
1. Introduction
Formaldehyde (CH2O) with a molecular weight of 
30.03 g mol-1 is a colorless and odorless gas. This 
compound is widely used by some industries such as 
the production of synthetic resins, adhesives, leather, 
petrochemical products, fabrics, polyester fibers, medical 
and pharmaceutical products, plastics, fiberglass, wood, 
paper, and aquaculture products (1,2). Formaldehyde 
concentration in industrial wastewater can range from 0.2-
4 g/L for adhesive manufacturing industries to more than 
10 g/L for the other industries. Formaldehyde is considered 
a dangerous and highly toxic substance that can harm 
humans and aquatic animals in aquatic environments 
(3). Industrial wastewater containing high concentrations 
of formaldehyde can have inhibitory effects on bacterial 
activity in biological processes (4). Formaldehyde can 
react directly with DNA, RNA, and proteins and kill 
microorganisms. Carcinogenicity and mutagenic effects 
are attributed to high concentrations of formaldehyde 

(5). US environmental protection agency identifies it as 
a potential human carcinogen (6). Therefore, discharging 
untreated formaldehyde-containing wastewater into 
aquatic environments can seriously endanger aquatic life 
(6,7). Therefore, in order to protect human health and 
ecosystems against the destructive effects of formaldehyde, 
it is necessary to remove it from the wastewater or reduce 
it to the permissible amounts of discharge (imposed by 
the relevant organizations) (8,9). So far, various chemical, 
physical, and biological methods have been studied to 
remove formaldehyde from wastewater (10-13).

Chemical methods such as advanced oxidation, 
condensation, and precipitation are usually expensive, 
and physical methods, such as adsorption, have some 
disadvantages, including the recovery and reuse of 
adsorbents. In the meantime, biological processes are 
preferred to physical and chemical methods due to 
their ability to remove large amounts of pollutants, 
environmentally friendliness, cost-effectiveness, ease of 
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Abstract
The removal of formaldehyde as a toxic substance from aqueous solutions is of particular importance. 
In this research, a sequencing batch rotating-bed bioreactor (SBRB) was used on a laboratory scale for 
biodegradation of formaldehyde from synthetic wastewater. The reactor was made of plexiglas with a 
cylindrical shape. Kaldnes media were placed in a rotating cylindrical basket in the reactor. The effects 
of formaldehyde concentration (500–1500 mg/L), hydraulic retention time (HRT) (8, 15, 24 hours), and 
injection of hydrogen peroxide (0.1-0.5 mM) on the performance of the reactor were investigated. The 
results showed that in the SBRB, at an HRT of 24 hours and an inlet formaldehyde concentration of 1000 
mg/L, the removal efficiencies of formaldehyde and chemical oxygen demand (COD) were 99.2% and 
92%, respectively, while without rotating the bed, the removal efficiency of formaldehyde and COD was 
found to be 95% and 83%, respectively. By adding hydrogen peroxide at a concentration of 0.3 mM 
and operation of the SBRB with an HRT of 8 hours and an inlet formaldehyde concentration of 1000 
mg/L, an improvement in the removal efficiency of formaldehyde and COD (4% and 22%, respectively) 
was observed. Accordingly, SBRB stimulation with hydrogen peroxide could be considered as a high-
performance process for the removal of formaldehyde and corresponding COD at a short HRT.
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operation, and low pollution. Bioreactors play a crucial 
role in the biodegradation of wastewater. Studies have 
shown that formaldehyde is biodegradable under both 
aerobic and anaerobic conditions (7,9,13,14). Anaerobic 
microorganisms are more sensitive to formaldehyde 
than aerobic microorganisms, due to the formation of 
intermediates such as formic acid and methanol and the 
presence of significant amounts of COD in the effluent of 
anaerobic processes. Moreover, due to the limited mass 
transfer of formaldehyde in anaerobic biological reactors 
and low treatment efficiency, it is necessary to evaluate the 
efficiency of aerobic bioreactors in formaldehyde removal 
(14). 

Sequencing batch reactor (SBR) is one of the most 
common activated sludge processes for the treatment of 
organic pollutants in industrial wastewater. In this process, 
suspended biomass is used to remove the pollutants. This 
system can have problems at high organic and hydraulic 
loads; therefore, the performance of these systems needs 
to be improved (15). 

