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Abstract: Antibiotics from hospital discharge wastewater are known to be one of the most significant 

water contaminants. Environmental researchers suggest the attainment of effective and biological 

approaches for the elimination of these contaminants. This work aims to study the efficiency of an 

azithromycin (AZX) removal using moving bed biofilm reactor (MBBR) combined with 

electrocoagulation and parameters optimization using a response surface methodology for hospital 

wastewater (RSM), i.e., MLSS (A), pH (B), HRT (C) and Electrode distance (D). The present research 

was conducted using PVC gel on a pilot scale for removing a detergent from the wastewater of hospital 

reactors with continuous hydraulic flux. The impact on the device concentration of independent 

variables, including duration of touch, percentage of the media, and the concentrations of 1200-3200 

mg/l of mixed liquor suspended solids (MLSS). Closed laboratory procedure for measuring AZX 

concentration, azithromycin (AZX), and chemical oxygen requirement (COD) 1500-2400 mg/l is used. 

The findings showed that AZX and COD with PVC gel retention times are 92.3 and 95.8 percent, 

respectively, of 24 hours, with an MLSS concentration of approximately 3,200 mg/l. It was shown that 

the MBBR device has great productivity in detergent deletion from hospital waste wastewater as a bio-

friendly compatible process and can produce regular performance effluents at an appropriate period. 

The experiment was performed using an electrochemical process, electrolysis with independently 

variable electrical electrodes, i.e., voltage, duration of touch, and electrolyte concentration. The 

complete process was optimized for the said reaction using Design-Expert software. The response 

surface method was used to optimize the operational parameters and show that a contact period of 35 

minutes, voltage 12 V, electrolyte concentration of 0.35 M with electrode distance 1.25 cms gives 89% 

removal efficiency. The model for the three variables recommended by the response surface is a 

quadratic response.  

Keywords: response surface methodology; hospital wastewater; electrochemical process; 

optimization; moving bed biofilm reactor; azithromycin.  

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Often antibiotics are poorly disposed of in aquatic and soil habitats [1]. The body is not 

metabolized entirely by antibiotics, always active 30-90% until excreted [2]. As mentioned, the 

permissible minimum dose of antibiotics in wastewater is 1 mg/l in the United States 
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Environmental Protection Agency (USEPA) [3]. A lot of people [4]. Researchers have sought 

appropriate treatment methods for wastewater involving these drugs [5]. The critical processes 

for wastewater are Physicochemical and biological methods Therapy [6]. Biological processes 

are cheap, while removing resistant organic matter from waste wastewater is not successful [7]. 

Instead, the physicochemical-chemical processes will achieve high efficiency and high waste 

wastewater quality, although they are expensive [8]. However, it is not necessary to treat high 

concentration waste wastewater alone by physicochemical-chemical or biological methods [9]. 

Several biofilm technologies, including trickling filters or biological contactors, biofilters, 

granular bed biofilters, and fluidized bed reactors, are available for the biological processes of 

wastewater treatment, all with some advantages and advantages [10]. The wastewater treatment 

device (MBBR) was built 30 years ago [11]. The main advantage of MBBR is that it can 

accumulate biomass and biofilm in the reactor allowing a wide range of microorganisms to be 

present [12]. In general, advances in oxidation processes are the most effective technologies 

for decomposing and eliminating dangerous, resistant, and boring reactors [13]. In this system, 

the reactor provides an area for the growth of microorganisms, and аquatic environmental 

shows the presence of different chemical compounds[14]. Many composites, including 

hydrogen peroxide (UV) activation, photocatalysis, Magnetic composite with activated-

carbon, bagasse cane adsorption, sulfate photocatalytic degradation radicals, show good 

removal efficiency towards the pharmaceutical wastewater [15]. Rapid reaction rates, low 

footprint, reduced toxicity capacity, and the mineralization of oxidation processes include 

Chemical waste not concentrated by some methods for further processing (e.g., membranes, 

not substance requiring further treatment) [16]. 

Further, the treatment of pharmaceutical wastewater using physical, chemical, and 

biological processes is nowadays in the development stage, and many combinations are used 

for it [1]. The restrictions of the advanced on the other side processes for oxidation include 

capital cost, advanced chemistry that helps in degradation to a particular compound, and by- 

nature of by-product formed after treatment [17]. Advanced oxidation in recent decades 

processes was commonly employed to achieve a good efficacy in water and wastewater 

treatment [18]. The principal process of these processes are hydroxyl radicals and can quickly 

and non-selectively oxidize most organic compounds [19]. 

