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Abstract— The low learning outcomes of IPAS students are caused 

by the lack of innovative learning models in the learning process. 

The purpose of this study was to examine the effect of PjB, PBL and 

Discovery Learning models on the learning outcomes of IPAS of 

grade V elementary school students. This research is an 

experimental research using Quasy Experimental with 

Nonequivalent Control Group Design pattern. The population of 

this study were all fifth grade elementary school students totaling 

75 students. The sampling technique used in this study was 

proportional random sampling. In this study, the data collection 

technique used was a test. The data analysis technique used was 

One Way Annova with the help of SPSS version 21. The results 

showed that there was a positive influence of the three learning 

models, namely Project Based Learning, Problem Based Learning 

and Discovery Learning on the learning outcomes of fifth grade 

students. 

 

I. INTRODUCTION 

Education has an important role in facing the development 

of the 21st century. Education has a relationship with the 

times, because the logarithmic movement of education 

goes hand in hand with the development of science and 

technology (Erlistiana et al., 2022; Qomariyah & Subekti, 

2021). The education system in Indonesia currently uses 

the 2013 curriculum with various revisions. However, it 

has not been able to be mastered optimally because in the 

field there are still many teacher-centered learning 

activities. The quality of education is related to the quality 

of students, because the center point in learning is 

students. Students are expected to gain as much knowledge 

and insight as possible by learning. 

Education aims to prepare humans to solve life 

problems in the present or in the future. One of the 

important subjects is IPAS. It teaches about living and 

non-living things in the universe and their interactions. 

IPAS learning really needs to be given to all students, 

especially in elementary school to equip students with the 

ability to think logically, analytically, systematically, 

critically, and creatively, as well as the ability to socialize. 

Based on the grade documents of grade V students of 

Citrodiwangsan 02 Lumajang State Elementary School, in 

the IPAS subject there are 62% of grades below average 

https://ijaers.com/
https://dx.doi.org/10.22161/ijaers.1112.1
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and 38% above average. From the observation, it was 

found that some students were less active in learning. This 

is because students feel bored in participating in learning 

activities and prefer to talk to their friends and tend to be 

crowded. 

Learning in schools, especially elementary schools, 

needs to be well planned using innovative, interesting and 

fun learning models and by using learning media to attract 

students' attention and interest in learning, and learning 

outcomes will be more optimal. Such learning must occur 

in all subjects applied in elementary schools, including 

IPAS learning (Andriyani & Suniasih, 2021; Astriani & 

Sudarma, 2019). Basically, IPAS is a way of 

systematically finding out about nature to master a 

collection of knowledge in the form of facts, concepts, 

principles, discovery processes and have a scientific 

attitude. 

The low learning outcomes of IPAS are partly due to 

students' low creative thinking skills. IPAS does not 

contain concept understanding alone, but also contains the 

problem solving process. So it is very necessary for 

students' creative thinking skills to be able to solve IPAS 

problems. Teachers must be able to innovate by 

developing constructivism learning in line with the 

Merdeka Curriculum in order to achieve learning 

objectives. Teachers play a role in developing 4C 

competencies (Critical thinking, Communication, 

Collaboration, Creativity) in students systemically. With 

culture-based education, students with superior character 

will be formed who have the ability to adapt and are ready 

to implement the independent curriculum in the industrial 

world. 

Efforts that can be made to improve student learning 

outcomes are to use learning strategies and models that 

attract students' attention. The use of this learning model is 

so that students can more easily absorb and understand the 

material provided by the teacher. One of the learning 

models that can improve IPAS learning outcomes and 

creative thinking skills is the Project Based Learning 

model or project-based learning. 

There are various learning models that can be used by 

teachers in constructivism learning, such as cooperative 

learning, inquiry, jiqsaw model, Problem Based Learning, 

Discovery Learning and Project Based Learning. Teachers 

must pay attention to many things in choosing a model, 

one of which is the characteristics of the learning model 

and the material to be delivered. Learning models that are 

expected to shape scientific, social behavior and develop 

students' curiosity are divided into 3, namely Problem 

Based Learning, Discovery Learning and Project Based 

Learning models. 

The learning model that is expected to shape scientific, 

social behavior and develop students' curiosity is Project 

Based Learning. The Project Based Learning model is 

learning that uses a project in the learning process. Projects 

undertaken by students can be individual or group projects 

and carried out within a certain period of time 

collaboratively, producing a product, the results of which 

will then be displayed or presented. 

Project Based Learning is student-centered learning in 

making a work or product that involves cooperation, skills 

and creative thinking so that students can explore, conduct 

research and interpret material in the form of results in the 

learning process. According to Dianti (2023) Project Based 

Learning is a learning method that provides opportunities 

for students to learn through meaningful problem-based 

projects or tasks. Project Based Learning is a learning 

model that focuses on student activity and involves all 

activities for students in collecting, presenting and 

interpreting a learning outcome (Anggelia: 2022). Based 

on several opinions and previous research, it can be 

concluded that Project Based Learning is a learning model 

that makes students as subjects who are given the 

opportunity to explore and solve problems independently 

so as to improve learning outcomes and develop their 

skills. 

The Problem Based Learning model presents real 

problems so as to stimulate students' ability to discover 

new knowledge and help students develop their knowledge 

and can be used as a self-evaluation of the results and 

learning process (Indrajit, R.E: 73). Indrajit (2023: 2) 

states that Problem Based Learning is a learning method 

that familiarizes students to solve problems and reflect on 

them with their experiences based on their prior 

knowledge. Najoan (2023) said that Problem Based 

Learning is a model that directs students actively in 

learning which is delivered by presenting a problem, 

asking questions so that students are able to develop their 

own abilities. From several opinions and previous 

research, it can be concluded that Problem Based Learning 

is a learning model that begins with a problem to collect 

and integrate new knowledge so that it can increase 

student motivation and learning outcomes. 

Discovery Learning can assist students in building 

knowledge independently so as to provide opportunities 

for students to understand the material according to their 

prior knowledge and experience. Discovery Learning can 

develop children's firm reasoning skills because students 

are prepared to ask, pay attention, reason, prove and 

convey beyond linguistic structures (Eriansyah & Baadila: 

2023). Lieung (2019) explains that the Discovery Learning 

model is a learning model that involves students in the 

discovery of material, so that they can make conclusions in 

http://www.ijaers.com/
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an effort to understand the material. From several opinions 

and previous research, it can be concluded that Discovery 

Learning is a learning model that invites students to find 

new knowledge from the information they have so that it 

can improve their learning outcomes. 

Based on this explanation, the application of the 

Project Based Learning, Problem Based Learning and 

Discovery Learning learning models is thought to have an 

influence on student learning outcomes in IPAS subjects. 

Therefore, the purpose of this study is to examine the 

effect of PjBL PBL and Discovery Learning on the 

learning outcomes of fifth grade students. 

 

II. RESEARCH METHODS 

The research design applied in this study is a Quasi 

Experiment design. This research was conducted by 

comparing one or more experimental variables given 

treatment with Problem Based Learning, Discovery 

Learning and Project Based Learning models. The design 

in this study used Quasy Experimental with Nonequivalent 

Control Group Design pattern. Quasi Experimental 

research design with Nonequivalent Control Group Design 

pattern is as follows: 

Table 1. Research Design of Nonequivalent Control Group 

Design 

 Pretest Treatment Posttest 

Group 1 O1 X O2 

Group 2 O1 X O2 

Group 3 O1 X O2 

Description: 

O1  : Initial test (pretest) 

X : treatment given to each group  

O2  : final test (posttest) given after treatment 

(Source: Krishnan, 2023; referring to Masyhud's book, 

167) 

     

 The subjects in this study were students in grades 5A, 5B 

and 5C at Citrodiwangsan 02 Lumajang State Elementary 

School, with the number of students in each class being 26, 

25 and 24 students. The control and experimental classes 

were determined using the homogeneity test. In this study, 

the homogeneity test was carried out using the 

Homogeneity of Variance Test on One-Way Anova. the 

results of the homogeneity test are as follows: 

 

 

 

Table 2. Homogeneity Test Results 

ANOVA 

Learning outcome 

 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between 

Groups 
613.648 2 306.824 3.062 .053 

Within 

Groups 
7213.898 72 100.193   

Total 7827.547 74    

The homogeneity test results show the Fcount value of 

3.062 < Ftable which is 3.124, it can be stated that the data 

is homogeneous. 

   

   The main data collection technique was carried out using 

the learning outcomes test. Other supporting techniques 

were carried out using the following techniques: 

interviews, observation and documentation. After the data 

were collected completely, then the data were analyzed 

using: techniques: (1) descriptive statistics, and (2) One 

Way Annova data analysis technique. The data analysis 

was carried out with the help of SPSS version 21. 

     The research procedure was carried out with the 

following steps: (1) conducting observation activities at 

the school that will be used as a place for (2) identify and 

formulate problems appropriately, (3) conduct preliminary 

studies and literature reviews, (4) formulate hypotheses, 

(5) determine research subjects, (6) conduct normality and 

homogeneity tests on experimental classes, (7) determine 

experimental classes that will be given treatment, (8) 

develop test instruments, (9) test the validity and reliability 

of research instruments, (10) giving pretests to 

experimental classes, (11) carrying out learning activities 

by giving treatment, (12) in experimental classes, namely 

by applying PBL, Discovery Learning and Project Based 

Learning learning models, (13) conducting posstest in 

experimental classes, (14) analyzing data, (15) conducting 

research hypothesis testing, (16) making discussions, (17) 

drawing conclusions based on the results of the research 

that has been done, and (18) compiling a research report. 

 

III. RESULTS AND DISCUSSION 

Data analysis used to answer the problem formulation in 

this research is using One Way Annova. The data analyzed 

in this study were pretest scores obtained after being given 

treatment in class V. Before calculating using One Way 

Annova, a normality test was first carried out to determine 

http://www.ijaers.com/
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whether the data was normally distributed or not. The 

results of the normality test calculation are as follows: 

Tabe 3. Normality Test Results 

Tests of Normality 

 
Class Kolmogorov-

Smirnova 

Shapiro-Wilk 

 
Statis

tic 

df Sig

. 

Statis

tic 

df Sig. 

Learn

ing 

Outc

ome 

Control 

Pretest 

.161 25 .09

3 

.962 25 .463 

Control 

Posttest  

.169 25 .06

3 

.955 25 .321 

Eksperimental 

Pretest  

.161 25 .09

3 

.962 25 .463 

Eksperimental 

Posttest  

.139 25 .20

0* 

.943 25 .173 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

The results of the data normality test using the 

Kolmogorov Smirnov test show the significance value for 

all data> 0.05 so that the data is declared normally 

distributed. Furthermore, the One Way Annova calculation 

was carried out with the help of SPSS version 21. The 

results of the One Way Annova calculation can be seen in 

the table as follows: 

Table 4. One Way Annova Test Results 

ANOVA 

Learning Outcome   

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

3077.635 2 1538.818 4.366 .016 

Within 

Groups 

25021.87

8 

71 352.421   

Total 
28099.51

4 

73    

     The basis for decision making in the One Way Annova 

test is H0 accepted if the significance value> 0.05 and H0 

rejected if the significance value <0.05. Based on the data 

above, the significance value is 0.016 <0.05 and Ftable is 

3.13 <4.366, so H0 is rejected, which means that there are 

differences in learning outcomes in students who learn 

using the Problem Based Learning (PBL), Discovery 

Learning and Project Based Learning models. After 

knowing the significant effect, then the Post Hoc test is 

carried out. The Post Hoc test is conducted to determine 

whether a group has a significant difference from other 

groups. The results of the Post Hoc test can be seen in the 

following table: 

Table 5. Post Hoc Test Results. 

Multiple Comparisons 

Dependent Variable:   skor   

Bonferroni   

(I) 

Group 

(J) 

Group 

Mean 

Differe

nce (I-

J) 

Std. 

Erro

r 

Sig. 95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Class 

A 

Class 

B 

1.000 5.31

0 

1.00

0 

-12.02 14.02 

Class 

C 

-

13.248* 

5.36

5 

.048 -26.40 -.09 

Class 

B 

Class 

A 

-1.000 5.31

0 

1.00

0 

-14.02 12.02 

Class 

C 

-

14.248* 

5.36

5 

.029 -27.40 -1.09 

Class 

C 

Class 

A 

13.248* 5.36

5 

.048 .09 26.40 

Class 

B 

14.248* 5.36

5 

.029 1.09 27.40 

*. The mean difference is significant at the 0.05 level. 

    

  Post Hoc test results show that there is a significant 

difference between class C with class A and class B. Based 

on the one way annova test, it shows that there is a 

significant difference in student learning outcomes using 

the Problem Based Learning, Discovery Learning and 

Project Based Learning models obtained sig value <0.05. 

This proves that the three learning models can improve 

student learning outcomes.  This study succeeded in 

improving student learning outcomes but student 

completeness has not been met 100% because there are 

still students who do not meet the KKM seen from their 

posttest scores. This happens because there are other 

factors that influence such as internal and external factors 

such as intelligence, motivation, interest and family or peer 

environment. In addition, student completeness can also be 

assessed from daily grades, student activeness in learning 

activities and changes in student behavior after learning. 

     The Problem Based Learning (PBL) model is a learning 

model that is based on a real-life problem. learning model 

that is based on a real-life problem to improve students' 

ability to gain knowledge, think critically, and solve 
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problems. This can be seen clearly in the steps of applying 

the Problem Based Learning (PBL) model, where in this 

model students are directly involved in solving a problem. 

students are directly involved in solving an existing 

problem. The Problem Based Learning (PBL) model 

affects student learning outcomes, because this model has 

several advantages, namely providing awareness students 

that learning activities are not always teacher-centered but 

also depend on the motivation of students. depends on the 

motivation of the students. This can be seen in research 

activities that have been carried out in experimental 

classes, where through the application of this model, 

students play an active role with their motivation in 

solving problems in the learning process. in solving 

problems in the learning process 

     Learning using the Discovery Learning model is 

effective in improving student learning outcomes 

compared to conventional learning, because with 

Discovery Learning learning students are required to be 

active in finding and formulating problems so that 

Discovery Learning learning strongly encourages students 

not to be passive in the learning process. In Discovery 

Learning learning students are required to be able to 

answer critically and logically, problem solving skills, 

develop a sense of curiosity objectivity, careful thinking 

and tolerance for different opinions 

     The Project Based Learning learning model is suitable 

for improving creative thinking skills and IPAS learning 

outcomes, this can be proven by the results of the analysis. 

Stating that there is a positive effect of the Project Based 

Learning learning model on the learning outcomes of IPAS 

of grade V elementary school students. This is in line with 

previous research which states that the Project Based 

Learning model can improve IPAS learning outcomes. The 

advantages of using the Project Based Learning model in 

classroom learning are able to increase students' 

understanding and creativity through projects that have 

been made. 

     Before the application of the Project Based Learning 

learning model, students' understanding of IPAS learning 

was poor. This can be seen from the results of student 

pretests, many students whose scores are still far below the 

KKM (Minimum Completeness Criteria). 

This is in line with the results of research from several 

researchers who also conducted research related to the 

application of project-based learning. 

     Research related to the application of project-based-

learning in classroom learning. According to Mulyono 

(2023), the findings of the research he has conducted 

reveal that project-based learning does not only improve 

students' performance in learning. elementary students' 

learning motivation but also improve their problem-

solving ability. The contribution of this study lies in its 

significance for vocational education, particularly by 

providing teachers with practical examples of project-

based learning (PjBL). 

     Students' understanding of IPAS lessons after the 

application of the Project Based Learning learning model 

has increased, which can be seen from the increase in 

student scores after carrying out the posttest. This can be 

seen from the difference in the average score of the class 

given the Project Based Learning model learning rather 

than conventional learning. Teachers play a crucial role in 

determining the success of the learning process. 

Improvement efforts made by teachers play an important 

role in creating an interesting and efficient learning 

environment (Veronika, 2023). 

     The Project Based Learning (PjBL) learning model is 

very helpful in the learning process because it can make 

students' knowledge deeper, this model is packaged to 

make a project and form a group where students here 

directly practice how to make the product to be made. In 

addition to discussing and practicing directly making 

products, students are also trained to speak in front of their 

classmates or in the school environment, so that the 

experience students experience is increasing. By using the 

PjBL model, especially in IPAS subjects, learning 

becomes very enjoyable and students are enthusiastic in 

the learning process. 

 

IV. CONCLUSION 

The application of Project Based Learning, Problem Based 

Learning and Discovery Learning models can improve the 

learning outcomes of IPAS grade V elementary school 

students. However, of the three models that show the most 

effective is the Discovery learning model. This can be seen 

from the results of the posttest scores obtained by students 

after being given a treatment. For the development of 

learning in elementary schools is expected to improve 

IPAS learning outcomes. Teachers are also advised to 

optimize students' basic potential space. In the learning 

process, it must be optimized with the availability of 

facilities and facilities in learning. And for other 

researchers it can be used as a basic reference for 

conducting further research. And for other similar 

researchers, these findings can be used as a reference and 

basis for conducting further research. 
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Abstract— Brazilian agribusiness enables two consecutive harvests in the 

same year using early soybean cultivars. Understanding the interaction 

between environments and soybean genotypes is crucial for adapting 

cultivars and ensuring production stability. This study aimed to select 

early soybean genotypes in the central region of Tocantins. The 

experiment was conducted in Porto Nacional under rainfed and irrigated 

conditions, evaluating 40 soybean genotypes, including lines and 

commercial cultivars. A randomized block design with three replications 

was used, with plots consisting of four 5-meter rows spaced 0.50 meters 

apart. Grain productivity (sc. ha-1), cultivation cycle (days), and lodging 

index were analyzed. Data were subjected to variance analysis via 

SISVAR software, and means were compared using the Scott & Knott test 

at a 5% probability level. The coefficient of variation and accuracy 

estimates assessed experimental precision. Nineteen genotypes exceeded 

the national average for grain productivity. The cultivation cycle ranged 

from 91 to 109 days, with an 18-day variation. Under rainfed conditions, 

none of the genotypes showed susceptibility to lodging, but in the irrigated 

condition, 9 genotypes exhibited high lodging scores. Four genotypes4
20285INT1835, 20204INT108701, 18610INT21205, and 

20652INT1023724stood out for combining high productivity, absence of 

lodging, and an early cycle of 99-101 days. These genotypes demonstrate 

significant potential for agricultural systems in the Tocantins region. 

 

I. INTRODUCTION 

Brazil is the world's largest soybean producer. Soybeans 
are extremely important not only as a food source but also 
as a renewable energy source. One of the factors 
contributing to the prominence of the country’s 
agribusiness is the possibility of conducting two 
consecutive harvests in the same agricultural year, 
increasing the utilization period of the same land and 
consequently generating higher economic returns. For this 
to be possible, the use of early soybean cultivars is 
required, which enable an earlier harvest and, thus, 
advance the planting period of the second crop. 

The state of Tocantins has been standing out in recent 
years for the expansion of its planted area and soybean 
production, making a name for itself nationally. In the 
2022/2023 harvest, Tocantins reached approximately 1.2 
million hectares of planted area, with a production 
exceeding 3 million tons. The average productivity is 
around 2,700 kg/ha, highlighting the region as an 
important agricultural hub in Brazil. This growth is the 
result of investments in technology and modern 
agricultural practices, which have enhanced the efficiency 
and competitiveness of Tocantins’ soybeans in the market. 

The edaphoclimatic characteristics of Tocantins are 
favorable for soybean cultivation but also present 
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challenges. The region has an average annual rainfall 
ranging between 1,500 mm and 1,800 mm, mostly 
concentrated between October and April. The climate is 
marked by a distinct rainy season and dry season, with 
average temperatures ranging from 24°C to 28°C. High 
temperatures, low altitude, occurrence of dry spells, more 
concentrated rainy periods, and more sandy and 
heterogeneous soils make early soybean cultivation 
extremely challenging. These conditions require careful 
management of water and soil to ensure productivity and 
plant health, as well as strategies to mitigate the effects of 
prolonged drought. 

These edaphoclimatic characteristics are directly related to 
soybean genetic improvement in the region. Research and 
development of varieties more resistant to drought and 
local pests are crucial to ensuring production stability. 
Genetic improvements also aim to increase the efficiency 
of water and nutrient use, adapting the plants to the 
specific conditions of Tocantins. Such innovations are 
fundamental to sustain agricultural expansion and 
productivity, especially in the face of climate variability. 

The soybean crop has several important characteristics, 
among which maturation stands out. The maturation cycle 
of soybeans can vary from 90 to 120 days, depending on 
the cultivar and environmental conditions. In Tocantins, 
the choice of short-cycle varieties is common due to the 
need to adapt the crop to the rainy season. The 
introduction of early soybeans in the state may be an 
alternative to maximize gains for rural producers, 
improving the planting window for the second crop and 
increasing the productivity of crops such as corn, sorghum, 
and sesame. Proper plant maturation is crucial for 
maximizing production and minimizing post-harvest 
losses, ensuring that the grains reach the optimal harvest 
point with superior quality. 

The objective of this work is to select early soybean 
genotypes in the central region of the state of Tocantins, 
analyzing the factors that influence soybean productivity, 
focusing on edaphoclimatic characteristics and genetic 
improvement. The aim is to evaluate how these variables 
impact cultivation efficiency and production quality, 
providing support for the adoption of more sustainable and 
technological agricultural practices. Through this analysis, 
we hope to contribute to the development of strategies that 
can increase the competitiveness of Tocantins’ soybeans in 
the national and international markets. 

 

II. THEORETICAL FRAMEWORK 

2.1 Soybean Cultivation 

2.1.1 Origin and Evolution of Soybean Cultivation in 
Brazil 

Soybean (Glycine max [L.] Merrill) is a dicotyledonous 
species belonging to the Fabaceae family, originating from 
the Asian continent. Records of soybean cultivation date 
back to 2800 B.C. in China, where it was mentioned as one 
of the five sacred grains (SEDIYAMA, 2009). The first 
mention of soybeans in Brazil was in 1882 in the state of 
Bahia, but the cultivation was not successful due to the 
cultivars introduced from the United States, which did not 
adapt to the latitude of the region (12° S). In 1891, reports 
of new cultivars introduced in the interior of São Paulo 
(latitude 22°54' S) and Rio Grande do Sul emerged, which 
developed well due to the photoperiod being similar to the 
southern United States, where these cultivars originated 
(SANTOS, 1988). Later, soybean expanded to the state of 
Minas Gerais in the 1920s, with the first recorded 
cultivation in the city of Lavras, and also to the states of 
Santa Catarina, Goiás, and other Central-Western states in 
the 1930s, 1950s, and 1970s, respectively (MIYASAKA & 
MEDINA, 1981; SEDIYAMA, 2009). 

The commercial production of soybean grains began in 
1935 in the state of Rio Grande do Sul, which, after six 
years, already had a cultivated area of 702 ha. In 1938, 
Brazil's first soybean export was reported, destined for 
Germany, and in 1951, the first edible soybean oil 
extraction industry was established in the country 
(MAGALHÃES, 1981). 

Various factors contributed to the stimulus and expansion 
of soybean cultivation in Brazil. Among the main factors 
are: the similarity of climatic conditions between the 
southern region of Brazil and the southern United States, 
where the first imported cultivars originated; the 
improvement of soil conditions in Rio Grande do Sul 
(operation "Tatu") and later in the cerrado; the possibility 
of succession with wheat cultivation, which was 
extensively grown in the southern region of the country in 
the 1970s, combined with the growing demand for poultry 
and swine feed; agricultural tax incentives between the 
1950s and 1970s; high soybean market prices in the 1970s; 
the trend of substituting animal-based oils and fats with 
plant-based products; the ease of mechanization in the 
crop’s production; the good organization of public and 
private sectors in research and development; the 
establishment of agro-industrial sectors in the Southeast 
and Central-West regions, with a good transportation 
system for production flow; and the development of 
photoperiod-insensitive cultivars, allowing cultivation in 
low-latitude areas; the highly favorable climate for 
soybean cultivation in Brazil, combined with the 
coincidence between the Brazilian harvest and the off-
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season in the United States (EMBRAPA, 2005; 
SEDIYAMA, 2009). 

2.1.2 Importance of Soybean 

Brazil is positioned in the international market as the 
world’s largest soybean producer. The Central-Western 
region is responsible for nearly half of the national 
production. 

In the 2023/2024 harvest, the planted area was 
approximately 45.2 million hectares, resulting in a 
production of 146.5 million tons. The average productivity 
was 53.98 sc. ha-1 (3239 kg. ha-1) (CONAB, 2024). 

In Tocantins, the crop has been expanding, with new 
planting areas being registered in municipalities in the 
central-northern region of the state. Among the 
municipalities with the largest soybean planted areas in the 
state are, in first place, Porto Nacional with 68,768 
hectares; followed by Campos Lindos with 67,866 
hectares; Peixe with 53,204 hectares; Caseara with 50,479 
hectares; Monte do Carmo with 48,295 hectares; and 
Mateiros with 47,723 hectares (ADAPEC, 2023). 

2.1.3 Climate of Tocantins 

The climate of Tocantins is characterized as semi-humid 
tropical, with two well-defined seasons: a rainy season and 
a dry season. The average annual temperatures range from 
24°C to 28°C, with maximum temperatures that can 
exceed 35°C during the dry season. The relative humidity 
is generally high during the rainy season, but it can drop 
significantly during the dry season. The average annual 
precipitation fluctuates between 1,500 mm and 1,800 mm, 
mostly concentrated between October and April, the period 
when the rains occur. During the dry season, the state faces 
dry spells, short periods of drought within the rainy season, 
and long dry periods that can last up to five months. 

2.1.4 Importance of Early Soybean for Brazilian 
Agribusiness 

Brazil stands out in the world market for having extensive 
areas suitable for agriculture, favorable climates, and water 
availability4factors that make the country one of the 
largest producers and exporters in the agricultural sector. 
The Brazilian agribusiness is responsible for 24% of the 
country's GDP and 47% of its exports (CEPEA, 2023). 
One factor that has enabled significant increases in 
Brazilian production, in addition to genetic improvements, 
is the exploitation of the second crop, which became 
feasible thanks to the good edaphoclimatic conditions 
found in the country. The second crop follows the summer 
crop, allowing for better use of land, greater production, 
and consequently higher economic returns, creating new 
sources of income, jobs, and contributing to the positive 
balance of trade. 

In this context, a key aspect for the success of the second 
crop is the adoption of early soybean cultivars, which 
enable earlier planting and harvesting, creating a window 
during the harvest season to explore two crops in the same 
agricultural year. In most soybean-producing states, corn is 
the crop adopted for the second crop due to its good 
complementarity with soybean cultivation. There is also a 
noticeable trend and significant interest among corn and 
other crop producers to shift to soybean cultivation 
(CONAB, 2024). However, it is necessary for the crops 
used in both the first and second harvests to perform well 
agronomically, so they can take full advantage of the rainy 
season and high temperatures, reaching maximum 
productivity during the shortest possible period in the field. 

2.1.5 Phenology and Growth Cycle of the Crop 

The soybean plant has an annual cycle, with herbaceous 
growth, erect posture, and autogamy. Soybean seed 
germination is epigeal, with the two cotyledons emerging 
from the soil and giving rise to the development of the 
seedling. The first pair of leaves is simple, with subsequent 
leaves being compound and trifoliate. Branches that arise 
from the budding of the buds on the main stem have 
trifoliate compound leaves and may also have apical or 
axillary floral branches, depending on the growth habit of 
the cultivar (EMBRAPA, 2013). 

In the reproductive phase, the inflorescences give rise to 
seeds arranged in pods, which may contain up to five seeds 
each, with more than 400 pods per plant. The seed consists 
of the pericarp, seed coat, and embryo, externally 
presenting the hilum and micropyle. The characteristics of 
the pericarp, seed coat, and hilum can vary in color and 
shape depending on the cultivar used, and they are also 
used as morphological markers for cultivar identification 
(PESKE, ROSENTHAL & ROTA, 2012). 

The root system is predominantly axial, with diffuse 
secondary roots and the presence of nodules, which are 
points where the symbiotic process of nitrogen-fixing 
bacteria from the Bradyrhizobium genus occurs 
(SEDIYAMA et al., 1985; SEDIYAMA, 2009). 

The soybean plant can be classified according to its growth 
habit as determinate, semi-determinate, or indeterminate, 
depending mainly on the critical photoperiod and the 
position of the inflorescence, as well as the temperature's 
influence on its growth. 

The determinate growth habit is characterized by having 
terminal and axillary inflorescences, with maturation 
occurring from top to bottom, short internodes, and usually 
ceases its vegetative growth once it reaches the 
reproductive phase, being at least 90% of its final height 
and 100% of its final dry matter at this stage. Cultivars 
with indeterminate growth habit have only axillary 
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inflorescence, as their vegetative growth continues after 
the plant reaches the reproductive phase. These cultivars 
are taller and have maturation from bottom to top 
(SEDIYAMA et al., 1985). 

Semi-determinate cultivars have characteristics that are 
intermediate between the two previous classifications, as 
they have both terminal and axillary inflorescences, with 
continued vegetative growth after reaching the 
reproductive phase, although they are about 70% of their 
final height at this stage. The maturation of the plant is 
similar to that of the determinate growth habit, from top to 
bottom (SEDIYAMA et al., 2005; SEDIYAMA, 2009; 
KUMUDINI & TOLLENAAR, 2014). 

The soybean development cycle can be divided into two 
phases: vegetative and reproductive. The characteristics of 
each developmental stage follow the scale proposed by 
Fehr & Caviness (1977). 

The vegetative phase of soybean development comprises 
several stages, which are basically VE, VC, V1, V2, V3, 
up to Vn, where "n" is the number of fully developed 
leaves from the main stem, including the first pair of 
simple leaves. Vegetative development starts at stage VE, 
characterized by the emergence of the plant and the 
exposure of the cotyledons above the soil. The following 
stage, VC, is characterized by the development of the first 
pair of simple leaves, arising from the cotyledons 
(TOLEDO, 2014). 

Subsequent stages are named according to the number of 
fully developed compound leaf pairs above the first simple 
leaf pair from the main stem, continuing until the onset of 
flowering. For example, stage V3 is named for having two 
fully developed compound leaves above the simple leaf 
pair from the main stem. 

The reproductive development of soybean is divided into 8 
stages, from R1 to R8. Stages R1 and R2 correspond to the 
flowering phase, which is crucial for determining the 
number of pods per plant and the floral abortion rate. 
Flowering typically starts in the central third of the plant, 
spreading to the base and the apex. 

Stages R3 and R4 correspond to pod formation, a critical 
phase of development as it represents one of the plant's 
production components. This phase begins when the pods 
reach at least 5 mm in one of the first four nodes of the 
upper third of the plant. It should be noted that reductions 
in the number of pods per plant cannot be compensated by 
the number and weight of the seeds, as they have 
maximum limits. 

Stages R5 and R6 involve the determination of the number 
of seeds per pod and their weight, depending on the plant's 
nutritional and water conditions and ambient temperature, 

and are crucial for defining the yield. This phase begins 
when at least one pod in the upper third of the plant 
contains a seed that is at least 3 mm in length. 

Maturation occurs between stages R7 and R8, evaluated 
through the main stem. In stage R7, at least one pod 
already exhibits color and weight indicative of maturity, 
and in stage R8, at least 95% of the pods are mature, and 
the plant’s senescence accelerates, with intense yellowing 
and leaf drop. It is important to note that depending on the 
growth habit of the cultivar, vegetative growth may 
continue after the plant reaches the reproductive phase, but 
this growth ceases once seed formation begins, as it 
constitutes a significant drain of photosynthates 
(SEDIYAMA, 2009; TOLEDO, 2014). 

The developmental stages in cultivars with a determinate 
growth habit are more defined and may occur 
simultaneously and overlap, while cultivars with an 
indeterminate or semi-determinate growth habit tend to 
have more prolonged phases, with more uneven 
maturation. 

2.1.6 Relative Maturity 

The soybean growth cycle can range from 75 to 200 days 
(CARVALHO et al., 2003) depending on the cultivar, 
which may vary from super-early to late-maturing. 
Soybean cultivars are categorized into maturity groups 
according to the growth cycle exhibited during 
development in a specific latitude range. In Brazil, the 
maturity groups range from 5.0 to 10.0. Cultivars within 
each group may vary their cycle by up to 15 days 
(SEDIYAMA, 2009) and are recommended based on the 
latitude of the region. 

Cultivars in groups 000, 00, and 0 are very early maturing 
and are generally recommended for higher latitudes. 
Meanwhile, cultivars in groups 9 and 10 are later-maturing 
and are usually recommended for regions with lower 
latitudes. This difference is due to the fact that the higher 
the latitude of a region, the longer the growth cycle of the 
cultivars, due to their sensitivity to photoperiod. The 
opposite is true for cultivars planted in regions closer to the 
equator, which exhibit shorter cycles. 

In the states of Rio Grande do Sul, Santa Catarina, and 
Paraná, cultivars from groups 5 to 7 are recommended; in 
São Paulo, cultivars from groups 6 to 8; in Mato Grosso do 
Sul and Minas Gerais, cultivars from groups 6 to 9; in 
Goiás and the Federal District, cultivars from groups 7 to 
9; and in Mato Grosso, Tocantins, Bahia, and Maranhão, 
cultivars from groups 8 and 9 are recommended 
(EMBRAPA, 2013). It is worth noting that the groups 
include decimal variations, with each decimal representing 
a variation of 2 to 3 days in the total cycle of the cultivars. 
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2.4. Genetic Improvement in the Company’s Crop 
Development 

Genetic improvement plays a crucial role in increasing 
productivity and improving crop resistance to climatic 
adversities and pests. Inova Genética Ltda is one of the 
youngest and most promising companies in soybean and 
hybrid corn seed breeding in Brazil. As the third 
generation of companies in the Grupo Wehrmann 
specializing in this field, Inova Genética stands out for its 
efficiency and speed in developing new soybean cultivars 
and corn hybrids. 

With a highly qualified technical team composed of Ph.D. 
and master’s degree holders in various fields related to 
genetic improvement, the company leverages advanced 
technologies and the expertise accumulated over three 
generations to develop cultivars that meet the demands of 
the Brazilian market. The new cultivars are characterized 
by high productivity, resistance to pests and diseases, and 
adaptability to the country’s diverse edaphoclimatic 
conditions, including those of Tocantins. These genetic 
improvements are essential to ensuring the sustainability 
and competitiveness of Brazilian soybeans on the global 
stage. 

 

III. MATERIALS AND METHODS 

The experiments were conducted in two environments: a 
rainfed area, where sowing took place on October 24, 
2023, and an irrigated area, where sowing occurred on 
October 15, 2023, in the municipality of Porto Nacional, 
Tocantins, Brazil. 

A total of 40 soybean genotypes were used, comprising 36 
breeding lines from the company Inova Genética and four 
commercial cultivars. 

The experiments followed a randomized block design with 
three replications. Each plot consisted of four rows, each 5 
meters long, with a 0.50-meter spacing between rows. 
Sowing was performed in the second half of October in 
both locations, using a no-till system. A planting density of 
18 plants per linear meter was adopted, with fertilization of 
400 kg.ha⁻¹ of NPK 03-35-06 at sowing. Inoculation was 
carried out in the furrow during sowing using liquid 
inoculant (Bradyrhizobium japonicum) applied with a 
<micron= sprayer at six times the recommended dose, 
equivalent to 12 mL.kg⁻¹ of seeds. 

Post-emergence weed control was carried out using 
glyphosate at a dosage of 4 kg.ha⁻¹. Applications were 
performed with a self-propelled sprayer, using a spray 
volume of 150 L.ha⁻¹. 

For disease control, preventive fungicide applications were 
conducted. The fungicides used included: 

• Pyraclostrobin at a dosage of 0.5 L.ha⁻¹; 

• Pyraclostrobin + Epoxiconazole at 0.5 L.ha⁻¹; 

• Azoxystrobin + Cyproconazole at 300 mL.ha⁻¹, 
with a spray volume of 200 L.ha⁻¹. Pest control was 
performed as necessary, using growth regulator 
insecticides with Teflubenzuron as the active ingredient at 
a dosage of 50 mL.ha⁻¹ of the commercial product. 
Additionally, systemic contact and ingestion insecticides 
from the pyrethroid and neonicotinoid chemical groups 
were used at a dosage of 200 mL.ha⁻¹ of the commercial 
product. Contact insecticides Cypermethrin and 
Chlorpyrifos were also employed at dosages of 250 and 
800 mL.ha⁻¹, respectively, all with an applied spray 
volume of 150 L.ha⁻¹. 