The SBR was modified by inserting a moving media 
into the bioreactor and developing a moving-bed SBR 
(MBSBR) which further improved performance (16). 
However, one of the major problems of this reactor was 
that the media floated on the surface of the reactor during 
periods of settling and decanting. This problem resulted in 
poor sedimentation of the effluent. In order to overcome 
this problem, the media was enclosed in a basket and the 
media-containing basket was rotated inside the reactor. 
The new reactor was named as the rotating bed reactor. 
According to studies, this reactor has shown proper 
capabilities for the biological treatment of industrial 
wastewater with toxic compounds (14,17).

Enzymatic biodegradability enhancement has 
been used by various researchers to degrade resistant 
compounds. Hydrogen peroxide is one of the compounds 
that has received more attention in recent years for the 
biostimulation of microorganisms to produce peroxidase 
enzyme in biological systems. Hydrogen peroxide 
injection leads to the production of enzyme peroxidases 
and free radicals and increases the biodegradability of 
recalcitrant compounds (18-21). The advantages of adding 
hydrogen peroxide are low cost, simple injection, rapid 
decomposition, as well as the release of oxygen into the 
wastewater (providing a part of the oxygen needed by the 
system through natural dissolution in the wastewater). It 
is also important to note that due to the high solubility 
of hydrogen peroxide in water, there is no limit to the 
supply of high levels of oxygen required by the bioreactor 
at high organic loads (22-25). Additionally, the addition 
of hydrogen peroxide to the activated sludge system can 
produce molecular oxygen and reduce aeration costs 
(17,18). 

Considering that no study has been done regarding the 
use of the aerobic rotating-bed bioreactor with the addition 
of hydrogen peroxide for formaldehyde removal, the aim of 
this study was to determine the efficiency of SBRB reactor 

in biodegradation of high-strength formaldehyde in the 
presence of hydrogen peroxide. In this study, the effects 
of inlet formaldehyde concentrations, various HRTs, 
rotating and non-rotating bed systems, as well as the use 
of hydrogen peroxide were investigated on the removal of 
formaldehyde and corresponding COD.

2. Materials and Methods
2.1. Chemicals and Synthetic Formaldehyde Sample 
All chemical reagents were of analytical grade. Chemicals 
were purchased from Sigma–Aldrich (USA), Merck 
(Germany), and ChemLab (Belgium). The synthetic 
wastewater containing formaldehyde was prepared by 
dissolving formalin solution containing 38% formaldehyde 
in tap water. Based on the concentration of corresponding 
COD of formaldehyde which was equal to 1000 mg/L, 
the detailed composition of synthetic wastewater was as 
follows (mg/L): COD (1000) NH4Cl (200), NaHCO3 
(200), KH2PO4 (25), K2HPO4 (58), CaCl2.2H2O (50), 
and MgSO4.7H2O (75). The trace elements solution was 
also prepared by dissolving (g): FeCl3.6H2O (1.5), H3BO3 
(0.15), CuSO4.5H2O (0.03), KI, 0.03, MnCl2.4H2O (0.12), 
NaMoO4.2H2O (0.06), and CoCl2.6H2O (0.15) in 1 L of 
distilled water. Then, 1 mL of this solution was added per 
liter of feed. The pH of the samples was maintained at 7.5 
± 0.3. 

2.2. Experimental Setup 
A bench scale sequencing batch rotating-bed bioreactor 
(SBRB) was constructed and used in this study. The 
reactor was made of plexiglas with a cylindrical shape. 
The reactor was built with an internal diameter of 14 cm, a 
total height of 30 cm, and a volume of 4.6 L. The schematic 
of the bioreactor is illustrated in Fig. 1. Reactor operating 
cycle consisted of feeding, reacting (aeration), settling, 
and discharging stages. The reaction time or HRT of the 
reactor was determined to be 24, 15, and 8 hours, the time 
of feeding and discharging of the reactor was 5 minutes, 
and the settling time was 60 minutes. The system was 
aerated with an aeration pump and using plate diffusers at 
the bottom of the reactor. A valve was installed at a height 

Fig. 1. Schematic of Sequencing Batch Rotating Bed Bioreactor Used in 
this Research.
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of 25 cm for the sampling of effluent. A drain valve was 
installed at a height of 8 cm from the bottom of the reactor. 
To drain the sludge from the reactor, an outlet valve was 
installed at a height of 2 cm from the bottom. A volume 
of Kaldnes media (with the specifications presented in 
(Table 1) were packed in a cylindrical perforated basket 
and placed inside the reactor. The media volume was 25% 
of the reactor volume. During the operation, the basket 
was rotated by an electric motor at a speed of 30 rpm. 
To investigate the effect of hydrogen peroxide on reactor 
performance, a syringe pump was used to add hydrogen 
peroxide to the reactor. 

