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Abstract 

Industrial activities can cause negative impacts, one of which is the result of the production process which can 

cause pollution and environmental damage if the company does not process B3 waste in accordance with applicable 

regulations. With increasing concern for the environment, many companies or other interested parties are required 

to process liquid waste. Therefore, this study aims to find out from several existing research journals about the 

effectiveness of wastewater treatment methods and processes Poly Aluminum Chloride (PAC) and Aluminum 

Sulfate (Alum). The analysis method uses several software to find out the results of research analysis from several 

existing scientific literature. By using blibiometric analysis, it was found that research on wastewater treatment 

mostly uses coagulation and flocculation methods which have developed every year. To improve the results of 

wastewater treatment, it is necessary to consider several influencing factors such as dose, speed and duration of 

stirring during the experiment. From the results of several previous studies, it was found that the use of Poly 

Aluminum Chloride (PAC) was the most effective compared to Aluminum Sulfate (Alum) by comparing the 

decrease in the results of testing the specified quality standard parameters (for example pH,COD, BOD, turbidity, 

TSS, etc) 

 

Keywords: Aluminum Sulfate (Alum), Coagulation, Flocculation, Poly Aluminum Chloride (PAC), Wastewater 
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INTRODUCTION 

The increasing development of industry causes several positive and negative impacts. The positive effects 

that can be caused are an increasing economy, creating jobs, etc. In addition, industrial activities can cause 

negative effects, one of which is the result of the production process which can cause pollution and environmental 

damage if the company does not process B3 waste in accordance with applicable regulations. 

There are several materials that can be used as coagulants to reduce turbidity in raw water, one of which is 

Polyaluminium chloride (PAC). Polyaluminium chloride (PAC) as a special salt in the manufacture of aluminum 

chloride which is able to provide stronger coagulation and flocculation power than aluminum sulfate and can be a 

substitute for alum and dukem because it has a strong adsorption rate, high floc formation rate even in small 

amounts, and has a fast sedimentation rate so that it can clear water quickly compared to using both materials. PAC 

can be used because it has strong coagulation ability, is suitable for use in waste processing, can work more 

effectively, is cheaper and easy to operate, so that PAC provides better results compared to other coagulants. 

Isran et al. (2023) stated that the processing of wastewater at the Morowali Metal Industry Polytechnic the 

combination of coagulation-flocculation and filtration methods the results is better PAC coagulant concentration of 

240 ppm in and using better media thickness 6 cm in filtration processing can reduce COD values by 95%, 

turbidity by 95.78%, TDS by 74.03%, and conductivity by 74.29%. Achmad et. al. (2022) stated that the 
processing of pH and color removal in Water Treatment Plant Unit Pekanbaru, use of Alum, Soda Ash, Polymer 

produces a pH of 4.68 and a color of 43 PtCo which does not meet the quality standards. The use of PAC, Soda 
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Ash, Polymer produces a pH of 7.97 and a color of 15 PtCo which meets the quality standards.  Putri et. al. (2024) 

stated the use of PAC coagulant is more effective than Aluminum Sulfate in reducing COD and BOD, where in 

this study a concentration of 10% was used. However, in reducing TSS, both have the same effectiveness. This 

study shows that PAC and Aluminum sulfate can reduce TSS by up to 96.8%. The effectiveness of PAC and 

Aluminum sulfate in reducing COD parameters looks better, which is 94.1% compared to Aluminum Sulfate, 

which is 81.3%. Likewise, in reducing BOD parameters, the two coagulants have a PAC efficiency of 94.2%, 

which is better than Aluminum sulfate with an efficiency of 83.2%. 

This study aims to identify and analyze Systematic Literature Network Analysis (SLNA), this method a 

tools for review analysis research. We can used Systematic Literature review (SLR) and Bibliometric Analysis 

(BA),. By considering this, this study also explains the most effective methods and chemicals for the processing of 

wastewater treatment waste. As well as considering various scientific literature that has been obtained from 

research in various countries. 

