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ABSTRACT 

 
Radioprotection focuses on the protection of human beings, their descendants and the environment. In its 2007 recom-

mendations, the International Commission on Radiological Protection - ICRP points to the need for radioprotection to 

be made in the environment, which was endorsed in 2014 by the International Atomic Energy Agency - IAEA, with a 

focus on biota. This study applies this methodology to assess the radiological risks from two species of fish who live 

the Águas Claras dam, situated in Caldas, MG, Brazil: traíra (Hoplias spp) and lambari (Astyanax spp). Three radio-

nuclides were analyzed to measure these risks: 238U, 226Ra and 232Th. In terms of absorved dose rate, all the fish species 

analyzed in this study showed estimated values lower than the values from the literature, so that no relevant biological 

effects were expected. 

 

Keywords: environmental radioprotection, biological effects in biota, uranium in fish, thorium in fish and radium in 

fish. 
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1. INTRODUCTION 

 

Ionizing radiation is a physical stressor that can cause damage with reasonably known 

mechanisms. The risks associated with radiation exposure can be assessed, quantified and prevented 

by measures that are already well established and widely accepted for humans. This acceptance has 

not been achieved for environmental radioprotection. This is mainly due to the limited attention 

historically given to environmental radioprotection, which, as a rule, has an anthropocentric view [1-

3]. 

Radioprotection focuses on the protection of human beings and their descendants and the 

protection of the environment. Environmental protection has always been done indirectly through the 

protection of human being in the environment [1, 4].  

This anthropocentric approach has several shortcomings. In its 2007 recommendation, the 

International Commission on Radiological Protection – ICRP [2] points to the need for 

radioprotection to be made in the environment, which was endorsed in 2014 by the International 

Atomic Energy Agency - IAEA [2–4], with a focus on biota [5-9]. 

For the calculation of dose in biota, ICRP propose the use of the concept of reference animal and 

plant – RAP [5], in line with the reference man of human radioprotection. Unlike human 

radioprotection, ICRP does not propose the concept of dose limit, but rather uses the concept of dose 

ranges. In common, all these projects and ICRP tend to protect populations rather than individuals 

and focus on the deterministic effects of radiation [5-9]. 

Regarding the environment, it was only in 2008 that the scope of protection of biota was clearly 

defined in publication No 108 [6], using the concept of animal and plant reference, applying the same 

concept of man reference, used in ICRP No 103 [2]. Protection of biota evolved with Publication No 

114 in 2011 [7], with the definition of environmental parameters for dose calculation in biota, and in 

ICRP No 124 [8] with the formulation of environmental protection on different exposure situations. 

Dose conversion factors per AC unit were the focus with the ICRP Publication 136 [9]. 

As a branch of young science, there are still controversies to be discussed and evaluated to achieve 

a degree of understanding that is reflected in consensus on its recommendations. This study applies 

the methodology defined in ICRP Publications to assess the radiological risk, in terms of dose, as a 

criterion for assessing environmental radiological impact. 
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2. MATERIALS AND METHODS 
 

2.1. Study area 

The Águas Claras dam (Figure 1) is located in Ribeirão das Antas river, County Caldas, Minas 

Gerais, Brazil. This dam was built to store water for the Ore Treatment Unit – OTU (uranium mine 

and processing plant). 

 

Figure 1. Location of Águas Claras dam in Ribeirão das Antas River and industrial area 

associated [10]. 
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2.2. Analyzed Species 

Two species of fish were analyzed: one of the carnivorous eating habit (Hoplias spp, vulgar name 

known as traíra, from the family Erythrinidae), and the other, of omnivorous eating habit (Astyanax 

spp, vulgar name as lambari, from the family Charcidae) which, due to its small size, serves as the 

food base of predators.  

2.3. Analyzed Radionuclides 

The long-lived alpha-emitting radionuclides, considered as critical, analyzed in this study were 

238U, 226Ra, from the uranium series [1] and 232Th, from the thorium series [1]. The samples were 

composed of a variable number of individuals, until reaching the minimum of 2 kg per sample. Two 

independent samples of each species were collected. The samples were concentrated by calcination 

to obtain light ash and, then, solubilized and analyzed. 238U and 232Th were analyzed by according 

with Savvin [11, 12]; 226Ra was analyzed by radiochemical separation followed by total alpha count-

ing, according with Godoy et al [13]. Data were reported in Bq kg-1 (wet mass).  

