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Abstract /l

The disposal of domestic and industrial wastewater into the drainage/

atmosphere without treatment is a major source of pollution that endangers

the health of the population and needs to be controlled. Despite long been Article History

used as a secondary treatment strategy for wastewater, conventional Received: 20 May 2023
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rotating biological contactor (RBC) suffers from the drawbacks of limited 2023

surface area for the growth of biofilms. There are persistent problems of less

oxygenation capacity, and inefficient mixing resulting in inadequate mass Keywords

transfer. To address these issues conventional RBC has been modified Biofilm; Biological

Oxygen Demand;

in the present study by replacing a bank of discs using a rotating drum. Chemical Oxygen
The use of a rotating drum in RBC enhanced the biofilm attachment surface Demand;

area up to 2.29 m? (=108.2% higher than conventional RBC), thereby Dissolved Oxygen;
. . . . Rotating Biological
improving the working performance. To prevent the dissolved oxygen Contactor

as a limiting factor, four small aerators were placed as supplement aeration Wastewater.

system in the wastewater collection tank of modified RBC. To prevent the
influence of atmospheric temperature on biological process, a blast-proof
aquarium glass heater was placed in the tank. For experimental work, a 700
ppm pretreated synthetic solution of Auramine-O dye as wastewater was
utilized. A constant level of percentage variation in biological oxygen demand
(BOD) removal efficiency was observed after 15 days of the experiment.
After day-15, the MLSS concentration increased to 2960 mg/L, and the BOD
concentration reduced to 12.85 mg/L, resulting in a reduction of 89.86%
in BOD, indicating the meeting of effluent discharge standards.
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Introduction

The disposal of domestic and industrial wastewater
into the drainage/atmosphere without treatment is
a major source of pollution that endangers the
health of the population and needs to be controlled.
The prime traditional technologies for the domestic/
industrial wastewater treatment such as tertiary
nutrient removal and activated sludge are expensive
for the treatment of wastewater to provide a
satisfactory solution. The attached growth technology
relies on the principle that organic matter present
in the wastewater is removed by microorganisms."
The major benefits of the attached growth technology
compared to the activated sludge process are — the
simplicity in operation and design, less requirement
of land area, short time for start-up, less energy
requirement, no bulking problems, ease in operation,
better recovery from shock loading, and less
maintenance.?

A rotating biological contactor (RBC) is a bioreactor
based on an attached growth technology that
provides a promising substitute of the traditional
activated sludge process for the secondary treatment
of industrial and domestic wastewater. The use
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of RBC(attached growth secondary treatment
process) is the biological treatment process
of wastewater that mainly relies upon the growth
of microbes/bacteria and provides a high level
of removal of biodegradable organic pollutants
to improve the quality of wastewater for disposal,
which cannot be achieved with the use of clarification
process alone. The conventional RBC is composed
of a series of numbers of corrugated or flat closely
spaced discs mounted on a single horizontal
shaft and partially or completely submerged in
wastewater.®# The entire assembly is placed in a
wastewater tank with the shaft of RBC remaining
above the wastewater surface so that nearly half
a portion of the series of discs remains immersed
in wastewater. The shaft and discs are rotated
by an electric motor connected to gearboxes or
belt and pulley systems, to bring them into contact
with the wastewater. The biofilm (growth of the
microorganism) is developed on the surface of the
discs, and the rotation of the shaft brings it into
contact with the wastewater, facilitating the organic
matter present in the wastewater to be digested.>®
Figure 1 presents a schematic diagram of single-
stage and two-stage conventional RBC.
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Fig. 1: Schematic of RBC with (a) single-stage and (b) two-stage.®