The following traits were evaluated: 

• Grain yield (bags.ha⁻¹), obtained by harvesting 
each plot individually (two rows of 5 meters), weighing 
the harvested material, extrapolating the weight to 1 
hectare, and adjusting to 13% moisture; 

• Crop cycle (days), comprising the number of days 
from sowing to physiological maturity, represented by 
95% of plants with mature pods; 

• Lodging index, based on the scale by Bernard et 
al. (1965), where a score of 1 indicates all plants standing 
upright and a score of 5 indicates all plants lodged. 

The data were subjected to analysis of variance using the 
SISVAR package (FERREIRA, 2011), and means were 
compared using the Scott & Knott test at a 5% probability 
level. Experimental precision was analyzed through the 
coefficient of variation (CV) (PIMENTEL GOME009) 
and accuracy estimates (RESENDE & DUARTE, 2007). 

 

IV. INDENTATIONS AND EQUATIONS 

The coefficient of variation (CV), according to Pimentel 
Gomes (2009), can be classified as follows: low when less 
than 10%; medium when between 10% and 20%; high 
when between 20% and 30%; and very high when above 
30%. In this study, the CV was classified as low for the 
crop cycle (2.04), medium for grain yield (10.99), and very 
high for lodging (34.34) (Table 1). 
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Table 1. Joint analysis of variance for grain yield (bags. 

ha⁻¹), crop cycle (days), and lodging. 

Source of Variation Mean Square Grain Yield Cycle Lodging 

Genotypes 209.85* 121.04* 1.93* 

Location 17562.02* 881.67* 244.37* 

Genotypes × Location 137.44* 55.70* 4.37* 

Block (Location) 31.38 0.27 1.40 

General Mean 55.83 101.87 1.68 

Accuracy 0.82 0.96 0.83 

CV 10.99 2.04 34.34 

 
 

*Significant at 5% probability by the F-test. 
Source: Author, 2024 

 

For the lodging trait, a higher CV estimate was observed. 
A possible explanation for this low precision is that the 
magnitude of the mean is inversely related to the CV 
estimate; that is, a lower mean tends to result in a higher 
CV. 

On the other hand, the evaluation of experimental 
precision through accuracy estimates eliminates the effect 
of the mean. Accuracy reflects both the precision of the 
experimental execution and the presence of variability. 
Accuracy estimates above 70% are considered of high 
magnitude (RESENDE & DUARTE, 2007), as was 
observed for all evaluated traits (Table 1). 

From the analysis of variance table, significant variation 
was observed among genotypes for all evaluated traits. 
The results also demonstrate a significant difference 
between locations. 

The significant genotype × location interaction indicates 
that there were differences in the behavior of cultivars 
across the two environments. This can be attributed to 
differences in management conditions between the two 
areas, with the main difference being that one area was 
irrigated. 

Table 2. Phenotypic means for grain yield (bags. ha⁻¹) of 
40 soybean genotypes in irrigated and rainfed areas in 

Porto Nacional, Tocantins. 

Genotype Porto 

Nacional 

Irrigated 

Porto 

Nacional 

Rainfed 

Mean 

18626INT21777 68.97 a 60.86 a 64.91 a 

20283INT355 75.96 a 51.95 a 63.95 a 

20285INT1835 69.35 a 56.51 a 62.93 a 

WS 069 69.98 a 54.91 a 62.44 a 

20161INT127104 73.47 a 50.62 a 62.05 a 

182033INT19473 71.84 a 51.62 a 61.73 a 

20283INT330 66.3 a 54.1 a 60.2 a 

18224INT31266 64.24 a 56.1 a 60.17 a 

... (and so on for 

all genotypes) 

   

Means followed by the same letter belong to the same 
group according to the Scott-Knott test at 5% probability. 
Source: Author, 2024 

For grain yield, the range of variation in the overall mean 
was 30.95 bags.ha⁻¹, with 19 genotypes from group <a= 
standing out as the most productive, showing averages 
above the national mean of 53.98 bags.ha⁻¹ (CONAB, 
2024). 

A comparison between the environments (irrigated and 
rainfed) reveals lower grain yield in the rainfed 
environment. According to Sentelhas et al. (2016), 77% of 
potential, attainable, and actual yield losses are associated 
with water deficits, while 23% are due to poor 
management. 

Table 3. Phenotypic means for crop cycle (days) of 40 

soybean genotypes in irrigated and rainfed areas in Porto 

Nacional, Tocantins. 

Genotype Porto 

Nacional 

Irrigated 

Porto 

Nacional 

Rainfed 

Average 

20056INT83388 92 a 89 a 91 a 

20069INT83970 93 a 88 a 91 a 

20046INT6748 93 a 95 b 94 b 

18182INT29304 96 a 93 b 95 b 

20121INT123637 94 a 98 c 96 b 

20355INT237 94 a 102 d 98 c 

20285INT1835 95 a 103 d 99 c 

20652INT102372 96 a 102 d 99 c 

TMG 2379 IPRO 97 b 104 d 100 c 

20234INT151467 97 b 102 d 100 c 

18610INT21205 97 b 102 d 100 c 

20698INT106175 99 b 101 d 100 c 

20204INT108701 95 a 106 e 101 c 

18224INT31266 97 b 104 d 101 c 

20283INT330 99 b 103 d 101 c 

HO GUAPÀ I2X 98 b 104 d 101 d 

20476INT115870 99 b 104 d 101 d 

20021INT5328 99 b 104 d 102 d 
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20261INT168604 100 b 105 e 102 d 

217509I2X263774 100 b 104 d 102 d 

182094INT21698 100 b 104 d 102 d 

216776I2X266008 99 b 107 e 103 d 

WS 070 102 c 104 d 103 d 

NEO 790 IPRO 102 c 105 d 103 e 

18626INT35452 102 c 105 e 103 e 

182033INT19473 101 c 106 e 104 e 

20161INT127104 101 c 106 e 104 e 

18626INT35452HMC 104 c 105 d 104 e 

WS 069 104 c 103 d 104 e 

182033INT19349 101 c 108 e 105 e 

182056INT41228 102 c 107 e 105 e 

20283INT355 102 c 107 e 105 e 

BMX Olimpo IPRO 103 c 107 e 105 e 

215981I2X264129 97 b 117 f 107 f 

217231I2X266546 106 c 108 e 107 f 

18388INT10333 108 d 105 d 107 f 

20267INT1216 113 e 104 d 108 g 

216524I2X266884 97 b 121 g 109 g 

18626INT21777 111 e 107 e 109 g 

18372INT9826 112 e 105 e 109 g 

Mean: 104 a (irrigated), 100 b (rainfed). 

Means followed by the same letter belong to the same 

group according to the Scott-Knott test at a 5% probability 

level. 
Source: Author, 2024 

A general average variation of 18 days was observed 
among the genotypes. The genotypes 20056INT83388 and 
20069INT83970 were the earliest, with a cycle of 91 days, 
while genotype 18372INT9826 was the latest, with 109 
days. The genotypes tended to be earlier in the rainfed 
environment. 

It was noted that as the average crop cycle decreased, there 
was also a decline in the overall average productivity 
(Tables 1 and 2). 

The phenotypic correlation test supports this observation. 
Correlation reflects the degree of association between 
traits, and understanding it is crucial as it indicates how 
much one trait influences the expression of others (CRUZ, 
REGAZZI & CARNEIRO, 2012). 

Gesteira et al. (2018) conducted phenotypic correlation 
tests between grain yield and crop cycle, showing a 

significant and high correlation (0.7417). This indicates 
that later cultivars were more productive, although 
cultivars with shorter cycles and good performance can 
still be identified. 

Choosing early cultivars for soybean-maize succession or 
second-crop maize after soybean is essential, as early 
harvesting increases the planting window and optimizes 
soil and environmental resource use (SILVA NETO, 
2011). 

Table 4. Phenotypic averages for lodging in 40 soybean 

genotypes under irrigated and rainfed conditions in Porto 

Nacional 3 TO 

Genotype Irrigated Rainfed Average 

20652INT102372 1.0 a 1.0 a 1.0 a 

217231I2X266546 1.0 a 1.0 a 1.0 a 

18182INT29304 1.0 a 1.0 a 1.0 a 

20069INT83970 1.3 a 1.0 a 1.2 a 

18388INT10333 1.3 a 1.0 a 1.2 a 

20056INT83388 1.3 a 1.0 a 1.2 a 

20355INT237 1.3 a 1.0 a 1.2 a 

20161INT127104 1.3 a 1.0 a 1.2 a 

20121INT123637 1.3 a 1.3 a 1.3 a 

216776I2X266008 1.7 a 1.0 a 1.3 a 

20261INT168604 1.7 a 1.0 a 1.3 a 

... ... ... ... 

HO GUAPÓ I2X 3.3 c 1.0 a 2.2 b 

WS 069 3.3 c 1.0 a 2.2 b 

18224INT31266 3.7 c 1.0 a 2.3 b 

20234INT151467 4.3 d 1.0 a 2.7 c 

20267INT1216 5.0 d 1.3 a 3.2 c 

Average: 2.3 b (Irrigated) | 1.1 a (Rainfed) 

Note: Means followed by the same letter belong to the 
same group according to the Scott-Knott test at 5% 
probability. 
Source: Author, 2024. 

 

For lodging, there was no significant variation among the 
genotypes tested under rainfed conditions. In this case, all 
genotypes remained upright enough to allow for 
mechanized harvesting. However, under irrigated 
conditions, significant variation in this trait was observed. 
Genotypes in groups "c" and "d" displayed higher lodging 
scores, which could result in losses during mechanized 
harvesting due to plant tipping. 
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When considering the overall lodging average, genotypes 
belonging to group "a" showed scores that enable 
mechanized harvesting in both evaluated environments. 

Soil type, moisture, fertility, wind, and plant genetics are 
some of the factors that can directly influence this 
characteristic. Clayey, wetter, and more fertile soils 
generally exhibit higher lodging levels compared to other 
soil types. This characteristic significantly impacts 
soybean harvesting. As lodging intensifies, harvesting 
losses increase directly due to the difficulty in collecting 
lodged plants (MARTINEZ, 2013). 

 

V. CONCLUSION 

The earliest genotypes were 20056INT83388 and 
20069INT83970, but they did not stand out among the 
most productive. 

The genotypes 20285INT1835, 20204INT108701, 
18610INT21205, and 20652INT102372 excelled by 
combining high grain productivity, absence of lodging, 
and a crop cycle of 99 to 101 days, which is considered 
early. 
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Abstract— Ozone therapy, known for its antimicrobial and anti-

inflammatory properties, has been explored in veterinary medicine as a 

less invasive alternative for treating horses. Studies show that this therapy 

can speed up the wound healing process, reduce pain and swelling, and 

stimulate the animals' immune system. Ozone therapy has also shown 

potential in the treatment of orthopedic and dermatological conditions in 

horses, providing symptom relief and improving the quality of life of these 

animals. This therapy can be applied in different ways, such as ozonized 

autohemotherapy, the instillation of ozone gas in cavities and the topical 

application of ozone. Each method has specific advantages and can be 

indicated for different conditions, making ozone therapy a versatile tool in 

the treatment of horses. Problem: What are the real benefits of ozone 

therapy for the health and well-being of horses? Justification: The search 

for effective and less invasive methods for animal care encourages the 

evaluation of new therapeutic approaches. Objectives: This study aims to 

prove the effectiveness of ozone therapy, analyze application protocols 

and define safety issues associated with the treatment. Methodology: A 

literature review was carried out, analyzing existing studies on the 

application of ozone in veterinary treatments, focusing on the benefits, 

limitations and safety of the technique. 

 

I. INTRODUCTION 

In recent years, the search for therapeutic methods 

that promote the well-being and rapid and safe recovery of 

horses has led researchers and professionals to consider less 

invasive approaches with high potential for effectiveness. 

Among these approaches, ozone therapy has aroused 

interest in the field of veterinary medicine, particularly due 

to its antioxidant, antimicrobial and regenerative properties. 

This technique, based on the application of medicinal ozone, 

is used in several species, including horses, to treat a range 

of health conditions, from joint injuries to infections and 

inflammatory processes (SOUZA et al., 2021, TONIN et al, 

2024 ) . 

Given this scenario, the central question of this 

study is: What are the real benefits of ozone therapy for the 

health and well-being of horses? 

The purpose of this work is to analyze the results 

achieved to date with the use of medicinal ozone in 

veterinary treatments, considering both its effectiveness and 

safety for the animal. 

The justification for choosing this topic is the 

growing demand for treatment methods that are 

simultaneously effective and minimally invasive, factors 

that contribute significantly to the rapid and trauma-free 

recovery of animals. Ozone therapy is a technique that can 

potentially fill this gap, promoting therapeutic benefits with 

a low risk of adverse effects and a reduced need for drug 

intervention (CASTRO et al., 2024). 

The objectives of this article are, therefore, 

multiple: firstly, it aims to prove the effectiveness of ozone 

therapy in the veterinary context, specifically in horses. In 

addition, this study will seek to analyze the protocols for the 
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application of ozone in different clinical conditions, as well 

as to delimit safety issues in the treatment. 

The methodology applied in the work was the 

review of scientific literature, based on the analysis of 

research on the use of ozone therapy in horses, available on 

official websites and platforms such as Scielo , PubVet and 

Google Sholar . 

 

II. DEVELOPMENT 

2.1 Introduction to Veterinary Ozone Therapy 

Ozone therapy is an integrative therapy that uses a 

mixture of ozone gas (O3) and oxygen (O2) for therapeutic 

purposes in various medical conditions, being especially 

recognized for its anti-inflammatory, antibacterial and 

antifungal properties, in addition to promoting tissue 

oxygenation and aiding in wound healing. 

Its administration can be administered in several 

ways, such as topically, subcutaneous injections or through 

ozonated oils, depending on the type of treatment required, 

and is currently considered a promising approach in 

veterinary medicine, especially in the treatment of wounds 

in horses ( Flamia and Wilmsen , 2021) 

The introduction of ozone therapy into medicine 

was initially used in human medicine before expanding to 

the treatment of animals. Discovered in the 19th century by 

the German chemist Christian Friedrich Schönbein , ozone 

was identified by the characteristic odor it produced when 

an electric discharge passed through oxygen. This gas, 

known for its antimicrobial and anti-inflammatory 

properties, began to be used on soldiers' wounds during the 

First World War due to its effectiveness in reducing 

infections (FARIA et al., 2024) 

In the decades that followed, ozone therapy began 

to be incorporated into medical treatments and, more 

recently, also into veterinary practices. With the publication 

of Hans H. Wolff's 1979 book "Medicinal Ozone", ozone 

therapy gained popularity as a preventive and curative 

therapeutic approach in Germany, and its use became 

consolidated globally, including in Brazil, where the 

practice began to develop in the 1970s with physician Heinz 

Konrad and spread to Santa Catarina in the 1990s through 

Dr. Edison de Cezar Philippi . Today, ozone therapy is 

widely accepted and increasingly studied, particularly in 

horses, due to its low cost, practicality and effectiveness in 

the treatment of inflammatory, respiratory and wound 

healing conditions (ABOZ, online 1). 

 
1ABOZ. Ozionize-se : History of ozone therapy . Online. 

Brazilian Association of Ozone Therapy. Available at: 

https://www.aboz.org.br/ozonize-se/historia-da-

For horses, potential benefits include improved 

injury recovery and increased circulation, providing relief to 

animals that frequently suffer from musculoskeletal injuries 

and respiratory problems, common in sports and heavy work 

activities . Its application is especially recognized for its 

antimicrobial, anti-inflammatory and analgesic properties, 

and its use is associated with a faster and more efficient 

healing process, without the formation of exuberant 

granulation tissue, which is a common problem in equine 

wounds (SOUZA et al., 2021, TONIN et al, 2024 ). 

Among the main effects of the application of ozone 

therapy are the anti-inflammatory effect, reducing 

inflammation in wounds, promoting faster healing and 

reducing the animal's discomfort, effective antimicrobial 

action against a wide range of bacteria and fungi, action in 

controlling pain and reducing edema, providing greater 

comfort for the animal during the healing process, which 

can be especially useful in deep or chronic wounds, 

increased tissue oxygenation, leading to improved tissue 

oxygenation, stimulation of tissue regeneration, 

accelerating the regeneration of damaged tissues and 

increased levels of fibrinogen, an essential protein for the 

healing process, promoting the formation of clots and 

helping to protect the wound from infections (SOUZA et al., 

2021, TONIN et al, 2024). 

These benefits make ozone therapy an effective 

and cost-effective alternative in the treatment of wounds in 

horses, although technical knowledge is essential for its 

correct application, in order to maximize results and avoid 

complications (CASTRO et al., 2024). 

2.2 Applications of Ozone Therapy in Horses 

Ozone therapy in horses has been a therapeutic 

alternative used especially in treatments for respiratory 

diseases, recovery from muscle injuries and healing of 

chronic wounds. Its application helps in oxygenation and 

reduces inflammation in the respiratory tract, providing 

relief and facilitating breathing. This is because ozone 

improves oxygen circulation and reduces lung 

inflammation, benefiting the performance of horses, 

especially those that participate in intense activities. By 

improving blood circulation and promoting tissue 

regeneration, ozone reduces healing time and minimizes 

pain associated with injuries. This effect is particularly 

useful for competition and work horses, which are often 

subject to physical wear and tear and need a quick and safe 

return to activities ( BASILE & BACCARIN, 2022) . 

ozonioterapia/#:~:text=Em% 201979, One Year Earlier, 

Preventive and Authentic Therapy of Ozone. Accessed 

October 15 , 2024. 
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Due to the antimicrobial properties of ozone, it is 

effective against bacteria, fungi and viruses present in 

wounds. In addition, ozone therapy improves tissue 

regeneration and promotes healing, preventing open 

wounds from turning into even more serious injuries. This 

is particularly valuable for horses, which are susceptible to 

infections in stable or pasture environments (PRATO, 2022; 

SOARES et al., 2019) 

Ozone acts on animal organisms mainly due to its 

ability to generate a cellular response through the transient 

increase of reactive oxygen species (ROS), leading to 

metabolic adaptations that stimulate the organism to 

respond with an increase in natural antioxidants, generating 

a response to inflammation and strengthening the immune 

system. In controlled doses, it stimulates the organism to 

produce antioxidant enzymes, such as glutathione 

peroxidase and superoxide dismutase, essential for 

neutralizing free radicals, also leading to a reduction in pro-

inflammatory mediators such as tumor necrosis factor 

(TNF-alpha) and interleukins, protecting tissues against 

oxidative stress generated by intense exercise and 

inflammatory conditions (JARAMILLO et al., 2020) . 

Due to its ability to spread to tissues, causing 

vasodilation of the arterioles, there is an increase in blood 

flow to the tissues and greater availability of nutrients, 

which causes ozone to react with lipid components of cell 

membranes, generating peroxide products that trigger a 

series of biochemical and cellular responses. (OLIVEIRA, 

2007) 

Regarding its administration, this can be carried 

out in several ways, with different forms of application 

depending on the animal's clinical condition, aiming to 

maximize the therapeutic benefits of ozone, adapting to the 

specific treatment need and the type of injury or condition ( 

BASILE & BACCARIN, 2022) . 

One of the application techniques is rectal 

insufflation, a non-invasive and easy-to-administer 

technique that allows the absorption of ozone through the 

intestinal mucosa, where it enters the bloodstream and is 

distributed throughout the body. This method is effective for 

systemic conditions, especially for inflammatory diseases 

and general recovery ( BASILE & BACCARIN, 2022) . 

In the study carried out by JARAMILLO et al. 

(2020), the effect of transrectal application of O 3 in 16 

healthy horses was evaluated, taking into account the 

parameters of physical and laboratory evaluation, and 

production of reactive oxygen species ( ROS ). Some of the 

animals were assigned to the control group (CG), receiving 

1L of oxygen transrectally, and the other group treated with 

O 3 (GT), treated with 1L of the oxygen and ozone mixture 

rectally. While the CG showed no changes in the exams, in 

the GT an increase in the number of red blood cells, in the 

hemoglobin concentration, and in the hematocrit values was 

identified in relation to the basal values and CG. 

Demonstrating that the use of O 3 led to changes in 

erythrocyte values and improvement in the rheological 

properties of the blood, proving to be a safe technique that 

can indirectly improve oxygenation and metabolism of 

tissues. (JARAMILLO et al., 2020) 

Another study, this time carried out by Alves et al., 

(2004) on the effects of ozone therapy on intestinal 

reperfusion injuries in horses, indicated that ozone can play 

a significant protective role in the initial phase of 

reperfusion. A reduction in epithelial detachment, 

neutrophil infiltration and hemorrhage in the mucosa was 

observed, in addition to a decrease in edema and neutrophil 

infiltration in the submucosa. The authors point out that this 

was due to the ability of ozone to modulate antioxidant 

enzymes and neutralize free radicals formed in the 

reperfusion phase. Thus, the biochemical action of ozone, 

possibly linked to its antioxidant capacity, reduces tissue 

and inflammatory damage associated with oxidative stress 

during reperfusion. 

Another technique is autohemotherapy, where a 

blood sample is taken from the animal itself and enriched 

with ozone before being reinfused into the body ( BASILE 

& BACCARIN, 2022) . The aim is to stimulate a more 

effective immune response and increase blood oxygenation, 

especially benefiting horses that need systemic support to 

recover from illness or injury. Autohemotherapy has shown 

potential in reducing inflammatory processes and improving 

the overall immune response ( SILVA et al., 2019 ). 

SILVA et al. (2019) points out that this process can 

be carried out in two ways: 

• Major autohemotherapy: In this method, blood is 

removed and treated with ozone, and then 

reinfused into the animal intravenously. This 

technique is used to enhance tissue oxygenation 

and stimulate therapeutic responses, such as tissue 

regeneration and immune response. 

• Minor autohemotherapy: Similar to major, but the 

reinfusion of ozone-treated blood is done 

intramuscularly instead of intravenously. This 

approach also aims to improve oxygenation and the 

body's response. 

The next technique applied is the inhalation of 

ozonated gases, used especially in some cases of respiratory 

diseases, as it disinfects and reduces the microbial load in 

the respiratory tract. However, ozone inhalation should be 

applied with caution, as, in inadequate concentrations, it can 
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irritate the respiratory tract and worsen local inflammation ( 

BASILE & BACCARIN, 2022) . 

There is also the application of ozonated oil, where 

ozone is dissolved in vegetable oils, forming a solution that 

is applied directly to the affected areas, such as skin lesions, 

superficial infections and open or chronic wounds, 

promoting healing and protecting against bacterial and 

fungal infections ( PETEOACĂ et al, 2020 ). 

The last method is called bagging , because the 

injured limb or area of the horse is wrapped in a plastic bag, 

where the ozone is concentrated, so that the gas is in direct 

contact with the affected area, which allows it to act deeply 

in the tissue, benefiting localized injuries, such as ulcers and 

wounds that require antibacterial and healing action 

(PRADO et al, 2020). 

In a study carried out by PRADO et al. (2020) in a 

horse presenting an infected wound, anti-tetanus treatment 

and antibiotic therapy (procaine benzylpenicillin) were 

administered for 5 days, intramuscularly. The wound was 

treated with the application of ozonated oil daily and once a 

week, a " bagging " procedure was performed, using a 

plastic bag wrapped around the wound area and an ozone 

source (O3) at a concentration of 60 mcg/ml was inserted 

for 10 minutes, using an ozone generator, over 5 weeks. 

After treating the horse with ozone therapy, positive results 

were observed, including the reduction of granulation tissue 

and wound healing. The use of ozone therapy as a single 

therapeutic protocol resulted in rapid and adequate healing, 

without secondary contamination and with less appearance 

of exuberant granulation tissue (PRADO et al, 2020) 

Ozone therapy protocols vary according to the 

horse's health problem and the method of application. For 

respiratory conditions, for example, rectal insufflation is 

applied once or twice a week, with doses adjusted to the 

animal's weight. In musculoskeletal injuries, subcutaneous 

injection is applied in weekly or biweekly sessions, 

depending on the severity of the injury. For chronic wounds, 

topical application can be done daily or every other day until 

complete healing (RODRIGUES, 2022) 

It is also observed that these forms of application 

make the treatment adaptable and effective for different 

conditions, favoring natural recovery and reducing the need 

for conventional drug treatments. ( PRADO et al, 2020; 

RODRIGUES, 2022) . 

In the treatment of a puncture wound in a horse's 

hoof by Flamia and Wilmsen (2021), a therapeutic approach 

was performed that combined systemic and topical 

interventions over 90 days. Systemic treatment included 

intramuscular administration of 2% meloxicam (10 mg/kg) 

daily for seven days to control pain and inflammation, and 

a single dose of trichlormethiazide and dexamethasone (10 

mg/kg), also intramuscularly. In parallel, topical ozone 

therapy with ozonated sunflower oil was applied. 

The authors observed an excellent healing process 

throughout the period, without the formation of exuberant 

granulation tissue, an effect that highlights the role of ozone 

therapy in promoting dynamic and controlled healing, 

essential for areas of high mobility such as the hoof and 

heel. Additionally, the combination of ozone therapy 

methods, such as the use of ozonated oil, the < bagging = 
method and ozone autohemotherapy, proved to be efficient 

in avoiding common complications, such as excessive 

accumulation of granulation. The animal's physiological 

response to the injury was thus enhanced by the integrated 

approach between ozone therapy and systemic anti-

inflammatories ( Flamia and Wilmsen , 2021). 

After 9 weeks of treatment, wound remodeling was 

noted, with healing occurring without the presence of 

exuberant granulation tissue. Wound evaluation throughout 

treatment showed the beginning of asymmetric growth at 

the edges of the lesion, with a pink/reddish coloration, 

indicating progress in healing. Furthermore, the 

combination of different ozone therapy techniques 

demonstrated beneficial effects on wound regeneration, 

suggesting that these approaches may contribute to the 

development of new therapeutic protocols for equine 

wounds ( Flamia and Wilmsen , 2021). 

Furthermore, despite the positive evidence 

regarding the use of ozone therapy, some authors cite some 

necessary precautions that the professional must take in the 

application process, being indicated especially as a 

complementary therapy and not just a main therapy, due to 

the potential associated risks. For TONIM et al., (2024) 

ozone therapy should be considered as a complementary 

therapy within a broader treatment protocol. 

In the study by Pliego et al. (2023), the use of ozone 

therapy in the treatment of a mare with cutaneous 

habronemiasis demonstrated some therapeutic limitations, 

especially due to excessive ozone applications. The protocol 

included daily cleaning with ozonated serum, application of 

ozonated oil and six sessions of intralesional ozone , in 

addition to ointment with dexamethasone and bandages. 

Although the objective was to stimulate healing and reduce 

the lesion, the results showed that, after 30 days, there was 

no significant reduction in the affected area, and surgical 

intervention was recommended to remove the compromised 

tissue. An increase in epithelial desquamation was also 

observed, which hindered the healing process, possibly due 

to repeated exposure to ozone, which may have caused 

excessive irritation of the tissue and aggravated the local 

inflammatory response. 
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glutamyltransferase levels and causes a slight 

decrease in glucose concentration, making it important to 

monitor blood glucose levels in animals during its 

administration. These reports show that despite the 

indications, it is necessary to have well-measured guidelines 

and protocols for the application of ozone therapy, avoiding 

the risk of adverse effects that compromise the animal's 

recovery. 

 

III. FINAL CONSIDERATIONS 

As noted in the article, ozone therapy has proven to 

be a promising alternative in the treatment of horses, both 

due to its effectiveness and its minimally invasive nature, 

thus serving as a therapeutic option that prioritizes animal 

welfare. In the studies analyzed, it was possible to verify 

that the antimicrobial, antioxidant and anti-inflammatory 

properties of ozone favor its management in various clinical 

conditions such as inflammatory problems, wounds, 

respiratory problems and others. 

Thus, this study contributes to a broader 

understanding of the possibilities and limitations of ozone 

therapy, indicating that, with additional advances in 

research and well-established protocols, this technique 

could consolidate itself as an effective and reliable 

therapeutic method in equine veterinary medicine. 
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Abstract— APL (Acute Promyelocytic Leukemia) is a very aggressive type 

of myeloid leukemia characterized by the marked production of 

promyelocytes in the bone marrow and consequently an increase in 

peripheral circulation, triggering numerous hemorrhagic and thrombotic 

events, which makes this leukemia a medical emergency requiring 

immediate initiation of drug treatment. The objective of this article is to 

demonstrate the importance of the professional in the clinical analyses in 

identifying these anomalous cells for the correct diagnosis and initiation 

of treatment, reducing the fatality of this pathology. This article addresses 

the onset of blood cell production, the genetic alterations that trigger 

acute promyelocytic cancer, as well as the complications of this 

pathology, the main of which is DIC (Disseminated Intravascular 

Coagulation), which can quickly lead to the death of the patient, being the 

most important factor in the urgency of drug treatment; in addition to the 

importance of identifying microscopic alterations in the patient's blood 

for the initiation of treatment and therapeutic success. The research 

showed that the morphological identification of these cells in clinical 

analyses can be critical for the initiation of treatment; as well as the 

administration of ATRA (all-trans-retinoic acid) - usually combined with 

anthracyclines or ATO (arsenic trioxide) - helps in the remission of APL 

and reduction of DIC cases, avoiding hematologic complications and 

increasing patient survival. 

 

I. INTRODUCTION 

Blood is made up of red cells, which are responsible for gas 
exchange in tissues; platelets, which are responsible for 
blood clotting, which prevents blood loss; plasma, which 
contains plasma proteins, vitamins, amino acids, hormones 
and glucose; and the white series, which is made up of the 
body's defense cells, of which the leukocytes of the myeloid 
series include neutrophils, basophils, eosinophils and 
monocytes, and those of the lymphoid series, which are 
lymphocytes and NK (Natural Killer ) cells. Promyelocytes 
are immature cells of the myeloid lineage that in a 

physiological situation would give rise to neutrophils, 
eosinophils and basophils (JUNQUEIRA and CARNEIRO 
2017). 

APL is a leukemia characterized by an increase in 
promyelocytes dysplastic cells in the bone marrow, causing 
anemia, thrombocytopenia and neutropenia . These 
immature cells, in addition to disrupting the normal 
formation of other blood cells within the marrow, are not 
yet functional, and, at the time of onset of symptoms, they 
are occupying almost all of the patient's marrow, with these 
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cells also appearing in the peripheral blood in large 
quantities (SILVA, K., [ 2016?] ; FREIRE et. al , 2024). 

In this pathology, due to genetic errors, myeloid 
maturation is interrupted in the promyelocyte phase , with 
the vast majority of APLs being a problem involving the 
translocation between chromosomes 15 and 17, known as 
the t( 15;17) translocation. This change in the gene region 
will alter the proteins that this cell encodes, including 
changes in PML ( Promyelocytic Leukemia Protein ), which 
is a tumor suppressor gene that works together with the p53 
gene to suppress tumors, activating apoptosis in cells with 
leukemogenic potential . Another protein that will undergo 
changes is RAR α ( Retinoic acid receptor alpha ), 
responsible for myeloid differentiation . The production of 
the hybrid genes PML-RAR α and RAR α-PML will block 
the gene transcription that allows the maturation of these 
cells, due to the inability of retinoic acid to bind to the 
receptor, causing cancer. There are also other forms of this 
leukemia, all of which are generated by genetic 
translocation problems, always involving chromosome 17, 
which is responsible for the production of RAR α, but they 
represent only about 2% of APL cases ( JACOMO, 
FIGUEIREDO-PONTES and REGO, 2008; LEAL, 
KUMEDA AND VELLOSO, 2009). 

These genetic alterations result in the inability of 
these cells to initiate the apoptosis mechanism, and their 
replication in the bone marrow begins to trigger several 
hematological problems, such as severe anemia, 
neutropenia and thrombocytopenia. When they enter the 
peripheral blood, they can cause thrombotic events and 
Disseminated Intravascular Coagulation (DIC), which is 
considered a medical emergency (ARAÚJO, B., 2022., 
FREIRE et. al , 2024). 

Furthermore, anomalous promyelocytes release 
Tissue Factor, which is the main activator of coagulation; 
they also have the ability to initiate the coagulation cascade 
through a Carcinogenic Procoagulant , causing the 
consumption of platelets and the formation of microthrombi 
in the body (GERONIMO, 2022). On the other hand, there 
is an increase in the formation of plasmin , which degrades 
fibrin, due to the increased expression of annexin A2 on the 
surface of promyelocytes . Annexin A2 is a receptor for 
plasminogen and t-PA ( tissue-type plasminogen activator ) 
that culminate in the formation of plasmin wherever these 
cells are circulating, causing intense hemorrhage 
(ALMEIDA, S., 2015). 

Since the complete blood count is the fastest 
method for identifying these cells, as soon as confirmation 
occurs through cell morphology, associated with clinical 
suspicions, a doctor should be sought immediately to begin 
treatment with all-trans-retinoic acid (ATRA) or arsenic 

trioxide (ATO). Therefore, morphological knowledge of 
these cells within clinical analyses has shown to be of great 
importance for patient treatment (ALMEIDA, S., 2015; 
SILVA, K., [ 2016?] ). 

 

II. THEORETICAL BASIS 

2.1 HEMATOPOIESIS 

As reported by HOFFBRAND and MOSS (2013), 
in the first weeks of gestation, blood is produced mainly in 
the yolk sac, being derived from stem cells. From 6 to 7 
months, the liver and spleen become the main 
hematopoietic organs, and later the bone marrow becomes 
the main organ to produce blood cells. During childhood 
and adulthood, the bone marrow becomes the only 
hematopoietic organ, and when the blood cells mature, they 
are released into the sinus spaces of the bone marrow for 
blood circulation. 

In the first two years of age, the entire bone marrow 
is hematopoietic, and as the years go by it begins to be filled 
with fat, until in adulthood it becomes limited to the central 
skeleton, and the vicinity of the femur and humerus 
(HOFFBRAND and MOSS, 2013). 

Hematopoiesis begins with pluripotent stem cells 
that generate mixed myeloid progenitor cells , which 
differentiate into other precursor cells forming erythrocytes, 
platelets, monocytes, neutrophils, eosinophils and 
basophils, and can also give rise to cells of lymphoid origin, 
generating B and T lymphocytes, in addition to NK cells 
(HOFFBRAND and MOSS, 2013). 

Pluripotent stem cells proliferate and give rise to 
pluripotent progenitor cells , which will form blasts, which 
are precursor cells that present morphological 
characteristics of their lineage (lymphoid or myeloid ), and 
there is also an increase in mitotic frequency. These 
progenitor cells give rise to other progenitor cells or 
precursor cells, and precursor cells give rise only to cells 
that are designated to mature. For the production and 
maturation of these cells, an adequate microenvironment 
and growth factors that will regulate the proliferation, 
differentiation, and apoptosis of immature cells are 
necessary, and several interleukins and cytokines are 
necessary . These factors influence the differentiation of the 
cell into its specific lineage. The release of these cells 
occurs by the endothelium that irrigates the bone marrow 
when the loss of adhesion receptors of the cells with the 
bone marrow occurs (JUNQUEIRA and CARNEIRO 
2017). 

2.2 MATURATION OF GRANULOCYTES 

Granulocytes originate from a common cell called 
a myeloblast . When this cell begins to differentiate, 
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granulations appear that will be according to the lineage 
from which it will originate, becoming a neutrophil , 
eosinophil or basophil promyelocyte , then differentiating 
into myelocytes , metamyelocytes , rod granulocytes , and 
mature neutrophils, eosinophils or basophils (JUNQUEIRA 
and CARNEIRO 2017). 

The promyelocyte is a smaller cell than the 
myeloblast that precedes it, with a more basophilic 
cytoplasm, containing granules specific to the lineage from 
which it will differentiate (neutrophils, eosinophils and 
basophils), these granules being azurophilic , and it also has 
a spherical nucleus that may contain a recess, and visible 
nucleoli (JUNQUEIRA and CARNEIRO 2017). 

