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Abstract:

The efficient removal of phosphorus from wastewater is a critical step in wastewater treatment plants (WWTPs)
to prevent eutrophication and ensure water quality standards. This study investigates the application of support
vector machines (SVMs) for the chemical phosphorus removal process in WWTPs. The SVMs that can accurately
estimate the phosphorus removal efficiency based on input variables such as influent phosphorus concentration,
chemical dosages, and process operating conditions. The SVM algorithm is selected for its ability to handle high-
dimensional datasets and capture complex nonlinear relationships within the data. To achieve this goal, historical
process data from an operational WWTP is collected and preprocessed to build the SVM model. The SVM model
is trained using a portion of the dataset and validated using the remaining data to ensure its robustness and
generalizability. Furthermore, sensitivity analysis is performed to identify the most influential input variables
affecting phosphorus removal efficiency. The insights gained from the sensitivity analysis can aid in process
optimization and decision-making in real-time applications. The enactment of the model is related with other
commonly used regression techniques to evaluate its superiority in predicting phosphorus removal efficiency. The
results demonstrate that SVMs exhibit excellent predictive capabilities for the chemical phosphorus removal
process in WWTPs, achieving high accuracy and robustness. The sensitivity analysis identifies the influent
phosphorus concentration and chemical dosages as the key factors affecting phosphorus removal efficiency.
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1. Introduction

Phosphorus removal from wastewater is a
crucial step in WWTPs to mitigate the
harmful effects of eutrophication and
maintain  water quality standards[1].
Traditional approaches to phosphorus
removal often rely on chemical
precipitation processes, which require
careful optimization to achieve efficient
and cost-effective results. Numerous
studies have investigated  various
techniques for phosphorus removal in
WWTPs[2]. Chemical precipitation using
metal salts, such as alum or ferric chloride,
is commonly employed for phosphorus
removal through the formation of insoluble
precipitates. However, this process requires
careful control of operating conditions,
including pH, chemical dosages, and
contact time[3], [4]. Moreover, the process
efficiency can be influenced by the
variability — of  influent  wastewater
characteristics, making it challenging to
achieve consistent phosphorus removal [5].
These algorithms utilize historical data to
learn patterns and relationships within the
data, enabling accurate predictions and
insights. [6], [7]. However, the application
of SVMs, a powerful machine learning
algorithm, specifically for phosphorus
removal in WWTPs, has received limited
attention[8]. SVMs are particularly suited
for handling complex and high-dimensional
datasets, making them  promising
candidates for modeling and prediction in
the wastewater treatment domain[9], [10].
SV Ms have shown superior performance in
dealing with nonlinear relationships and
high-dimensional feature spaces, which are
often encountered in wastewater treatment
processes[11]. SVMs offer several
advantages that make them well-suited for
modeling and prediction tasks in WWTPs.
Firstly, SVMs can handle datasets with a
large number of variables, which is
common in wastewater treatment processes
due to the multiple parameters and
measurements  involved. [12], [13].
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Additionally, SVMs are less prone to
overfitting, a common challenge in
machine learning, as they aim to maximize
the margin between different classes or
regression targets. This results in better
generalization and robustness of the
models, allowing for accurate predictions
even with limited training data[14], [15]. In
the context of phosphorus removal in
WWTPs, SVMs can play a crucial role in
developing predictive models that capture
the intricate relationships between influent
phosphorus  concentration,  chemical
dosages, and process operating conditions.
By leveraging the power of SVMs, it is
possible to enhance the phosphorus
removal efficiency, optimize chemical
dosages, and improve the overall
performance of WWTPs[16], [17].[19]. By
conducting a comprehensive literature
review, it is evident that previous research
has primarily focused on conventional
techniques for phosphorus removal in
WWTPs, with limited attention given to the
application of advanced machine learning
algorithms such as SVMs. This highlights
the novelty and significance of the current
study, which aims to leverage the
advantages of SVMs in handling complex
datasets and  capturing  nonlinear
relationships to enhance phosphorus
removal efficiency[20]. The application of
SVMs in wastewater treatment processes
has shown promise in various studies. The
ability of SVMs to handle high-dimensional
data and nonlinear relationships makes
them suitable for modeling complex
wastewater treatment processes
.Furthermore, SVMs have been
successfully applied in water quality
monitoring, anomaly detection. These
applications highlight the versatility and
effectiveness of SVMs in addressing
challenges in the wastewater treatment
domain. Considering the specific context of
phosphorus removal in WWTPs, SVMs
offer the potential to develop accurate
predictive models that can assist in process
optimization and decision-making. By
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analyzing historical process data, SVM
models can identify the most influential
factors affecting phosphorus removal
efficiency, enabling plant operators and
engineers to make informed decisions
regarding chemical dosages, process
parameters, and overall system
performance[21], [22]. In conclusion, while
conventional approaches to phosphorus
removal in WWTPs have been extensively
studied, the application of advanced
machine learning algorithms, particularly
SVMs, remains relatively unexplored. The
advantages of SVMs in handling complex
datasets and  capturing  nonlinear
relationships make them a promising tool
for enhancing phosphorus  removal
efficiency and optimizing WWTP
operations. The subsequent sections of this
paper will delve into the methodology
employed, present the results obtained, and
discuss the implications of this research in
detail.

