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1- Environmental protection agency (EPA)

2- International agency for research on cancer (IARC)
3- Anaerobic fluidized bed granular activated carbon
4- Anaerobic sequencing bench scale batch reactor
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1- Horizontal-flow anaerobic immobilized biomass
2- Anoxic upflow sludge blanket reactor

3- Biological aerated filter

4- Moving bed biofilm reactor

5- Sequencing batch airlift reactor
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1. Introduction

Formaldehyde is used in many industrial activities such as adhesives, resins, paper producing and pharmaceutics
industries. Due to formaldehyde toxicity for microorganisms, aerobic biological methods were less studied for its
treating. Chemical and anaerobic biological methods are often applied for treating wastewaters containing
formaldehyde. Recently, some methods such as Fenton and photo-Fenton, photo-catalytic degradation, combination
of chemical-biological and anaerobic-aerobic biological have been investigated. In this research, formaldehyde
removal efficiencies using aerobic biological treatment systems including moving bed biofilm reactor (MBBR) and
sequencing batch airlift reactor (SBAR) were compared.

2. Methodology
2.1. Reactors

Two systems of MBBR and SBAR were used in this research.

2.2. Experimental study
Influent feeding to both MBBR and SBAR reactors during experiments is presented in Fig. 1.
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Fig. 1. Influent feed in: (a)SBAR, (b) MBBR

Temperature, pH, and dissolved oxygen were adjusted every 6 hours for preparing suitable condition for
microorganisms activity. Mixed liquor suspended solid and sludge volume index were measured daily. COD,
BODS5, granular diameter, and velocity settling were used for illustrating reactors situation. All of the experiments
were accomplished in accordance with the instructions presented in the "Standard Methods for the Examination of
Water and Wastewater" [1]. After investigating all methods, the best one was selected regarding to the laboratory
facilities. Removal efficiency was determined using COD results.
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3. Results and discussion
3.1. COD removal efficiency

The results showed both systems can be used for treating formaldehyde wastewater in low concentrations. The
most removal efficiencies were 100% that occurred in concentration of 100 mg/L (Fig. 2).
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Fig. 2. COD removal efficiency in: (a) SBAR, (b) MBBR

3.2. Other parameters

According to the parameters measured during the operation, MLVSS to MLSS ratio was equal to 0.75+£0.04 and
SVI was less than 150 mL/mg.

3.3. CNMR spectrum analysis

According to *C-NMR analysis, N-{[(amino carbonyl) amino] methyl} urea was achieved in the influent
samples from the reaction of formaldehyde and urea and 1, 3, 5-trioxane was produced from polymerization of
formaldehyde residuals. Also, according to effluent spectra of both systems, it can be seen that all molecules
containing carbon were degraded and there was no carbon in the samples.

3.4. Kinetic investigation of reaction

According to kinetic investigation, Stover-Kincannon second-order model and first-order removal model were
suitable for MBBR and SBAR, respectively (Fig. 3).

= 0.624x + 0.049

= MBBR
R =0912 i
]

+ MEBR » SBAR 012 o SHAR

{s0-5)/RT
on
(RTI(50-5)

[ 50 100 150 200 250 300

0.06 008 01 012
g AT/50

a
Fig. 3. Kinetic investigation: (a) First-order model, (b) Stover-Kincanon model

4. Conclusions

The results of this research in pilot scale showed both systems were capable in removing formaldehyde from
wastewater in concentration of less than 300 mg/L with a 24-hour retention time. SBR and MBBR systems can be
used as pretreatment units for the treatment of formaldehyde CODs more than 500 mg/L.
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