 

RESEARCH METHODOLOGY 

Conceptual framework of the methodologies 

In researh, using Systematic Literature Network Analysis (SLNA) or Systematic Literature review (SLR) 

and Bibliometric Analysis (BA). 

From the conceptual framework of the methodology above, the following research questions arise:  

a. RQ1 What are the current research trends and gaps assessment in the topic of wastewater treatment? 

b. RQ2 How effective using Poly Aluminum Chloride (PAC) and Aluminum Sulfate (Alum) for wastewater 

treatment? 

c. RQ3 What factors affect the results of test parameters according to quality standards? 

The next step is a strategy to determine the appropriate metadata from scientific databases. From Page et 

al. (2021) we can used the PRISMA 2020 methodological guidelines. The criteria for selection and identification 

and evaluation of studies will be described in the following subsection, "Data Collection." Database was used 

retrieved on April 15, 2025 from scopus metadata. The Scopus database we can collect in the next step data 

collection to get a database that matches the criteria 

 

Data Collection 

In this data collection steps briefly explained by entering several keywords into the Scopus database, 

namely "Wastewater treatment", "coagulation and flocculation", "Poly Aluminium Chloride (PAC)" and 

"Aluminium Sulfate (Alum)".  

 

Table 1. Inclusion and pre-processing criteria for bibliometric analysis 
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First, 180 documents identified so that filtering was needed including the year of publication was limited 

from 2014 to 2025 (114 documents). Manual filtering was carried out by sorting documents based on title and 

abstract suitability. Finally, just 65 documents found to be included for bibliometric analysis. As for the content 

analysis to answer the questions (RQ2 and RQ3), the documents found after the inclusion step were all studied in 

depth, with additional references added in the literature review task. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Analisys 

In the research output software VOSviewer and Orange Data Mining 3.34 a comparison was made to 

obtain an overview of the research topic to be carried out. Before entering the analysis stage, a study is needed for 

mapping VOS, word cloud and topics (can be seen in Table 1). Table 1 will explain the sequence for the mapping 

process in more detail to find the data sources needed during the research.  

 

a) VOS technique 

Explanation of VOS technique with rends and gap research collected using metadata to be explained 

descriptively and can be visualized. In the next stage, several points to be analyzed such as author network, 

country, keywords, abstract, title can be reviewed first. From several visualization results that the VOS 

technique provides better results than other sets of metadata with distance-based maps. 
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Using similarity visualization (VOS) is an advantage of the VOSviewer software. In addition, it can 

display a collection of keywords and certain nodes based on their distance. The smaller the distance, the stronger 

the relationship between the two keywords or nodes. Therefore, keywords or nodes do not overlap in the VOS 

cluster map (van Eck and Waltman, 2010). The VOS map shows the relationship links between nodes and 

keywords. Links that have a higher value have a stronger connection, for example in two articles can show the 

same references, joint publications from two researchers, or the frequency of two terms appearing together in 

publications. Higher value links and thicker nodes indicate a strong relationship between two related nodes 

(Sawassi and Khadra, 2021). 

This analysis can be conducted on the citation network, authors and countries. Just only the map authors 

and countries is displayed in the manuscript, while the results of co-citations and co-authorship are written in a 

table showing the most cited papers and the most productive authors in their fields such as in this study, namely 

citing wastewater treatment. This aims to find out and determine journals or articles that are different from the 

discussion of this topic. Several terms can be developed, such as the emergence of terms in the title and abstract 

that can be analyzed to understand the latest gaps and trends in this research. However, for some keywords, they 

can only represent the author, as well as the title and abstract of the metadata that has been collected. Keywords or 

terms that are included in research that have relationships and similarities can appear in the VOSviewer 

classification. 

 

b) Topic model and word clouds  

It can be seen in Figure 2, to visualize the corpus of several analyses such as topic models, word clouds 

can use VOSviewer. Feicheng and yating (2014 stated about word clouds on word size is defined as the frequency 

of words in the corpus. To find certain topics, you can use the central word in the cloud, while words that are 

smaller and further from the center are less frequently used. Meanwhile, to discuss latent topics in abstracts, titles 

or keywords that are further away, you can use Latent Dirichlet Allocation (LDA) in wastewater treatment studies. 

