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 Abstract: The rapid development of the aquaculture industry has contributed to the 
high amount of nutrients in wastewater that subsequently led to eutrophication and 
deterioration of water quality. Aquaculture wastewater consists of uneaten fish feed, fecal 
and other excretion or residue of chemicals used. Thus, this study aimed to evaluate the 
performance of hybrid coagulants of Moringa oleifera (MO) and copperas for 
aquaculture wastewater treatment. In this present study, different formulations of MO 
and copperas were explored in the coagulation treatment of aquaculture wastewater 
using a jar test experiment. The FTIR and SEM analysis are used to determine the 
morphology and surface of MO. This study focuses on the effect of coagulant aids 
formulation, coagulant dosage, the effect of initial pH and coagulation time on turbidity 
and ammonia removal in the coagulation of aquaculture wastewater. The finding shows 
that the highest removal of turbidity and ammonia was obtained with the use of 80% MO 
and 20% copperas at the condition of initial pH of 6 at 20 min of coagulation time, with 
the highest percentage removal of 66% and 91%, respectively. The coagulation isotherm 
of hybrid coagulant 80:20 is well described with the Freundlich isotherm model which 
describes the surface heterogeneity. 
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■ INTRODUCTION 

The aquaculture industry is one of the fastest-
growing industries all around the world. However, the 
long-term sustainability of the aquatic environment has 
raised worries over the environmental impact of this 
imperative sector because of its negative impact on 
aquatic ecology and systems. This is due to aquaculture 
intensification requiring the use of highly nutritious feeds 

and other compounds that produce waste that is hard to 
curb and is harmful to aquatic life in most cases [1]. Most 
aquaculture systems produce great amounts of 
wastewater containing compounds such as suspended 
solids, nitrogen, and phosphorus [2]. Any discharge of 
wastewater into aquatic ecosystems in the form of 
effluents may lead to changes in the receiving 
environment. High organic load in wastewater from 
aquaculture will contribute to the eutrophication of 
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receiving water bodies, which causes a lot of havoc in 
aquatic ecosystems on biodiversity. The aquaculture 
sector contains a complex mixture of pollutants. 

The most common toxic pollutants are ammonia, 
nitrogen, phosphorus, pathogens, and ammoniacal 
nitrogen. Ammonia is a colorless gas with a strong scent 
which contains compounds of nitrogen and hydrogen [3]. 
Ammonia in water is converted to nitrite and nitrate 
through the nitrification process by two bacteria, 
Nitrosomonas and Nitrobacter [4]. When the levels of 
nitrogenous compounds (ammonia, nitrite, and nitrate) 
exceed the prescribed limits can affect aquatic life. One of 
the main reasons for unexplained losses in hatcheries is 
the toxicity of ammonia. Although the ammonia molecule 
is an essential nutrient, excessive amounts of ammonia 
may accumulate and alter the organism’s metabolism or 
raise the pH level in the body. 

Because hazardous contaminants and other factors 
affecting water quality have a direct impact on the 
effectiveness of feed and growth rates for fish health and 
survival. Due to the evident cause of environmental 
climate change, these characteristics have not remained 
constant for a while now. There is a need for improvement 
in the development and transfer of technology in catfish 
breeding and hatchery to stabilize the supply of fish. 

Treatment of wastewater for pollutant removal is 
very crucial since it can cause a threat to potable drinking 
water sources, fisheries, and recreational water bodies. 
Membrane technology [5-6], liquid membrane [7], and 
adsorption [8-11] are a few of the treatment techniques 
and technologies utilized to treat wastewater. However, 
certain technologies already in use still struggle to comply 
with the standard of discharge, the restrictions that have 
been set up, difficulty in scaling up, and come at a high 
cost. Several studies have been conducted for efficient 
systems for wastewater treatment, including constructed 
wetland technology [12], the use of fish meal in removing 
heavy metals [13], microalgae [14], and others [15]. It is 
believed that wetland was one of the most cost-effective 
and well-known treatment methods that have been 
established [16]. 

