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ABSTRACT 
This study represents an approach to analysis and predict the concentration of heavy metals in soil using back 
propagation artificial neural network (BP-ANN) and support vector machine (SVM) through MATLAB. In this 
study, total sixty-soil sample were collected at a depth of 0-30 cm from the existing ground surface of a selected 
open disposal site at old Rajbandh, Khulna, Bangladesh. In the laboratory, the relevant heavy metals of lead (Pb), 
antimony (Sb), scandium (Sc), zinc (Zn), arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr), mercury (Hg) 
and nickel (Ni) in soil were measured through the standard test methods. Based on results, the best-fitted neuron 
structure was selected for the prediction of the concentration of heavy metals in soil. Based on results it can be 
concluded that the model of BP-ANN was comparatively better to analysis the heavy metals in soil than that of 
SVM model. 
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1. INTRODUCTION 

 
The prediction of heavy metals in soil using cost-effective and quick methods such as artificial neural network 

(ANN) and support vector machine (SVM) are valuable in developing appropriate remediation and monitoring 

methods. The study of heavy metals in soil has increased in the last decades because of their adverse environmental 

and human health effects (Tahir et al., 2007). In waste disposal site, municipal solid waste (MSW) decomposes 

and produces three components of solid (degraded waste); liquid (leachate that is infiltrating into the underlying 

layer) and landfill gas (Sanjida and Rafizul, 2018). Open dumping facilities release huge quantity of harmful as 

well as poisonous chemicals like heavy metals to the nearby groundwater and underlying soil layer etc. Most of 

the environmental and human health problems come from the emission of heavy metals from the propagated 

leachate and soil in waste disposal site, landfill gas (LFG), from its non-methanic volatile organic compounds as 

well as hazardous air pollutants (Talib et al., 2008). In Khulna city, most of the MSWs are collected from door to 

door without any sorting and dumped in open disposal site and also in a sanitary landfill at Rajbandh. The emission 

of toxic metal element from MSW, leachate and soil will be vulnerable to the environmental components and 

inhabitants. Therefore, monitoring the change and determination the distribution of heavy metals in soil have 

gained importance.  

A study stated that over the last few years or so, the use of artificial neural network (ANN) has increased in many 

areas of engineering field. In particular, ANN has applied to many geotechnical engineering problems and have 
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demonstrated some degree of success. A review of the literature reveals that ANN has been used successfully 

modelling of soil behaviour, site characterization, settlement of structures, liquefaction, soil permeability and 

hydraulic conductivity, soil compaction, soil swelling and classification of soils (Rooki et al., 2011; Silipo et al., 

1999). In addition, recent works on the artificial intelligence have resulted in finding a novel machine learning 

theory called support vector machine (SVM). The SVM method relies on the statistical learning theory, which 

enables learning machines to generalise the unknown data. It was introduced in the 1990s as a non-linear solution 

for classification and regression tasks (Vapnik 1995; Behzad et al. 2009). The literature review has shown that 

although many research works have been conducted related to the application of the ANN method in geotechnical 

and relevant environmental problems, the SVM method has not been used in environmental assessment and even 

prediction of heavy metals in soil (Rooki et al. 2011). In this study, ANN and SVM are used for the characterization 

and prediction of heavy metals in soil.  

 

 

2. METHODOLOGY  
 
2.1 Soil Sampling 

In this study, total sixty soil samples were collected from the distinct locations of a selected open disposal site at 

old Rajbandh, Khulna, Bangladesh. All the samples were collected at a depth of 30 cm from the existing ground 

surface. The latitude and departure of all the soil sampling locations was recorded using GPS device, which were 

later imported into a geographic information system (ArcGIS 10.1). 

 

2.2 Laboratory Investigations  

In laboratory investigation, at first 10 g of each soil sample was taken into a 100 mL conical flask. The flask had 

already been washed with deionized water prepared by adding 6 mL HNO3/HClO4 acid in ratio 2:1 and left 

overnight. Each sample was kept into the temperature of 150°C for about 90 minutes. Later, temperature was 

raised to 230°C for 30 minutes. Subsequently, HCl solution was added in ratio 1:1 to the digested sample and re-

digested again for another 30 minutes. The digested sample washed into 100 mL volumetric flask and mixture 

obtained was cooled down to room temperature. After performing the digestion procedure, metal element 

concentrations in this digested solution were determined using atomic absorption spectrophotometer (AAS) and 

the amount of each heavy metal deduced from the calibration graph. The concentration of the heavy metals of Zn, 

Cd, As, Co, Ni, Cr, Sb, Sc, Pb, and Hg in mg/kg measured in the laboratory.  