To create a list of keywords or terms with frequently used words together and group them into topics that 

frequently appear in each article based on the key terms used. (Li et al., 2021; Mohr and Bogdanov, 2013). LDA is 

different from the VOS technique because LDA is able to produce keywords that are the same or overlap with 

several other topics. LDA is also able to find several identified hidden or missing topics that cannot be detected by 

the VOS technique. Marginal topic probability (MTP) or MTP bar plots can be used to provide a visualization of 

topics in corpus text and sort out the strongest and weakest based on the output of the LDA model (Abayomi-Alli 

et al., 2022). 

 

RESULT AND DISCUSSION 

Bibliometric analysis results 

In this section is a point to see the results of bibliometric analysis that includes several stages of 

identification, filtering, and inclusion. The analysis is focused on the results of VOS techniques, word clouds, and 

topic modeling (can be seen in figures 4,5,6,7,8). 

a) Current research trends and status 

At this stage of analysis, it begins by identifying research trends that have been collected in metadata 

through document publications. To evaluate research trends in order to understand the evolution and trends in 

scientific production. As shown in Figure 3, the number of publications in wastewater treatment research increased 

dramatically in 2017, decreased each year until 2024, and appeared to increase again in 2025. Therefore, as the 

commitment to the environment increases, research on wastewater treatment increases. Scientific literature on 

wastewater treatment can also be analyzed based on the journals that published the research, the country of 

affiliation of researchers (Figure 4). Based on the country affiliation with research contributors, China has the 

highest affiliation, followed by Indonesia, US, Poland, Turkey, Iran, Malaysia. 
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b) Title and Keywords (VOS Mapping) 

Several findings can be generated based on the title and abstract text. Can be seen in Figure 5. The oldest 

terms are aluminum, filtration, efficiency, etc. which show that research before 2019 (purple cluster) is the method 

and materials used for liquid waste processing. Furthermore, research developed (green cluster) to explore the 

coagulation flocculation process, chemical water treatment, wastewater treatment, etc. Until 2021 (yellow cluster) 

and above, it developed with the addition of research for measuring water pollutants, chemical oxygen demand, 

turbidity removal, chemical removal, etc. According to the author’s keywords in Figure 6, some interesting clusters 

and keywords can be generated. The newest keywords are ultrafiltration, floc properties, coagulation performance, 

response surface methodology, process optimization, coagulant aid, flocculation mechanism. The newest keywords 

show the influence on wastewater treatment process. In comparison, the oldest keywords talk about aluminum, 

filtration, efficiency. As shown in Figure 6(a), six keyword clusters can be generated. The furthest cluster group 

among the red clusters seems to discuss the coagulation flocculation management method. The light blue cluster is 

related to data processing or methodology using Response Surface Methodology (RSM) and environmental treatment 

optimization process. The green and dark blue clusters focus on wastewater treatment process (coagulation and 

flocculation) and the impact or test results. While the purple and yellow clusters discuss the chemicals used for 

wastewater treatment, namely poly aluminum chloride, etc. 
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c) Word Clouds Model 

In this step for word clouds of terms and keywords in Figure 7. Word clouds are used to represent the 

frequency of occurrence of keywords and terms in title abstracts based on their density in publications (Alnajem et al., 

2021). Can we see in Figure 7(a), the highest frequency terms found in titles and abstracts are wastewater treatment (f 

= 57), coagulation and coagulant (f = 41), flocculation and flocculant (f = 19), and aluminum sulfate and poly 

aluminum chloride (f = 61).  
In Figure 7(b), the most frequent terms found in author keywords are environmental engineering (f = 25), 

water (f = 14), journal (f = 19), and science (f = 17). The high frequency of poly aluminum chloride, aluminum sulfate, 

coagulation and flocculation indicate that these are the main themes or topics in the metadata. This can also indicate 

that the main focus of wastewater treatment is on the use of poly aluminum chloride, aluminum sulfate and the 

coagulation and flocculation methods used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. List of  

topics generated 

by terms in title and 

abstract and author 

keyword 
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d) Topic modelling of title, abstract, and Keywords 