2.3. Startup of System and Operation 
For seeding the reactor, activated sludge was prepared from 
an aerobic wastewater treatment plant of the MDF board 
production plant. Due to the presence of formaldehyde in 
this wastewater (230±70 mg/L), this sludge was acclimated 
to formaldehyde. However, to ensure the adaptation of 
microorganisms to wastewater containing formaldehyde, 
an individual acclimation step was performed in the 
laboratory. The prepared sludge was aerated several times 
and the necessary organic matter and nutrients were 
added to it. The required amount of enriched sludge was 
added to the reactor. Initially, glucose with formaldehyde 
was added in equal proportions as a carbon source to the 
influent wastewater with a total COD of 800 mg/L. The 
amount of glucose was then gradually reduced to achieve 
a stable reactor condition in the removal of the COD by 
supplying the carbon formaldehyde source alone. After 
about 51 days, the removal efficiency of formaldehyde 
and COD reached the maximum and the removal trend 
was almost constant, so the adaptation conditions were 
accepted to continue the experiments. In this condition, 
the SBRB reactor contained mixed microbial biomass with 
both attached growth and suspended growth. Considering 

the acclimation phase, this study was conducted in 5 
phases. The procedures and operational mechanisms of 
these phases are presented in detail in Table 2. At each 
stage, the condition for testing and obtaining data was to 
create stable conditions in the operation of the reactor. The 
stability condition was achieved when the rate of COD 
fluctuation in three consecutive cycles was negligible. 

2.4. Analytical Procedures 
During the operation of the reactor in each phase, 
wastewater samples were routinely taken from the reactor 
and analyzed. Formaldehyde and COD concentrations 
were measured in effluent samples every 2 to 4 days. 
Depending on the system conditions, the attached and 
suspended biomass (MLSS) concentrations were measured 
every 5 to 10 days. Dehydrogenase activity was measured 
during the phase that hydrogen peroxide was added to 
the reactor (stage 4). System monitoring tests such as 
dissolved oxygen and pH measurements were performed 
daily using a YSI-155 DO meter (YSI Co., USA) and a 
WTW-720 pH meter (WTW CO., Germany), respectively. 
The colorimetric technique (Hantzsch method) was 
used to measure formaldehyde concentration (26). For 
this purpose, the DR 5000 spectrophotometer (HACH 
CO., USA) equipped with a visible and ultraviolet light 
detector was used. The absorbance of the samples was 
read at a maximum absorption wavelength of 412 nm. 
COD concentration was measured based on open reflux 
method according to the procedure given in standard 
methods (27). To determine the activity of dehydrogenase 
enzymes, triphenyl tetrazolium chloride salt was used in 
an spectrophotometric method at a wavelength of 492 
nm. In this method, the amount of enzyme activity was 
obtained in µg, which if divided by the concentration of 
biomass in mg/L, the result is reported in terms of µg tri-
phenylformazan (TF)/gbiomass .d . In addition, 4-amino-anti-
pyrene method with a spectrophotometer at a wavelength 
of 510 nm was used to measure the amount of peroxidase 
enzyme and the result was reported in U/g biomass (17). To 
determine the amount of suspended biomass, 10 mL of the 
suspended liquid was taken from the reactor and MLSS 
test was performed on it. Moreover, 4 aliquots of media 
were withdrawn from the reactor randomly and washed 
with distilled water to detach biomass. The amount of 

Table 1. Properties of Kaldnes Media

Parameter Value

Nominal special area 600±30 m2/m3

Special effective area m2/m3 460

Volumetric density 0.92-0.97 g/cm3

Approximate diameter of each media 30 mm

Material HDPE & PE

Table 2. Experimental Phases and Operating Conditions in Each Phase

Phases
HRT
(h)