Another method for treating aquaculture 
wastewater is coagulation-flocculation which helps to 

remove suspended solids, turbidity, and other inorganic 
compounds that can disturb the water quality and water 
ecosystem. Coagulation-flocculation is considered an 
excellent pre-treatment method for wastewater since 
there is low energy required, the cost is reasonable, and 
it is easy to operate. The removal mechanism is primarily 
caused by cationic hydrolysis products' ability to charge-
neutralize negatively charged colloids, which facilitates 
the formation of microflocs by encouraging early 
colloidal particle aggregation [17]. Two types of 
coagulants used for the removal of pollutants are either 
natural coagulants or chemical coagulants. Using 
chemical coagulants such as aluminum sulphate (alum) 
is a very common treatment method that is used mainly 
in the water treatment process. Inorganic coagulants 
such as alum, ferrous sulphate, and ferric chloride has 
been used to recover pollutant removal through 
coagulation-flocculation and was demonstrated 
successfully efficient in achieving the aims. However, 
excessive use of chemical coagulants may be 
unacceptable for aquaculture purposes as they have 
negative effects on aquatic life. 

It has been demonstrated that a natural coagulant 
like Moringa oleifera (MO) can be utilized to treat effluent 
from aquaculture mainly to remove ammoniacal 
nitrogen, phosphorus, and turbidity [18-20]. Treatment 
sequence of wastewater using MO seeds by coagulation–
flocculation to sedimentation-filtration showed 
maximum turbidity and elimination of suspended 
materials. Powdered seeds produce less volume of sludge 
and promote the removal of chemical oxygen demand 
(COD) [21]. The seeds have successful properties of 
coagulation that were verified in laboratory studies. The 
seeds do not hurt humans or animals. It is also very 
effective in reducing the presence of microorganisms in 
raw water. The physicochemical treatment shows 
encouraging pollutant mitigation efficiency. These may 
be due to relatively active flocs produced at the relatively 
high dosage of seeds. The extreme flocs are more likely 
to resist the hydraulic shear forces encountered during 
filtration. 

Water handled with MO seeds is therefore better 
compared to alum. The seeds did not affect the water's 
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pH value significantly, but they served as a pH corrector. 
For comparison, when treated with alum, the pH value 
decreased to 4.2. It has shown that MO seeds will be more 
economical and environmentally important for wastewater 
treatment than aluminum or other chemicals. A by-
product of the titanium industry, copperas is chemically 
known as ferrous sulfate. By lowering the electrostatic 
surface charge in an acidic or alkaline pH range, the 
presence of this hydrolyzed metal species can encourage 
the agglomeration of particles in wastewater. Copperas 
and MO seeds have lately gained interest in water and 
wastewater treatment technologies due to their exceptional 
efficacy and cost-effectiveness. Hybrid components are 
novel materials with a high potential to treat wastewater 
when compared to inorganic coagulants and organic 
flocculants, respectively [22]. There have recently been 
many previous works of coagulation/flocculation 
techniques for treating water and wastewater. However, 
the hybrid materials chosen in this study have not been 
extensively compared and discussed. 

The ultimate objective of this present study is to 
determine the efficiency of hybrid coagulants (copperas 
and MO seed) for aquaculture wastewater treatment. 
Copperas and MO were characterized in terms of 
morphology and chemical composition, using scanning 
electron microscopy (SEM), Fourier transform infrared 
(FTIR), and X-ray diffraction (XRD). The removal of 
turbidity and ammonia with this hybrid coagulant is 
being studied at various formulations, dosages, and initial 
pH levels. The Freundlich and Langmuir isotherm models 
were utilized in a coagulation equilibrium investigation, 
and ANOVA was used to statistically validate the data. 

■ EXPERIMENTAL SECTION 

Materials 

The aquaculture wastewater used in this study was 
obtained from the discharged point of a catfish pond in 
UMT Hatchery. Aquaculture effluent that was discharged 
was collected in 40 L plastic containers in an acceptable 
amount. Before being taken to the lab, the containers were 
labelled and sealed appropriately. Prior to use, this 
wastewater was maintained below 4 °C to prevent sample 
degradation brought on by microbial activity. 

Venator Asia Sdn. Bhd., Teluk Kalung, 
Terengganu, Malaysia, provided the copperas while the 
analytical grade of calcium hydroxide (Ca(OH)2), 
sodium hydroxide (NaOH), and hydrochloric acid 
(HCl) were acquired from Sigma-Aldrich in the United 
States. 

Instrumentation 

A JEOL JSM-6360 LA model SEM was used to 
analyze the surface morphology of copperas. The sample 
was transferred to the microscope and viewed at 2,000× 
magnification after sputtering with gold. FTIR analysis 
was used to identify the functional groups found in 
copperas (Shimadzu/IRTracer-100 model). In a sample 
holder, an FTIR scan was carried out at frequencies 
ranging from 4,000 to 400 cm−1 with a spectral resolution 
of 4 cm−1. 

