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Abstract: Problems in the soil are caused during the work done by the mining industry. There are claims from different communities because their crops, 
livestock, aquaculture and housing are threatened, impacting the health and economy of citizens. By analyzing the behavior of the soil through satellite 
images, it allowed analyzing the colors of the images to determine the characterization of the soil. An analysis of the wavelength associated with each 
band of the satellite missions was also carried out, resulting in, in places closer to the tailings, there is a greater presence of yellowish and roasted 
brown colors, representing uncovered soil, little or no vegetation . The geographical observation points were selected for the causes related to the 
characteristics of the investigation and because there is a technical report of contamination presented by the Municipality of Espinar. This research 
opens a new field to environmental monitoring and surveillance to assess the characterizations of soil behavior by applying the method consisting of 6 
steps of band combination and a practical contribution that provides information on the mapping of vegetation for decision making. Environmental 
management. 
 
Index Terms:  Image processing, soil characterization, contaminated by mining, color, wavelength. 
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1. INTRODUCTION 
Soil pollution in the world is increasingly alarming because it 
negatively influences the various activities that involve the use 
of soils such as agriculture, livestock, aquaculture and 
housing, and impacts health and the economy. This type of 
pollution is the third most important in Europe and Eurasia, 
fourth in North Africa, fifth in Asia, seventh in the Pacific 
Northwest, eighth in North America and ninth in sub-Saharan 
Africa and Latin America [7]. The presence of pollutants 
causes nutrient imbalances and soil acidification, two of the 
main problems in many parts of the world. The Revised World 
Land Charter (FAO, 2015) recommends that national 
governments implement regulations on soil pollution and limit 
the accumulation of pollutants beyond the levels established to 
ensure human health and people's well-being [25]. One of the 
human activities that pollutes the soil is mining. Mining 
activities affect the soil at the time of extraction, concentration 
and refining, causing alterations in levels that negatively affect 
living organisms and plant growth, and as a consequence 
causes degradation, unbalanced textural class, absence of 
edaphic structure, nutrient imbalance and rooting difficulty [41]. 
Investigations in soil contamination are aimed at: monitoring, 
which refers to systematic sampling with methods and 
technologies appropriate to the environment in which the study 
is conducted [1]; remediation, which deals with the execution 
of the actions contemplated in the Soil Decontamination Plan 
approved by the competent authority, the characterization, 
which consists in determining the extent and depth of 
contamination of those sites detected in the identification 
phase that exceed the environmental quality standards for soil 
introduced by mining activity [40]; environmental monitoring 
implies the execution of a series of sampling at different 
points, in order to determine the state of environmental 
components such as air, water, soil, flora and fauna [39].  

 
The characterization of polluting soils is important because it 
allows a better understanding of the environmental situation of 
the areas defined as impacted and their surroundings [38]. 
Methods for characterization of contaminating soils have been 
developed since the 1970s, including: the method of atomic 
absorption spectrophotometry by flame, where the sample is 
digested to reduce interference by organic matter and 
converts the metal into a determinable free form ; the atomic 
absorption spectrophotometry method is based on the 
absorption of visible light by substances and its subsequent 
measurement of the energy released [44]; and image 
processing, which is one of the most recent methods that 
covers many fields, for example, those that are obtained for 
medical diagnostic purposes, another for field tests. Through 
this method you can analyze the natural resources and 
geological faults of land [43]. 

 
Image processing is a solution to identify minerals in large 
and remote parts that are mostly inaccessible with precise 
spatial and spectral results. The data obtained offer highly 
characterized visualization of the surface and the area 
below the surface of interest, the technology provides the 
ability to detect and distinguish unique characteristics of 
materials [42]. However, mostly methods based on image 
processing are aimed at identifying minerals, altered rocks, 
hazardous pollutants and oil spills. This paper proposes a 
simple and economical method to characterize soils affected 
by mining activity based on image processing and analysis. 
The method consists of 6 phases: identification of the 
affected area, search and collection of the image, image 
processing, obtaining magnitudes and colors, construction 
and analysis of the spectral signature and the revelation of 
the results. To apply the method, start by choosing any site 
for sampling with visual characteristics such as soil color, 
chemical spills and areas that do not have vegetation cover. 
Once the area considered to have contamination is 
identified, the longitude and latitude that represent the 
coordinates of the land are entered to collect the images in 
Landsat. These images are used to measure the radiation 
reflected by the earth's surface that comes from any 
material exposed on the earth's surface. Once the image is 
visualized, the vector layer is activated to make a series of 
combinations of the bands, then the colors, the spectral 
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signature are obtained and the result is subsequently 
analyzed. To validate the proposed method, this will be 
applied to characterize a soil located in the southern part of 
the Cuzco region, the unit of the Tintaya Mine located in the 
district of Espinar, Peru, through the technology that 
consists of processing of satellite image and that the results 
are represented graphically.    