CH2O
* 

Loadings (kg/m3.d)
Inlet 

CH2O (mg/L)
Using Rotating Bed 

Amount of H2O2

mM
Operation

Days

Acclimation with 
CH2O

24 ≤ 0.4 400 Yes 0 1-50

Effect of CH2O 
concentration

24 0.5 -1.5 500 - 1500 Yes 0 51-93

Effect of 
HRT

24,15,8 1-3 1000 Yes 0 94-135

Effect of 
rotating bed 

24 3 1000 NO 0 136-170

Effect of 
H2O2 injection 

8 3 1000 Yes 0-0.5 171-220
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biomass was then measured. According to the number of 
media, the total amount of attached biomass in the reactor 
was calculated. Total suspended and attached biomass 
was considered as the total MLSS for biodegradation of 
formaldehyde. MLSS were measured according to the 
procedure given in standard methods (27).

3. Results and Discussion
3.1. Bioreactor Performance in the Acclimation Phase 
One of the most important steps in conducting research 
on the removal of toxic or inhibitory organic pollutants by 
biological process (as activated sludge) is the acclimation 
of the microorganisms with the desired pollutant. During 
this stage, microorganisms that have the ability to 
degrade the desired pollutant predominate in the reactor. 
During the system acclimation stage with formaldehyde, 
SBRB bioreactor was exploited with a carbon source 
including glucose and formaldehyde with a constant 
COD concentration of 400 mg/L (at different ratios of 
formaldehyde to glucose: 10, 20, 40, 50, 70, and 100%). 
Figs. 2a and 2b show the COD and formaldehyde removal 
efficiencies in SBRB bioreactor during the adaptation 
period, respectively. As shown in Fig. 2, despite the fact 
that the primary sludge used for seeding was prepared 
from a treatment plant of MDF board production plant, 
which had been in contact with wastewater containing 
formaldehyde, in the early days of operation, the system 
had low efficiency in removing formaldehyde and COD. 
However, the acclimation of the system occurred with high 
concentrations of formaldehyde shortly afterwards. From 
the forty-seventh day onwards, after complete removal 
of glucose from the influent and only feeding the reactor 
with formaldehyde, the system was completely acclimated 
for the degradation of formaldehyde. In this condition, 
the average COD and formaldehyde removal efficiencies 
in SBRB bioreactor were found to be 90 % and 99.85%, 

respectively. Similar to this research, in other studies, 
formaldehyde removal efficiency has been reported to be 
greater than the corresponding COD removal efficiency 
(13,28,29). 

3.2. The Influence of Formaldehyde Concentration 
After acclimation of the microorganisms to formaldehyde, 
the effect of formaldehyde concentration on the 
performance of SBRB bioreactor was evaluated. In this 
phase, the bioreactor was operated at inlet formaldehyde 
concentrations of 500, 700, 1300, and 1500 mg/L. Fig. 3 
shows the formaldehyde and corresponding COD removal 
efficiencies at different concentrations of formaldehyde at 
an HRT of 24 hours. In this stage, the concentration of 
formaldehyde entering the reactor started from 500 mg/L 
on the 51st day and increased to a concentration of 1500 
mg/L on the 93rd day of the reactor operation. As shown in 
Fig. 3, at an inlet formaldehyde concentration of 500 mg/L, 
the stability of the reactor performance was maintained 
and the removal rate of formaldehyde and COD was about 
100% and 92%, respectively. Compared to the results of 
the previous phase, despite increasing the formaldehyde 
concentration from 400 to 500 mg/L, the COD removal 
efficiency increased. This may be due to the fact that the 
bacteria are more acclimated to formaldehyde, as well as 
the increased attached MLSS portion of biomass. With the 
increase of formaldehyde concentration in the following 
days to about 700 mg/L, formaldehyde and COD removal 
efficiencies with a slight decrease reached about 99 and 
92%, respectively. As shown in Fig. 3, by feeding the 
reactor with formaldehyde at a concentration of 1000 
mg/L, initially a decrease in the amount of formaldehyde 
and COD removal was observed; however, after a few 
days, the removal rate increased to about 99% and 92%, 
respectively. Therefore, attempts to increase the inlet 
formaldehyde concentration to 1300 and 1500 mg/L led 
to a sharper decrease in the performance of the reactor for 
COD removal to about 78% on the 93rd day of operation. 
However, the removal efficiency of formaldehyde remained 
at about 99%. Accordingly, formaldehyde concentrations 
above 1000 mg/L can have inhibitory effects on reactor 
performance and cause the production of high organic 
intermediates and the increase of concentration of 
COD in the effluent. So far, several studies have been 

Fig. 2. Performances of the SBRB Bioreactor During the Acclimation Stage, 
(a) COD Removal, (b) Formaldehyde Removal (HRT=24 Hours).