2. Materials and Methods 

2.1. Analytical method used. 

The analysis was performed by evaluating the analytical determinations of 

carbamazepine, diazepam, ofloxacin, simvastatin, sorafenib, erythromycin, Ibuprofen, 

diclofenac, and furosemide. This research has been carried out using an automated approach 

focused on liquid chromatography-MS/MS [20–22]. The following operating criteria apply to 

analyze specific medication residues: Symmetry shield RT 18, chromatographic column 5 

micron, 6x150 mm, ammonium style in water format (A) handheld phases, and methanol 

format 10 mm ammonium format (B) all of them produce 0.2% formic acid [23]. Therefore, a 

mobile phase A of 20% and a mobile phase B of 80% are used as an isocratic program. The 

flow rate per minute was 0.8 ml, and the amount injected was 25 μl. The testing of the 

pharmaceutical concentration using UPLC H-Class and Waters Xevo TQ-S Micro liquid 

chromatography (Tandem Quadrupole Mass Spectrometer). The UPLC detects and quantifies 

the molecule using positive electrospray ionization (ESI) source [24–31]. By explicitly infusing 
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10 μl min−1 of both analytes' solutions, the contingent parameters had been optimized. The 

next move was to choose the ionization and the ion modes of the precursor. In addition to the 

corresponding capillary voltage (4.5 kV), cone voltage (33 V), spring temperature (150°C) and 

desolation temperature (450°C), cone gas flow (50 l/h), solvent flow (850 L/h), collision gas 

Flow (50ml/min), the quantity of automatic quantitative optimization was used for the 

determination of the ions of substance. Simultaneously, the analytes were monitored for 

quantification and validation transformations [32–36]. 

2.2. Experimental setup. 

Holy Family Hospital in New Delhi City supplied genuine influential wastewater. A 

15-liter MBBR reactor with the up-flow and ongoing hydraulic flow was used in this research. 

In this study, the reactor was made from cylindrical Plexiglas with a total height of 30 cm, an 

interior diameter of 150 cm, and an efficient capacity of 15 liters. Aerated in the device by the 

air compressor and via the tubes in the bottom of the reactor, the air needed to provide dissolved 

oxygen and rotator in the substrate content is entered through a reactor volume. 

PVC gel media is used as a bed to investigate the efficacy of the AZX anionic detergent 

solution in hospital wastewater treatment. This medium was manufactured from 0.96 gr/cm3 

of polyethene (PE), and the growing range was 500 m2/m3. Raw hospital waste wastewater was 

fed into reactors by the peristaltic pump with flow rates between 0.001 and 0.003 L/s for the 

required hydraulic retention period in upstream mode (HRT). About 30% of the reactor volume 

was initially packed with the media for the reactor's initial installation. 

In the secondary sedimentation basin of the hospital treatment station, the reactor was 

then filled in about a third of its volume with return locks. It was filled with waste wastewater 

for the remainder of its volume, ensuring discontinuity of reactor operation. This trial had 

around 2 to 3.0 mg/l of dissolved oxygen. An automated aquarium heater with a temperature 

setting of between 22 and 27 degrees was used for the optimum micro organisms' operation 

and temperature maintenance. The pH of the hospital waste wastewater was 7.5 to 8.5. In this 

analysis, successful factors such as temperature, oxygen dissolved, pH, and other parameters 

for microorganism behavior were continuously evaluated. Ten weeks after the reactor 

configuration, substantial biofilm development was shown on the internet, and after this phase, 

the reactor became constantly modeled to analyses detergent removal under various 

environments from the hospital wastewater. In this analysis, experiments related to AZX were 

evaluated in the standard method. Electrodes are prepared up to 2 sets (300 x 150 x 2) mm and 

then sandpaper. After assembling the instrument for the batch machine, it was placed in the 

hospital liquid waste up to 1.3 L, which is to be analyzed by electrical voltage (6 V). Any time 

15, 30, and 45time period at varying voltages of 9 and 12 V with a distance of 1.25 cms was 

maintained using the iron electrode. 

