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Abstract: Assessment of bottom sediment quality is vital in water resources management. The study
collected sediment data at five monitoring stations in the Saigon River and its tributaries from 2013
to 2023. These monitoring data was used to construct our feedforward neutral network (FFNN)
model. The model’s accuracy is 95.5% in assessing sediment quality. The study also presents a
speedy method for evaluating the quality of bottom sediments in Vietnam.
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1. Introduction

River sediment pollution is a growing
concern in most parts of the world [1]. Sediments
are an integral and dynamic part of river basins.
In recent years, many studies evaluating bottom
sediment quality have been published. Most
studies apply indexes to assess sediment quality.
Suresh, Sutharsan [2] used the pollutant load
index and ecological risk to evaluate the
sediment quality of Veer Anam Lake, India.
Moreover, Zahra, Hashmi [3] applied
enrichment factors, the geological accumulation
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index, and the metal pollution index to determine
metal accumulation, distribution, and pollution
status in Rawal Reservoir, Pakistan. Similarly,
Zhou, Feng [4] applied the Nemerow pollution
index, the geo-accumulation index, the risk
index, and cluster analysis to evaluate the
pollution level and ecological risk level of heavy
metals in soil. Most previous research shows that
the use of chemical parameters to evaluate
sediment quality is widespread. In recent years,
the fuzzy comprehensive evaluation method
(FCE) has also been used to evaluate river
sediment quality. Adebowale, Agunbiade and
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Olu-Owolabi [5] exploited FCE to evaluate
heavy metal pollution in surface water and
sediments. The FCE method usually requires
national standards or regulations divided into
levels or different purposes of use. Not all
bottom sediment quality standards meet this.

In recent years, artificial intelligence has
been widely used in environmental assessment.
An artificial intelligence network, also known as
an artificial neural network, is understood as an
information processing system built based on
generalizing the mathematical model of
biological neurons and adapting the working
mechanism of biological neurons of the human
brain [6]. Artificial neural networks are
considered a valuable tool for determining water
quality and understanding water pollution trends
[7]. However, this tool has been narrowly used
for sediment quality assessment. In 2008,
Manuel A. and his associates indicated that the
SOM model provided an useful classification
tool for subsequent evaluation steps than
multivariate analysis and hierarchical group
analysis [8]. In 2013, Olawoyin R. et al.
demonstrated the visualization capabilities of
SOM, highlighted sensitive areas, and also
provided a practical roadmap for decision-
making and practical corrective actions [9].

Sediment quality monitoring has been
carried out annually by many provinces and
cities in Vietnam. In most reports assessing
bottom sediment quality, the comparison method
with standards is used in most reports. Phung
Thai Duong and Huynh Thi Kieu Tram (2015)
pointed out high levels of heavy metals in the
Mekong estuary. This shows that the socio-
economic activities of the people here also play

a massive role in the accumulation of heavy
metals in river bottom sediments [10]. Thai Thi
Minh Trang et al., (2017) surveyed the status of
organic pollution in bottom sediments in some
areas of the Saigon River. Initial research on
TOC content in sediments in the lower Saigon
River in correlation with water environment
indicators and suspended sediment components
[11]. In another study, Le Thi Trinh assessed the
accumulation and ecological risks of some heavy
metals in Han River estuary sediments, Da Nang
City. Geo-accumulation index (lgeo), pollution
level (Cd value), and potential ecological risk are
also proposed based on the environmental risk
index (RI). The results of the potential ecological
risk coefficient show that the risk of heavy
metals is in descending order Cu> Pb> As> Cr>
Cd>Zn[12].

Previous research indicates that there has
been a significant focus on assessing sediment
quality. Research directions mainly focus on
pollution spread and ecological risks from
bottom sediment pollution. In this study,
research methods are standard comparison,
dynamic models, and risk indexes. The FFNN
network model is limitedly used to evaluate
bottom sediment quality. This study will build a
FFNN model to evaluate bottom sediment
quality. The research results are expected to
provide a functional neural network model for
bottom sediment quality in Binh Duong.

2. Data and Methods

2.1. Research Data

Table 1. Bottom sediment sampling locations

Coordinates .
No. Symbol Latitude Longitude Location

1 SG1 11°17°17,34>> | 106°21°14,88> | Distance to the Dau Tieng dam about 2km

2 sG2 10058°54.78" | 106%38°35,58" At the water pump station of the Thu Dau Mot
wastewater treatment plant

3 sG3 10052°0,9"" 106°42°47,7°" Distance fork at th_e Vlnh_ Blph Canal, Sai Gon
River, about 50 min the direction downstream area

4 RSG3 10°59°3,18”’ 106°39°9,18>> | At the bridge Ong Danh Canal

5 RSG6 10952°8,04"° 106°42°47,7>> | Dinh Ky restaurant at Vinh Binh Canal
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Bottom sediment monitoring data was
collected from 2013 - 2023 at Saigon River and
its tributaries (Table 1). The study data is collected
from the Center for Technical Monitoring of

(https://moitruongbinhduong.gov.vn/). The
province monitors the frequency of bottom
sediments twice a year. The type of data used in
the study is manual monitoring data. Monitoring
will be performed every two months.