Fig. 3. Formaldehyde and Corresponding COD Removal Efficiency at 
Different Concentrations of Formaldehyde (HRT=24 Hours).
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performed under different conditions (the type of 
biological reactor, formaldehyde inlet concentration, and 
HRT) for the biological removal of formaldehyde. In 
a study by Mei et al, using a membrane-aerated biofilm 
reactor and an inlet formaldehyde concentration of 116 
mg/L (in the presence of the co-substrate methanol), the 
removal rate of formaldehyde and COD reached 99.9% 
and 81.5%, respectively (9). Bolonhesi et al investigated 
the performance of combined anaerobic/aerobic SBR 
(ASBR-SBR) system for the removal of formaldehyde 
from furniture industry painting booth wastewater. The 
ASBR-SBR system removed 99% of COD and CH2O 
until the initial concentration of 180 mg/L. When the 
CH2O concentration increased to 232 mg/L, the removal 
efficiency of COD reduced to 72% in ASBR due to partial 
inhibition of microorganisms caused by formaldehyde 
toxicity. However, under these conditions, the SBR was 
efficient and removed the remaining organic matter 
by 98% (30). Moussavi and Heidarizad developed and 
investigated a moving-bed sequential continuous-inflow 
reactor (MSCR) for the degradation of high concentrations 
of phenol and formaldehyde. They reported that MSCR 
could simultaneously remove greater than 99% of the 
target compounds for concentrations up to 1300 mg/L 
and around 96% of the COD with a 6-hour cycle time 
(29). Wang et al used the activated sludge process for 
the treatment of formaldehyde wastewater. The results 
showed that with the initial formaldehyde concentration 
of 400 mg/L and HRT of 10 hours, the removal rates of 
formaldehyde and COD reached more than 99% and 
83%, respectively. Additionally, they have reported that 
the maximum concentration of formaldehyde that the 
activated sludge process can tolerate was about 400 
mg/L, and the proper reaction time was 8 hours (31). In 
comparison with other studies, the performance of the 
SBRB reactor can be considered good and significant. 
This suitable performance can be attributed to the active 
attached and suspended biomass in the reactor as well as 
the rotation of the media inside the reactor. The rotation 
of the media increased the contact of the biomass with the 
substrate, uniformity in the distribution of formaldehyde 
and oxygen in the reactor, and mass transfer.

3.3. The Effect of the Different Hydraulic Retention Time 
In biological systems, it is important to provide adequate 
HRT to create opportunities for microorganisms to 
degrade the substrate. On the other hand, long residence 
time increases the volume of the reactor and thus increases 
the costs. Therefore, the use of a reactor that can meet the 
treatment needs in a shorter residence time is preferred. 
Therefore, in this research, the effects of HRTs of 24, 
15, and 8 hours at the inlet formaldehyde concentration 
of 1000 mg/L on the efficiency of SBRB bioreactor were 
investigated. Fig. 4 shows the performances of SBRB 
bioreactor in the removal of COD and formaldehyde at 
different HRTs. As shown in Fig. 4, although by reducing 
the HRT from 24 hours to 15 and 8 hours, there was a 