Procedure 

Preparation of hybrid coagulant solution 
copperas/Moringa oleifera 

MO was rinsed with distilled water slowly and 
dried at 35 °C in an oven, then grounded to obtain a fine 
powder. The MO powder was dissolved in distilled water 
to a final concentration of 1000 mg/L and mixed for 
30 min using a stirrer to get a uniform solution and the 
extract was then passed through a muslin cloth. This 
solution was prepared freshly to avoid the reduction in 
its coagulation efficiency, and it was kept in a cool place 
at around 20 °C to avoid viscosity and pH changes. The 
prepared MO solution was integrated with 1000 ppm 
copperas solution based on different ratios (100% MO, 
100% copperas, 50:50, 80:20 and 20:80 MO:copperas) to 
form hybrid coagulant. 

Coagulation-flocculation process (jar test 
experiments) 

To coagulate aquaculture effluent, flocculation 
tests were performed using a standard jar-test apparatus 
with six paddle rotors. For each test run, a 1 L beaker 
containing 500 mL of wastewater was used. The ambient 
temperature for all tests was between 24 and 28 °C. 
Using either an acid (1.0 M HCl) or a base (1.0 M 
NaOH), the pH value was changed to the desired value. 
Different coagulant dosages (40–200 mg/L) and the 
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sample's initial pH (3–8) were used in the jar test. The 
aquaculture wastewater sample was subjected to 150 rpm 
of rapid mixing for 10 min, then 20 min of slow mixing at 
25 rpm. After coagulation, samples of the treated 
wastewater were taken for analysis from a depth of 2 cm. 
Eq. (1) was used to calculate the turbidity and ammonia 
removal efficiency; 

i f

i

C C
Removal (%) 100%

C


   (1) 

where Ci and Cf are the initial and final readings, 
respectively, of turbidity and ammonia. 

Determination of aquaculture wastewater 
characteristics 

The characterization of aquaculture wastewater 
involves two methods: field measurement and laboratory 
experiments. The tests involved were pH, turbidity, and 
ammoniacal nitrogen (HACH Method 10031). The pH 
and turbidity were tested using pH and turbidity meters 
(Orion AQ3010), respectively, while ammoniacal 
nitrogen was tested using DR900. All testing was 
performed in triplicates and the results were presented as 
the average of three values. 

Coagulation equilibrium 
The isotherm model, which can also explain the 

interaction between the coagulant and the sample of 
aquaculture effluent, can describe coagulation 
equilibrium. In order to assess the efficacy of two 
isotherm models, the Freundlich and Langmuir models 
were used to determine whether coagulation results from 
multilayer or monolayer development of the coagulant 
particles. By setting the coagulant and its dosage for 
wastewater samples at the optimum condition for 
turbidity reduction, the adsorption experiments were 
carried out. 

Surface heterogeneity of the adsorbates is 
introduced by the Freundlich isotherm model with a 
variable energy level distribution of adsorption [23-24]. 
This model shows whether the coagulant particles have 
adsorbed the adsorbent in a multilayer formation [23,25]. 
According to Eq. (2), this isotherm model is an empirical 
representation of the Langmuir isotherm model. 

 1 n
e f eq K C  (2) 

The linear form of the Freundlich isotherm is presented 
in Eq. (3): 

e f e
1log logq log K logC
n

   (3) 

where qe is the coagulation adsorption capacity 
(mg/mg), Kf is the Freundlich affinity coefficient (L/mg), 
Ce is the equilibrium concentrations of turbidity in 
aquaculture wastewater, and n is the exponential 
constant of the Freundlich model. Hussain et al. [25] 
stated that the adsorption intensity, qe, usually decreases 
as the values of 1/n increase and decreases as Kf 
decreases. Lin et al. [24] mentioned that favorable 
adsorption would occur if the value of 1/n is less than 1. 

