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a b s t r a c t
In recent years, the application of moving bed biofilm reactor (MBBR) in the biological treatment 
of municipal and industrial wastewater has been developed. Herein, following the construction 
of the MBBR reactor, the effect of three important parameters of temperature, hydraulic reten-
tion time (HRT), and pH simultaneously on the MBBR efficiency was investigated. The effluent 
wastewater of the anaerobic unit of Kanyar Dairy Company located in Quchan – Iran was treated 
as the model wastewater. Response surface methodology was applied to design the experiments of 
system operating conditions. The analysis of variance was applied to determine the most import-
ant parameters affecting the performance of the MBBR reactor in order to increase the chemical 
oxygen demand (COD) removal percentage. The amount of COD was measured as the process 
response. Based on the results and the analysis of variance, the response of the experiments was 
in accordance with the predicted model. The p-value in all the three parameters of temperature, 
HRT, and pH was less than 0.05, therefore making them important while having a significant effect 
on the performance of the reactor. Moreover, only the interaction of HRT and pH affects the per-
formance of the reactor and should be controlled. Under the optimal conditions (pH = 7, tempera-
ture = 27°C, and HRT = 11 h), COD removal efficiency reached 93%. According to the results, an 
optimized MBBR is a good option for dairy wastewater treatment.

Keywords:  Analysis of variance; Chemical oxygen demand removal efficiency; Dairy wastewater; 
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1. Introduction

The wastewater of the dairy industry contains a high
level of soluble and insoluble fats, carbohydrates, and pro-
teins [1], thereby resulting in a high level of chemical oxygen 
demand (COD). The quality of dairy industry wastewater 
is quite different and dependent on the types of products. 
Thus, constructing wastewater treatment plants in these 
factories is inevitable and necessary [2].

Biological treatment is the most effective method to 
remove the biodegradable organic pollutants from indus-
trial wastewaters using anaerobic and aerobic techniques. 
Studies have revealed the pollutants removal process 
in this method with a more economic way [3,4].

Today, different solutions have been proposed to opti-
mize the performance of wastewater treatment methods; 
for instance, it has been stated that biofilm the nitrification–
anaerobic ammonium oxidation (ANAMMOX) process to 
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be present and having degradation possibilities, for biogas 
effluent treatment, using the oxidation–reduction potential 
method to improve the performance of the nitrogen-rich 
wastewaters treatment process [5] or use ANAMMOX-
denitrification biomass in a microbial fuel cell to enhance 
electricity generation and nitrogen removal efficiency [6].

Aerobic treatment is the last stage of COD and bio-
chemical oxygen demand removal, in which the effluent 
from anaerobic units enters [7]. The most important aer-
obic units are the active sludge, rotating biological con-
tactors (RBC), membrane bioreactor (MBR), sequencing 
batch reactors (SBR), integrated fixed-film activated sludge 
(IFAS), and moving bed biofilm reactor (MBBR) [8–10].

The process of Kaldnes moving bed, known as the 
bio- reactors with moving bed, is developed by Kaldnes 
Company with the collaboration of SINTEF Research Center 
in 1987, patented in the European Innovation Center [11,12]. 
Over time, modifications were made to these reactors. Over 
the last recent years, research has been done on moving bed 
and attached growth modification in order to increase the 
efficiency of MBBR and minimize its disadvantages [13–15].

MBBRs have high efficiency in removing organic com-
pounds [16,17]. The benefits of this system include being 
compact, using all the space of the reactor, the possibility 
of enough growth of biomass, the impossibility of system 
blockage, cost-effectiveness; additionally, it requires little 
investment close to the activated sludge process, costs less 
than other aerobic methods, and there is no need to return 
the sludge in this system [18–20].

The MBBR process is an ideal priority for simultaneous 
nitrification and denitrification attributing to the longer 
sludge age and aerobic/anoxic microenvironment along 
with biofilm [21]. The heterotrophic denitrification, as one 
of the main reactions in BNR, can also be used together in 
the A/O/A system with Fenton reaction as the biological 
stage [22].