 
2     METHODS Y MATERIALS 
Here are some background related to image processing 
applied to acquire information about the materials that are 
exposed on the earth's surface: 

 
2.1 Image processing 
Landsat and radar spectral images have been implemented to 
map mineral deposits. As a result, mapping of altered rocks 
with many minerals has been obtained [8]. Small-scale 
vehicles are highly agile platforms for collecting data; however, 
none was manufactured to collect environmental data with 
stable platforms to accommodate multispectral and 
hyperspectral cameras, with straight-line and highly developed 
flight; These avionics are still not suitable to avoid the ruin of 
wind image data and turbulence. This represents a broad 
opportunity for research and development [11]. The 
multispectral image has been used for the mapping of 
minerals with hydrothermal alteration. The minerals were 
macroscopically identified during the geological field 
recognition, the spectral signatures of the images were 
analyzed to identify and analyze the spectral responses of the 
pixels resulting in environmental data on illite, chlorite, calinite 
and alunite [2]. Remote sensing images have been 
implemented to monitor a grass field. By means of the images 
the index of vegetation of normalized difference was 
measured, obtaining as a result the red color, which 
represented grass with the highest value that represented 
more vigor, as well as in other parts it showed blue color for 
the destruction of the grass and only remained bare earth. The 
average values obtained in the index of the plots were 0.7921 
and 0.7843; after the grass was replanted the index was 
reduced to 0.2745 and 0.3019 [14]. Hyperspectral images 
have been obtained to characterize the surface of mineralogy. 
The results allowed to identify rozenite, melanterite, coppite 
with jarosite, rozenite and pyrite; In a part dominated by high 
Ph, Jarosite was found, and further away from the tailings, 
where lower Ph was reflected, Goetite and hematite were 
found [15]. For the evaluation of the visual impact caused by 
mining exploitation, images and the indirect method of Bureau 
of Land Magamement were used, implemented through 
computer tools; It has been achieved as a result the 
determination of units of the visual landscape with landscape 
assessments between low, high and moderate in forest, 
plantations and water reservoir [16]. The shortwave infrared 
wavelengths based on the application combined with 
absorption characteristics for hyperspectral data have allowed 
the identification of most minerals with high coincidence with a 
74.54% overall accuracy [6]. The fusion of hyperspectral data 
of optical and thermal ranges allows a wider variety to map 
minerals and interpret spectral ranges of images linked to 
mineral composition. The result was to classify minerals, 
phyllosilicates, as well as lignite and quartz contents [21]. In 
Landsat 5 image processing, the result suggests that the 
spatial area is exposed to erosion as a result of changes in 
land use. Erosion values indicate low erosion processes for 