Cortez et al.* have reviewed the influence of various
operating parameters such as retention time, organic
loading rates (OLRs), rotational speed, hydraulic
loading rates (HLRs), dissolved oxygen (DO)
levels, etc. on the performance of RBC.Pariente’
developed a lab-scale model of a five-disc RBC for
the biological treatment of pre-treated wastewater
using heterogeneous catalytic wet hydrogen
peroxide oxidation and achieved total organic
carbon and total nitrogen (TN) reduction of 78%
and 50%. Ebrahimi et al.® integrated the RBC for

the anaerobic conditions with the moving-bed biofilm
reactor (MBBR) as the combined aerobic process.
With the additional benefit of methane production,
the integrated system achieved a removal efficiency
of 98% from influent having a chemical oxygen
demand (COD) of 10g/L. Johnson et al.® developed
a novel pilot-scale system comprised of multiple
algae wheel rotating algal contactors to treat the
high strength municipal anaerobic digester filtrate.
At HRTs of 0.5 to 2 days, the removal of total
ammonia nitrogen by anabolic uptake variation
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and microbial oxidation was obtained in the range
0f45%-60%.Wang et al.® evaluated the performance
of non-woven fifteen-disc RBC for the treatment
of municipal sewage and achieved COD and TN
removal rates of 83.12% and 79.13%. Choolaka™
proposed the rotational sponge reactor for sewage
treatment and achieved nitrification, COD removal,
and nitrogen removal efficiencies of 97%, 91%,
and 65%, respectively. Talwar et al.'? utilized
a combination of photocatalytic degradation and
single-stage rotating bio-disc RBC for the biological
treatment of pharmaceutical wastewater and
obtained an overall degradation efficiency of 96.5%.

Tawfik et al."® have developed the series connection
of a two stage RBC system to treat municipal
wastewater at temperatures ranging from 12 to
24°C. The experiments were conducted at different
OLRs and hydraulic retention times (HRTs) for the
optimization of RBC performance. The overall COD
removal efficiency significantly reduces with the
reduction in total HRT(in the range of 10 to 24 h) and
anincrementin OLR (in the range of 11 to 47g/m?/d).
The removal of the major part of COD occurred in
the first stage whereas nitrification occurred in the
second stage and the quality of effluent of soluble
COD remained unaffected. Chen et al.'* used
a three-stage net-like RBC (nine discs in each
stage) to treat the municipal synthetic wastewater
and achieved a COD removal rate of 80-95% when
organic loading varied between 16 and 40 g-COD/
m?-d.Vasiliadou et al.’ developed the bench-
scale model of a two-stage conventional RBC
(five discs in each stage) for the biological removal
of pharmaceutical compounds. Various experiments
were carried out to investigate the influence
of pharmaceutical concentration, substrates loading
and volumetric flow rate on the performance of RBC.
The maximum pharmaceutical compound removal
of nearly 85% was achieved for all pharmaceuticals.
Su et al.'® evaluated the efficacy of a three stage RBC
with rotating bio-discs (twelve discs in each stage)
to treat the high-strength antibiotic pharmaceutical
residual liquid mingled with ordinary wastewater.
A 45% COD and 40% NH,+ -N removal efficiency
was achieved. Ebrahimi et al. 17 developed
a bench-scale three-stage RBC, comprised of three
equal-sized compartments separated by fixed baffle
plates, to remove Latvia matters and organic LV-
1586 Riga from cheese whey. The maximum COD
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removal efficiency of 90 and 92.4% was achieved
at HRTs of 24 and 36 h with OLR of 50 g-COD L/d.

The major bottleneck of the conventional RBC is
the limited surface area for the growth of the biofilm
because of the use of a bank of discs. The use of a
bank of discs in conventional RBC has a lesser mixing
effect and a less oxygenation capacity, contributing
to lower mass transfer efficiency.'® The largest size
of commercially available high-density polyethylene
(HDPE) or polycarbonate sheets sets a limit on
the fabrication of single-piece discs.'® Therefore,
evolvement in conventional RBC has been carried
out from the original design of several rotating
discs to enhance efficacy. Various modifications
such as the provision of corrugations on flat discs,
the use of cellular meshes, etc. to provide the
additional surface area per unit volume to improve
the performance of conventional RBC. Corrugations
increase the available surface area, improve
mass transfer and enhance structural stability. At
the laboratory scale, several modifications in the
media of traditional RBCs have been investigated
with promising outcomes concerning the removal
of the substrate. To increase the biofilm area and
volume, the RBC discs were modified by affixing
the porous netlon sheets. Arandomly packed media
has been effectively utilized as an alternative for
discs at the pilot and laboratory scale. Randomly
packed media increases the area for the attachment
of biofilm within the same size of the RBC reactor as
well as enhances the turbulence, resulting in higher
mass transfer efficiency. Aside from that, the cost
of fabrication is nearly three times lesser than the
fabrication cost of discs and the energy consumption
is also lesser.*5

