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environment, but also to the possible reuse in agricultural irrigation. The objective of this research was to optimize 

the coagulation and flocculation process to reduce the COD in the DWW of a tributary of the Mantaro River in the 

district of El Tambo-Huancayo. The developed methodology included the collection of DWW through representa-

tive sampling, the initial and final measurement of the COD and pH, the preparation of the coagulating agent and 

the adjustment of the intensity of agitation using the jar test equipment; using a 4×2 factorial design. Four PAC 

concentrations (40, 60, 80 and 100 ppm) and two agitation speeds (100 and 200 rpm) were tested using jar tests 

under controlled conditions. The results showed statistically significant differences between treatments (p < 0.001). 

The combination of 60 ppm PAC and 100 rpm achieved the highest efficiency, with a 69.33 % COD removal. At 

higher doses, a decrease in performance was observed, attributed to the phenomenon of overdosing. The coagulation 

process proved to be effective in decreasing COD in DWW, and optimization of treatment parameters can further 

improve its efficacy. 

1. INTRODUCTION 

Water is an essential and fundamental natural resource for all living beings and is necessary for various 

agricultural, industrial, domestic, and other activities. However, excessive consumption of water has led to a 

significant increase in the generation of DWW, which generates higher Chemical Oxygen Demand (COD) due 

to effluents from various sectors. These effluents compromise the quality of surface and groundwater, introduc-

ing contaminants that are harmful to the environment and human health. 

Currently, the generation of DWWs is of great concern, due to its discharge into water bodies without any 

treatment, therefore, an adequate method is essential to guarantee its safety, cleanliness and suitability to be 

discharged again into water resources (Tauseef et al. 2023, Vishali et al. 2023, Narayanan et al. 2025), since 

they offer potential as a source of water, energy and in agriculture due to having nutrients and fertilizing ele-

ments such as nitrogen and phosphorus (Abdo 2023, Narayanan et al. 2025). 

Untreated water represents a risk to public and environmental health, hence, efforts are being made to 

reduce environmental impact and improve quality of life (Tauseef et al. 2023, Worku et al. 2024). 

DWW generally present high levels of ammonia, total phosphorus, COD, pharmaceutical residues and a 

substantial population of microorganisms (Chen et al. 2024). Due to their salt content, they are treated by a 

combined sedimented coagulant process (Li et al. 2024). DWW have a high content of organic compounds and 

nutrients, as well as some pollutants such as suspended solids and heavy metals, which can be recovered through 

physical and chemical treatments; the nutrient content benefits plant growth and production; however, in high 

concentration they generate eutrophication in surface waters such as rivers and lakes, altering the ecosystem 

and generating a negative impact on water quality (Buslima et al. 2024). 

COD is an essential parameter to assess organic pollution in water bodies, removing and determining the 

amount of oxygen equivalents needed to oxidize the organic material present in wastewater and industrial waters 
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(Gilpavas et al. 2018, Medina-Valderrama et al. 2020, Worku et al. 2024). Increasing levels of COD indicate an 

organic concentration in domestic wastewater. This leads to a decrease in oxygen in the wastewater (Gilpavas 

et al. 2018, Worku et al. 2024). 

High concentrations of COD in wastewater and industrial waters cause deoxygenation of waters in contact 

with some substance affecting the O2 requirement of aquatic organisms (Mayta and Mayta 2017, Gilpavas et 

al. 2018). COD measurement is very useful to estimate the oxygen requirements of industrial discharges, when 

the biochemical oxygen demand is not very effective due to the presence of toxic or other inhibitory substances 

(Mayta and Mayta 2017). Optimizing the coagulation mechanism can not only result in a decrease in COD, but 

can also contribute to the reduction of operating costs and improve the sustainability of wastewater treatment 

(Hidalgo et al. 2023). 

The coagulation process has been established as an essential technique in wastewater treatment, which is 

realized by the addition of coagulants that facilitate the agglomeration of particles and organic matter, allowing 

their subsequent elimination (Zhang et al. 2023). However, efficiency of the coagulation process depends on 

factors such as coagulant choice, applied dose, pH and specific characteristics of the wastewater (Muniz et al. 