2.3. Design of experiment (DOE). 

The influencing parameters, namely packing rate, HRT, mixed liquor suspended solids 

(MLSS) concentration, were considered (Table 1). The influencing parameters used for 

detecting the system's efficiency in AZX removal (%) [37–44]. In the current study, for 

lowering the chemical waste and considering the number of the experimental run, a Central 

Composite Design (CCD) (one of the RSM family designs) was used to analyze the 

experiments by Design- Expert 13.0 software. Table 2 attributes to the experimental condition 
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during the lab experiment, and the encoded parameters used in the software are shown in Table 

3. 

Table 1. Influent wastewater characteristics. 

 
Table 2. Operational parameters of EBR. 

S.No. Period (days)  

 

Parameters 

0-30 30-60 60-90 90-120 

1. Cycle/HRT (Hours) 24 20 18 12 

2. COD   loading rate                      (kg. 

COD/m3/day)  

0.29 1.26 2.26 3.46 

3. COD removal % 82 65 74 80 

4. Current timing(10millamp)  20 30 40 50 

5. MLSS (g/L) 0.1-0.5 0.5-1.2 1.2-2.0 2.0-3.2 

 

The design expert tailored the experimental conditions (version 13.0). RSM was 

exposed to the sequential amount of square testing and the absence of a fitness measure 

utilizing central composite design (CCD). In terms of COD, nitrate, and phosphate elimination 

percentage, the CCD model was used to consider the interaction between 3 method parameters: 

MLSS (A), pH (B), HRT (C), and Electrode distance (D). A three-factor and five-level CCD 

is used for the optimization phase by Design Expert Software. A series of 20 tests have been 

performed on the answer surface model with fourteen factorial and six axial points and six 

central points. 

As seen below in Table 4, these parameters were encoded. A model recalling the answer 

is generated using the CCD process. A quadratic equation was observed for analysis in the 

current study SBR method. ANOVA (Variance Analysis) may be used to approximate the 

precision of models from experimental results. The statistical indices such as F value and P-

value are seen in ANOVA. If F has a high P-value (0.05), the model may be seen as statistically 

significant. 

Furthermore, the high value of the correlation coefficient indicates the exactness of the 

model suggested. For the model to match, the lack of fit should not be necessary. Via 3 D 

surface graphs compiled with software from Architecture Expert, the answer was compared to 

two variables, and other variables were maintained constantly. The efficiently removed ratio 

of the AZX to the 3-D graphics, as seen in Figures 1, 2, and 3, varies between 91.5%. 

 

Table 3. Coded values for modeling in the RSM model. 

Coded values A: MLSS (mg/L) B: pH C: HRT (hrs) D:Electrode Distance (cms.) 

-2.0 1200 6 6 0.5 

-1.0 1600 7 10 0.75 

0.0 2200 8 12 1.00 

1.0 2600 9 14 1.25 

2.0 3200 10 18 1.50 

 

The statistical relevance and interaction of these factors at different probability levels 

are illustrated in Table 3. A value of 0.9993 was obtained for the deletion efficiency of AZX   

Parameters Unit Range 

COD mg/L 1500 – 2400 

BOD mg/L 520 – 1230 

Turbidity NTU 430-540 

Total Suspended Solids (TSS) mg/L 2430-3700 

Alkalinity mg/L of CaCO3 740-1250 

pH ---- 6.4-7.9 
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with the determination coefficient (R2). This shows that the quadratic model could account for 

more than 95% of the total variability. The adjusted AZX deletion regression values were over 

0.9986, indicating that the response to variables had a perfect correlation. The P-value < 0.05 

implies that model terms are significant at 95 percent or higher confidence, while values higher 

than 0.10 show no significant confidence in model terms. A relatively low value of the model 

variation coefficient for removing AZX was achieved by 1.3 percent, which means that the 

experiments were preciseness and reliable. The F-test, which lacks fit, describes the change in 

the data around the model. Table 3 states that the statistically significant lack of p values of 

>0.05 for removal of AZX implies that the model has a significant correlation with AZX 

removal variables. Residuals are considered essential to address the model's adequacy, which 

defines the difference between the observed response values and its expectable value. Typical 

test plots are graphical tools to demonstrate a straight line of residues. The typical AZX removal 

probability plot as shown in Figures 3(i) and  3(ii) for almost all set of points is typically spread 

near the straight line and around the line. In contrast to the anticipated response, the correctness, 

as well as the accuracy of the model, can be seen from the residual plot. The random dispersal 

of the residues around nil, as shown in Figures 3(iii) and 3(iv). The models were seen to be 

well-conducted and satisfy continuous variance assumptions. In addition, the residuals should 

be dependent on parameters independent in a designed model(s). 

