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Abstract: 
 Water is the most basic and primary need of all living organism. It is an absolute need to preserve the 

available water. Yet, due to the technological advancement, most of the wastages from the industry are released 

to water sources, which lead to severe pollution. In order to combat with this issue, the government bodies 

formed a pollution control board. The pollution control board sets some limits for the pollutants or the chemical 

parameter of the wastewater. This work attempts to propose an auto-suggesting discharge location system for 

wastewater treatment. The discharge locations being considered by this work are inland surface, irrigation land 

and marine coastal area. The better discharge locations are suggested by the classifier Support Vector Machine 

(SVM), which is trained by the statistical features. The performance of the proposed approach is tested against 

accuracy, sensitivity and specificity rates by varying the kernel functions.  
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1. Introduction: 

 The term „environment‟ may seem to be a single term but it spans the entire coverage of the earth. This 

makes sense that it encloses all the entities being present in the earth, which can either be living or non-living 

organisms. The essence of this term is the relationship between the living and non-living organisms in the super 

colossal earth. The earth grants the living organisms with all their basic requirements of sustainment. The major 

components of environment are air, water and soil. These components must be managed so carefully, so as to 

maintain the balanced ecosystem. In case of any disturbance to the ecosystem, the quality of life of all the living 

organisms is seriously affected. 

 Hence, it is quintessential to safeguard the environment for the better lifestyle of organisms. 

Understanding the necessity and importance, the government has enforced several laws and policies for 

maintaining a good balance on the environment. Yet, pollution is one of the inevitable threats to the 

environment. Pollution is defined as the unwanted deterioration of environment by means of harmful stuffs, 

which are the end products of human activities. The environment can tolerate the mass of harmful stuffs to some 

extent and when the saturation point is reached, the environment cannot handle the aberration. This is a serious 

threat to the environment and the organisms that live upon it as well. 

 The central and the state governments have composed a pollution control board that is responsible for 

managing the level of polluting activities. The term „environmental pollution‟ may refer to different forms of 

pollutions. However, the most occurring and influenced pollutions are soil, water and air pollution, as most of 

the industrial wastages mixed up with these natural resources. Realizing the significance of the issue, this work 

aims to present a small contribution for predicting the feasible place for waste water discharge by taking the 

waste water discharge standards formed by pollution control board into account.  

 The research goal of this work is attained by four important phases such as data      pre-processing, 

attribute selection, feature extraction and classification. The pollution control board systematizes the wastewater 

discharge issue by considering the degree of the chemical components and the preferable range of components 

for each location is fixed. This work takes the waste water discharge standard as input and decides the best 

discharge location of the waste water based on the range of pollutants. This is made possible by training the 

prediction system with the wastewater discharge standards and then the system can predict the best place for 

wastewater discharge. The training process is done by means of simple statistical features such as mean, 

standard deviation and variance. As the standards possess limited number of chemical components, simpler 

statistical features can make the system works accurately. The contributions of this work are as follows. 

 The results of the proposed decision making system are accurate, as the system is trained effectively. 

 As the basic statistical features are utilized for training the decision making system, the computational, 

time and memory complexities are overthrown. 

 This work employs Support Vector Machine (SVM) as classifier for making decision about the suitable 

discharge place.  
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 The proposed decision making system can be utilized along with wastewater treatment system and the 

real inputs can be fed into the system for deciding the best suitable discharge place of the wastewater. 

 The performance of the proposed approach is tested in terms of accuracy, sensitivity, specificity and 

time consumption. 

 The remainder of this paper is organized as follows. Section 2 presents the review of literature with 

respect to water pollution. The proposed decision making system is elaborated in section 3. The performance of 

the proposed work is analysed and discussed in section 4 and the conclusions of the work are presented in 

section 5. 

2. Review of Literature: 

 This section reviews the related literature with respect to water pollution detection and control. 

 In [1], the quality of the water is tested by four different indicators such as acidity, total dissolved 

solids, water transparency and temperature. The thresholds for all these indicators are set as follows, pH is set as 

6.5 to 8.5, TDS is set to 1000 RPM, transparency is lesser than 5 and the temperature is set lesser than plus or 

minus three Celsius than the air temperature. All the sensors are processed by precision test and the average 

percentage error of the parameters of the sensor is 1.46% pH, 1.09% TDS, 2% turbidity sensor and 0.83% 

temperature. The quality of water is classified as good, less good and bad. 