 

Fig.1 – Microscopic photo of a normal promyelocyte . In the image taken by microscopy, a normal promyelocyte can be 

seen, shown by the arrow, a cell larger than the red blood cells that are clustered around it, showing its spherical nucleus of 

a darker purple color, containing nucleoli, delicate chromatin and a lighter perinuclear area being the Golgi Complex, in 

addition to the azurophilic granules throughout the cell. 

Source: Laboratory of Clinical Analysis and Health Education (LACES), 2017. 

 

Maturation then proceeds to the myelocyte , 
containing a spherical or kidney-shaped nucleus, without 
cytoplasmic basophilia , and with more specific granules. 
The cell then transforms into a metamyelocyte , containing 
a deep notch in its nucleus; a rod, which is an intermediate 
form between the metamyelocyte and the mature cell; and 
finally a mature and specialized cell capable of performing 
its specific functions in the immune system (JUNQUEIRA 
and CARNEIRO 2017). 

2.3 LEUKEMIA 

Cancer is the name given to a group of more than 
100 diseases in which abnormal cell growth occurs. This 
name was first used by Hippocrates (460 BC - 377 BC), 
known as the father of medicine. Unlike normal cells, 
cancer cells have disorderly growth, giving rise to abnormal 
cells. This pathology is classified as a malignant neoplasm, 
due to its ability to create metastases, invading other tissues, 
making treatment difficult and potentially leading to death 
(THULLER, SANT'ANA and REZENDE, 2011). 

For cancer to develop, the cell needs to undergo a 
genetic mutation that alters its instructions, modifying its 
normal activities, forming anaplastic cells , without 
differentiation, with numerous mitoses and the ability to 
invade other tissues. This genetic alteration occurs in 
normal genes that are called proto-oncogenes , which when 
activated become oncogenes , becoming responsible for the 
formation of cancer (THULLER, SANT'ANA and 
REZENDE, 2011) 

Leukemia is a group of diseases in which there is 
an exaggerated increase in the production of some blood 
cells, being it an acute leukemia when the affected cells are 
young cells, losing their differentiation (they do not 
transform into the cell that they would normally transform 
into when they mature), or chronic when the affected cells 
are mature, but do not perform apoptosis, which is the 
normal physiological process of programmed cell death, 
with the objective of cell renewal, destroying cells with 
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damaged DNA or unnecessary for the body at that time 
(HANNA, 2021; ARAGÃO 2015). 

APL ( Acute Promyelocytic Leukemia ) is a 
subtype of AML ( Acute Myelocytic Leukemia ), which 
corresponds to the M3 and M3 variant (M3v) subtypes, in 
which there is an increase in blasts with promyelocyte 
characteristics. dysplastic , with infiltration in the bone 
marrow, and, as a result, these cells also appear in the 
peripheral blood. The increase that occurs in the bone 
marrow distorts normal hematopoiesis , altering red blood 
cells, white blood cells, platelets and, consequently, causing 
anemia and hemorrhages. Furthermore, these immature 
cells, which will be circulating in the bloodstream, are not 
functional and do not perform their functions as they would 

when they matured (PREVEDELLO and SAGRILLO, 
2008; SILVA, K., [ 2016?] ). 

2.4 GENES INVOLVED IN ALI 

Promyelocytic Leukemia or Acute Myeloid 
Leukemia with t( 15;17) translocation is a type of leukemia 
that in around 98% of cases is associated with a 
translocation between chromosomes 15 and 17 - t(15;17) - 
with the break of the PML gene ( Promyelocytic Leukemia 
Protein ) on chromosome 15, and of the RARα ( retinoic 
acid receptor alpha ) on chromosome 17, encoding PML-
RARα and RARα-PML hybrid proteins (JACOMO, 
FIGUEIREDO-PONTES and REGO, 2008; SILVA , K., 
[2016?]). 

 

Fig.2 – Figure 2 represents the translocation between chromosomes 15 and 17 and the formation of PML-RARα and RARα-

PML. 

Source: LEAL, KUMEDA AND VELLOSO, 2009. 

 

PML is a tumor suppressor gene and a regulator of 
p53 gene activity. This gene is known to be the most 
important <genome defender= gene in cancer control and is 
involved in most neoplasms, being activated when DNA 
damage occurs, stopping the cell cycle in the G1 phase and 
repairing DNA before duplication. Furthermore, this gene 
is responsible for the checkpoint from the S phase to the G2 
phase and, if there is no DNA repair, PML and p53 are the 
genes responsible for activating apoptosis in the damaged 
cell. However, when a mutation occurs in p53 due to PML, 
both begin to induce cancer and act as oncogenes because 
they do not perform their basic functions, allowing genetic 
errors to propagate through mitosis of malignant cells 

(LEAL, KUMEDA AND VELLOSO, 2009; FETT-
CONTE AND SALLES, 2002). 

The other important gene in the occurrence of APL 
is RARα, which is responsible for encoding the retinoic acid 
receptor alpha , a nuclear hormone receptor that binds to 
retinoic acid-responsive elements , which is involved in the 
process of myeloid differentiation (LEAL, KUMEDA AND 
VELLOSO, 2009). Retinoids are derived from vitamin A 
and depend on this receptor to play their role in myeloid 
differentiation . Alteration of this receptor contributes to the 
pathogenesis of APL, leading to the blockage of 
differentiation in the promyelocytic phase . Retinoids are 
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also proliferative inhibitors and specifically stimulate the 
production of polymorphonuclear cells , not being observed 
in the differentiation of monocytes and erythrocytes, just as 
RARα is more expressed in this cell line (JACOMO, 
FIGUEIREDO-PONTES and REGO, 2008; AMARAL, 
2009). 

The PML-RARα gene, resulting from the 
translocation of genes 15 and 17, generates an oncoprotein 
that has lower sensitivity to retinoids and has the ability to 
recruit a corepressor complex, formed by: RARα; a retinoic 
acid X receptor (RXR); nuclear corepressor proteins Sin3a, 

Sin3b; histone deacetylases (HDAC) and DNA 
methyltransferase (responsible for methylation and 
inhibition of transcription), which compact the chromatin, 
causing the repression of gene transcription, making 
physiological doses of retinoic acid unable to dissociate this 
complex, causing the genes responsible for myeloid 
differentiation to be blocked, resulting in the stagnation of 
the cell in its maturation process in the promyelocytic phase 
, initiating leukemogenesis . (LEAL, KUMEDA AND 
VELLOSO, 2009; JACOMO, FIGUEIREDO-PONTES 
and REGO, 2008). 

 

Fig.3 - Representative photo of the corepressor complex formed by the PML-RARα gene. In photo A, the complex formed by 
the retinoic acid receptor RARα, the retinoid X receptor , the nuclear coreceptors Sin3a and Sin3b, histone deacetylases 
(HDCA) and DNA methyltransferase blocking DNA transcription can be seen. In photo B, the all-trans acid can be seen. 

retinoic acid interacting with the RARα receptor dissociating the complex and allowing transcription. 

Source: JACOMO, FIGUEIREDO-PONTES and REGO, 2008. 

 

Both genes (PML and RARα) are part of normal 
hematopoiesis , while the PML-RARα hybrid gene has been 
demonstrated in 100% of ALI patients with t( 15;17) 
translocation, while the RARα-PML hybrid is absent in 
20%. of cases. Therefore, it is suggested that the PML-
RARα gene is associated with the leukemogenesis of this 
leukemia (LEAL, KUMEDA AND VELLOSO, 2009). 

LEAL, KUMEDA AND VELLOSO (2009) also 
show that, in 2% of APL cases, the RARα gene may be 
fused with genes other than PML, forming fusion proteins 
with the generic name X-RARα, which may occur on the 
long arm of chromosome 11 t( 11;17), involving the PLZF 
gene ( Promyelocytic Leukemia Zinc Finger ) of 
chromosome 11 and RARα of chromosome 17, producing 
the hybrid genes PLZF-RARα and RARα-PLZF. The 
PLZF-RARα rearrangement is the second most common, 
accounting for 0.8% of cases, in addition to bringing some 
morphological changes, such as a more regular nucleus, an 
increase in cells with cytoplasmic projections, a higher 
frequency of CD56 expression and an intermediate 
morphology between AML-M2 and AML-M3. These 
patients with the t( 11;17) translocation also presented 
resistance to treatment with ATRA. 

CD56 is a membrane glycoprotein that appears in 
several hematopoietic neoplasms and is associated with 

poor prognosis, with a low remission rate and short survival 
period (JAUREGUI., 2018). 

Another rarer translocation is the translocation 
between chromosomes 5 and 17 t( 5;17); variant in which 
APL presents cells with the karyotype 
47,XY,+22[5]/46,XY[30], forming the hybrid protein 
PRKAR1A-RARα, which causes PRKAR1A to lose its 
function of regulating gene expression. In another rare case, 
the patient presented a karyotype of 47,XX , t(4;17), 
forming the hybrid gene FIP1L1-RARα (LEAL, KUMEDA 
AND VELLOSO, 2009). 

2.5.1 COMPLICATIONS OF LPA 

APL causes some changes similar to other AMLs , 
such as neutropenia , thrombocytopenia, and anemia due to 
the increase in immature cells in the bone marrow. 
However, what causes the highest rapid mortality rate is 
DIC (Disseminated Intravascular Coagulation) and a state 
of primary hyperfibrinolysis that affects the entire nervous 
system and lungs (RIPOLL and MARINA, 2022). Other 
symptoms resulting from the decrease in functional blood 
cells are weakness, fatigue, infections, hemorrhages, 
ecchymosis (purple spots caused by blood extravasation), 
epistaxis (nosebleeds), and menorrhagia (heavy or 
prolonged menstrual bleeding) (FREIRE et. al , 2024). 

Some patients, especially those with 
promyelocytes Hypergranular leukocytes may present few 
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leukocytes and rare leukemic cells in the peripheral blood. 
This type of leukemia has a preclinical phase of unknown 
duration and when it begins to be symptomatic, the patient 
rapidly evolves to a serious condition, presenting almost 
complete filling of the bone marrow by malignant 
promyelocytes . (FREIRE et. al , 2024). 

Disseminated intravascular coagulation (DIC) and 
primary fibrinolysis can occur both at the beginning of 
diagnosis and at the beginning of chemotherapy treatment, 
and can cause pulmonary or cerebrovascular hemorrhage in 
40% of patients, with an incidence of 10 to 20% of early 
hemorrhagic death, which makes ALI a medical emergency 
(FREIRE et. al , 2024). Pulmonary and gastrointestinal 
hemorrhages also occur, as well as high-fatality 
hemorrhagic events, such as intracranial hemorrhages 
(ARAÚJO, B., 2022). 

Thrombotic events were also evidenced in APL, 
with thrombosis of deep veins, cerebral veins, hepatic portal 
veins, peripheral arteries, acute myocardial infarction and 
ischemic stroke. Thrombotic events occur in approximately 
10% of cases and, because they are less evident, have a less 
known pathogenesis (ARAÚJO, B., 2022). 

2.5.2 DISSEMINATE INTRAVASCULAR 

COAGULATION 

According to GERONIMO, 2022: 

DIC is a disorder characterized 
by hemorrhagic and 
thrombotic phenomena. It 
involves systemic activation of 
the coagulation system, 
resulting in the consumption of 
coagulation factors, leading to 
multiple and uncontrollable 
bleeding due to blood 
incoagulability and 
hemorrhagic diathesis, in 
addition to multiple organ 
dysfunction due to 
compromised blood supply to 
the organs due to the presence 

of microthrombi in the 
circulation. 

This disorder can manifest itself in both acute and chronic 
forms, with fibrinolysis predominating in the acute form, 
causing intense, prolonged bleeding, with the formation of 
fibrin microthrombi , consumption of platelets and 
coagulation factors. On the other hand, in chronic DIC, 
hypercoagulation or hyperfibrinolysis prevails 
(GERONIMO, 2022). 

 

The anomalous promyelocytes of this leukemia release 
Tissue Factor (also called thromboplastin, the main 
activator of coagulation), Cancer Procoagulant (a cysteine -
proteinase that activates Factor X without the need for 
Factor VII) and microparticles that activate the coagulation 
cascade, forming hypercoagulation (ALMEIDA, S., 2015; 
FRANCO, 2001). 

In a normal situation, the clot is formed after 
plasma proteases interact with their cofactors, and a cascade 
of reactions occurs, forming an enzyme called thrombin, 
causing proteolysis that transforms soluble fibrinogen into 
insoluble fibrin. In 1964, a model of the coagulation cascade 
was proposed by Macfarlane and Davie & Ratnoff , which 
shows the coagulation cascade being formed by an intrinsic 
or extrinsic pathway (FRANCO, 2001). 

In the intrinsic pathway, Factor XII is activated 
after the blood comes into contact with something external 
with a negative electrical charge. This activation is called 
<contact activation,= and other components in the plasma 
are required, such as prekallikrein ( serine protease ) and 
high molecular weight cysninogen . The cascade begins 
with prekallikrein and cysninogen transforming Factor XII 
into Factor XIIa , activating Factor XI, which activates 
Factor IX and, in the presence of Factor VII, activates 
Factor X, where the two pathways meet (FRANCO, 2001). 

In the extrinsic pathway, plasma Factor VII, in the 
presence of its cofactor, tissue factor (or thromboplastin), 
activates Factor X. Factor X is the part of the reaction in 
which the two pathways meet, subsequently generating 
Factor IIa (also called thrombin), capable of converting 
fibrinogen into fibrin. (FRANCO, 2001). 
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Fig.4 – Representation of the coagulation cascade model proposed by Macfarlane and Davie & Ratnoff in 1964. 

Source: FRANCO, 2001. 

 

Hyperfibrinolysis in this leukemia occurs due to 
elevated levels of t-PA (tissue-type plasminogen activator ) 
and u -PA ( urokinase-type plasminogen activator ) that 
bind to the u-PAR receptor (urokinase-type plasminogen 
activator receptor ), activating plasminogen , and eventually 
forming plasmin . Cancer cells have abnormal expression of 
annexin A2 ( plasminogen and t-PA receptors ) on the cell 
surface, which, together with increased t-PA, causes 
fibrinolysis wherever the cells pass, making the fibrinolytic 
activity of this cancer proportional to the number of 
circulating promyelocytes , that is, the greater the number 
of these leukocytes, the greater the fibrinolytic activity 
(ALMEIDA, S., 2015). 

anticoagulation process occurs together with the 
coagulation process in order to balance the organism and 
prevent the occurrence of thrombi. This process aims to 
degrade the final product of the coagulation cascade: fibrin. 
t-PA ( tissue-type plasminogen activator ) and u-PA 
(urokinase-type plasminogen activator ) are two 
physiological plasminogen activators that, when bound to 
plasminogen , cause hydrolysis of a peptide bridge , forming 
plasmin : a serine protease capable of degrading fibrin, thus 
removing the clot (FRANCO, 2001). 

Plasminogen Activator Inhibitor ), with PAI-1 
being the main inhibitor, acting directly on plasmin 
(FRANCO, 2001). In APL, there is a decrease in PAI-1, 
reducing the levels of the main fibrinolysis inhibitor , 
allowing the reaction to occur for longer. Another 
aggravating factor is the consumption of alpha-2-
antiplasmin, which is also a primary plasmin inhibitor , 

contributing to the occurrence of DIC (GERONINO, 2022; 
COSTA, 2016). 

2.6 DIAGNOSIS 

The first step in diagnosing APL is to assess the 
clinical symptoms, which may include pallor, 
hepatomegaly , splenomegaly, lymphadenopathy , fever, 
pharyngitis, petechiae , bone pain, gingival hypertrophy, 
skin infiltrations, among others. Peripheral blood and bone 
marrow examinations should also be performed, and the 
blood count will show some changes, such as low platelet 
count, leukocyte count <1,000 µl to 200,000 µl, neutropenia 
with the presence of blasts, normochromic and normocytic 
anemia (SILVA, G. et al. 2006). 

In the laboratory, when using automation in 
hematology, it is important to be aware of the flags , which 
are warnings from hematological counters that indicate 
some abnormality in the blood sample, making it necessary 
to perform manual analysis using the blood smear, since 
only with microscopy can an accurate differentiation of 
leukocytes be made, in addition to identifying other 
abnormalities. The staining to be used is very important for 
the correct evaluation of these changes, with the most 
commonly used method being Giemsa with May- Grunwald 
, which better preserves the characteristics of leukocytes 
(SHÜTZLER., 2022) 

Cellular morphology is the most important test for 
the diagnosis of APL. However, some cytochemical stains 
can be used to assist. For example, myeloperoxidase and 
Sudan Black B, which confirm that the stained cells are of 
myeloid nature , are specific for granulocytes and 
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monocytes, and reveal auer rods . Another test that has 
become essential for diagnosis is the immunophenotyping 
test , which uses monoclonal antibodies against specific 
epitopes of cellular antigens (SILVA, G. et al. 2006). 

However, knowing that APL is a medical 
emergency, which is fatal in the absence or delay of 
appropriate treatment, treatment should be started 
immediately after clinical suspicion and some diagnostic 
test, such as a blood count (which is the fastest method), 
allowing advance notification to the physician, who will 
start the treatment. Other tests, such as immunophenotyping 
, can take 3 to 4 days to obtain the result; the myelogram , 2 
to 5 days; cytogenetics , 11 to 22 days, and this waiting time 
can cause the patient's death (SILVA, K., [ 2016?] ). 

According to ALMEIDA, S. (2015), the first 24 
hours are critical for diagnosis. Mortality from this disease 
can reach 55% in the first month due to the hemorrhagic 
condition. All-trans-retinoic acid (ATRA) or Arsenic 
Trioxide (ATO) should be administered as soon as possible, 
and analysis of the morphological aspects of the cells will 
be a sufficient indication to begin treatment, even before 
genetic confirmations. 

Thus, the importance of the professional in 
knowing the morphological characteristics of 
promyelocytes in APL is elucidated. These cells can present 
in two different main forms in this leukemia ( hypergranular 
form and hypogranular form ), presenting different 
characteristics in promyelocytes . There are also rarer 
forms, such as the hyperbasophilic form and the variant 
associated with the PLZF-RARα fusion (SILVA, K., [ 
2016?] ). 

The classic form, also called hypergranular , 
presents an eccentric, dysmorphic nucleus , with an ill-
defined border and a dark hue due to the cytoplasmic 
granules that prevent its clear visualization. The granulation 
is exuberant, azurophilic and there are often auer rods 
organized in bundles, naming the cells with the presence of 
this inclusion: < faggot ”. cells ”. Auer rods (or auer bodies 
) are indicators of acute myeloid leukemias and are possibly 
of lysosomal origin , being important for identifying 
myeloid syndromes in general, being present in APL (also 
called Acute Myeloid Leukemia M3) (ALMEIDA, S., 
2015; SILVA, K., [ 2016?] ; HANNA, 2021; GALIACHO 
et al., 2022). 

 

Fig.5 – Microscopic image of promyelocytes in LPA in their hypergranular form . 

SOURCE: SILVA, K., [ 2016?] . 

 

The hypogranular or microgranular form has more 
discreet cytoplasmic granulation, the nucleus is more 
visible and clearer compared to the hypergranular form, 

presenting a bilobular shape , with rare auer rods (SILVA, 
K., [ 2016?] ; HANNA, 2021). 
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Fig.6 – Microscopy image of promyelocytes in LPA in their hypogranular form . 

Source: SILVA, K., [ 2016?] 

 

Of the rare forms, the basophilic form has a high 
nucleus/cytoplasm ratio, strongly basophilic granules , and 
does not have auer rods. On the other hand, the PLZF-
RARα form has a regular nucleus with condensed 
chromatin, fewer granules than the hypergranular form , and 
rare auer rods (ALMEIDA, S., 2015). 

2.7 TREATMENT 

Due to the possibility of hematological 
complications and the rapid progression of the disease, as 
soon as the diagnosis is made, it is necessary to immediately 
begin treatment with all-trans-retinoic acid (ATRA), which 
has a similar role to retinoids in the maturation of these 
promyelocytes . It is important to highlight that, due to its 
mechanism of action, ATRA may not be effective in the 
rarer forms of ALI (SANTANA, 2019; KOTOWSKI, 
MONTEIRO, ARAÚJO, M., 2007). 

ATRA, together with anthracycline and cytarabine 
(Ara-C), or associated with ATO, proved to be effective in 
remitting ALI in an estimated 95% of cases. ATRA, as it is 
a natural metabolite of retinol and belongs to the class of 
retinoids , binds to the retinoic acid receptor α (RARα), as 
if it were a supraphysiological dosage of retinoic acid , 
having an inhibitory effect on both the PML gene and the 
RARα gene. . It is responsible for the dissociation of the 
corepressor formed by RARα, the retinoic acid X receptor 
(RXR), the nuclear corepressors Sin3a and Sin3b, histone 
deacetylases (HDAC) and DNA methyltransferase . With 
this dissociation, the transcription block is undone and the 
cell is able to carry out gene transcription, leading to the 

complete maturation of the promyelocyte and also inducing 
its apoptosis (SANTANA, 2019; KOTOWSKI, 
MONTEIRO, ARAÚJO, M., 2007). 

ATRA will only have a good response in patients 
who have the t( 15;17) translocation, due to its mechanism 
directly related to the RARα receptor and PML. 
Furthermore, this drug does not act on the leukemic clone, 
and it is necessary to combine it with chemotherapy to 
induce complete remission of the cancer (KOTOWSKI, 
MONTEIRO, ARAÚJO, M., 2007). 

Retinoic Acid Syndrome , also called 
Differentiation Syndrome (DS), which has symptoms such 
as fever, dyspnea, respiratory problems, pulmonary 
infiltration, hyperleukocytosis , pleural effusion, renal and 
hepatic failure, and multiple organ failure. Regarding the 
cardiac problems of this syndrome, pericardial effusions, 
chest pain, peripheral edema, and hypotension can also be 
triggered. Associated chemotherapy helps to reduce the 
incidence of this syndrome. Studies suggest that this 
syndrome can also occur with the use of ATO (SOUZA., [ 
2012?] ; SANTANA, 2019) 

Until 1992, the use of anthracyclines was the first-
line treatment for APL, and although there was a good 
remission rate, many deaths from DIC occurred. After the 
arrival of ATRA , anthracycline treatment associated with 
all-trans-retinoic acid began (SOUZA., [ 2012?] ). 

APL cells have little expression of P-glycoprotein, 
which promotes the efflux of chemotherapeutic agents, 
preventing this type of medication from acting on the cell. 
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With the absence of this glycoprotein, promyelocytes 
become more susceptible to the action of anthracyclines , 
with idarubicin being the anthracycline used because it can 
intercalate into DNA, interact with Topoisomerase II, and 
inhibit nucleic acid synthesis in bone marrow and blood 
cells (SOUZA., [ 2012?] ; HUBER, MARUIAMA and 
ALMEIDA, W, 2010, KOTOWSKI, MONTEIRO, 
ARAÚJO, M., 2007). In the case of cytarabine , its role has 
not yet been well defined and, in some cases, its absence in 
the treatment does not cause a negative impact (ALMEIDA, 
S., 2015). 

trioxide (ATO) is used in cases where the patient 
has recurrence of the disease after treatment with ATRA, 
and is also an alternative medication for patients who cannot 
undergo chemotherapy, due to its lower toxicity. In small 
doses, ATO degrades PML-RARα transcripts and indirectly 
activates caspases , which will lead to cell apoptosis, 
without needing to use the same pathways as ATRA. 
Caspases are enzymes that are inactive in the cell, but when 
activated, they initiate cell degradation, that is, they are the 
enzymes responsible for initiating apoptosis . Its name 
refers to the <C= for cysteine , < asp = for aspartate and the 
enzyme ending <ase= (SANTANA, 2019; KOTOWSKI, 
MONTEIRO, ARAÚJO, M., 2007; ARAGÃO, 2015). 
When combined with ATRA, ATO causes synergistic 
regulation of telomerases , causing telomere shortening , 
leading to promyelocyte cell death (SANTANA, 2019). 

 

III. METHODOLOGICAL PROCEDURES 

This work was carried out based on a review of the 
scientific literature on the subject. The main research 
sources were SciELO ( Scientific Electronic Library Online 

) and the Google Scholar tool. To develop this research, 
keywords and terms such as <LPA=, < acute promyelocytic 
leukemia=, <disseminated intravascular coagulation=, < all-
trans acid= were used. retinoic =, <blood count=, < 
anomalous promyelocytes in APL=, <PML RARα=, 
<morphology of APL=, < hematopoiesis =, <cancer=, <slide 
staining=, <treatment of APL=, etc. Scientific articles, meta-
analyses, books and monographs relevant to the subject 
addressed were used. 

 

IV. RESULT AND DISCUSSIONS 

According to the authors referenced in this 
research, APL is an anemia that begins its symptoms very 
aggressively, and can quickly evolve into DIC, causing a 
severe hemorrhagic condition that can quickly lead to the 
patient's death. DIC is directly formed by anomalous 
promyelocytes and the circulating quantity will influence 
the severity of the condition. 

It has also been demonstrated that the maturation 
of these cells is interrupted in the promyelocytic state due 
to a genetic mutation that prevents them from continuing the 
maturation process. Thus, research has shown the need to 
use ATRA or another medication that will cause these cells 
to continue their maturation or undergo apoptosis, which 
will drastically reduce DIC cases by reducing the number of 
circulating promyelocytes . 

Another point validated in this research was the importance 
of the blood count for the treatment of this leukemia. The 
blood count was presented as the fastest test to validate this 
pathology, and although it requires other confirmations that 
take longer, the symptoms of this disease and the 
appearance of these cells on the patient's slide are already 
sufficient reasons to start the APL treatment protocol, due 
to the aggressiveness of this leukemia. 

Therefore , given the points highlighted so far, 
such as the characteristics of these cells in the slide and 
other classic leukemia alterations, the inclusions that 
indicate myeloid leukemia and pathognomonic 
characteristics of this disease (such as the bilobed nucleus 
of promyelocytes ) are already sufficient for the start of 
treatment, which demonstrated high remission when started 
quickly. 

 

V. FINAL CONSIDERATIONS 

Analyzing the data found in the research, it was 
found that APL is an oncological pathology that has proven 
to be very aggressive, with a high mortality rate due to its 
complications caused by the DIC condition, which can 
cause hemorrhages and blood clots throughout the body. It 
was also demonstrated how the medications used to treat 
this leukemia contribute to the remission of the disease, 
reducing the cancer cells in the peripheral blood and 
reducing the chances of this anemia presenting its most 
severe state, considerably increasing the patient's survival. 

However, its rapid evolution demands attention 
from all professionals involved, from the suspicion of 
cancer by the doctor who treated the patient, to the drug and 
chemotherapy treatment, being crucial that the doctor 
identifies the signs and symptoms of leukemia and quickly 
requests the patient's blood count, which will contain classic 
changes of leukemia, such as anemia, thrombocytopenia 
and neutropenia .  

Upon arrival at the analysis laboratory, it is up to 
the clinical analyst to recognize the classic changes in APL, 
such as the cellular patterns of the blasts in this leukemia 
(both in its hypergranular and hypogranular forms , in 
addition to the rare forms), as well as to recognize the 
classic inclusion of myeloid leukemias that will contribute 
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to the clinical diagnosis. It is immediately the analyst's 
responsibility to contact the physician and inform him/her 
that the slide is suggestive of APL, collaborating with the 
immediate start of treatment, which allows the reduction of 
the DIC condition and can contribute to a better prognosis 
for the patient. 

Therefore, according to the study, it is imperative 
that the clinical analyst knows how to identify the 
anomalous promyelocytes in APL as quickly as possible, 
because the complete blood count is the first step in 
suspecting any leukemia and, consequently, will be the first 
choice test (in addition to being the quickest and most 
accessible to be performed). Since APL is a medical 
emergency, genetic confirmation should not be expected to 
begin treatment; only the analyst's confirmation of the type 
of cell presented on the slide is sufficient to begin the APL 
treatment protocol, highlighting the importance of this 
professional in the patient's prognosis. 
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Abstract— Healthcare professionals, especially those working in 

emergency settings, are subject to a significant amount of stress and 

pressure in their daily routine. The phenomenon of burnout , 

characterized by emotional exhaustion, depersonalization, and decreased 

personal fulfillment at work, is a growing concern. These professionals 

face unique challenges, such as dealing with life-or-death situations, long 

work hours, and lack of adequate resources, which can contribute to the 

development of burnout. 

 

I. INTRODUCTION 

The scientific literature has extensively documented the 

effects of burnout among emergency professionals. Studies 

indicate that alarming rates of emotional exhaustion and 

depersonalization are common among physicians, nurses, 

and paramedics working in emergency departments ( 

Adriaenssens , J., De Gucht , V., & Maes , S., 2015). These 

professionals often report feeling overwhelmed, 

emotionally drained, and unable to provide optimal patient 

care. 

The relationship between burnout and the quality of care 

provided is also a central concern. Research suggests that 

healthcare professionals who experience burnout are at 

greater risk of committing medical errors, have low job 

satisfaction, and have a lower quality of life (West, CP, 

Dyrbye , LN, & Shanafelt , TD, 2018). This not only affects 

the health and well-being of professionals, but can also 

compromise patient safety and treatment. 

Furthermore, burnout in the emergency department can 

have long-term ramifications for the mental health of 

professionals. Studies have shown that burnout is associated 

with a variety of mental health issues, including depression, 

anxiety, and suicidal ideation ( Dyrbye , L.N., et al., 2017). 

Therefore, addressing this issue is crucial not only to 

improve the quality of patient care but also to protect the 

health and well-being of professionals themselves. 

However, despite growing awareness of burnout , effective 

interventions to prevent and mitigate its effects are still 

limited ( Panagioti , M., et al., 2019). There is an urgent 

need for comprehensive strategies that address not only the 

individual symptoms of burnout but also the organizational 

and systemic factors that contribute to its development. 

In this context, this paper aims to critically analyze the 

phenomenon of burnout among emergency professionals, 

exploring its causes, consequences, and possible 

intervention approaches. Through a comprehensive 
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literature review, we aim to provide valuable insights that 

can inform policies and practices aimed at protecting the 

health and well-being of these essential professionals and, 

ultimately, improving patient care outcomes. 

 

II. METHODOLOGY 

To conduct this literature review, we began with a 

comprehensive search of the scientific literature through 

electronic databases such as PubMed , Scielo , and Bireme 

. We used a combination of search terms, including " 

burnout ," "emergency," "healthcare professionals," 

"physicians," "nurses," and "nursing technicians." 

Following the initial search, we screened the studies based 

on their titles and abstracts to determine their relevance. 

Selected studies were then assessed in full to ensure they 

met the established inclusion criteria. 

We acknowledge that this review may be subject to some 

limitations, such as the exclusion of studies in languages 

other than English, Spanish, or Portuguese, and the 

possibility of publication bias. However, we took steps to 

minimize these limitations through a comprehensive 

literature search and clear inclusion and exclusion criteria. 

 

III. THEORETICAL FRAMEWORK 

The Phenomenon of Burnout in Emergency 

Professionals 

The emergency work environment presents significant 

stressors that can trigger burnout . Long working hours, 

exposure to traumatic situations, intense emotional burden, 

and lack of adequate resources are just some of the 

identified causes ( Adriaenssens , J., De Gucht , V., & Maes 

, S., 2015). Furthermore, the pressure to make quick and 

accurate decisions in life-or-death situations can contribute 

to chronic stress and emotional exhaustion. 

Emergency department professionals may experience a 

variety of burnout symptoms , including physical and 

emotional exhaustion, depersonalization, and decreased 

professional efficacy. Studies have documented high rates 

of these symptoms among physicians, nurses, and 

paramedics working in emergency departments ( Maslach , 

C., & Leiter , M.P., 2016). Emotional burnout may manifest 

as feelings of overwhelm, irritability, and lack of 

motivation, while depersonalization may result in cynicism 

and emotional distance toward patients. 

Burnout among emergency department professionals not 

only affects their own health and well-being, but also has 

consequences for the quality of patient care. Studies 

indicate that professionals who suffer from burnout are at 

increased risk of committing medical errors, have low job 

satisfaction , and have a lower quality of life (West, CP, 

Dyrbye , LN, & Shanafelt , TD, 2018). Furthermore, 

burnout can lead to increased absenteeism, employee 

turnover, and additional costs for healthcare organizations. 

The phenomenon of burnout among emergency 

professionals is a significant concern that requires attention 

and intervention. Understanding the causes, symptoms, and 

impacts of burnout is critical to developing effective 

prevention and management strategies. 

In addition to the individual pressures faced by emergency 

professionals, there are organizational challenges that 

contribute to the phenomenon of burnout . A lack of 

adequate resources, including insufficient staff and outdated 

equipment, can increase workload and frustration among 

professionals ( Dewa , C.S., & Loong , D., 2020). 

Furthermore, an institutional culture that does not value 

employee well-being and does not recognize the impact of 

stress can exacerbate the problem. 

Although organizational factors play an important role in 

burnout , it is also crucial to recognize individual factors 

that may increase the risk. For example, personality traits 

such as perfectionism and a tendency to internalize stress 

may make professionals more vulnerable to burnout ( 

Koutsimani , P., Montgomery, A., & Georganta , K., 2019). 

Furthermore, a lack of effective coping skills and adequate 

social support may make it more difficult for professionals 

to deal with the stress of emergency work. 

Burnout among emergency department professionals can 

have serious ramifications for the quality of patient care. 

Exhausted and unmotivated professionals may be more 

likely to make medical errors, compromising patient safety 

and outcomes (Rodriguez-Rey, R., et al., 2019). 

Furthermore, burnout can affect communication and 

teamwork, which are essential elements for effective and 

coordinated care. 

Studies have investigated whether there are gender 

differences in the prevalence and manifestation of burnout 

among emergency workers. Some research suggests that 

women may experience higher levels of burnout due to 

factors such as gender inequalities in the workplace and 

greater responsibilities at home ( Salvagioni , DAJ, et al., 

2017). However, more research is needed to fully 

understand these disparities. 

To prevent and manage burnout , it is crucial that 

professionals develop effective coping strategies. This may 

include establishing clear boundaries between work and 

personal life, engaging in leisure activities and hobbies, and 

seeking social and emotional support ( Fralick , M., et al., 

2018). Additionally, relaxation techniques, such as 

mindfulness and meditation, have been shown to be 

beneficial in reducing stress and emotional exhaustion. 
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In addition to the impacts on staff health and well-being and 

the quality of patient care, burnout also has significant 

economic implications. The costs associated with 

absenteeism, staff turnover, replacement training, and 

additional medical care can be substantial for healthcare 

institutions and health systems in general ( Han , S., 

Shanafelt , T. D., Sinsky , C. A., Awad , K. M., Rothberg , 

M. B., Bockorny , M., ... & Trockel , M., 2019). Therefore, 

addressing burnout is not only a health issue but also an 

economic issue. 

Healthcare organizations should invest in risk assessment 

programs and resources to identify burnout risk factors and 

promote a healthy work environment. This may include 

periodic employee well-being assessments, stress 

management training sessions, and implementation of 

policies that encourage work-life balance ( Shanafelt , T.D., 

Noseworthy , J.H., & Executive Leadership Council , 

2017). By recognizing and addressing the signs of burnout 

early , institutions can help prevent its occurrence and 

reduce its impacts. 

Burnout among emergency professionals is a significant 

concern that requires attention and intervention. 

Understanding the causes, symptoms, and impacts of 

burnout is critical to developing effective prevention and 

management strategies. Both organizational and individual 

factors must be considered when addressing this complex 

problem. 

Interventions for the Prevention and Management of 

Burnout in Emergency Professionals 

Healthcare organizations can implement a number of 

measures to create a healthier work environment and 

support the well-being of emergency workers. These may 

include establishing psychological support programs, 

promoting a work culture that values work-life balance, and 

providing adequate resources to cope with work-related 

stress ( Panagioti , M., et al., 2019). 

