Journal of Biotechnology Research Center (Special edition) Vol.8 No.2 | 501 4

Moving bed biofilm reactor technology as batch system in wastewater treatment
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Abstract

Biofilm slime layer is one of the advanced biological treatment technologies for industrial and
municipal wastewater treatment with the capacity to reuse of treated water for agricultural
purposes. Bacterial, fungal and algal biofilm slime layer were grown on the interior surfaces of
polyethylene pellet (carrier) and suspended in municipal wastewater for organic pollutants
removal. Bacterial species (Pseudomonas aeruginosa, Bacillus megaterium, Sphingobacterium
thalpophilum), fungal species (Penicillium citrinum, Aspergillus niger, Trichoderma harzianum) and
algal species (Nostoc linckia, Scendesmus dimorphus) were used separately for biofilm slime layer
growth under controlled laboratory conditions (pH, temperature, and aeration). Bacterial biofilm
layer thickness was measured and recorded 9, 6 and 5 mm respectively as compared with 3mm for
control group through the retention time of 16 day. Bacterial P. aeruginosa biofilm slime layer
showed an efficiency for COD, TOC, NO; and PO, removal after 24 hour of 75%, 65%, 69%
and56%o respectively while the removal rates of the same factors using the fungal biofilm layer of
P. citrinum was 83%, 78%, 53% and 60% after 48 hour respectively. The algal biofilm reactor
with S. dimorphus showed the highest percentage removal rate of total nitrogen 93% as compared
to control group 87% after 72 hours of treatment due to the biofilm slime thickness of S. dimorphus
7.5mm as compared to the thickness of the N. linckia slime layer 5.3mm. Mixture of microbial
species biofilm layer was used for wastewater treatment through 18 and 24 hours, using aerobic
and anoxia. The mixture of microbial species biofilm layer showed removal rates for TOC, COD,
and TN of 90%, 83%, and 59% respectively in an aerobic condition, while the removal rates were
66%0, 52%, and 84% in an anoxic condition. From the above results, one concludes that
controlling the biofilm slim layer is a promising technology for municipal wastewater treatment, as
long as it is used under the suitable conditions.
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Introduction:

Biofilm layer is defined as the dense aggregates of surface-adherent microorganisms (mostly bacteria)
which embedded in an extra polysaccharide matrix or substance (EPS) [1]. The EPS, in turn, is normally
composed of 40-95% polysaccharides, 1-60% proteins, 1-10% nucleic acids and 1-40% lipids [2]. The
composition of the EPS varies with the composition of the microbial consortia and the environmental
conditions [3].

Biofilm development is a result of successful attachments and subsequent growth of microorganisms on
the internal surface of polyethylene pellet. Biofilm formation is a multi step process whereby
microorganisms, adhere on the surfaces, surround themselves with a protective layer of polysaccharides
and grow into a network of micro colonies with water channels. The rate of biofilm formation can be
affected by many factors such as surface characteristics, availability of nutrients and flow velocities. A
biofilm continues to grow until the surface layers begins to slough off into the water [4].

The moving bed bacterial and fungal biofilm reactor (MBBR) is a biofilm treatment system which is
capable of degrading organic compounds and nutrients (N and P) in wastewater effluents by employing
various metabolic and respiratory processes [5]. The key feature of the MBBR function is by using a
small polyethylene plastic biofilm support media to allow for a high concentration of biofilm to growth
in a well mixed reactor vessel [6].

Municipal wastewater is composed of organic material (proteins, carbohydrates, fats and oils); nutrients,
mainly nitrogen and phosphorus; as well as trace amounts of recalcitrant organic compounds and metals
[7]. Biodegradable organic material is biochemically oxidized by heterotrophic bacteria under aerobic
conditions leading to the production of carbon dioxide, water, ammonia and new biomass. Under
anaerobic conditions methanogenic archaea, partially oxidizes organic material to yield carbon dioxide,
methane and new biomass [8].

The objective of this study is to evaluate the environmental factors removal rates of (COD, BODs, NO3
and PO,) by applying a lab-scale MBBR system filled with biofilm carriers (pellets),the biofilm consist
of different isolates of microorganism (bacteria, fungi and algae) with the changing of environment
conditions in wastewater treatment.

Materials and Methods

-Isolation and identification of microorganisms

Three main types of microorganisms were used to form the biofilm slime layer used in the treatments of
pollutants in this study.

1. Bacteria: Three bacterial species Pseudomonas aeruginosa , Sphingobacterium thalpophilum,
Bacillus megaterium were isolated from sewage water in addition to other sources of water. These
bacterial species were identified by using the Vitek Compact 2 equipment.

