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Abstract: Heavy metal pollution in agricultural fields can be 
identified using several remote sensing image processing 
methods. The study aims at the identification of the optimal 
algorithms and the development of a validated processing work 
flow in order to detect the contaminated agricultural fields 
based on remote sensing satellite images. The investigation is 
performed on data acquired between the years of 2007 and 
2011 over a test area - Copsa Mica - previously known as one 
of the most polluted towns in Europe due to the local industrial 
activity. The study is conducted on Landsat and SPOT images 
and the results are validated using ground truth data.   
Key words: heavy metal pollution, agricultural field, remote 
sensing satellite image, multi-temporal analysis, principal 
component analysis  
 
1. INTRODUCTION  
 

Copsa Mica is an industrial town that represented for many 
years one of the most polluted regions in Europe. Air, water, 
soil and vegetation in Copsa Mica were highly contaminated 
with heavy metals such as lead, cadmium, zinc and copper. In 
the last two years, the polluting factories stopped their activity, 
leading to decreasing levels of contamination.  

Remote sensing represents an excellent tool for the 
detection and monitoring of the areas affected by pollution. 
This topic has been investigated in numerous scientific studies.      

The present study identifies the optimal processing methods 
for pollution detection based on satellite images and develops a 
validated work flow that also integrates ground truth data. The 
proposed approach starts with a large-scale analysis (at regional 
level) and continues with a detailed analysis at local level.  
 
2. TEST AREA DESCRIPTION AND INPUT DATA 
 

Copsa Mica is located slightly north-west from the central 
part of Romania in the Tarnava hydrographic basin (Figure 1). 
The multi-spectral analysis was performed on 10 Landsat TM 
(Thematic Mapper) images acquired between 2009 and 2011, 
data available from the USGS (webpage http://glovis.usgs.gov/ 
© Landsat images are courtesy of the U.S. Geological Survey). 

 

 
Fig. 1. Test area Copsa Mica, Tarnava hydrographic basin 

Landsat TM images have a spatial resolution of 30 m and 7 
spectral bands. A multi-spectral SPOT image (10 m resolution) 
has been used in the study (© Astrium Geo-Information 
Services). Also, 50 samples were gathered in order to determine 
the concentration of lead, zinc, cadmium, and copper. 

 
3. METHODOLOGY AND RESULTS 
 

Before performing the actual multi-spectral analysis, the 
images were converted into the national projection grid. Also, 
atmospheric corrections were applied, using the Dark Object 
Subtraction (DOS) method (Akhter, 2006), (Jiang, 2010).  

For heavy metal identification of the contaminated fields, 
among the widely used processing methods for satellite images 
acquired by multi-spectral remote sensing sensors there are: 
principal component analysis (Akhter, 2006), analysis based on 
the normalised differential vegetation index (NDVI), multi-
temporal analysis of the spectral signature in the near infrared 
band (Roy et al., 2010) together with histogram interactive 
stretching for image enhancement, unsupervised classification, 
and spectral band arithmetic like subtraction and/or rationing 
(Kaiser et al., 2008), (Jiang, 2010), (Slonecker et al., 2010). 
Change detection enables the monitoring of the pollution level.   

Principal component analysis proved to be a very useful 
tool for identifying the contaminated areas, at regional level. 
The analysis was performed on a SPOT image. The polluted 
regions (Figure 2 – white areas highlighted by circles) are easy 
to discriminate among other elements of the satellite image.   

The values of the normalised differential vegetation index 
were computed based on the ten Landsat TM images acquired 
between July 2009 and August 2011, using the visible red (B3) 
and the near infrared (B4) spectral bands. The investigation was 
carried out for each of the fifty samples collected in the field. 
The results show that the NDVI values are in the range of 0.13 
÷ 0.73, which is a normal interval for vegetation. The diagram 
of the mean values for each sample is illustrated in Figure 3. 
Sample no 15 presents the lowest NDVI values that may 
indicate heavy metal contamination. But many other factors 
might cause low values for this vegetation index.  

Multi-temporal analysis of the spectral response in the near-
infrared band of the Landsat TM sensor offered good results. 
Nevertheless, a strict separation of areas affected by heavy 
metal pollution was not possible due to the fact that there is an 
uncertainty of the discrimination interval between two classes 
that are similar in terms of radiometry. This issue should be 
examined carefully in order to avoid confusion. Figure 4 shows 
the chart of mean values for each sample in the near-infrared 
spectral band. Mean values of the spectral response increase as 
the samples are located farther away from the pollution source. 
Using histogram interactive stretching a spectral interval was 
defined having a minimum threshold of 67 and a maximum one 
of 90. The contamination level is higher (darker tones in Figure 
5) for the samples that are close to the pollution source.   

Change detection was performed based on two Landsat TM 
images acquired between 2009 and 2011. The spectral response 
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for each field sample (in near-infrared) at the beginning of the 
analysed time interval was higher in comparison with the ones 
obtained for 2011. This means that the copper contamination 
has decreased. The results are correct and are explained by the 
fact that the local polluting factories have stopped their activity. 

Unsupervised classification did not offer conclusive results 
due to the lack of ground truth data collected simultaneously 
with the acquisition of satellite data.  
 

 
Fig. 2. Principal component analysis for test area Copsa Mica 

 

 
Fig. 3.  NDVI mean values computed based on the Landsat TM 
multi-temporal series for each Copsa Mica field sample  

 

 
Fig. 4.  Mean values of the spectral response in the near-infrared 
band computed based on the Landsat TM multi-temporal series 
for each Copsa Mica field sample  

 

 
Fig. 5.  Analysis of the contamination level for Copsa Mica 
(darker tones indicate higher contamination level) 
 

 
Fig. 6.  Change detection based on near-infrared spectral bands 
for Copsa Mica, July 2009 – June 2011 (lighter tones indicate a 
decrease with more than 10% of the spectral response for 
copper contamination) 

4. CONCLUSION 
 
The identification and monitoring of heavy metal pollution 

in agricultural fields using remote sensing satellite images offer 
satisfactory results. At region level, the most appropriate 
method is represented by principal component analysis. At 
local level, a more detailed study can be performed based on 
the multi-temporal analysis of the spectral response in the near-
infrared band. Change detection proved to be a very efficient 
method for monitoring the contamination level in time. The 
other tested methods (unsupervised image classification, 
analysis based on the normalised differential vegetation index, 
spectral band arithmetic) did not provide conclusive results.  

The limitations of this research study are given by the 
spatial and spectral resolution of the images that play a decisive 
role in obtaining accurate results. Moreover, the integration of 
ground truth data within the processing chain would improve 
the accuracy of the results. In most of the cases, the results 
show that the discrimination of the polluted agricultural fields 
(as a unique class) was very difficult, almost impossible. The 
spectral signature of the contaminated elements should be 
determined in advance using auxiliary data in order to avoid 
confusion with the spectral response of similar classes. Also, 
the validation of the multi-spectral analysis is mandatory to be 
performed on the samples collected in the field.  

Future research plans involve the use of remote sensing 
hyper-spectral data acquired in narrower, more sensitive 
spectral bands that are recommended for the identification and 
monitoring of heavy metal contamination in agricultural fields.  
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