Truong Sa

Figure 1. Locations of sediment monitoring.
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2.2. Methods

2.2.1. Feedforward Neural Network.

A feedforward neural network (FFNN) is a
simple artificial intelligence network. In the
FENN, input information is transmitted in only
one direction (direct transmission) from the
input layer, through the hidden layer, and to the
output layer. There is no repetition in the
network [13].

The network training process is illustrated in
Figure 2. Input data are parameters: As, Cu, Zn,
Pb, Cd, Cr and Hg. The output data represents
the quality level of the bottom sediment,
calculated using the Nemerow index. Details of

2.2.2. Nemerow Index

Applying the Nemerow index [1, 14, 15] to
evaluate the quality of sediments in the Saigon

River and its tributaries. The sediment quality
level obtained was used to set up the output layer
in the FFNN model.

the index calculation method are presented
in the study [16, 17]. The bottom sediment
quality scale is divided into five levels: Perfect P
<1(l),Good1<P<2(ll),average 2<P <3
(1), Poor 3 <P <5 (1V), Poor P > 5 (V).

Research data is divided into three main
groups: 70% training, 15% evaluation, and 15%
validation. The ANN model is evaluated through
model errors. The smaller the model's error, the
better the model. The process of assessing
bottom sediment quality using the ANN network
is summarized as follows:

Statistical method: RMSE [18] and the
correlation coefficient R? is used to evaluate
the model.
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Figure 2. Procedure for determining bottom sediment quality.

3. Develop a Sediment Quality Classification
Model Using the FFNN

3.1. Data Preprocessing

Bottom sediment monitoring data are often
affected by natural and artificial factors affecting
research results. Therefore, the study conducted
data preprocessing through statistical methods to
check missing data.
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Figure 3. Sediment quality at the bottom of the
Saigon River and its tributaries.

The heavy metal monitoring data showed the
presence of outliers (Figure 3). These outliers
were screened using non-parametric methods.
The extreme values were removed and
restored through imputation analysis using SPSS
version 26.

3.2. Build a Model to Classify Bottom Sediment
Quality

3.2.1. Model Training

The initial setup includes 6 input neurons,
two hidden layers, and one output neuron to train
the network to evaluate sediment quality. The
input neurons are pollution parameters in the
bottom sediments: As, Cu, Zn, Pb, Cd, Cr, and
Hg. The Levenberg-Marquardt algorithm is used
to train the network. The network training model
is implemented by adjusting the number of
neurons in the hidden layer. Neurons start
running from 2 or more until the model's
statistical parameters reach an optimal. The
Gradient reduction algorithm is set to 0.0554
when the number of epoch threshold iterations
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reaches 11, Mu is recorded as 0.01, and the value
used for model evaluation is 6.

3.2.2. Model Evaluation

The network training process is performed
multiple times, as described above. The running
models are run many times to find the dark
model based on two parameters: MSE and

Training: R=0.9442

O Data
35 Fit
------------- Y=T
3

Output ~= 0.58*Target + 0.51

Target

Test: R=0.92237

2
2 Data
Fit
180 ... v=T

Output ~= 0.46*Target + 0.63

1 1.2 14 1.6 1.8
Target

correlation coefficient. The model operates
stably when the number of neurons in the hidden
layer reaches 5. The model does not obtain the
optimal parameters when the number of neurons
in the hidden layer is increased. Therefore, the
FFENN model with the structure O(7) - H(5) - 1(1)
is a suitable network structure to evaluate bottom
sediment quality.

Validation: R=0.9717

O  Data
Fit
18H|........... Y=T

Output ~= 0.47*Target + 0.61
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Target
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Figure 4. Correlation coefficient in the FFNN model O(7) - H(5) - 1(1).
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The network structure model O(7) - H(5) -
I(1) obtained error values of 0.0773, 0.01854,
and 0.002176 for the training set, evaluation set,
and testing set, respectively. The model's
correlation coefficient reached a statistical value
higher than 0.9 in the three data sets in Figure 4.