In the past years, the usage of biological treatment 
systems as the moving bed bio-reactors has been reported 
for the treatment of municipal and industrial wastewa-
ters, for instance, the production of paper and cardboard 
pulp, dairy products, slaughterhouses, and chemical 
industry [23–25].

The optimization of the biodegradation process could 
increase the efficiency of contaminant removal because it can 
be affected by environmental conditions. There are various 
methods to optimize these systems, one of the most import-
ant ones would be the design of the experiment [26–29].

The main problem of the old optimization methods, such 
as “single factor” is a large number of experiments and the 
failure to study the interactions between variables, thus, 
optimization using multivariate statistical methods [30] is 
more desirable. Among several methods, response surface 
methodology (RSM) is the most suitable one to study the 
interactions between parameters and determine the optimal 
condition [31]. The most common RSM methods are central 
composite design (CCD) and Box–Behnken [32].

In this paper, we used an MBBR in Kanyar Dairy 
Company (Quchan – Iran) to treat the effluent wastewater 
from an anaerobic filter to investigate and optimize the pH, 
temperature, and hydraulic retention time (HRT) of MBBR. 
Due to the high variety of products in Kanyar Dairy, this 

effluent had unique properties, such as high pH changes 
and high COD.

The pH, temperature, and HRT are the most important 
operating conditions in biological wastewater treatment. 
Careful control of operating conditions increases the effi-
ciency of removing organic pollutants from the effluent 
and reduces treatment costs.

So far, a lot of research has been done on offering 
various methods to reduce the cost of wastewater treat-
ment [33,34]. In the current work, the MBBR was used to 
reduce the cost of wastewater treatment which, as men-
tioned before, has a lower start-up and operating cost 
than other aerobic methods. In addition, optimizing the 
operating conditions of working with this reactor will 
raise the efficiency of this reactor without increasing the 
cost of wastewater treatment. Moreover, if these three 
variables are optimized, the amount of COD reduction 
will rise significantly. To date, in none of the studies on 
the optimization of operational variables in the MBBR, the 
simultaneous effects of the main three, pH, temperature, 
and HRT, have not been investigated [35–38].

Herein, for the first time, the effect of operational 
variables (HRT, pH, and temperature) on Kanyar Dairy 
wastewater treatment using MBBR was investigated simul-
taneously, being modeled and optimized by RSM and 
central composite design. Due to the type of effluent and 
the optimization of three important operational variables 
that significantly reduce COD, these data are unique.

2. Materials and methods

2.1. Experimental set-up

In this study, a MBBR was utilized with an effective vol-
ume of 13.275 L and an external dimension of the length 
of 36 cm, a width of 15 cm, and a height of 33 cm. It was 
made up of plexiglass with a wall thickness of 4 mm. 
Moreover, 40% of the reactor was filled with plastic flexible 
corrugated conduit pipe hose media with a specific surface 
area of 500 m2/m3, a height of 2.5 cm, a diameter of 1.5 cm, 
and a density of 0.96 g/cm3.

The required air to provide the dissolved oxygen and 
circulate the biofilm carriers inside the bio-reactor was 
supplied by an air compressor, HEALIA model, made in 
China and three air dispensers installed at the bottom of 
the bio-reactor. To keep the carriers in the bio-reactors, a 
sieve (with an opening of 5 mm) was placed at the outlet 
of the bio-reactor. The volume of the air by a flow valve is 
controlled to provide suitable dissolved oxygen. This reac-
tor is equipped with a primary feed tank to control the tem-
perature and pH. As previously mentioned, flexible corru-
gated conduit pipe hose was used as media in this reactor 
due to the reduction of treatment costs, in addition, the large 
size of this media has caused more growth of microorgan-
isms in this medium. A feed tank for precise control of 
the temperature and pH was also installed before MBBR; 
thus, the operating conditions could be easily controlled 
before the effluent enters the MBBR, which can be said 
to be the distinguishing feature of this system [35,39,40].