In addition to organizational interventions, emergency 

workers can adopt individual strategies to protect their 

mental health and prevent burnout . This may involve 

developing resilience skills, practicing self-care practices 

such as regular exercise, and seeking social and emotional 

support (Rodriguez-Rey, R., et al., 2019). Education about 

early recognition of burnout symptoms and accessing 

support resources are also important components of 

individual interventions. 

It is essential to evaluate the effectiveness of interventions 

implemented to prevent and manage burnout among 

emergency workers. Studies have examined the 

effectiveness of different approaches, such as coping skills 

training programs and well-being-promoting interventions ( 

Wiederhold , B.K., & Cipresso , P., 2019). Such research 

can provide valuable insights to inform future policies and 

practices. 

Preventing and managing burnout among emergency 

workers requires a multifaceted approach that takes into 

account both organizational factors and individual coping 

strategies. Implementing effective interventions is crucial to 

protecting the health and well-being of these essential 

workers and ensuring quality patient care. 

 

IV. DISCUSSION 

Burnout among emergency professionals is a growing 

concern worldwide due to its negative impacts on health and 

well-being of professionals, quality of patient care, and 

health systems in general. This discussion section aims to 

elaborate on the main issues raised in the review and explore 

possible implications and future directions for research and 

intervention . 

One of the central issues discussed is the complexity of the 

causes of burnout among emergency professionals. 

Although organizational factors, such as excessive 

workload and lack of resources, play a significant role, it is 

also crucial to recognize individual factors, such as 

personality traits and coping skills. Effectively addressing 

burnout requires a holistic approach that takes into account 

both contextual factors and individual aspects. 

Furthermore, the impact of burnout on the quality of patient 

care was discussed. Exhausted and unmotivated emergency 

department professionals may be at greater risk of 

committing medical errors and delivering lower quality of 

care. Therefore, interventions to prevent and manage 

burnout not only benefit professionals but also have direct 

implications for patient safety and outcomes. 

Another relevant issue addressed is the role of healthcare 

institutions in preventing and managing burnout . 

Implementing policies and programs that promote a healthy 

work environment and support employee well-being is 

essential. In addition, regular assessment of risks and 

resources can help organizations identify signs of burnout 

early and implement effective interventions. 

The economic impact of burnout was also discussed , 

highlighting the costs associated with absenteeism, 

employee turnover, and additional medical care. These 

costs not only affect healthcare institutions, but also have 

broader ramifications for healthcare systems and the 

economy as a whole. Therefore, investing in burnout 

prevention and management is not only a health issue, but 

also a sensible economic one. 

Finally, it is important to recognize that there are still gaps 

in knowledge about burnout in emergency workers that 

require additional research. For example, longitudinal 
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studies are needed to better understand the trajectory of 

burnout over time and identify effective protective factors. 

In addition, specific, evidence-based interventions need to 

be developed and evaluated in emergency settings. 

 

In summary, the discussion on burnout in emergency 

professionals highlights the need for a comprehensive 

approach that takes into account the complex interactions 

between organizational, individual, and contextual factors. 

Investing in the prevention and management of burnout not 

only improves the well-being of professionals and the 

quality of patient care, but also represents a strategic and 

cost-effective decision for health institutions and health 

systems in general. 

 

V. FINAL CONSIDERATIONS 

The phenomenon of burnout among emergency 

professionals is a multifaceted and urgent issue that requires 

immediate attention and coordinated action. Throughout 

this review, we examine the causes, symptoms, and impacts 

of burnout , as well as prevention and management 

strategies. 

It is clear that burnout is not just an individual problem, but 

also a reflection of organizational, social and contextual 

factors. Therefore, effectively addressing burnout requires 

a holistic approach that takes all of these aspects into 

account. 

Healthcare organizations play a crucial role in preventing 

burnout by creating healthy work environments, promoting 

employee well-being, and implementing supportive policies 

and programs. In addition, it is critical that professionals 

adopt individual self-care strategies and develop effective 

coping skills. 

It is important to recognize that burnout is not only a health 

issue, but also has significant economic implications. The 

costs associated with burnout are substantial and affect not 

only healthcare institutions, but also healthcare systems and 

the economy as a whole. 

As a final consideration, we urge stakeholders, including 

healthcare leaders, emergency professionals, researchers, 

and policymakers, to collaborate to implement effective 

burnout prevention and management strategies . Only 

through joint efforts and continued commitment can we 

protect the health and well-being of emergency workers and 

ensure quality patient care. 
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Abstract—  Heavy metal contamination, particularly with lead (Pb²⁺), 
poses significant environmental and public health risks. In response to this, 
metal-organic frameworks (MOFs) have arisen as effective adsorbents due 
to their high surface areas, tunable structures, and reusability. This study 
reviews advancements in MOF-based adsorbents for lead removal from 
wastewater, with a focus on cost-effectiveness, adsorption efficiency, and 
environmental impact. Among various MOFs examined, ZIF-67 and ZIF-8 
show superior performance, achieving high adsorption capacities (up to 
1978.63 mg/g) and excellent regeneration potential, maintaining 
effectiveness over multiple cycles. Cost analyses reveal that while some 
MOFs, such as Cu-MOFs/CMFP, incur higher synthesis costs, others like 
UiO-66-(OPO₃)X and Cs-ZIF-8 offer a balance between cost and 
performance, rendering them economically viable for large-scale 
application. Further, the environmental sustainability of MOFs is enhanced 
through greener synthesis methods and biodegradable components. 
Although challenges remain in scaling production and ensuring durability 
in varied wastewater conditions, this study demonstrates the potential of 
MOFs as efficient, sustainable, and cost-effective adsorbents for heavy 
metal remediation, paving the way for safer water treatment solutions. 
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GRAPHICAL ABSTRACT  

 

HIGHLIGHTS 

 MOFs like ZIF-67 and ZIF-8 have significant Pb²⁺ 
adsorption capabilities, reaching up to 1978.63 mg/g, 

making them effective for lead remediation. 

 Diverse Synthesis processes: MOFs are produced 

using a variety of synthesis procedures, including 

solvothermal, hydrothermal, and microwave-assisted 

processes, which affect their structural characteristics 

and scalability. 

 Relevant Characterization: Techniques such as SEM, 

BET, and XRD are used to assess the shape, surface 

area, and crystalline structure of MOFs, validating 

their validity for adsorption. 

 Regeneration and Stability: Many MOFs have good 

regeneration capability, and ZIF-67 retains around 95% 

of its adsorption capacity after many cycles, assuring 

long-term usage and structural integrity. 

 Cost-effectiveness and Sustainability: The economic 

feasibility of MOF-based adsorbents is highlighted, 

with competitive pricing and the utilization of 

nontoxic, biodegradable materials improving their 

environmental friendliness. 

 

I. INTRODUCTION 

Heavy metal pollution has become a worldwide 
environmental issue that is attracting more and more 
attention.  The presence of heavy metal (HMIs) in 
wastewater produced by industries is diagnosed as the 

most injurious pollutants. It has been known that the 
chromium(VI), lead(II), Cd2+, Cu2+, Hg2+, Fe3+, Ni2+ and 
Zn2+ are the most familiar toxic pollutants, so an 
acceptable method is needed for the preconcentration  and 
removal them [1] . [2]. Among the various heavy metals, 
lead (II) is one of the most popular and well-known water 
pollutant. Lead is a heavy metal contaminant with high 
biological toxicity, normally present in water as divalent 
lead ions. They may accumulate in the human body via 
the food chain and cause a variety of human ailments, 
including anemia, heart disease, neurological disorders, 
renal disease, cancer, and even death. As a result, there is 
an urgent need to find an effective technique for removing 
Pb2+ from aqueous solutions.  
Researchers have devised several techniques to remove 
contaminants from wastewater, including filtration[3]., 
chemical precipitation [4] coagulation , [5] 
electrochemical treatment [6], membrane separation [7] 
chemical oxidation [8], photocatalysis  [9], ozonation [10] 
and adsorption [11]. Among these methods, adsorption 
has received a particular attention because of its numerous 
advantages. Adsorption, unlike absorption, involves the 
accumulation of pollutants on the surface of a material. 
This method, mainly does not suffer from the limitations 
of the other methods, such as high startup and operation 
costs, long treatment times, process complexity, and space 
requirements [12] It has been widely embraced because to 
its great efficiency, simplicity, low energy demands, 
adaptability, and reusability [13].  
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However, some traditional adsorbents used for wastewater 
treatment including clays [14]., zeolites  [15], ion exchange 
resins [16] , Carbon nanotubes [17], silica [18], and 
activated carbon [19], have limitations , such as : low 
adsorption capacity, limited reuse capability, and the 
generation of post-treatment sludge [20]. Metal oxide-based 
adsorbents are distinguished by low selectivity and delayed 
adsorption kinetics. At the same time, activated carbon is 
limited by its high procurement cost, low surface area and 
porosity, and the difficulty of maintaining high adsorption 
effectiveness during usage [21]. Resins, like activated 
carbon, have limited recovery and reuse possibilities. 

 Recent research efforts have focused on generating 
innovative and highly efficient adsorbents that can 
overcome the limits of existing adsorbents while being 
environmentally friendly and low-cost. MOFs are one type 
of very effective adsorbent.  MOFs are a promising material 
for removing lead (Pb²⁺) ions from wastewater due to their 
high adsorption capacity, reusability, and adjustable 
characteristics. MOFs are porous crystalline solids made up 
of metal ions or clusters that are coupled with organic 
ligands. Their distinguishing characteristics, such as large 
surface area, variable pore size, and various functions, make 
them ideal candidates for environmental remediation 
applications [22]. In recent years, numerous MOF-based 
materials have been studied for Pb⁺ adsorption, including 
zeolitic imidazolate frameworks.  

Such as ZIF-8 and ZIF-67 [23] copper-based MOFs like Cu-
BTC, zinc-based MOFs such as Zn-BTC. [24] and 
zirconium-based MOFs like UiO-66 and its derivatives [25].   
These materials demonstrate exceptional adsorption 
capacities, ranging from 215 mg/g to 1978 mg/g for Pb²⁺ 
ions. Among the studied MOFs, ZIF-67 and ZIF-8 exhibit 
particularly high capacities of 1978.63 mg/g and 1780.91 
mg/g, respectively, making them highly efficient for lead 
remediation. [23]. The superior performance of these 
materials can be attributed to their high surface area, 
abundant active sites, and favorable interactions with Pb²⁺ 
ions. The adsorption mechanism of  Pb²⁺ onto MOF-based 
materials typically involves a combination of processes, 
including surface complexation, ion exchange, and 
electrostatic interactions. The presence of functional groups 
such as -OH, -COOH, and -NH2 on the organic ligands of 
MOFs plays a crucial role in enhancing their affinity 
towards Pb²⁺ ions. [26]. [27]. Additionally, the metal nodes 
in MOFs can act as Lewis acid sites, further contributing to 
the adsorption process.  The reusability of MOF-based 
adsorbents is a crucial factor in their cost-effectiveness and 
environmental impact. Many of the studied materials show 
excellent regeneration capabilities, maintaining high 
adsorption efficiencies over multiple cycles. For instance, 
ZIF-67 retains approximately 95% of its adsorption 

capacity after five cycles, demonstrating its potential for 
long-term use in water treatment applications. Similarly, the 
SUZ-4 zeolite, another promising material, maintains its 
performance over ten adsorption-desorption cycles without 
significant decline [28]. This high regeneration efficiency 
not only reduces the overall cost of the treatment process 
but also minimizes waste generation and environmental 
impact.    

Cost-effectiveness is another important consideration in the 
development of MOF-based adsorbents. The synthesis of 
these materials often involves readily available and 
relatively inexpensive precursors, contributing to their 
economic viability. For example, the production cost of 
SUZ-4 zeolite is estimated at 11,855.5 CNY per ton, which 
is only 23.14% of the cost for a comparable material. [28]. 
This competitive pricing makes MOF-based adsorbents 
attractive for large-scale water treatment applications, 
particularly in regions where lead contamination is a 
significant concern.  

 Environmental friendliness is addressed through the use of 
non-toxic precursors and the ability to regenerate and reuse 
the adsorbents. Materials such as CS-ZIF-8 composite beads, 
which incorporate biodegradable chitosan, [29] offer a 
sustainable approach to Pb²⁺ remediation. The use of bio-
based or naturally occurring materials in MOF synthesis not 
only reduces the environmental footprint but also enhances 
the biocompatibility of the adsorbents.  Recent research has 
also focused on developing MOF-based composites to further 
improve their performance and stability. For example, 
magnetic MOF composites simplify adsorption by using an 
external magnetic field, enhancing treatment efficiency [30]. 
Adsorption on MOF-based materials follows pseudo-second-
order kinetics, with chemisorption as rate-limiting step. 
Adsorption is spontaneous and endothermic, favoring Pb²⁺ 
removal with increasing temperature. This review examines 
recent advancements in MOF-based adsorbents for Pb²⁺ 
removal, focusing on their cost-effectiveness, environmental 
friendliness, and performance characteristics.   

 

II. MOF MATERIALS AND THEIR 
APPLICATION IN PB²⁺ REMOVAL 

MOFs are known for their exceptional ability to adsorb 
heavy metals due to their unique structural properties. The 
metal ions within MOFs serve as coordination centers, 
facilitating the adsorption of Pb²⁺ ions through interactions 
such as electrostatic attraction, ion exchange, or surface 
complexation, while their porous structures facilitate high 
adsorption capacities. 

The adsorption process in MOFs relies on the interaction 
between metal centers (nodes) and lead ions (Pb²⁺), as well 
as the pore structure that facilitates the diffusion of ions. 
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Factors such as the surface area, pore size, and functionality 
of organic linkers significantly affect their adsorption 
efficiency. The structural tunability of MOFs allows for the 
optimization of adsorption conditions, making them highly 
adaptable for wastewater treatment. 

Common MOFs used in lead removal include UiO-66, 
MIL-53 and ZIF-8. These frameworks can be synthesized 
through methods such as solvothermal, hydrothermal, and 
microwave-assisted synthesis. Scalability, a critical factor 
in cost-effectiveness, remains a challenge. While these 
methods produce high-quality MOFs, the scalability of 
these processes for industrial applications requires further 
investigation. 

Table 1: Performance of some typical metal-organic 
frameworks (or their composites) as adsorbents for the 

removal of Pb2+ from some aqueous solutions and 
wastewaters. 

The table provides a detailed comparison of various adsorbents 
used for the removal of lead ions (Pb²⁺) from aqueous solutions 
and wastewaters. It includes key parameters such as the type and 
amount of adsorbent, synthesis methods, conditions of the Pb²⁺ 
solution (volume, concentration, and pH), contact time, 
adsorption capacity, removal efficiency, and references to 
relevant studies. The table highlights the diversity in adsorbent 
materials, ranging from metal-organic frameworks (MOFs) to 
zeolites, synthesized using techniques such as hydrothermal and 
solvothermal methods. This comparison aids in evaluating the 
effectiveness and reusability of different adsorbents for lead 
removal.

Adsorbent/ 
amount Synthesis method 

Pb2+ solution 

Volume(ml)/ 
Concentration(ppm) 

  

pH 

Contac
t time 

(min) 

Adsorption
n capacity  

(mg/g) 

Removal 
Efficiency 

(%) 

Reference
s 

Cs-Zif-8/20 mg 

1:2 
In Situ Synthesis 20 / 20 /5 120 131.4 

98.2(Initial
) 

80.2 (After 
5 cycles of 

Reuse) 

[31] 

Fe3O4@Cu3(btc)2 / 
10 mg 

Hydrothermal 20/100/5 120  215.05 57.3 [31] 

PHCS-15@ZIF-8/ 

15 mg 

Stöber 
method/hydrotherm

al 
100/15/5.5 120 462.9 /310.5 95 [32] 

SCC-CuMOF/ 

0.6 g 

1:1:1:1 

Solvothermal 1000/400 /6 60 531.38 79.707 [33] 

-UiO-66-(OPO£) 
X)/1.5g 

Classical 
Solvothermal 

400/400/6 30  445.88 85.76 [34] 

Cu-BTC and Zn-
BT / 10 mg 

Solvothermal 50/50/5 <30  

  333/312 
(Cu-BTC/ 
Zn-BT) 

 

 

 

98.9 

96.4 
[24] 
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PEIUiO-66-
NH2/1.2g 

Solvothermal 
/Chemical Grafting 

20/136/5 40    692.80 84 [35] 

Zif-8/Zif-67 

1000 mg 
Solvothermal 20 /20/ 6.5 120 1978.63 99.5 [23] 

ZIF-67@Yeast/ 50 
mg 

Hydrothermal 50 /100/ 480 62.5 31 [36] 

ZIF-90@CS/SA 

0.2 g 
hydrothermal N/A/300/5.5 150 300 92.11 [37] 

HNTs@PDA/Zif-8 

/0.01 g 
Solvothermal 50 / N/A /7.0 150 515.46 N/A 

[38] 

 

MTV-
MOFSWCNT-

BP/0.05g 

N/A 200/200/6.6 4320 180 98 [39] 

Cu-
MOFs/CMFP/0.03

g 

Layer-by-Layer 
Self-Assembly 

method 

10/10 /N/A 35 
31.77 

N/A 
90 [40] 

Cu-MOF HKUST-
1-EDA 

N/A 50 / 400 / 5.2 20 12.85 90 [41] 

Fe-MOF N/A 100/100/7 600 504 88.34 [42] 

SUZ-4 zeolite/0.06 
g 

hydrothermal 50 /50/ 5 30 181.56 97.04 [28] 

Ni-MOF-74 N/A 50 / 60/ 6 240 98.062 95-99 
( Lou et 

al., 2022) 

NH2-MIL-53 Hydrothermal 20/10 /6.0 60 223.4 99.98 [44] 

2.3 MOFs adsorbent  
Characterization and Application of ZIF-8-Based 
Composites for Wastewater Treatment 

Generally, metal-organic frameworks (MOF), are 
specialized in their capacity to adsorb heavy metals from 
wastewater, through their large surface area, high porosity, 
and selectivity. Additionally, their some parameters as 
mentioned in the adsorption mechanism by MOF, like: pH; 
concentration … Basically, after the synthesis process the 
adsorbent made, needs to go through a characterization 
process, referring at: SEM, XRD, XPS BET tests to 
determine the porosity, surface area, and  christalline 
structure, which confirms the ability of a MOF . [45] . 
Hence, in the following paragraphs are notified the various 
parameters and adsorption mechanism of the precited 
adsorbent in Table1.   

ZIF-8-based composites have attracted major notice in 
environmental applications, particularly in wastewater 
treatment, due to their exceptional structural properties. 
Derived from Zeolitic Imidazolate Framework-8 (ZIF-8), 

these composites boast high surface area, thermal stability, 
and tunable porosity, making them highly effective for 
adsorbing pollutants like heavy metals, organic dyes, and 
other contaminants. 

Characterization of ZIF-8 composites focuses on their 
physical and chemical properties, crucial for wastewater 
treatment performance. Advanced techniques like X-ray 
diffraction (XRD) and scanning electron microscopy (SEM) 
confirm crystalline structure and morphology, while 
Brunauer-Emmett-Teller (BET) analysis determines surface 
area. Thermogravimetric analysis (TGA) and Fourier-
transform infrared spectroscopy (FTIR) assess thermal 
stability and chemical composition. Functionalization 
through metal doping or hybridization enhances adsorption 
capacity and selectivity. 

In wastewater treatment, ZIF-8-based composites 
demonstrate outstanding efficiency in removing heavy 
metals, particularly lead (Pb²⁺), and organic pollutants from 
contaminated water. Their high adsorption capacity, fast 
kinetics, and selectivity make them ideal for real-world 
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systems. They operate effectively under varying pH 
conditions, retain performance across multiple cycles, and 
are reusable and environmentally friendly. 

The excellent structural properties and versatile application 
potential of ZIF-8-based composites make them promising 
materials for addressing the growing demand for efficient 
and sustainable wastewater treatment solutions. Their 
ability to be tailored for specific environmental conditions 
enhances their practical utility in mitigating water pollution. 

2.3.1 Zif-8/Cs-Zif-8  
The CS-ZIF-8 composite beads were developed to 
effectively adsorb heavy metals, specifically Cu (II) and Pb 
(II), from wastewater. Characterization results revealed a 
significant increase in surface area due to the incorporation 
of ZIF-8, with values of 1808.4 m²/g for ZIF-8 and only 2.5 
m²/g for pure chitosan. The composite beads exhibited 
varying surface areas depending on the ratios used: CS-ZIF-
8-1:1 had 114.6 m²/g, CS-ZIF-8-2:3 had 284.9 m²/g, and 
CS-ZIF-8-1:2 reached 712.7 m²/g. [31] 

 

Fig. 1. (a) FT-IR spectra, (b) PXRD patterns, (c) TGA 
curves and (d) N2 adsorption/ desorption isotherms of CS 
(q), CS-ZIF-8-1:1 (r), CS-ZIF-8-2:3 (s), CS-ZIF-8-1:2 (t) 

and ZIF-8 (ⅴ).[31] 

 

In adsorption experiments, the initial removal efficiencies 
were impressive, with Pb(II) reaching 98.2%. However, 
after five reuse cycles, the efficiency decreased to 80.2% for 
Pb(II). Scanning Electron Microscopy (SEM) analysis, 
shown in Fig. 3, confirmed the porous structure of the 
composite, facilitating adsorption. Additionally, Fig. 2 
shows that BET results indicated a decrease in pore volume 
after metal adsorption, further demonstrating the 
effectiveness of CS-ZIF-8 as a high-capacity adsorbent for 
heavy metal removal. 

 

Fig. 2. SEM images of CS (a, d), ZIF-8 (b, e) and CS-ZIF-8-1:2 (c, f) at different magnification [31] 

 

2.3.2 Fe3O4@Cu3(btc)2 magnetic core-shell 
microspheres) 

The synthesis of thiol-functionalized Fe£O¤@Cu£(btc)¢ 
core-shell magnetic microspheres, referred to as SCC 
CUMOF, was reported by [31]. These microspheres were 
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designed for the selective removal of heavy metals, 
specifically Hg²⁺ and Pb²⁺, from aqueous solutions. 

During the experiment the adsorption process of Pb²⁺ 
using thiol-functionalized Fe£O¤@Cu£(btc)¢ magnetic 
microspheres was examined in relation to the effects 
of a variety of parameters. The pH of the solution 
significantly influenced adsorption efficiency, with 
optimal removal occurring at pH levels between 6 and 
7. This optimal removal was attributed to the strong 
interaction between thiol groups and metal ions. 
Additionally, the concentration of the adsorbent 
played a crucial role, as increasing the amount of thiol-
functionalized microspheres enhanced the adsorption 
capacity for both heavy metals until reaching 
saturation. 

Furthermore, contact time played a crucial role, with Pb²⁺ 
removal reaching near completion within 120 minutes. This 
highlights the importance of sufficient interaction time for 
effective adsorption. Collectively, these parameters are 
essential for optimizing the removal of heavy metals from 
wastewater using the developed adsorbent. 

 2.3.3 PHCS-15@ZIF-8/Zif-8 

The synthesis of a novel core-shell composite, PHCS-
15@ZIF-8, consisting of porous hollow carbon spheres 
(PHCS) coated with ZIF-8, was conducted using a 
combination of hydrothermal and Stöber methods. This 
composite exhibit significant potential for the adsorption of 
lead ions (Pb²⁺) from aqueous solutions. 
Characterization results reveal that PHCS-15@ZIF-8 has a 
BET specific surface area of 1140 m²/g, indicating a 
substantial porous structure, and a microporous volume of 
0.51 cm³/g, enhancing its adsorption capabilities. Scanning 
Electron Microscopy (SEM) images (Fig. 4) demonstrate 
the uniform dispersion of ZIF-8 particles on the PHCS 
surface, contributing to improved adsorption performance. 

In adsorption experiments, the PHCS-15@ZIF-8 composite 
achieved a remarkable Pb²⁺ removal percentage of 
approximately 95%, showcasing its effectiveness as an 
adsorbent. These results highlight the synergistic effect of the 
core-shell structure, facilitating the diffusion of Pb²⁺ ions into 
the mesoporous channels and enhancing the overall 
adsorption capacity of the material. [32] 

 

Fig 3. SEM and TEM images of SIO 2 (a), PHCS particles (b), ZIF-8 (c), PHCS@ZIF-8 core-shell nanocomposite without 
PSS (d) and with PSS treatment (e, f) (Chen et al., 2019) 

 

2.3.4 SCC-CuMOF  
the Sodium Carboxymethyl Cellulose-Copper Metal-
Organic Framework (SCC-CuMOF) adsorbent, synthesized 
by ([33]for extracting Pb²⁺ ions from aqueous solutions, 
demonstrated exceptional efficacy. Its maximum adsorption 
capacity reached 531.38 mg/g at 308K. 

Furthermore, the adsorption process of Pb²⁺ using SCC-
CuMOF revealed significant influences from various 
parameters, including pH, adsorbent concentration, and 

contact time. Optimal adsorption occurred at pH 6.0, where 
the adsorbent's surface charge favored Pb²⁺ ion interaction. 
Increasing SCC-CuMOF concentration enhanced adsorption 
capacity by making more active sites available for metal ion 
binding. Contact time played a crucial role, with equilibrium 
reached within approximately 20 minutes, indicating rapid 
adsorption of Pb²⁺ ions. 
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These findings highlight the necessity of the optimization of 
pH, concentration, and contact time to maximize Pb²⁺ 
removal efficiency from wastewater. 

 

2.3.5 UiO-66-(OPO₃) X 

A comprehensive study on phosphorylated UiO-66, denoted 
as UiO-66-(OPO£)X, evaluated its effectiveness in 
adsorbing lead ions (Pb²⁺) from aqueous solutions, 
showcasing its potential for wastewater treatment. The 
introduction of phosphate ester groups significantly 
enhanced the adsorption capacity, with removal efficiencies 
reaching approximately 81.5% for UiO-66-(OH) X, 99.2% 
for UiO-66-o-(OH) ¢, and an impressive 131.4% for UiO-
66-p-(OH)¢. 

[34] investigated key parameters affecting Pb²⁺ adsorption 
using UiO-66-(OPO£)X, including pH, adsorbent 
concentration, and contact time. At pH levels below 3, H⁺ ions 
compete with Pb²⁺, inhibiting adsorption. However, as pH 
increases to 3 or above, phosphate group ionization enhances 
Pb²⁺ adsorption. The adsorbent concentration plays a crucial 
role, with higher concentrations generally leading to 
increased removal efficiency. Longer contact times also 
improve adsorption rates, allowing more Pb²⁺ ions to be 
captured.  

Optimizing these parameters is essential for maximizing Pb²⁺ 
removal effectiveness from contaminated effluents [34]. 

2.3.6 Cu-BTC and Zn-BT 

Cu- and Zn-based metal-organic frameworks (MOFs), 
specifically Cu-benzene-1,3,5-tricarboxylic acid (BTC) and 
Zn-BTC, were synthesized by [24]and demonstrated 
effectiveness in removing lead(II) ions from water. 
Adsorption experiments revealed that Cu-BTC achieved a 
maximum adsorption capacity of 333 mg/g, while Zn-BTC 
reached 312 mg/g for Pb (II) ions, showcasing their high 
efficiency in heavy metal ion removal. 

Furthermore, the experiments revealed the effects of various 
parameters on Pb (II) ion adsorption using Cu-BTC and Zn-
BTC MOFs. The solution pH significantly influenced 
adsorption efficiency, with optimal removal observed at pH 
5. Adsorbent concentration also played a crucial role; 
however, higher dosages led to decreased adsorption 
capacity due to an unfavorable ratio of adsorbing 
concentration to available adsorbent sites. Contact time was 
critical, with rapid adsorption kinetics achieved in under 25 
minutes, indicating chemical interactions between metal 

ions and framework adsorption sites predominantly 
controlled the adsorption process. 

2.3.7 PEIUiO-66-NH2 

[35] conducted an adsorption experiment using the 
synthesized PEI@UiO-66-NH2 composite for Pb²⁺ removal, 
achieving an impressive adsorption capacity of 692.80 mg/g.  

The adsorption process of Pb(II) using PEI@UiO-66-NH2 
is significantly influenced by several parameters. The 
solution pH plays a crucial role, with optimal adsorption 
occurring within a specific pH range, affecting the 
ionization of functional groups on the adsorbent and the 
speciation of adsorbates. The initial Pb(II) concentration 
also impacts adsorption capacity, as increased concentration 
raises collision probability between adsorbate molecules 
and the adsorbent, enhancing adsorption until equilibrium is 
reached. 

Furthermore, contact time is critical, with rapid initial 
adsorption reaching equilibrium within approximately 5 
minutes. This indicates the adsorbent's high affinity for 
pollutants. Collectively, these parameters determine the 
efficiency and effectiveness of the adsorption process, 
highlighting the importance of optimizing conditions for 
maximum pollutant removal. 

2.3.8 Zif-8/Zif-67  
Ahmad et al. (2021) [23] assessed the performance of ZIF-
8 and ZIF-67 as adsorbents for eliminating Pb²⁺ ions. The 
materials' surface areas and porosity were evaluated using 
the Brunauer-Emmett-Teller (BET) method, revealing their 
notable ability to promote adsorption due to their structural 
features. ZIF-67 outperformed ZIF-8 in lead and mercury 
adsorption, achieving capacities of 1436.11 mg/g for 
mercury and 1978.63 mg/g for lead. This versatility makes 
ZIF-67 suitable for heavy metal removal applications. 

X-ray diffraction (XRD) analysis (Fig. 5) confirmed ZIF-8's 
crystalline structure, ensuring its integrity throughout the 
adsorption process. The findings indicated ZIF-8 achieved 
a Pb²⁺ adsorption capacity of 1780.91 mg/g, underscoring 
its potential as an effective adsorbent. 

Scanning electron microscopy (SEM) analysis revealed ZIF-
8's uniform polyhedral morphology, indicating consistent 
particle size and shape. This morphology enhances the 
material's surface area, facilitating interactions with Pb²⁺ ions 
during adsorption. The favorable surface area and optimal 
pore structure of ZIF-8 enable strong interactions between 
Pb²⁺ ions and the adsorbent, leading to efficient removal of 
lead from cosntaminated water sources. 
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Fig 4. a and b) Morphology of ZIF-67 shown by SEM that the particles are well distributed having polyhedral shape, c and 
d) Morphology of ZIF-8 shown by SEM 

that the particles are well distributed having polyhedral shape, e) Diffraction peaks of ZIF-8 & ZIF-67 shown by Powder 
XRD, f) Pore size distribution of ZIF-8 and 

ZIF-67, from the figure it is clear that the pore size distribution and pore width of ZIF-67 is greater than ZIF-8, g) Nitrogen 
adsorption/desorption curve of ZIF-67 and 

ZIF-8 that represents that these MOFs have high surface area and are nanoparticles, further ZIF-67 have more nitrogen 
adsorption-desorption capacities as compared 

with ZIF-8. [23] 

 

2.3.9 ZIF-67@Yeast 
Wen et al. (2019) conducted an adsorption experiment to 
evaluate the effectiveness of ZIF-67@Yeast composite in 
removing Pb²⁺ ions from aqueous solutions. The results 
showed that several parameters significantly influenced 
Pb²⁺ adsorption efficiency. 
The solution pH played a crucial role, with optimal 
adsorption occurring at specific pH levels that favor Pb²⁺ 
ionization and align with the adsorbent's surface properties. 
The adsorbent concentration also impacted adsorption 
capacity, as higher concentrations increased the availability 
of active sites for Pb²⁺ binding. 

Contact time was critical, with rapid initial adsorption 
reaching equilibrium within a few hours, depending on the 
initial Pb²⁺ concentration. These parameters collectively 
underscore the importance of optimizing conditions to 
enhance ZIF-67@Yeast's effectiveness in removing Pb²⁺ 
from aqueous solutions. 

2.3.10  ZIF-90@CS/SA 

[33] synthesized ZIF-90@CS/SA beads, which demonstrated 
remarkable efficiency in removing Pb(II) ions from industrial 
wastewater. The adsorption of Pb(II) onto ZIF-90@CS/SA 

beads was significantly influenced by pH, adsorbent 
concentration, and contact time. 
Removal efficiency increased with pH, peaking at 84.87% 
at pH 5.0, and remained stable between pH 5.0 and 9.0. 
However, efficiency declined at higher pH levels due to 
electrostatic repulsion. As Pb(II) concentration increased, 
adsorption capacity improved, attributed to stronger 
interactions with adsorption sites. 

Contact time played a vital role, with Pb (II) reaching 
equilibrium within 2.5 hours. Notably, rapid initial 
adsorption exceeded 75% within the first two hours. 
Optimizing these parameters is crucial for effective heavy 
metal removal from wastewater. 

2.3.11 HNTs@PDA/ZIF-8 

[38] investigated Pb(II) adsorption using Halloysite 
polydopamine/ZIF-8 (HNTs@PDA/ZIF-8) 
nanocomposites, achieving a remarkable adsorption 
capacity of 515.46 mg/g. 

The adsorption process of Pb²⁺ ions onto HNTs@PDA/ZIF-
8 is influenced by several parameters: pH, adsorbent 
concentration, and contact time. Adsorption efficiency 
increases with pH, rising from 3.0 to 7.0, due to reduced 
protonation of functional groups. Higher pH enhances 
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HNTs@PDA/ZIF-8 stability, facilitating improved 
adsorption. 

The adsorption capacity increases with Pb²⁺ ion 
concentration, indicating greater interaction with available 
adsorption sites. Adsorption occurs rapidly initially, 
reaching equilibrium within 100-150 minutes. The pseudo-
second-order kinetic model accurately describes the 
adsorption process, suggesting chemical adsorption 
dominance. 

2.3.12 MTV-MOFSWCNT-BP 

Adsorption experiments demonstrated the MTV-
MOF/SWCNT-BP composite's effectiveness in removing 
lead ions from aqueous solutions. by [39]conducted an 
experiment revealing the composite's remarkable lead ion 
adsorption capacity, reducing lead concentration below EPA 
and WHO trigger levels, even in highly concentrated 
multicomponent solutions [46]. 

Notably, for initial lead concentrations between 200-1000 
ppb, final concentrations were reduced to below 10 ppb, 
showcasing the material's efficacy. Scanning Electron 
Microscopy (SEM) images illustrated the composite's 
morphology, revealing MTV-MOF particles enmeshed 
within the SWCNT-BP structure. Micrometer-sized 
aggregates of smaller, nanosized primary particles 
contributed to the hybrid material's overall mechanical 
stability and enhanced adsorption properties. 

 

Fig 5. Final appearance of (a) neat SWCNT-BP and (b) 
MTV-MOF/SWCNT-BP. The average diameter of 

membranes was 38 ± 1mm. SEM images of (c) SWCNT-BP 
and (d) MTV-MOF/SWCNT-BP unveiling MTV-MOF 

micrometer particles as aggregates of smaller nanosized 
primary particles. 

 

2.3.13 Cu-MOFs/CMFP 

The adsorption experiment conducted by [40] utilized Cu-
MOFs/CMFP to effectively remove organic dyes (methylene 
blue, rhodamine B, and malachite green) from aqueous 

solutions. A dosage of 30.00 mg of Cu-MOFs was added to dye 
solutions with an initial concentration of 10 mg/L, and after 
shaking for 35 minutes, residual dye concentrations were 
measured using UV-vis spectroscopy, achieving removal 
efficiencies exceeding 90%. 

The adsorption of Pb²⁺ using SCC-CuMOF is significantly 
affected by pH, adsorbent concentration, and contact time. 
Optimal adsorption occurs at a pH of approximately 6.0, 
where the electrostatic interactions between the adsorbent 
and Pb²⁺ ions are maximized. Increasing the concentration 
of SCC-CuMOF enhances the adsorption capacity due to a 
greater availability of active sites for binding. Additionally, 
the contact time is crucial, with equilibrium typically 
reached within 20 minutes, indicating that the majority of 
Pb²⁺ ions are adsorbed rapidly. These results underscore the 
importance of optimizing these parameters to improve the 
efficiency of Pb²⁺ removal from aqueous solutions. 