the study area [22]. Landsat images have been used to 
assess environmental changes in soil and water after the 
construction of an irrigation dam [24]. In the present study, 
several changes in land cover were indicated, particularly in 
agricultural practice such as rotational rice planting and other 
crops. The study indicated that water quality decreased and 
was contaminated with organic material. With Landsat image 
processing, an accuracy assessment has been performed; 
The results show that the majority of grasslands, 97,156.6 
hectares, have been converted into dry crops, and residential 
and other urban land uses have also increased [26]. Several 
potential studies clearly reported high potential for optical 
techniques for proximal and remote sensing in monitoring. 
However, future research should focus on better exploring the 
problems of soil remote sensing. The combination of sensor 
data with spatial and radiometric characteristics such as 
Landsat 7 and 8 or Sentinel, ASTER [27] is recommended. In 
addition, multiple techniques for proximal and remote 
detection in soil mapping contaminated with heavy metals 
have been reviewed. As a result it was obtained that 
spectroscopy can be used to recover metal content by using a 
hyperspectral prediction model [28]. Maps have been 
produced from near infrared (NIR) and short wavelength 
infrared (SWIR) hyperspectral images, use of least squares 
and discriminant analysis (PLS-DA) to discriminate between 
minerals and residues. The results showed that the images 
can be used to segment a population of residue samples by 
detecting occurrences of pyrophyllite, dickite or ilite; It was 
also shown that there is the possibility of classification based 
on sensors [29]. The acquired images of Landsat 8 allowed 
the calculation of the data from the visible and near infrared 
light. As a result, high concentrations of Ni, Cr with Co related 
explosions were obtained [31]. Image processing using 
geospatial techniques to characterize the soil allowed to obtain 
a large fluctuation in salinity levels and low crop growth; The 
level of organic carbon was between 3.5% - 5.21%, linked to 
organic pollution and polluting chemicals [32]. Near infrared 
hyperspectral images have been used to distinguish between 
minerals and characterize wastes. The result achieved was 
the segmentation of a population of waste; This means that 
there is the possibility of sensor-based classification and can 
be used to remove residues from mineral processing 
operations [33]. With the application of image processing 
techniques to rocks exposed around the study area it was 
possible to distinguish the lithological units, detect and map 
the areas of alteration of major faults [34]. The studies carried 
out by the researchers are based on the spectroscopy method 
that has been used to map soil contamination with heavy 
metals, the technique of spectral mixing and image fusion, the 
partial least squares to distinguish between minerals and 
characterization were also applied of waste, multiple linear 
regression and network genetic algorithm to identify metals; 
Each of these methods have used images that have been 
processed to identify altered rocks, hazardous pollutants and 
oil spills. The use of Landsat 7 and 8 images is being 
considered for the present investigation, georeferencing 
control points of kilometers of terrain and the interaction 
between matter and electromagnetic energy with combinations 
of bands to characterize the soil, since the methods described 
describe It is necessary to deepen the research using this 
method. 
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2.2 Soil characterization 
US Geological Land Imager (OLI) surface reflectance images 
have been applied to identify mining disturbances, resulting in 
spectral characteristics and topological information with 92.2% 
accuracy [10]. Hyperspectral remote sensors have been 
implemented, where each registered pixel contains detailed 
quantitative and qualitative environmental information that can 
be studied for the study of vegetation, forest area, habitat, soil 
and marine spaces, resulting in environmental data that can 
be used in the Hyperspectral monitoring of vegetation and soil 
variation [35]. Multiple end-member spectral mixing (MESMA) 
analysis applied to Landsat Thematic Mapper (TM) data has 
been used to map the area affected by surface coal mining, 
resulting in soil characterization accuracy [12]. According to 
[13] photogrammetric image processing was applied to create 
digital terrain models and image mosaics with very high 
resolution at a decimeter level. Obtaining as a result the 
quantification of eroded lands and bad lands in large areas of 
landscape. In [37] large-scale monitoring was implemented by 
processing spectral images to obtain data that they can be 
acquired, processed and analyzed internally, obtaining as a 
result spectral data and color saturation values of the image in 
a simple way that represents an ideal solution for rapid 
response and visualization of short-term environmental 
conditions. In [18] he focused on image processing applied to 
the Wnchanced Thematic Mapper Plus sensor, to characterize 
lithologies using band combinations. Results were obtained 
that yielded 82% reliability in environmental characterization 
and distinguishing the coverage of the area. According to [20] 
they used images from Landsat 8 and Landsat 5, resulting in 
matrix-based precision evaluation revealing characteristics 
with spectral reflectance values. It was observed that almost 
47% of the total land area changed, the rate of land cover 
change is very high. For [23] images were implemented to 
compare the possible impact of human activities on the 
environment, resulting in a decrease in forests at an exchange 
rate of 51.25 and 0.27%, while in urbanized areas, the lands of 
Cultivation, rocks, bare soils and bodies of water have 
increased approximately 267.58, 197.30, 714.11 and 
4421.43%, the study showed that changes in land covers 
through urban development have affected the natural 
functioning of ecosystems. In [30] the remote sensing 
technique is used to analyze the landscape pattern and 
ecological processes, as a result they found precise data on 
the real situation of the land, which is essential to investigate 
landscape patterns and contamination of point sources. The 
researchers analyze the image as it contains information of 
thousands of kilometers. In order to evaluate the colors 
displayed as data obtained in the bands. The results obtained 
have been considered as the ideal solution for rapid 
responses and decision making for mining management 
.  
2.2 Proposed method 
A method based on the processing of spectral images for the 
characterization of polluting soils by mining operations is 
proposed. Spectral images allow reflectance to obtain 
information about materials that are exposed on the surface of 
the earth. The method consists of 6 steps (see figure 1): the 
identification of the affected area, Search and compilation of 
the image, Image processing, Obtaining quantities and colors, 
Construction and analysis of the spectral signature and the 
revelation of results. For the identification of the affected area, 
the study area that is considered to be contamination is 

selected, in Phase 2 the latitude and longitude of the area 
must be taken for the search and collection of the image once 
the image is obtained in Phase 3 the image is processed 
considering the Landsat 7 and 8 bands, continuing with Phase 
4 the bands are combined to obtain colors and wavelengths 
according to the observed spectrum, in Phase 5 the spectral 
signature of the image is constructed ending in Phase 6 with 
the revelation of results that is the characterization of the 
studied area. 