 

2.3 Modelling of Artificial Neural Network  

In this study, feed forward backpropagation artificial neural network (BP-ANN) through MATLAB was performed 

to predict the concentration of heavy metals in soil. In this analysis, the best model for different heavy metals was 

selected using various neuron structures like 5, 10, 15 and 20. For the analysis of BP-ANN model, latitude and 

longitude of 50 out of 60 sampling point used as input and heavy metal concentration used as target to train network 

and rest 10 samples used for the prediction. For evaluating predicted values of heavy metals in soil, the value of 

mean square error (MSE) and regression coefficient (R-value) considered to check the validity or accuracy of 

obtained results from laboratory. Regression value indicates that how good the output compared to the laboratory 

results. The value of “R” if closer to 1 then it can be said that the network will predict the data with the highest 

accuracy. The value of R has been determined by using Equation 1. In addition, the values of MSE also computed 

using the Equation 2. 

𝑅 =
(∑ . ) (∑ )(∑ )

[ ∑  (∑ ) ][ ∑  (∑ ) ] 

                                                                             (1)                              
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                                MSE =  
∑ ( )

                                                                                   (2)                                                                                                                    

 
Where y = observed value, yp = predicted value, n = number of observations. 

 
2.4 Modelling of Support Vector Machine 
The best neuron structure of various heavy metals was selected from BP-ANN and then those heavy metals was 
considered for the analysis of support vector machine (SVM). In SVM analysis, different kernel functions like 
Linear, Quadratic, Cubic, Gaussian (fine, medium, coarse) was performed to select the best-fitted model. The mean 
square error (MSE) and coefficient of determination (R) on the validation set assessed the performance of the 
trained model on new data. The value of R is always smaller than 1 and usually larger than 0. The MSE is always 
positive and its units match the units of response. 
 

3. RESULTS AND DISCUSSIONS  

The BP-ANN through MATLAB with different structures was performed to predict the concentration of heavy 
metals in soil of a selected waste disposal site. In addition, the best selected neuron structure as well as heavy 
metals from BP-ANN was considered for the analysis of SVM with different kernel functions and hence discussed 
in the following articles. 
 

Table 1. Model performance of different hidden neurons of BP-ANN 
 

 
 
3.1 Model Performance of BP-ANN 
In this study, the effects of various hidden neurons was 
examined through BP-ANN. Then the neuron structures of 
5, 10, 15 and 20 were selected. The model performance of 
different hidden neurons are provided in Table 1. From 
Table 1, it is clear for most of the cases that the value of 
MSE decreases significantly and the value of R shows a 
convergence to a higher and optimum value when the 
number of neurons in the hidden layer was 10. Table 1 
reveals the heavy metal of Co showed comparatively the 
better value of R for the hidden neuron of 10 than that of 
other heavy metals with various hidden neurons. 
Moreover, the value of R was found to be 0.92 and 0.92 as 
well as MSE was 0.72 and 0.19 for neuron 5 and 20, 
respectively. In addition, the values of R=0.92 and 
MSE=0.05 for Sb were obtained for neuron 10 (Figure 1). 
In Figure 1, the measured and predicted concentration of 
heavy metals in 50 soil samples for trained of model 
represented by abscissa and ordinate, respectively. The 
value of R (0.92) indicates that the predicted value of Sb 
was more accurate in compare to the measured value of 
Sb. 
 
After analyse the results (Table 1), four heavy metals like Co, Sb, Cd and Sc were chosen based on their best R 
and MSE values for further prediction of heavy metal concentration in soil of unknown sampling points. The 
variation of measured and predicted value of Co, Sb, Cd and Sc in soil is depicted in Table 2. From Table 2, it was 
observed that predicted concentrations are very close to the measured concentration of Co, Sb, Cd and Sc in soil. 

R MSE R MSE R MSE R MSE R MSE R MSE R MSE R MSE R MSE R MSE

5 0.59 15.22 0.85 9.15 0.91 0.11 0.79 0.49 0.85 0.67 0.77 0.83 0.92 0.72 0.80 0.41 0.85 0.74 0.83 0.49

10 0.83 15.36 0.85 7.58 0.92 0.05 0.84 0.21 0.91 0.13 0.79 0.61 0.95 0.26 0.91 0.13 0.90 0.24 0.93 0.78

15 0.87 63.86 0.76 9.38 0.85 0.38 0.85 0.44 0.88 0.52 0.72 0.62 0.94 0.39 0.74 0.45 0.87 0.72 0.94 1.39

20 0.69 8.25 0.69 7.38 0.85 0.27 0.81 0.12 0.90 0.45 0.86 0.95 0.92 0.19 0.77 0.25 0.86 0.06 0.80 1.68

No. of 
Neuron

As Cr Co Cd HgPb Zn Sb Ni Sc

Figure 1. Regression value for Sb. 
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The values of R were found to be 0.95, 0.94, 0.88 and 0.92 as well as MSE of 0.21, 0.74, 0.33 and 4.22 for Co, 
Sb, Cd and Sc, respectively, which shows the standard accuracy. 
   