Li et al.?° utilized the rotating drum filled with
lightweight packing media in place of the bank
of discs to improve the performance of conventional
RBC. The use of packing media in the drum
enhances the surface area for the growth of biofilm.
The NH,+ -N and TN removal efficiency of 94.1%
and 80.9% were obtained with the modification.
Gulhane and Ashwin?' modified the conventional
RBC by replacing the bank of discs with a rotating
drum filled with plastic scrubbers to increase the
surface area for biofilm growth. Two baffles with
perforations filled with media were used in the
rotating drum to increase the area for the growth
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of biofilm. Areduction of 69% and 67% in biochemical
oxygen demand (BOD) and COD was obtained
at 3 rpm of rotation in 24 h for the modified system.

From the literature, the authors have observed
that various researchers have carried out
experimentations on single-stage and multi-stage
conventional RBCs for the treatment of wastewater.
Very few research work was observed on the
rotating drum RBCs for the treatment of wastewater.
The prime aim of the present study is to improve the
performance of the conventional RBC by enhancing
the surface area for the growth of the biofilm.
To achieve the aim, the bank of discs in conventional
RBC was replaced with the rotating drum in modified
RBC that increases the surface area for the growth
of biofilm. A laboratory-scale model of modified
RBC was fabricated and a pretreated synthetic
solution of Auramine-O dye as wastewater was
used for the treatment in the experimental work.
A comparison of the theoretical performance
between the conventional and modified RBC was
also carried out. The study sought to provide new
insights into the treatment of wastewater of the
dyestuff and textile industry and to supplement the
information on clean technology.

Material and Methods

Chemicals and Reagents

Commercial grade Auramine-O dye, used in the
present investigation, was supplied by M/s Ravi
Raj chemicals limited, Ankleshwar, Gujarat, India.
The Auramine-O dye has molecular formula
C,,H,,CIN,, molecular weight 303.37 g/mol and
its aqueous solution exhibits maximum absorption
at a wavelength of 485 nm. All other chemicals used
in this study were of analytical reagent (AR) grade,
supplied by Merck, India, and were used without
further purification. Soybean Casein Digest (SCD)
Broth, Xylose lysine Deoxycholate agar, Macconkey
agar, Baired Parker Agar, Wison and Blairs BBS
agar, Pseudomonas Agar, and urea broth used in
the microbial analysis of sludge were procured from
Hi Media laboratory.

Synthetic Influent/Effluent

In this study, the pretreated synthetic solution
of Auramine-O dye wastewater was used as an
influent. After the pretreatment, the pH of the
synthetic solution was adjusted to 7 and COD
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was estimated to be 450 mg/m.® The industrial
aerobic secondary recycle sludge, with mixed
liguor suspended solids (MLSS) concentration
of 50,276 mg/L was used as biomass for the nutrient.
In the experimental work, 1 L of industrial aerobic
secondary recycle sludge was diluted in 7 L of
distilled water. The resulting 8 L biomass, having
an initial MLSS concentration of 3106 mg/L, was
seeded into the modified RBC for the development
of biofilm. For the growth of microbes, 1 g/L of jaggery
was added to the wastewater in the reactor.?>23