2020). Recent research has shown that the optimization of these variables can lead to a significant reduction in 

COD, improving the operational efficiency of treatment plants (Wang et al. 2022). 

Coagulation, flocculation and decantation are physical and chemical processes aimed at optimizing the 

removal of suspended solids and reducing COD in DWW effluents (Addich et al. 2024, Corpus et al. 2024). 

Efficiency of the coagulation/flocculation mechanism in jar tests depends on the type, dosage and nature of the 

coagulant, as well as mixing speed and water quality (pH, ionic strength and presence of contaminants) (Acarer 

2023). The application of mixed coagulants is found to be effective in reducing COD (Getahun et al. 2024). 

Coagulation has been widely used in most processes due to its phase change, easy operation, low cost and high 

efficiency. Conventional coagulants include inorganic coagulants based on iron (Fe) and aluminum (Al) and 

prehydrolyzed inorganic coagulants such as polyferric sulfate and polyaluminum chloride (PAC) (Shi et al. 

2023, Addich et al. 2024). 

Currently, inorganic polymer compounds used as coagulants are of scientific interest because they contain 

various chemical groups such as iron, sulfate, aluminum and silicate, and are easily forming molecular structures 

with improved coagulation efficiency (Addich et al. 2024). In the combined flocculation-flotation process, the 

flocculated particles containing hydrophobic polycyclic aromatic hydrocarbons meet and adhere to the mi-

crobubbles and float to the surface, thus effectively reducing the COD content (Li et al. 2024). 

PAC can be harmful to health, and it is recommended to reduce its concentration, which also reduces the 

turbidity of wastewater (Nti et al. 2021). The use of PAC as a coagulant agent in the treatment of wastewater 

with domestic effluents significantly optimizes the removal of suspended solids and microplastics (Kwon et al. 
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2022). The jar assay test and the preparation of the coagulant solution must be carried out in parallel to avoid 

alterations in the results (Meza-Leones et al. 2018). 

The present study is focused on optimizing the coagulation-flocculation process in domestic wastewater, 

and identification the optimal conditions for reducing COD and contributing to more efficient management of 

water resources. 

2. MATERIALS AND METHODS 

This study was classified as propositional, aimed at developing solutions for optimizing the treatment of 

DWW and reducing COD, with a view to promoting the use of treated effluents. 

Wastewater Collection 

The DWW samples were collected from a collector that flows into the Mantaro River, located in the Pio 

Pata urban province, in the district of El Tambo, province of Huancayo. This wastewater comes from various 

domestic sources, including kitchens, sinks, showers and toilets. 

Study Location 

The sampling was carried out in the Pio Pata urban province, located at an altitude of 3225 meters above 

sea level, with geographic coordinates of longitude X = 8665910 and latitude Y = 0474853. 

Sampling Process 

Representative sampling was carried out according to the Surface Water Monitoring Protocols relevant to 

the region. A representative sampling was carried out in 16 samples every 5 minutes according to the Surface 

Water Monitoring Protocols pertinent to the region. 25 liters of DWW were collected in sterilized plastic 

containers, the samples were kept at room temperature for immediate transport to the laboratory. The samples 

were divided into 16 portions. pH and temperature (degree Celsius, °C) were measured in situ using a waterproof 

multiparameter meter (HANNA, HI 9829 model). COD was analyzed in the water analysis laboratory of the 

Faculty of Chemical Engineering of the National University of the Center of Peru, by the method of Meza-

Leones et al. (2018). 

Preparation of the Coagulant 

For coagulant preparation, 1 g of PAC (Aln(OH)mCl(3n-m)) was weighed using a high-precision analytical 

balance (Armotec, VE-204 model). The coagulant was dissolved and diluted to a final volume of 100 mL with 

deionized water to obtain concentrations of 40, 60, 80 and 100 ppm, according to the protocol described by 

Meza-Leones et al. (2018). These concentrations between 40 and 100 ppm of coagulant were based on previous 
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studies that worked similarly at 50 and 100 ppm in aluminum sulfate and natural coagulant such as Moringa 

oleifera, in the clarity of wastewater, surface, as for the removal of turbidity and organic matter; likewise the jar 

test showed that below 40 ppm there is no good coagulation, while above 100 there is a favorable improvement. 