Table 2. Variation of measured and predicted concentration of selected heavy metals in soil through BP-ANN. 
 

BH 
No. 

Co (mg/kg) Sb (mg/kg) Cd (mg/kg) Sc (mg/kg) 

Measured 
value 

Predicted 
value 

Measured 
value 

Predicted 
value 

Measured 
value 

Predicted 
value 

Measured 
value 

Predicted 
value 

5 10.72 10.2 8.87 8.80 6.13 5.18 16.83 16.94 
10 9.82 10.31 7.58 7.06 5.62 4.83 14.76 14.61 
20 6.77 5.56 5.91 6.09 4.2 3.47 11.77 12.33 
25 5.97 5.58 5.09 3.25 3.9 4.35 10.77 10.80 
30 5.03 5.47 4.65 3.38 3.02 3.68 9.58 9.56 
35 4.67 2.53 3.68 2.33 3.08 2.38 8.65 2.93 
45 6.42 7.28 4.92 4.86 2.95 4.33 9.94 9.55 
50 5.12 5.57 3.63 3.79 1.88 2.21 8.07 8.66 
55 2.3 2.57 2.05 2.39 1.66 2.4 5.72 2.79 
60 1.98 2.4 0.98 1.31 1.2 1.7 3.02 3.37 
R 0.95 0.94 0.88 0.92 

MSE 0.21 0.74 0.33 4.22 
 
In BP-ANN analysis, 17% (10 samples) of the total data was considered for testing of model. The relation of the 
predicted and measured concentration of Co, Sb, Cd and Sc in soil from testing of model is shown in Figure 2. 
The heavy metal of Co showed the highest value of R indicates that the predicted value of Co was more accurate 
in compare to measured value of Co (Figure 2a).   
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
3.2 Model Performance of SVM 
A support vector machine (SVM) is machine-learning algorithm that analyses data for classification and regression 
analysis. SVM is capable of doing both classification and regression. In this study, regression learner for SVM 

(c) 

(a) (b) 

(d) 

Figure 2. Obtained results of testing model of BP-ANN for (a) Co (b) Sb (c) Cd and (d) Sc in soil. 
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was performed to check the accuracy of the predicted values of heavy metals in soil. In SVM analysis, different 
kernel functions were used and the kernel function of Gaussian showed comparatively the better performance than 
that of other kernel functions. The predicted concentration of Co, Sc, Sb and Cd in soil of unknown sampling 
points by SVM is provided in Table 3. Here, it can be noted that the predicted concentration of heavy metals by 
SVM was more differed from the measured concentrations of heavy metals in soil (Table 3). The obtained results 
of Sb, Co, Cd and Sc from testing model of SVM is shown in Figure 3. The heavy metal of Sb showed the highest 
value of R indicates that the predicted value of Sb was more accurate in compare to measured value of Sb (Figure 
3a). 
 
Table 3: Prediction of concentration for Co, Sc, Sb and Cd in soil of unknown sampling points by SVM. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

In this study, the performance of BP-ANN and SVM has been checked based on R and MSE for both the training 
and testing models for the selected heavy metals in soil. The comparison of the performance of the training and 
testing models of BP-ANN and SVM is provided in Table 4. The selected model was compared in terms of R and 

BH 
No. 

Co (mg/kg) Sb (mg/kg) Cd (mg/kg) Sc (mg/kg) 

Measured 
value 

Predicted 
value 

Measured 
value 

Predicted 
value 

Measured 
value 

Predicted 
value 

Measured 
value 

Predicted 
value 

5 10.72 7.13 8.87 6.21 6.13 4.50 16.83 12.38 
10 9.82 7.34 7.58 6.34 5.62 4.66 14.76 12.60 
20 6.77 6.37 5.91 5.35 4.20 3.91 11.77 11.21 
25 5.97 6.11 5.09 5.11 3.90 3.87 10.77 10.82 
30 5.03 5.43 4.65 4.76 3.02 3.57 9.58 10.35 
35 4.67 4.13 3.68 2.81 3.08 2.30 8.65 7.40 
45 6.42 6.82 4.92 5.88 2.95 4.38 9.94 11.94 
50 5.12 5.42 3.63 4.16 1.88 2.83 8.07 9.22 
55 2.30 4.22 2.05 2.92 1.66 2.43 5.72 7.72 
60 1.98 4.19 0.98 2.86 1.20 2.15 3.02 7.19 
R 0.69 0.73 0.70 0.70 