The flow rate was controlled through the use of a per-
istaltic pump DLSMA made in Italy. The temperature 
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sensor was installed inside the feed tank to detect and con-
trol wastewater temperature. Fig. 1 presents the schematic 
of the feed tank, MBBR, and the settling tank.

2.2. Material

The materials used in this investigation are as follows:
Raw wastewater (the effluent from the anaerobic filter 

reactor (AFR)) was obtained from Kanyar Dairy Company 
located in Quchan – Iran. Sulfuric acid 98% and ammo-
nium bicarbonate were purchased from Merck Company. 
Sodium hydroxide 98.5% was obtained from Arax 
Shimi (Iran).

2.3. Wastewater characteristics

The raw wastewater was collected from the outlet of 
the AFR of Kanyar Dairy Company located in Quchan – 
Iran. Characteristics of the wastewater are listed in Table 1.

2.4. Analytical methods

An MBBR pilot was installed after the AFR at Kanyar 
Dairy Company, Quchan – Iran. The MBBR was then 
seeded with the waste sludge from an active sludge 
of the aerobic unit of the plant’s treatment, with which 
50% of the reactor volume was filled. Subsequently, the 
remaining space was filled with the effluent wastewa-
ter from an anaerobic filter reactor. The effluent was 
diluted with water to obtain the desired amount of COD. 
At first, the reactor was operating discontinuously with 
effluent wastewater from an anaerobic filter reactor with 
COD = 200 mg/L with the COD:N:P ratio of 100:50:15 to 
adapt and grow microorganisms for a month. Ammonium 
bicarbonate was used as a nitrogen source at this stage. 
Thus, the system is operated continuously with the 
organic loading rate (OLR) of 1 kg COD/m3 d (in many 
research, the OLR unit is expressed as kg COD/m3 d, 
but multiplying the number of OLR by the number of a  

specific surface area of media can also express the value of 
OLR as 2 g COD/m2 media d). Effluent wastewater from an 
anaerobic filter reactor with the characteristics mentioned 
is represented in Table 1. The amount of air in the reactor 
was measured between 4–5 mg/L in the MBBR during the 
experiment via the Winkler method [41]. The wastewa-
ter enters the bio-reactor from the feed tank continuously 
due to gravity. The present study aimed to investigate 
the effect of the temperature, HRT, and pH on the MBBR 
performance and define the optimum conditions of oper-
ation. The temperature varied between of 24°C, 28°C, and 
32°C using a heater element installed in the feed tank 
equipped with a temperature sensor. To ensure a constant 
temperature in the reactor, the inlet temperature and flow 
rate were measured per hour. The pH was measured via  
a pH meter during the examination and was adjusted 
using acid and alkali in a feed tank in the three pH lev-
els of 6, 7, and 8. The HRT was adjusted in the range of 
5, 10, and 15 h. It varied due to controlling the inlet and 
outlet flow rate to the MBBR in the three ranges of 0.11, 
0.05, and 0.036 l/min. Each level of independent param-
eters in the reactor was adjusted while the reactor oper-
ated in the new conditions until it reached a steady-state 
(its characteristics were examined three times each day to 
ensure the conditions remain stable in those conditions). 
Furthermore, the effluent was taken from the outlet valve  
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Fig. 1. The schematic of the feed tank, MBBR, and settling tank setup for the Kanyar dairy wastewater treatment.

Table 1
Characteristics of Kanyar dairy wastewater

Test Result

Temperature, °C 25
pH 7
COD, mg/L 997
TSS, mg/L 165
TDS, mg/L 237
Turbidity, NTU 274
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three times at regular intervals and the average values of 
the samples were used for interpretation and analysis [36].

The COD of the wastewater (before and after bio- 
treatment) was measured spectrophotometrically (spec-
trophotometer AAS 240 – German). The pH was measured 
with the pH meter TES1381 made in Taiwan. A German-
made AL125 reactor was used to heat the COD vial.