For this reason, the range of 40 - 100 ppm is efficient, balanced and rational in the use of natural inputs as 

proposed by Liu et al. (2021) and Shan et al. (2017). 

Wastewater Treatment 

The DWWs were subjected to a coagulation process using the coagulant PAC (Aln(OH)mCl(3n-m)). A 

pilot test was carried out using a jar test, with four Lovibond brand glasses (ET-740 model). 

Coagulation Process by Jar Test 

A jar test equipment consisting of four 2 L vessels each was used, where random treatments were carried 

out following a factorial design. One liter of homogenized DWW sample was introduced into each vessel and 

the coagulant was supplied by syringes, according to predefined concentrations. The equipment was configured 

to carry out the coagulation and flocculation mechanisms, following the protocol adapted from (Perez et al. 

2022). 

Conditions of the Coagulation and Flocculation Process 

The coagulation process was carried out for 5 minutes, with stirring intensities of 100 rpm and 200 rpm, 

according to the factorial design. Flocculation was carried out for 20 minutes, followed by a 30-minute 

sedimentation phase. Subsequently, 2 mL of sample from each treatment was transferred to vials for COD 

quantification. The samples were subjected to digestion in an ET reactor at 150 °C for a period of 2 hours, with 

capacity for 8 test tubes. After a 30-minute cooling period, the COD concentration was determined using a UV-

Vis Spectrophotometer 1203. 

Statistical Data Analysis 

A 4 x 2 factorial arrangement experimental design was applied to evaluate the optimum for coagulant 

concentration and agitation intensity to achieve COD decrease. This statistical factorial design of 4X2 serves to 

compare 8 combinations, served to evaluate the concentrations of the coagulants in 4 levels such as: 60, 60, 80 

and 100 ppm and 2 levels such as acid and neutral; being the only variables of study and of interest to maintain 

the operative viability in the study and to focus only on the most critical factors identified in the stage of previous 

diagnosis, by the interaction between both factors, making impossible a unifactorial as a design. Coagulation 

tests were performed using various concentrations of PAC (Aln(OH)mCl(3n-m)) and variations in agitation 

intensity in the jar test apparatus. The obtained samples were subjected to quantitative analysis to evaluate the 

COD concentrations before and after treatment. Subsequently, ANOVA was performed to test difference 
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between the treatments (the difference was significant at p ˂ 0.05) and then the Tukey Test was applied to solve, 

which was the best treatment. Normality tests (Shapiro-Wilk); homogeneity of variances (Levene) and the 

residuals plot were performed using Minitab 2019 statistical software, applied to the results obtained in the 4×2 

factorial design. 

3. RESULTS AND DISCUSSION  

The DWWs were initially subjected to a coagulation process to determine the optimal treatment conditions. 

Chemical coagulation was carried out by means of a jar test using a pilot test design. The presented in Table 1 

results indicate COD of 298.95 ppm and pH of 6.83. These values show high levels of COD, according to the 

Technical Standard of Environmental Quality of Law No. 28611 of Peru, as well as pH that is classified as 

slightly acidic, which is relevant for the analysis of the quality of treated water. 

         Table 1: Initial physicochemical characterization of ARD. 

Initial sample COD (ppm) Temperature (°C) pH 

Mi (x)* 300.60 14.00 6.83 

Mi (y)* 297.30 14.00 6.83 

*Mi: Initial sample 

(x) first measurement. 

(y) repetition of the first measurement 

Table 2: Conditions of treatments. 

 

Sample 

Concentration of the coagula-

tion agent 

(ppm) 

Intensity of 

agitation (rpm) 

 

Treatment 

M1 40.00 100.00 Tr1 

M2 60.00 100.00 Tr3 

M3 80.00 100.00 Tr5 

M4 100.00 100.00 Tr7 

M5 40.00 200.00 Tr2 

M6 60.00 200.00 Tr4 

M7 80.00 200.00 Tr6 

M8 100.00 200.00 Tr8 

Table 2 shows the parameters established for the eight treatments applied, considering coagulant concentra-

tion and agitation speed as independent variables. Each experimental configuration was identified by a specific 

code (Tr1 to Tr8), which made it possible to systematically organize and analyze the trials. This experimental 
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approach allowed a comprehensive evaluation of the combined impact of both variables on the effectiveness of the 

coagulation-flocculation process in the treatment of domestic effluents. 

