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ABSTRACT 

 
The mining industry is a most important productive segment to country's economy. However, it is important to 

recognize and monitor the environmental impacts caused by mining, such as dams. They are structures built to 

store the waste produced by the beneficiation of ores, through chemical and mechanical processes classified as 

concentrate, crude ore or tailings. Tailings dams are associated with a potential risk of disruption and can therefore 

cause various images to the environment and population. Seepage flows and transport mechanisms are parameters 

to indicate the structural integrity. Nuclear technology can be used as a tool to trace these parameters. The 

objective of this work is to use isotopic techniques and hydrochemical characterization to detect leaks in dams 

belonging to a mining company. The isotopic techniques are used to measure the concentration of environmental 

isotopes in dam waters and their mediations, among which deuterium (2H) and oxygen-18 (18O) are measured. 

These isotopes will be used as environmental tracers to investigate the presence of infiltrations through the 

displacement of the water in its flow in the aquifer, since they are constituent of the molecule of water. In parallel, 

the basic physical chemical parameters and water quality parameters will be measured in-situ to aid in the 

interpretation of the results of the isotopic analyzes. Thus, it is intended to provide data that can help the 

environmental agencies to make decisions regarding the decommissioning of the mine.  
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1. INTRODUCTION 

 

A mining has great economic and productive power in Brazil. However, it is a source that can 

cause environmental impacts and due to the possibility of dams breaking when not monitored. 

 

A mining project requires a good understanding of the hydrological system through the water 

cycle. Isotopic techniques may be useful for studies of water supply considerations, mining 

effects on other water users, potential for changes in groundwater and surface water quality [1] 

[2]. 

 

Thus, the objective of this work is to use isotopic techniques and hydrochemical 

characterization to detect leaks in the tailings dam of the Engenho D'Água mine in order to 

investigate possible infiltrations and contaminations around the mine 
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1.1.  Stable Isotopes 

 

Studies with stable isotopes, also known as environmental isotopes, are of great importance in 

remedying hydrological concepts. They are used as surface and ground water tracers, studies 

of provenance, loading and age of an aquifer [2]. 

 

Naturally occurring isotopes follow the natural cycles of the environment and are commonly 

referred to as "environmental". The isotopes most commonly used as hydrological tracers are 

the isotopes of hydrogen (H), carbon (C), oxygen (O) and sulfur (S). These are the most 

important elements of the biological system and participate in most reactions of 

hydrogeochemical interest [2]. 

 

Precisely, the oxygen of deuterium H2 and O18 has advantages for hydrological techniques 

because they have the same water molecule, that is, the matrix to be studied. These stable 

environmental tracers provide information on flow rates, flow connections, transport 

mechanisms and parameters characteristic of the aquifer [3]. 

 

1.2. Characterization of the area 

 

The study area is a mining title that is located in the municipality of Rio Acima (Minas Gerais), 

inserted in the central portion of the Quadrilátero Ferrífero in the place called Fazenda Engenho 

D'Água, whose extension is 711.25 hectares [4]. 

 

The hydrogeological characteristic of the region is a set of aquifer basins in fractured 

lithologies, free to those confined in metassediments, having small superficial occurrences of 

terraces of the Vilela stream. With very variable saturated thickness and static levels with 

median 12.7 m[4] [5]. 

 

The tubular wells in the region have depths up to 200 m and low flows. Generally, with good 

quality waters with low electrical conductivities, medium pH and presents risks of acid 

drainage due to the presence of sulfides disseminated in the rock. [5] 

 

2. METODOLOGY 

 

It is necessary to study hydrogeological and isotopic and parametric tests to indicate the 

stability of the tailings dam and a contamination of the water around it. 

 

Preliminary collections of water from dam 2, floodwater and water box were carried out 

initially for isotope analysis, metals and physicochemical parameters. 

 

The physico-chemical parameters analyzed were: conductivity, pH, total dissolved solids 

(TDS) and temperature through the multiparameter meter (Myron L Company Ultrameter) 20 

mL of each sample was collected in a glass vial to request analysis of 2H and 18O. 