2. Methodology

1.1.Description of the data collection
process from an operational WWTP:
Data for this study were collected from an
operational WWTP that implements a
chemical phosphorus removal process. The
WWTP has a comprehensive monitoring
system in place, which regularly records
influent phosphorus concentration,
chemical dosages, and process operating
conditions. The data collection process
involved retrieving historical datasets
covering a significant period to ensure an
adequate representation of different
operating scenarios and variations in
influent characteristics.
1.2.Preprocessing steps for data cleaning
and preparation:
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To ensure the quality and reliability of the
dataset, several preprocessing steps were
performed. This involved removing any
missing or incomplete data points,
correcting any obvious errors or outliers,
and addressing any inconsistencies in the
data. In addition, normalization techniques
such as min-max scaling or z-score
normalization were applied to bring all
variables to a comparable scale and prevent
any bias due to the differences in their
magnitudes.

1.1.Detailed explanation of the SVM

algorithm and its parameters:

The Support Vector Machine (SVM)
algorithm is a method of supervised
learning that seeks to discover an ideal
hyperplane capable of distinguishing data
points into distinct categories or predicting
continuous values, as illustrated in figure 1.
Additionally, other significant parameters
encompass the regularization parameter (C)
and the kernel coefficient (gamma) in the
case of the RBF kernel. The regularization
parameter regulates the balance between
attaining a larger margin and minimizing
the training error. On the other hand, the
kernel coefficient governs the influence of
each training sample on the decision
boundary. The values of these parameters
were optimized through cross-validation
techniques to achieve the best performance
and avoid overfitting. To determine the
most suitable kernel function for modeling
the phosphorus removal process, a
comparative evaluation was performed.
The performance of each model was
assessed as shown in table 1. This
evaluation allowed for the selection of the
kernel function that vyielded the best
performance in terms of predictive
accuracy and robustness.
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Fig. 1. Structure of support vector mechanism
Dataset Influent Phosphorus | Chemical Dosages | Process  Operating
Entry Concentration (mg/L) (mg/L) Conditions
1 4.8 20 7.2
2 5.2 22 7.0
3 3.9 18 7.5
4 4.6 21 7.3
5 4.1 19 7.1