Furthermore, for LDA topic modeling which can identify paticular corpus about several hidden and laten 

topics (Bhat et al., 2020). From Table 2, it can be seen that all the topics are also found in the VOS map (see 

Figure 5) There are the same keywords such as wastewater treatment, coagulation, flocculation, poly aluminum 

chloride, coagulant, flocculant, pH, turbidity, ultrafiltration, etc. However, there are some hidden keywords that 

only exist in the VOS map, namely water management, water pollution, chemical oxygen demand, etc. 

We can be seen in Figure 8, topics 2 and 7the most significant MTP results in the title and abstract are in, 

which are related to Optimization of the coagulation flocculation method. From the other topics, the keywords 

that appear between topics 3 and 4 are almost the same, about wastewater treatment. While the author's 

keywords are in topic 4, namely the Coagulant Mechanism with Poly Aluminum Chloride. And the average is 

almost the same in topics 1, 5 and 6. Only contain topics 2 and 7 in the title and abstract, which are very similar. 

The third most prominent topic in the title and abstract is Topic 3 and 4, which are interpreted as factors that 

influence wastewater treatment management. This is followed by topics 5,6 and 1 about treatment methode. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e) Wastewater Treatment 

Waste is all waste produced by human and animal activities in the form of solids, sludge, liquids or gases 

that are discarded because they are no longer needed or wanted. B3 waste management is an activity that includes 

reduction, storage, collection, transportation, utilization, processing, and/or landfill. Everyone who produces B3 

waste is required to manage the B3 waste they produce. 

 

Coagulation and Floculation 
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The process of purifying water using coagulant or flocculant is one of the water treatment methods that is 

generally carried out at the beginning of the water treatment system. The addition of the coagulant/flocculant aims 

to form aggregates that form clumps that are bound to each other, namely between the coagulant/flocculant and the 

pollutant particles that are the target of elimination. The principle of the mechanism in this process is the creation 

of chemical coagulation which goes through the stages of destabilization of organic compounds which is continued 

by the process of binding pollutant particles that have been conditioned to be unstable so that they can form 

aggregates or colloids that separate from water molecules. The Coagulation Process can be carried out through the 

stirring stage between the coagulant and raw water and charge neutralization. The principle of coagulation is that in 

raw water there are solid particles, most of which are negatively charged. These particles tend to repel each other 

so that they remain stable in the form of colloids in water. Neutralization of the negative charge of solid particles is 

carried out by adding a positively charged coagulant to the water followed by rapid stirring. (Chen et al., 2015) 

Andi et. al (2023) stated the research results that have been carried out show that this process can be used 

for various purposes including reducing organic pollutant content, reducing turbidity levels, dyes, and pathogens. 

Effective flocculant coagulant substances use PAC. 

Coagulation is the process of destabilizing suspended particles and colloidal particles (including bacteria 

and viruses) by neutralizing their electrical charge so that the repulsive force between particles can be reduced and 

the material used to neutralize the charge is called a coagulant. While flocculation is the process of combining 

unstable particles after the coagulation process by slow stirring to form clumps or flocs so that they can be 

precipitated or filtered. (Rohana & Purwanti, 2019) 

Jartest is a tool used to determine the level of turbidity of a sample. Jartest is usually used to evaluate 

coagulation-flocculation processes and determine the dosage of chemical additions. To reduce the level of 

pollutants in wastewater usually requires chemicals with a certain dosage. The use of jartest aims to optimize 

pollutant reduction by evaluating coagulants and flocculants. 

 

Agents Effectiveness 

Effectiveness is a measure of the success of achieving organizational goals. If the goal has been achieved, 

it can be said to be effective. The effectiveness indicator describes the range of consequences and impacts 

(outcomes) of program outputs in achieving program goals. The greater the contribution of the output produced to 

achieving the specified goals or targets, the more effective the work process of an organizational unit. In finding 

the effectiveness of the composition of materials for this study, there are two agents used to compare the results. 