Table 3: Treatments according to the 4x2 factorial arrangement. 

SAMPLE Coagulating agent concentra-

tion (ppm) 

Stirring intensity (rpm) COD 

(ppm) 

pH 

M1x 40.00 100.00 163.50 6.57 

M1y 40.00 100.00 158.20 6.50 

M2x 60.00 100.00 91.70 6.40 

M2y 60.00 100.00 94.10 6.43 

M3x 80.00 100.00 132.40 6.27 

M3y 80.00 100.00 129.50 6.31 

M4x 100.00 100.00 190.80 6,11 

M4y 100.00 100.00 193.40 6.13 

M5x 40.00 200.00 123.20 6.41 

M5y 40.00 200.00 126.60 6.42 

M6x 60.00 200.00 162.40 6.40 

M6y 60.00 200.00 158.00 6.40 

M7x 80.00 200.00 171.80 6.23 

M7y 80.00 200.00 174.10 6.19 

M8x 100.00 200.00 183.50 6,11 

M8y 100.00 200.00 186.70 6.10 

*M1: Sample 1; M2: Sample 2; …..M8: Sample 8 

x , y: Treatments 

Table 3 shows the data obtained after the application of a 4×2 factorial design, which included four coag-

ulant concentration levels (40, 60, 80 and 100 ppm) and two agitation speeds (100 and 200 rpm). Each combi-

nation was replicated (x, y) to ensure statistical validity and reproducibility of the experimental results. 

Although the treatment with 60 ppm PAC at 100 rpm presented the highest efficiency in COD separation, 

a reduction in performance was identified when the coagulant dose was increased to 100 ppm. This decrease is 

generated by a common phenomenon in coagulation-flocculation systems called overdosing. When an excessive 

amount of coagulant is added, suspended particles can experience a surface charge reversal, generating repulsion 

instead of attraction, which prevents the formation of stable flocs. According to Guo et al. (2015); in the treat-

ment of wastewater with high colloidal content, a high dose of flocculants can cause the dissolution of already 

formed flocs, reducing their weight and sedimentation capacity. 
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According to Liu et al. (2023), in waters with potato starch, increasing coagulant above the optimum level 

resulted in a more dispersed colloidal structure, making clarification more difficult. These findings coincide 

with what was observed in this research, and show the importance of maintaining a balance between effective 

dosage and flocculant stability. 

 

 

 

Table 4: Decrease in COD. 

The initial value 298.95 ppm corresponds to the average of three independent COD measurements, per-

formed on the same composite wastewater sample. The low observed variability of ±1.3 ppm is due to the good 

homogeneity of the sample before the tests, which allowed obtaining consistent values in the initial measure-

ments. 

Table 4 presents the COD values before and after the treatment applied to the DRAs, indicating the absolute 

and percentage reductions achieved with each treatment. The most efficient result was the one corresponding to 

60 ppm of poly aluminum chloride (PAC) with an agitation of 100 rpm (M2x), reaching an average decrease of 

69.33 % in COD, which evidences a high efficiency of the process. This performance is attributed to the action 

SAMPLE 
Initial COD 

(ppm) 

Post treatment COD 

(ppm) 

Decrease in COD 

(ppm) 

Decrease in COD (%) 

