved oxygen (mg L-1) 6.95 ± 0.21 7.15 ± 0.07 7.10 ± 0.14 

Oxi-reduction potential (mV) 475.75 ± 57 285.8 ± 2 224.75 ± 58 
Conductivity (µS cm-1) 2415 ± 261 269.65 ± 321 422.25 ± 484 

Hardness (mg L-1) 1309.40 ± 126 115.75 ± 107.55 163.20 ± 210 
Sulfate (mg L-1) 1743 ± 127 110.11 ± 152.45 165.67 ± 197 

Uranium (mg L-1) 3.71 ± 0.76 <0.05 <0.05 
Thorium (mg L-1) 0.10 ± 0.01 <0.05 <0.05 

Total organic nitrogen (µg L-1) 725 ± 49 875 ± 149 770 ± 99 
Total phosphorus (µg L-1) 7.98 ± 3.36 7.70 ± 9.48 6.70 ± 6.36 

Chlorophyll a (µg L-1) 5 ± 7.03 0.63 ± 0.46 0.47 ± 0.16 
 

During the study, six classes were identified belonging to the phytoplankton community in 
point CM (Bacillariophyceae, Chlorophyceae, Cryptophyceae, Cyanophyceae, 
Euglenophyceae, Zygnematophyceae) and eight Classes in points 41 and Cab 
(Bacillariophyceae, Chlorophyceae, Chrysophyceae, Cyanophyceae, Cryptophyceae, 
Dinophyceae, Euglenophyceae, and Zygnematophyceae), as shown in Figure 1. In point CM, 
there was a predominance of Classes Bacillariophyceae and Cyanophyceae, as in point 41, 
the highest average density was found for Class Cyanophyceae. In point Cab, there was a 
predominance of Classes Dinophyceae and Cyanophyceae, while on point 41, the highest 
verified average density was due to Class Cyanophyceae. Comparing the values of average 
density of Classes found in the sampled points, high value of individuals belonging to the 
class Bacillariophyceae was found in point CM (126 ind mL-1) compared to those recorded in 
points Cab (49 ind mL-1 for Class Bacillariophyceae ), and 41 (28 ind mL-1 for Class 
Bacillariophyceae). Higher average values of average density for the class Chlorophyceae (34 
ind mL-1), Chrysophyceae (5 ind mL-1), Cryptophyceae (36 ind mL-1), Dinophyceae (94 ind 
mL-1), Euglenophyceae (66 ind mL-1), and Zygnematophyceae (68 ind mL-1) were observed 
in point Cab compared to values detected in the points CM (12 ind mL-1, 5 ind mL-1, 33 ind 
mL-1, 2 ind mL-1 for the classes Chlorophyceae, Cryptophyceae, Euglenophyceae, and 
Zygnematophyceae, respectively) and 41 (17 ind mL-1, 1 ind mL-1, 33 ind mL-1, 39 ind mL-1, 
34 ind mL-1, 18 ind mL-1 for the classes Chlorophyceae, Chrysophyceae, Cryptophyceae, 
Dinophyceae, Euglenophyceae, and Zygnematophyceae, respectively). Average density 
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values verified for Class Chlorophyceae in water samples from points CM and 41 were 
similar. Such result was also verified for Class Euglenophyceae (Figure 1). Total average 
density for months of October/08 and January/09 were: Cab (444 ind mL-1), point 41 (316.2 
ind mL-1), and point CM (303.5 ind mL-1). 
 

 
 

Figure 1. Average value of phytoplankton densities 
 

Phytoplankton communities in point CM were represented by 15 taxa in total, and distributed 
among the Classes Cyanophyceae (4), Chlorophyceae (2), Zygnematophyceae (2), 
Euglenophyceae (3), Bacillariophyceae (3), and Cryptophyceae (1). Nineteen taxa were 
found in point Cab and belonged to the following Classes: Cyanophyceae (3), Chlorophyceae 
(2), Euglenophyceae (2), Zygnematophyceae (6), Bacillariophyceae (3), Chrysophyceae (1), 
Dinophyceae (1), and Cryptophyceae (1). The 28 taxa identified in point 41 were distributed 
in Classes Cyanophyceae (6), Chlorophyceae (9), Euglenophyceae (2), Bacillariophyceae (3), 
Zygnematophyceae (5), Chrysophyceae (1), Dinophyceae (1), and Cryptophyceae (1) (Table 
2). 
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Table 2. Phytoplanktonic taxa found in water from sampling points in this study 

 

 

4. DISCUSSION 
 

Results obtained in this study showed that the Class Cyanophyceae was one that showed high 
average values of individuals density evaluated in points of collection and the taxa identified 
were: Geitlerinema unigranulatum, Choroococcus sp, Microcystis, Limnothrix sp, and 
Pseudanabaena sp. Marques [20] also recorded the presence of genera belonging to the Class 
Cyanophyceae in samples from point 41 (Aphanothece sp, Geitlerinema acutissimum, and 