 

a) Poly Aluminium Chloride (PAC) 

Poly Aluminum Chloride (PAC) is one of the effective coagulants used to bind flocs and form flocs into 

larger sizes. This is because PAC has an active Al2O3 content that binds flocs and reduces the zeta potential of 

colloids by releasing aluminum ions and binding anions in river water so that the repulsive force between colloid 

particles is reduced and the attractive force increases so that the flocs formed are larger and can settle by gravity. 

Poly Aluminum Chloride has the characteristics of a high positive electric charge so that PAC can easily neutralize 

the electric charge on the surface of the colloid and can reduce the repulsive force (electrostatic) between particles 

to the smallest possible so that the colloid particles can approach each other and form larger clumps or flocs.  

Poly Aluminum Chloride (PAC) is a complex inorganic compound between hydroxyl ions (OH) and 

aluminum ions that undergo gradual chlorination. The chlorination reaction is a poly-neuclean (multinuclear atom) 

former with the general formula Aln (OH)mCl(3n-m). Or what is usually used for water treatment is PAC with the 

chemical formula Al12Cl12(OH)24. PAC is in solid and liquid form as a monomer and polymer with a low molecular 

weight in the form of aluminum hydroxyl and soluble colloids. (Marlinda., et al. 2023) 

 

b) Alumunium Sulfate (Alum) 

Aluminum sulfate is a chemical compound with the formula Al2(SO4)3 or better known as alum which is 

widely used in various industries, including as a coagulation agent in drinking water and wastewater treatment. 

helps to clarify water by binding particles and dirt so that they are easily removed. Alum is a white crystal and 

gelatinous which has properties that can attract small particles in water into larger particles in the form of flocs 

which become heavier and easier to settle. 

 

Quality standard parameter 
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The standard quality parameters used in this study are the results of laboratory tests on pH, COD, BOD, 

turbidity and TSS. 

a) Potential of Hydrogen (pH) 

The definition of pH (Potential of Hydrogen) is the degree of acidity used to express the level of acidity or 

alkalinity of a solution. The pH quality standard used in accordance with the Regulation of the Minister of 

Environment Number 5 of 2014 is 6.0-9.0. pH an important role in the quality standards of liquid waste processing 

because an inappropriate pH can hinder the wastewater processing process and have a negative impact on the 

aquatic ecosystem, including the organisms that live in it. 

This change in water pH is due to the greater the coagulant content added, the more H+ ions will be 

released into the water. The pH value of the addition of alum is relatively more stable than that of the PAC 

coagulant. This is due to the presence of H2SO4 compounds that affect H2O compounds, thereby lowering the pH 

value of the water. Acidic solutions based on the activity of hydrogen ions (H+), H+ and OH– come from the 

ionization of H2O molecules. 

 

b) Chemical Oxygen Demand (COD) dan Biologycal Oxygen Demand (BOD) 

Chemical Oxygen Demand (COD) is the amount of oxygen needed to decompose all waste materials 

contained in water, while Biological Oxygen Demand (BOD) is the oxygen needed by microorganisms to oxidize 

chemical compounds. The COD quality standard used in accordance with the Regulation of the Minister of 

Environment Number 5 of 2014 is 300 mg/L while for BOD is 150 mg/L. 

If the ratio of coagulant addition can clarify wastewater, then the COD value or chemical oxygen demand 

can be reduced. However, the figures for the efficiency of reducing turbidity levels and COD content do not give 

the same results. This is because in wastewater there are not only organic compounds that are deposited, so the 

efficiency of COD removal is not the same as the efficiency of removing turbidity levels. COD is an important 

indicator to determine the level of organic pollutants in wastewater. COD measures the amount of oxygen needed 

to chemically oxidize organic substances in water, both easily and difficult to decompose. The higher the COD 

value, the more organic pollutants and the greater the potential for water quality degradation.  