Comparing sediment quality at the bottom of
the Saigon River and its tributaries using the
Nemerow method and the FFNN model shows a
high level of similarity, as shown in Figure 4.
Correlation analysis of the results of assessing
the quality of Saigon River bottom sediment
using the Nemerow and FFNN methods shows
that the correlation coefficient R?> = 0.879 and
adjusted R? = 0.878. This gives me two highly
related methods. The obtained P-value shows
that the correlation between the two methods is
very statistically significant. Numerous studies
have demonstrated the effectiveness of these
models in accurately evaluating and forecasting
the amount of sediment carried by rivers. A
study comparing FFNN and ANFIS models for
modeling suspended sediment concentrations
reported high accuracy for both, with R2 values
ranging from 0.77 to 0.98, and FFNN showing a
slight advantage [19].

Use the confusion matrix (Table 2) to
evaluate the accuracy of the FFNN model O(7) -
H(5) - I(1). The results obtained Kappa
coefficient = 0.77 and P-value = 0. This indicates
that the FFNN model accurately classifies
sediment quality. The accuracy rate of the model
compared to the actual value (105/110) x100 =
95.5%. The Kappa coefficient of the two results
is 0.771. A P-value of the Chi-square test
obtained 0. This indicates that the FFNN model
exhibits good performance. B. Joshi et al., also
demonstrate that the FFNN model has low error
and high model efficiency [20]. These
performance metrics are consistent with the high
accuracy and substantial agreement often
reported for FFNN and other ANN models in
environmental classification tasks worldwide
[5]. This reinforces the potential of machine
learning models for providing reliable
assessments of sediment quality [19].

Table 2. Confusion matrix between actual values
and the FFNN model

. FENN
Matrix Covel 1 5 3 Total
| 97 | 0 | 0 | 97
T 2 | 8 | 0 | 10
Actual m 0o 1 | 0 1
v 0o 0 | 2 2
Total 99 | 9 | 2 | 110

Both the Nemerow index and FFNN models
have their inherent strengths and limitations. The
Nemerow index is easy to calculate and
interpret, making it a practical tool for initial
assessments and for highlighting severe
pollution [21]. However, its sensitivity to
extreme values and dependence on predefined
standards can be limited. FFNN models, on the
other hand, can model complex relationships and
achieve high accuracy, but they require
sufficient data for training and can be less
transparent in their decision-making process.
The strong correlation observed in the Saigon
River study suggests that, in this context, the FFNN
model may effectively mirror the assessment
provided by a more interpretable index.

4. Classification of Sediment Quality of
Saigon River and its Tributaries

Using the FFNN model with structure O(7) -
H(5) - 1(1) to evaluate the quality of the bottom
sediment of the Saigon River and its tributaries
shows that the bottom sediment quality has been
excellent in recent years. The evolution of
bottom sediment quality can be divided into two
periods, starting from when the bottom sediment
quality monitoring begins (Table 3).

- Phase 1 from 2013 - 2016: the quiet quality
had slight fluctuations during this period. In
2013, bottom sediment quality ranged from
average (>2) to excellent (<1). In 2014 - 2016,
the bottom sediment quality improved, ranging
from level 1-2 (excellent level - good level), as
shown in Table 3.
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- Phase 2 from 2017 - 2023: The bottom
sediment quality was stable and good during this
period.

Nguyen Xuan Tong et al., found that
sediment quality was more strongly affected by
trace metals than surface water [22]. The study
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also noted a decreasing trend of trace metal
concentrations in sediments over the survey
period 4 which could indicate improving
sediment quality in some areas of HCMC,
similar to the trend observed in the Saigon River
between 2013 and 2016.

Table 3. Average bottom sediment quality in the period 2013 - 2023

STT Moggti‘r’]:ing 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
1 RSG3 2 2 1 1 1 1 1 1 1 1 1
2 RSG6 3 2 1 2 1 1 1 1 1 1 1
3 SG1 1 2 1 1 1 1 1 1 1 1 1
4 SG2 1 2 1 2 1 1 1 1 1 1 1
5 SG3 2 1 1 2 1 1 1 1 1 1 1

5. Conclusion

The research was conducted to build a model
to evaluate sediment quality at the bottom of the
Saigon River and its tributaries. The study has
successfully built a model to assess bottom
sediment quality using the FFNN model. The
network structure O(7) - H(5) - I(1) is the
optimal model to evaluate water quality-
sediment quality at the bottom of the Saigon
River and its tributaries. Bottom sediment
quality is divided into 2013 -2016 and 2017 -
2023. In particular, 2013 - 2016 was recorded to
have lower bottom sediment quality than 2017 -
2023. The FFNN model is a simple and easy-to-
implement neural network model. Therefore,
this model is easy to use to evaluate the bottom
sediment quality. The research results provide a
valuable tool for assessing bottom sediment
guality, which is currently limited by the
assessment methods used in Vietnam.
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