3. Results and Discussion 

A valuable parameter to reduce AZX is the appropriate HRT. The efficiency of MBBR 

processes has increased by reducing HRT as per the results from this study, which examined 

the effectiveness of bioreactor in biological degradation of AZX pesticides so that the 

efficiency of removal by HRT has been increased from 75.5% to 97.6% by raising the HRT 

from 12 to 36 hour (runs 1 and 3). This is presumably because microbial released enzymes may 

become more effective, and biofilms can be made more bioavailable to food. As the work was 

conducted at the retention time of 12 h, thereby keeping the flow rate high, biofilm developed 

late, and the high oxygen content dissolved into the system. This leads to the creation of the 

shear layer and biofilm detachment is one of the causes for this process. In more significant 

retention periods (24 and 36 h), the reactor was stabilized and the generated biofilm layer 

thickened with a considerable improvement in the biodegradation efficiency of AZX due to the 

decreased dissolved oxygen and a reduction in feeding into microorganisms (F/M). 

In this research, the effectiveness of the MBBR reactor coupled with electrocoagulation 

in removing COD was improved by raising the HRT from 8 to 24 h, thereby boosting COD 

elimination efficiency from 73.4 to 95.1. Similarly, the findings of the MBBR investigation on 

aniline retrieval also indicate that the greatest HRT (72 h) aniline removal efficiency is 

achieved. Furthermore, the findings demonstrated that the MBBR effectiveness in 

formaldehyde elimination had been boosted significantly by increasing HRT. 

The processing efficiency of biofilm reactors relies mainly on the amount of access to 

microorganisms' development connected to the features and filling fractions of the carrier. The 

biomass accumulation thus directly affects the creation of bacteria in the bioreactor. Increasing 

the bacteria leads to increased biofilm formation and hence influences removal. In this research, 

the removal effectiveness of AZX as the biomass rose from 25 to 75% (Figure 1) such that the 

removal efficiency of AZX from 68.9 to 97.66 percent by increasing the biomass to 25 to 75 

percent (Runs 1 and 5). In the investigation on BOD and MBBR removal, a low filling fraction 
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has been observed to positively influence removal efficiency, and the process efficiency is 

enhanced with the increased filling fraction. 

Further, the results showed that the AZX efficiency increased by increasing the MBBR 

from 30 to 70 percent due to increased media up to a limit. The efficiency increased from 30% 

to 51 percent when we clubbed with electrocoagulation. The effectiveness of the reactors in the 

removal of pollutants is substantially less than the biological system alone. The findings 

demonstrated an inverse connection between AZX input and removal efficiency (Figure 1); 

hence, the efficiency of elimination was reduced from 97.66% to 52.6% by increasing MLSS 

concentration from 10 to 50 mg/L (Runs 1 and 2) (Table 1), similar with research findings done 

in the past. The AZX biodegradation process's research findings have shown that the AZX 

removal efficiency has been boosted by a decrease of MLSS such that a concentration of 0.01 

mg/L of most excellent efficiency has been achieved (96 percent). This research used 1000 

times the lowest concentration of AZX. The most efficient AZX elimination in HRT of 36 h, 

10 mg/L AZX, and a 75% filling percentage were reported in Table 1. According to data given 

in Table 1. Therefore, the AZX concentration was near the maximum recommended 

concentration in the MBBR reactor outlet (0.08 mg per liter) (International Joint Commission, 

Canada, and the United States 1977), which is lower than the standard if low levels of AZX 

are used. Under these conditions, the AZX concentration was about 0.23 mg/L. 

Factor C had the most considerable effect on removal performance based on Eq. 5 for 

azithromycin, although factor AB had the most negligible impact. In addition, the least 

essential influence was found in the HRT between the three significant research variables. The 

positive and negative signs showed that the tested parameters and their reaction were directly 

and inversely related. During this analysis, three single effects words were deemed necessary, 

i.e., A, B, and C, and two dual efficacy terms (AB and A2) (P<0.0500). Table 4 displays the 

RSM-based benefit of antibiotic removal during the experimental process. In the response 

surface methods for azithromycin removal by MBBR scheme, findings of linear regression 

analyses for the 2FI model are shown in Table 3. The ANOVA findings of the 2FI model 

concerning azithromycin removal using the MBBR method are shown in Table 4. 