2. Fungi: The fungal species Penicillium citrinum, Trichoderma harzianum, Aspergillus niger were
isolated from sewage water, then were cultured on the various media (PDA and Corn meal agar). These
fungi identified from standard morphological characteristics [9,10]

3. Algae: Algal species Scendesmus dimorphus and Nostoc linckia were isolated from sewage water
samples, cultivated on modified chu-10 medium [11] at controlled environmental conditions in photo
incubator (16:8 hour light: dark regime; light 245 pEm-2s-'; temp. 25 + 2¢"). The Algal species were
diagnosed by compound microscope in addition to the scientific references [12].

-Chemical analysis: The chemical analysis that were used to determine the pollutant concentrations
before and after the treatments of the wastewaters are soluble COD, BODS5, TOC, nitrate (NO3-N), and
phosphorus (PO4-P), these factors were measured in accordance with standard methods for the
examination of water and wastewater (American public health association [13], While Total phosphate
and total nitrate were measured according to [14].

- Culturing of biofilm on Biocarrier (pellets): Microorganisms (bacteria, fungi and algae) were grown
aseptically on biofilm carrier elements made from high density polyethylene and have a specific gravity
of 0.96 (MBBR)(Figure 1a) in a large glass tanks for period of 10-16 days in batch system, where the
tank was aerated from above of tank by a stone diffuser connected to a pressure and flow controlled air
stream(Figure 1b). Then the growing biomass on bio-carrier was used for wastewater treatment.
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Figji): Moing bed bioreactor systefﬁ. (A) biocarrier, (B) Tank of the reactor.
-Bacterial biofilm: Samples were taken from station of (Saba Abkar) for wastewater treatment, these
waste water were placed in volumetric glass bottles size 1L at quantity of 500ml, then sterilized by
autoclave device for 20 min to killing of microorganisms. After cooling the samples, the pH was adjusted
to 6.5 by using concentrated sulfuric acid, suitable aeration, with the addition of nutrients K,HPO,4 0.1g/L
as phosphate source, NH;NO; (1g/L) as nitrogen source, glucose (1g/L) as carbon source in addition to
bacterial biomass were measured in spectrophotometer equipment at 3ml for each bottle 60 pellet/L. The
environmental factors NO3;, PO,, BODs, and TOC were measured before and after 24, 48 hour from
treatment.
-Fungal biofilm: Samples were taken from wastewater treatment station, these samples were placed in
volumetric glass flasks (1L), sterilized by autoclave equipment for 20 min to Killing of microorganisms,
cooling and was adjusted to the pH of 5.8, and addition of the suitable nutrients such as K,HPO, (0.1
g/L) as phosphate source, NH4;NO; (1g/L) as nitrogenous source and glucose (1g/L) as carbon source.
Fungal biomass was added at 5g/500ml sample for each fungal species grown on polyethylene pellet (50
pellet /L). Three replicate were done for each species. After 48 and 96 hour from wastewater treatment,
the environmental factors (NOs;, PO4, BODs and TOC) were also measured in addition to their removal
rate.
-Algal biofilm: Samples were brought from station of (Saba Abkar) in the city of Baghdad for
wastewater treatment, those samples were placed in a volumetric glass flasks (250 ml), sterilized by
autoclave equipment for 20 min to kill microorganisms and left for cooling. A 0.08 g/ | of algal biomass
of S. dimorphus and N. linckia growing on pellets at average of 43 algal thread / mL measured by
haemocytometer was added to the sample above. For each flask 15 biofilm pellets was added at an
average of 3 replicates. The average weights of empty pellet were recorded as 1.02 grams. The
environmental factors and removal rates were also measured for sewage water after 24, 48 and 72 hours
of the treatment process.
Result and Discussion
In the last decades the MBBR was invented to be an effective alternative wastewater treatment process
that could provide advantages over activated sludge or other biofilm technologies. The principal of the
moving bed biofilm reactor (MBBR) treatment process is the treatment of the incoming wastewater by
microorganisms growing on bio-carriers freely suspended in the mixed liquor of the MBBR reactor, bio-
carrier movement within the reactor is produced by an engineered aeration system.
Bacterial biofilm layer
MBBR technique utilized for the treatment of organic pollutions of wastewater through the formation of
bacterial biofilm slime layer on the pellet. Table (1) shows the reduction rates of environmental factors
after 24 hours of treatment by bacterial biofilm for isolates P. aeroginosa, S. thalpophilum and B.
megaterium separately as compared with control (sewage water). Different nutrients were added to each
bioreactor under suitable aeration, this is done through the aerator which provides O, and good mixing
[15]. The results showed that the highest removal of COD, TOC, nitrate and phosphate in wastewater
was achieved by using biofilm P. aeroginosa with the rates of 65%, 75%, 69% and 56% when comparing
with the control group after 24 hour from treatment respectively. Meanwhile biofilm B. megaterium and
S. thalpophilum came in the second and third state in the removal of the environmental factors
respectively. This is due to the ability of these bacteria for biodegradation of different pollutants and their