Experimental Setup and Working

The schematic layout of the experimental setup
of the modified RBC has been presented in
Figure 2. In the modified RBC, the bank of discs was
replaced by the rotating drum, which was fabricated
using high-density polyethylene (HDPE) and divided
into three sections. The middle section of the drum
had six stationary paddles, and scrubber media on
both sides of each paddle was attached.?’ The two
end sections of the drum were filled with pall rings
(also called packing media) covered with porous
media (also called covering net)."®?* The use of a
rotating drum in modified RBC enhanced the biofilm
attachment surface area up to 2.29 m? (=108.2%
higher than conventional RBC), which enhances
the performance of modified RBC. For the collection
of pretreated synthetic solution/wastewater in the
experimental work, the wastewater tank of 10 L
capacity was fabricated using HDPE. A provision for
supplying pretreated synthetic solution/wastewater
(Auramine-O dye) was made at the upper part
of the collection tank. A ball valve was provided in
the middle, at the bottom of the collection tank, for
sample collection of treated solution. The rotating
drum was mounted on a horizontal shaft, which was
placed longitudinally at the center of the wastewater
collection tank in such a way that the rotating drum
remains 40% submerged in the wastewater collection
tank. The drum was rotated at 3 rpm continuously
with the use of a gear motor using the belt and
pulley arrangement, known as a drive mechanism.
As a result of the continuous rotation of the drum,
the submerged lower portion of the drum remains
in contact with nutrients present in wastewater for
an instant that portion of the drum comes in contact
with the aerobic atmospheric condition at the
second instant, resulting in the formation/growth of
a microbial film on the media placed in the drum.



MODI & NATH, Curr. World Environ., Vol. 18(3) 1098-1112 (2023)

The organic compounds present in the wastewater
act as nutrients for the growth of the microbial
population, resulting in the growth of the biofilm,
which leads to the treatment of wastewater.
To prevent the DO as a limiting factor, four
small aerators were placed as a supplement
aeration system in the wastewater collection
tank of modified RBC. To prevent the influence
of atmospheric temperature on the biological process,
the blast-proof aquarium glass heater was placed in
the wastewater collection tank of modified RBC.
Table 1 presents the dimension of the laboratory
scale model of modified RBC.'425:26

Table 1: Dimensions of the laboratory scale
model of modified RBC

Details of reactor parameters Dimensions
Volume of tank 0L
Length of drum 35cm

Number of sections 3

Partition disc diameter 20.5cm
Thickness of partition disc 1cm
Length of each section 11.7 cm
Number of paddles 6

Area ofall the paddles 756 cm?
Number of pall rings 60
Drum rotation speed 3 rpm
Submergence of drum 40%

Pretreated Waste water Inlet

Treated Wastewater Outlet

Fig. 2: Schematic layout of the setup for the
experimentation on the modified RBC.

Experimental Methodology
In the experiment, the 8 L diluted solution of industrial
aerobic secondary recycle sludge was supplied to
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the collection tank for the development of biofilm
on the biofilm attachment surface of the drum.
1 g/L jaggery was added into the diluted solution
as food for the growth of microbes once in 24 h
till the complete formation of biofilm on the media
surface, peddles, and drum.? The drum was rotated
at a speed of 3 rpm throughout the experiment.
After the development of the biofilm on the drum
surface, a 700 ppm pretreated synthetic solution
of Auramine-O dye/wastewater was supplied into
the collection tank as an effluent after adjusting pH
and COD. The effluent was kept in the wastewater
collection tank for 24 h.'* After the synthetic solution/
wastewater was treated for 24 h, roughly 100 mL
of untreated wastewater (stored in the discharge
line of the ball valve) was removed. Then after,
the treated wastewater sample was collected for
analysis from the bottom of the wastewater collection
tank. Simultaneously, a freshly pretreated synthetic
solution of Auramine-O dye/wastewater was supplied
for treatment into the collection tank.'>2"-2 During the
treatment of wastewater, the reduction in biofilm or
formation of dead microbes was observed and the
process of treatment of wastewater was continued
till the cessation of microbes (for 21 days after the
development of biofilm on day-17).%8

Results and Discussion

The RBC is an effective attached growth system
to treat a variety of wastewater. A congregation of
microbial cells enclosed in a matrix associated with
the surface is known as a biofilm. The development
of biofilm is an essential requirement of RBC.
A biofilm, living biomass, attached to the discs/
packing media/covering net/paddles/scrubber media
assimilates the nutrients and organic pollutants
in the wastewater. In the present study, uninterrupted
experiments on RBC were carried out for a period of
17 days. On day-1, the 8 L diluted solution of industrial
aerobic secondary recycle sludge along with 1 g/L
jaggery was supplied in the collection tank.?223
The photographic view of the experimental setup for
day-1is presented in Figure 3(a). The commencement
of the formation of the thin microbial film on the
media surface and the rotating drum was observed
on day-5, as shown in Figure 3(b). Typically, the
colour of the developed biomass on the media was
observed as tan-brown. After day-10, the formation
of moderately thick biofilm on the paddle surface
and the drum was observed as shown in Figure 3(c).
Figure 3(d) depicts the biofilm development on the
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drum and paddles after day-17, whereas Figure 3(e)  ring because of the availability of healthy food in the
shows the formation of biofilm on the pall rings used  form of jaggary/BOD. The formation of biofilm can
in the modified RBC.?® The normal healthy growth  be observed visually as well as through microscopic
of biofilm/microbes was observed dense on the  examination of media.