The surface homogeneity of the adsorbent serves 
as the foundation for the Langmuir isotherm model [23]. 
This model explains how a monolayer form on the 
adsorbate's adsorbent surface [24-26]. According to 
Nhut et al. [18], this model also demonstrates that once 
the adsorbent is linked to the particular adsorbent site, 
no further adsorbent molecule can occupy the adsorbent 
site. Once a sorbate molecule resides at a location, no 
more adsorptions will take place there. The Langmuir 
isotherm model suggests that the adsorbed molecules do 
not interact with one another in order to explain 
adsorption in an aqueous solution [22]. The Langmuir 
isotherm model was determined as Eq. 4. 

 
 

e
e

e

abC
q

1 aC



 (4) 

The linear form of the Langmuir isotherm is presented 
in Eq. (5): 

 e e

1 1 1
q abC b

   (5) 

where a is the Langmuir constant and b is the maximum 
coagulation value  

Statistical analysis 
An important step in carrying out various 

statistical procedures is statistical data analysis. ANOVA 
is a statistical technique for testing a hypothesis about 
the model's input parameters by breaking down the total 
variation in a set of data into components linked to 
certain sources of variation. ANOVA's null hypothesis 
states that there are no significant differences between 
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the groups that were chosen, but the alternative 
hypothesis holds that there are at least one or more 
significant differences between the groups that were 
chosen [22]. 

■ RESULTS AND DISCUSSION 

Characteristics and Properties of Hybrid Coagulant 

Fig. 1 shows the surface morphology of MO and 
copperas viewed under SEM. The morphology of MO 
(Fig. 1(a)) shows a heterogeneous and relatively porous 
matrix. This structure facilitates ion adsorption processes 
due to the interstices and, more importantly, the presence 
of the seed protein component. The coagulant surface 
tends to be irregular and rough at some points and at 

others smooth. Small pores were found around the 
edges, indicating the possibility of sorption at a smaller 
magnitude. Thus, based on these characteristics, it can 
be concluded that this material has an adequate 
morphological profile for retaining metal ions. 

Copperas morphology shows that this compound 
has much asperity and is more coarsely grained, creating 
a large contact area [22]. The depicted image also shows 
a compact gel network structure which is more favorable 
for coagulating colloidal particles and forming bridge 
aggregation between flocs than a branched structure [27]. 

Using FTIR analysis, it was possible to determine 
the chemical composition and functional group of 
copperas and MO, as shown in Fig. 2. Generally, all spectra  

 
Fig 1. Morphology of (a) MO and (b) copperas 

 
Fig 2. FTIR analysis of MO (black line) and copperas (blue line) [22] 
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display the same profile, which is a broad band attributed 
to O–H stretching with a center at 3,317 cm−1. This 
functional group is mostly found in the fatty acid and 
protein structures of MO seeds. The N–H stretching of 
amide groups also contributes to this region because of 
the high protein content in seeds. The C–H of the CH2 
group found in fatty acids is stretched symmetrically and 
asymmetrically, resulting in peaks at 2,353 and 
2,044 cm−1, respectively. Three strong bands with the C–
O bond stretching are located between 1,597 and 
1,400 cm−1. The fatty acid and protein structures 
contained the carbonyl group. It is possible to attribute 
the presence of a peak at 1,068 cm−1 to C–N stretching or 
N–H deformation. The existence of this band 
demonstrates the MO seeds' protein structure. In the 
treatment of contaminated water, the high protein 
content of MO is functional as an electrical cationic. 

Physical and Chemical Characteristics of 
Aquaculture Wastewater 

The initial parameters of aquaculture effluent that 
came from a catfish pond are shown in Table 1. According 
to high levels of turbidity and ammonia, the aquaculture 
effluent needed additional treatment before being 
discharged to a neighboring watercourse. However, 
research on the technology used to remove ammonia 
from aquaculture wastewater is relatively limited. Since 
the coagulant and coagulant aids employed in this study 

have strong removal capacities for this type of pollutant, 
ammonia removal is one of the parameters that has been 
focused on in the present study. 

Coagulation of Aquaculture Wastewater Using 
Hybrid Coagulant of MO and Copperas 

Coagulation of aquaculture wastewater was 
initially done using different formulations of hybrid 
coagulant MO/copperas at different dosages varied from 
40 to 200 mg/L with 40 mg/L intervals. Other 
parameters were kept constant, with rapid mixing at 
150 rpm for 10 min, slow mixing at 25 rpm for 20 min, 
and settling down for 30 min. 

Effect of Hybrid Coagulant Formula and 
Coagulant Dosage 

The coagulants used were native MO, native 
copperas and the integrated MO and copperas at 
different formulations (50:50, 80:20, 20:80). Fig. 3(a) and 
(b) display the results for this stage of the coagulation 
study. 