2.3.14 Cu MOF/HKUST -EDA 

Ethylenediamine (EDA) modified copper-based MOF 
(HKUST-1-EDA) demonstrated excellent removal efficiency 
for Pb(II) ions from industrial wastewater, an experiment 
realized by [41] with maximum adsorption capacities of 12.85 
mg/g for Pb(II) at pH 5.2.  

The study investigated the effects of various parameters on 
the adsorption process of Pb(II) using the HKUST-1-EDA 
adsorbent. The pH of the solution as mentioned 
significantly influenced adsorption efficiency, with optimal 
removal observed at pH 5.2, where the adsorption capacities 
peaked before slightly decreasing at higher pH levels due to 
the presence of hydroxide ions. The concentration of the 
adsorbent also played a crucial role; an increase in dosage 
initially enhanced removal efficiency, reaching an optimum 
at 0.6 g/L, beyond which aggregation of particles reduced 
available adsorption sites and decreased efficiency. 
Additionally, contact time was critical, with maximum 
adsorption capacities achieved within 20 minutes, 
indicating rapid interaction between the adsorbent and 
metal ions. Overall, these parameters were essential in 
optimizing the adsorption process for effective heavy metal 
removal from aqueous solutions. 

2.3.15 SUZ-4 zeolite 

The purpose of the SUZ-4 zeolite adsorption experiment 
realized by [28] for Pb2+ removal, was to assess the zeolite's 
capacity and effectiveness. Na-T13, a sodium-exchanged 
form of SUZ-4 zeolite, plays a crucial role in the adsorption 
of Pb²⁺ ions from wastewater, and demonstrated a high 
adsorption capacity of 181.56 mg/g. The zeolite was 
synthesized through a hydrothermal method, and its 
structural characteristics were analyzed using various 
techniques.  
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Furthermore, characterizations were performed on the Na-
T13 zeolites before and after adsorption 10 times to 
determine the adsorption mechanism of Pb2+ on the zeolite. 
The XPS is very useful to recognize the functional groups 
and element compositions on the fresh and spent adsorbent 
[47] [48]. As displayed in Fig. 8a, before adsorption, the 
main characteristic peaks of zeolites were attributed to Al 
2p, Si 2p, O 1 s, and Na 1 s. After adsorption in Pb2+ solution, 
the strong peaks belonged to Pb 4f and Pb4d5/2 and Pb4d3/2 
appeared on zeolite, but the Na 1 s peak was almost 
disappeared, suggesting the ion-exchange of Na+ by Pb2+ in 
adsorption.  X-ray diffraction (XRD) analysis confirmed the 
crystalline nature of the synthesized SUZ-4, showing 
distinct peaks corresponding to the zeolite structure, which 
indicated successful synthesis and purity of the material. 
Scanning Electron Microscopy (SEM) images illustrated 
the morphology of the SUZ-4 zeolite, revealing aggregates 
of tiny, spiny crystals that maintained their structure even 
after multiple adsorption cycles, demonstrating the stability 
of the material. The combination of these results 
underscores the effectiveness of SUZ-4 zeolite as an 
adsorbent for Pb²⁺ ions, highlighting its structural integrity 
and high surface area as key factors contributing to its 
adsorption performance. 

2.3.16 Ni-MOF-74 

The adsorption experiments conducted by ( Lou et al., 2022) 
to evaluate the efficacy of Ni-MOF-74 for removing 

Pb²⁺from wastewater, was investigated. Furthermore, the 
characterization of  Ni-MOF-74 material, by Brunauer-
Emmett-Teller (BET) analysis was performed, revealing a 
specific surface area of 466.001 m²/g before adsorption, 
which decreased to 61.587 m²/g after Pb²⁺ adsorption. This 
significant reduction in surface area suggests that Pb²⁺ ions 
occupy the active sites and micropores of the Ni-MOF-74, 
confirming its role as an effective adsorbent. 

X-ray diffraction (XRD) analysis was conducted to 
investigate the crystallinity and structural integrity of Ni-
MOF-74 before and after Pb²⁺ adsorption. The XRD 
patterns indicated that the material retained its crystalline 
structure post-adsorption, which is essential for maintaining 
its adsorption properties. 
Additionally, in (fig 8) as it can  be observe the 
morphological changes of Ni-MOF-74 before and after the 
adsorption process The SEM images revealed a distinct 
alteration in surface morphology, with the presence of Pb²⁺ 
ions leading to changes in the texture and particle size 
distribution of the adsorbent. These characterization 
techniques collectively affirm the successful adsorption of 
Pb²⁺ ions onto Ni-MOF-74 and highlight its potential as a 
promising material for environmental remediation 
applications. 

 

 

Fig 6. Characterizations of Na-T13 before and after adsorption: XPS spectra (a-d), XRD patterns (e), SEM-EDS (f, g). 
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Fig7. (a) pore size distribution curves of Ni-MOF-74 and Ni-MOF-74-Pb, (b) N 2 adsorption/desorption isotherms. [43] 

 

2.3.17 Fe-MOFs 
The sulfate-functionalized Fe-based metal-organic 
framework  (Fe-MOF)  synthesized by [42] for the 
adsorption process of Pb(II)  was significantly influenced 
by several parameters, including pH, concentration of the 
adsorbent, and contact time. The study revealed that under 
acidic conditions (pH 2-5), the surface charge of Fe-MOF 
was positive, leading to a decrease in removal efficiency 
due to competition with H⁺ ions.  

As the pH approached neutral (pH 6-7), the removal rate 
stabilized, indicating optimal conditions for adsorption. 
Additionally, the adsorption capacity increased with higher 
initial concentrations of Pb (II) ions, reaching a maximum 
capacity of 504 mg/g. The kinetics of adsorption showed a 
rapid increase in capacity within the first 2 hours, followed 
by a gradual slowdown, suggesting that internal diffusion 
may control the process. Overall, these parameters play a 
crucial role in optimizing the adsorption efficiency of Fe-
MOF for Pb (II) ion removal from wastewater.  

2.3.18 NH2 -MIL-53 

The adsorption process of Pb²⁺ onto  NH¢-MIL-53/WC 
hybrid membrane synthesized by [44] was significantly 
influenced by several parameters, including pH, initial 
concentration of the adsorbate, and contact time. The 
solution pH affects the surface charge of the adsorbent and 
the speciation of Pb²⁺, optimizing the adsorption 
performance.  

Higher initial concentrations of Pb²⁺ lead to increased 
adsorption capacities, as all potential active sites become 
occupied, with the NH¢-MIL-53/WC exhibiting superior 
performance compared to other materials. Additionally, the 
contact time is crucial, with equilibrium being reached after 
12 hours, indicating that the adsorption kinetics are 
governed by chemisorption and multi-stage processes, 
including fast external surface adsorption followed by 

gradual intra-particle diffusion. These parameters 
collectively enhance the efficiency of the adsorption 
process, making the NH¢-MIL-53/WC membrane a 
promising candidate for lead ion removal in water treatment 
applications. Membrane as an effective adsorbent for the 
removal of heavy metal ions from contaminated water 
sources. 

 

III. PERFORMANCES EVALUATION OF MOF 
FOR THE REMOVAL OF Pb2+    

3.1. Regeneration, Stability and Structural Integrity  
Metal-Organic Frameworks (MOFs) regeneration is crucial for 
cost efficiency and sustainability in adsorption applications. 
Effective regeneration methods, including thermal treatment, 
solvent washing, and chemical desorption, depend on the 
MOF's structural stability and ability to retain adsorption 
efficiency after multiple cycles. MOF reusability hinges on 
maintaining structural integrity, influenced by factors such as 
linker nature, functional groups, and metal-ligand bond 
robustness. Post-synthetic modifications, like phosphate or 
thiol group functionalization, can enhance durability and 
adsorption capacity under real-world conditions. Several MOF 
adsorbents prioritize stability and structural integrity, 
demonstrating sustained performance across multiple 
adsorption-desorption cycles. This emphasis on reusability is 
vital for practical applications, ensuring MOFs remain effective 
and efficient over time. 

Overall, CS-ZIF-8 composite beads offer a sustainable 
solution for Pb (II) remediation in contaminated water 
sources.  Liu et al. (2019) [29] prepared CS-ZIF-8 for U(VI) 
removal and reported a high adsorption capacity of 629 
mg/g at an optimal pH of 3.0. The chitosan component in 
this hybrid framework may provide additional functional 
groups that interact effectively with Pb²⁺ ions improving it 
stability. 
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Again, Thiol-functionalized magnetic core-shell 
microspheres are designed to overcome adsorption 
challenges. After adsorption, the Fe3O4@Cu3(btc)2 
magnetic core-shell was washed with NaOH and water and 
reused for multiple rounds without losing efficiency. This 
hybrid structure enhances stability during the adsorption 
and desorption processes, making it robust against 
structural degradation. The presence of carboxylate groups 
in the BTC ligand further contributes to its adsorption 
capacity, allowing for effective removal of heavy metals 
from wastewater. This indicates long-term stability and 
reusability, making it an environmentally friendly option. 
Other MOF adsorbents, such as porous hollow carbon 
sphere@ZIF-8, have also demonstrated effective Pb2+ 
adsorption, desorption, and regeneration capabilities [49]. 

PHCS-15@ZIF-8 decreased slightly after each desorption. 
The Pb-loaded sorbents was centrifuged and washed with 
ethanol for three times. After that, the regenerated 
adsorbents were dried at 60 °C overnight and reused for 
another adsorption process and more than 90% of the 
removal efficiency still can be retained after 5 cycles During 
the experiment process. These indicated that ethanol 
washing was a useful method for regenerating the used 
adsorbent. PHCS-15@ZIF-8 also exemplifies the 
importance of linker nature and functional groups. The ZIF-
8 component provides a robust framework that supports 
structural integrity, while the hybridization with PHCS 
introduces additional functional sites that enhance 
adsorption.  [32] 
The reusability and environmental friendliness of SCC-
CuMOF and UiO-66-(OPO£)X were investigated for 
practical applications. Continuous adsorption-desorption 
cycles revealed that SCC-CuMOF maintained a percentage 
removal of Pb2+ from 93.0% to 73.9% after five 
regeneration cycles. In comparison, UiO-66-(OPO£)X 
exhibited remarkable regeneration performance, sustaining 
over 87% removal efficiency after five consecutive cycles.  
This durability enables repeated use without significant 
effectiveness loss, minimizing replacement needs. Notably, 
UiO-66-(OPO£)X combines low production costs, high 
efficiency, and excellent reusability, positioning it as a 
sustainable and economically viable solution for addressing 
heavy metal pollution in industrial applications. [34] 

Metal-organic frameworks (MOFs) like Cu-BTC and Zn-
BTC effectively reduce lead concentrations in water, 
promoting public health and environmental safety. They 
demonstrate high adsorption capacities of 333 mg/g and 312 
mg/g, respectively. Their stability and multiple reuses make 
them environmentally friendly solutions for removing 
heavy metal pollutants. 

PEI@UiO-66-NH2, a non-toxic adsorbent, effectively 
removes anionic dyes and heavy metals from wastewater, 
resulting in cleaner water and reduced pollution. Its rapid 
adsorption kinetics enhance treatment efficiency and reduce 
resource consumption, making it a promising sustainable 
solution. 

ZIF-67/ZIF-8 maintains a high adsorption capacity (95%) 
over multiple cycles, indicating effective reusability. This 
reduces waste and the need for new materials, contributing 
to a more sustainable water treatment approach. It stands 
out with its stable framework that supports high adsorption 
capacities due presence of functional groups enhances its 
interaction with heavy metals, contributing to its 
effectiveness. ZIF-67@Yeast composite material, stable 
after carbonization, is reusable and environmentally benign. 
ZIF-90@CS/SA beads exhibit excellent adsorption capacity, 
favorable recyclability, and environmental friendliness, 
showing potential for heavy metal removal from industrial 
wastewater. 

HNTs@PDA/ZIF-8's reusability was tested through 
recycling experiments. Despite a capacity loss after four 
cycles, its adsorption capacity remained above 50 mg/g, 
indicating good regeneration properties. 

The NH2-MIL-53/WC hybrid membrane selectively 
sequesters Pb²⁺ from wastewater, offering an 
environmentally friendly solution. Its exceptional 
reusability allows for multiple reuses without capacity loss, 
generating low waste and making it a sustainable alternative.  

MTV-MOF/SWCNT-BP was preserved owing of its 
structural stability upon lead adsorption/desorption cycles, 
and complete regeneration was achieved for up to five 
cycles. MTV-MOF/SWCNT-BP has great potential in the 
field of water treatment and can be effectively used as a 
reliable adsorbent for Pb (II) removal for household 
drinking water, as well as in industrial treatment plants for 
water and wastewater decontamination. The Cu-
MOFs/CMFP can be regenerated through a simple washing 
process, allowing for multiple cycles of use without 
significant loss of efficiency. This reusability contributes to 
sustainability by minimizing waste and reducing the need 
for new materials.  

The study emphasizes the Fe-MOF's selectivity and 
recyclability, which are crucial for its practical application in 
treating industrial wastewater, further supporting its role as an 
environmentally friendly solution. SUZ-4 zeolite has also 
been investigated and one of the components reusability of 
Na-T13 for Pb2+ adsorption, the adsorption-desorption cycles 
were conducted 10 times as described in Section 2.5, and the 
adsorbent amount was kept constant during the investigation. 
That the stability and recyclability of Na-T13 are excellent 
and that the adsorption process is good.  
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To investigate stability and reusability of Ni-MOF-74, the 
desorption experiment was carried out at 0.2 MHCl. Four (4) 
consecutive adsorption regeneration cycles were performed. 
After four cycles, the adsorption capacity of Pb2+ decreased, 
but still maintained a high adsorption capacity 
(153.21mg/g). Ni-MOF-74 showcases the significance of 
robust metal-ligand bonds, which contribute to its high 
stability. The presence of amine functional groups enhances 
its interaction. 

And finally, NH2-MIL-53/WC membrane is reutilized for 
Pb2+ adsorption, effectively removing Pb2+ below WHO 
standards. After four regeneration cycles, the membrane 
maintains 97.7% of its original equilibrium sorption 
capacity, indicating successful recovery of adsorption sites 
by acidified EDTA solution. This reusability performance 
ensures the sustainable application of the proposed NH2-
MIL53/WC hybrid membrane in water treatment. 

3.2 Cost-Effectiveness of MOF-Based Adsorbents 
3.2.1 Comparative Analysis of MOF-Based Adsorbents 

The economic viability of MOFs for industrial wastewater 
treatment depends on their production costs, ease of 
regeneration, and longevity. While the initial costs of MOF 
synthesis can be high, their long-term cost efficiency lies in 
their reusability and high adsorption capacity. 

A comprehensive comparison of various MOF-based 
adsorbents reveals significant variations in cost, adsorption 
capacity, regeneration cycles, and cost-effectiveness, have 

been notified in the following table 2. The cost analysis 
shows that Cu-MOFs/CMFP and NH2-MIL-53/WC are the 
most expensive options, ranging from $1.50 to $3.50 per 
gram. In contrast, UiO-66-(OPO£)X, Cs-ZIF-8, and Fe-
MOF are the least expensive, costing between $0.30 and 
$0.80 per gram. 

ZIF-67/ZIF-8 demonstrates the highest adsorption capacity 
at 1978.63 mg/g, surpassing other adsorbents. UiO-66-NH2 
and SCC-CuMOF exhibit medium adsorption capacities, 
with 692.80 mg/g and 531.38 mg/g, respectively. SUZ-4 
(Na-13) stands out with a maximum of 10 regeneration 
cycles, indicating high reusability. UiO-66-(OPO£)X and 
Cs-ZIF-8 offer around 5 regeneration cycles, balancing cost 
and reusability. 
The cost-effectiveness rating reveals that UiO-66-NH2, 
ZIF-67/ZIF-8, and SUZ-4 (Na-13) are highly cost-effective 
due to their reasonable costs, high adsorption capacities, and 
strong regeneration potential. MTV-MOF/SWCNT-BP and 
SCC-CuMOF fall into the medium category, while Ni-
MOF-74 and Cu-MOFs/CMFP are rated as low in cost-
effectiveness due to their low adsorption capacities and 
higher costs per gram. 
ZIF-67/ZIF-8 and UiO-66-NH2 emerge as optimal choices 
in terms of cost-effectiveness, adsorption capacity, and 
reusability. Conversely, Cu-MOFs/CMFP is less favorable 
due to its high cost and low adsorption efficiency. These 
findings provide valuable insights for selecting efficient and 
economical MOF-based adsorbents for various applications. 

 

Fig 8.  Regeneration cycles of MOF adsorbents 
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Table 2: Comparative Analysis of MOF-Based Adsorbents 

MOF Type Cost (USD/g) Adsorption 
Capacity 
(mg/g) 

Regeneration 
Cycles (n) 

Cost-
Effectiveness 
Rating 

UiO-66-(OPO£) X  UiO-66-OH (1.0 g): $100 to 
$200 

 Phosphorus Pentoxide (0.5 
g): $0.25 to $0.50 

 DMF (40 mL): $2 to $4 

 Deionized Water (100 mL): 
$0.10 

 Methanol (100 mL): $2 to $3 

512.8 5 Medium 

Cs-ZIF-8  Chitosan (0.48 g): $0.48 to 
$0.72 

 Acetic Acid (2%, 16 mL): 
<$0.10 

 Zinc Nitrate Hexahydrate: 
$0.50 to $2 

 Sodium Hydroxide (96 mL, 1 
mol/L): <$0.05 

 2-Methylimidazole: $1 to $3 

 Methanol (40 mL): $0.80 to 
$1.20 

131.4 5 Medium 

Fe3O4@Cu3(btc)2 ($0.40–$1.00/g) 215.05 4 Medium 

PHCS-15@ZIF-8 ($0.40–$0.70/g) 462.9 /310.5 5 High 

SCC-CuMOF $0.40–$0.80/g 531.38 5 Medium 

UiO-66-(OPO£) X) $0.80–$1.50 445.88 5 High 

Cu-BTC and Zn-BT 39$ and $0.30–$0.70      (/g) 333(Cu-BTC) 

312 (Zn-BT) 

6 High 

Fe-MOF $0.30–$0.80/g 504 4 medium 

UiO-66-NH2 0.36$ 692.80 5 High 

ZIF-67/ZIF-8 1g (49.99$/36.00$) 1978.63 5 High 

ZIF-90@CS/SA $0.40–$1.00 /g 445.88 N/A medium 

HNTs@PDA/ZIF-8 $0.70–$1.50 / g 515.46 4 Medium 

MTV-MOF/SWCNT-BP $0.40–$1.00/g 180 5 Medium 

  Cu-MOFs/CMFP $1.50–$3.00/g 31.77 

N/A 

5 Low 

SUZ-4 (Na-13) 1.86 g 181.56 10 High 

Ni-MOF-74 $0.40–$1.00 /g 98.062 4 Low 

NH2-MIL-53/WC $1.50–$3.50/g 223.4 4 Medium 
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3.3 Environmental Impact of MOFs 

MOFs, being highly tunable, can be designed to minimize 
environmental impact. However, their synthesis often 
involves the use of toxic solvents and metal salts, raising 
concerns about their environmental footprint. To mitigate 
this, green synthesis methods, such as the use of water or 
ethanol as solvents, have been proposed. 
To address these concerns, researchers have started 
exploring green synthesis methods that utilize more 
environmentally friendly solvents, such as water or ethanol. 
For example, the synthesis of CS-ZIF-8 composite 
beads incorporates biodegradable chitosan, which not only 
enhances the sustainability of the adsorbent but also 
reduces the environmental impact associated with its 
production 3. Similarly, NH2-MIL-53/WC has been 
noted for its environmentally friendly properties due to its 
selective sequestration of lead ions from wastewater, 
demonstrating the potential for MOFs to be both effective 
and sustainable 23. 

By adopting these greener approaches, the environmental 
impact of MOFs can be significantly reduced, making them 
a more viable option for addressing heavy metal pollution 
and other environmental challenges. 

 

IV. CHALLENGES AND FUTURE 
DIRECTIONS 

Despite demonstrating great potential for Pb²⁺ removal, 
Metal-Organic Frameworks (MOFs) face scalability, 
stability, and environmental challenges. Current synthesis 
methods are difficult to scale for industrial applications, 
emphasizing the need for research into scalable, low-cost 
production techniques. Moreover, MOFs often degrade 
under harsh wastewater conditions, such as high salinity 
and pH extremes, necessitating the development of more 
robust materials with enhanced durability. To overcome 
these limitations, future research should focus on 
developing multifunctional MOFs that can target multiple 
contaminants, maintain removal efficiency over repeated 
use, and exhibit stability under variable conditions. This 
can be achieved through greener synthesis methods, non-
toxic material design, and integration into hybrid systems, 
such as membranes or bio composites, to enhance practical 
application in wastewater treatment. 

 

V. CONCLUSION 

This study underscores the effectiveness of metal-organic 
frameworks (MOFs) as promising adsorbents for removing 
lead (Pb²⁺) ions from wastewater. MOFs, such as ZIF-8, 
ZIF-67, and UiO-66 variants, demonstrate impressive 
adsorption capacities, high reusability, and significant 

structural versatility, making them ideal candidates for 
environmental remediation applications. Their high 
surface areas, tunable pore structures, and diverse 
functionalities enable efficient Pb²⁺ removal, even at 
varying pH levels and in the presence of co-existing ions. 

Our findings suggest that several MOFs maintain their 
adsorption efficiency over multiple cycles, with minimal 
loss in performance, contributing to their cost-
effectiveness and sustainability. The materials' tunability 
allows them to meet the demands of different wastewater 
conditions while promoting environmental safety by 
reducing the need for single-use adsorbents. Despite their 
promise, challenges such as scalability, stability under 
extreme conditions, and environmental impact during 
synthesis need further exploration to advance MOFs from 
research to practical applications. 

Future work should focus on optimizing green synthesis 
methods and enhancing MOF stability, targeting 
multifunctionality for simultaneous removal of various 
contaminants. Addressing these areas will pave the way for 
MOFs to become a leading technology in sustainable 
wastewater treatment, contributing to cleaner water 
resources and improved public health. 
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Abstract— Corn is one of the oldest crops of great economic and social 

importance, used in human and animal food and in various industries. In 

2022/2023, world production was 1,155.6 million tons, with a forecast of 

1,235.7 million for 2023/2024. Brazil, the third largest producer in the 

world, with around 130 million, is also the largest exporter. Corn 

productivity faces challenges such as soil compaction, especially in the 

cerrado, which reduces root growth and nutrient absorption, negatively 

impacting production. The research sought management practices to 

mitigate these effects, varying according to the type of soil, species and 

level of compaction. The research was carried out with the objective of 

evaluating the effect of soil compaction in the initial phase of corn 

cultivation. This is a descriptive, explanatory research, experimental and 

field study, carried out in Porto Nacional – TO, through four treatments 

and five replications, with soil subjected to different compactions (0, 50, 

100 and 150kg) by hydraulic press. For compaction, a hydraulic press 

was used, subjected to weights of 50 kg for Treatment A, 100 kg for 

Treatment B and 150 kg for Treatment C and Treatment D test 0 kg, The 

TD treatment presented the highest average values for plant height (AP), 

shoot dry matter (MSPA) and mean root dry matter (RMS), reaching 

40%, 17% and 4.2%, respectively, these results indicate that the Proper 

management of soil compaction conditions is essential to optimize plant 

development. 

 

I. INTRODUCTION 

Probably originating in Mexico, the Southwest of the 
United States or Central America, corn is a crop of great 
commercial importance in the Americas. Considered one 
of the oldest crops in the world, it has enormous economic 
and social importance due to its diverse forms of use, 
ranging from human and animal food to high-tech industry 
(Duarte and Garcia, 2021).  

Corn (Zea mays) stands out as one of the most 
nutritious foods and one of the agricultural crops most 
widely cultivated by man, providing an essential source of 

nutrients for both humans and animals. Furthermore, it is a 
rich source of carbohydrates, proteins, vitamins and 
minerals (Labegalini et al., 2016).  

When correlating human consumption with animal 
consumption and, additionally, when considering the 
increased use of corn in industrial applications, the 
increase in its relevance within the scope of cereal 
production on a global scale is evident. It is a cereal of 
utmost importance in human nutrition (both as a grain and 
in the production of starch, cooking oil and others), in the 
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production of alcohol, sweeteners, animal feed and others 
(Duarte and Garcia, 2021).  

Due to its importance, corn is produced on a large 
scale, with a global production of 1,155.6 million tons for 
the 2022/2023 harvest and an estimated production of 
1,235.7 million tons for the 2023/2024 harvest. 
representing an increase of 6.9% (USDA, 2023). Brazil is 
the third largest corn product in the world, with 11% of 
global production in the 2022/2023 harvest, behind only 
the United States and China. Furthermore, it is the largest 
corn exporter in the world (USDA, 2024).  

Given its importance and high production, it is 
important to identify issues related to crop productivity. 
Barriers to the productive potential of corn have been 
observed, especially in cerrado areas, such as soil 
compaction (Azevedo, 2018). 

In a compacted soil, there is a change in the total 
porosity of the soil, as well as in the balance between 
macro and micropores, which influences the space 
dedicated to the plant's root growth and the area of soil 
explored by the roots. Thus, their development is 
negatively affected due to the increased soil resistance to 
penetration, causing a reduction in crop productivity 
(Bergamin et al., 2010; Azevedo, 2018).  

In corn (Zea mays L.) crops grown in compacted soil, 
an increase in root diameter is observed, while their length 
decreases, resulting in tortuous roots, resulting in a 
reduction in the volume of soil explored to capture water 
and nutrients, and, consequently, reduces productivity 
(Freddi et al., 2009; Bergamin et al., 2010). 

Research is conducted to guide management practices 
and mitigate productivity losses in agricultural crops due 
to the influence of compaction on the morphological 
characteristics of plants. It is currently recognized that the 
extent of problems resulting from soil compaction varies 
according to the type of soil, cultivated species and level 
of compaction (Rodrigues et al., 2009). 

 

II. OBJECTIVES 

2.1.     GENERAL OBJECTIVE 

Assessment of the effect of soil compaction in the 
initial phase of corn cultivation. 

2.2.     SPECIFIC OBJECTIVES  

• Identification of the consequences of soil compaction on 
the roots of corn plants;  

• Identification of the consequences of soil compaction on 
corn plants, including stems and leaves;  

• Verification of what level of compaction it is possible to 
obtain good results in the development of the corn plant. 

 

III. THEORETICAL FRAMEWORK 

3.1.      CORN CULTURE 

Corn, belonging to the Poaceae family (formerly 
known as the grass family), is classified as Zea mays L., 
and is a species that reproduces annually, growing during 
the summer, in a bushy and erect form, with a low 
tillering. It is classified as a monoecious-monocline plant 
and is categorized in the C-4 plant group (Pereira, 2021).  

Studies indicate that corn has the ability to adapt to a 
variety of environmental conditions. However, the ideal 
conditions for growing this crop include temperatures 
between 24 and 30°C, exposure to high levels of solar 
radiation and adequate availability of water in the soil 
(Cruz et al., 2006).  

Corn stands out as one of the most effective plants in 
nature in storing energy, due to its remarkable ability to 
accumulate photoassimilates (Baldo, 2007). From a seed 
weighing just over 0.3 g, a plant generally over 2.0 m tall 
emerges in approximately nine weeks. In the following 
months, this plant is capable of producing around 600 to 
1,000 seeds similar to the one from which it originated 
(Aldrich et al., 1982).  

Corn cultivation is of great economic and social 
importance. Economically, it stands out for the high 
nutritional value of grains, their wide application in human 
and animal nutrition, and as an essential raw material for 
various industries. Socially, it is valued for its low cost as 
a food, for its adaptability to different scales of agricultural 
properties and for being fundamental for several agro-
industrial chains, including meat production (Azevedo, 
2018).  

It stands out as one of the most nutritious and globally 
cultivated foods, being crucial as a source of nutrients for 
humans and animals. Rich in carbohydrates, proteins, 
vitamins and minerals, its versatile applications in human 
and animal nutrition play an essential role in the 
socioeconomic context. Furthermore, corn is a 
fundamental raw material to drive several agro-industrial 
complexes (Dourado Neto; Fancelli, 2004).  

There are three farming systems widely used in the 
production of corn and other food crops. The conventional 
system includes plowing, harrowing, sowing and 
subsequent cultivation. Minimum tillage or reduced tillage 
reduces the number of conventional soil disturbance 
operations. Finally, direct planting is characterized by 
minimal soil movement to ensure adequate plant 
germination and growth (Cruz et al., 2008). 
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3.2.     CORN MORPHOLOGY 

The high production and productivity of corn begins 
with dedicated soil care, followed by the crucial stage of 
sowing, the efficiency of which has a direct influence on 
the results. Choosing the appropriate machinery to carry 
out sowing is a determining factor in the success of the 
harvest (Pereira, 2021).  

It is crucial to understand thermal needs throughout the 
corn growth cycle, from seeding to maturity, to predict 
developmental stages. Understanding the phenology of the 
crop is essential for planning the sowing time, choosing 
inputs such as fertilizers and pesticides, and deciding the 
ideal time for harvesting (Silva et al., 2006).  

Corn is a plant with monoecious characteristics and 
distinct morphology, the result of the modification and 
multiplication of parts of the basic anatomy of grasses. 
Environmental factors influence their vegetative and 
reproductive development. Natural selection and 
domestication transformed corn into an annual, erect and 
robust plant, adapted for grain production at heights 
ranging from one to four meters (Embrapa, 2015).  

Corn has a varied vegetative cycle, ranging from 
extremely early genotypes, with pollination occurring after 
30 days of emergence, to those with vital cycles of up to 
300 days. In Brazil, the corn cycle varies between 110 and 
160 days, depending on the genotypes (super early, early 
and late), from sowing to physiological maturity (Fancelli, 
2015).  

The development of corn plants follows a variable 
pattern of time between stages and number of leaves, 
influenced by factors such as the hybrid, year, planting 
time and location. This process is divided into vegetative 
(V) and reproductive (R) stages. The vegetative stages are 
numbered from V1 to VN, where (n) is the last leaf 
emitted before bolting (VT). The first stage is emergence 
(VE), and the last is bolting (VT) (Embrapa, 2015).  

Corn culture follows a cycle with 11 stages of 
development, as defined by Fancelli (1986). Before the 
emergence of tassels, the stages are determined by the 
number of fully developed leaves, considering a leaf as 
fully expanded when the "collar" is visible, except for the 
seminal leaf, which has a rounded end. After flowering, 
the stages are identified by the presence of reproductive 
structures and grain development (Fancelli, 2015). 

 

Fig. 1: Corn crop cycle: phenological stages of 

development. Source: Fancelli (1986). 

 

In a more visual way, Procedi (2020) explains that the 
potentials of the corn plant are defined in accordance with 
Fig. 2. 

 

Fig. 2: Phenological stages of corn. Source: Procedi 

(2020). 

 

Corn development follows distinct stages after sowing: 
seed germination, initial growth of roots until the VE stage 
(plant emergence), growth of nodal roots until V3 
(formation of definitive roots and leaves), and growth until 
V8 (tassel formation). From stages V9 to V12, ears 
develop, with V15 being critical for yield, and V18 a week 
before flowering. VT marks pollination, followed by R1 
(fertilization of ovules). R2 to R6 are for grain 
development, with starch accumulation and quality 
determination. R6 indicates physiological maturity, ideal 
for harvesting, influencing the destination in the 
consumption chain (Magalhães; Durães, 2021). 

With regard to reproductive stages, Procedi (2020) 
points to 6 stages, from R1 to R6 (Fig. 3 and 4), where:  

• Stage R1: refers to flowering;  

• Stage R2: appearance of the milky grain, 10 to 14 days 
after flowering;  

http://www.ijaers.com/


Fronza et al.                                                      International Journal of Advanced Engineering Research and Science, 11(12)-2024 

www.ijaers.com                                                                                                                                                                              Page | 57 

• Stage R3: appearance of the pasty grain, 18 to 22 days 
after flowering;  

• Stage R4: appearance of the mealy grain, 24 to 28 days 
after flowering;  

• Stage R5: mealy-hard grain, 35 to 42 days after 
flowering;  

• Stage R6: physiological maturity, 55 to 65 days after 
flowering. 

 

Fig. 3: Maize reproductive stages. Source: Procedi (2020). 

 

 

Fig. 4: Primary spikes of the plant from R1 to R6, with and 

without embryo. 

 

3.3. CORN PRODUCTION IN BRAZIL AND THE 
WORLD 

Corn production in Brazil is marked by two harvests, 
which occur at different planting times. The first harvest, 
known as the Summer Harvest, begins planting between 
August and September, concluding its cycle in the months 
of January and February. The second crop, called Safrinha, 
is planted in the months of February and March, mainly in 
the states of the Southeast and Central-West regions, after 
the harvest of the soybean crop (Dutra, 2013).  

Until the year 2000, corn production in Brazil was 
mainly aimed at meeting domestic demand. From 2001 
onwards, this dynamic changed due to the reduction in 
domestic prices, leading Brazilian producers to explore 
more profitable opportunities in the foreign market 
through grain exports (Favro et al., 2015). This change was 
driven by the increase in consumption, especially due to 
the importance of corn as a crucial input for poultry and 

pig farming, sectors that contribute significantly to the 
country's revenues through exports (Pinazza, 2007). 

Corn cultivation is widespread throughout all 
microregions of Brazil, often associated with the raising of 
poultry, pigs and cattle. The majority of production is 
destined for the commercial market and is not consumed 
directly on farms. Throughout the corn production chain, 
there are significant changes, from adaptations in 
agricultural systems to marketing processes, including 
price formation (Barros; Alves, 2015).  

The possibilities for using corn are expanding beyond 
animal feed, which has historically been the main demand 
driving the growth of animal production sectors, with an 
estimated increase of more than 30% in the next 10 years. 
The industry is increasingly incorporating corn as a raw 
material in the manufacture of products such as lysine, 
biodegradable items, isoglucose, ethanol, among others 
(Barros; Alves, 2015).  

Corn is a versatile resource with diverse applications. 
In addition to being essential in animal and human 
nutrition, it is a fundamental raw material for a wide range 
of industrial products, such as cornmeal, flour, glucose 
syrup, maltodextrins, dyes, corrugated cardboard, 
adhesives and ethanol. In the United States, it is a main 
source of bioenergy, while in Brazil, it stands out in the 
production of animal feed. This versatility and economic 
importance make corn an essential resource in several 
industries around the world (Sologuren, 2015). 

According to data released in April/2024 by the United 
States Department of Agriculture (USDA), world corn 
production is expected to be 1,227.9 million tons for the 
2023/2024 harvest, representing an increase of 6.1% 
compared to the 2022/2023 harvest, with 1,157.7 million 
tons. The three largest producers in the world are the 
United States, with 389.7 million tons, China with 288 
million tons and Brazil in third place with around 130 
million tons (USDA, 2024).  

In the 2022/2023 harvest, the country produced 131.9 
million tons of corn, representing an increase of 16.6% 
compared to the previous harvest (CONAB, 2023a). And 
although the largest grain producers in the country are 
Mato Grosso, Paraná and Goiás, what is observed is a 
considerable growth in the region known as MATOPIBA 
(Maranhão, Tocantins, Piauí and Bahia), both in the 
production of corn and soybeans. and cotton. This is a 
region with a growth of 92% in the last 10 years in grain 
cultivation (CONAB, 2023b). 

3.4.     SOIL MANAGEMENT FOR CORN CULTURE 

Ensuring proper soil and water management is essential 
when establishing sustainable farming systems. When 
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cultivating the soil, it is important to consider that it can 
suffer degradation in its physical, chemical and biological 
aspects, losing its original characteristics. The intensity of 
this process varies depending on management conditions 
and local characteristics (Viana et al., 2006).  

In intensive cropping systems such as irrigated 
agriculture or double cropping, soil is often cultivated two 
or even three times a year, which increases the risk of 
degradation compared to traditional systems of a single 
annual crop. Operations such as machine traffic and soil 
preparation are often carried out in inadequate humidity 
conditions, leading to cumulative damage that accelerates 
soil degradation (Viana et al., 2006).  

As mentioned by Azevedo (2018), the agricultural 
exploitation system has contributed to an accelerated 
process of soil degradation. This occurs due to the removal 
of native vegetation through intensive mechanization and 
inadequate management practices, resulting in changes in 
soil attributes. 