M1x 298.95 163.50 135.45 45.31 

M1y 298.95 158.20 140.75 47.08 

M2x 298.95 91.70 207.25 69.33 

M2y 298.95 94.10 204.85 68.52 

M3x 298.95 132.40 166.55 55.71 

M3y 298.95 129.50 169.45 56.68 

M4x 298.95 190.80 108.15 36.18 

M4y 298.95 193.40 105.55 35.31 

M5x 298.95 123.20 175.75 58.79 

M5y 298.95 126.60 172.35 57.65 

M6x 298.95 162.40 136.55 45.68 

M6y 298.95 158.00 140.95 47.15 

M7x 298.95 171.80 127.15 42.53 

M7y 298.95 174.10 124.85 41.76 

M8x 298.95 183.50 115.45 38.62 

M8y 298.95 186.70 112.25 37.55 
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of PAC at that concentration, which favors the formation of highly charged polynuclear hydrolyzed species, 

such as [Al₁₃O₄(OH)₂₂₄(H₂O)₁₂]⁷⁺. These species possess a high positive charge that favors the neutralization of 

colloids present in water. As the zeta potential decreases, the attraction between particles intensifies, facilitating 

their agglomeration into dense and easily sedimentable flocs. This mechanism, described in recent studies 

(Wang et al. 2015; Youssef et al. 2023; Sun et al. 2024), supports the effectiveness observed in the treatment 

applied. 

 

This balance between contaminant load and coagulant dosage avoids adverse effects. Insufficient doses 

may not completely neutralize the particles, while high concentrations (such as 80 or 100 ppm) may cause 

colloidal re-stabilization, generated by a positive overload. This excess of coagulant ions reverses the charge of 

the particles and hinders the formation of stable flocs, significantly reducing the effectiveness of the treatment. 

Such behavior has been documented in studies on chemical coagulation using metallic salts (Amiri et al. 2022; 

Singh et al. 2024; Xiao et al. 2024). 

In coagulation, the initial rapid agitation seeks to maximize the contact between the coagulant and the 

suspended particles, facilitating the formation of floc nuclei. Then, slow agitation allows these to increase in 

size and density, favoring their sedimentation. This sequential process is key to improving organic matter re-

moval. Recent studies indicate that both the intensity and duration of agitation influence the physical character-

istics of the flocs. Rapid agitation promotes initial floc formation, but over-stirring can fragment the flocs and 

reduce their efficiency. In contrast, subsequent moderate agitation favors more uniform, porous and easily sep-

arable flocs. This dynamic has been extensively documented by Hudson (1965), Yu et al. (2022) and Jin et al. 

(2025). 

Getahun et al. (2024) reported effectiveness of COD removal so high as 98.24% to 98.41%, wherein mixed 

coagulants presented better results than using a single type; pH value was 8.76, and coagulant dose was 0.750 

g per one liter. For his part, Abdo (2023), reached COD levels of 169 molar at 68.4% and 40 molar at 84.9%. 

Medina-Valderrama et al. (2020) documented that, when using the Fenton process in the processing of 

wastewater from a slaughterhouse, a final COD of 934.14 mg O₂/L and a pH of 7.10 were obtained, evidencing 

a significant reduction in COD and, therefore, an improvement in water quality. To optimize the reduction of 

COD in domestic wastewater (DWW) by the coagulation mechanism, the jar test was used, a laboratory analyt-

ical method designed to evaluate the effectiveness of coagulating agents and the operating conditions of the 

coagulation and flocculation process. This approach mainly aims to identify the optimal conditions for 

wastewater treatment. 

Meza-Leones et al. (2018) suggested careful verification of the preparation of the jar test in each repetition 

and the immediate preparation of the coagulant solution to avoid discrepancies in the results. Perez et al. (2022) 
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performed jar tests on secondary effluents generated in a wastewater treatment plant on two different dates. 

Dosages of Al2(SO4)3 from 40.00 to 220.00 mg/L and from 10.00 to 100.00 mg/L, as well as anionic polyelec-

trolyte from 0.4 to 1 mg/L. According to the manufacturer, these concentrations are crucial for the control and 

optimization of tertiary treatments in a wastewater treatment plant. 

Coagulation and flocculation are commonly applied processes to remove suspended solids and reduce COD 

in domestic wastewater. Corpus et al. (2024) also highlight their effectiveness against emerging pollutants, un-

derlining their versatility. However, the presence of complex organic compounds such as humic acids can hinder 

floc formation by blocking the active sites of the coagulant. This makes it necessary to adjust both the agitation 

intensity and the applied dosage according to the water composition. Research by Yu et al. (2022) and Liu and 

Yu (2022) agree that a combination of fast followed by slow agitation, proper dosing and precise pH control are 

key to achieving stable and effective flocs for contaminant removal. 

