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ABSTRACT 

The Junín National Reserve is located between the provinces of Junín and Pasco, Sierra 
Central, high land of Peru. It was analyzed 20 samples from different geographic locations soil of the 
Reserve. The results showed us that there are pollutants minerals very harmful to the environment 
because of some of the centers miners deposited the tailings in the vicinity of the nature reserve. 

The techniques used for characterization of mineralogical soil were: neutron activation analysis, 
x-ray fluorescence and spectroscopy mössbauer by transmission. The analysis done by the method of 
X-ray fluorescence indicate the presence of Rubidium, tungsten, calcium, iron, nickel, copper, zinc, 
gold and zirconium. With spectroscopy mössbauer technique was observed the presence a higher 
proportion of paramagnetic iron; while thanks to neutron activation analysis, besides these elements, it 
was observed the presence of Molybdenum, Manganese and a high concentration of arsenic.  

 

1 INTRODUCTION 

The Junín National Reserve is a natural area located in the central part of Peru, 4100 meters 
over the sea level and an area of 540 Km

2
. In this reserve we can find the Junin Lake (named 

Chinchaycocha in Incas languaje), which is the second largest lake in Peru. The Junín Lake is 
characterized by a great variety of birds (approximately 149 species), mammals, fish, frogs (highly 
prized for their meat), and an emerging and submerged vegetation that compose unique in the world.  

The main economic activities of the native communities are livestock and agriculture, however 
the negative impact of the mining activities have generated a socio-environmental conflict between the 
mining companies and the native communities that live near San Juan river and Junín lake, because 
of contamination since 75 years and there is no an appropriate technical mechanism for stabilization 
of the contaminants of the affected area. 

These are the reasons for the present study, in order to be able to contribute and improve the 
physical and chemical conditions for the recovery of thousands of hectares affected; options for 
removing sediment, bioremediation, stabilization and vegetation, can be adapted after a thorough 
feasibility study on costs and environmental effects 

 

2 MATERIALS 

2.1 Study Area 

The areas where the samples were taken are [3]: 
 
1. San Juan River; characterizing for transport and distributing the contaminants. 
2. Sides of Upamayo Lake; conformed by superficial sediments containing high levels of 

heavy metals from the mineral activity. 
3. Side of Chinchaycocha Lake; Natural area that is been recovered by INRENA.  
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Table 1: Places where the samples were taken  

SAMPLES LOCATION PLACE 

S1 San Juan River path San Gregorio Bridge  

S2 San Juan River path San Juan Bridge 

S3 Sides of Upamayo Lake Upamayo Bridge 

S4 Side of Chinchaycocha Lake Huampoain. 

 
 

 

Figure 1: Map of Junín National Reserve. 

 

 
 

Figure 2: View of Junín Lake. 
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2.2 Sample Preparation 

The textural class for each simple was first determined by hydrometro method (or Stokes Law) 
using as dispersing agent (NaPO3)6 and Na2CO3, to know the class of sample. The physical and 
chemical properties of the soil where determined also in order to classify what type of soil belongs to. 

All samples were chemically treated to remove organic matter, because these could affect the 
spectrum, such as the widening of the X-ray diffraction pecks and increase the background. Samples 
S3 and S4, because of the high content of Fe

2+
 and Fe

3+
, were treated by BCD method (Ditionito 

citrate bikarbonat Mehra-Jackson) [11], this method allows us to remove the iron oxides crystallized. 
The pH, conductivity and percentage of salts using standard procedures were measured [4]. 

The values are given in table 2. 
 

Table 2: Physical properties of the samples  

PROPERTIES S1 S2 S3 S4 

Yellowish Ochre Reddish 
Brown-reddish 

 Color 

        
pH* 5.1 3.2 7.4 7.7 

Conductivity (µS) 1150 765 310 402 

% of Salts (µS cm
-1

) 7.36 4.89 1.98 2.57 

Textural Sand 82 78 68 66 
 Limo 8 6 6 4 
 Arcilla 10 16 26 30 
  Arenoso/ Franco y Franco / Arenoso 

 

3 EXPERIMENTAL PROCEDURE 

The difractograms were taken in a Rigaku diffractometer, Miniflex model. The dusty method was 
used and the sweeping angles were from 4 º to 90 º in steps of 0.02 degrees per minute. 

It was performed five measurements by X-ray difraction: S1 and S2 was measured without 
treating, S3 was measured in two ways: treated and untreated, and sample S4 was measured treated. 

In case of Mössbauer spectroscopy it was done only one measurement with sample S4, at 
room temperature. The adjustment of the spectrum was made using the Normos program. It can be 
seen hiper-fine parameters that correspond to the hematite and two doublets indicating the presence 
of paramagnetic iron. The study applying this technique is in progress with the other samples. 

In case of X-ray fluorescence it was used a fluorescence portable equipment, AMPTEK mark, 
57

Co was used as radioactive source and all samples weighted approximately 500 mg. Table N° 3 
shows us the elements in the samples. 

 

Table 3: Elements found by XRF.  

S1 Si, Ca, Fe, Ni, Cu, Zn, As, Se, Br, Au, 
Pb, Bi, W 

S2 Si, Fe, Co, Ni, Zn, Cu, Au, Zr, W 
S3 Si, Fe, Ni, Cu, Zn, As, Au, Pb, At 
S4 Si, Fe, Ni, Cu, As, Pb, Zr, Sr, W 
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Figure 3: Difractogram of sample S1 

 

 

Figure 4: Difractogram of sample S3 without treating. 
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4 CONCLUSIONS 

• The results obtained by X-ray difraction showed the presence of alumino-silicates and 
iron oxides. This data provided will help us to be able of determining with greater 
accuracy the presence of minerals in samples and to continue the analysis by 
Mössbauer spectroscopy.  

• Mineralogical components that are probably less than 5% are not clearly observed by 
XRD. 

• From single Mössbauer spectrum we realize that there is a strong magnetic behavior; 
the reddish coloration of sample is an indicative that contains abundant hematite. 

• From neutron activation analysis, besides these elements, it was observed the 
presence of Molybdenum, Manganese and a high concentration of arsenic; which have 
a negative impact on the environment because they are heavy and toxic. 

• This work is in progress and an alternative for the recovery of contaminated soils, will 
be based on thorough study of species of native flora in the area, which has resisted the 
high levels of pollution, taking into account compliance with the provisions of preserving 
the impact of flora and fauna. 

• The payback period of affected soil, depend on irrigation water and the conditions 
necessary in preparing the soil. 
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