slight reduction in formaldehyde removal efficiency, while 
the reduction in COD removal efficiency was noticeable. 
The efficiency of COD removal decreased from 96% 
(during HRT of 24 hours) to 80.6% (during HRT of 15 
hours) and 56% (during HRT of 8 hours). Therefore, 
according to the results, at high inlet concentrations of 
formaldehyde in SBRB bioreactor, a minimum residence 
time of at least 24 hours is required to obtain high 
efficiencies for the simultaneous removal of formaldehyde 
and its corresponding COD. As it is clear, the decrease in 
the HRT can reduce the system efficiency. The reason for 
the decrease in efficiency is that there is not enough time 
to decompose the contaminant due to the limited capacity 
of decomposition of contaminants by microorganisms 
(9). Studies have shown that traditional reactors such as 
activated sludge or simple anaerobic systems require long 
residence times to remove formaldehyde and operation of 
these reactors with high concentrations of formaldehyde 
can cause the reactor to fail (32,33). Bolognese et al 
mentioned that high HRT (4 days in ASBR and 2 days in 
SBR) was required to remove formaldehyde. In addition, 
in the study by Bolognese et al, the concentration of 
formaldehyde was equal to 180 mg/L, which was very low 
compared to the present study (30). In the study by Mei et 
al, using a membrane-aerated biofilm reactor with a short 
HRT (4 hours) and an inlet formaldehyde concentration of 
116 mg/L (in the presence of the co-substrate methanol), 
the removal rates of formaldehyde and COD reached 
99.9% and 81.5%, respectively (9). However, by using 
high-efficiency reactors, the HRT can be greatly reduced.

3.4. The Effect of Rotating Bed on the Performance of the 
Reactor 
In order to determine the effect of rotating bed on the 
reactor efficiency, at this phase, the reactor operating 
conditions were considered to be similar to the operating 
conditions of the rotating reactor with formaldehyde at an 
inlet concentration of 1000 mg/L and HRT of 24 hours. 
The only difference was that the basket containing media 
did not rotate in the reactor. As shown in Fig. 5, on the 
136th day of operation, by rotating the bed, the removal 
rates of formaldehyde and COD were equal to 99.2% and 
92%, respectively. In the following days, by stopping the 

Fig. 4. Effect of HRT on the Removal of Formaldehyde and COD (Influent 
Formaldehyde Concentration = 1000 mg/L).
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rotating bed, the efficiency of the reactor in removing 
formaldehyde and COD was reduced and fluctuated. 
Gradually, stable conditions were achieved in the system, 
and on the 173rd day of operation, the removal efficiencies 
of formaldehyde and COD were measured to be 95% and 
83%, respectively. Fig. 6 also shows the average efficiency of 
a reactor with and without a rotating system at each phase. 
As can be seen in the figure, there is a significant difference 
in the performance of the reactor under the two operating 
conditions. As previously mentioned, the rotating system 
of the media in the reactor environments can increase the 
uniformity in the distribution of formaldehyde, balance in 
the temperature and pH conditions in the reactor, contact 
of microorganisms with the substrate, and mass transfer 
rate. The results of these overall effects lead to an increase 
in the performance of the SBRB bioreactor. Other factors 
that reduce the efficiency of the reactor without a rotating 
system may be due to the effect of the environments on 
the edges of the reactor, as well as the poor oxygen delivery 
to the biofilms. Some studies have confirmed the effects 
of rotation and movement of media in biological reactors 
on the efficiency of reactors to remove contaminants 
from wastewater. Pourakbar et al reported that by using 
cyclic activated sludge integrated with a rotating bed 
bioreactor, at an inlet phenol concentration of 600 mg/L 
and HRT of 24 hours, complete biodegradation of phenol 
occurred (17). Moussavi et al introduced the novel MSCR 
as a promising technique for the degradation of high 

concentrations of phenol and formaldehyde mixture in a 
single-basin reactor. They indicated that the MSCR could 
simultaneously remove greater than 99% of the target 
compounds at concentrations up to 1300 mg/L (29). 

3.5. The Influence of Hydrogen Peroxide Injection 
As mentioned in section 3.3, at an inlet formaldehyde 
concentration of 1000 mg/L, the lowest performance 
of SBRB bioreactor was obtained at an HRT of 8 hours. 
Therefore, this operating condition was used to determine 
the effect of hydrogen peroxide injection on the performance 
of SBRB bioreactor. The injection of hydrogen peroxide 
was performed at concentrations of 0, 0.1, 0.3, and 0.5 
mM. Fig. 7 indicates the changes in the removal efficiency 
of COD and formaldehyde at the different concentrations 
of hydrogen peroxide injection. At the beginning of 
this phase, without injection of hydrogen peroxide, the 
removal rates of formaldehyde and COD were 95% and 
57%, respectively. By adding hydrogen peroxide up to a 
concentration of 0.3 mM, the performance of the reactor 
was increased. In these conditions, the removal efficiency 
of formaldehyde and COD reached 99.2 % and 81%, 
respectively. However, the injection of hydrogen peroxide 
at a concentration of 0.5 mM disrupted the performance of 
the reactor. Therefore, by adding hydrogen peroxide under 
the optimal conditions (0.3 mM of hydrogen peroxide), 
an improvement (4% and 22%) in formaldehyde and 
COD removal efficiency was observed compared to the 
conditions before the injection of hydrogen peroxide 
(Fig. 8). As mentioned in all stages of this study, in addition 