major portion of the media surface, drum, and pall

(@) (®)

(e)

Fig. 3 : (a) diluted industrial aerobic secondary recycle sludge supplied to modified
RBC - Day-1, (b) thin biofilm formation — Day-5, (c) biofilm formation on paddles -
Day-10 (d) biofilm formation on the drum — Day-17,(e) biofilm formation on media
surface (pall rings)

After the visible and dense formation of biofilm or  of 123 mg/L) was supplied into the wastewater
growth of bacteria (on day-17), a pretreated synthetic  collection tank of modified RBC for the treatment.
solution of Auramine-O dye/wastewater (initial BOD  Before the continuous testing phase is carried out,
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the growth of biofilm/active sludge has the ability
to demean the organic compounds contained
in the wastewater. Therefore, when wastewater
is supplied, the microorganisms do not require
a relatively long time to degrade the wastewater, and
the process is known as acclimatization. After each
day of treatment, the treated wastewater remedy
was collected for analysis (on each day of the
experiment).As per the methodology describe, three
sets of experiments were conducted on the modified
RBC. However, the result of average of observations
of three sets was presented and described with
the standard deviation (SD) in this section.

Figure 4 depicts the variations in the MLSS (mg/L)
in the treated wastewater solution with the progress
of the days of the experiment. Figure 5 presents
the percentage variation in BOD removal efficiency
with the progress of the days of the experiment.
The initial MLSS concentration of 8 L diluted
industrial aerobic secondary recycle sludge was
estimated to be 3106 mg/L before acclimatization
which was reduced to 1593 mg/L (SD = 5.13) at the
end of day-17 of the growth of biofilm. When the
pretreated synthetic wastewater of Auramine-O dye
was fed into the modified RBC on the day-18 (the
1st day of the treatment for pre-treated synthetic
wastewater), the concentrations of MLSS and BOD
were found to be 1593 (SD =5.13) mg/L and 125.87
mg/L (SD = 4.97) respectively. MLSS concentration
remained at 1593 (SD = 5.13) mg/L at the end of the
treatment of wastewater on Day-1, as the microbes/
biomass getting acclimatized to the new environ-
ment on Day-1 of the experiment. MLSS represents
the presence of the active biomass available
for consumption of organic pollutants present in
wastewater. The concentration of BOD decreased
over time in wastewater present in the wastewater
tank of modified RBC as the microorganisms
consumed the biodegradable organic compounds
present in wastewater for growth and reproduction
in the presence of oxygen, resulting in an increase
in cell mass MLSS concentration. In other words,
the more the consumption by biomass the lower
will be the BOD in the discharge. After day-5, the
MLSS concentration increased to 2275 mg/L (SD =
6.11), while the BOD concentration reduced to 71.23
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mg/L (SD = 5.08), indicating a 43.44% reduction in
BOD. After day-7, the MLSS concentration rose to
2564 mg/L (SD =6.11), and the BOD concentration
reduced to 52.93 mg/L (SD = 6.68), resulting in
areduction of 58.04% (SD = 3.57) in BOD. After day-
10, the MLSS concentration increased to 2644 mg/L
(SD =4.58), and the BOD concentration reduced to
27.77 mg/L, resulting in a reduction of 78.01% (SD =
2.80) in BOD. After day-15, the MLSS concentration
increased to 2960 mg/L (SD = 4.93), and the BOD
concentration reduced to 12.85 mg/L (SD = 4.03),
resulting in a reduction of 89.86% (SD = 3.35)
in BOD, indicating the meeting of effluent discharge
standards. A constant level of percentage variation
in BOD removal efficiency was observed after
15 days of the experiment. In the present study,
an 89.86% BOD removal efficiency was obtained
from the wastewater. With the progress on the day
of the experiment, an increment in the MLSS value
of treated wastewater was observed, which indicates
the decrement in the digestive capacity of microbes.
The amount of wastewater treated relies on the area
of the media surface for the biofilm formation and the
quality and volume of supplied wastewater.