Despite the increase in production and exports, corn 
cultivation, like Brazilian agriculture, faces limitations in 
its production chain, which undermines the sector's 
potential. Among these limitations are low average 
productivity, lack of diffusion of technology among 
producers, opacity in price formation in both the domestic 
and foreign markets, breaches of contracts, deficient 
infrastructure and logistical problems (Caldarelli; Bacchi, 
2012).  

Planning a production system must reconcile economic 
profitability, social demands for quantity and quality of 
products, and the preservation of natural resources. 
Considering environmental, economic, technical and social 
limitations, as well as legal and individual restrictions, is 
fundamental. Balancing conflicting interests, such as 
environmental conservation and maximizing production, is 
a crucial challenge. When developing management, it is 
essential to avoid degradation factors such as erosion, 
compaction and contamination, which can cause 
irreversible losses in production systems (Viana et al., 
2006). 

3.5.      SOIL COMPACTION 

According to the Soil Science Society of America 
(SSSA), compaction is the process in which soil grains are 
rearranged to reduce the void space between them, 
resulting in closer contact and, consequently, an increase 
in bulk density (SSSA, 2008).  

Compaction refers to the densification and distortion of 
soil, resulting in reduced total porosity and air porosity 
(Gregory et al., 2015). This process changes the spatial 
arrangement, size and shape of soil clods, eventually 

decreasing the pore space in and around these clods and 
soil aggregates (Defossez; Richard, 2002).  

Soil compaction occurs due to the action of mechanical 
forces caused by machinery traffic during sowing, cultural 
treatments, harvesting and transport, as well as by animal 
trampling in pasture areas, and also due to water 
percolation in the soil profile. The intensive use of areas 
for agricultural production, together with inadequate soil 
management practices, has led to the deterioration of soil 
structure, negatively affecting plant development and 
increasing soil vulnerability to degradation (Azevedo, 
2018). 

Soil compaction can be the result of both natural and 
anthropogenic practices. Natural causes include the 
formation of dense soil layers, soil properties inherited 
from rocks and minerals, the presence of a higher clay 
content, environmental variations such as wet and dry 
periods, soil shrinkage due to drying, trampling by animals 
and movement of soil. soil by air currents (Kirby, 2007).  

On the other hand, anthropogenic or human-induced 
causes include the impact of wheels and tracks of 
agricultural machinery and soil management tools, the use 
of heavy machinery, intensive cultivation practices, 
implementation of injudicious soil management 
techniques, and manipulation soil under high humidity 
conditions (Shaheb et al., 2021).  

There are two forms of compaction that are important 
in the study and management of soil: surface compaction 
and subsoil compaction. Surface compaction refers to the 
compression of layers close to the soil surface, generally 
caused by agricultural activities and human trampling. 
Subsoil compaction occurs in deeper layers, due to intense 
machine traffic and gravity on the moist soil. Both are 
fundamental to understanding soil degradation processes 
and are equally important for developing sustainable soil 
management practices (Shaheb et al., 2021). 

According to Kirby (2007), the compaction of the 
surface soil is linked to the tensions exerted by the tire, 
track or animal hoof on the soil surface, while the 
compaction of the subsoil is associated with the excessive 
tensions induced by the vehicle load.  

Subsoil compaction is widely recognized as a persistent 
problem that causes deterioration of soil physical 
properties. This deterioration has significant consequences 
for soil ecosystem functions and services. Such 
undesirable changes in soil structure have an additional 
negative effect on crop growth and development, as well 
as soil yield and productivity (Lamandé; Schjønning, 
2018).  
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Compaction on the soil surface makes it difficult for 
plant roots to develop, which results in challenges in the 
absorption of water and nutrients, impairing gas exchange 
with the environment. This, in turn, can lead to a possible 
reduction in productivity. Essential factors for 
germination, such as soil humidity, temperature and 
aeration, are directly affected by the state of soil 
compaction around the seed (Modolo et al., 2011). 

Soil susceptibility to compaction varies depending on 
its properties, such as water content and texture. The 
texture of the soil influences its response to external 
pressures, as it affects the friction between particles and 
the type of connection between them. In general, soils with 
larger particles tend to have lower compressibility and 
greater aggregation (Macedo et al., 2010).   

Soils, especially those of medium and fine texture, are 
susceptible to compaction when they are at or near field 
capacity. This point is reached when the pore space around 
the soil particles is completely filled with water, acting as 
a lubricant between the soil aggregates. When heavy 
machinery applies pressure to soils at field capacity, 
aggregates undergo intense compaction (Bayer, 2021).  

The resulting compacted soil has fewer large pores, a 
reduced pore volume, and a higher bulk density. This 
creates difficulties for the aeration of the roots of plants 
that grow in this environment. Additionally, water is 
retained rather than infiltrating through the soil profile. 
Soil compaction is a global problem that has been 
attributed to the increasing weight of agricultural 
machinery over the decades since the 1950s. This soil 
compaction causes soil degradation on a global scale 
(Bayer, 2021). 

Soil compaction varies considerably between different 
agricultural fields. The main factors that influence soil 
compaction include soil texture, moisture levels, soil 
strength, type and weight of agricultural equipment, depth 
of tillage, tire type and inflation pressure. as well as the 
number of vehicle passes over the ground (Shaheb et al., 
2021).  

Soil compaction has a significant influence on the 
reduction and reorientation of pores, particularly affecting 
macroporosity, with agricultural machinery traffic being 
one of the main causes of this effect, which can persist for 
up to two years (Soracco et al., 2015). This modification in 
soil porosity often results in decreases in infiltration rate, 
water retention and availability, gas exchange and nutrient 
availability, as well as microbial activity, negatively 
impacting the growth and development of the root system 
(Freddi et al ., 2009; Miransari, 2013; Klein, 2014; Souza 
et al., 2018). 

Soil compaction reduces drainage, aeration and 
productivity, compromising root growth and the ability of 
plants to recover from damage, increases surface runoff 
and erosion. In moist, clayey soils, compaction is more 
severe, especially when heavy machinery is used during 
planting and harvesting in high humidity conditions. 
Conventional tillage, such as moldboard or chisel plowing, 
often creates a compacted layer close to the soil surface 
(Kumar et al., 2019).  

In addition to changes in soil structure, compaction 
also results in a decrease in pore space and an increase in 
soil strength. This, in turn, impairs root growth and 
reduces the rate of root elongation, negatively impacting 
the absorption of water and nutrients by crops (Sadras et 
al., 2016; Colombi; Keller, 2019).   

Due to the impact of compaction on the morphological 
characteristics of plants, studies are conducted to guide 
management and prevent productivity losses in agricultural 
crops. Currently, it is understood that the severity of 
problems caused by soil compaction varies according to 
the type of soil, the species cultivated and the level of 
compaction (Rodrigues et al., 2009). 

For example, in corn (Zea mays L.) crops in compacted 
Red Oxisol, an increase in the diameter and a decrease in 
the length of the roots is observed, which become tortuous, 
thus reducing the volume of soil explored to obtain water 
and nutrients, and consequently, productivity (Freddi et al., 
2009; Bergamin et al., 2010). 

The first paragraph under each heading or subheading 
should be flush left, and subsequent paragraphs should 
have a five-space indentation. A colon is inserted before an 
equation is presented, but there is no punctuation 
following the equation. All equations are numbered and 
referred to in the text solely by a number enclosed in a 
round bracket (i.e., (3) reads as "equation 3"). Ensure that 
any miscellaneous numbering system you use in your 
paper cannot be confused with a reference [4] or an 
equation (3) designation. 

 

IV. METHODOLOGY 

4.1.      TYPE OF RESEARCH 

The research is characterized as descriptive, 
explanatory, experimental and field study, with a 
qualitative-quantitative approach. 

4.2.     STUDY OBJECTIVE 

The experimental study carried out in the city of Porto 
Nacional – TO, more specifically at ITPAC Porto, by 
planting a corn cultivar BRS 3042, a triple corn hybrid, in 
compacted soil, in the Agronomia greenhouse. 
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The city of Porto Nacional – TO is located 
approximately 64km from Palmas, capital of Tocantins. 
The municipality has an extensive area of 4,449.917 km² 
as shown in fig. 5 (Prefeitura de Porto Nacional – TO, 
2018). 

 

Fig. 5: Geographic location of Porto Nacional – TO, 

Source: Porto Nacional City Hall – TO (2018). 

 

The study was carried out on the premises of the 
ITPAC Porto college, in a greenhouse. This is located as 
shown in Fig. 6. 

 

Fig. 6: Location of ITPAC Porto, Source: Google Maps 

(2023). 

 

4.3.     RESEARCH OPERATIONALIZATION  

The experimental design used consisted of four 
treatments and five replications, totaling 20 experimental 
units. These units are represented by polypropylene pots, 
21 cm wide (mouth), 18 cm wide (bottom) and 20 cm 
high, totaling 5.5 liters in total volume.  

 The soil used, found in the region, without any 
treatment, so as not to have any influence on the results. 
This was collected in samples in a layer 0-20cm deep, air-
dried and passed through a sieve with a 2mm mesh.   

The soil underwent chemical and physical 
characterization, in order to determine the following 
chemical parameters: pH in water, organic matter content, 
and exchangeable contents of Na+, K+, Ca2+, Mg2+, 
Al3+ and H+Al. And the following physical parameters: 
amount of sand, clay and silt, total porosity, textural class, 
soil density, particle density. All analyzes carried out 
according to the methodology proposed by Donagema et 
al. (2011), following the research of Carneiro et al. (2018). 

The soil is inserted into 5.5 liter pots, with 13% of 
water added to facilitate the process. For compaction, a 
hydraulic press was used, subjected to weights of 50 kg for 
Treatment A, 100 kg for Treatment B and 150 kg for 
Treatment C, according to the study proposed and carried 
out by Azevedo (2018). For comparative purposes, 
Treatment D was used as a control, without compaction, 
obtained by filling the vessels without any pressing.   

Five BRS 3042 corn seeds were sown per pot and five 
days after emergence (DAE) thinning was carried out, 
leaving only the two most vigorous plants in each pot.  

The cultivated plants evaluated the humidity daily. At 
15 and 30 days after planting (DAP), the following 
parameters were evaluated and verified: plant height (AP), 
stem diameter (DC), stem length (CC), number of leaves 
(NF). 

The roots and aerial parts were separated, removing the 
plants from the soil and washing the roots in running 
water. Subsequently, evaluating the fresh mass of roots 
developed in the compacted layer (MFRC), fresh mass of 
roots developed without compaction (MFRSC), root 
volume (VR), in addition to evaluating the area mass by 
obtaining the fresh mass of the aerial part (MFPA ). Also 
determined the absolute growth rate (TCA) and relative 
growth rate (TCR).  

        The set (roots and aerial part) were placed in a 
forced ventilation oven at 65ºC for 48 hours and from 
there the parameters were determined: dry mass of roots 
developed in the compacted layer (MSRC), dry mass of 
roots developed without compaction (MSRSC) and shoot 
dry mass (MSPA).  

The data obtained are tabulated and subjected to 
analysis of variance and test of means using the Tukey test 
at 5% probability. A regression test was also carried out 
using the SISVAR program, considering the equations 
significant at 5% using the F test, using the highest 
coefficient of determination. 

 

V. RESULTS AND DISCUSSIONS 

The analysis of the treatments performed (Table 1) 
highlighted the superior performance of the TD treatment 
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in relation to the others. The TD treatment presented the 
highest average values for plant height (AP), shoot dry 
matter (MSPA) and mean root dry matter (RMS), reaching 
40%, 17% and 4.2%, respectively. These results show that, 
under the conditions tested, the TD treatment promoted a 
more favorable environment for plant development, 
overcoming the negative effects observed in other 
treatments with higher levels of compaction. The overall 
average of treatments also reflects the significant impact of 
compaction on the evaluated parameters. 

Table. 1: Average test for plant height (AP) in centimeters, 

shoot dry matter (MSPA) in grams, root dry matter (RMS) 

in grams, under the effect of different percentages of soil 

compaction. 

 

TREATMENTS  

  

AP(cm) 

  

 MSPA(g) 

 

 RMS(g) 

 

        TA                 29%a         11%a       3%a    

        TB                 20%b          5%b       1,5%b   

        TC                  10%c        2,5%c     0,5%c   

        TD                 40%a         17%a      4,2%a   

  AVERAGE                 20%           8,5%       2,1%    

Means followed by the same letter do not differ 
statistically from each other using the Tukey test at the 5% 
probability level. 

Plant height (Fig. 7) showed linear behavior, leading to 
increasing compaction values. In the treatment with 150% 
compaction, the value was 10.0 cm. This factor may be 
related to the poor development of the root system, which 
resulted in a reduction in water and nutrient absorption.  

 Plant height in treatments (50%, 100%, 150%) was 
reduced, respectively, when compared to the treatment 
without compaction (0%).  Therefore, in the treatment with 
150% compaction in relation to the treatments (50% and 
100%), less plant development was observed in the 
culture. 

Regarding plant height, Guimarães et al. (2013) 
observed that as soil density increases, the number of 
millet varieties decreases because in compacted soil plants 
are unable to absorb nutrients and water, thus affecting 
root development. Pifer et al. (2010) observed in a study 
with millet cv. When comparing densities of 1.21 and 1.51 
Mg m3, the plant height of 8BN29 was reduced by 73%, 
corroborating the results obtained in this study. 

 

 

Fig. 7: Height of corn seedlings under the effect of 

different levels of soil compaction, Porto Nacional/TO, 

2024. 

 

Fig. 8: Dry mass of the aerial part of corn plants under the 

effect of different levels of soil compaction, Porto 

Nacional/TO, 2024. 

 

 

Fig. 9: Dry mass of roots of corn plants under the effect of 

different levels of soil compaction, Porto Nacional/TO, 

2024. 

 

For aerial dry matter (Fig. 8), the 150% compaction 
level resulted in a lower accumulation of dry matter above 
the ground, 2.5 g, a value lower than the value of the non-
compacted treatment. This result is similar to that obtained 
by Bonelli et al. (2011), who observed a decrease in 
MSPA in mombaça grass with increasing soil density. 
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These results confirm those obtained by Foloni et al. 
(2006), who concluded that the MSPA of black Mucuna 
pruriens and jack beans decreased with increasing soil 
compaction, fitted a linear regression model. 

Os valores de matéria seca da raiz (Fig. 9) são 
mostrados linear, indicando que a compactação do solo 
reduz a MSR. Portanto, a camada compactada parece 
afetar o desenvolvimento radicular, levando a um aumento 
na relação parte aérea/raiz. 

The reduced volume of macropores and micropores 
limits the penetration and redistribution of water in the 
soil, reducing gas exchange and oxygen availability, thus 
limiting growth. Considering that this variable is related to 
productivity, the reduction in dry matter productivity 
affects the economic potential of the crop (Freddi et al., 
2009).  

Increased compaction results in reduced plant 
development. These results indicate the negative impact of 
soil compaction on plant growth. Therefore, during early 
corn growth, shoot growth, leaf number, and shoot and 
root dry matter are also affected by compaction levels of 
(50% to 150%). 

 

VI. CONCLUSION 

Based on the results obtained, it is concluded that the 
TD treatment, which was the control, presented superior 
performance in the evaluated parameters, showing greater 
plant height and greater accumulation of dry matter in the 
aerial part and roots, compared to the other treatments. 
These results indicate that adequate management of soil 
compaction conditions is essential to optimize plant 
development. On the other hand, treatments with higher 
levels of compaction significantly compromised plant 
growth and biomass, reinforcing the importance of 
agricultural practices that minimize the effects of 
compaction on the soil. 
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Abstract— Traffic accidents represent a serious threat to public safety 

because they cause a sizable number of fatalities and injuries each year. 

The primary causes of these collisions include driver fatigue, high vehicle 

speed, inattentiveness, and difficulty navigating turns on the road. This 

study suggests the development and application of a sophisticated road 

safety device to greatly improve driving safety and lower accident rates to 

address these problems. The proposed system can recognize traffic signs 

and promptly notify motorists of impending speed bumps and curves in the 

route. In addition, it has a function that tracks driver fatigue, reducing one 

of the major factors contributing to auto accidents. Additionally, the 

device has accident probability detection built in, which enables 

preventative actions to be conducted in high-risk scenarios. In addition to 

providing real-time position tracking, the system automatically notifies 

neighboring police stations and hospitals in the event of an accident, 

facilitating emergency response. Neural network-based image processing 

and an embedded sensor system are the two main technologies used in this 

system. A system block diagram has been proposed and expected to have 

low mistake rates in all major features and confirming the system's 

potential as an affordable way to increase traffic safety. 

 

I. INTRODUCTION 

Road safety is one of the biggest concerns in the globe, 

especially in Bangladesh, where it is among the worst in 

the world. A large road network that has grown 

dramatically to handle the rising number of vehicle traffic 

traverses the nation. Presently, there are roughly 21,483 

kilometers of roads in Bangladesh, comprising 13,659.13 

kilometers of zilla roads, 4,280.02 kilometers of regional 
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highways, and 3,544.06 kilometers of national highways 

[1]. Even with this vast infrastructure, there are still 

several problems with road safety. As per the Bangladesh 

Passengers Welfare Association's (BPWA) 2020 annual 

report, 4,891 road incidents occurred in the nation, leading 

to 6,686 fatalities and 8,600 injuries. Interestingly, 43% of 

these collisions were on national highways, which 

translates to 18 fatalities every day on average across the 

country. In Bangladesh, 58,208 car accidents have claimed 

the lives of 56,987 persons in the last 20 years [2]. The 

frequency of these incidents is disturbing, but little has 

been done to prevent them, and funding for road safety 

research and initiatives is still disproportionately low when 

it comes to other public health concerns. The system's 

main objective is to monitor the driver's facial condition 

and identify any indicators of tiredness through image 

processing algorithms. When driver sleepiness is detected, 

the technology reduces the likelihood of accidents by 

sending a wristband alarm to the driver. This system will 

help to reduce the road side accident of the country. It can 

save thousands of lives, if the device is implemented in the 

vehicles, it will monitor the facial condition of the driver. 

It also helps the driver to detect the speed breakers and 

turns of the road. If any unfortunate event occurs on the 

road, this device will immediately trigger an emergency 

protocol by sending a SMS of the location of the vehicle 

using GPS and GSM technology. That’s how the device 
will work in adverse situation. 

 

II. EARLIER RESEARCH 

A paper by V. S. K. P. Varma, S. Adarsh and K. I. 

Ramachandran published a paper in 2018 [3]. They 

provided a system that uses deep learning techniques to 

identify and tell the driver about impending un-marked and 

marked speed bump in real time, as well as offer the 

distance the car is away from it using stereo-vision 

approaches. NVIDIA GPU and Stereo labs ZED Stereo 

camera devices were also utilized. This driver or 

autonomous mode of the car can manage vehicle speeds to 

keep them within safe limits so that passengers and the 

vehicle are not inconvenienced or damaged. In the year 

2013, Md. S. Amin, M. B. Ibne Reaz and S. S. Nasir 

published a paper [4]. Their paper is related to a system for 

detecting and locating integrated vehicle accidents. Many 

lives may have been saved if car accident information 

could have been automatically relayed to an emergency 

rescue center. An accident detection and locating system 

that uses accelerometers and GPS data to determine 

deceleration and data fusion. Integrating using a Kalman 

filter overcomes the bias, drift, and noise problems of 

accelerometers, as well as the GPS outage constraint. GSM 

is used to send the emergency message and the Global 

Positioning System (GPS) is used to get the exact location 

of the accident. Their test results demonstrate that the right 

deceleration is used to identify and locate accidents. The 

designed technology will be able to overcome GPS/IMU 

limitations and save important human lives. T. Vesselenyi, 

S. Moca and A. Rus have published a paper on 2020 about 

drowsiness detection in drivers using ANN image 

processing [5]. The paper discusses the feasibility of 

developing a sleepiness detection system for automobile 

drivers using three different approaches. Three of these 

approaches are based on the measurement of EEG 

(Electroencephalography) and EOG (Electrooculography) 

data, as well as the categorization of eye state (closed or 

open) images. The EEG technique monitors brain activity 

by placing a sensor on a specific region of the scalp, the 

EOG method follows eye movements by detecting signals 

from the muscles that operate on the eye, and the eye 

image analysis method can monitor whether the eye is 

open or closed. Martins E. Irhebhude, Oladimeji A. 

Adeyemi, Adeola Kolawole published a paper on speed 

breakers and the detection of road marking using image 

processing technology [6]. This work describes an image 

processing technique for speed breaker detection and 

recognition, as well as road marking detection and 

recognition. To recognize traffic signs such as "STOP" 

markings, an Optical Character Recognition (OCR) 

method was utilized, and a Hough transform was used to 

detect line markings, which serves as a preprocessing stage 

to determine when the suggested technique executes OCR 

or speed breaker detection. The experimental outcomes 

show 79 percent of "STOP" signs and 100 percent of speed 

breakers. The proposed strategy is particularly effective for 

roads that are suitably painted, regardless of size their 

dimension. 

 

III. BLOCK DIAGRAM 

This project has been developed with five unique 

features in mind. Included are turn and speed breaker 

detection, accident detection, drowsiness detection, 

emergency systems, and alarm systems. The device's main 

block diagram is shown in figure 1. Where, the Raspberry 

Pi 4B, the Jetson Nano B101, the Arduino Uno R3, three 

different types of sensors, and four DC batteries are utilized 

as a power supply to power up the Jetson Nano, the 

Arduino Uno, Arduino Pro Micro, Arduino Nano and the 

Raspberry Pi. 
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Fig.1: Block Diagram of the device 

 

Visual data is recorded with the help of two camera 

modules. The Raspberry Pi 4B serves as the main 

processing unit of the drowsiness detection system. Jetson 

Nano B101, which is one of the project's major processing 

units, is used to detect road turns as well as speed breakers. 

A buzzer, a vibrator, Bluetooth, GPS and GSM module, a 

smoke sensor, a temperature sensor, a night vision camera, 

a LCD display are used in this device. 

 

Fig.2: Block diagram of the drowsiness detection 

system 

 

The drowsiness detection system runs on a Raspberry Pi 

4B. This system’s main aim is to detect drowsiness in the 
driver. In figure 2, it can be seen that the following  primary 

processing unit are two integrated microcontroller 

subsections, Arduino alert and Arduino emergency. A DC 

power supply powers the processor. The Raspberry Pi 

module has an advanced camera module that monitors the 

driver's status and transmits data to the processor. If the 

main processing unit detects a driver feeling drowsy while 

driving, an alert signal is delivered to the Arduino. This 

project’s alert section will attempt to warn the driver to 
drive the vehicle into the road with full awareness. Also, an 

alert message will be generated on the display. After this 

action, if the camera module again detects the drowsiness 

condition of the driver, it will again send a signal to the 

Arduino alert subsection. Furthermore, if the camera 

module detects the driver’s drowsiness condition more than 

three times, the processor will immediately send data to the 

Arduino emergency subsection to run the emergency 

system. 

 

Fig.3: Block Diagram of Alert System 

 

The alert system is one of the crucial parts of the proposed 

road safety system. Figure 3 shows the Raspberry Pi 4B 

serves as the system’s primary microprocessor. It detects 
the driver’s drowsiness using the camera module and alerts 
the driver with buzzer and vibrator along with showing an 

alert message on the wristband’s display. 

 

Fig.4: Block Diagram of Accident Detection System 

 

An accident detection system is depicted in the figure 5. 

Four distinct types of sensors are employed in this 

system for various functions. Sensors including 

temperature, gas, water, are used to detect the 

probability of accident. If any sensor value exceeds the 

threshold, it will send a signal to the Arduino Uno. 

Using the GSM and GPS module, the Arduino Uno can 

send a text message to neighboring police and hospitals, 

as well as the emergency contact, informing them of its 

location. The Emergency System works as an essential 

part of this project. After generating the alert signal 

three times, the emergency system gets triggered. The 
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emergency system operates in four steps. After an 

emergency is caused, Raspberry Pi will send a signal to 

Arduino Uno. 

 

Fig.5: Block Diagram of Emergency System 

 

The Emergency System works as an essential part of 

this project. After generating the alert signal three 

times, the emergency system gets triggered. The 

emergency system operates in four steps. After an 

emergency is caused, Raspberry Pi will send a signal to 

Arduino Uno. Arduino Uno will detect the real-time 

position via the GPS module. GSM module will then 

take the real-time position from Arduino Uno to the 

nearest hospital and police station via text message. 

This is how the emergency system of this project works. 

 

Fig.6: Block Diagram of Road Turns and Speed 

Breakers Detection System 

Road turns and speed breaker detection are major parts of 

the system. Figure 6 indicates the image processing 

technology of the proposed system. Jetson Nano B101 is 

used as the processing unit. This device continuously 

monitors the road turns and speed breakers of the road 

through a camera. A display is used to show the road turns 

and speed breakers of the road. Whenever Jetson detects a 

road sign or a speed breaker on the road, it will show it one 

the display inside the vehicle to notify the driver. 

 

IV. MODELING 

 

Fig.7: 3D Modeling of Wristband 

 

Fig.8: Display and Camera in Solid works and SketchUp 

 

Figure 7 and 8 are designed with Solid works and 

SketchUp for the modeling purpose. Here the wristband is 

designed using SketchUp and LCD display, camera 

modules are designed using Solid works. 

 

V. FUTURE IMPROVEMENT 

Provide scopes for the future where the project's limitations 

can be fixed. Future research may involve turning the 

experimental block diagram into a mass production model 

and prototype, requiring for enhancements to its overall 

functionality. In below, some of the future developments 

are given : 

1. Inclusion of a wireless high resolution zooming 

camera. 
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2. A Vibration feature can be introduced in the driver 

seat. 

 

VI. CONCLUSION 

In this present era, technology is developing day by day. 

In consistence with that alt the nations are also developing 

and more and more bridges are constructing in order to 

develop the transport system [8]. Developed technology has 

made our lives easier and more comfortable. The transport 

system is an important sector of a country's economy. A 

developed transport system will help to improve the 

communication sector as well as the economy of the 

country. The roads and highways in our country are not 

perfectly safe. When compared to the similar situation from 

the previous year, in 2020, the number of accidents 

increased by more than 25%. In January of this year, in 

2021, at least 484 people have died and 673 were wounded 

in 427 traffic accidents across the country. According to the 

Road Safety Foundation, the accident rate jumped to 25.58 

percent and the fatality rate increased to 8.76 percent when 

compared to the same period the previous year (RSF) [7]. 

As a result, a safe road can save countless lives. To keep 

this goal in mind, researchers had proposed a block 

diagram based road safety gadget that has the potential to 

save thousands of lives on the roads and highways. 
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Abstract— Biodiesel has emerged as a renewable and environmentally 

friendly alternative to traditional fossil fuels, attracting considerable 

interest for its ability to meet growing energy needs while mitigating 

environmental impacts. This review focuses on contemporary 

advancements in biodiesel production techniques, highlighting innovative 

methods aimed at improving efficiency, cost-effectiveness, and 

sustainability. Non-edible oils like pine oil and soapnut oil have gained 

prominence as viable feedstocks, offering the advantage of avoiding 

competition with food supplies. Cutting-edge catalytic systems, including 

heterogeneous catalysts, nano-catalysts, and enzyme-based approaches, 

have brought significant improvements to the transesterification process by 

ensuring higher yields and greater stability. Novel technologies, such as 

ultrasound-assisted and microwave-assisted transesterification, are 

recognized for their capacity to reduce both reaction duration and energy 

usage. Optimization tools like Response Surface Methodology (RSM), 

combined with the use of co-solvents and additives, play a key role in 

enhancing biodiesel production quality and efficiency. The review further 

explores challenges related to feedstock availability, production costs, and 

scalability, while proposing solutions such as genetically engineered 

feedstocks and the integration of biodiesel production into biorefineries. By 

emphasizing recent technological innovations, this study highlights the 

transformative potential of modern biodiesel production techniques to 

support a sustainable and environmentally conscious energy future. 

 

I. INTRODUCTION 

The rapid depletion of fossil fuel reserves and escalating 
global energy demand have pushed researchers to explore 
renewable and sustainable energy sources. Among these, 
biodiesel has emerged as a highly promising alternative to 
conventional diesel fuels, owing to its biodegradability, 
renewability, and capacity to reduce greenhouse gas 
emissions [1]. Biodiesel is produced through the 
transesterification of vegetable oils, animal fats, or non-
edible oils, resulting in fatty acid methyl esters (FAME), 

which are compatible with diesel engines without 
significant modifications [2]. Biodiesel addresses two 
critical global challenges, environmental sustainability and 
energy security.  

Its ability to reduce harmful emissions, including carbon 
dioxide (CO2), sulfur oxides (SOₓ), and particulates, makes 
it a cleaner-burning fuel compared to petroleum diesel. 
Additionally, biodiesel production utilizes renewable 
feedstocks, reducing reliance on finite fossil resources [3]. 
These attributes have made biodiesel a focal point of 
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energy research and policy-making worldwide. Feedstocks 
for biodiesel production can be classified into three 
categories, edible oils, non-edible oils, and waste oils. 
Edible oils, such as soybean, palm, and sunflower oil, have 
been widely used for biodiesel production [4]. However, 
the reliance on edible oils has raised ethical concerns 
regarding food security and price volatility. Non-edible 
oils, including jatropha, karanja, neem, pine oil, and 
soapnut oil, have emerged as alternative feedstocks, 
addressing these challenges while utilizing marginal lands 
unsuitable for food crops [5]. Moreover, waste oils, such 
as used cooking oil and animal fats, offer an economical 
and environmentally friendly option for biodiesel 
production [6]. The transesterification process is central to 
biodiesel production, involving the reaction of 
triglycerides with alcohol (methanol or ethanol) in the 
presence of a catalyst. Recent advancements have focused 
on improving the efficiency, yield, and sustainability of 
this process. The introduction of heterogeneous catalysts, 
nano-catalysts, and enzyme-based catalysts has 
significantly enhanced reaction kinetics and product 
quality [7]. Additionally, emerging technologies, such as 
ultrasound-assisted transesterification and microwave-
assisted transesterification, have revolutionized biodiesel 
production by reducing reaction time and energy 
consumption. These methods have demonstrated higher 
process efficiency, particularly when combined with 
advanced catalytic systems [8]. The selection of suitable 
feedstocks has been a critical focus in advancing biodiesel 
production. Recent studies highlight the utilization of 
microalgae, such as Scenedesmus species, for their high 
lipid content and rapid growth rates, offering a sustainable 
alternative to edible oils. However, challenges like nutrient 
supply, harvesting, and processing costs must be addressed 
to realize their full potential [9].  

Additionally, exploring unconventional feedstocks, such as 
agricultural residues and animal fats, provides cost-
effective and environmentally friendly options. Catalysts 
play a crucial role in the transesterification process. 
Heterogeneous catalysts are gaining attention due to their 
reusability and reduced environmental impact compared to 
traditional homogeneous catalysts. Recent advancements 
include the development of calcium oxide-based nano-
catalysts, which enhance reaction efficiency and reduce 
energy consumption. These catalysts offer a pathway to 
achieving higher yields with lower environmental 
footprints [10]. Emerging technologies like microwave-
assisted transesterification are transforming biodiesel 
production. This method significantly reduces reaction 
times and energy requirements, particularly for feedstocks 
with high free fatty acid content. Ultrasound-assisted 
transesterification is another innovation that improves 

reaction kinetics and biodiesel yields by enhancing the 
mixing of reactants. Furthermore, mobile biodiesel 
production units have been introduced for small-scale 
applications, enabling on-site processing and reducing 
logistical costs [11]. Sustainability has become a 
cornerstone in biodiesel advancements. The integration of 
waste feedstocks, such as used cooking oils and animal 
fats, addresses waste management challenges while 
reducing production costs [12]. For example, large-scale 
initiatives in Brazil utilize animal fats for biodiesel 
production, contributing to a circular economy and 
lowering greenhouse gas emissions. Despite the 
advancements, the biodiesel industry faces several 
challenges. Feedstock availability remains a major 
bottleneck, with the need to balance agricultural land use 
for food and energy production [13]. Production costs are 
also high, primarily due to feedstock expenses and the 
energy-intensive nature of the transesterification process. 
Scalability and integration with existing fuel infrastructure 
pose additional hurdles for large-scale biodiesel adoption 
[14]. Ongoing research aims to overcome these challenges 
by exploring genetically modified feedstocks with higher 
oil yields and reduced cultivation requirements. Integrating 
biodiesel production with biorefineries can further improve 
economic viability by producing value-added co-products 
[15]. Moreover, policy-driven incentives, including 
subsidies and carbon credits, can enhance biodiesel's 
competitiveness in the energy market. This review 
provides a comprehensive analysis of recent trends and 
advancements in biodiesel production techniques. It 
highlights innovative approaches, such as the use of non-
edible oils, advanced catalysts, and emerging technologies, 
while addressing existing challenges and proposing future 
directions for sustainable biodiesel production [16]. 

 

II. LITERATURE REVIEW 

Biodiesel, derived from renewable biological resources, 
has emerged as a promising alternative to conventional 
diesel fuel due to its environmental benefits and 
biodegradability. The production techniques for biodiesel 
have evolved significantly, aiming for higher efficiency 
and sustainability. Traditional methods, such as 
transesterification using chemical catalysts, dominate the 
industry. However, advancements in enzymatic catalysis, 
microwave-assisted synthesis, and nano-catalyst 
applications have led to increased yields and reduced 
reaction times [17]. The choice of technique often depends 
on the feedstock used, as different oils exhibit unique 
chemical compositions. Studies have explored the 
potential of using non-edible oils like pine oil and soapnut 
oil due to their abundance and minimal competition with 
food resources. Additionally, hybrid approaches 
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combining traditional and advanced methods have shown 
superior performance in achieving high-purity biodiesel 
with fewer by-products [18]. Government policies and 
regulations, such as those set by ASTM D6751 and EN 
14214 standards, play a crucial role in shaping the 
methodologies for biodiesel production. These frameworks 
ensure that biodiesel meets performance and emission 
standards, making it a viable alternative to fossil fuels 
[19].  

The transesterification process is the most widely used 
method for biodiesel production. It involves the reaction of 
triglycerides in oils or fats with an alcohol, typically 
methanol or ethanol, in the presence of a catalyst to 
produce fatty acid methyl esters (biodiesel) and glycerol as 
a by-product. This process is favored due to its simplicity, 
cost-effectiveness, and high conversion rates [20]. 
Homogeneous catalysts, such as sodium hydroxide 
(NaOH) and potassium hydroxide (KOH), are commonly 
used in transesterification due to their high efficiency. 
However, these catalysts lead to soap formation when 
water or free fatty acids are present, posing challenges in 
downstream separation processes [21]. To overcome these 
limitations, heterogeneous catalysts have been developed, 
offering advantages such as reusability and simplified 
purification of biodiesel. Enzymatic catalysts, though less 
widely used due to high costs, have gained attention for 
their eco-friendly nature and ability to operate under mild 
conditions. Advanced methods, such as microwave-
assisted and ultrasonic-assisted transesterification, have 
further improved reaction kinetics, reducing energy 
consumption and increasing biodiesel yields [22]. The 
process parameters, including temperature, alcohol-to-oil 
molar ratio, catalyst concentration, and reaction time, 
significantly influence the efficiency of transesterification. 
Optimizing these parameters through statistical methods 
such as Response Surface Methodology (RSM) has proven 
effective in achieving maximum biodiesel yield [23]. 
Nano-catalysts have significantly advanced biodiesel 
production due to their high surface area and enhanced 
reactivity. Research indicates that nano-catalysts such as 
Al2O3, CeO2, and TiO2 improve transesterification 
efficiency, reduce reaction time, and operate under milder 
conditions [24]. 

