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ABSTRACT 
 
Treated effluents from uranium mine with acid mine drainage can impact receiving water bodies. AMD is 
relevant from the environmental view due to the large volume of effluents generated, known to affect aquatic 
biota. Studies show that one of the main problems of treated effluents released by UTM/INB on the catchment 
basin of Ribeirão das Antas is associated to high Mn values in water samples. In this context, acute 48-h toxicity 
tests with Mn were conducted with Ceriodaphnia silvestrii and Daphnia magna to determine the No Observed 
Effect Concentration (NOEC) and the Observed Effect Concentration (OEC) in laboratory bioassays and to 
verify the potential toxicity of the Mn in face of concentrations found in water samples from the Antas Dam, 
which receives treated effluents from UTM/INB. In this study, preliminary results of acute toxicity for C. 
silvestrii indicated OEC values between 9.0 and 10.0 mg Mn/L and NOEC < 3.0 mg Mn/L. For D. magna, OEC 
and NOEC concentrations were ≥ 30 mg Mn/L and ≤ 80 mg Mn/L, respectively. It was verified that Mn 
concentrations determined in environmental samples registered the highest value at 1.75 mg Mn/L, below the 
OEC concentrations recorded for both species. Since manganese occurs in the composition of the effluent that 
may contain other stable and radioactive elements, complementary ecotoxicological tests must be conducted, 
aiming at the assessment of synergistic and antagonistic effects of the chemical mixture that makes up the 
radioactive effluents that are treated and released at the Antas Dam. Such bioassays are underway in the 
Radioecology Laboratory at LAPOC/CNEN. 
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1. INTRODUCTION 
 
Heavy metal release into the environmental has occurred continuously through acid mine 
drainage (AMD) a severe pollution problem associated with mining activity [1]. AMD is 
relevant from the environmental point of view, mainly due to the large volume of effluents 
generated, which are known to adversely affect aquatic biota. Thus, the formation of this acid 
mixture, consisting of a large spectrum of chemical pollutants (Fe, Cd, Cu, Pb, Zn, U, Mn 
and others), creates a harsh environment that is harmful to aquatic organisms living around 
the mining area [2, 3].  
 
Numerous studies have shown that one of the main problems of treated effluents released by 
the Ore Treatment Unit of Indústrias Nucleares do Brasil (UTM/INB) on the catchment basin 
of Ribeirão das Antas, is associated to high manganese values recorded in water samples [4, 
5, 6]. Manganese is a toxic element, frequently overlooked when assessing toxicity of 
effluents with AMD, in which this metal can be found at toxic levels.  
 
In this context, acute 48-h toxicity tests with Mn were conducted with Ceriodaphnia silvestrii 
and Daphnia magna to determine the acute lethal concentration CL50, the No Observed Effect 
Concentration (NOEC) and the Observed Effect Concentration (OEC) in laboratory bioassays 
and to verify the potential toxicity of the Mn in face of the concentrations found in water 
samples from the Antas Dam, which receives treated effluents from UTM/INB.  
 

2. MATERIALS AND METHODS 

2.1. Feeding and cultivation  
 
Cells of Raphidocelis subcapitata were obtained from cultures maintained at the Botany 
Department at UFSCar. Specimens of Ceriodaphnia silvestrii, to be used to initiate the 
culture, were donated by the Department of Ecology and Evolutionary Biology (DEBE), at 
the Federal University of São Carlos. In order to develop cultures of Daphnia magna, 
specimens were provided by the Laboratory of Ecotoxicology, at the Agricultural Nuclear 
Energy Center (CENA). 
 
The cladocerans Ceriodaphnia silvestrii and Daphnia magna and were fed with suspensions 
of the alga Raphidocelis subcapitata, cultivated according to Müller [7].  For specimens of 
C. silvestrii, an algal suspension concentration ranging from 1 to 5 x 105 cells mL-1 per 
organism was provided, while for D. magna specimens, the concentration provided at each 
renewal was of 1 x 106 cells mL-1 per adult organism [8, 9]. In addition, the fish food 
supplement Tetramin®  with processed water in concentration of  5 . 10-3g/mL was prepared 
in 40mL aliquots and added to a suspension of dry yeast Fleishmann® (0.2 g in 40 mL of 
distilled water) and stored at 4 °C [8, 9]. For optimal maintenance of Ceriodaphnia silvestrii 
cultures, in addition to the solutions recommended by ABNT [9], two vitamins were added: 
Blackwater Aquatan® and Fishtamin® (both from the brand Sera). 
 
