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ABSTRACT 

 
This study aims to assess the environmental radiological impact (ERI) from the release of wastewaters used by 

the Mining Industrial Complex at Poços de Caldas (CIPC), today called Ore Treatment Unit (UTM) in Caldas, 

MG, Brazil, during the period 1999-2009. The effluent waters were analyzed once a week at point 014 (associated 

with the mine and waste pile 8). Critical radionuclides are 238U, 226Ra, 210Pb, 232Th and 228Ra. The 238U and 232Th 

were analyzed by spectrophotometry. The 226Ra, 210Pb and 228Ra, in turn, were analyzed by radiochemical 

separation methods and subsequent radiometry. The dose estimates were based on the model proposed by the 

National Nuclear Energy Commission (CNEN) for a hypothetical critical group associated with the point of 

effluents release into the river Ribeirão das Antas (point 014). The maximum dose rate allowed by CNEN for 

release is equal to 0.3 mSv·y-1 for individuals of the critical group. Our calculations were performed using the 

average concentration along the ten years period study. The estimated dose value for the individual of the critical 

group was 0.12 mSv·y-1. It may be concluded that the reference levels established by CNEN were not reached. 

This indicates that the treatment of effluents generated by the CIPC/UTM was conducted efficiently, ensuring the 

safety of the population living in the surroundings of the Ore Processing Unit (UTM) at Caldas. 

 

 

1. INTRODUCTION 

 

The first unit of uranium mining and processing in Brazil, the Industrial Complex of Poços de 

Caldas (CIPC), operated from 1982 until 1996. After a ten years stop, it operated again in 2005 

when monazite underwent chemical treatment to extract rare earth elements. In this new phase 

the CIPC, was renamed Ore Treatment Unit (UTM) [1]. 

 

During its operation, the CIPC produced 1,242 tons of ammonium diuranate. It also produced 

44.8·106 m3 of waste pile, most of it generated by Acid Mine Drainage (AMD). Another 

important volume of waste created (2.36·106 m3) was a waste from the ore chemical processing 

(tailings) [2]. 
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In the CIPC/UTM area there are three source terms for the environment. One is associated with 

the open pit mine (point 076), another with sterile waste piles of the mine (point 014) and the 

third point is associated with the waste pond (point 025). These source terms release heavy 

metals and radionuclides and may cause environmental impact. Thus, a sewage treatment 

program was created in order to minimize the environmental impact during the operational and 

no-operation phases of the CIPC/UTM. 

 

To validate the proposed treatment, an environmental monitoring program was maintained to 

confirm that the treatment of effluents in fact mitigated the impacts and maintained the effluents 

under the limits allowed by Brazilian law for their release into the environment. 

 

The area of influence of the CIPC/UTM has been studied by several groups with different 

approaches; the environmental radiological impact during operation has been the object of 

attention [3-6]. In the same period, the transport of radionuclides was assessed by Amaral and 

colleagues [7-8]. Before the plant operation, the radionuclide baseline had been established [9]. 

Moreover, one of the aspects of the area decommissioning had been studied [10-11]. Brazilian 

law at the moment of operation [12] and suspended operation phases [13] legislate on the 

amount of dose increase to the critical group. 

 

In order to appraise the Environmental Radiological Impact (ERI), an environmental dispersion 

model of radionuclides release had to be developed. The dispersion of radionuclides released 

by practice, the process of incorporating these radionuclides, their concentrations in the 

environmental compartments of concern (water, food, air, etc.) were modeled and monitored 

to confirm the model. In addition, a dosimetric model had to be developed also to convert these 

concentrations of activity into doses. 

 

Based on these models, the regulator of the Brazilian nuclear area, the National Nuclear Energy 

Commission (CNEN) prepared a model to assess the ERI [14]. The ERI is based on models of 

dispersion of released radionuclide, their concentration in different environmental matrices 

(water, sediment, food chain) and on a dosimetric conservative model. These models, together, 

generate a conservative assessment of exposure dose. In this case, overestimated doses are 

established, to ensure that the actual dose to which the critical group should be subjected is 

smaller than the estimated one. 

 

This study aims to estimate the dose to which individuals of the public (IP) of the critical group 

associated with the Ribeirão das Antas river, were exposed in the ten years period from 1999 

to 2009, based on the derived limits established by CNEN [14]. 

 

 

2. METODOLOGY 

 

2.1. Choose of the Effluents Release Point 

The CIPC/UTM has three release points of liquid effluents to the environment: one nearby the 

sterile waste piles (point 014), a second is associated with the waste pond (point 025) and the 

third one aside the open pit mine (point 076). The point of effluent release here studied was 

point 014, which releases effluents to the river Ribeirão das Antas. It is associated with the 

mine pit and with waste pile 8. The regulatory agency CNEN stipulated the derived limits for 

this point. 
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2.2. Conceptual Model 

CNEN developed a model based on the concept of analysis of critical pathways [14]. It 

considers a homogeneous group of people most exposed to the release of radionuclides by 

practice (critical group); provides the definition of the most important radionuclides that 

contribute to the dose (critical radionuclides) and the most important routes of exposure 

(critical paths). Another model concern is the formulation of a dose calculation conservative 

philosophy, so that the actual impact value should be significantly lower than the value 

calculated by the model. 