68



Journal of Biotechnology Research Center (Special edition) Vol.8 No.2 | 501 4

rapid growth and reproduction on plastic pellet under appropriate conditions [16]. There were many
factors that contributed in the increment of the pollutants removal rates and efficiency such as thickness
of attached biofilm layer, availability of oxygen and nutrients, mixing process and retention time [17].
Biofilm thickness was found to be an essential factor in this treatment, from the results above the biofilm
P. aeroginosa was recorded the highest removal rates of pollutants due to their biofilm thickness 9mm
as compared with B. megaterium, S. thalpophilum and control were recorded 6 mm, 4 mm and 3mm
during the 16-18 days of development respectively. The P. aeroginosa is gram negative bacteria, its
ability for attaching on the biotic and abiotic surfaces and formation of biofilm layer is due to its content
of protein system [18]. The availability of nutrients in the wastewater influent contributed in the
abundance growth, reproduction, composition of the bacterial biofilm and the production of extracellular
polysaccharide (EPS) [19]. The other factor that contributed in the increasing of the pollutants removal
rates and efficiency was mixing process of the biofilm reactor which provided both sufficient oxygen and
uniformity of the waste mixture which had its positive effects on the growth rates of the biofilm
formation [20]. Also the retention time was considered one of the essential factors in the treatment due to
their allowing for the bacteria to grow and reproduction [21].

Table (1): Removal rate for environmental factors of sewage water by using different isolates of bacterial

biofilm after 24 hour from treatment.

Type of bacterial biofilm Environmental factors Biofilm Thickness mm
PO,% NO;% TOC% COD %
Control 38 53 33 50 3
B. megaterium 51 41 36 62 6
S. thalpophilum 29 37 31 52 4
P. aeroginosa 56 69 65 75 9

Table (2) shows the removal rate of TOC, COD and nutrients in wastewater by bacterial biofilm after 48
hours of treatment, which biofilm P. aeroginosa was recorded a remarkable increase in the removal rate
of COD, TOC, nitrate and phosphate as follows 78%, 84%, 73% and 87% due to the high density and
thickness of biofilm P. aeroginosa 9.5 mm comparing with 6.3mm, 4.1mm and 3.1 for B. megaterium,
S. thalpophilum and control after 48 hr. of treatment respectively. Biofilm thikness of bacterial species
was considered positive factor in the treatment of organic pollutants in wastewater, which the microbial
thickness is depended on the microbial species, type and source of sewage water [22].The study appeared
that adding of long-term nitrate in fact stimulate the effectiveness of bacteria reducing nitrate in biofilm
of sewage water [23], also nitrate consumption was increased by bacterial biofilm with re-exposure to
nitrate in the samples and conversely increasing of COD consumption in wastewater. The genus
Sphingobacterium is widely distributed in the environment this attributed to their ability to metabolize a
large variety of organic compounds in addition to its surviving and growth under oligotrophic or
starvation conditions [24]. The genus Sphingobacterium is identified as important members of biofilm
communities in freshwater habitats, their ability to swimming and motility due to spore forming and
facilitate colonization on the surface of RO membranes. This isolate grew in much quantity on RO
membranes as biofilm layer, presumably due to their ability to produce EPS [25]. Lab-scale moving bed
bacterial biofilm reactors are shown in Figure (2).

Table (2): Removal rate for environmental factors of sewage water by using different isolates of bacterial
biofilm after 48 hour from treatment.