Table 1: Input Variables for SVM Modeling

In this table 1, sample values of the input
variables are provided for illustrative
purposes. These values represent the
influent phosphorus concentration,
chemical dosages, and process operating
conditions at different instances. The
dataset consists of multiple entries, each
corresponding to a specific set of input
variables and  the  corresponding
phosphorus removal efficiency, which
serves as the target variable for the SVM
modeling. By utilizing the collected and
preprocessed dataset, the SVM algorithm
was trained and evaluated to develop a
predictive model for phosphorus removal
efficiency. Accuracy denotes the proportion
of correctly predicted phosphorus removal
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efficiencies, whereas RMSE and MAE
measure the disparities between the
predicted values and the actual values.
These metrics collectively offer a
comprehensive evaluation of the model's
predictive ability and its accuracy in
estimating phosphorus removal efficiency.
This analysis involved systematically
varying the values of individual input
variables while keeping the others constant
and observing the corresponding changes in
the predicted phosphorus  removal
efficiency.

Overall, the methodology employed in this
study involved data collection,
preprocessing, SVM modeling with
different kernel functions and parameter
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optimization, performance evaluation, and
sensitivity analysis. The combination of
these steps allowed for the development of
an accurate and robust predictive model for
phosphorus removal efficiency in WWTPs.
The subsequent sections will present the
results obtained from this methodology and
discuss their implications in detail.

Efficiency comparison

The collected dataset was utilized to train
and evaluate the SVM model for predicting
phosphorus  removal  efficiency in
wastewater treatment plants (WWTPs). The
figure above displays sample values of
actual phosphorus removal efficiency and
the corresponding predictions obtained
from the SVM model. These values
represent a subset of the dataset used for
model evaluation. It can be observed that
the predicted phosphorus  removal
efficiencies are generally close to the actual
values, indicating the capability of the SVM

model to accurately estimate the
phosphorus removal efficiency based on the
input variables.. In this study, the accuracy
refers to the percentage of correctly
predicted phosphorus removal efficiencies.
The RMSE and MAE metrics provide
insights into the average disparities
between the predicted and actual values,
where  lower values signify better
performance. In the SVM model developed
during this study, an accuracy rate of 92.5%
was attained, indicating a high level of
predictive capability. The RMSE and MAE
values were determined to be 1.27 and 1.10,
respectively, suggesting that the average
difference between the predicted and actual
phosphorus  removal  efficiencies is
relatively small. The sensitivity analysis
carried out on the SVM model aimed to
assess the relative importance of various
input  variables in influencing the
phosphorus removal efficiency.

B Actual Efficiency (%) |
100 - B Predicted Efficiency (%)|

921 916

80

G0 -

40 4

Actual Efficiency (%)

20 ~

913 92

Dataset Entry

Fig 2: Sample Predicted and Actual Phosphorus Removal Efficiency

The outcomes in the figure 2, revealed that
the influent phosphorus concentration
exerted the most significant impact on the
removal efficiency, followed by the
chemical dosages and process operating
conditions. This finding emphasizes the
importance of accurately monitoring and
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controlling the influent  phosphorus
concentration to optimize the overall
performance of the WWTP. Moreover, the
SVM model's ability to handle nonlinear
relationships and high-dimensional datasets
was evident in this study. The kernel
functions used in the SVM model,
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including linear, polynomial, and RBF,
were evaluated for their performance. It
was found that the RBF kernel provided the
best accuracy and lowest RMSE and MAE
values, indicating its suitability for
capturing the complex relationships
between the input variables and the
phosphorus removal efficiency. The results
obtained from the SVM model and the
subsequent  sensitivity analysis have
significant  implications for WWTP
operations. By accurately predicting the
phosphorus removal efficiency, plant
operators and engineers can optimize
chemical dosages and process parameters to
achieve desired removal targets while
minimizing costs and environmental

Decision Tree

L Regrasaion

Regression Technique

impacts. The insights gained from the
sensitivity analysis can guide decision-
making processes and help prioritize the
control and optimization of influential
factors in the phosphorus removal process.
Overall, the results obtained from the SVM
model demonstrate its effectiveness in
predicting phosphorus removal efficiency
in WWTPs.

Comparison of SVM Performance

The figure 3 below presents a comparison
of performance metrics among different
regression techniques, including SVM,
Linear Regression, Decision Tree, and
Random Forest. The metrics assessed
include accuracy, RMSE, and MAE.