BOD gives an indication of the level of organic pollution in wastewater. If the BOD is high, it means that 

there is a lot of organic matter that needs to be broken down by microorganisms, which requires a lot of oxygen. 

High coagulant doses can clarify waste and reduce BOD values or biological oxygen demand. 

 

c) Turbidity 

Turbidity is the amount of suspended matter in water. Turbidity can be caused by various types of 

suspended material, the more suspended material the more turbid the water will look. Turbidity values are 

expressed in Nephelometric Turbidity Units (NTU). The turbidity quality standard used in accordance with the 

Regulation of the Minister of Health Number 32 of 2017 is 25 NTU. Turbidity is included in the wastewater 

quality standards because it can block sunlight, disrupt aquatic biota, and cause environmental pollution. High 

turbidity can also have an impact on water quality. 

 

d) Total Suspended Solid (TSS) 

Total Suspended Solid or total suspended solids in water are inorganic, organic, and liquid particles that 

cannot mix in water. The TSS quality standard used in accordance with the Regulation of the Minister of 

Environment Number 5 of 2014 is 400 mg/L. TSS (Total Suspended Solids) is included in the wastewater quality 

standards because high suspended solids content can have adverse effects on the environment and human health. 

TSS can cause water turbidity, block sunlight from entering, and disrupt the photosynthesis process of aquatic 

plants, which ultimately reduces oxygen in the water. In addition, TSS can also be a breeding ground for harmful 

bacteria and microorganisms. The TSS value can decrease due to the bonding of aluminum sulfate with colloidal 

particles to form flocs or particles with larger sizes. The particle clumps are easier to settle, so that the waste is free 

from floating solids and the appearance of the waste is clearer. This is what causes the TSS value to be lower than 

before processing. 

 

Performance of treatment process 

Hasan et. al (2020) stated the optimization process was carried out based on pH, coagulant dosage, mixing 

time and mixing speed. The optimal reduction efficiency for the color of the dye sample was 98.53%, while for 
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chemical oxygen demand it was 71.02%, for turbidity 85.89% and for total suspended solids 88.01%. The 

phytotoxicity concentration was 43.24%. 

Xiang-juan et.al (2009) stated parameters affecting the process such as pH, dosage and settling time were 

determined using test tube experiments. 86.4% of color and 92.4% of chemical oxygen demand (COD) could be 

removed at pH 4, 50 mg/l H2O2, 25 mg/l FeSO4, and settling time of 30 minutes. Coagulation using 

polyaluminum chloride (PAC) and ferrous sulfate (FeSO4) was useful for improving the wastewater treated by the 

Fenton process in reducing floc settling time, increasing color and COD removal. The overall removal of color, 

COD, and suspended solids (SS) reached 100%, 93.4%, and 87.2% under certain conditions. 

Audy et. al (2024) stated the use of PAC coagulant is more effective than Aluminum Sulfate in reducing 

COD and BOD, where in this study a concentration of 10% was used. However, in reducing TSS, both have the 

same effectiveness. This study shows that PAC and Aluminum sulfate can reduce TSS by up to 96.8%. The 

effectiveness of PAC and Aluminum sulfate in reducing COD parameters looks better, which is 94.1% compared 

to Aluminum Sulfate, which is 81.3%. Likewise, in reducing BOD parameters, the two coagulants have a PAC 

efficiency of 94.2%, which is better than Aluminum sulfate with an efficiency of 83.2%. 

Shahin et.al (2009) stated about the research is under optimum conditions, COD removal of 62.8% was 

achieved using alum, while removal using PAC was 43.1%. Thus, the relatively low COD removal efficiencies of 

both PAC and alum reinforce the idea that coagulation-flocculation should be used as pre/post treatments for 

leachate treatment. In contrast, higher removal efficiencies for turbidity (94.0%), color (90.7%), and TSS (92.2%) 

were achieved using PAC than using alum (88.4%, 86.4%, and 90.1%) even though the alum dosage was almost 

five times higher than that of PAC. Therefore, this study revealed that PAC is more efficient in improving the 

physical characteristics of leachate than in removing COD; for this reason, PAC is recommended for wastewater 

treatment where COD is not a significant concern. 