Table 1. Physico-chemical characteristics for examined 
aquaculture wastewater 

Parameter Value 
Turbidity 77.0 NTU 
Ammonia 2.3 mg/L 
pH 6.0 

 
Fig 3. Effects of coagulant formulation and dosage on turbidity removal in aquaculture wastewater treatment 
(Experimental condition: pH 6, ambient temperature) 
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From observation, the best removal was obtained by 
coagulant formulation of 80% MO and 20% copperas at 
160 mg/L coagulant dosage. At this condition, optimum 
turbidity and ammonia removal reached 66% and 91%, 
respectively. The use of 80% MO as a coagulant provides 
high cationic polyelectrolytes of protein, which 
destabilizes the particle charge in wastewater and 
eventually forms a bridge between the particles. These 
bridging particles then formed a large aggregate and 
precipitated during the sedimentation process [28]. The 
addition of 20% copperas during coagulation results in 
the formation of corresponding gel such as hydroxides 
and some positively charged mononuclear and 
polynuclear species. The positively charged Fe2+ interacts 
with negatively charged colloidal particles present in the 
wastewater by charge neutralization mechanism and 
when these hydroxides and complexed hydroxides are 
settled under gravity, they sweep away and precipitate 
remaining uncharged or charged colloidal particles from 
the wastewater. However, at higher dosage of coagulant 
(more than 160 mg/L) the coagulation activity decreased 
due to the repulsion between the same charge from the 
coagulant protein of MO and Fe2+ species. The excessive 
cationic polyelectrolytes were also cause destabilization of 
aggregates and deflocculation [29]. 

Effect of Initial pH Wastewater 

In this experiment, the pH of aquaculture 
wastewater was adjusted from pH 3 to 8 at fixed 
coagulant dosages 160 mg/L of 80:20 MO:copperas. The 
initial solution of pH was adjusted by H2SO4 and NaOH. 
The pH is one of the most important parameters 
affecting any wastewater treatment process. According 
to the result, pH 6 is identified as the optimum pH due 
to the highest removal efficiency of turbidity and 
ammonia. As seen from Fig. 4, the percentage removal 
efficiency of turbidity and ammonia had reached the 
highest removal of pollutants which was 66 and 91%, 
respectively. This dependence is closely related to the 
acid-base properties of various functional groups on the 
adsorbent surfaces [30]. The literature shows that an 
aqueous heterogeneous mixture of MO seeds presents 
various functional groups, mainly amino and acid 
groups. These groups are capable of interacting with 
metal ions, which is dependent on the pH. An increase 
in metal adsorption with increasing pH values can be 
explained by rivalry between the proton and metal ions 
for the same functional groups and a decrease in the 
positive surface charge resulting in a higher electrostatic 
attraction between the surface and the metal. The pH 
value of the point of zero charge for the proposed  
 

 
Fig 4. Effects of initial pH on turbidity and ammonia removal in aquaculture wastewater treatment (Experimental 
conditions: 160 mg/L of 80:20 MO:copperas at ambient temperature) 
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adsorbent was within the range of 6 to 7. Thus, above this 
pH range, the surface of the sorbent will be negatively 
charged and will adsorb positively charged species. 

Effect of Coagulation Time 

Coagulation time is one of the crucial parameters in 
the coagulation/flocculation process to ensure that the 
coagulant is mixed properly in order to treat the sample 
at the optimal time [31]. This hybrid coagulant showed a 
good performance as the coagulation time was up to 45 
min with the turbidity removal about 80%. For ammonia 
removal, 80% MO with 20% copperas gave a good 
performance at a lower coagulation time with 91% 
removal as represented in Fig. 5. Increasing the 

coagulation time resulted in poor removal of ammonia 
since the pollutant and the coagulant used had a low 
collision between them hence lowering down the 
formation of floc during sedimentation [32]. 