Fig. 5. Formaldehyde and COD Removal in Sequencing Batch Reactor 
With No Rotating (HRT=24 Hours and Inlet Concentration of CH2O = 1000 
mg/L).

Fig. 6. Performance of Sequencing Batch Rotating Bed Bioreactor (SBRB 
Bioreactor) and Sequencing Batch non-rotating Bed Bioreactor (SBNRB 
Bioreactor) in COD and CH2O Removal (HRT=24 Hour, Inlet Concentration 
of CH2O =1000).

Fig. 7. The Effect of Various Amount of Hydrogen Peroxide Injection on 
Formaldehyde and COD Removal (HRT=8 Hour, Inlet Concentration of 
Formaldehyde = 1000 mg/L).

Fig. 8. Comparison of Reactor Performance with and without Injection of 
Hydrogen Peroxide on the Removal of Formaldehyde and COD (HRT= 8 
Hours, Inlet Concentration of Formaldehyde = 1000 mg/L.
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to measuring the concentration of formaldehyde, the 
concentration of COD was also measured to determine the 
fate of formaldehyde as a result of biodegradation. Since the 
results obtained in all stages of the study showed that the 
percentage of formaldehyde removal was higher than the 
percentage of COD removal, it can be concluded that the 
formaldehyde removed by the biological process was not 
completely converted to CO2 and H2O2, but a fraction of 
the removed formaldehyde was converted to intermediate 
organic compounds. However, increasing COD removal 
efficiency with the injection of hydrogen peroxide can 
be considered a promising operation in the performance 
of a biological reactor. In fact, the greater the removal of 
COD, the greater the removal of formaldehyde-mediated 
organic compounds. The injection of the proper amount of 
hydrogen peroxide into the reactor can stimulate bacteria 
to produce more peroxidase and dehydrogenase enzymes. 
(18-20). Figs. 9a and 9b show the changes in peroxidase 
and dehydrogenase enzymes activity in SBRB bioreactor 
at different concentrations of hydrogen peroxide injection. 
As shown in Figs. 9a and 9b, the enzymatic activities of 
dehydrogenase and peroxidase increase with the addition 
of hydrogen peroxide and reach the highest amount at a 
hydrogen peroxide concentration of 0.3 mM. However, the 
enzymatic activity was decreased by increasing the amount 
of hydrogen peroxide injection to 0.5 mM. The decrease 
in enzymatic activity at a concentration of 0.5 mM is due 
to the inhibitory or toxicity effect of hydrogen peroxide 
on bacteria. Therefore, the addition of hydrogen peroxide 
should be done in an appropriate amount. Biostimulation 
of microorganisms with hydrogen peroxide can lead to 
the production of peroxidase. The results show that with 
increasing peroxidase activity, dehydrogenase activity also 
increases, which can be a strong reason for the high ability 
of bacteria against toxic compounds under conditions 

of high peroxidase secretion (14,17). The production of 
free radicals and the initiation of bond fission reactions 
in wastewater are among the capabilities of this enzyme 
(peroxidase), which subsequently cause the decomposition 
of organic compounds and provide the redox potential 
required for aerobic metabolism (21). Peroxidase activity 
involves the donation of electrons that attach to other 
substrates, breaking them into harmless compounds. 
Peroxidases have a common catalytic mechanism for the 
degradation of hydrogen peroxide (22). 