 The source of water pollution is detected by means of Wireless Sensor Networks (WSN) in [2]. The 

static and dynamic water pollution sources are detected by WSN and the hypothesis testing is performed. The 

pollution source detection techniques are tested for accuracy. In [3], the quality of water is computed by means 

of automatic classification approach based on fish liver histopathology. The idea of this work is to process the 

microscopic images of fish liver for detecting the water pollution.  

The proposed approach relies on three important phases such as image pre-processing, feature 

extraction and classification. The level of water quality is identified by coloured histogram and gabor wavelet. 

The features of the microscopy fish liver images are extracted by means of Principal Component Analysis 

(PCA) and the water quality is classified by the classifier SVM. The classification process is attained by training 

the system with 125 images and 45 images are used for testing. The accuracy of proposed water quality 

classification is 93.3%. 

The environmental monitoring of water pollution based on residual antibiotics is presented in [4]. The 

aim of this work is to control the antibiotic traces in the water and these specific antibiotic traces are detected by 

Ultra Violet spectrophotometer and low frequency impedence. The visual absorbance level of the solution is 

computed by spectrophotometer and the range of capacitance is tracked by impedence analyser. The accuracy 

rate of this work varies with respect to the kind of antibiotic and its concentration in water. In [5], the current 

progress of water pollution and pollution source localization with WSN is discussed. Additionally, the issues 

and challenges associated with the water pollution monitoring are discussed. 

The air and water pollution emitted by the Baghdad power plant are evaluated in [6]. The proposed 

work is tested over twenty one and six sites inside and outside the power plant respectively. The waste water 

samples are tested and the concentration of metals such as Pb, Ni, Zn and is detected from the waste water. A 

source of water pollution is localized in three dimensional space by means of sensor networks in [7]. A spatial-

temporal Unscented Kalman Filter (UKF) is proposed to localize the water pollution source in terms of time and 

space. The performances of spatio-temporal and temporal UKF are compared and the performance of spatio-

temporal UKF is proven with better performance. 

The work presented in [8] claims that the process of data pre-processing has the great influence over 

the accuracy rate of the classification system. Hence, the paper discusses about the different data pre-processing 

techniques and the results of different clustering, regression and classification results are presented. A real time 

water pollution monitoring system is proposed for the lake Toba in [9]. The quality of the water is estimated by 

means of Dissolved Oxygen Level, pH value, temperature, air humidity and air temperature. The sensors are 

distributed throughout the river and the water quality is measured finally. 

In [10], a water pollution accident source is proposed to be detected by means of optimal search theory. 

The term “accident source” means that the sudden source of pollution in the river. Whenever the water is 

polluted, the research data of target distribution and detection function constructs the optimal search model for 

finding the accident source of water pollution. In [11], a hazard management system for detecting water 

pollution and radiation dispersion is proposed. This system predicts and makes decision about the water quality. 

The pollution in Luton Hoo lake is detected by means of several physical and chemical parameters in 

[12]. The physical parameters such as temperature, conductivity and turbidity are considered and the chemical 

parameters like dissolved oxygen, pH and ammonium are considered. The water quality index is calculated for 

different locations in a lake and the water quality is analysed. 

Most of the existing works focus on determining the quality of water by checking the degree of 

pollution. Motivated by the above presented works, this work aims to find the most suitable location for 

discharging the waste water based on the degree of impurity. The following section presents the proposed 

approach in detail. 
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3. Proposed Automated Water Discharge Location Prediction System: 

 The proposed supervised learning based approach aims to provide the basic knowledge of the general 

standards for the water discharge which contains about 31 parameters. Initially, the input data is pre-processed 

and normalized. The statistical features are extracted from the pre-processed data. Finally, during the process of 

classification, the classifier makes a decision about the preferable discharge areas. The overall flow of the work 

is depicted in figure 3.1. The detailed explanation of all the phases in the proposed approach is presented as 

follows. 

 
Figure 3.1: Overall flow of the diagram 

3.1 Data Pre-Processing:   
 The input database of this work contains nearly thirty one attributes and the range of these attributes is 

not standard. This data pre-processes the input data by performing the autofill operation. For instance, certain 

columns in the dataset may not contain values and the pre-processing step attempts to add zero in that place. For 

the better execution of any algorithm, it is good to avoid empty fields. Some of the important attributes being 

considered by this work are Total Suspended Solids (TSS), pH, BOD, temperature, COD, phenolic compounds, 

Fluoride (F), Sulphide (S), pesticide, detergents and so on. 