ANOVA 

ANOVA is a one-way test used in this study to 
validate the experimental data for the effect of coagulant 
dosage, initial pH and coagulation time for the best 
coagulant which was 80% MO with 20% copperas as 
tabulated in Tables 1-3. The analysis was accomplished by 
employing the final value of turbidity and ammonia. The 
findings showed that there was a significant difference 
(p-value < 0.05) in all parameters studied,  indicating that  

 
Fig 5. Effects of coagulation time on turbidity and ammonia removal in aquaculture wastewater treatment 
(Experimental conditions: 160 mg/L of 80:20 MO:copperas at ambient temperature and pH 6) 

Table 1. ANOVA test of 80% of MO and 20% of copperas at different coagulant dosage for both turbidity and ammonia 
removal 

Source of 
variation 

Sum of square 
(SS) 

Degree of 
freedom (DF) 

Mean square 
(MS) 

F-test p-value 

 Turbidity removal 
Treatment 21372.130 1 21372.130 10.682 0.011385 
Error 16006.090 8 2000.762   
Sum 37378.220 9    
 Ammonia removal 
Treatment 35617.020 1 35617.020 17.808 0.002916 
Error 16000.770 8 2000.097   
Sum 51617.800 9    
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Table 2. ANOVA test of 80% of MO and 20% of copperas at different initial pH value for both turbidity and ammonia 
removal 

Source of 
variation 

Sum of square 
(SS) 

Degree of 
freedom (DF) 

Mean square 
(MS) F-test p-value 

 Turbidity removal 
Treatment 1948.2010 1 1948.201 253.0514 1.99E-08 
Error 76.9883 10 7.698833   
Sum 2025.1890 11    
 Ammonia removal 
Treatment 51.6675 1 51.6675 26.1541 0.000455 
Error 19.7550 10 1.9755   
Sum 71.4225 11    

Table 3. ANOVA test of 80% of MO and 20% of copperas at different coagulation time for both turbidity and ammonia 
removal 

Source of 
Variation 

Sum of square 
(SS) 

Degree of 
freedom (DF) 

Mean square 
(MS) F-test p-value 

 Turbidity removal 
Treatment 1176.1200 1 1176.1200 17.5159 0.001872 
Error 671.4600 10 67.1460   
Sum 1847.5800 11    
 Ammonia removal 
Treatment 709.9408 1 709.9408 9.0269 0.013242 
Error 786.4683 10 78.6468   
Sum 1496.4090 11    

 
Table 4. Isotherm model for aquaculture wastewater 
treated with 80:20 MO:copperas 

Isotherm model Unit 80:20 (MO:copperas) 
Langmuir a 18.93706 

b 0.033385 
R2 0.499216 

Freundlich n 0.933595 
Kf 0.717376 
R2 0.992175 

the null hypothesis should be rejected which assumes the 
dosage and initial pH (treatment) were equal for all the 
parameter removals. This means that the data have a 
significant difference between the means of groups. 

Coagulation Equilibrium 

Coagulation equilibrium studies were to evaluate 
their performance and determine whether coagulation 
occurs due to multilayer or monolayer formation of the  
 

coagulant particles in describing the interaction between 
the used coagulant and the aquaculture wastewater 
sample. The adsorption experiments were conducted by 
fixing the coagulant and its dosage for wastewater 
samples at the optimum condition for ammonia 
removal. 

Table 4 shows the coagulation equilibrium studies 
performed by using both Langmuir and Freundlich 
isotherm models. As tabulated in Table 4, the Langmuir 
isotherm model shows the a and b values are positive and 
stipulated that the 80:20 MO:copperas based on 
monolayer adsorption supported by Hussain et al. [25]. 
Fig. 6 represents the linear form of both isotherm 
models, Langmuir and Freundlich. The coagulation-
adsorption analysis revealed that 80:20 MO:copperas 
showed monolayer formation of the coagulant, which is 
well-described in the Freundlich Isotherm model, which 
describes surface heterogeneity. 
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Fig 6. (a) Langmuir and (b) Freundlich Isotherm model for 80:2 MO:copperas in treating aquaculture wastewater 

 
■ CONCLUSION 

Overall results showed that for the aquaculture 
wastewater sample employing 80:20 MO:copperas as a 
hybrid coagulant with the optimal conditions for 
pollutant removal in aquaculture wastewater were 
160 mg/L of coagulant dose, pH 6, and 20 min of 
coagulation time. This ratio of MO:copperas shows 
monolayer development of the coagulant, which is well-
described in the Freundlich isotherm model, according to 
the coagulation-adsorption analysis. These results could 
be a baseline research for creating a pilot plant for 
effective hatchery wastewater treatment as well as 
important information for the aquaculture sector in 
implementing efficient chemical treatment. 
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