 

For the analysis of the metals present in the water, 500 mL of the three samples were collected 

in a polyethylene bottle. The samples were filtered with a 0.45 μm filter, acidulated with 1mL 

of pure 65% nitric acid and stored in the refrigerator. Samples collected for metal analysis were 

measured on the (ICP-AES) laboratory equipment (CDTN / SETIN) 
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A preliminary fieldwork was then carried out to define the collection points around the dam. 

For the first campaign 20 points were chosen, being points around the Engenho D'Água mine 

and the Vilela stream, according to Table 1, shown in Figure 1. 

 

Figure 1: Map of sampling points. 
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Table 1: Sampling points. 

 

 

3. RESULTS AND DISCUSSIONS 

 

The results of the analyzes of the physical-chemical parameters and metals are represented in 

table 2 and table 3 respectively: 

 

Table 2: Physical-chemical parameters result 

 

Sample 

 

conductivity 

 (μS) 

 

TDS 

(ppm) 

ORP 

(mV) 

pH Temperature 

 (ºC) 

Floodwater 

 

270 164.6 244 7.61 24.2 

dam 500 313.7 214 8.89 24.2 

Water box 21.85 12.75 254 6.43 23.9 

 

 

ID Name Source 

   

UTM X UTMY 

0 PM01 - 626161 7781104 

1 PM02 - 625913 7781034 

2 PM03 - 626022 7781443 

3 PM04 - 625718 7781117 

4 PM05 - 627740 7782572 

5 PM06 - 627335 7781994 

6 PM07 - 623979 7781639 

7 PM08 - 625799 7781141 

8 PM09 - 626585 7780713 

9 PM10 - 625989 7781067 

10 PM11 - 625954 7781055 

11 PM12 - 625925 7781065 

12 PM13-NA-

Fidelcino 

x 625735 7781075 

13 PM14-NA-

Raimundo 

x 625507 7781750 

14 PM15-NA-

Antonio-Dias 

x 625632 7781036 

15 PM16-NA-

Cava 

x 626041 7781414 

16 NA-Mina x 626074 7781098 
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Table 3: Results of metals 
 

Sample 

 

Dam  Water box 

 

Floodwater 

 

Elements 

 

Concentration 

 (𝝁𝒈/𝑳) 

CV 

(%) 

 

Concentration 

𝝁𝒈/𝑳 

CV 

(%) 

Concentration 

𝝁𝒈/𝑳 

CV 

(%) 

 

Al 19.5 5 <1  <1  

Cr 2.3 2 0.5 9 4.4 1 

Mn 1.7 4 0.8 7 148 1 

Fe 15.8 8 53.4 7 85.5 1 

Ni 0.9 7 0.2 9 1.6 3 

Cu 1.6 4 <0.4  <0.4  

Zn 5.4 5 6.0 8 9.4 1 

Cd <0.2  <0.2  <0.2  

Ba 1.6 4 1.3 6 32.7 1 

Pb <0.25  <0.25  <0.25  

Si 995 2 4089 1 1876 2 

Na 80907 2 133 5 4043 1 

Mg 2936 2 1096 2 11615 1 

K 3009 3 <25  2017 1 

Ca 5677 1 1229 3 20669 1 

* CV: coefficient of variation: variability of results in relation to the mean 

 

In order to evaluate the environmental risk around the Engenho D 'Agua mine considering the 

chemical physical parameters and the concentration of metals present in the samples collected 

from the dam, water box and floodwater to a solution of CONAMA 357/2005. 

 

 The pH values of the samples are within the normal range of the water quality standard. The 

electrical conductivity of the water tank complies with the established standard for drinking 

water. According to CONAMA, the values of the metals are in accordance with the established 

standard. The isotopic test samples were not measured in the time required for the publication 

of this article. 

4. CONCLUSIONS  

 

It is not possible to determine the dam risk factor, since more tests such as flow test and stable 

isotopic results are required. Therefore, analyzes will be carried out in the study area for 

monitoring and risk assessment. 
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