 
2.2.1 Identification of the affected area 
In order to identify the area, the place must be selected taking 
into account the visibility of the area, including factors such as 
soil color, chemical spills, areas without vegetation or dead 
vegetation. Once the place is selected, it continues to locate 
the dimension of the land, its coordinates, locating latitude and 
longitude to delimit it spatially. Google Earth can be used to 
visualize the mapping based on satellite image by locating four 
reference points. 

 
Figure 1. Image referencing the coordinates of the four 

reference points. 
 

2.2.2  Image Collection 
The area in the position determined by the terrain coordinates 
is considered. The image is located in the LANDSAT 
database. This image has been recorded by the sensors and 
measures the amount of energy reflected by the natural 
objects that make up the environment. 

 
2.2.3 Image processing: Spectral observation  
The colors of the pure or monochromatic spectrum are 
produced by the visible light of a simple wavelength. The 
system measures the radiation reflected by the surface and 
quantifies the amount of energy that comes from the place that 
depends on the brightness, reflectance, angle of observation. 
The pixel of the spectral image consists of a set of values. 
These values are vectors of N-dimensions, where N is the 
number of spectral bands in which the sensor measures 
information. The result of the data collection, which are N-
dimensional vectors, is represented as a data cube to 
represent the spatial location of a pixel at different 
wavelengths. 
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El (λ)=ER (λ)+ EA (λ)+ ET (λ) (4) 
El (λ): incident energy 
ER (λ): reflected energy 
EA (λ): absorbed energy 
ET (λ): transmitted energy 

 
All these components are a function of the wavelength. 

Through the formula different energies of the image can be 
distinguished. Here the sensors characterize the 
electromagnetic waves according to their position, within the 
electromagnetic spectrum. 

 
2.2.4 Obtaining Magnitudes and Colors  
Once the image is visualized, which has been georeferenced, 
using the coordinates corresponding to the place under study, 
the vector layer is activated to make the combinations of 
bands that it considers appropriate, the ground control points 
with the combinations of the bands are identified. As the 
surface of the earth is mostly covered by soil, water and 
vegetation, each reflects the energy in the visible and infrared 
spectrum, managing to establish the wavelength 

 
2.2.5 Construction and analysis of the spectral signature 
The combinations are made from the one to the eighth band of 
the telematic mapping that allows a study of the range of the 
spectrum from the visible to the far infrared. The combinations 
are made according to the region of the spectrum and for the 
analysis of results the characteristics of the detail of the bands 
are taken into account. The reflectance levels of each band 
generate a saturation rate of red, green and blue. Within the 
formation of a color, these bands respond to the light that has 
penetrated more deeply and serve to interpret the image 
distinguishing the characteristics of the soil according to the 
combinations of bands made. 

 
2.2.5 Disclosure of the results 
The bands provide reflection and energy absorption, as a 
result there are colors present in the image that can be dark 
blue, light blue, green, magenta red, brown, tan brown, 
yellowish and silver. [17] 

 
a) Dark blue indicates deep wáter 
b) Light blue indicates medium depth waters 
c) The vegetation is shown in shades of green and 

magenta red 
d) The soil in brown and tan tones 

The bare ground and the rock appear yellowish and silver 
 

3 RESULTS 
The analysis performed with the Landsat 8 satellite image, in 
the color combination 3,2,1 that corresponds to red, blue and 
ultra blue: This combination is chosen because it presents a 
better visual description of the areas that need to be analyzed 
with This proceeds to locate and mark areas where there is a 
deterioration of the land layer resulting from mining action. The 
analysis of 4 zones is performed as can be seen in the 
following image. 

 

 
 

Figure 3. Image with the reference points. 
 

Each zone is being assigned as follows: 
 

A: corresponds to the mining tailings. 
B: corresponds to the surface that is in the vicinity of 
the mining tailings. 
 
C: corresponds to areas that are far from the tailings 
area. 
 
D: corresponds to areas with greater distance from 
the tailings. 
 

With the selected image, the spectral signatures are analyzed, 
according to the description of the Landsat 8 bands. 
 