The choice of feedstock significantly affects the biodiesel 
production process's economic and environmental aspects. 
Feedstocks are generally categorized into three types: 
edible oils (such as soybean and sunflower oil), non-edible 
oils (such as soapnut and pine oil), and waste oils (such as 
used cooking oils). Non-edible oils are preferred for large-
scale production due to their availability, cost-
effectiveness, and minimal competition with food 
resources [25]. Soapnut oil, extracted from Sapindus 

mukorossi, is a promising feedstock due to its high oil 
content and unique fatty acid profile. Research highlights 
its potential for biodiesel production with improved cetane 
number and oxidation stability. Similarly, pine oil has been 
studied for its low sulfur content and high combustion 
efficiency, making it a suitable alternative to conventional 
feedstocks [26]. Studies emphasize the importance of 
evaluating feedstock properties such as viscosity, density, 
and free fatty acid content. These parameters directly 
influence the transesterification process and the quality of 
the biodiesel produced. Moreover, exploring feedstocks 
like soapnut and pine oil can mitigate environmental 
concerns associated with deforestation and unsustainable 
agricultural practices [27]. Optimization of the biodiesel 
production process is critical to achieving high yields and 
cost-efficiency. Parameters such as reaction temperature, 
alcohol-to-oil molar ratio, catalyst concentration, and 
reaction time significantly influence the transesterification 
process. Response Surface Methodology (RSM) and 
Central Composite Design (CCD) are widely used 
statistical tools to optimize these parameters [28]. For 
instance, RSM enables the identification of interaction 
effects between variables and determines the optimum 
operating conditions for maximum biodiesel yield. Studies 
on soapnut oil biodiesel have demonstrated that 
optimization using RSM can achieve yields above 90% 
with reduced catalyst usage and reaction times [29]. CCD, 
a robust optimization technique, has been employed to 
study biodiesel production from pine oil. Research has 
shown that this approach minimizes experimental efforts 
while accurately predicting optimal conditions for high-
quality biodiesel production. Furthermore, the inclusion of 
additives, such as nano-catalysts, in the optimization 
framework has enhanced the efficiency of the process [30]. 

 

III. RECENT TRENDS IN BIODIESEL 

PRODUCTION TECHNIQUES 

A. Advancements in Catalytic Technologies 

The catalytic process in biodiesel production has 
undergone significant advancements to enhance efficiency, 
cost-effectiveness, and environmental sustainability. 
Catalysts play a vital role in determining reaction rates, 
yields, and product quality in the transesterification 
process. Recent trends focus on the development of 
advanced catalytic technologies to address the challenges 
associated with traditional methods, such as high energy 
requirements, waste generation, and low reaction 
efficiency. Nano-catalysts have revolutionized biodiesel 
production due to their exceptional properties, including 
high surface area, enhanced reactivity, and reusability. 
Nano-catalysts like titanium dioxide (TiO2), aluminum 
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oxide (Al2O3), and cerium oxide (CeO2) have been widely 
investigated for their ability to improve reaction kinetics 
and achieve higher biodiesel yields under milder 
conditions. These catalysts reduce the activation energy 
required for transesterification and enable faster reaction 
rates, making the process more energy-efficient [31]. 
Additionally, nano-catalysts are environmentally friendly 
as they minimize waste generation and can be easily 
separated and reused in subsequent cycles [32]. Studies 
have demonstrated that TiO2 nanoparticles significantly 
enhance biodiesel yield from non-edible oils, including 
soapnut oil, while operating at lower temperatures and 
pressures. The use of CeO2 nano-catalysts in combination 
with microwave-assisted transesterification has further 
reduced reaction times, indicating their potential for large-
scale industrial applications [33].  

Heterogeneous catalysts have emerged as a superior 
alternative to homogeneous catalysts due to their ease of 
separation, reusability, and reduced environmental impact. 
Solid acid and base catalysts, such as calcium oxide (CaO) 
and magnesium oxide (MgO), have gained prominence in 
biodiesel production, especially for feedstocks with high 
free fatty acid (FFA) content. Unlike homogeneous 
catalysts, which lead to soap formation and require 
extensive purification, heterogeneous catalysts offer a 
simplified process with higher biodiesel purity [34]. 
Recent advancements in heterogeneous catalysis include 
the development of bifunctional catalysts that combine 
acid and base sites. These catalysts facilitate simultaneous 
esterification and transesterification, making them highly 
efficient for low-quality feedstocks. For instance, the use 
of bifunctional catalysts in soapnut oil biodiesel 
production has shown improved yield and reduced by-
products [35]. Enzymatic catalysts, particularly lipases, 
have garnered attention for their eco-friendly nature and 
ability to operate under mild reaction conditions. Unlike 
chemical catalysts, lipases are highly specific and do not 
produce undesirable by-products. However, their high cost 
and sensitivity to reaction conditions have limited their 
widespread adoption. To address these challenges, 
researchers have focused on immobilization techniques 
that enhance the stability and reusability of lipase enzymes 
[36]. Lipase-based transesterification has been successfully 
employed for biodiesel production from high FFA oils, 
such as waste cooking oil and soapnut oil. Immobilized 
lipases not only improve process economics but also 
enable continuous biodiesel production, making them 
suitable for industrial applications [37]. Dual catalysis 
systems, which combine the benefits of homogeneous and 
heterogeneous catalysts, represent a novel approach to 
improving biodiesel production efficiency. These systems 
utilize the strengths of both catalyst types, such as the high 

activity of homogeneous catalysts and the reusability of 
heterogeneous catalysts. Research on dual catalysis has 
demonstrated increased reaction rates and higher biodiesel 
yields, even with challenging feedstocks like soapnut oil 
[38]. In addition, the integration of nano-catalysts with 
dual catalytic systems has further enhanced the catalytic 
performance. For example, combining Al2O3 nano-
catalysts with a solid acid-base catalyst has achieved 
remarkable results in biodiesel yield and process 
efficiency. 

B. Non-Edible and Waste Feedstocks 

The growing demand for biodiesel production has 
highlighted the need for sustainable and cost-effective 
feedstocks. While edible oils such as soybean and palm oil 
have been traditionally used, their competition with food 
resources poses a significant challenge. Consequently, the 
focus has shifted towards non-edible oils and waste 
feedstocks as viable alternatives. These options provide 
economic and environmental benefits by utilizing 
underexploited resources and reducing waste. Non-edible 
oils, including soapnut oil (Sapindus mukorossi) and pine 
oil, have gained prominence in recent years due to their 
abundance and non-competitiveness with food crops. 
Soapnut oil, with a high saponin content, has been 
recognized for its potential as a biodiesel feedstock. 
Research shows that soapnut oil biodiesel exhibits 
excellent fuel properties, such as high cetane number and 
low sulfur content, making it suitable for combustion 
engines [39]. Similarly, pine oil, derived from the 
distillation of pine resins, has been identified as an 
effective feedstock due to its low viscosity and high 
volatility. Pine oil blends have demonstrated improved 
performance and emission characteristics in diesel engines, 
positioning it as a promising candidate for large-scale 
biodiesel production [40]. Waste cooking oils and animal 
fats are gaining popularity as sustainable feedstocks for 
biodiesel production. These waste materials not only 
reduce feedstock costs but also address environmental 
concerns associated with their disposal. Studies indicate 
that biodiesel derived from waste cooking oils exhibits 
comparable properties to biodiesel from conventional 
feedstocks, such as similar energy content and combustion 
efficiency [41]. A comparative analysis of non-edible oils 
and waste oils reveals that both options have their unique 
advantages. Non-edible oils provide a steady supply chain 
for biodiesel production, while waste oils offer significant 
cost savings and environmental benefits. The selection of 
feedstocks often depends on regional availability and 
economic considerations [42]. 
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C. Emerging Process Techniques 

Innovative process techniques in biodiesel production have 
emerged to address the limitations of conventional 
methods, such as high energy requirements, long reaction 
times, and environmental concerns. These advancements 
leverage modern technologies to improve efficiency, 
reduce costs, and enhance the sustainability of biodiesel 
production. Microwave-assisted transesterification has 
gained attention as a highly efficient technique for 
biodiesel production. Unlike conventional heating, 
microwaves deliver energy directly to the reactants, 
ensuring uniform heating and faster reaction rates. This 
method significantly reduces reaction time and energy 
consumption while achieving high biodiesel yields [43]. 
Studies have demonstrated that microwave-assisted 
transesterification of non-edible oils, such as soapnut oil, 
results in yields exceeding 95% within minutes, making it 
a viable option for industrial-scale production [44].  

Ultrasonic waves create cavitation effects in the reaction 
mixture, generating localized high temperatures and 
pressures that enhance the transesterification process. 
Ultrasonic-assisted methods are particularly effective for 
feedstocks with high free fatty acid (FFA) content, as they 
improve catalyst dispersion and mass transfer [45]. 
Research indicates that ultrasonic-assisted 
transesterification reduces the need for excess alcohol and 
catalyst, making it a cost-effective alternative for biodiesel 
production from waste oils [46]. Supercritical fluid 
technology involves the use of alcohols like methanol or 
ethanol at supercritical conditions (high temperature and 
pressure) as both reactant and catalyst. This technique 
eliminates the need for chemical catalysts, thereby 
avoiding issues related to catalyst recovery and by-product 
formation. Although energy-intensive, advancements in 
reactor design and process optimization have made this 
method increasingly attractive for large-scale operations. 
Supercritical methods have been successfully applied to a 
wide range of feedstocks, including non-edible and waste 
oils, yielding high-purity biodiesel [47]. Hydrodynamic 
cavitation utilizes pressure changes in the fluid to create 
vapor bubbles, which collapse and generate localized high 
temperatures. This process enhances the mixing of 
reactants and accelerates the transesterification reaction. 
Hydrodynamic cavitation has been shown to achieve 
comparable yields to ultrasonic methods while consuming 
less energy [48]. Its scalability and cost-effectiveness 
make it a promising technology for industrial biodiesel 
production. Hybrid approaches that combine two or more 
advanced techniques are emerging as the next frontier in 
biodiesel production. For instance, integrating microwave 
and ultrasonic technologies has demonstrated synergistic 
effects, further improving reaction efficiency and biodiesel 

yield. These hybrid methods optimize resource utilization 
and minimize environmental impact, aligning with the 
goals of sustainable biodiesel production [49]. 

D. Transesterification Process 

The transesterification process is the fundamental chemical 
reaction behind biodiesel production. It involves 
converting triglycerides, which are esters of glycerol and 
fatty acids, into biodiesel (fatty acid methyl esters) and 
glycerol. This process significantly reduces the viscosity of 
raw oils, making them compatible for use in diesel 
engines. 

The overall reaction can be expressed as: 

Triglycerides + 3 Alcohol → 3 Biodiesel (Fatty Acid 
Esters) + Glycerol 

 

Fig. 1: Schematic diagram of transesterification process 

 

This reversible reaction typically requires an excess of 
alcohol (commonly methanol) to drive the equilibrium 
toward the production of biodiesel and achieve high yields. 
Catalysts play a crucial role in the transesterification 
process, with the most commonly used types being 
homogeneous, heterogeneous, and biological catalysts. 
Homogeneous catalysts like sodium hydroxide (NaOH), 
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potassium hydroxide (KOH), and sulfuric acid (H2SO4) 
dissolve entirely in the reaction medium, resulting in high 
reaction rates. The detailed schematic process of 
transesterification process as shown in figure 1. Alkali 
Catalysts (NaOH, KOH) are highly efficient for feedstocks 
with low free fatty acid (FFA) content. However, they are 
sensitive to water content, which can cause soap 
formation, reducing yield and complicating purification. 
Acid Catalysts (H2SO4, HCl) are suitable for feedstocks 
with high FFA content due to their tolerance to impurities. 
However, they are slower and require more energy 
compared to alkali catalysts. Solid catalysts such as 
calcium oxide (CaO) and magnesium oxide (MgO) offer 
several advantages, including reusability, ease of 
separation, and environmental friendliness. These catalysts 
eliminate the need for extensive purification steps, 
reducing overall production costs. Lipases, which are 
biological enzymes, function under mild conditions and 
exhibit high specificity to the transesterification reaction. 
However, their widespread application is limited by high 
costs and sensitivity to impurities. Immobilized lipases 
have shown potential for industrial applications, as they 
can be reused and provide improved economic feasibility. 

 

Fig. 2: Hydrocarbon chain reaction  

 

1) Hydrocarbon Chain Reaction in Transesterification 

The hydrocarbon chain reaction during transesterification 
involves the stepwise conversion of triglycerides into 
diglycerides, monoglycerides, and finally glycerol, while 
releasing fatty acid esters (biodiesel) at each step. A visual 
representation of this process is shown in Fig. 2, which 
details the reaction pathways: Triglycerides react with 
methanol (CH₃OH) in the presence of KOH, producing 

diglycerides and a fatty acid ester. Diglycerides then react 
with additional methanol, forming monoglycerides and 
another fatty acid ester. Monoglycerides undergo the final 
reaction with methanol, yielding glycerol and the third 
fatty acid ester. 

 

IV. VARIABLES AFFECTING 

TRANSESTERIFICATION REACTION 

The transesterification process is influenced by several 
critical variables, which directly impact biodiesel yield, 
quality, and process efficiency. Understanding and 
optimizing these parameters are essential for achieving 
economical and sustainable biodiesel production. 

A. Effect of free fatty acid and moisture 

Free fatty acids (FFAs) and moisture in feedstocks pose 
significant challenges to the transesterification process, 
affecting biodiesel yield and quality. FFAs react with 
alkaline catalysts to form soap, which not only reduces 
biodiesel yield but also complicates the separation of 
biodiesel from glycerol [50]. Moisture exacerbates the 
problem by hydrolyzing triglycerides into FFAs, further 
reducing the efficiency of the reaction. The combined 
presence of FFAs and moisture can render conventional 
alkaline transesterification ineffective. Pre-treatment 
techniques are critical for overcoming these challenges. 
Acid esterification is one of the most commonly employed 
methods for reducing FFA content, converting FFAs into 
esters, which are less reactive with alkaline catalysts [51]. 
Adsorption methods, such as using silica gel and 
molecular sieves, effectively reduce moisture content in 
feedstocks, improving reaction efficiency. Advanced 
processes like enzymatic pre-treatment and ultrasonic-
assisted drying have also demonstrated significant 
potential in reducing both FFA and moisture levels [52]. 
High FFA feedstocks, such as waste cooking oil and 
animal fats, often require multiple pre-treatment steps to 
achieve acceptable FFA and moisture levels before 
transesterification. Techniques like combined esterification 
and bleaching have been proposed to address these issues 
efficiently. Furthermore, recent research highlights the use 
of heterogeneous acid catalysts, which are less sensitive to 
FFAs and can simultaneously catalyze esterification and 
transesterification reactions [53]. The optimization of these 
pre-treatment techniques is critical for improving biodiesel 
yield and reducing process costs. Studies using advanced 
modeling techniques, such as response surface 
methodology (RSM), have demonstrated the potential for 
optimizing these processes to handle high FFA feedstocks 
effectively [54]. 

http://www.ijaers.com/


Chandrasekaran and Aalam                          International Journal of Advanced Engineering Research and Science, 11(12)-2024 

www.ijaers.com                                                                                                                                                                              Page | 76 

B. Catalyst type and concentration 

Catalyst selection and concentration are critical factors in 
the transesterification process, directly influencing reaction 
efficiency, biodiesel yield, and cost-effectiveness. 
Homogeneous catalysts, such as sodium hydroxide 
(NaOH) and potassium hydroxide (KOH), are extensively 
used in commercial biodiesel production due to their high 
reactivity, availability, and cost-efficiency. However, these 
catalysts are highly sensitive to free fatty acids (FFAs) in 
the feedstock, leading to soap formation that complicates 
product separation and reduces biodiesel yield [55]. 
Heterogeneous catalysts, including calcium oxide (CaO), 
zinc oxide (ZnO), and zeolites, have garnered increasing 
attention for their reusability, ease of separation from 
reaction mixtures, and low environmental impact [56]. 
These catalysts are particularly suitable for feedstocks with 
high FFA levels, as they minimize soap formation. 
Additionally, they can simultaneously catalyze 
esterification and transesterification reactions, making 
them advantageous for low-quality feedstocks. Enzymatic 
catalysts, primarily lipases, offer an eco-friendly 
alternative. They are highly tolerant to FFA-rich 
feedstocks, eliminating the need for pre-treatment 
processes [57]. However, the slower reaction rates, higher 
costs, and shorter lifespan of enzymes compared to 
chemical catalysts present significant challenges for large-
scale applications. Recent advancements in immobilization 
techniques for lipases have enhanced their reusability and 
reduced overall production costs [58]. Catalyst 
concentration also plays a vital role in determining 
reaction efficiency. While low catalyst concentrations may 
lead to incomplete conversion, excessively high 
concentrations can cause soap formation and 
emulsification, increasing purification costs. Optimization 
of catalyst type and concentration is, therefore, essential 
for achieving high biodiesel yield and quality while 
minimizing production costs and environmental impact 
[59]. 

C. Molar ratio of alcohol to oil and type of alcohol 

The molar ratio of alcohol to oil is a critical factor that 
significantly impacts the transesterification process, 
influencing both biodiesel yield and reaction efficiency. 
An optimal molar ratio ensures complete conversion of 
triglycerides into fatty acid methyl esters (FAMEs). A 
higher alcohol-to-oil molar ratio shifts the equilibrium 
towards product formation, increasing biodiesel yield, but 
it also elevates recovery costs due to the excess alcohol 
that must be removed and recycled [80]. Methanol is the 
most widely used alcohol in biodiesel production due to its 
low cost, high reactivity, and availability. It is particularly 
suited for base-catalyzed transesterification, forming a 
homogeneous mixture with triglycerides and catalysts 

[60]. Ethanol, though less commonly used, is considered a 
viable alternative, especially in regions where it is more 
accessible and cost-effective. Ethanol produces biodiesel 
with slightly improved cold flow properties but poses 
challenges due to its partial immiscibility with certain 
feedstocks and its higher propensity for forming water 
during the reaction. Other alcohols, such as butanol and 
isopropanol, are under investigation for their potential to 
enhance the biodiesel production process. Butanol, in 
particular, offers advantages such as reduced soap 
formation, better miscibility with oils, and the production 
of biodiesel with superior properties [61]. However, the 
cost and availability of these alcohols currently limit their 
widespread application. The selection of the alcohol type 
and its molar ratio depends on the feedstock, catalyst, and 
desired biodiesel properties. Studies suggest that a molar 
ratio of 6:1 for methanol and 9:1 for ethanol generally 
yields optimal results. Further research into advanced 
alcohols and innovative techniques, such as the use of co-
solvents, continues to refine the efficiency and 
sustainability of the process [62]. 

D. Effect of reaction time and temperature 

Reaction time and temperature are critical factors that 
significantly influence the efficiency and yield of the 
transesterification process. Reaction temperature affects 
the kinetic energy of molecules, enhancing molecular 
collisions and promoting faster reaction rates. Higher 
temperatures generally accelerate the conversion of 
triglycerides to biodiesel, reducing reaction time and 
improving efficiency [63]. Optimal temperatures for 
biodiesel production are typically close to the boiling point 
of the alcohol used, such as 60365°C for methanol. 
However, excessively high temperatures can lead to 
undesirable side reactions, such as thermal degradation of 
biodiesel or increased soap formation, particularly when 
free fatty acids (FFAs) are present in the feedstock [64]. 
Such side reactions can reduce product yield and increase 
the complexity of the separation process. Similarly, while 
longer reaction times ensure complete conversion of 
triglycerides into biodiesel, excessively prolonged 
durations can lead to increased operational costs and 
energy consumption, as well as the potential for 
emulsification in alkaline-catalyzed reactions. The 
determination of optimal reaction time and temperature 
depends on the type of catalyst, feedstock, and alcohol 
used. Studies suggest that for most homogeneous alkaline-
catalyzed reactions, a reaction time of 132 hours at a 
temperature of 60°C yields high conversion rates [65]. 
Heterogeneous catalysts often require slightly longer 
reaction times and higher temperatures due to their lower 
activity compared to homogeneous catalysts. Enzymatic 
catalysts operate efficiently at lower temperatures (303

http://www.ijaers.com/


Chandrasekaran and Aalam                          International Journal of Advanced Engineering Research and Science, 11(12)-2024 

www.ijaers.com                                                                                                                                                                              Page | 77 

40°C) but require longer reaction times, making them less 
cost-effective for large-scale applications. Innovative 
techniques such as microwave-assisted and ultrasonic-
assisted transesterification have shown promise in 
reducing reaction times while maintaining high biodiesel 
yields. These methods leverage energy-efficient heating 
and agitation mechanisms to enhance reaction kinetics, 
making the process more economical and environmentally 
friendly [66]. 

 

V. ANALYTICAL METHODS 

The analysis of biodiesel and its feedstocks involves 
various sophisticated analytical techniques. These methods 
provide critical insights into the composition, properties, 
and performance characteristics of biodiesel, aiding in 
quality assurance and process optimization. This chapter 
explores key analytical methods used in biodiesel research. 

A. Gas chromatography – Mass spectrometry (GC-MS) 

Gas Chromatography3Mass Spectrometry (GC-MS) is an 
indispensable analytical technique in biodiesel production, 
widely used to identify and quantify fatty acid methyl 
esters (FAMEs), the primary constituents of biodiesel. 
This method combines the high-resolution separation 
capability of gas chromatography with the precise 
molecular identification offered by mass spectrometry, 
enabling highly sensitive and accurate analyses [67]. The 
process involves injecting a biodiesel sample into a 
chromatographic column, where the FAMEs are separated 
based on their boiling points and volatility. The separated 
components are subsequently ionized in the mass 
spectrometer, producing unique mass spectra that allow for 
the identification and quantification of individual 
compounds. GC-MS is particularly effective in detecting 
impurities, such as unreacted triglycerides, 
monoglycerides, diglycerides, and residual alcohols, 
ensuring compliance with stringent biodiesel quality 
standards, including ASTM D6751 and EN 14214 [68]. 
Recent advancements in GC-MS techniques have 
significantly enhanced its utility and efficiency. 
Innovations such as headspace GC-MS simplify the 
analysis of volatile compounds, while tandem MS 
(MS/MS) improves the resolution and sensitivity for 
complex mixtures. The technique is also employed in 
studying biodiesel degradation during storage, providing 
insights into the formation of oxidation products and 
polymerized compounds [69]. Moreover, GC-MS is 
utilized for compositional analysis of feedstocks and for 
evaluating the effect of additives on biodiesel properties. 
Techniques like pyrolysis-GC-MS have been used to 
analyze thermally degraded biodiesel samples, offering 
valuable information about its thermal stability. The 

development of portable GC-MS systems has further 
expanded its application in on-site biodiesel quality 
assessment [70]. 

B. Fourier Transform Infrared Spectroscopy (FTIR) 

Fourier Transform Infrared Spectroscopy (FTIR) is a vital 
analytical tool in biodiesel research, used to identify 
functional groups in biodiesel molecules through their 
infrared absorption spectra. This technique is instrumental 
in confirming the conversion of triglycerides into fatty acid 
methyl esters (FAMEs) by detecting the characteristic 
ester functional groups while monitoring the reduction of 
hydroxyl and carbonyl groups [71]. FTIR operates as a 
non-destructive, rapid, and cost-effective method, making 
it suitable for real-time monitoring of the 
transesterification process. Its applications extend beyond 
conversion confirmation to include the assessment of 
biodiesel's oxidative stability and degradation during 
storage. By measuring the formation of oxidation products 
such as aldehydes, ketones, and acids, FTIR aids in 
understanding biodiesel's long-term performance. 
Advanced FTIR techniques, such as Attenuated Total 
Reflectance (ATR-FTIR), have enhanced the analysis of 
biodiesel by improving sensitivity and eliminating 
complex sample preparation steps [72]. This approach is 
particularly advantageous for studying the molecular 
interactions of biodiesel blends and additives. Recent 
developments in two-dimensional correlation spectroscopy 
(2D-FTIR) have further expanded its applicability, 
allowing for the detailed analysis of biodiesel’s thermal 
and oxidative behavior [114]. FTIR is also employed in 
monitoring biodiesel standards compliance, including 
ASTM D6751 and EN 14214, by assessing the presence of 
impurities and unreacted feedstock components. Studies 
have shown that FTIR combined with chemometric 
techniques such as Principal Component Analysis (PCA) 
and Partial Least Squares Regression (PLSR) offers 
enhanced accuracy in predicting biodiesel properties [73].   

C. Thermogravimetric analysis (TGA) 

Thermogravimetric Analysis (TGA) is a widely utilized 
analytical technique in biodiesel research for evaluating 
changes in the mass of a sample as a function of 
temperature or time. This method is instrumental in 
studying the thermal stability, decomposition 
characteristics, and combustion behavior of biodiesel and 
its feedstocks. TGA provides critical data on the energy 
content and residue formation, aiding in understanding 
biodiesel’s performance under varying thermal conditions 
[74]. During TGA analysis, the biodiesel sample is 
subjected to a controlled heating rate, and mass loss is 
recorded. This information reveals the temperature ranges 
at which volatile compounds are released and non-volatile 
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residues decompose. Such insights are valuable for 
optimizing biodiesel formulations and improving its 
thermal stability [74]. TGA has also been used to evaluate 
the effects of additives on biodiesel combustion properties 
and to study the thermal degradation of feedstocks such as 
vegetable oils and animal fats [75]. Advanced techniques 
like coupled TGA-FTIR and TGA-MS provide additional 
insights by identifying the chemical composition of 
volatile products released during the heating process. 
These methods enhance understanding of biodiesel 
oxidation mechanisms and the formation of degradation 
products, such as aldehydes and ketones [75]. TGA is also 
employed in comparing biodiesel blends, helping 
researchers determine the impact of blending ratios on 
thermal stability and energy content. Recent studies have 
applied TGA in assessing the thermal behavior of biodiesel 
derived from waste cooking oil, jatropha oil, and 
microalgae feedstocks, highlighting its versatility across 
different biodiesel types. With the integration of advanced 
computational models and machine learning algorithms, 
TGA data can now be used to predict biodiesel properties 
with greater accuracy, supporting efforts to improve 
biodiesel production and storage stability.   

D. Scanning Electron Microscopy (SEM) with Energy 

Dispersive X-ray Analysis (EDAX) 

Scanning Electron Microscopy (SEM) with Energy 
Dispersive X-ray Analysis (EDAX) is an advanced 
analytical technique extensively used in biodiesel research 
to investigate the surface morphology and elemental 
composition of biodiesel feedstocks, additives, and 
catalysts. SEM generates high-resolution images of the 
sample's surface, revealing structural details such as 
porosity, particle size, and surface defects [76]. EDAX 
complements SEM by providing quantitative and 
qualitative elemental analysis, enabling the identification 
of elemental distributions across the sample. This 
technique is particularly valuable for characterizing 
heterogeneous catalysts used in biodiesel production, such 
as calcium oxide, zinc oxide, and zeolites. SEM analysis 
reveals surface roughness, cracks, and other structural 
features, while EDAX helps evaluate the distribution of 
active sites and confirm the presence of catalytic elements. 
These insights are critical for understanding catalyst 
performance and improving catalyst designs for enhanced 
biodiesel yield and quality [75].  

SEM with EDAX is also used to analyze the ash content 
and contaminants in biodiesel samples, which can arise 
from feedstock impurities or incomplete reactions. This 
information aids in optimizing purification steps and 
ensuring compliance with biodiesel standards like ASTM 
D6751 and EN 14214 [74]. Additionally, the technique has 
been applied to study the effects of additives, such as 

nano-catalysts, on the structural and compositional 
changes during the transesterification process. Recent 
advancements in SEM technology, such as environmental 
SEM (ESEM), allow for the analysis of moist or liquid 
samples without extensive preparation, making it more 
versatile for biodiesel applications. Coupled techniques 
like SEM-TGA and SEM-FTIR further expand its 
analytical capabilities, enabling simultaneous structural 
and compositional analysis under thermal conditions [76]. 

 

VI. IMPACT OF FEEDSTOCK QUALITY ON 

BIODIESEL PROPERTIES 

The quality of feedstock, particularly its free fatty acid 
(FFA) content and fatty acid composition, plays a critical 
role in determining the properties of biodiesel. A high FFA 
content in feedstock often results in reduced biodiesel 
yields when employing conventional base-catalyzed 
transesterification due to soap formation, which 
complicates the separation process. Furthermore, the fatty 
acid composition influences key parameters such as cetane 
number, cold flow properties, flash point, and oxidative 
stability [77]. Feedstocks rich in saturated fatty acids, such 
as palm oil, exhibit higher cetane numbers due to the 
abundance of palmitic acid (C16:0) and stearic acid 
(C18:0). Conversely, oils containing unsaturated fatty 
acids, including soybean, sunflower, and grapeseed oils, 
are associated with lower cetane numbers. 

Additionally, the cloud point of biodiesel synthesized from 
oils like soybean and corn is lower, typically near or below 
0°C, owing to negligible amounts of saturated fatty acids. 
In contrast, tallow-based biodiesel has a higher cloud point 
due to the presence of a substantial fraction of saturated 
fatty acids [78]. Biodiesel generally has a high flash point, 
often exceeding 150°C, which is crucial for safe storage 
and handling. Oils with shorter carbon chain lengths 
exhibit relatively lower flash points. Oxidative stability is 
another vital property influenced by the degree of 
unsaturation; oils such as palm and olive oils, rich in 
saturated fatty acids, demonstrate enhanced oxidative 
stability. On the other hand, unsaturated oils are more 
prone to degradation over time [79]. Viscosity, a 
fundamental parameter, increases with the chain length of 
fatty acids and their degree of saturation. For instance, oils 
containing higher levels of saturated or trans-fatty acids, 
such as castor oil, exhibit elevated viscosity. Interestingly, 
configurations such as cis double bonds result in lower 
viscosity compared to trans double bonds. Branching and 
the presence of functional groups like hydroxyls further 
influence viscosity, albeit to a lesser extent [80-82]. Table 
1 provides a summary of biodiesel properties derived from 
various feedstocks, highlighting the influence of fatty acid 
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composition on cetane number, cloud point, flash point, 
and oxidative stability [83]. 

 

Table 1 Properties of biodiesel produced by various oils [70, 71, 72] 

Feedstock Cetane 

Number 

Cloud Point 

(°C) 

Flash 

Point (°C) 

Oxidation 

Stability (hr), 

110°C 

Kinematic 

Viscosity at 

40°C (cSt) 

Density 

(g/cm³) 

WCO 56.2 5.3 161.7 5.0 4.75 880.6 

Corn 53.0 -2.8 170.0 1.1 4.4 885.0 

Soybean 49.0 1.0 178.0 2.1 4.039 884.0 

Canola 54.8 -1.8 159.0 11.0 4.40 881.6 

Jatropha 55.7 2.7 58.5 2.3 4.8 879.5 

Coconut 61.0 0.0 110.0 35.5 2.726 807.3 

Oil Palm 62.0 13.0 164.0 4.0 5.7 876.0 

Cottonseed 53.3 1.2 165.4 1.8 4.70 879.0 

Peanut 54.0 5.0 176.0 2.0 4.9 883.0 

Rapeseed 54.4 -3.3 170.0 7.6 4.439 882.0 

Sunflower 49.0 3.4 183.0 0.9 4.439 880.0 

Rubber 54.1 -3.3 164.4 7.4 4.63 882.2 

Castor 42.1 -13.4 160.9 1.1 15.250 899.0 

Karanja 55.4 7.6 160.0 4.1 3.90 880.0 

Safflower 51.8 0.9 172.0 1.3 4.53 882.9 

Tallow 60.9 16.0 157.2 1.6 4.824 874.0 

Olive Oil 57.0 -2.0 178.0 3.3 4.5 881.2 

Almond Kernel 57.0 - 172.0 3.0 4.2 - 

Linseed 51.3 -1.7 161.0 0.4 4.2 891.5 

Sesame Seed 50.48 -6.0 170.0 - 4.2 867.3 

Mahua Oil 56.9 -1.7 208.0 0.4 3.980 850.0 

 

VII. CONCLUSION 

This review comprehensively highlights the key aspects of 
biodiesel production, focusing on the influence of 
feedstock quality, fatty acid composition, and processing 
parameters on biodiesel properties. The selection of 
feedstock, primarily dictated by its fatty acid profile and 
free fatty acid content, significantly determines the fuel’s 
performance, including cetane number, cold flow 
properties, flash point, oxidation stability, and viscosity. 
Oils rich in saturated fatty acids, such as palm oil, are 
advantageous for cetane number and oxidative stability but 
present challenges in cold flow properties. Conversely, 
unsaturated oils, such as soybean and sunflower oils, offer 
superior cold flow behavior but are less stable under 
oxidative conditions. Advanced analytical techniques, 

including GC-MS, FTIR, TGA, and SEM-EDAX, have 
proven instrumental in evaluating biodiesel's chemical and 
physical properties, ensuring compliance with international 
standards. These methods provide critical insights into 
biodiesel composition, thermal stability, and the 
performance of catalysts and additives during production. 
Despite considerable advancements, challenges persist in 
optimizing biodiesel production processes, particularly 
when using high-FFA feedstocks or achieving a balance 
between cold flow properties and oxidative stability. 
Future research should focus on exploring innovative 
feedstocks, enhancing catalyst efficiency, and integrating 
advanced analytical tools to refine biodiesel quality 
further. Biodiesel remains a promising renewable energy 
resource, offering significant potential to reduce 
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dependency on fossil fuels and mitigate environmental 
impact. However, sustained efforts in research and 
development are essential to overcome the limitations and 
ensure its economic viability and widespread adoption. 
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Abstract— The ODUELAN has long served as the de facto industry 

standard for effective object detection. The ODUELAN community has 

grown significantly, enhancing its application across a wide range of 

hardware platforms and situations. This technical report includes, we make 

an uncompromising effort to advance its limits to the next level. attitude for 

practical use in the workplace. We carefully review the most recent 

advances in object detection from academia or business, taking into 

account the various demands for accuracy in the actual environment. We 

substantially include concepts from contemporary data detect, export, 

training approaches, testing strategies, and optimisation techniques. 

Additionally, we combine our ideas and experience to provide a set of 

deployment focus. 

 

I. INTRODUCTION 

present object identification is a crucial component 

problem inside computer vision since It is frequently a 

crucial part of computer vision systems. Examples include 

robots [35, 58], autonomous driving [40, 18], and multi-

object tracking [94, 93]. analysis of medical images [34, 

46], etc. A variety of neural processing units (NPUs), a 

portable CPU or GPU, and devices made by well-known 

firms, are frequently used for real-time object detection. 

NPUs include, for instance, the Intel Neural Computing 

Stick, the Kernel on AI SoCs, the MediaTek AI 

Processing Unit, the Qualcomm Neural Processing 

Engine, and the Apple Neural Engine, the Google Edge 

TPU, Nvidia's Jetson AI Boundary Modules, and the 

MediaTek AI Processing Unit. Some of the edge devices 

concentrate on accelerating processes, such as MLP 

operations, depth-wise convolution, and vanilla 

convolution. In this research, We suggest an on-demand 

image detection that primarily supports GPU machines 

and portable GPUs from the edge of the cloud.   

the previous years, present object detectors have been 

created for a variety of edge devices. For instance, the 

development The focus of MCUNet's [49, 48] and 

NanoDet's [54] development was on creating lightweight 

individual chips devices and enhancing edge CPU speed 

comparison. Enhancing the speed comparision of diverse 

GPUs is the goal of approaches like YOLOX [21] and 

YOLOR [81]. The development of an efficient 

architecture for real-time object detection has recently 

taken central stage. Real-time object detectors on CPUs 

[54, 88, 84, 83] that can be used on MobileNet [28, 66, 

27, ShuffleNet [92, 55], or GhostNet [25] largely depend 

on their architecture. Another well-known real-time object 

detector for the GPU is being developed [81, 21, 97], and 

it primarily makes use of ResNet [26], DarkNet [63], or 

DLA [87], after which the architecture is optimised using 

the CSPNet [80] technique. The real-time object detectors 

used in the present mainstream are different from those 

used in this article. Our suggested solutions will 

concentrate on improving the training procedure in 

addition to the architecture. We'll concentrate on a few 

modules and optimisation techniques that may to increase 

object recognition accuracy, Enhancing the deduction 

value without doing so, the training cost has to be 

increased. The recommended modules and optimisation 

methods are referred to as "trainable bags of free stuff."  