The efficiency of the coagulation/flocculation mechanism in jar tests is determined by the type, dose and 

nature of the coagulant, as well as by the mixing speed and water characteristics (pH, ionic strength and presence 

of contaminants) (Acarer 2023). 

Table 5: Results corresponding to % of COD in DWW treatments. 

Repetitions 

40 ppm 60 ppm 80 ppm 100 ppm 

100 

rpm 

200 

rpm 

100 rpm 200 

rpm 

100 rpm 200 rpm 100 rpm 200 

rpm 

Treatments 

Tr1 Tr2 Tr3 Tr4 Tr5 Tr6 Tr7 Tr8 

1 45.31 58.79 69.33 45.68 55.71 42.53 36.18 38.62 

2 47.08 57.65 68.52 47.15 56.68 41.76 35.31 37.55 

Average 46.20 58.22 68.93 46.42 56.20 42.15 35.75 38.09 

Table 5 presents a summary of the analysis of the COD percentage based on the experimental design ap-

plied to the eight treatments, each replicated twice, resulting in a total of 16 trials. To assess the differences 

between treatments, a Completely Randomized Design (CRD) with a 4 x 2 factorial arrangement was used, as 

detailed in Table 5. The optimal concentration of the coagulant agent PAC (Aln(OH)mCl(3n-m)) was set at 60 

ppm, and the optimum stirring intensity was 100.00 rpm, achieving a 68.92% reduction in COD. According to 

Meza-Leones et al. (2018), Al2(SO4)3 is another coagulant, which can decrease turbidity by up to 96%, while 

Moringa oleifera seed reduces turbidity by 64%. Note, Moringa oleifera, being a low-cost and low-toxicity 

natural coagulation agent, is presented as a partial alternative to Al2(SO4)3, without harmful effects on human 

health. In addition, the use of PAC as a coagulating agent in the treatment of domestic effluents significantly 

optimizes the removal of suspended solids and microplastics, according to Kwon et al. (2022). Table 6 shows 
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the analysis of variance (ANOVA), where a p-value less than 0.05 indicates that the analyzed factor has a sig-

nificant influence on the response variable of the study. On the contrary, a p-value greater than 0.05 suggests 

that the factor has no significant effect. 

This behavior observed in the tests agrees with the principles of the DLVO (Derjaguin, Landau, Verwey 

and Overbeek) theory, which states that, as the repulsive forces between particles are reduced, Van der Waals 

attractive forces predominate, facilitating the formation of stable aggregates (Zhang et al. 2015; Galli et al. 

2020). 

Table 6: ANOVA for percentage reduction of DWW COD. 

Source of variation GL SC Ajust. MC Ajust. F value p-value 

Concentration 3 1389.20 463.065 1386.80 0.000 

Agitation intensity 1 184.73 184.732 553.24 0.000 

Concentrations*Intensity 3 1096.54 365.512 1094.64 0.000 

Error 16 5.34 0.334   

Total 23 2675.81    

S = 0.577849  R-squared = 99.80%  R-sq.(adjusted) = 99.71% 

It was observed that the p value = 0.0001 indicates that both, the coagulant agent dose and the agitation 

intensity, have a significant impact on the COD in DWW from the Mantaro River, specifically in the samples 

collected from the Pio Pata urban province. These findings suggest that the coagulation process is effective for 

reducing COD in domestic wastewater, and that the optimization of these parameters could further increase the 

treatment effectiveness. In the case of wastewater with high salt content, a remarkable removal was achieved 

through a combined coagulation and sedimentation process, conforming to a quasi-second order kinetics (Li et 

al. 2025). Similar results were reported by Meza-Leones et al. (2018), who analyzed the impact of Al2(SO4)3 

and Moringa oleifera seed on water transparency in the Malambo swamp. To identify significant differences 

between treatment means, the Tukey statistical test was used, which allows to compare the treatment results.  