MSE 4.54 2.82 1.46 9.08 

(c) 

(a) (b) 

(d) 

Figure 3: Obtained results of testing model of SVM for (a) Sb (b) Co (c) Cd and (d) Sc in soil. 
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MSE to access the performance of each model. A research conducted by Smith (1986) suggested that the value of 
R lies between 0 to 1. It is also suggested some guidelines for deciding the performance of the model.  If |R| ≥ 0.8: 
a strong correlation exists, 0.2 < |R| < 0.8: correlation exists and |R| ≤ 0.2: a weak correlation exists. When the 
value of |R| is greater than 0.9, then a very strong correlation exists between the variables.  From Table 4, it was 
observed that the value of |R| is greater than 0.9 for studied heavy metals in training model of BP-ANN; hence it 
shows a very strong relationship between the inputs and outputs of BP-ANN model. In contrary, the value of |R| 
was greater than 0.9 with very strong relationship for all studied heavy metals except Cd in testing model of BP-
ANN. The value of |R| ≥ 0.9 for Co in training model of SVM with very strong relationship, while Sb with strong 
relationship. Besides, the value of |R| all studied heavy metals for both the training and testing models of SVM are 
between 0.2 to 0.8 which indicates the existence of correlation between the variables. In this study, the BP-ANN 
makes the running time considerably faster with a higher accuracy than that of SVM. In terms of accuracy, the 
BP-ANN technique resulted in an R and MSE reduction relative to that of the SVM model. Here, based on results 
it can be noted that the technique of BP-ANN was comparatively better to analysis of heavy metals in soil than 
that of SVM. 

 
Table 4. Performance analysis of training and testing models of BP-ANN and SVM  

Methods 
Co Cd Sb Sc 

R MSE R MSE R MSE R MSE 

BP-ANN 
Train 0.95 0.26 0.91 0.13 0.92 0.05 0.93 0.78 

Test 0.95 0.21 0.88 0.33 0.94 0.74 0.92 4.22 

SVM 
Train 0.90 1.26 0.69 1.27 0.83 1.84 0.79 4.96 
Test 0.69 4.54 0.70 1.46 0.74 2.82 0.70 9.08 

 

4. CONCLUSION 
 
The predicted concentration of heavy metals from BP-ANN were very close to the measured concentrations in soil 
of unknown sampling points. The prediction results from BP-ANN were accurate and the developed model can be 
used to predict the concentrations of heavy metals of unknown points within the selected waste disposal site. Based 
on results it can be observed that the model of BP-ANN was comparatively better to analysis the heavy metals in 
soil than that of SVM model. Therefore, this newly developed technique will help of other researchers in this line 
to analysis the heavy metal in soil of contaminated sites. 
 
 
REFERENCES 
 
Rooki, R., Doulati Ardejani, F., Aryafar, A. and Bani Asadi, A. (2011). Prediction of heavy metals in acid mine 

drainage using artificial neural network from the Shur River of the Sarcheshmeh porphyry copper mine, 
Southeast Iran. Environ Earth Sci, Vol.55:pp. 39-47. 

Sanjida, K. and Rafizul, I.M. (2018). Multivariate Statistics and Spatial Distribution of Heavy Metals in Soil of 
Waste Disposal Site in South Western Region of Bangladesh”, The 33rd Int. Conference on Solid Waste 
Technology and Management (ICSW 2018), USA, (ISSN: 1091-8043) pp.716-728. 

Silipo, R., Berthold, M. and Hand, D. J. (1999). Neural Networks. Intelligent Data Analysis: An Introduction. 
Springer-Verlag New York, Inc.: 432. 

Tahir, N.M., Chee, P.S. and Maisarah, J. (2007). Determination of heavy metals content in soils and indoor dusts 
from nurseries in dungun,The Malay. J. Analy. Sci., vol. 11, pp. 280-286. 

Smith, G. N. (1986). Probability and statistics in civil engineering. Collins Professional and Technical Books, 244. 
Vapnik, V (1995). The nature of statistical learning theory. SpringerVerlag, New York 