2.5. Statistical analysis of data

To design the experiments and to analyze the data sta-
tistically, Design-Expert Version 11 software was employed. 
To design the experiments via Design-Expert software, 
the response surface model was utilized with the central 
composite method which was quadratic. The tempera-
ture, HRT, and pH were considered as the effective factors 
in the performance efficiency of the MBBR for their opti-
mization. In dairy wastewater treatment modeling and 
optimization, COD removal efficiency was considered 
as a response to indicate the performance of the MBBR  
reactor.

3. Results and discussion

3.1. COD removal from dairy wastewater modeling

The second-order model was used to create a rela-
tionship between the variables and their interactions 
on the response (COD removal efficiency) of the treat-
ment process. Eq. (1) was applied to establish a relation-
ship between the variables and their interactions on the 
response with the regression analysis. The response of the 
treatment process is the percentage of COD removal.

R A B C A B A C
B C A

= + + + − × − ×
− × − −
85 77 17 4 4 4 9 0 32 2 63
1 88 7 61 11 61

. . . . .
. . ² . BB C² . ²− 24 61  (1)

Following the analysis of variance (ANOVA) and the 
removal of parameters with no effect on the response, 
Eq. (1) is changed to Eq. (2):

R A B C A C A
B C

= + + + − × −
− −
85 77 17 4 4 4 9 2 63 7 61
11 61 24 61

. . . . . ²
. ² . ²  (2)

In Eqs. (1) and (2) R represents the percentage of COD 
removal (%), A, B, and C indicate HRT (h), temperature (°C), 
and pH, respectively.

A positive sign of factor coefficients will state a direct 
relationship between the variable and the response while 
a negative sign will hurt the response. Thus, increasing the 
variables, A, B, and C will increase the system response 
whereas the interaction between A and C will have the 
opposite effect on the system response.

Fig. 2 represents the result of the analysis of vari-
ance, displaying the interaction between two variables (A 
and B). According to Fig. 2, increasing HRT and decreasing 
the pH leads to a rise in the percentage of COD removal 
in the reactor. In general, any simultaneous increase or 
decrease of pH and HRT has a direct effect on the perfor-
mance of the MBBR. The pH is closely related to alkalinity. 
Thus, the higher the simple alkalinity, the higher the con-
centration of hydroxides and carbonates; accordingly, the 
higher the pH, the more alkaline the solution is. Moreover, 
research has shown that higher pH disrupts the operation 
of the MBBR reactor [42,43]. The alkalinity of the effluent 
entering the MBBR was 840 mg/L, which was increased in 
the effluent and its amount reached 1,200 mg/L, which is 
due to the formation of HCO–3 [3–5].

3.2. ANOVA analysis of the model

The percentage of COD removal efficiency as a 
response was analyzed via Design-Expert software. Designed 

 Fig. 2. Effect of HRT and pH interaction on the COD removal at temperature of 28°C.
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experiments and their responses are represented in Table 2. 
ANOVA analysis of variables as linear, quadratic, and the 
interaction between them is summarized in Table 3. The 
p-value indicates the function of the achieved experimen-
tal results to study a statistical hypothesis. A p-value of 
less than 0.05 (typically 0.05%) is statistically significant. 
A value of P above 0.05 (>0.05) is not statistically signifi-
cant and indicates strong evidence for the null hypothesis 
[40]. If the p-value of each parameter was lower than the 
threshold value of 0.05, that parameter was considered sig-
nificant and effective at that level [44,45]. As indicated in 
Table 3, all three independent factors, temperature, HRT, 
pH (linearly and squarely), and the interaction between 
pH and HRT have a significant impact on the test pro-
cess (P < 0.05) while the interactions of HRT, temperature, 
and pH were not significant. The amount of the p-value 
of the model demonstrates that the regression model is 
significant (P < 0.0001) and depicted that the quadratic 
model was sufficient for the necessary correlation between 
the response and the variables. Large F-value and small 
p-value generally imply that this model has a significant 
coefficient [43]. The lack of fit rate illustrates the lack of 
fit rate of the data achieved with replications of the cen-
ter point. Because the p-value of the lack of fit was less 
than 0.05 and considered insignificant the model has the  
necessary fit.