In the Laboratory of Radioecology at LAPOC/CNEN, stock cultures of the cladoceran C. 
silvestrii [9] and D. magna were kept under controlled conditions [8, 10]. Stock cultures of 
green algae Raphidocelis subcapitata were kept in CHU-12 culture media [7]. 
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2.2. Zooplankton toxicity 
 
Preliminary tests of Mn acute toxicity were conducted with Ceriodaphnia silvestrii and 
Daphnia magna to determine the range of concentrations to be tested in the definitive 
toxicity test of 48h. Then, definitive tests, which allow the calculation of the 48 EC50 and 
determination of concentrations corresponding to 0 and 100% immobilization [11], were 
conducted.  
 
Manganese solutions, to be used for tests, were prepared from a stock solution of MnCl2.4 
H2O with a targeted nominal concentration of 1000 mg Mn/L. The dilution water employed 
on the preparation of the test solutions was the same employed in the maintenance of test- 
organisms (reconstituted water). This solution was then diluted to produce seven Mn 
concentrations (3.0, 5.0, 6.0, 7.0 4.0, 8.0 and 9.0 mg/L) for Ceriodaphnia silvestrii and seven 
Mn concentrations (30, 40, 50, 60, 70 and 80 mg/L) for D. magna. 
 
The highest and lowest tested Manganese concentrations were analytically measured at the 
beginning of the test and after 48 hours, to confirm the nominal concentrations tested [11]. 
The D. magna tests with divalent metals, following the example of MnCl2, should not be 
performed with M4 medium as dilution water. Thus, an alternative medium was used [11] 
(Table 1). 
 
Table 1. Dilution water for samples containing bivalent metal ions 

Method of preparation Water for the test

1 Calcium chloride CaCl2.2H2O 11,76g Dissolve in 1L of pure water Mix 25 ml to 1L of water for testing

2 Magnesium sulfate MgSO4.7H2O 4,93g Dissolve in 1L of pure water Mix 25 ml to 1L of water for testing

3 Sodium bicarbonate NaHCO3 2,59g Dissolve in 1L of pure water Mix 25 ml to 1L of water for testing

4 Potassium chloride KCl 0,23g Dissolve in 1L of pure water Mix 25 ml to 1L of water for testing

Solution Quantity

 
 
Also, acute and chronic toxicity tests with the species Ceriodaphnia silvestrii and Daphnia 
magna, were carried out with environmental samples at points located in the Antas Dam (P1 
at the dam upstream; P2, P3 P4 and P5) in the months of August/14 and November/14.   
 
Neonates of Ceriodaphnia silvestrii and Daphnia magna with age under 24 hours were 
exposed to different manganese concentrations and to control treatment (reconstituted water 
without metal addition). On the tests 5 individuals in 4 replicates were used, disposed in 
Brand® polypropylene beakers of 10 mL for C. silvestrii and of 50 mL for para D. magna, 
containing the metal of interest in desired concentration. The tests were carried out in an 
incubator with photoperiod (16:8h light:dark) and controlled temperature (25 ± 2°C for C. 
silvestrii; 20 ± 2°C for D. magna) without test-organism feeding throughout the 48h test.  
Then, counting of mobile and immobile organisms. Some parameters such as pH, electrical 
conductivity and dissolved oxygen were measured at the beginning and conclusion of the 
test. From the results of the tests the 48h EC50 median effective concentration was 
determined, which is the actual metal concentration that causes acute effect to 50% of 
organisms, under the test conditions, in a 48-hour exposure [8, 9]. 
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3. RESULTS AND DISCUSSION  
 