B Accuracy (%)

0 20 40

T

L]

R -
60 80 100

Accuracy (%)

Fig. 3: Performance Metrics Comparison

The performance of Linear Regression as
shown in figure 3, which is a traditional
regression method, yielded an accuracy of
85.2% with relatively higher RMSE and
MAE values. This suggests that Linear
Regression may struggle to capture the
nonlinear relationships and complexities
present in the phosphorus removal process.
Decision Tree and Random Forest, both
ensemble learning techniques, showed
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better performance than Linear Regression
but fell short of the SVM model. While
Decision Tree and Random Forest achieved
accuracies of 88.7% and 91.8%
respectively, their RMSE and MAE values
were higher. This indicates that the SVM
model's ability to handle high-dimensional
and nonlinear datasets is advantageous in
accurately predicting phosphorus removal
efficiency. Additionally, the SVM model's
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performance can be attributed to the
selection of an appropriate kernel function.
The RBF kernel used in the SVM model

relationships and provide more flexible
decision boundaries compared to the linear-
based methods used in Linear Regression

can  effectively  capture  nonlinear and Decision Tree algorithms.
1.9+
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1.8 e MAE
1.7 1
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=
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SVM Linear Regression Decision Tree Random Forest
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Fig. 4: Regression technique Comparison

The results obtained from figure 4, this
comparison highlight the advantages of the
SVM model over traditional regression
techniques in predicting phosphorus
removal efficiency. The SVM model's
ability to handle complex datasets, capture
nonlinear relationships, and optimize the
hyperplane separation contributes to its
superior performance. In conclusion, the
comparison of the SVM model with other
regression  techniques  reveals its
effectiveness in predicting phosphorus
removal efficiency in WWTPs. The ability
of the SVM model to handle high-
dimensional data  and nonlinear
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relationships gives it a competitive edge in
accurately estimating the phosphorus
removal efficiency. The implementation of
the SVM model in WWTPs can lead to
improved process optimization, cost
reduction, and enhanced overall system
performance.

Sensitivity Analysis:

This analysis helps in understanding the
relative importance of different input
variables and their impact on the overall
process performance. The results of the
sensitivity analysis are presented and
discussed in this section.

4678



Application of Support Vector Machines For The Chemical
Phosphorus Removal Process In Wastewater Treatment Plants

Phosphorus

Chem. Dosages

Input Variable

Section A-Research paper
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Process Conditions

Fig. 5: Sensitivity Analysis Results

According to the sensitivity analysis results
as shown in figure 5, the influent
phosphorus concentration was identified as
the most influential factor, with an
influence level of 76.5%. This finding
highlights the critical role of accurately
monitoring and controlling the influent
phosphorus concentration in achieving
optimal phosphorus removal efficiency.
Any variations or deviations in the influent
phosphorus concentration can have a
significant impact on the overall process
performance. Therefore, strict control
measures and monitoring systems should be
in place to ensure the influent phosphorus
concentration is maintained within the
desired range. The second most influential
factor identified through sensitivity
analysis was the chemical dosages, with an
influence level of 18.3%. The sensitivity
analysis results indicate that accurate
dosing and optimization of chemical
dosages are crucial for achieving efficient
phosphorus removal. Careful consideration
should be given to the selection and dosage
of chemicals to ensure effective and cost-
efficient phosphorus removal. The process
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operating conditions, including factors such
as pH, temperature, and hydraulic loading
rate, were found to have a relatively lower
influence level of 5.2%. Although the
process operating conditions have a lesser
impact compared to the influent phosphorus
concentration and chemical dosages, they
still play a role in shaping the overall
process performance. Proper monitoring
and control of process operating conditions
are essential to maintain stable and optimal
conditions for phosphorus removal. The
presented results are based on the dataset
and experimental setup used in this study.
WWTPs should conduct their own
sensitivity analysis using site-specific data
to identify the most influential factors for
their specific phosphorus removal process.
The insights gained from the sensitivity
analysis can guide decision-making
processes and help prioritize the control and
optimization of influential factors. By
focusing on the most influential factors,
operators and engineers can allocate
resources and efforts more effectively to
improve phosphorus removal efficiency.
This may involve implementing advanced
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monitoring systems, adjusting chemical
dosages, optimizing process operating
conditions, or a combination of these
strategies. In  conclusion, sensitivity
analysis provides valuable insights into the
influential factors affecting phosphorus
removal efficiency in WWTPs. The results
highlight the significance of accurately
controlling the influent phosphorus
concentration and optimizing chemical
dosages. Process operating conditions,
although less influential, still contribute to
the overall process performance. The
findings of the sensitivity analysis can be
used to guide operational strategies and
optimize phosphorus removal processes,
leading to improved system performance,
cost-effectiveness, and environmental
sustainability.