The value of adjusted R2 reveals the proper overlap of 
laboratory data predicted utilizing the CCD model. In this 
model, the adjusted R2 was 0.9854, which was reduced to 
0.9832 following the simplification of the model. The pre-
dicted R2 of 0.9623 is in reasonable agreement with the 
adjusted one.

In similar studies, few researchers reported that 
the coefficient of determination (R2) was more than 0.8 

indicating that the regression model was well consistent 
with the data [46].

Fig. 3 illustrates the normal distribution of the main 
variables and all their interactions. The normal probabil-
ity diagram is employed to check the intrinsic deviation 
from the normal state. The deviation of each parameter of 
the straight line represents a deviation from the normal 
state. A residual normal distribution graph was applied to 
determine the model’s accuracy. As shown in Fig. 3, most 
of the data are around the centerline, thereby being normal 
and acceptable [47].

3.3. Investigation of contour diagrams of regression models

Contour graphs are useful tools to investigate the effects 
of independent variables on the response. Through the 
use of these graphs, the effect of independent variables on 
the response could be determined at different points.

Fig. 4 presents the contour diagram of temperature and 
HRT on the COD removal efficiency. As can be seen in Fig. 4, 
the points closer to the bold orange color represent a higher 
COD removal efficiency. According to Fig. 4, the highest 
COD removal efficiency belongs to temperatures between 
24°C–30°C and high HRT (higher than 9 h). This may be 
attributed to the fact that at temperatures between 24°C and 
32°C, the growth rate of microorganisms was enough, and 
at less than 9 h HRT, the contact time between the microor-
ganisms and biomass was not enough. Consequently, Fig. 4 
indicates no signs of the two variables, temperature and HRT, 
affecting each other.

Based on Fig. 5, in the green part of the counter dia-
gram, the COD removal efficiency is low, and in the 
orange area, the COD removal efficiency is high. The high-
est COD removal efficiency belongs to high HRTs and pH 

Table 2
List of designed experiments and the experimental and theoretical response for dairy effluent wastewater treatment using MBBR

Factor 1 Factor 2 Factor 3 Response

Std Run A: pH B: Temperature, °C C: HRT, h COD removal %

16 1 7 35 22 83.5
5 2 6 30 32 37
9 3 6 35 22 60
15 4 7 35 22 82
2 5 8 30 12 34
14 6 7 35 32 85
10 7 8 35 22 75
11 8 7 30 22 54
17 9 7 35 22 80
1 10 6 30 12 10
7 11 6 40 32 42
4 12 8 40 12 45
3 13 6 40 12 30
8 14 8 40 32 65
6 15 8 30 32 60
13 16 7 35 12 59
12 17 7 40 22 66
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between 6.5 and 7.5. The HRT and pH have a significant 
effect on each other and the interaction between them results 
in the opposite effect on the system response.

Following the increase in pH up to 6.5, the effluent pro-
duces sludge, and the rate of sludge production rises too. 
However, with increasing the pH value up to 7.5, the sludge 
production becomes so high that the effluent is out of its 
normal state and the so-called effluent becomes toxic. In the 
orange part of Fig. 6 in which pH is below 6.5, the removal 
percentage is not increased by raising the temperature. 
Moreover, at temperatures above 33°C, increasing pH does 
not affect the removal efficiency of COD. This observation 
can be related to the non-interaction between these two fac-
tors (The p-value of more than 0.05 confirms this result).