Ploypailin et. al (2024) stated about experimental results show that the in-line coagulation and flocculation 

system can effectively pretreat water to remove turbidity, offering advantages such as low energy consumption, 

shorter operating time, and higher removal efficiency compared to conventional methods at the same discharge 

rate. The proposed mathematical model is reliable. The process is promising as an easy-to-integrate alternative in 

compact water treatment plants and can be combined with other separation processes as a hybrid solution. 

Furthermore, further research and trials may be needed to validate the system performance in various scenarios and 

to ensure its reliability in various water sources and treatment contexts. 

Omer et.al (2023) stated according to the results obtained in the study, the highest COD removal efficiency 

was obtained at 37% at pH = 7.0. Considering COD as the most important pollutant in PIWW, the contribution of 

independent variables to the process can be shown as pH > PACS dose > centrifugation time > revolutions per 

minute. In addition, according to the results obtained in the study, the highest color removal efficiency was found 

at 89% at pH = 8. The contribution of independent variables to the process can be given as pH > centrifugation 

time > PACS dose > revolutions per minute. 

Behnam et.al (2023) state the result under optimal conditions, the amount of coagulant (17.5 ppm), 

flocculant (1 ppm), and agitator speed in fast mode (75 rpm) were reported, and the optimal sedimentation rate was 

0.95 cm/min. The percentage of turbidity, total suspended solids, total dissolved solids, chemical oxygen demand, 

and biological oxygen demand of 100 (with an estimate of 0.01), 100 (with an estimate of 0.01), 53, 92, and 86% 

were obtained, respectively. All of these results were obtained at a confidence level of 0.95% with a confidence 

factor of 0.99%, which means that the experimental data are in good agreement with the modeling. In general, the 

combination of filtration method (Plackett-Burman) and response surface method (Box-Benkhen) can be applied to 

optimize the chemical coagulation process for wastewater treatment and processing. 

  

CONCLUSION 

This conclusion from bibliometric analysis can be drown from research on wastewater treatment has 

experienced significant growth years 2025 in recent years, with a surge in publications in 2014. The focus of 

research before 2019 was on wastewater treatment methods, while the latest term shows a growing shift in research 

to the results of testing wastewater quality standards. The analysis shows that several topics attract interest in 

wastewater treatment topics, including the use of more effective chemicals, factors affecting treatment success, etc. 

From research we also can be found gaps in the scientific literature on the impact of wastewater treatment on the 

surrounding environment. And thenfrom the bibliometric analysis wastewater treatment was limited to keywords 

entered in the Scopus database, which may result in bias and not reflect all publications on this topic. Although this 

limitation has been addressed by conducting a rigorous review in the next subsection using a narrative review, the 
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bibliometric analysis may not reveal all hidden gaps related to wastewater treatment study publications. Therefore, 

future studies should consider using other keywords to better visualize wastewater treatment studies.  

Wastewater treatment is an effort to prevent environmental pollution, especially in the industrial sector. 

Therefore, this study reviews several studies that have been conducted on wastewater treatment that the use of poly 

aluminum chloride is more effective than aluminum sulfate and the specified standard quality parameters (for 

example pH, COD, BOD, turbidity, etc) produce better results using poly aluminum chloride 

Dosage, speed, and time of stirring greatly affect the coagulation flocculation process because they affect 

the formation, size, and stability of flocs (clumps of particles) that separate small particles from water. The right 

dosage to ensure that the coagulant (a chemical that causes particles to lose their charge and come closer together) 

is effective in binding small particles and forming flocs. The optimal speed to help form larger and more stable 

flocs, making them easier to settle. Sufficient time to give enough time for particles to collide with each other, 

bond, and form larger flocs. In essence, the dosage, speed, and time of stirring must be optimized to obtain ideal 

flocs (large, stable, and easy to separate) in the coagulation flocculation process. 
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