3.2 Attribute Selection:  

 The pre-processed data is then passed to the next phase called attribute selection. This phase makes the 

test sample data to comply with the training data. For instance, the test sample data may not contain all the 

attributes being present in the train dataset. Hence, this operation considers only the attributes of the test sample 

and during the process of comparison, all the attributes that are not the part of the train dataset are modified as 

zero. By this way, the attribute selection process work and is performed only during the testing process. 

3.3 Statistical Feature Extraction:  

 As soon as the attributes are selected, the statistical features are extracted from the data. Feature 

extraction is the heart of the classification system and the efficiency of the classification system depends on the 

potential of the features being utilized. Hence, the features should be more precise and crispy, such that the 

classification task can be performed effectively. When the training data is fed into the discharge location 

classification system, the system extracts the statistical features such as mean, standard deviation and variance 

of the training data and forms the feature vector. The so formed feature vector is saved in the database for 

performing future classification tasks. A short feature vector may be inefficient, as the details of the features are 

insufficient for performing accurate classification. On the other hand, a large feature set involves time, memory 

and computational complexity. 

 Taking this into account, the proposed approach attempts to build an efficient and sharp feature vector 

that can bring in better accuracy with lesser time complexity. The mean, standard deviation and variance are 

computed as follows. 

                                                                                                                  Μ =
1

𝑛
 𝐷𝑖

𝑛
𝑖=1                                                                                 (1) 

                                                              𝑆𝐷 =  
1

𝑛−1
  𝐷𝑖 − Μ 2𝑛

𝑖=1                                                                        (2) 
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                                                                           𝑉 =
 𝐷2

𝑛
− 𝑀2                                                                            (3) 

 All the three features work in a blended fashion and arrives at better feature set and the feature vector is 

formed by 

                                                         𝑓𝑣 𝑇𝐷 = {|𝐹𝑉𝑖(𝑓(𝑀, 𝑆𝐷, 𝑉)|}; 𝑖 = 1,2, … , 𝑛                                             (4) 

 In the above equations, 𝐷𝑖  is the input data, 𝑇𝐷 is the train data. The overall algorithm of this work is 

presented as follows. 

Algorithm for Auto-suggesting Discharge Location System for Wastewater 

// Training 

Input: General standards from pollution control board 

Output : Knowledge gaining 

Begin 

     Pre-process the general standards by autofill operation; 

     For all records 

        do 

            Extract mean (𝛭), standard deviation (𝑆𝐷) and Variance (V) features; 

            Construct 𝑓𝑣 𝑇𝐷  and store it in the local database; 

            Feed the knowledge to SVM classifier; 

        End; 

End; 

// Testing 

Input: Measurement of pollutants in the sample wastewater 

Output : Optimal discharge area suggestion 

Begin 

     Pre-process the pollutant list by autofill operation; 

     For the test sample 

        do 

            Extract 𝛭, 𝑆𝐷, 𝑉 features; 

            Construct 𝑓𝑣 𝑇𝐷 ; 

            Apply SVM classifier to match the test and train samples; 

            Utilise 𝑃𝑜𝑙𝑦 𝑆𝑉𝑀, 𝑆𝑖𝑔𝑚𝑜𝑖𝑑 𝑆𝑉𝑀 and 𝑅𝐵𝐹 SVM  for matching; 

             Analyse the performance; 

        End; 

End;  

 The computed feature vectors are stored in database for future classification problem. When the 

training process gets completed, the system is ready for performing the testing phase. In this stage, the known 

values of the chemical parameters are passed in to the automated discharge location classification system. The 

proposed work suggests the best possible discharge location after analysing the parameters of the wastewater. 

The following section presents the SVM classification process. 

3.4 SVM Classification:  

 This work utilizes multiclass SVM for selecting the best possible discharge location of the wastewater 

after analysing the quality of water.  As this work considers three different discharge locations such as irrigation 

land, inland surface and marine coastal area, multiclass SVM is employed. SVM can be incorporated in two 

different ways for dealing with a multiclass classification issue. The first way employs multiple binary SVM 

classifiers and each classifier is trained to handle a single class out of a set of classes. In the second way, 

multiple classifiers are processed over every pair of classes and the data is assigned to the class with maximal 

votes. This technique exploits 𝑛(𝑛 − 1)/2 classifiers and finally max-vote strategy is followed [13]. This work 

performs multiclass classification by tackling all the classes at the same instant of time by solving a single 

objective function.  

