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Objective: Wastewater treatment plays an important role in addressing quantitative and
qualitative water shortages for urban development. In this context, maintaining and
improving the efficiency of wastewater treatment plants is essential for recovering water
resources. Therefore, modeling the performance of wastewater treatment plants at
different treatment stages is of great importance.

Methods: In this study, an artificial neural network (ANN) was used to model the effluent
quality of the Bushehr wastewater treatment plant. The input and output data included
biochemical oxygen demand (BOD), chemical oxygen demand (COD), electrical
conductivity (EC), total suspended solids (TSS), and total dissolved solids (TDS).
Results: Modeling of EC, TDS, COD, TSS, and BOD using ANN produced different
levels of accuracy at different wastewater treatment stages. Based on the results, the
model accuracy for EC reached its highest value in the first stage, with a coefficient of
determination (R?) of 0.84 during the testing period. For TDS, the best accuracy was
achieved in the third stage. In modeling COD, the network performance in the first stage
was highly satisfactory. For TSS, the highest training accuracy was obtained in the third
stage, with an R? of 0.79, while in the testing period, the second stage yielded the best
result with an R? of 0.65. Finally, for BOD, the highest accuracy was observed in the third
stage. The best performance for EC and COD was observed in the first stage, with
accuracy greater than 0.80. For TDS, TSS, and BOD, model performance improved in
later treatment stages, particularly in the third stage, while greater data dispersion and
prediction errors were observed in the other stages.

Conclusions: Violin plot analysis showed that the observed and simulated data for EC,
TDS, COD, TSS, and BOD were closely aligned at each treatment stage, indicating
satisfactory performance of the ANN model. The plots also showed that the values of
these parameters were high at the treatment plant inlet but decreased after each treatment
stage, demonstrating the successful performance of the treatment system. Among the
studied variables, TSS, COD, and BOD showed the highest similarity between observed

and modeled values, indicating the highest modeling accuracy.

*Corresponding author, Email: mvalikhan@semnan.ac.ir

Cite this article: Tamizi, HR., Vaghefi, M., Farzin, S., and Valikhan Anaraki, M. (2026). Modeling the wastewater
treatment plant using artificial neural networks-based modeling (Case study: Bushehr city, Iran). Journal of New

Approaches in Water Engineering and Environment, 5(2), 65-83.

https://doi.org/ 10.22034/nawee.2025.555176.1174

© The Author(s).
DOI: https://doi.org/ 10.22034/nawee.2025.555176.1174

Publisher: Gonbad Kavous University.

70


https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0000-0000-0000

Journal of New Approaches in Water and Environmental Engineering, Volume 5, Issue 2, 2026

Introduction

In recent decades, rapid urbanization and industrial development have increased both water
consumption and water pollution. In particular, the discharge of hazardous chemicals from
urban, agricultural, and industrial wastewater into water resources has significantly reduced
water quality. Therefore, wastewater recycling has become an important strategy for sustainable
urban development and water resource management.

The recycling and reuse of wastewater play an important role in meeting the water demands
of urban areas. The management and operation of wastewater treatment plants are based on
comparing effluent quality with established standards. The efficiency of these treatment plants
must be maintained above acceptable limits, as treatment performance strongly depends on the
quality of incoming wastewater.

Wastewater treatment plants typically use multi-stage treatment processes to improve
efficiency and minimize pollutant concentrations. However, under unforeseen conditions,
pollutant concentrations may become so high that treatment efficiency declines and wastewater
treatment performance deteriorates.

Various studies have investigated wastewater treatment efficiency using laboratory methods.
However, laboratory studies are often time-consuming and costly. Under such conditions,
artificial intelligence-based methods, such as artificial neural networks (ANNs), can play a
significant role in predicting treatment performance. ANN algorithms have been successfully
applied in various engineering fields, including pollutant removal from industrial wastewater,
runoff modeling, and flood forecasting.

Method

This study focused on modeling biochemical oxygen demand (BOD), chemical oxygen
demand (COD), electrical conductivity (EC), total suspended solids (TSS), and total dissolved
solids (TDS) at different stages of wastewater treatment.

Case Study

The influent and effluent dataset used in this study included EC, TDS, COD, BOD, and
TSS measurements from the Bushehr wastewater treatment plant between 2013 and 2019. The
Bushehr wastewater treatment plant has been in operation since 1997, and its initial design
life was estimated at 25 years.

One of the most important steps in developing artificial neural network models is selecting
appropriate input variables, as these significantly affect model performance. In this study, EC,
TDS, COD, BOD, and TSS at the treatment plant inlet were considered as model inputs, while
the same parameters at each treatment stage were used as model outputs.

Modeling Steps

To model the efficiency of the Bushehr wastewater treatment plant using ANNSs, input and
output data—including influent water quality parameters (EC, BOD, COD, TSS, and TDS),
operational characteristics (such as inflow rate, temperature, and residence time), and effluent
water quality—were collected and preprocessed.
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Data preprocessing included outlier removal, missing data treatment, and data scaling. The
dataset was randomly divided into training (70%) and testing (30%) subsets.
Results

The EC modeling results showed acceptable accuracy during both training and testing
periods. ANN performance in the first and third stages was better than in the second stage,
likely due to the presence of outliers in the second-stage training data. During the testing period,
EC modeling accuracy exceeded 0.80 in all three stages. The highest accuracy was achieved in
the first stage, with R? values of 0.81 and 0.84 for training and testing, respectively. The lowest
training accuracy was observed in the second stage (R? = 0.69).

The TDS modeling results also indicated satisfactory ANN performance across all three
treatment stages. The best training accuracy was achieved in the third stage (R? = 0.81), while
the highest testing accuracy was obtained in the second stage (R? = 0.86).

For COD, ANN performance was highly satisfactory, particularly in the first stage, with R?
values of 0.93 during training and 0.86 during testing.

For TSS, model performance was acceptable during both training and testing periods. The
best training accuracy was observed in the third stage (R? = 0.79), while the highest testing
accuracy was achieved in the second stage (R? = 0.65).

For BOD, the highest model accuracy was achieved in the third stage, with R? values of 0.77
and 0.72 during training and testing, respectively.

Overall, TSS, TDS, COD, EC, and BOD values were highest at the treatment plant inlet and
decreased progressively through each treatment stage. This indicates the successful operation
and high efficiency of the wastewater treatment plant. Among the modeled variables, TSS,
COD, and BOD showed the highest similarity between observed and predicted values.
Conclusions

The results of this study indicate that ANN modeling achieved high predictive accuracy for
EC, TDS, COD, BOD, and TSS during both training and testing periods. The R? values for most
modeled parameters were close to 1, indicating satisfactory ANN performance.

Violin plot analysis showed that the input parameters had high variability; however, as
wastewater passed through the first to third treatment stages, both variability and pollutant
concentrations decreased significantly.

Based on the violin plot analysis, TSS, COD, and BOD showed the highest similarity
between observed and predicted values, indicating superior modeling performance for these
parameters.
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