Some chemical elements that circulate in the environment among organisms are considered 
essential. However, when found in elevated concentrations, they end up being toxic to the 
local flora [12]. In the current study, some stable and radioactive metals, including Mn, are 
found in high concentrations at the UTM/INB in natura effluents, and occasionally, in water 
samples from the Antas Dam which receives the treated effluents from this former uranium 
mining facility. 
In the current study, the zooplanktonic species Ceriodaphnia silvestrii and Daphnia magna 
presented differences in NOEC and OEC concentrations for the 48h acute toxicity tests 
conducted with Mn. The toxicity tests with manganese for C. silvestrii presented observed 
effect concentration (OEC) values between 9.0 and 10.0 mg Mn/L and NOEC values < 3.0 
mg/L Mn. On the other hand, for D. magna, OEC values and NOEC concentrations were ≤ 
80mg Mn/L and ≥ 30mg Mn/L, respectively. This fact could be related to the medium 
hardness, which for C. silvestrii ranges from 40 to 46 mg/L CaCO3 (soft water) and for D. 
magna ranges from 175 to 200 mg/L CaCO3 (hard water). The results of this study are in 
agreement to those observed by Lasier, Winger and Bogenrieder [13], which concluded that 
the tolerance of the Cladoceran Ceriodaphnia dubia for manganese was related to water 
hardness, once significant differences were not observed between moderately hard (92 mg/L) 
and hard waters (184 mg/L), although the value was significantly lower in soft waters (26 
mg/L, since acute LC50 average values for C. dubia were 14.5, 15.2 and 6.2 mg Mn/L, 
respectively. 
 
Moreover, laboratory studies have shown that hardness is an important variable that may 
influence the toxicity of metals with respect to zooplanktonic species. Studies relating the 
effects of this variable on metal toxicity have indicated that an increase in hardness interferes 
directly, decreasing the metal’s toxic effect on zooplanktonic species [2, 14, 15, 16]. In the 
current study, laboratory results of acute tests also indicated that the difference in Mn toxicity 
for C. silvestrii and D. magna species may be related to medium hardness values. For D. 
magna, the Mn toxicity value was about 10 times lower (OEC ≥ 80 mg Mn/L and NOEC ≤ 
30 mg Mn/L), when compared to registered toxicity for C. silvestrii (OEC between 9.0 and 
10.0 mg Mn/L and NOEC ≤ 3.0 mg Mn/L).  
 
A study conducted in the same water body (Antas Dam), with the support of the International 
Atomic Energy Agency (IAEA), related to ecotoxicological characterization and water 
quality indicated the absence of toxicity of water samples for Daphnia similis and 
Ceriodaphnia dubia species [17]. These results did not agree to those observed in the current 
study, since according to statistical analyses of environmental samples of Antas Dam (treated 
effluent) toxicity was observed in water samples from point P41-E (Nov/14), for 
Ceriodaphnia silvestrii and Daphnia magna species. On the other hand, toxicity in the 
sampling points (CAB, Açude e P14) for C. silvestrii and D. magna species was not observed 
in the current study. 
 
Also, in a study conducted with samples from UTM/INB points (in natura effluent) and in 
points that receive the treated effluent (Settling Pond, Antas Creek and Verde River), acute 
and chronic toxicity tests were conducted with Ceriodaphnia dubia, Daphnia similis and 
Vibrio fischerie and it was concluded that samples of the in natura effluent and the treated 
effluent exhibited acute toxicity to C. dubia. On the other hand, for D. similis, only in natura 
effluents from UTM/INB were toxic to this species. These authors also observed that neither 
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the pH adjustment to a biologically acceptable range or the physical-chemical treatment 
applied to these effluents were capable of removing the toxic effect observed for C. dubia 
[18]. 
 
Therefore, since manganese occurs in the composition of the effluent that may contain other 
stable and radioactive elements, it is crucial to conduct complementary ecotoxicological tests, 
aiming at the assessment of possible synergistic and antagonistic effects of the chemical 
mixture that makes up the radioactive effluents that are treated and released at the Antas 
Dam. Such bioassays are underway in the Radioecology Laboratory of LAPOC/CNEN. 
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