To support the ANOVA assumptions and validate the results, the main statistical assumptions were verified 

using Minitab 19 software. The Shapiro-Wilk test was applied, obtaining a value of p = 0.034, indicating a slight 

deviation from normality. However, due to the small sample size (n = 16), this deviation is considered acceptable 

in the experimental context. Levene's test was significant (p < 0.001), indicating differences in variances. This 

context is common in experimental studies with few replicates, and does not invalidate the results, especially 

when supported by visual evidence. 

Figure 1 shows the plot of standardized residuals vs. fitted values. The random distribution of the points 

around zero, with no definite patterns, supports the validity of the model and the independence of errors. 
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Figure 1: Graph of standardized residuals vs. adjusted values of the ANOVA model applied to COD reduction. 

Note. Own elaboration from the residuals of the 4×2 factorial model adjusted with Minitab. 

These results allow reasonable acceptance of ANOVA assumptions to evaluate the effect of poly aluminum 

chloride (PAC) on COD reduction in domestic wastewater. 

Table 7 details the means corresponding to each treatment, where the means that do not share a similar 

letter indicate significant differences in coagulant dose, Al2(SO4)3 concentration, and agitation speed. 

Table 7: Tukey comparison test 0.05. 

Treatments 

(Concentration*Stirring intensity) 

N Average 

21 (C2 V1) = Tr3 3 68.925a 

12 (C1 V2) = Tr2 3 58.22b 

31 (C3 V1) = Tr5 3 56.195c 

22 (C2 V2) = Tr4 3 46.415d 

11 (C1 V1) = Tr1 3 46.195d 

32 (C3 V2) = Tr6 3 42.145e 

42 (C4 V2) = Tr8 3 38.085f 

41 (C4 V1) = Tr7 3 35.745g 

C: Concentration. V: Stirring speed. 

The results obtained using the Tukey statistical test (p < 0.05) indicate significant differences between the 

treatments, depending on the concentration of the coagulant agent and the intensity of agitation. Since PAC can 

pose health risks, it is recommended to limit its concentration to 20 mg/L, which has been shown to be effective 

in reducing water turbidity by 96% (Nti et al. 2021). 
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Figure 2: Percentage of COD reduction. 

*A, B, C, D, E, F  and  G; These are statistical variations. 

According to Medina-Valderrama et al. (2020), some treatments showed slight differences in efficacy, 

achieving COD removal exceeding 70%. In a comparative study, Gilpavas et al. (2018) reported a COD reduc-

tion from 420.00 to 195.00 mg/L in treated water from the textile industry, using a chemical coagulation ap-

proach combined with the Fenton process. Likewise, Diaz et al. (2021) achieved an efficient reduction of 81% 

in COD. 

The high efficiency of PAC at 60 ppm may also be attrubuted to the formation of Al₁₃-type hydroxylated 

species, whose polynuclear structure allows a higher particle agglomeration capacity. These species prove to be 

more efficient than single monomers of aluminum sulfate, which explains the observed advantages of PAC in 

this study (Abu Bakar and Halim 2013; Daryabeigi Zand and Hoveidi 2015; Thom et al. 2024). 

4. CONCLUSIONS 

The present study represents a first documented effort to optimize the use of aluminum polychloride (PAC) as 

a coagulant for the removal of organic matter, expressed as COD, in domestic wastewater from the region of El 

Tambo, Huancayo. The results obtained show that the combination of 60 ppm PAC with an agitation of 100 

rpm constitutes the optimum condition, reaching an efficiency of up to 68.93 % in COD reduction. This finding 

highlights the potential of PAC as a viable and effective alternative to improve water quality in local urban 

environments, provided it is used under controlled parameters. It also confirms that the effectiveness of the 

coagulation-flocculation process depends, to a large extent, on the proper selection of operating variables, 

mainly the coagulant dosage and mixing intensity. On the contrary, excessive doses, such as 100 ppm, resulted 

in a considerable decrease in efficiency, with removals below 36 %. This highlights the importance of avoiding 
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overdosages that can generate adverse effects on the colloidal stability of the system. However, this work pre-

sents certain limitations, such as the limited number of samples and the short evaluation period, which restricts 

the possibility of extrapolating the results to other conditions or scales. Therefore, it is recommended for future 

research to replicate these tests in real treatment plants. 
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