 

The route of critical exposition was the release of liquid effluents by UTM. The critical group 

was planned as a hypothetical population group for each interface point with the environment. 

Critical radionuclides considered were: Unat (i.e. uranium isotopes in natural relative 

abundance), 226Ra and 210Pb for the uranium series and 232Th and 228Ra for thorium series. 

2.3. Used Model 

The limit allowed by the regulator is 0.3 mSv·y-1 per individual in the critical group. A 

derivated limit was estimated for the concentration of activity; it is the value of the 

concentration of activity of each radionuclide in the effluent that, following the above 

mentioned model, generates a dose of 0.06 mSv·y-1 per individual of the critical group, for each 

radionuclide. 

 

The ratio between the mean concentration of activity of analyzed effluent and the derived limit 

multiplied by the contribution of each radionuclide to the dose (0.06 mSv·y-1), generates the 

estimated contribution of each radionuclide to the dose to the critical group. 

 

The sum of these individual contributions of each radionuclide generates the estimated dose in 

the critical group due to the practice. Based on the radionuclide dispersion models to the 

environment, on the use of the environment by the critical group and on dosimetric model, 

derived limits for each radionuclide present in the effluent were defined by the regulator and 

can be seen in Table 1. 

 

Table 1 –Derived limits established by the National Nuclear Energy Commission 

(CNEN) for point 014 (interface UTM-environment) and the associated source terms  

(in Bq·l-1), following [14]. 

 

Point Localization Source terms 

Radionuclide (Bq·l-1) 

Unat 226Ra 210Pb 232Th 228Ra 

014 
Ribeirão 

das Antas 

Mine open pit 

waste pile 8 
0.2 0.1 0.1 0.3 0.1 

 

 

2.4. Radionuclides Analyses 

Uranium and thorium were determined by spectrophotometry using arsenazo [15, modified by 

Savvin [16]]. 226Ra was determined, after radiochemical separation, by total alpha radiometry; 
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228Ra and 210Pb, after radiochemical separation, by total beta radiometry as described by Godoy 

et al. [17]. 
 

 

2.5. Environmental Monitoring Program 

To support the dose Assessment, an Environmental Radiological Monitoring Program (ERMP) 

was performed [11]. Weekly collections were made at point 014. The dose was estimated based 

on this monitoring program. This environmental radiological monitoring program meets the 

current Brazilian law [13, 18-19] and good practices recommended by regulators [20]. 

 

3. RESULTS 

 

The critical radionuclides were analyzed for ten years at the monitoring point 014. The mean 

concentration of activity at the interface point with the environment and other descriptive 

statistics were calculated and are shown in Table 2. 

 

Table 2 – Concentrations of activity (Bq·l-1) at point 014, used to evaluate the 

Environmental Radiological Impact along the period 1999-2009. 

Parameter 
Radionuclide 

Unat 226Ra 210Pb 232Th 228Ra 

Mean 0.21 0.03 0.03 0.003 0.04 

Sample variance  0.024 0.0002 0.0008 8.43 10-6 9.0 10-4 

Interval 1.38 0.11 0.16 0.029 0.21 

Minimum 0.02 0.002 0 0 0 

Maximum 1.40 0.11 0.16 0.029 0.21 

Counts 548 560 533 449 560 

 

The calculation of the estimated dose in the critical group can be seen in Table 3. 

 

Table 3 - Dose estimated for the hypothetical critical group in mSv·y-1, from the derived 

limits established by CNEN [12] and the calculation memory. 

Calculation parameters 

Radionuclide critical 

group  Unat 226Ra 210Pb 232Th 228Ra 

Authorized dose limit (AL, in mSv·y-1) 

dose to critical group (CG) authorized by CNEN 

     0.3 

Concentration of activity (CA, in Bq·l-1) 

mean CA value over 10 years (estimated) 

0.21 0.03 0.03 0.003 0.04  

Derived liberation limit (LD, in Bq·l-1) 

CA in effluent authorized By CNEN 

0.2 0.1 0.1 0.3 0.1 

Contribution of each radionuclide to the dose (CR) 0.063 0.018 0.018 0.0006 0.024 

Estimated dose for the critical group, sum of CR, in mSv·y-1 0.1236 
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The estimated dose for an individual of the critical group was 0.12 mSv·y-1, that is less than 

half the dose limit authorized by the regulatory agency, which is 0.30 mSv·y-1. The 

radionuclide that contributed most to the dose was Unat and the smallest contribution was from 
232Th that was negligible (Fig. 1). It is important to remember that the estimated values were 

compared with the authorized limit and represent 12% of the legal dose limit in the critical 

group, which is 1 mSv·y-1 [13]. 

  

 

Figure 1 – Dose rate estimated in the critical group for each radionuclide (in mSv y-1). 

 

4. CONCLUSION 

 

The estimation of the environmental radiological impact of UTM demonstrated that authorized 

exposure limits were not exceeded considering the mean of the ten years of this study. 

 

From this assessment it can be stated that during the non-working phase, between 1999 and 

2009, the CIPC/UTM maintained an efficient treatment of its effluents as proved by 

monitoring. It can be stated also that the environmental impact during the non-operation phase 

at Ribeirão das Antas remained within the standards and parameters allowed by the regulator. 
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