3.1. Effect of MLSS and HRT in the removal of AZX. 

Tables 5 and equation 1 show the outcomes of this step of the experiments. In this step, 

the results of the azithromycin removal efficiency at a concentration of MLSS (1,200 to 3,200 

mg/l) were examined. The increased azithromycin removal efficiency was correlated, 

according to the results, with higher MLSS concentrations. The MLSS concentration of 1000 

mg/l, HRT 04, 08, and 12 hours, and the packaging levels of 20%, 40%, and 60%, showed that 

azithromycin was 28%, 47% concentration of MLSS, the rate of elimination was calculated at 

3,200 mg/L was 91.2%, according to the findings of this analysis. The optimal concentration 

of this MLSS concentration was then chosen. Biofilm development and the number of 

microorganisms may be due to the high device performance. In this respect, Shokoohi et al. 

researched the removal of AZX anti-zero anion detergent from wastewater hospitals utilizing 

the MBBR, which proposed similar findings and thus improved efficiency of removal at higher 

RSM concentrations. Azithromycin efficiency was 34%, 55% (14%), and HRT of 12 h, with 

azithromycin elimination efficiency of 39% and 61%, respectively., and 91.2%. 

Consequently, azithromycin was 91.2 percent at the 12-hour HRT for its highest 

removal efficiency. The HRT was thus chosen as the optimum HRT of 12 hours. The 

performance of the MBBR method in lowering urban wastewater AZX was further studied by 
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Golshahi et al. in comparison to traditional active sludge systems, and the findings were 

comparable. The higher removal performance of urban wastewater AZX was therefore 

correlated with an improved HRT. In addition, the efficiency was close to the eight hours and 

12 hours of the HRT in removing AZX. The 8-hour HRT was thus selected as the optimal 

retention time due to the higher energy consumption savings in oxygen tanks or mixers. 

Table 4. ANOVA Model with significant values 

Source Sum of Squares df Mean Square F-value p-value  

Model 1540.81 14 110.06 63.20 < 0.0001 significant 

A-MLSS 14.51 1 14.51 8.33 0.0113  

B-pH 142.59 1 142.59 81.88 < 0.0001  

C-HRT 0.4483 1 0.4483 0.2574 0.6193  

D-Electrode distance 109.74 1 109.74 63.02 < 0.0001  

AB 93.32 1 93.32 53.58 < 0.0001  

AC 212.43 1 212.43 121.98 < 0.0001  

AD 34.11 1 34.11 19.58 0.0005  

BC 105.27 1 105.27 60.45 < 0.0001  

BD 88.83 1 88.83 51.01 < 0.0001  

CD 61.47 1 61.47 35.30 < 0.0001  

A² 3.91 1 3.91 2.25 0.1546  

B² 333.80 1 333.80 191.68 < 0.0001  

C² 290.79 1 290.79 166.98 < 0.0001  

D² 30.25 1 30.25 17.37 0.0008  

Residual 26.12 15 1.74    

Lack of Fit 20.51 10 2.05 1.83 0.2623 not significant 

Pure Error 5.61 5 1.12    

Cor Total 1566.93 29     

 

Table 5. Fit statistics. 

Std. Dev. 1.32  R² 0.9833 

Mean 76.50  Adjusted R² 0.9678 

C.V. % 1.73  Predicted R² 0.9194 

   Adeq Precision 33.8367 

The value obtained from the model shows a Predicted R² of 0.91 and an Adjusted R² of 

0.96, showing the difference of 0.2, which attributed good significance to the model. A ratio 

greater than 4 is desirable. The ratio of 33.8 indicates an adequate signal. This model can be 

used to navigate the design space. 

Obtained optimized equations using independent parameters were shown in equation (i) 

Azithromycin removal % (AZX) =  80.7517 + 0.7775 A + 2.4375 B + 0.136667 C + 

2.13833 D + -2.41 AB +3.64 AC-1.46 AD-2.56 BC+ 2.36 BD-1.96 CD + 0.377 A2 + -

3.48854B2 + -3.25604 C2 + 1.05021D2………….(i) 

The equation (i) in terms of coded factors can be used to predict the response for given 

levels of each factor. By default, the high levels of the factors are coded as +1, and the low 

levels are coded as -1. The coded equation helps identify the relative impact of the factors by 

comparing the factor coefficients. 
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(i) 

 
(ii) 

 
(iii) 

Figure 1. 3D surface plots obtained from optimized values for the removal of Azithromycin removal percentage 

versus (i) pH vs. HRT; (ii) pH vs. MLSS; (iii) MLSS vs. Electrode distance.  
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(ii) 

 
(iii) 
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(iv) 

Figure 2. 3D surface plots obtained from optimized values for the removal of Azithromycin removal percentage 

versus (i) Electrode distance vs. HRT (ii) MLSS vs. HRT (iii) pH vs. Electrode distance; (iv) MLSS vs. HRT. 