Under the operating conditions of the experiment,
the modified laboratory-scale RBC proved to be
a very efficient system for establishing a biofilm.
At the beginning of the operation, experimental
conditions were adequate for the induction phase
of biofilm formation-organic absorption followed
by the transport and subsequent attachment
of microorganisms to the surface. The increased
biofilm thickness without an increment in the
treatment efficiency of the modified RBC can be
explained by the removal rate of the substrate. This
further relies on the biofilm's active outer layer and
the active layer depth, which is regulated by the
DO diffusivity into the biofilm.?” Few biofilms are
detached from the drum and are re-established
onto the drum surface, resulting in relatively stable
biofilm thickness for the treatments, as shown in
Figure 3. Polyvinylchloride is a good material for
supporting the effective growth of a mixed population
biofilm. Samples of the biofilm were mounted on a
microscope slide.
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Fig. 4: Variation in MLSS (mg/L) in treated wastewater with the progress
in the day of the experiment for 700 ppm wastewater
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Fig. 5: Percentage variation in BOD removal from the wastewater with the
progress on the day of the experiment for 700 ppm wastewater.

A summary of important features of various RBCs,
both as a stand-alone and in combination with
other reactor configurations, using a state-of-art of
literature is presented in Table 3. Reactor volume,
configuration, the material of construction, solid
matrix media, total surface area, percentage of
submergence, speed of rotation (RPM), and HRT

have been compared with similar types of systems.
The longer HRT in RBC could enhance substrate
diffusion into the biofilm it might not be always
economically favorable, and too short an HRT
could result in lower removal rates. Even though,
HRT of 1 day was chosen in the present study, a
significant removal rate in BOD was obtained due to
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the modification in RBC. In the bench and laboratory
scale RBC, the use of a packing matrix increases
the area for biofilm attachment and increases
the turbulence, resulting in higher mass transfer
efficiency. Various types of packing such as plastic
scrubbers, polyurethane foams, wood charcoal,
netlike rubbery materials, saddles, and many
others with different sizes were used in randomly
packed RBC systems (Table 3). Their careful
selection is based on ease of availability, cost,
and appropriate orientation to facilitate the growth
of biofilm. The RBC’s rotational speed has
considerable influence on oxygen and nutrient transfer
rate to the biofilm and removal of contamination.
Various investigations on the influence of rotational
speed on the performance of RBC are summarized in
Table 3. Typically, an increased speed of rotation
results in the increase of concentration of DO
available for the microorganism but higher rotational
speed incurs higher power consumption thereby
increasing the cost of operation. Furthermore,
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there are chances of tearing and stripping of micro
-organisms off the media in case of too high
rotational speed. This might lead to lowering
the biodegradation rate and deterioration of
effluent quality in the reactor. The percentage
submergence of the RBC medium is an important
influencing parameter for its efficient operation.
Percent submergence for the present study was
40% which is almost the same for various other
reported works (Table 3). Percent submergence
relies on several factors, such as characteristics
of the effluent to be treated, microorganisms, and
type of operation whether batch or continuous.
Submergence is typically around 40% in aerobic
processes of municipal wastewater treatment, but it
can reach 60% in nutrient removal. However, there
is no reference value for the submergence of disc
due to the wide variation in the characteristics of
wastewater. Submergence of more than 50% might
result in a decreased oxygen transfer rate.