3.6. Trend of Fluctuations in MLSS 
The trend of fluctuations in MLSS during different phases 
of SRBR reactor operation is shown in Fig. 10. As shown in 
the figure during the start-up phase, which lasted 50 days, 
the amount of MLSS in the reactor gradually increased; 
in other words, from the 15th day onwards, the amount 
of attached MLSS in the reactor increased compared to 
the suspended MLSS. A further increase in the amount of 
attached MLSS can be related to the high surface area of 
the media, as well as the rotation of the bed in the reactor. 
In this phase, the average concentration of attached and 
suspended MLSS was found to be 2440 and 1770 mg/L, 
respectively. In this phase, the average total MLSS was 
4214 mg/L. From the 51st day onwards, the SBRB reactor 
was gradually fed with a formaldehyde concentration of 
500 mg/L to 1500 mg/L. In this phase, the concentration 
of attached MLSS increased but the concentration of 
suspended MLSS decreased slightly. At this stage, the 
average concentration of attached and suspended MLSS 
was measured to be 3100 and 2200 mg/L, respectively. 
However, in this phase, the average total concentration of 
MLSS was 5500 mg/L. In the next phase, i.e., from day 136 
to day 170, the reactor was operated without rotating the 
basket containing the media. In this phase, the efficiency of 
the reactor in removing formaldehyde and COD reduced, 
and as shown in Fig. 8, the concentration of attached 
biomass decreased significantly but the concentration of 
the suspended biomass increased. The average of attached 
and suspended MLSS at this phase was found to be 1700 
and 2720 mg/L, respectively. The non-rotation of the bed 
in this phase, less contact of the attached biomass with 
the substrate, and the reduction of mass transfer are the 
reasons for the significant reduction of the attached growth. 

Fig. 9. Changes in Dehydrogenase and Peroxidase Enzyme Activity 
due to Various Amounts of Hydrogen Peroxide Injection (HRT=8 Hour, 
Inlet formaldehyde Concentration =1000 mg/L). Abbreviation: DHA, 
dehydrogenase.

Fig. 10. Trends of Fluctuations of Suspended and Attached Biomass during 
the Operation Periods (Acclimation phase: days 1 to 50, Formaldehyde 
inlet concentration phase: days 51 to 93, Various HRTs:  days 94 to 135, 
operation with non-rotating bed: days 136 to 172, Injection of H2O2: days 
172 to 220).
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From day 171 onwards, the SBRB reactor was operated 
by adding hydrogen peroxide. As shown in Fig. 10, at 
this stage, the amount of MLSS varied according to the 
dosage of hydrogen peroxide injected into the system. At 
a hydrogen peroxide concentration of 0.3 mM, the highest 
increase was observed in attached MLSS. At this stage, the 
average concentration of attached and suspended MLSS 
was found to be 4050 and 2300 mg/L, respectively. The 
mean total MLSS at this stage with a concentration of 
6300 mg/L was the highest concentration of biomass in all 
stages of the study. However, in this phase, by adding 0.5 
mM of hydrogen peroxide, the reactor performance was 
disrupted and the concentration of MLSS was significantly 
reduced. Increasing the enzymatic activity by adding the 
proper amount of hydrogen peroxide increases the rate of 
substrate removal and further growth of biomass in the 
reactor (14, 22). 

4. Conclusion
In this study, the biodegradation of formaldehyde from 
wastewater was investigated using the SBRB bioreactor 
under long-term operation. The performance of the 
reactor with and without hydrogen peroxide injection 
was also investigated. The results revealed that the 
SBRB bioreactor is able to remove high concentrations 
of formaldehyde from wastewater with high efficiency. 
The use of this reactor with and without rotating the bed 
showed that the performance of the reactor was much 
better with rotating bed, especially for the removal of 
corresponding COD. In addition, the bioreactor with 
rotating bed (SBRB bioreactor) had higher stability and 
tolerance to applied shocks. The operation of the SBRB 
bioreactor with the injection of hydrogen peroxide 
indicated that high efficiencies can be obtained to remove 
formaldehyde and corresponding COD at a shorter HRT. 
The injection of hydrogen peroxide into the bioreactor 
in appropriate amounts increases the production of the 
peroxidase, leading to further breakdown of formaldehyde 
and other intermediate organic compounds. Finally, it can 
be concluded that the application of the SBRB bioreactor 
with and without hydrogen peroxide injection is capable 
of biodegrading high concentrations of formaldehyde. 
Therefore, this bioreactor may be used to remove other 
inhibitory organic compounds from wastewater. 
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