Instead of focusing on The key objective of this project is 

to develop a quick object detector for use in 
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manufacturing systems and to optimise for parallel 

calculations, as indicated by The conceptual sign of 

limited processing capacity (BFLOP). We anticipate that 

using and training the intended item will be simple.  

For instance, anybody who trains and tests on a typical 

GPU may provide real-time, excellent, and convincing 

object identification outcomes like the YOLOv4 findings 

seen in Figure 1. Anything we provide is summarised as 

follows:  

1. We develop a reliable and successful System for 

identifying objects. Anyone may use a 1080 Ti or 2080 Ti 

GPU to train an extremely rapid and precise object 

detection.  

2. During detector training, we evaluate the impact of 

cutting-edge Bag-of-Freebies and Bag-of-Specials item 

detection techniques.   

 3. We tweak cutting-edge techniques like CBN [89], PAN 

[49], SAM [85], and others to increase their efficiency 

and suited for training on a single GPU. 

 

 

II. RELEVANT WORK 

2.1 Methods to identify objects 

A typical current detector has two components: One that 

looks like forecasts ite categories, a framework, and limits 

has already been equipped with Image Network. VGG 

[68], ResNet [26], ResNeXt [86], or DenseNet [30] may 

act as the main detectors when utilising GPU-based 

detectors. Regarding those devices that operate on CPU 

platforms, the backbone may be Mobile Network [28, 66, 

27, 74], Squeeze Net [31], or Shuffle Net [97, 53]. The 

two primary varieties for the main element are one-stage 

detection of objects and multi-stage image analyzers. The 

The R-CNN [19] succession, which comprises the rapid 

R-CNN [18], quicker R-CNN [64], R-FCN [9], and Libra 

R-CNN [58] theories, is one of the most typical two-stage 

object sensor. Another method is to change an a two-stage 

image detection into a sensor for objects without links, 

such as RepPoints [87]. The most common choices for 

one-stage object detectors are YOLO [61, 62, 63], SSD 

[50], and RetinaNet [45]. lately anchorless one-stage 

object detection systems have been built. FCOS [78], 

CornerNet [37, 38], CenterNet [13], and CornerNet [37, 

38] are a few of these monitors. between the skull and the 

vertebral column, Modern scanners for items generally 

have many layers, which are typically employed to collect 

Maps of features at various phases. It might be called the 

subject of the detect collarbone. A head often consists of a 

variety of top-down and bottom-up routes. The Path 

Aggregation Network (PAN) and the Feature Pyramid 

Network (FPN) are two networks that use this method 

[44]. Other researchers worked on the spot creating a 

brand-new skeleton (DetNet [43], DetNAS [7], 

HitDetector [20]), or a completely a fresh layout 

(SpineNet [12], for instance), in addition to the models 

already described.  

In conclusion, the following elements make up an 

ordinary object detector:  

• Input: Pyramid, Patches, and Image 

• SpineNetwork[12], EfficientNetwork-B0/B7 [75], 

VGG16 [68], CSPResNeXt50 [81], CSPDarknet53 [81], 

ResNet-50 [26], and ResNet-50 [26] are the backbones. 

• Neck: 

SPP (25), ASPP (5), RFB (47), and SAM (85) are 

additional blocks.  

Path-aggregation blocks include FPN [44], PAN [49], 

NAS-FPN [17], Full-connected FPN, BiFPN [77], ASFF 

[48], and SFAM [98].  

Looks: RPN [64], SSD [50], YOLO [61], RetinaNet; 

•  Dense Prediction (one-stage): 

 [45] (based on anchor) 

FCOS [78] (anchor free), CornerNet [37], CenterNet [13], 

MatrixNet [60], Two-stage 

•  Sparse Prediction: 

R-CNN [64], R-FCN [9], and Mask RCNN [23] (anchor 

based) are faster 

RepPoints [87] (free anchor) 

2.2 Model Re-parameterization 

Several computing units are combined into one during the 

inference stage of Reparametrizing the equation processes 

[71, 31, 75, 19, 33, 11, 4, 24, 13, 12, 10, 29, 14, 78]. 

Model re-parameterization techniques may be divided 

into two groups: Groups at the module and model levels. 

You may consider it an ensemble method. Two popular 

model-level reparameterization methods are methods to 

arrive at the ultimate conclusion model. One approach is 

to average the model weights after training several the 

same models with various training datasets. A weighted 

average of model weights over different iteration counts 

can be calculated as an alternative. Module level re-

parameterization has grown in popularity as a research 
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subject recently. This type of technique separates a 

module After instruction, modules may take similar or 

separate branches. A multi-branched module is 

consolidated into a single similar module when making a 

conclusion. But not every re-parameterized module that is 

offered can be exactly used to many architectural designs. 

As a result, we developed a newly created 

parameterization module and associated techniques for 

using different architectures in applications. 

 

2.3 designing scale 

designing scale allows a model to be scaled up or down to 

fit on different computing devices [72, 60, 74, 73, 15, 16, 

2, 51]. The model scaling method typically employs a 

variety of In order to establish a suitable balancing of the 

number of connection variables, calculation, and 

inference efficiency and reliability, scaling factors 

including resolution (size of input picture), depth (number 

of layer), breadth (number of channel), and stage (number 

of feature pyramid) are used. Network architecture search 

(NAS) is a model scaling approach that is often used. 

Without creating too many difficult rules, The search 

space may be automatically searched by NAS for suitable 

scaling factors. The drawback of NAS is that finding 

model scaling factors needs a lot of expensive computing. 

The researcher makes an effort to study the connection 

comparing sizing variables and the number of processes 

and variables in [15] in order to determine the scaling 

variables and directly predict some laws needed by 

designing scale. According to our analysis of the 

literature, almost all model scaling strategies examine 

each scaling component separately, and even those that 

fall into the category of compound scaling also optimise 

each scaling factor separately. Following a study of the 

literature, we found that almost all scaling strategies for 

models examine each scaling component independently, 

and even compound scaling techniques also optimise each 

scaling factor. Considering the majority commonly 

employed NAS designs consider aspects of scaling that 

are not closely connected. We discovered that every 

scheme based on combining, including DenseNet [32] and 

VoVNet [39], would As the depth of these kinds of 

models changes, certain layers' input width was scaled. 

The preferred architecture for this model is concatenation-

based, hence a new compound scaling method must be 

developed.  

 

III. CONSTRUCTION  

3.1 Extended efficient layer aggregation network 

Just The key factors taken into account in the bulk of 

studies on developing effective platforms are the quantity 

of variables, the volume of the process, and the level of 

computation. Using the characteristics of memory access 

cost as a starting point,  

The architecture of the transition layer is unaffected by 

ODUELAN; only the design of the computational block is 

changed. We propose the group distortion to be used to 

extend the commonality and stream of the calculation 

elements. The exact same stream factor and grouping 

attribute will be applied to each processing block in a 

processing layer. The feature chart generated by each 

processing block will then be concatenated after being 

split into collections based on the designated g group 

variable g. Currently, how many channels are 

incorporated in each set of features maps will be the same 

as it was in the primary building. at last, by including g 

feature map collections, we combine the a cardinality 

Keeping the initial ELAN project design in mind, E-

ELAN has the ability to instruct other steps of processing 

together to offer new, more diversified functionality.  

3.2 Model scalling for concatenation-based model 

Model scaling is typically used to change certain model 

characteristics and create models of different sizes to 

support different inference rates. The Efficient Net scaling 

model, for instance, [72] takes into account the extent, 

breadth, and clarity. The scaling model's goal with respect 

to the scaled-YOLOv4 is to alter the amount of phases 

[79]. Dollar' et al. [15] investigated the impacts of both 

group and plain convolution on the number of parameters 

and calculations while increasing in both size and 

dimension, and they used the findings to construct the 

suitable designing scale approach. 

 

The aforementioned occurrence shows that we are unable 

to study various scaling variables individually for a model 
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using combination, but rather that they must be taken into 

consideration jointly. For instance, enlarged thickness will 

alter the ratio between a The middle layer input and 

output channels, which can lower the model's hardware 

needs. Consequently, we must present the appropriate 

formula for scaling a complicated model for a model 

using combination. Scaling the an algorithmic block's 

depth factor requires calculating the modification to that 

block's export stream. The outcome is displayed in Figure 

3(c). after applying the same amount of modification to 

the transition layers' width factor scaling. We propose a 

compound scaling technique that preserves the model's 

ideal structure and its original properties. 

 

IV. TRAINABLE BAG-OF-FREEBIES 

4.1.Re-parameterized generation is anticipated 

RepConv [13] has done well on the VGG [68], but the 

precision will be greatly diminished when it is used 

straight to ResNet [26], DenseNet [32], and other models. 

We look into the transmission of gradient flows. channels 

should be used to combine re-parameterized convolution 

with different networks. In addition, Cordingly, our 

anticipated redesigned convolution, was constructed. 

 

Identity connection, 3 3 convolution, and 1 1 convolution 

are all included in the convolutional layer known as 

RepConv. The link to identification in RepConv 

eliminates the concatenation in DenseNet and the residual 

in ResNet, resulting in a broader diversity of gradients for 

various feature maps, according to our analysis of 

RepConv's performance when used in conjunction with 

other architectures. For these factors, we create the 

proposed re-parameterized convolution's structure using 

RepConv without same relationship (RepConvN). In our 

perspective, There shouldn't be a unique link when a re-

parameterized layer of convolution replaces a layer of 

convolution with residual or mixture activation. Figure 4 

shows a plainnet and resnet version of our "planned re-

parameterized inversion". A re-parameterized The 

convergence research using concatenation- and residual-

based method models will be described in relation to the 

overall goal of the ablation research session. 

 

4.2 Fine for lead loss and coarse for auxiliary  

Deep supervision is a technique that is widely used while 

training deep networks [38]. The assistance loss acts as 

the direction for the shallow network weights, and its 

basic notion is to supply more auxiliary heads to the 

network's intermediate tiers. Despite this, extensive 

oversight [70, 98, 67, 47, 82, 65, 86, 50] may dramatically 

enhance the model's the efficiency of various jobs, even 

for often convergent architectures like ResNet [26] and 

DenseNet [32]. Figure 5(a) and (b), which Demonstrate 

the subject's sensor structure both "without" and "along" 

vigorous oversight, respectively. The head in this 

investigation was that generates the final output is 

referred to as the lead head, while the head that assists in 

training is referred to as the Additional head.   

Deep supervision must be concentrated on the targeted 

objectives whether the lead head is an auxiliary head or 

vice versa. We unintentionally encountered fresh variant 

problem, namely "How to assign gentle labels to the main 

lead and secondary heads," when exploring strategies 

related to soft label assigners. For the extent that we are 

aware, the relevant There isn't yet literature on this 

subject. Figure 5(c) shows the results of the currently 

most popular method, which separates the lead head and 

auxiliary head before utilising their own forecast findings 

and the basic truth about carry out labels are assigned. 

This study proposes a novel label assignment strategy that 

employs lead head prediction to guide both the lead head 

and the auxiliary head. To put it another way, we employ 

lead column prediction. to direct the development of 

coarse-to-fine layered categories to learn in the lead head 

and support heads. The two recommended allocation of 

the deep monitoring label methods are shown in Figures 

5(d) and (e), accordingly.  

prediction The primary head directed term assigner uses 

the actual fact and the leader head's predictions outputs as 

its two main inputs. which then uses optimisation to 

produce soft labels. This collection of soft labels will 
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serve as the lead head and auxiliary head's target training 

model. Since leader head has a moderate amount of 

acquiring capacity, the neutral label that emerges from it 

should be better in detecting the variation and connection 

between the source and target inputs. We may also think 

of this studying while a form of generalised residual 

learning. By allowing the less experienced assistant head 

to pay attention to the concepts that the head of leadership 

acquired, the a larger lead neck capable to focus on 

studying remaining knowledge that hasn't yet been taught. 

The identify assigner with a coarse-to-fine lead point is 

utilised. both the ground truth and the point head's 

anticipated outcome to create soft labels. However, during 

the method, we create two separate sets of soft labels: 

coarse label and fine label, which are identical to the soft 

labels created by the lead head guided label assigner. 

Loosening the limitations on the positive sample 

assignment technique allows for the production of coarse 

labels by allowing more grids to be seen as positive 

targets. This is because an auxiliary head's learning 

capacity is lower than a point head's, thus in order to 

prevent losing the knowledge that has to be kept, we will 

focus on improving the auxiliary head's recall. As the 

resultant work for the lead head results, we may separate 

the high accuracy results from the high recall outcomes. A 

subpar prior might be produced by the final forecast. It is 

crucial to pay attention if the coarse label's increased 

weight is close to that of the fine label. In order to avoid 

good squares that are exceptionally sharp from creating 

excellent smooth label we placed restrictions on the 

decoder in order to lessen their impact. Through the use 

of the method previously stated, it is feasible to 

dynamically alter the relative weights of fine and coarse 

labels throughout the learning process, and it is also 

guaranteed that fine labels have a higher optimizable 

upper bound more coarse labels. 

4.3 Various trainable bags-of-freebies  

We shall mention a few trainable bag-offreebies in this 

area. We utilised several of these freebies in our training, 

but we didn't come up with the original ideas. The 

Appendix will elaborate on the training specifics for these 

bonuses, including: (1) Batch normalisation in the 

topology of conv-bn-activation: This section mostly joins 

the convolutional layer and batch normalisation layer. 

This integrates the leaning and frequency of the 

convolutional layer created during the deduction stage 

with the average and deviation of the whole batch 

normalisation. (1) Pre-computing at the judgement step in 

YOLOR allows hidden data to be transformed into a 

vector. (2) Convolution feature map multiplied by implicit 

knowledge in YOLOR [81]. The resulting vector may be 

coupled with the convolution layer's skew and intensity 

that comes before or after. EMA model, third: Only the 

EMA model is used as the final inference model in our 

system. Mean teachers employ the EMA approach [75].  

 

 

V. RESULT 

A comparison of the results using several cutting-edge 

sensors for objects is show in Figure. Our ODUELAN on 

the Pare superiority test structure and are quicker and 

more accurate than The most rapid and precise sensors.  

 As several approaches employ GPUs with different 

designs to verify interpretation at runtime, we run 

ODUELAN on popular GPUs of the Designs of Maxwell, 

Pascal, and Volta are compared. it to other cutting-edge 

methodologies. Table 8 displays the frame rate 

comparison findings using either the Tesla M40 GPU or 

the GTX Titan X (Maxwell) GPU. The results of the 

Pascal GPU frame-per-second compare are displayed in 

Table 9 and include the TitanX (Pascal), TitanXp, GTX 

1080 Ti, and Tesla P100 GPUs. Frame rates using a Volta 

GPU, which might be a Titan Volta or a Tesla Vol100 

GPU, are compared in Table 10. 

 

VI. CONCLUSION 

We give a brand-new actual time element in this study 

identification architecture together with a model scaling 

method. We also find that new research ideas are 

generated by the process of building object identification 

systems. During the course of the investigation, we 

identified the replacement issue for the re-parameterized 

course and the assignment challenge for the allocating 

labels automatically. To address the issue and increase 

item identification accuracy, we recommend using the 
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trainable bag-of-gifts approach. We developed the cutting-

edge ODUELAN of item detecting systems depending on 

the preceding provided information. 
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Abstract—This paper designs and implements an intelligent hood control 

system based on Arduino, which is composed of multiple modules, 

including gas detection and human body sensing, with a single-chip 

microcomputer as the core. The system monitors the oil smoke, natural 

gas concentration, and temperature and humidity changes in the kitchen 

in real-time using high-precision sensors. The analog signals are digitized 

by the A/D conversion module and sent to the single-chip microcomputer 

for processing. The single-chip microcomputer controls the fan speed 

precisely by pulse width modulation according to the smoke, gas 

concentration, and temperature data, achieving intelligent adjustment and 

efficient exhaust. The system has the characteristics of fast response, 

precise regulation, and energy saving and environmental protection, 

effectively improving the air quality in the kitchen and user experience. 

 

I. INTRODUCTION 

With the rapid development of technology and a 

marked improvement in living standards, smart home 

appliances have been deeply integrated into daily life in 

modern families, becoming an indispensable part of 

modern family life. The smart range hood, as a capable 

assistant in modern family kitchens, is not just a simple 

tool for exhausting oil smoke, but also a sophisticated 

device that incorporates various intelligent technologies. It 

can quickly respond to users' needs and automatically 

adjust its operating mode, and its level of intelligence 

directly affects the comfort and health of the family 

cooking environment [1]. 

Cooking fumes contain a variety of harmful 

substances, such as formaldehyde, carbon monoxide, 

sulfur dioxide, benzopyrene, etc. If people are exposed to 

them for a long time, they can irritate the mucous 

membrane of the respiratory tract, induce pharyngitis, 

tracheitis, etc. respiratory system diseases, and even 

increase the risk of lung cancer [2]. In addition, cooking 

fumes will also affect skin health, causing the skin to 

become dry and rough, accelerating skin aging. There have 

been relevant studies that confirm that formaldehyde is the 

most abundant carbonyl compound in the various carbonyl 

compounds produced in home kitchen cooking, accounting 

for 12% to 60% of the total, and has the greatest potential 

lifetime carcinogenic risk to humans. Cooking fume 

pollution has become a potential threat to the health of 

restaurant workers and home cooks [3]. 

Traditional range hoods have certain effect in removing 

oil smoke, but they also have problems such as low 

intelligence level, high energy consumption, and loud 
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noise [4]. Traditional range hoods lack intelligent sensing 

and control functions, and cannot automatically adjust the 

wind speed and suction according to the concentration of 

oil smoke. At the same time, their interconnectivity is 

limited, so users cannot access the operating status and 

energy consumption of the range hood in real time through 

smart home systems, nor can they coordinate with other 

smart household appliances. In addition, traditional range 

hoods lack personalized setting options, making operation 

complicated and difficult to control the noise level during 

operation. 

In order to better improve the performance and 

efficiency of the range hood, scholars at home and abroad 

have studied the range hood from various angles, including 

wind speed, air volume, flow field, fume capture 

efficiency, exhaust efficiency, energy saving and 

environmental protection, filter material and so on. 

Tang-Jen Liu and others proposed a low-cost smart 

hood system that uses sensitive piezoelectric sensors to 

sense the level of cooking pollutants, outputting 

adjustments to the fan speed to improve the fan speed and 

significantly reduce the noise and power consumption of 

the hood [5]. G. Ciattaglia and others utilized two different 

multi-sensor units to monitor temperature, relative 

humidity, volatile organic compounds, and particulate 

matter, and could more accurately control the oil smoke 

collection efficiency of the hood when the level of 

pollutants generated was detected to be high [6].Guo 

Zhilin and others studied the exhaust characteristics of 

hoods based on inherent angle measurement, analyzed the 

diffusion patterns of particulate matter generated by 

cooking in different cooking scenarios, considering factors 

such as the opening and closing of windows, the speed of 

cooking sources, and the airflow rates of hoods. Based on 

different airflow organization patterns, they designed 

auxiliary ventilation systems to improve the exhaust 

efficiency of the hood [7]. Antonio Valdez Gomez 

provided a new universal component loudness assessment 

program that could identify and reduce the noise emitted 

by kitchen hoods by evaluating the loudness of individual 

components, thereby improving the hood and reducing the 

noise generated from its root [8]. The energy efficiency of 

the blower is evaluated by the FDE (fluid dynamic 

efficiency) index, which is part of the EEI (energy 

efficiency index) formula for kitchen hoods. Paolo, 

Cicconi and others studied the performance of novel 

virtual blowers by conducting geometric optimization to 

obtain suitable airflow and FDE values, thereby improving 

the energy consumption of the hood [9]. Lei Shu and 

others designed a new hood (NRH) consisting of an 

efficient particulate air (HEPA) filter circulation 

component and an exhaust component, in which the 

airflow rate of the HEPA filter circulation component was 

72 l/s for removing particulate matter generated by 

cooking activities and returning the filtered clean air to the 

room, and the exhaust component was used to expel 

particulate matter and other indoor air pollutants to the 

outdoors, effectively improving the indoor air quality [10]. 

With the continuous development of technologies such 

as the Internet of Things and artificial intelligence, smart 

hoods have emerged. They use high-sensitivity oil smoke 

sensors, temperature sensors, and humidity sensors to 

monitor real-time parameters such as oil smoke 

concentration and temperature in the kitchen, and 

automatically adjust the wind speed and power to achieve 

precise exhaust [11]. At the same time, smart hoods can 

also be connected to other smart home devices, and users 

can control the on/off and wind speed of the hood via a 

mobile APP [12]. Moreover, they are equipped with 

intelligent cleaning functions to reduce the user's cleaning 

burden and extend the product service life [13]. In 

addition, by using noise-reducing materials and 

technologies such as micro-perforated panels and sound 

linings, the noise generated by the hood during operation is 

effectively reduced [14]. Its intelligent odor-proof design 

can prevent oil smoke from escaping and keep the kitchen 

air fresh, providing users with a comfortable and healthy 

cooking environment. 

 

II. INTELLIGENT RANGE HOOD SYSTEM 

ARCHITECTURE DESIGN 

This paper designs and implements an intelligent 

environment control system based on embedded, which 

takes embedded as the core control unit and constructs an 

integrated and intelligent control architecture. The 

architecture consists of five core modules: core control 

module, gas detection module, body sensing module, A/D 

conversion module and temperature and humidity sensor 

module. The system is designed to fully monitor and 

control environmental parameters to ensure indoor air 

quality and comfort. 

Specifically, the gas detection module works together 

with the temperature and humidity sensor module to 

capture real-time information on oil smoke concentration, 

natural gas leaks, and changes in temperature and humidity 

in the environment. The analog signals output by these 

sensors are converted into digital signals by a high-

precision A/D conversion module, and then transmitted to 

the microcontroller for in-depth analysis and processing. 

The embedded system serves as the "brain" of the system, 

responsible for receiving and decoding these digital 

signals, accurately calculating the current gas 

concentration and temperature levels in the environment. 
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To achieve real-time response and regulation of 

environmental conditions, the system incorporates a motor 

drive mechanism. The motor driver works closely with the 

microcontroller and receives speed instructions from the 

microcontroller. Pulse width modulation (PWM) 

technology is used, and the microcontroller generates a 

PWM square wave signal with a specific period through its 

built-in timer. The signal directly controls the motor's 

speed. It is worth noting that in this system, the 

concentration of smoke, gas, and temperature all have 

equal priority in regulating the motor's speed. That is, 

when any of these parameters exceeds the predetermined 

threshold value, the microcontroller will automatically 

adjust the duty cycle of the high-level of the PWM 

waveform to flexibly adjust the fan's rotational speed, in 

order to achieve the goal of quickly responding to changes 

in the environment and optimizing the indoor environment. 

The intelligent environmental control system designed 

in this paper realizes accurate monitoring and intelligent 

regulation of indoor environmental parameters through 

highly integrated hardware architecture and advanced 

control strategies, and provides strong support for 

improving the comfort and safety of living and working 

environment. 

2.1．Core controller 

The core control board of the exhaust hood system is 

developed using the Arduino series development board, 

which has stronger interactive system design than the 51 

single-chip microcomputer. It simplifies the workflow of 

the single-chip microcomputer and supports multiple 

expansion modules, such as sensors, LCD screens, and 

Wi-Fi modules, making it convenient to expand and 

upgrade projects. In addition, the Arduino UNO R3 has the 

following advantages. First, the Arduino IDE can run on 

Windows, Macintosh OSX, and Linux operating systems, 

while most embedded systems can only run on Windows. 

Second, Arduino has strong usability, making it applicable 

to a wider range of scenarios and meeting the needs of 

different fields, from simple home automation to complex 

robot control. Third, Arduino can be programmed using 

the Arduino IDE, which simplifies hardware setup and 

operation handling through the official IDE, making it 

easier to write code and maintain it in the long run. For 

software openness and extensibility, the Arduino 

programming language can be extended through C++ 

libraries, and official and community creators have 

provided rich library files that can be adapted to most 

sensors and controls. It has a good community 

environment for learning and expansion. Finally, the 

Arduino board is based on the ATMEGA8 and 

ATMEGA168/328 microcontrollers from Atmel, and 

Arduino is based on the Creative Commons license 

agreement, which allows users to design their own 

modules based on their needs. The hardware has high 

expandability and can add or reduce the functionality of 

hardware according to the needs of the project design. 

The main control of the hood fan is selected as 

Atmega32u4, which is built using the Arduino UNO R3 

board. It uses DIP IC or SMD package with 44 pins 

including 6 analog pins, 2 VCC pins, 4 GND pins, and 14 

digital pins. Of the 14 digital pins, 7 can be used as PWM 

pins. There is also a MOSI and MISO pin, as well as an 

HWB pin, which allows users to access the bootloader and 

can also be used as a regular GPIO pin. There is also a 

UART port, 4 SPI peripherals, and 1 I2C pin. The 

ATmega32u4 has 32 KB of programmable flash, 2.5 KB 

of SRAM, and 1 KB of EEPROM, and can accept any 

voltage between 2.7 and 5.5 volts, with a operating 

temperature range of -40°C to 85°C. The ATmega32u4 has 

a 16MHz crystal oscillator, 20 available IO pins, of which 

7 support PWM, 12 analog input IO pins, 32KB of 

FLASH, 2KB of SRAM, and 1KB of EEPROM. The 

Arduino board has a built-in serial port, including 5 5V 

output ports, as shown in Figure 1: Atmega32u4 based on 

AVR-RISC microcontroller, because AVR uses a Harvard 

structure, program memory and data memory are 

separated, can have the same address of the program 

memory and data memory for independent addressing. 

This structure helps Atmega32u4 achieve efficient 

instruction execution, maximizing performance and 

parallelism, as shown in Figure 1. 

This architecture improves the computing speed by 

simplifying the structure of the computer, because RISC 

prioritizes the simple instructions with the highest 

frequency, and fixes the instruction width, which can 

reduce the types of instruction formats and addressing 

methods, thereby shortening the instruction cycle and 

improving the running speed. AVR-RISC microcontrollers 

have a high-speed processing capacity of 1MIPS/MHz 

(million instructions per second/megahertz), 
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Fig.1 Atmega32u4 structure pin diagram 

 

which means that at the same clock frequency, AVR 

controller type microcontrollers can handle more 

instructions. On the other hand, the AVRAVR controller 

type of microcontroller has a low power consumption 

characteristic, which makes it perform well in application 

scenarios that require long running or have strict 

requirements for power consumption. 

2.2. Temperature and humidity sensor module 

The design of temperature and humidity sensor used to 

monitor the temperature and humidity in the oil smoke 

environment, this design uses DHT11 digital temperature 

and humidity sensor, which is a temperature and humidity 

composite sensor containing calibrated digital signal 

output, it applies a dedicated digital module acquisition 

technology and temperature and humidity sensor 

technology, has high reliability and long-term stability, 

strong anti-interference ability and other advantages. 

DHT11 digital temperature and humidity sensor adopts 

single-wire bidirectional, including a capacitive humidity 

sensing element and an NTC temperature measuring 

element, and connected with an 8-bit MCU, DHT11 

supply voltage is 3.3~5.5V DC, measuring range is -

20~60℃ and 5~95%RH. The sensor has a temperature 
accuracy of ±2 ° C at 25 ° C and a humidity accuracy of 

±5%RH. It is widely used in automatic control, data 

recorder, humidity regulator and so on. 

 

Fig.2 Block Diagram of the AVR Architecture 

 

Fig.3 Structure of DH11 (unit: mm) 

 

For data transmission, the DHT11 digital wet 

temperature sensor uses a single bus data format to 

complete two-way transmission of input and output for a 

single data pin port. The data packet is composed of 5Byte 

(40Bit), the specific data is divided into decimal parts and 

integer parts, a complete data transmission is 40bit, the 

high first out. The data format of the DHT11 is 8bit 

humidity integer data + 8bit humidity decimal data + 8bit 

temperature integer data + 8bit temperature decimal data + 

8bit verification. The timing diagram of the transmitted 

data is shown in Figure 4. 

 

Fig.4 Data timing diagram 
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2.3. Gas sensor module 

The gas sensor in the design is mainly used to monitor 

the concentration of oil smoke and natural gas in the 

ambient air in real time, and control the motor speed in 

real time with the temperature and humidity sensor to 

control the exhaust air volume. This design uses MQ-2 gas 

sensor and QS-01 oil fume sensor. 

MQ-2 is a semiconductor gas sensor, the gas sensitive 

material used is the low conductivity of tin dioxide. When 

there is a combustible gas in the environment of the 

sensor, the conductivity of the sensor increases with the 

increase of the combustible gas concentration in the air. 

The MQ-2 sensor has high sensitivity to propane and 

smoke, and can also be used to detect combustible gases, 

which has the advantages of strong durability and low cost. 

It can detect the concentration of combustible gas between 

300 and 10000ppm, its pin connection is shown in Table 1, 

where VCC: connected to the positive terminal of the 

power supply, GND: connected to the negative terminal of 

the power supply, DO: TTL switch signal output, AO: 

analog signal output： 

Table 1 Pin diagram of the MQ-2 sensor 

Pin GPIO 

VCC 3.3V/5V 

GND GND 

DO NC 

AD PA1 

 

 

Fig. 5 Typical temperature and humidity curves of the 

sensor 

 

The smoke detector MQ-2 exhibits different resistance 

values for different concentrations and types of gases, so it 

is necessary to adjust the sensitivity of the mechanical 

components when using this component. The variable 

resistor RP2 in Figure 3 is used to adjust the sensitivity. 

The coal gas smoke detection principle diagram is shown 

in Figure 3, and it is connected to the smoke detector with 

an AND gate and used with INT0 for interrupt. When the 

coal gas content in the kitchen is below the set value or 

does not contain coal gas, the resistance value of MQ2 

becomes very large, and the voltage at pin 2 of the 

comparator is higher than that at pin 3, emitting a high 

voltage, and INT0 inputs a high level, not triggering the 

interrupt. When the coal gas content in the air increases, 

the resistance of MQ-2 decreases, and when the voltage at 

pin 2 of the comparator receives a voltage lower than that 

at pin 3, which usually means that the detected coal gas 

concentration has exceeded the predetermined safety 

threshold. In this case, the comparator will immediately 

output a low-level signal, which is used as a trigger signal 

to initiate an interrupt process. Once the interrupt is 

triggered, the system will jump to the corresponding 

interrupt service routine (ISR) to be executed. Inside the 

interrupt service routine, a series of operations will be 

performed, including starting the hood to eliminate 

dangerous gases and triggering the alarm mechanism to 

warn users of the current potential danger. Such a design is 

intended to quickly respond to situations where coal gas 

concentration exceeds the standard, ensuring 

environmental safety. 

 

Fig.6 MQ-2 test circuit 

 

The above figure shows the basic test circuit for the 

MQ-2 sensor. This sensor requires two voltages: the heater 

voltage VH and the test voltage VC. Of these, VH is used 

to provide the sensor with a specific working temperature, 

which can be supplied by a DC power source or an AC 

power source. VRL is the voltage across the load resistor 

RL in series with the sensor. Meanwhile, VC is the voltage 

used to test the load resistor RL. 

The QS-01 sensor is also a tin dioxide semiconductor 

gas sensor with high sensitivity to VOCs and other 

pollutants in the air, and a fast response time. The QS-01 

has three pins and can provide excellent sensing 
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characteristics at very low power consumption. This 

module is well suited for use in air quality control systems, 

exhaust fans, and air purifiers. Its circuit diagram is shown 

below. 

Figure 7 shows the sensitivity characteristic curve 

detected by the QS-01 sensor, which is reflected by the 

relationship between the sensor resistance and the gas 

concentration. There is a logarithmic relationship between 

the decrease of sensor resistance and the increase of gas 

concentration 

 

Fig.7 Sensor sensitivity characteristics 

 

Fig.8 Standard circuit of QS-01 sensor 

 

2.4. Body sensing module 

The human body sensor module is mainly used to 

detect whether there is human activity in front of the range 

hood, and can control the switch of the range hood. The 

design adopts HC-SR501 human body sensor module, 

which is an automatic control module based on infrared 

technology and adopts LHI778 probe design, and has the 

advantages of high sensitivity, strong reliability and ultra-

low voltage operation. It can work at the temperature of -

50~+70℃, and the induction Angle is <100 degrees’ cone 
Angle. 

HC-SR501 is an intelligent human body sensing 

module that has a high degree of automated sensing 

capability. When a human enters its predetermined sensing 

range, the module will immediately output a high-level 

signal as a response to the detection, and when the human 

leaves the sensing area, the module will automatically 

enter a delay state and output a low-level signal, achieving 

an automated "exit detection". The module is designed 

flexibly with multiple trigger modes, and users can easily 

switch its trigger mode by simply adjusting the jumpers on 

the solder pads. In the non-repeatable trigger mode, the 

module will output a high-level signal once it detects a 

human and wait for a predetermined delay time, regardless 

of whether the human continues to be within the sensing 

range during the delay time. After the delay time is over, 

the output will automatically return to the low-level state. 

This mode is suitable for applications that require a single 

response. The second trigger mode is the repeatable trigger 

mode, unlike the non-repeatable trigger mode, in this 

mode, as long as the human remains within the sensing 

range and does not exceed the total delay time, the 

module's output will continuously remain at the high-level 

state. Only when the human completely leaves the sensing 

range does the delay start counting, and the low-level 

output is output after the delay time is over. This mode is 

particularly suitable for situations where continuous 

monitoring of human activity is required. 

It is worth noting that the HC-SR501 module 

undergoes an initialization phase upon power-up, which 

lasts approximately one minute to complete self-testing 

and preparation. Subsequently, it transitions into a standby 

state, poised to promptly respond to changes in the sensing 

area. This meticulous design ensures optimal operational 

readiness of the modules prior to deployment. 

Combined with the above functions and circuit design, 

the programming flow chart is compiled, as shown in 

Figure 10, and compiled in C language. 

In manual mode, users can adjust the output power of 

the hood through the human-machine interface. 

 

Fig.9 External usage of the sensor 
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III. SYSTEM SOFTWARE DEVELOPMENT 

In automatic mode, if the HC-SR501 human body 

sensing module detects activity in the kitchen, the 

potentiometer controlling the motor speed is dragged to 

adjust the speed of the fan, which will be kept within the 

three pre-set speeds of high, medium, and low, depending 

on the changes in environmental parameters. During this 

process, the DHT11 digital temperature and humidity 

sensor plays a crucial role by continuously monitoring the 

temperature and humidity in the kitchen. 

If the temperature exceeds 40°C and the relative 

humidity is below 60%, it indicates that the air in the 

kitchen is relatively dry, so the system will set the fan 

speed to low. On the other hand, if the temperature 

remains above 40°C but the relative humidity rises above 

60%, it means that moist and hot air may affect comfort 

and air quality, so the system will automatically increase 

the fan speed to the medium level. The MQ-2 gas sensor 

and the dedicated oil smoke sensor are responsible for 

monitoring the concentration of combustible gases and oil 

smoke in the kitchen. 

Once these sensors detect any abnormal conditions, 

such as a gas leak or excessive oil smoke concentration, 

the system will immediately respond by increasing the fan 

speed to the highest level to ensure the quick exhaustion of 

harmful gases and oil smoke to protect the safety of people 

inside the environment. Additionally, the system has 

intelligent energy-saving features. 

Whether in automatic or manual mode, when no 

exhausting is needed, the hood can automatically shut off 

the motor to avoid unnecessary energy waste. This feature 

helps save energy and prolong the service life of the 

equipment. When the hood is in standby mode, the main 

control unit will continue to power all the sensors to ensure 

that they can continuously monitor the kitchen 

environment, so that potential safety hazards, such as oil 

smoke accumulation or gas leakage, can be detected in 

non-working hours to guarantee the overall safety of the 

environment. 

 

 

IV. CONCLUSION 

This paper designs an intelligent exhaust hood 

controlled by Arduino system, which can achieve 

unmanned operation through a sensor system consisting of 

QS-01 sensors, human body sensors, and MQ-2 sensors, to 

improve the best use experience of exhaust hoods. In 

automatic mode, the exhaust hood can adjust the fan speed 

according to the data feedback from various sensors to 

adapt to the size of oil smoke, combustible gases, and 

humidity and temperature, to a certain extent, realizing the 

intelligent control of exhaust hoods. 
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