2.4. Dose rate estimation 

Dose rate estimation was performed according with the methodology proposed by ICRP in several 

recommendations, specially summarized in ICRP 136 [9]. The hourly dose rate estimate is based on 

equation 1 [9]. 

DR = AC·DC  (1) 

 

where DR is the estimated absorbed dose rate in µGy h-1, AC is the activity concentration for the 

radionuclide in Bq·kg-1 (measured in this study) and DC is the dose coefficient, given by ICRP Pub-

lication 136 [9], in (Bq kg-1) (µGy·h-1)-1 (see Table 01). 

 

 

Table 1: Dose Coefficients for studied radionuclides in [(Bq·kg-1)·(µGy·h-1)-1], according to [9]. 

Radionuclide U-238 Th-232 Ra-226 

Dose Coefficients 2.50E-03 2.70E-03 1.50E-02 
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2.5. Values for decision making 

 

To make a decision regarding the environmental impact assessment, based on the hourly dose 

rate, values capable of causing mortality, morbidity and reduced reproductive capacity were used, 

according with [1, 5], see Table 2. 

 

Table 2 : ICRP dose rate and biological effects [5]. 
 

Dose rate (mGy d-1) Trout reference (freshwater fish) 

> 1.000 Embryo mortality 

100 – 1000 Potential increase in morbidity 

10 – 100 

Some expected deleterious effects on young fish 

Reduction of resistance to infections 

Fertility reduction 

1-10 Potential reduction in reproductive success 

0,1 – 1 No information available 

0,01 – 0,1 No information available 

< 0,01 Natural radiation 

 

3. RESULTS AND DISCUSSION 
 

For 238U, ACs ranged from 0.20 to 1.60 Bq·kg-1. For 232Th, the variation was between 0.02 and 

0.30 Bq·kg-1. Finally, for 226Ra, the variation was between 0.07 and 1.40 Bq·kg-1 (see Table 02, Figure 

02). In terms of absorbed dose rate, the average value was around 10-2 µGy·h-1 for the four samples 

(see Table 03, Figure 03).  

 

Table 2. Activity concentration of alpha emitting radionuclides in studied fishes in Bq·kg-1. 

SAMPLES 
Radionuclides 

U-238 Th-232 Ra-226 

Traíra 2.09E-01 3.50E-02 6.38E-02 

Traíra 1.72E-01 1.94E-02 7.94E-02 

Lambari 6.35E-01 4.06E-02 5.82E-01 

Lambari 1.57E+00 2.88E-01 1.42E+00 
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Figure 2. Activity concentrations of alpha emitting radionuclides, in log10 (Bq·kg-1). 

 

Table 3. Dose rate, in µGy·h-1, due to the alpha emitters, in the studied fishes. 

SAMPLES 
Radionuclide 

Total 
U-238 Th-232 Ra-226 

Traíra 5.23E-04 9.45E-05 9.57E-04 1.57E-03 

Traíra 4.29E-04 5.24E-05 1.19E-03 1.67E-03 

Lambari 1.59E-03 1.10E-04 8.73E-03 1.04E-02 

Lambari 3.93E-03 7.78E-04 2.13E-02 2.60E-02 

Dose rate average 9.92E-03 

 

 

Figure 03. Dose rates of alpha emitting radionuclides, in log10 (µGy/h). 
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4. CONCLUSIONS 

 

The analysis of the data showed that, even though it is associated with uranium mining and the 

Águas Claras Basin is an effluent release path, the analyzed fishes in this basin presented bioaccu-

mulation of alpha radionuclides emitting a maximum of 1.4 Bq kg- 1, values lower than that found in 

marine fishes [1, 14-15]. Likewise, this maximum value is below that found for freshwater fish [5-7]. 

Based on the ICRP model [9], the doses generated by these AC estimated average internal doses of 

alpha emitters below 0.01 µGy·h-1, below 0.1 mGy d-1, values that allow the first detectable biological 

effects to be verified in fishes. 

Based on the analysis carried out, we can infer that the biota of benthic fishes from the Águas 

Claras dam is exposed to natural alpha emitters radionuclides compatible with the worldwide Back-

ground estimated by the ICRP for freshwater fishes [5-7], generating doses that do not allow estimat-

ing biological impact in the evaluated fishes population, which are at different trophic levels (traíra - 

carnivore and lambari - omnivore). Based on this analysis, the environmental radiological impact 

generated by the installation is within the permissible impact, with no radiological risk to the analyzed 

benthic fishes’ population. 
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