For a visual analysis, the color bands are presented 
separately, showing the image behavior in their bands 
corresponding to the 4 selected zones. What are they: 
 

G= Green, band (3) 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 04, APRIL 2020       ISSN 2277-8616 

794 
IJSTR©2020 
www.ijstr.org 

B= blue, band (2) 
Coastal sprays = ultra blue, band (1) 

 
 
It is necessary to make these combinations formed by the 
band 3 which is green, it serves to evaluate plant vigor due to 
its high reflectance of vegetation, delineates shallow water, 
urban features and infrastructure. The blue band 2, is being 
used to differentiate vegetation soil, detection of urban areas, 
buildings and roads. The band 1 coastal sprays is for mapping 
coasts.  

 
 

Figure 4. Information of the spectral bands at the reference 
points. 

 
You can see the signatures of the selected image that 
represents 4 places in the Espinar District, near the Tintaya 
Mine, in Cusco, where zone A as described above 
corresponds to the mining tailings, zone B corresponds to the 
surface that is found in the vicinity of the mining tailings, zone 
C corresponds to areas that are far from the tailings area and 
zone D corresponds to areas with greater distance from the 
tailings. 

 
 

Figure 5. Information in point A. 
 
As a result, we can observe a greater predominance of the 
band 1 that indicates a greater presence of aerosols than by 
the color it could be the presence of dust particles, followed by 
the band 2 that differentiates between the soil and the 
vegetation, as the band 3 is less the predominance therefore 
there is lack of vigor of the plants. Just as the band 4, 5 and 6 
is much smaller so there is no greater contrast in the presence 
of vegetation, crop soils and surface water. 

 

 
 

 
Figure 6. Information in point B. 

 
As the band 4 is larger, therefore there is a greater contrast in 
the area with or without vegetation and due to the presence of 
the brown toasted color in the image, it follows that the bare 
ground or without vegetation is greater because they are 
areas near the tailings. As well as the band 3 and 2 it is much 
smaller deducing the low predominance of vigorous and 
healthy plants. 

 
Figure 7. Information in point C. 

 
At point C, band 5 is larger, so there is a presence of arable 
soil and water, followed by band 4 that indicates the presence 
of vegetation. Zone C is further away from the tailings area. 

 

 
 

Figure 8. Information in point D. 
 

At point D, band 5 is the biggest difference between arable 
land and water, followed by band 6 that discriminates moisture 
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in soils and vegetation, with greater contrast of areas with 
vegetation Because it is an area much farther from the tailings. 

 

4 CONCLUSIONS 
There is no efficient methodology that enjoys credibility and 
legitimacy because it contains transparent mechanisms. Some 
authors have done work to identify rocks, quantify erosion, oil 
spills, observation of individual plants, collection of 
environmental data on a smaller scale, identification of 
minerals, highlighted environmental changes and the 
evaluation of the impact of mining works. For this reason, a 
methodology that is transparent and reliable is proposed. All 
authors used similar methods of image processing that would 
allow them to obtain results, but none combined the color 
analysis with the magnitude of the wave through the 
combinations between the bands. The study results 
characterize contaminated soils, using the methodology to 
characterize soils affected by mining based on image analysis. 
Finally, the wavelength analysis was made, the Landsat 8 
image was worked on in the color combination (3 2 1) 
corresponding to (Red green coastal spray) in that order, the 
region of the infrared spectrum is chosen for Determine land 
use, vegetation, agriculture. Here we proceeded to locate and 
mark areas where a deterioration of the earth's layer is 
observed, analyzing 4 zones, marking as the tailings zone A, 
the length of the spectral signature in the band 4, 5 and 6 are 
the lowest, that It means that the presence of vegetation is 
minimal. When the image is analyzed, a dark blue color is 
observed means that there is water, but it is not a light blue 
that represents clean water. Therefore, it is concluded that it is 
not clean water and the band 3 and 4 representing low 
vegetation, that means that there is little vegetation. In the 
analysis of the area adjacent to the tailings that is B, there is 
better predominance in the band 4 and 5, there are conditions 
in which vegetation may appear. In Zone C which is a place 
away from the tailings, the band 3,4 and 5 are the highest 
where there can be a presence of agriculture and vegetation. 
The zone D that corresponds to areas farther from the tailings 
there is more presence of vegetation. This result coincides 
with the result described in the final integrated report of 
Environmental Sanitary Monitoring of the Province of Espinar, 
which explains the results obtained that Espinar surface soils 
show Arsenic concentrations exceeding the permissible level, 
and this leads to environmental pollution damaging The health 
of the community. 
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