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Methods: This research has been investigated with the method of
biological treatment information modeling using fuzzy logic. One of
the cost-effective methods for purifying the sanitary wastewater of
the refinery is modeling using the fuzzy logic method. Fuzzy
inference systems are a popular computing framework based on the
concept of fuzzy sets, if-then rules, and fuzzy reasoning. This
category of systems has a successful application in the fields of
automatic control, data classification, decision analysis, expert
systems, time series prediction, robotics and pattern recognition. In
this research, MATLAB R2012 software has been used for fuzzy logic
modeling by Mamdani method. Information obtained from the tables
in the article "H.A. Hegazi. 2013".
Findings: By examining all the diagrams and models, we found that
the modeling done is reliable and can be used to obtain the results of
other experiments without conducting experiments. Also, the best
operating conditions can be called rice husk adsorbent
concentrations of 50, 60, 60, 60, 60, for the removal of Fe, Pb, Cd, Cu
and Ni metals. For the ash absorbent, the absorbent concentrations
of 60, 60, 60, 50, and 60, respectively, were called optimal absorbent
concentrations for metals. Also, among the two absorbents, rice husk
is a better absorbent. The accuracy of the model was reached around
95% and proved the reliability of the model. It can also be concluded
: that ash and rice husk worked very well as natural absorbents and
the removal efficiency was up to 90%.

DOI:
10.30495/wej.2022.21378.2151

Keywords:

Biological treatment,
wastewater, fuzzy logic, removal
of heavy metals, rice husk.

Ansari A, Ameri S. Modeling of removal of heavy metals from industrial wastewater using ash
and rice husk with fuzzy logic. Water Resources Engineering Journal. 2022; 15(54): 57-68.
*Corresponding author: Abdolhamid Ansari

Address: Ansari, Abdolhamid, Assistant Professor, Department of Petroleum Engineering, Lamerd
Branch, Islamic Azad University, Lamerd, Iran

Tell: +989177817649

Email: Abdolhamida61@Gmail.com


https://doi.org/10.30495/wej.2022.21378.2151
mailto:Abdolhamida61@Gmail.com

Modeling of removal of heavy metals from industrial wastewater using ash and rice husk with fuzzy logic

Extended Abstract

Introduction

Today, the preservation of water resources,
the most vital substance that mankind
needs, has been increasingly paid attention
to by various international forums. The ever-
increasing of the population and as a result
the over-exploitation of limited water
resources on the one hand and their
pollution due to various human biological,
agricultural and industrial activities have the
alarm of water crisis in the coming years.
This is significant from two general aspects:
1- Increasing the quality of water that must
be used for various purposes, which has
been influenced by three major factors. a).
The increase of pollutants in the natural
source of water. b). Quality tests of water
and sewage. c). The standard indexed of
drinking water. 2- Increasing the quality of
various urban, rural, agricultural and
industrial treated wastewater. Heavy metals
are dangerous to the environment and
human due to their toxicity. Many industrial
and metallurgical processes such as
electroplating, photography, aviation
industries, nuclear energy and
petrochemical facilities have caused the
discharge of heavy metals into water
sources. Among these metals, lead and
cadmium are a serious threat to living
organisms, even in low concentrations, due
to their accumulative, carcinogenic and
mutagenic properties. Among the heavy
metals found in industrial wastewater, we
can mention zinc, cobalt, copper, nickel,
mercury, cadmium, lead and chromium.
Wastewater treatment is a set of measures
that are used to remove or reduce the
pollutants in the wastewater so that the
produced wastewater can be safely and
safely reused. One of the cost-effective
methods for purifying the sanitary
wastewater of the refinery is modeling using
the fuzzy logic method.

Materials and Methods

This research has been investigated with the
method of biological treatment information
modeling using fuzzy logic. Fuzzy inference
is a process in which the mapping from
inputs to outputs is regulated using fuzzy

logic. According to the mapping done, a
decision is made, or a pattern is recognized.
We have two types of fuzzy inference
systems. These two types are Mamdani and
Sogno. These two types of fuzzy inference
systems are different in relation to the
method of determining the outputs. In
Mamdani inference, the output membership
functions of the fuzzy set must be de-
fuzzified. This may be more optimal in many
cases than using an output membership
function known as single output
membership  function. This method
increases the efficiency of the non-phase
process; Because it greatly reduces the
required calculations. Modeling in MATLAB
can be done in different ways, the purpose of
the work was to model the data by Mamdani
method. formation obtained from the tables
in the article "H.A. Hegazi. 2013".

Findings

After performing the modeling by fuzzy logic
method, the accuracy of the model should be
measured, for this we compare the model
answers with the laboratory answers. The
model has given an answer for each
condition separately, and if we compare this
answer with the available information, we
can get the error of the model both in
absolute and relative terms. As it has been
observed, the error for iron and cadmium in
high absorbent concentration was about
16%, which shows the high accuracy of the
model. By examining all the diagrams and
models, we found that the modeling done is
reliable and can be used to obtain the results
of other experiments without conducting
experiments. Also, the best operating
conditions can be called rice husk adsorbent
concentrations of 50, 60, 60, 60, 60, for the
removal of Fe, Pb, Cd, Cu and Ni metals. For
other adsorbents, the adsorbent
concentrations of 60, 60, 60, 50 and 60,
respectively, were called optimal adsorbent
concentrations for metals. Also, among the
two absorbents, rice husk is a better
absorbent.

Discussion

One of the -cost-effective methods for
purifying the sanitary wastewater of the
refinery is modeling using the fuzzy logic

58 Water Resources Engineering Journal. 2022; 15 (54):57-68



Ansari and Ameri

method. Fuzzy inference systems are a
popular computing framework based on the
concept of fuzzy sets, if-then rules, and fuzzy
reasoning. This category of systems has a
successful application in the fields of
automatic control, data classification,
decision analysis, expert systems, time
series prediction, robotics and pattern
recognition.

Conclusion

Finally, the accuracy of the model was
obtained at about 95% and proved the
reliability of the model. It can also be
concluded that ash and rice husk worked
very well as natural absorbents and the
removal efficiency was up to 90%.
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