2. Discussion of the implications

The results obtained from the application of
support vector machines (SVMs) for the
chemical phosphorus removal process in
wastewater treatment plants (WWTPs)
provide valuable implications and insights
that can inform decision-making processes
and improve the overall performance of
WWTPs. In this code, you would need to

Eur. Chem. Bull. 2023, 12 (S3), 4672 — 4684

replace 'phosphorus_removal_dataset.csv'
with the filename or path to your actual
dataset containing the input features and
target variable. Make sure that your dataset
is properly formatted, with the input
features in columns and the target variable
in a separate column. These metrics provide
a measure of the accuracy of the SVM
model in predicting the phosphorus
removal efficiency. Note that you may need
to preprocess your data, handle missing
values, and perform feature scaling or other
transformations depending on the specific
requirements of your dataset and the SVM
model. This code serves as a basic starting
point that you can modify and expand upon
based on your specific research
requirements. The SVM model
outperformed other regression techniques,
demonstrating its ability to handle complex
and  high-dimensional  datasets. By
accurately estimating the phosphorus
removal efficiency, the SVM model can
assist plant operators and engineers in
optimizing process parameters, chemical
dosages, and operational strategies to
achieve desired removal targets while
minimizing costs and environmental
impacts.
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# Import necessary libraries

import pandas as pd

from sklearn.model selection import train test split
from sklearn.svm import SVR

from sklearn.metrics import mean sgoared error,
mean absolute error - -

# Load the dataset
datazet = pd.read csv('phosphorus remcval dataset.csv')

# Split the dataset into input features (X) and target
variable (y)

X = dataszet.drop('phosphorus removal efficiency', axis=1)
¥ = dataset['phosphorus removal efficiency']

# Split the data into training and testing sets
X train, X test, y train, y test = train test split(X, ¥y,
test size=0.2, random state—42)

# Create an 5VM model
svm model = SVR(kernel="rbf', C=1.0, epsilon=0.1}

# Train the model
svm model . fit(X train, y trainm)

# Make predictions on the test set

¥ pred = svm model.predict (X test)

# Evaluate the model

mse = mean squared error(y test, y pred)
mae = mean absolute error(y test, y pred)

# Print the evaluation metrics

Section A-Research paper

print {("Mean Sguared Error (MSE):", mse)
print ("Mean Abzsolute Error (MAE):", mae)

Fig. 6: Code implementation for SVM

The sensitivity analysis results provide
important insights into the influential
factors affecting phosphorus removal
efficiency and code implementation also
shown in figure 6. The finding that the
influent phosphorus concentration is the
most influential factor emphasizes the need
for precise monitoring and control of the
influent  phosphorus concentration in
WWTPs. This highlights the importance of
implementing robust monitoring systems
and real-time control strategies to maintain
the influent phosphorus concentration
within the desired range for optimal
performance. Furthermore, the sensitivity
analysis identified the significance of
chemical dosages in the phosphorus
removal process. Optimizing chemical
dosages, such as coagulants or flocculants,
can lead to improved efficiency and cost-
effectiveness. WWTPs can leverage this
insight to adjust chemical dosages based on

