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ABSTRACT

In the months of Oct/2008 and Jan/2009 samples were collected for analysis of the protozooplanktonic
community and physical and chemical variables in samples of water of the PM point and P41 point in the Antas
Reservoir. The least values were verified of pH (Oct/08 = 4.10 and Jan/09 = 3.70) in samples of water of the PM
point, when likened to the values detected in the P41 (Oct/08 = 7.20 and Jan/09 = 6.70). Elevated values of
sulphate were detected in derived samples of water of the PM point (Oct/08 = 1832.0 mg.l-1 and Jan/09 = 1653.0
mg.l-1) when compared to those detected in the P41 point (Oct/08 = 386.7 mg.l-1 and Jan/09 = 7.42 mg.l-1). The
composition of the protozooplanktonic community in samples of water of the PM point for the October
presented less diversity of sorts when compared to the result obtained in sample of the P41 point, when three
types registered only. The least average values of total density of the protozooplanktonic community took place
in the PM point, where the highest values of concentration were verified for chemical parameters (hardness,
sulphate, uranium and thorium), as well as, values of pH acid. Being so, the low values of cellular density and
Diversity Index registered in the PM point, probably they were made a list to possible toxic effects of the
chemical elements and radionuclides (uranium and thorium) presents in the in nature effluents of this uranium
mine on the protozooplanktonic community verified.

1. INTRODUCTION

Before being treated for release into the environment, the acidic effluent from UTM, the
Mineral Treatment Unit in Caldas - MG, is primarily characterized by having high
concentrations of stable and radioactive chemical species in its composition and low pH
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values [1, 2]; characterizing it in this way as a possible extreme environment for the
development of freshwater plankton. Among the different groups that make up plankton, the
protozooplankon community has been used as an indicator of metal contamination by [1, 2, 3,
4, 5, 6, 7, 8 and 9]. However, there is a lack of studies to assess their occurrence in effluents
having both acid mine drainage and radionuclides in solution.

To date few studies have been conducted addressing diagnosis of the possible impact
of UTM radioecology on biota in the surrounding bodies of water [10, 11, 12, 13, 14]. In this
context, this study was conducted to assess possible environmental impact caused by acid
drainage from mines and processed liquid effluents from UTM on the protozooplankton
community where the acid drainage from the mine is stored (Pit Mine - PM) and after
treatment and release in Antas Reservoir (RA), i.e., point P41. It seeks to contribute
information about aquatic environments influenced by mining activities and estimate the
composition and density of organisms of the protozooplankton community present in
environments that have experienced impact from uranium ore mining and milling in
subtropical regions.

2. MATERIALS AND METHODS

2.1 Experimental Design

Water samples from point P41 (RA) and the Pit Mine (PM) were collected during October,
2008, and January, 2009, for the analysis of physical and chemical variables of
protozooplankton community (density and identification).

2.2 Physical and Chemical Measurements

The following chemical and physical measurements were performed: pH and temperature
(selective electrode pH combined with temperature sensor: WTW - 320), dissolved oxygen
was analyzed using a WTW oximeter and electrical conductivity was measured with a
Digimed conductivity meter. Hardness tests were performed by atomic absorption
spectrometry (Varian - model Liberty RL Sequencial ICP-OES). Total phosphorous was
estimated according Valderrama [15] and sulphate (spectrophotometry UV-Visível) was done
as in ASTM [16]. Uranium and thorium analyses (UV-Visible spectrophotometry with
arsenazo III) were performed as in Fukuma et al. [17]. The results for variables (pH, total
phosphorous, dissolved oxygen, sulphate and uranium) were compared to those provided for
by CONAMA Resolution 357 [18] and the results for the uranium an thorium variables were
compared to those provided for by the Brazilian Nuclear Energy Commission [19].

2.3 Microbiological Measurements

In months of October, 2008, and January, 2009, protozooplankton identifications and
quantifications were carried out. Water samples from the Pit Mine (PM) point and point P41
(RA) were collected, fixed, and identified according to Pace & Orcutt [20], Margalef [21],
Edmondson [22], Foissner & Berger [23], Lee et al. [24] and Pennak [25]. For the diversity
analysis, a Shannon-Weaver Index was used Odum [26] with the following equation:

H’ = -  (ni / N) log (ni / N) ou - Pi log Pi (1)
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3. RESULTS AND DISCUSSION

According to the results, the highest water temperature values occurred in the month of
January, 2009, (PM = 24.9 ºC and P41 = 25.3 ºC) compared to the results obtained in
October, 2008 (Tab. 1). Throughout the evaluated study period, total phosphorus values
found in water samples from point P41 and the PM point were in agreement with the values
provided by current legislation for Class II water as shown in Tab. 1.

High hardness and electrical conductivity values recorded at point P41 for the month of
October were probably due to transport of chemical elements such as calcium hydroxide used
in the treatment of effluents before discharge [27] in Antas Reservoir, as can be confirmed by
the high hardness value recorded in water samples from point P41 in October (Tab. 1).
Dissolved oxygen values recorded in water samples from points PM and P41 in both sample
periods ranged from 6.8 to 7.1 mg.l-1. These values were within limits established by current
legislation [18] as shown on Tab. 1.

High sulphate, uranium and thorium levels were detected in water samples from the PM point
when compared to those found at point P41 (Tab. 1). According to Nascimento [1], liquid
effluents from UTM have high levels of fluoride, manganese, zinc, sulphate, uranium,
thorium and other elements when chemically characterized before treatment for the release
into the environment.