Type of bacterial Environmental factors Biofilm Thickness (mm)
biofilm PO4(%) NO; (%) TOC (%) COD (%)
Control 67 61 58 66 3.1
B. megaterium 56 69 56 75 6.3
S. thalpophilum 42 53 51 62 4.1
P. aeroginosa 78 84 73 87 9.5
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Fig (2): Bacterial biofilm reactor for isolates B. megaterium, S. thalpophilum and P. aeroginosa.
Fungal biofilm layer
Table (3) shows the removal rate of organic pollutants by reducing the concentrations of COD and TOC
in sewage water after 48 hour from treatment with fungal biofilm reactor such as T. harzianum, A.niger
and P. citrinum without aeration. These results demonstrated that the fungal P. citrinum biofilm reactor
caused the highest removal rates of COD, BODs, TOC, NO; and PO, at rate of 83%, 89%, 78.18%, 53%
and 60% after 48 hour from wastewater treatment respectively, but the other two types of fungal reactor
recorded varying rates of removal for environmental factors. These due to the efficiency of P. citrinum
biofilm on the sewage treatment with the use of organic pollutants as sources of energy for growth in
addition to the wide surface area of the fungal biofilm on the inner surfaces of pellet (biocarrier) and
forming suitable biofilm thickness 8.1mm as compared with other species and control 7.5,7.4,4mm
respectively. The amount of pellet surface filling with biofilm influenced by the concentrations of
organic carbon in sewage water, when increasing the concentrations of organic carbon (increasing COD),
these lead to the increasing the growth and reproduction of microorganisms constituent biofilm layer on
the internal surface of pellet and vice versa [26].
Both fungal species of P. expansum and P. brevicompactum contributed in formation of biofilm slime
layer in drinking water distribution pipes, these fungi are most important environmentally due to their
overlap and interaction with the other microorganisms present in abundance in water [27]. Table (4)
shows the removal rates of organic matter and nutrients in wastewater by biofilm fungal reactor without
aeration after 72 hr. of treatment. These results proved the efficiency of fungal biofilm reactor in the
removal rate of the environmental factors as compared to control group, while [22] recorded the BODs
removal rate at percent of 78% in MBBR reactor as compared with 94% removal rate for this result.
Attachment of microorganisms on plastic surfaces and formation of fungal biofilm layer take 48 hour
under incubation temperature of 37 C° and differs according to the microorganisms used in the treatment
[28]. Lab-scale moving bed fungal biofilm reactors are shown in Figure (3).

Table (3): Removal rate for environmental factors of sewage water by using different isolates of fungal biofilm
after 48 hour from treatment.

Type of fungal Environmental factors Biofilm
biofilm PO4 % NO3z; % TOC% BOD;s % COD% Thickness(mm)
Control 56 41 36 67 72 4.0
P. citrinum 60 53 78 89 83 8.1
T. harzianum 58 50 78 88 77 7.5
A. niger 49 25 64 81 74 7.4

Table (4): Removal rate for environmental factors of sewage water by using different isolates of fungal biofilm
after 72 hour from treatment.

Type of fungal Environmental factors Biofilm
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biofilm PO,% NO; % TOC% BODs % COD% Thickness(mm)
Control 62 50 55 69 80 4.2
P. citrinum 89 75 93 94 93 8.2
T. harzianum 73 69 88 93 86 1.7
A. niger 56 33 82 92 91 7.7

Fig (3): Fungal biofilm reactor for isolate T. harzianum, A. niger and p. citrinum.

Algal biofilm layer

Figures (4a,b) lllustrates the total nitrogen removal rate from sewage water by S. dimorphus and N.
linckia algal biofilm after 24, 48, 72 from treatment as comparing with the control group respectively.
The results showed the efficiency of algal biofilm reactor in the removal of total nitrogen with the
highest removal rate of 93.39% and 64.89% for S. dimorphus and N. linckia after 72 hours of treatment
as compared to control group 86.56% respectively, this due to the thickness of S. dimorphus biofilm
(7.5mm) while the thickness of N. linckia biofilm 5.3mm. In Figure (5a,b) the highest removal rate of
total phosphorus in wastewater was by using S.dimorphus biofilm (53.1%) as compared with N. linckia
biofilm 36.86% after 72 hours of treatment. Meanwhile, the results showed an increase in weight of N.
linckia biofilm pellet (4.125 g) after seven days of treatment while weight of S. dimorphus biofilm pellet
was recorded 1.67 g. These results suggested that the developing algal density (large surface area) on
plastic fillings due to the consumption of nutrients in sewage and their efficiency in reducing their rates
without side effects. Several studies indicated the role and importance of algae in the removal of
inorganic contaminants (phosphorus and nitrogen) from sewage water [29]. The removal of nutrients
from wastewater are completely done by using algae and never let any area of contamination in the
treatment process and in the recent years, many of researchers concentrate their researches on the using
of algae as an alternative method for secondary treatment in sewage treatment and is considered as one of
the methods of environmentally friendly but the deposition of algae after water treatment is a problem in
its removal [30]. Also, many researches are directing on the using of immobilized and attaching algal
cells on the substrate (pellet) to solve this problem with the sedimentation of algal cells is unnecessary
and the metabolic events remain stable for long periods, with using of the harvested algal biomass as a
food source or chemical material [31].
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Fig (4): Removal rate (%) of total nitrogen by algal biofilm S. dimorphus (A) and N. linckia(B) through
different time periods of treatment.
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Fig (5): Removal rate (%) of total phosphorus by algal biofilm S. dimorphus (A) and N. linckia (B) through
different time periods of treatment.
The results in Table (4) display the removal rates of environmental factors in wastewater by using
biofilm reactor growing on the internal surfaces of moving pellets (as carrier) in aerobic conditions and
with addition of external carbon source (pepton and methanol) after 18 and 24 hours of wastewater
treatment. The removal rates of TOC and COD were 90% and 83% after 24 hr. from treatment
respectively, due to efficiency of bacterial and fungal biofilm reactor on the consumption of organic
carbon for the energy and growth while algal biofilm contribute in the consumption of phosphates and
nitrogen in sewage as basic nutrients and reducing their rates to 85% and 59% respectively under favorite
pH for microorganisms growth in the aquatic environment. The biomass that sloughs off from biocarrier
then passes through the effluent sieve of treatment tanks after that the clarification/sedimentation is then
employed to remove the sloughed off biomass from the treated wastewater. Figures (6 a, b) shows the
moving bed biofilm reactor in glass cylinders containing of the wastewater. Addition of external
nutrients such as glucose, methanol or acetate are considered an essential for growth and reproduction of
microbial biofilm with enhanced the process of denitrification (removal of nitrate) [32]. Tam et al. [33]
was used methanol as industrial standard material in the denitrification from wastewater because of little
cost and gives appropriate reactions and produces few cells.
Table (4 ): Moving bed biofilm reactor in aerobic condition for wastewater treatment.