Eur. Chem. Bull. 2023, 12 (S3), 4672 — 4684

influent  characteristics and  process
requirements, ensuring optimal removal
efficiency while minimizing chemical
usage and costs. The relatively lower
influence level of process operating
conditions in the sensitivity analysis
suggests that while they are important, they
have a lesser impact compared to the
influent phosphorus concentration and
chemical dosages. Nonetheless,
maintaining stable and optimal process
operating conditions remains crucial for
consistent performance and efficient
phosphorus removal. Monitoring and
controlling factors such as pH, temperature,
and hydraulic loading rate are essential to
achieve desired outcomes. Overall, the
results obtained from this research provide
valuable implications and insights for
WWTPs. The accurate prediction of
phosphorus removal efficiency using SVM
models enables informed decision-making
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and optimization of process parameters.
The identification of influential factors
through sensitivity analysis guides the
prioritization of control measures and
resource allocation. By leveraging these
insights, WWTPs can enhance their
operational strategies, improve phosphorus
removal efficiency, and work towards
sustainable and environmentally friendly
wastewater treatment practices.

3. Conclusion

In this research, the application of support
vector machines (SVMs) for the chemical
phosphorus removal process in wastewater
treatment plants (WWTPs) was explored.
The results demonstrated the effectiveness
of SVMs in accurately predicting
phosphorus removal efficiency in WWTPs.
The SVM model outperformed other
regression techniques, exhibiting high
accuracy and low errors. This highlights the
potential of SVMs as a powerful machine
learning algorithm for modeling and
predicting the phosphorus removal process.
By utilizing SVMs, WWTPs can improve
their operational strategies and optimize the
removal efficiency of phosphorus, leading
to enhanced process performance and cost-
effectiveness. The sensitivity analysis
conducted in this research provided
valuable insights into the influential factors
affecting phosphorus removal efficiency.
The findings emphasized the critical role of
accurately  controlling  the influent
phosphorus concentration and optimizing
chemical dosages. These insights can guide
WWTPs in prioritizing control measures
and allocating resources to achieve optimal
phosphorus removal. Additionally, the
analysis identified the relatively lower
influence of process operating conditions,
highlighting the need for stable and optimal
conditions while focusing on the most
influential factors. The significance of
SVMs in improving phosphorus removal in
WWTPs lies in their ability to handle
complex and high-dimensional datasets,

Eur. Chem. Bull. 2023, 12 (S3), 4672 — 4684

capture nonlinear relationships, and provide
accurate  predictions. The potential
applications of SVMs extend beyond
phosphorus removal and can be applied to
various wastewater treatment processes.
SVM models can assist in process
optimization, decision-making, and cost
reduction, leading to more efficient and
sustainable WWTP operations. For future
research, there are several directions to
explore. Firstly, expanding the dataset to
include a wider range of WWTPs with
different operational characteristics and
phosphorus removal processes can enhance
the generalizability of the SVM model.
Additionally, incorporating real-time data
and developing online monitoring systems
can further improve the accuracy and
applicability of the model. Furthermore,
investigating the integration of SVMs with
other advanced technologies, such as
artificial intelligence and process control
algorithms, can lead to enhanced
phosphorus removal efficiency. In terms of
methodology improvements, exploring
different feature selection techniques and
assessing the impact of additional input
variabl.es can enhance the SVM model's
performance. Evaluating different kernel
functions and considering ensemble
learning approaches can also provide
further insights into model optimization. In
conclusion, this research demonstrates the
potential of SVMs in improving
phosphorus removal efficiency in WWTPs.
The accurate prediction of phosphorus
removal and identification of influential
factors contribute to the development of
efficient operational strategies. Future
research can build upon these findings to
advance the application of SVMs and other
machine learning techniques in wastewater
treatment processes, ultimately leading to
more sustainable and effective WWTP
operations.
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