At point P41 in the Antas Reservior and at the PM point, nine genera of ciliate protozoa were
identified in water samples: Campanella umbellaria, Vorticella sp., Urotricha sp., Askenasia
sp., Mesodinium sp., Monodinium balbiani, Paradileptus elephantiuns, Enchelys sp. and
Strombidium sp. The ciliates Campanella umbellaria, Urotricha sp., Strombidium sp. and
Enchelys sp. may be considered persistent organisms at point P41 and the PM point (called k-
strategists) since individuals were more abundant over the months studied and points assessed
(Fig. 2).

These results can probably be attributed to resistance to predation and tolerance of physical
and chemical stresses, competitive abilities of these genera, contributing to the permanence of
these organisms in the environment [28]. Ciliates genera Askenasia sp., Paradileptus
elephantinus, Vorticella sp., Mesodinium sp. and Monodinium balbiani detected either at
point P41 or at the PM point may be considered less common organisms, or r-strategists, i.e.
organisms less frequently found in the environment with their onset often regulated by
flourishing of planktonic organisms, such as algae or bacteria, which are their food source,
balancing the competitive ability of k-strategists species [28].

The result of composition of the protozooplankton community in water samples from point
PM for the month of October had lower diversity of species than the result obtained for the
P41 sample, recording only three genera, as shown in Figs. 2 and 3. Furthermore, the
composition of the protozooplankton community in water samples from points PM and P41
for the month of January were similar in their composition, i.e., 6 genera were recorded at
both the PM point and point P41 (Figs. 2 and 3); the predominant ciliated protozoan
Urotricha sp. stood out with the largest number of individuals (P41 = 14000 ind.l-1 and PM =
41.67 ind.l-1) at both points when compared to the density values of other genera of protozoa
recorded in the month of January (Fig. 2). As in this study, [29] found that Classes
Prostomatida (Urotricha sp.) and Peritrichia (Vorticella sp.) were dominant in the waters of a
German acid lake (pH 4.5 to 6.0) and with low concentration of nutrients (Cospuden Lake).
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The highest density of ciliate protozoa was detected in water samples collected at point P41
and the lowest average values of total density of the protozooplankton community occurred at
the PM point where the highest concentration values for chemical parameters (hardness,
sulphate, uranium and thorium) and acid pH values were recorded. This verified result may
be an indication that the runoff coming from UTM waste piles is causing changes in the Pit
Mine protozooplankton community since ciliate protozoan organisms are sensitive to
environmental changes and make efficient bioindicators for environmental pollution, both
organic [7, 6, 5, 8] and inorganic [30, 31]. Kawaguchi et al. [32] carried out eco-toxicological
tests in microcosms to assess the impact of gamma radiation from Co-60 compounds on the
population dynamics of ciliated protozoan Tetrahymena thermophila and bacteria
Escherichia coli. According to the authors’ results, the effect of dose rates of 100, 200, 300
and 400 mGy hr-1 on the population of Tetrahymena t. led to a decrease in the number of
individuals and decline in the rate of predation of the ciliate on the population of E. coli
bacteria. Similar to the results obtained by the authors above, there was a decrease in the
number of individuals at the PM point compared to point P41 (Fig. 3).

The results of this study may indicate that environmental conditions (low pH values, high
values of electrical conductivity, hardness, sulphate, uranium and thorium) of the PM point
may have influenced the occurrence of lower density and diversity values of
protozooplankton in comparison to that at the point of release of treated effluents, or point
P41.

Table 1: Physical and Chemical variables in derived sampling of water of the P41 and
Pit Mine (PM) points.

(mg.l-1)  (µS.cm-2) mg.l-1

Months Points pH T °C P-total Condutivity Hardness DO Sulphate Uranium Thorium
PM 4.1 23.0 0.0056 2600.0 1333.9 7.1 1832.0 4.25 0.10
P41 7.2 22.0 0.0022 765.0 311.9 6.8 386.7 < 0.05 < 0.05October/08

PM 3.7 24.9 0.01035 2230.0 1284.9 6,.8 1653.0 3.17 0.11
January/09

P41 6.7 25.3 0.01120 79.50 14.5 7.0 7.42 <0.004 0.004

Class II
Water

6.0 a 9.0 - 0.050 - - ˃5 250 0.02 -CONAMA,
Resolution

357/05 Effluents 5.0 a 9.0 ˂40 °C - - - - - - -
Brazilian Nuclear

Energy
Commission  (P41)

CNEN nº
50/SLC
06/1997

- - - - - - - 0.02 0.02

- no limits
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Figure 2. Variation on density values for protozooplankton species in P41 and Pit Mine
(PM) points.
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Figure 3. Variation of average density values and Shannon-Weaver Diversity Index (H’)
in the P41 and PM sample sites.

4. CONCLUSIONS

According to the results for the physical and chemical variables in water samples from the
PM point, it had acid pH values, high electrical conductivity and hardness values and high
concentrations of chemical elements such as sulphate, uranium and thorium in both sampling
periods evaluated. They were probably related to in natura effluents that are draining from
the waste piles into the Pit Mine. Low protozoa cell density and diversity values recorded at
the PM point were probably related to possible toxic effects of chemical elements and
radionuclides (uranium and thorium) in in natura uranium mining effluent on the
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protozooplankton community verified. Furthermore, ciliates protozoa Campanella umbellaria
and Urotricha sp. which predominated in number of individuals at the PM point may
represent forms tolerant of the extreme environmental conditions found in the Osamu Utsumi
Pit Mine.
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