3.4. Effect of HRT

The efficiency of the wastewater treatment process 
with the activated sludge was studied in three HRTs, 
including 5, 10, 15, and 20 h. As depicted in Fig. 7, in a pH 
value of 7 and a temperature of 28°C, the COD removal 
efficiency in the HRT of 5, 10, and 15 and 20 h were 59%, 
85%, 91%, and 93%, respectively; and the amount of total 
suspended solids (TSS) in the HRT of 5, 10, and 15 and 20 h 
were 90, 60, 54 and 52 mg/L, respectively. These results can 
be explained by the fact that the biofilm was not enough 
in the HRT of 5 h. In the HRT of 10 h with a reduction in 
the dissolved oxygen and the ratio of food to microorgan-
isms, the system reached a steady-state condition, and the 

Table 3
ANOVA analysis of the dairy wastewater treatment modeling using MBBR by RSM and CCD

Source Sum of squares df Mean square F-value p-value

Model 9,777.24 9 1,086.36 121.16 <0.0001
A-HRT 3,027.60 1 3,027.60 337.67 <0.0001
B-Temperature 193.60 1 193.60 21.59 0.0024
C-pH 810.00 1 810.00 90.34 <0.0001
AB 1.13 1 1.13 0.1255 0.7336
AC 55.13 1 55.13 6.15 0.0422
BC 28.13 1 28.13 3.14 0.1198
A2 154.98 1 154.98 17.29 0.0043
B² 360.87 1 360.87 40.25 0.0004
C² 1,622.11 1 1,622.11 180.92 <0.0001
Residual 62.76 7 8.97
Lack of fit 62.76 5 12.55 0.0920
Pure error 0.0000 2 0.0000
Cor. total 9,840.00 16

Fig. 3. Normal scatter chart of the Kanyar dairy wastewater treatment modeling by CCD.
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biofilm becomes thicker, which led to a significant increase 
in efficiency. In the HRT of 15 h, the thickness of the bio-
film increased more, thereby increasing the efficiency 
of COD removal from dairy wastewater more [48,49].

3.5. Effect of temperature

Fig. 8 reveals the efficiency of the effluent treatment 
process with the activated sludge at four temperature lev-
els of 24°C, 28°C, 32°C, and 36°C. Following the tempera-
ture change of each stage, in which the reactor operated for 
a week and its properties were tested in three stages every 
day to reach a steady-state in those new conditions and the 

effluent properties were then measured. As demonstrated 
in Fig. 8, at a pH of 7 and HRT of 10 h, the total dissolved 
solids (TDS) at temperatures of 24°C, 28°C, 32°C, and 36°C 
were 170, 82, 130, and 230 mg/L, respectively, and the tur-
bidities were 110, 70, 80, and 120 NTU, respectively. The 
optimum temperature in these conditions was 28°C, mean-
ing that with increasing the temperature, the percentage of 
COD removal also increased to reach the desired tempera-
ture, which also varied depending on the type of microbe 
in each sludge. The process gradually continued until it 
reached a point where the treatment process stopped. 
The effect of temperature on this process is very large and has 
a great effect on the settling and clotting properties [50,51].

 
Fig. 4. Contour diagram of simultaneous effect of temperature and HRT of COD removal efficiency.

 
Fig. 5. Contour diagram of simultaneous effect of pH and HRT on COD removal efficiency.
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Fig. 7. Effect of HRT and temperature at pH = 7 on COD removal efficiency and TSS removal.

 
Fig. 6. Contour diagram of simultaneous effect of pH and temperature on the of COD removal efficiency.
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3.6. Effect of pH

The neutral pH for the microorganism activation is 
reported as the optimal pH value in most studies. Therefore, 
we considered the best pH to be 7 according to Fig. 7 and 
other studies. For more reassurance of the accuracy of results, 

these experiments were repeated with pH values of 6, 7, 
and 8 (Fig. 9) while the temperature and HRT were constant 
at 28°C and 10 h. The COD removal efficiency, TSS, TDS, 
and turbidity in pH values of 6, 7, and 8 were 53%, 93%, and 
68%; 114, 52, and 90 mg/L; 136, 66, and 112 mg/L; and 194, 
49, and 100 NTU, respectively. This can be attributed to the 
fact that the pH affects microorganism metabolism and per-
formance. It can be concluded that increasing the pH value 
in the specified range contributes to the efficiency increas-
ing while with changing pH from 7 to 8, the percentage of 
organic matter removal decreases. Similar results were 
achieved with pH = 7.3 [52].