Class Taxon Point CM Point Cab Point 41 
Chroococcus sp   X 

Chroococcus minimus X   
Geitlerinema unigranulatum  X X 

Limnothrix sp X X X 
Células livres de Microcystis X X X 

Microcystis X  X 

 
 
 

Cyanophyceae 

Pseudanabaena spp.   X 
Crucigenia tetrapedia   X 

Golenkinia radiata  X X 
Chlamydomonas sp.   X 
Cylindrocystis sp. X   
Desmodesmus sp  X  

Dictyosphaerium pulchellum X   
Monoraphidium irregulare   X 

 
 

Chlorophyceae 
 

Scenedesmus opoliensis   X 
Trachelomonas volvocina X X X Euglenophyceae 

 Trachelomonas sp. X X X 
Euglena sp. X   
Eunotia sp. X X X 

Fragilaria spp.  X X 
Navicula spp. X X X 

 
 

Bacillariophyceae 
 

Pinnularia sp X   
Closterium sp. X X X 
Cosmarium sp.  X  
Mougeotia sp. X X X 

Spondylosium sp.  X  
Staurastrum sp.   X 

Staurodesmus sp.  X X 
Sphaerozosma sp.   X 

 
 

Zygnematophyceae 
 

Staurodesmus sp.  X  
Dynobryon sertularia   X Chrysophyceae 

Mallomonas sp.  X  
Dinophyceae Peridinium sp.  X X 

Cryptophyceae Cryptomonas sp. X X X 
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Aphanocapsa cf. Holsatica) and point CM (Aphanothece sp). Cyanophyta organisms are 
known for their metabolic plasticity and ability to develop in ecosystems with different 
characteristics [21] which could justify your occurrence in point CM (acid environment and 
with high concentrations of stable and radioactive chemical species) and in points Cab and 41 
(environment with neutral pH and low metal values). 
 

In this study, only in point CM individuals belonging to the Classes Cryptophyceae and 
Dinophyceae were not identified. Probably organisms belonging to these classes are sensitive 
to such extreme environmental conditions. In acid lakes formed in coal mining areas, 
Wollmann et al. [22] also noted the absence of phytoplanktonic organisms belonging to the 
Classes Dinophyceae and Cryptophyceae in lake with chemical characteristics (2000 µS cm-1 
conductivity, 1800 mg L-1 sulfate, and 7 µg L-1 total phosphorus) similar to those evaluated in 
point CM. 
 

Positive correlations (r = 1) were found between the average density of Class 
Bacillariophyceae and values of pH, sulfate, hardness, and conductivity of the samples 
obtained in point CM, and may indicate that the chemical and physical variables have not 
been limiting the development of individuals. High average density of individuals belonging 
to the Class Bacillariophyceae in water samples from the point CM was observed and the 
taxa belonging to this Class were: Eunotia sp and Navicula spp. A similar result was obtained 
by Gerhardt et al. [23] on identifying Eunotia in samples from old mines with acid drainage 
located in Portugal. DeNicola [24] mentioned that among the taxa of diatomacea in acidic 
environments (pH equal to 3) are Cyclotella, Eunotia, Navicula, Nitzschia, and Pinnularia, 
agreeing with the results of this study. Kalin et al. [25] studied the phytoplankton community 
in a lake located in an uranium mine in Canada for six years, and identified as dominant 
genera Dictyosphaerium (Chlorophyceae), Cryptomonas (Cryptophyceae), Oscillatoria 
(Cyanophyceae), and Nitzschia (Bacillariophyceae). According to these authors, the algae 
Dictyosphaerium, considered tolerant to adverse conditions, was substituted by other less 
resistant algae when water quality was improved. The species Dictyosphaerium pulchellum 
was identified on point CM, corroborating to the report done by Kalin et al. [25]. 
 

Hornstrom [26] found values ranging from 32 to 70 for the number of taxa belonging to the 
phytoplankton community in acid lakes (Switzerland). In this study, the number of taxa of 
phytoplankton between 15 and 28, recorded in points CM and 41, respectively, were lower 
than the values observed by Hornstrom [26]. In a limnological study on Antas dam, Ronqui 
[27] found low densities of cilliated protozoa and Peridinium sp in samples from point 41 and 
the author also associated this result to the possible environmental effects of the treated 
effluent discharge from the uranium mine into the environment. 
 

5. CONCLUSION 
 

In samples from the point Cab high values of density were verified for most phytoplanktonic 
classes identified, and the lowest values of hardness, sulfate, and conductivity. Moreover, in 
point CM, the environmental conditions found (low pH, high concentrations of sulfate, 
uranium and thorium) were not in favor of maintaining the high density of individuals of the 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

phytoplankton community. Discharge of the treated mining effluent in point 41 could be 
contributing to the lowest values of density of phytoplanktonic organisms in that location 
compared to the results obtained in point Cab. 
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