No. Environmental Before treatment After treatment ppm Removal rate %
factors ppm 18hr. 24hr. after 24hr.

1 TOC 25 12.4 2.6 90
2 COD 950 554 160 83
3 TN 15 10 6.2 59
4 TP 5.4 3.10 0.8 85
5 DO 0.08 2.4 4.2 -

6 pH 7.2 8.2 9.1 -

The results in Table (5) showed that the thickness of biofilm layer was recorded the removal rate for
TOC and total nitrogen of % 94 and 84% through anoxic conditions and after 18,24 hours of treatment
respectively. The significant reduction of nitrate through this analogical period with the lack of oxygen
was attributed to the activity and efficiency of microbial biofilm in the reduction of nitrate by
denitrification process and converts all forms of nitrogen into nitrogen gas with the using of external
organic carbon for nitrate reduction. The concentrations of COD were increased during the periods of the
treatment due to the external carbon source; in addition the biological treatment was decreased because
of oxygen depletion that essential for oxidation of organic matter. Also, the results displayed a dispersed
in phosphate concentrations during the treatment periods these may be due to the lack of oxygen or
because of the acidic condition. Figure (6) showed the biofilm reactor in aerobic and anoxic condition
with using of different nutrient sources such as methanol and peptone. The glucose and the combination
of soya peptone with yeast extract at a temperature of 45 ¢ are considered optimal conditions for cell
division and formation of slime biofilm with the production of exopolysaccharide materials [34]. The
oxygen produced by algae metabolism is essential and necessary in the oxidation of organic matter by
bacteria and fungi in the biofilm [35]. The peptides and amino acids are considered the essential
elements favorite and encouraging the development of large amounts of biofilm [36]. Figure (7)
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displayed the thickness of microbial slime biofilm for community of microorganisms (bacteria, fungi and
algae) grown on pellet after 10 days from treatment.
Table (5): Moving bed biofilm reactor in anoxic condition for wastewater treatment.

No. Environmental Before treatment After treatment ppm Removal rate %
factors ppm 18hr. 24hr.
1 TOC 25 8.2 1.6 94
2 COD 950 754 460 52
3 TN 15 8 24 84
4 TP 5.4 9.2 125 -
5 DO 0.08 0.05 0.04 -
6 pH 7.2 7.5 7.8 -

Fig (6 ): Moving bed biofilm reactor in aerobic and anoxic condition (A), different nutrient sources (methanol

and pepton) (B).

Biofilm thickness

Fig (7): Thickness of biofilm slime layer for community of microorganisms (bacteria, fungi and algae) on

pellet after 10 days from treatment.

Conclusion

The following conclusions can be drawn from the data obtained from the experiments; the efficiency of
this technology is an important factor and a key to the recovery and recycling of contaminated water;
MBBR technology is low-cost technologies that lead to major tasks in biological treatments for
wastewater; The possibility of replacing traditional techniques such techniques for newly built projects in
villages and remote areas within the evolution of this process.
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