3.7. Optimization

The obtained optimal amounts for each of the inde-
pendent factors were considered to achieve maximum 
COD removal efficiency from dairy wastewater using 
MBBR. At best condition (pH = 7, temperature = 27°C, and 
HRT = 11 h COD) removal efficiency was obtained 93%. 
According to Table 4, to confirm the accuracy of the opti-
mal point, the COD removal experiment was repeated three 
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Fig. 8. Effect of HRT and temperature at pH = 7 on TDS removal efficiency and turbidity removal.

Table 4
Optimal conditions of the dairy wastewater treatment modeling 
by RSM and CCD

Response COD removal

Predicted mean response 91.0982
Predicted median response 91.0982
Std. Dev. 2.99435
n 1
SE pred. 3.25306
95% PI low 83.406
Data mean 92.5
95% PI high 98.7905
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times and the percentage of COD removal in each step was 
calculated. The obtained experimental results at the opti-
mal operating condition indicated an excellent agreement 
with the predicted response by the models.

4. Conclusion

The present study represented the possibility of MBBR 
for effluent wastewater treatment from the anaerobic fil-
ter of Kanyar Dairy Company in Quchan – Iran. We 
aimed to determine the optimal operating conditions of 
MBBR in the treatment of dairy effluent and to investi-
gate the simultaneous effect of temperature, HRT, and pH 
on the performance of the MBBR. The setup of MBBR was 
prepared for three months and was seeded with waste 
sludge from the activated sludge unit of Kanyar Dairy  
Company.

The results revealed that with increasing temperature, 
the percentage of COD removal increases in order to reach 
the desired temperature. Furthermore, lowering the tempera-
ture reduces the growth synthesis and the speed of biological 
reactions and thus decreases the removal efficiency.

The percentage of COD removal increases with increas-
ing HRT, but does not exceed a certain limit and high HRT 
and overburden concentrations raise the stability of the 
system. Based on the results, the reactor performance in 
acidic and alkaline environments decreased and the best 
performance of both reactors was when pH was 7.

According to the statistical analysis of the results and 
the p-value of the independent variables, it was found 
that all three parameters, temperature, HRT, and pH, are 
effective and cannot be ignored.

Moreover, it was found the p-value is less than 0.05 only in 
the interaction between the two parameters of pH and HRT. 
Furthermore, only the interaction of these two parameters 
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Fig. 9. Effect of pH on COD removal efficiency at temperature of 28°C and HRT of 10 h.
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with each other reduces the efficiency of COD removal, 
which is of great importance in the MBBR aerobic reactor.

The value of adjusted R2 indicates the proper overlap of 
laboratory data, predicted via the CCD model. In this model, 
adjusted R2 was 0.9854, which was reduced to 0.9832 after 
simplifying the model. The predicted R2 of 0.9623 is in line 
with the adjusted one.

The highest COD removal efficiency belonged to the 
temperature of 24 to 30, pH of 6.5 to 7.5, and an HRT of 
more than 7 h. Prior to the optimization, the removal per-
centage was 85%, however, after this process pH = 7, tem-
perature = 27°C, and HRT = 11 h were obtained as the opti-
mal condition points with a 93% of COD removal efficiency. 
Based on other research conducted under optimal conditions 
in other important aerobic biological treatment methods, 
such as active sludge, SBR, MBR, and RBC, the COD removal 
percentage is reported to be 65%, 80%, 94%, and 96%, respec-
tively [53,54].

In brief, on account of the low price, simplicity, and 
high efficiency of COD removal compared to other aerobic 
methods, the MBBR reactor exhibited a good performance
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