3.2. Effect of voltage and electrode distance. 

In addition, electrolytes can reduce COD amounts by 89% in the electrocoagulation 

phase; the contact period was another vector affecting COD decay. The effect was a long 

interaction duration between coagulants and waste pollutants, which reduces larger AZX. 

Electrocoagulation typically consists of adsorptive particle flocculation, whereby coagulants 

accumulate negative ions in waste materials, including nitrates, phosphates, nitrates, and other 

organic compounds, in a positive electromagnetic charge and form flocculation's, which tend 

to reduce AZX. This is what is happening. The longer electrolyze cycle of the Al electrode 

increases the production of hydroxide clusters in metals that can neutralize the surface floc.  

The said model shows an F-value of about 63.2, which shows the model has a good 

level of significance. It is also attributed from the said results that 0.01% chance of F-value due 

to noise. The P-value was seen to be 0.5 shows that the following interactions were significant, 

i.e., A, B, D, AB, AC, AD, BC, BD, CD, B², C², D² in model terms. The values are higher than 

0.1 attributed to the low significance of interaction terms. The lack of fit value was seen to be 

1.83, which signifies that the error is not high. There was a 26.23% chance that F-value having 

a higher value might occure due t the noise and hence model seems to fit well.       

The figure shown shows that the percent COD drop was affected considerably by three 

independent factors (contact time, voltage, and electrolyte). The quantity of oxygen required 

for oxidation of all organic substances utilizing a powerful oxidizer is COD (Chemical Oxygen 

Demand). The voltage is 6 V, 9 V, and 12 V in this study, and the time as per the optimized 

condition used was 15 min, 30 min, and 45min in an electrochemical process. Anode of 

aluminum will be oxidated by an Al3+ reaction which reacts with the Al(OH)3 form. Al(OH)3. 

This alone is a coagulant capable of binding dissolved and suspended pollutants into the 

solution. Higher voltage leads to the high formation of coagulant used in the electrocoagulation 

process, and the ideal voltage observed was 12 V. The reduction in COD in electrocoagulation 

is determined not only by the voltage but also by the electrolyte and the duration of contact. 

Electrolytes are used as a catalyst in the electrocoagulation process. In the electrocoagulation 

process, the inclusion of electrolytes will reduce COD by up to 89%. Contact time is another 

component affecting COD reduction. Extended contact duration leads to extended interaction 

between waste coagulants and pollutants, reducing the amount of COD. Electrocoagulation is 
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usually an adsorption particle flocculation where the coagulant absorbs negatives ions from 

waste materials such as nitrates, phosphates, nitrates, and other organic compounds at positive 

charged electrocoagulation and forms flocs materials that aid in the COD reduction process. 

The result indicates that, with the more extended period of electrolysis, the forming of 

hydroxide clusters in the surface of the metal is increased by the Al electrode. 
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(iv) 

Figure 3. ANOVA plots obtained from model parameters for the removal of AZX % (i) Normal Plots; (ii) 

Residual vs. Run; (iii) residue vs. predicated; (iv) predicted vs. actual values. 

4. Conclusions 

The MBBR method, along with electrocoagulation can remove AZX from hospital 

wastewater exceptionally efficiently. The CCD method proved a helpful tool utilizing a surface 

response analysis to determine optimum conditions. The optimization analysis included three 

variables, i.e., packaging rate, HRT, and MLSS concentration. The findings showed that the 

removal performance of AZX and COD utilizing the media was 92.3% and 95.8%, 

respectively, for 24 hours of retention and MLSS concentration of around 3000 mg/l. This 

analysis indicates that the MBBR method was a promising strategy for wastewater treatment 

and AZX-containing aqueous solution. This study examines the efficiency of 

electrocoagulation in the treatment of hospital wastewater. The most important answer to this 

research is the efficiency of COD elimination. The investigation uses the central composite 

design Design Response Surface (RSM) approach for experimental data interaction. ANOVA 

gives the R2 values to validate the quadratic processes. 
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