 The classification problem with 𝑛 different classes is denoted by a single optimization problem and is 

written as 

                                                       minw ,b,ω
1

2
 𝑤𝑦

𝑝𝑛
𝑦=1 𝑤𝑦 + 𝐶   𝜔𝑖 ,𝑦𝑦≠𝑠𝑖

𝑙
𝑖=1                                                    (4) 

Where                      𝑤𝑠𝑖

𝑝
𝜌 𝑥𝑖 + 𝑏𝑠𝑖

≥ 𝑤𝑦
𝑝
𝜌 𝑥𝑖 + 𝑏𝑦 + 2 − 𝜔𝑖 ,𝑦 ;  𝜔𝑖 ,𝑦 ≥ 0                                                        (5) 

Where 𝑖 = 1,2, … 𝑙 are training samples and 𝑦 ∈ {1,2, …𝑛}. The final decision is obtained by the below given 

equation. 

                                                        𝑑𝑒𝑐𝑓𝑛 = maxy=1,2,..n(𝑤𝑦
𝑝
𝜌 𝑥𝑖 + 𝑏𝑦)                                                            (6) 

 This way of classification conserves more time and is efficient. Besides this, the requirement of support 

vectors is lesser, when compared to the usage of multiple binary SVMs. Thus, the multiclass SVM can serve its 
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purpose, irrespective of the class count. The classification process is carried out by this way and the 

performance of the system is analysed as follows. 

4. Performance Analysis: 

 This work trains the classifier with the standard data by the pollution control board, which is 

downloaded from http://www.environmentallawsofindia.com/tolerance-limits-for-trade-effluents.html. This 

standard contains about thirty one attributes. The quality of the water can be predicted by means of this standard 

and based on the quality, the water is suggested to get discharged in specific areas. Based on this standard, the 

SVM is trained and when a test data sample is passed as input, the SVM pre-processes the data, selects the 

attribute, extracts the feature and compares the test feature vector with the train feature vector. By this way, the 

SVM determines the best suitable discharging area by taking the quality of water into account. 

 The performance of the proposed approach is tested in terms of standard performance measures such as 

accuracy, sensitivity and specificity and is compared against different kernels of SVM such as poly, RBF and 

sigmoid. From the experimental results, it is evident that RBF SVM performs better than the other two. The 

formulae for computing the accuracy, sensitivity and specificity measures are as follows. 

                                                                   𝐴𝑐 =
𝑇𝑝+𝑇𝑛

𝑇𝑝+𝑇𝑛+𝐹𝑝 +𝐹𝑛
× 100                                                                     (7) 

                                                                      𝑆𝑒𝑛 =
𝑇𝑝

𝑇𝑝+𝐹𝑛
× 100                                                                          (8)    

                                                                     𝑆𝑝𝑐 =
𝑇𝑛

𝐹𝑝 +𝑇𝑛
× 100                                                                           (9) 

Where 𝑇𝑝 , 𝑇𝑛 , 𝐹𝑝 , 𝐹𝑛  are True Positive, True Negative, False Positive and False Negative rates respectively.  

 
 On analysing the performance of different kernels of SVM, it is found that the RBF kernel of SVM 

serves well than the other two. The greatest accuracy, sensitivity and specificity values of SVM are proven by 

RBF SVM. Hence, this work concludes that the performance of RBF SVM is satisfactory in terms of better 

accuracy, sensitivity and specificity rates. 

 The time consumption of the proposed approach is compared by varying the kernel functions of SVM. 

Though the time consumption of all the three kernel functions of SVM are more or less similar to each other, 

RBF SVM consumes 1742 ms, which is the least and the remaining classification techniques consume 1832 and 

1807 ms respectively. 

5. Conclusion: 

 This article presents an automated discharge location suggestion system for wastewater treatment. The 

quality of water is affected when more harmful substances mix up with the water and the water is not fit for 

consumption. Additionally, the environment is also polluted by the wastewater. The proposed automated 

discharge location suggestion system is based on four phases such as data pre-processing, attribute selection, 

statistical feature extraction and classification. The statistical features such as mean, standard deviation and 

variance are extracted from the data and it forms the base of the classification task. Multiclass SVM with 

different kernel functions are utilized for achieving the classification task and this work concludes that RBF 

SVM performs well than poly SVM and sigmoid SVM. In future, better features are planned to be extracted and 

the optimal features alone are to be processed by feature selection algorithm.  
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