Table 2: Comparative summary of RBC

Capacity (L), Type Media Type of Total Subme Rotatio HRT Major Refer
of RBC, Material used wastewater surface rgence -nal (days) Findings ences
of construction Area (%) Speed

(m?) (rpm)
5.25, ——-- Agrochemical 0.71 40 30 25 78% TOC 7
RBC integrated with wastewater removal
advanced oxidation, and 50%
AISI| 304 Stainless TN removal
steel (SS)
24.5, - Pharmace 1.41 40 20 5.7- 85% removal 15
[two-stage] -utical waste 10 of pharmaceu
[bench-sca-le]: 10, water -tical comp-
SS ounds
60, Plastic Domestic 40 3,5,7 1-1.3 BOD - 69% 28
[drum in place of scrubber  wastewater and COD -
disc] lab scale- 67% removal
single stage contin
-uous mode,
Galvanized iron
(Gl) Sheet
10, - Industrial 1.44 40 - - Useful as a . 30
[Four compartments] agrochemical cost effective
RBC coupled with waste water process
catalytic fixed bed
reactor, SS
60, Case A: Synthetic - 40 3 1 Case A: 69.29% 31
0.5 mm thic Snail shell; wastewater BOD, 68.90%



k Gl sheet

69,

Netlike RBC,

three stage,

SS

46.5,

Anaerobic RBC
batch mode, [comb
-ined Moving-Bed
Biofilm Reactor +
RBC], SS

793,

pilot scale [rotating
algalcontactors],
HDPE

78.75,
[batch scale,three-
stage], SS

50,

Semi-pilot scale
(photocatalytic rotat
-ing reactor), [RBC+
Mod ified catalyst
TiO,/ Ag], SS

2.5,

[Non-woven

RBC], SS

0,
[diameter - 2.4 m,
width - 0.5 m]

1,

[One stage], [TiO,
photocatalysis and
RBC]

5,

RBC [lab scale],
SS
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case B:
plastic
scrubber
case C:
wood
charcoal

Net like
structure
rubber
material
Polyure
thane
foam

Pin-type
ball sur
-face
area

Thin
blades of
polyvinyle
chloride

TiO, doped
with Silver

Porous
polyester
coated
with Pyra
-dinium
type
polymer
G-3 type
Polyura
-than
sponge
lightweight
plastic
foam

Acrylic
pastic
transpa

Municipal
type synthetic
waste water

Synthetic
wastewater
high strength
organic
wastewater

High strength
municipal
wastewater

High-strength
wastewater
from cheese
whey effluent

Industrial
wastewater

Municipal
sewage
with low
carbon to
nitrogen

Sewage
wastewater

Real Pharm
-aceutical
wastewater

Synthetic
Wastewater
containing

1.27

0.393

7.79

387

45

100

33

40

15

40

40

variable 0.4

05-Oct 01-4
0.5
to2
4 15
54 2.08
2 0.2
18 0.2
1-1.2 30
5t050 0.6to
1.45

COD, and 72.
66% total solid
removalCase

B: 71. 32% BOD,
71.11% COD,
and 73.95% TS
Removal
80%-95% COD,
40.2%-61.4%
TN, low sludge

98% COD
removal

80% less electri
-city required,
Removal of total
ammonia nitrogen
by anabolic uptake
and microbial oxid
-ation = 45 % and
60% respectively.

90% removal of
COD at24 h
HRT and 92.4%
removal of COD
at36 h
Decrease in
HRT increased
the degradation
efficiency.

83.12% COD
and 79.13%
TN removal

91% COD,
97% Nitrifica
-tion, 65% nitro
-gen removal
96.5% removal
by combined
process (TiO,
+ RBC)

Phenol removal
=56% at 14 h
HRT
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45 4 - 45% CODand 16
40% NH4-N
removal,85%
BOD removal

40 3 1 85.7 % BOD Present
removal study
efficiency

Microorganisms/Culture Analysis

The sludge samples were collected from different
parts of the drum. Spatula and sterile glass bottles
were used to collect the samples. The sample
of sludge was stored in the laboratory at 4 °C to
prevent degradation. The analysis of the biofilm was
carried out by following the standard methodologies.
Microscopic observations and standard gram
staining were carried out to characterize the isolates
as per the standard procedure. Figure 6 presents
a microscopic observation showing the higher
organisms in the biofilms.’

In the test procedure, the test sample of sludge
was first neutralized and incubated for 24 h.
The neutralized test sample of 10 mL /10 g was
incubated at 30-35 °C for 24 h in 90 mL Soybean
Casein Digest (SCD) broth. To determine the total
bacteria count, the incubated test sample in SCD
was incubated at 30-35 °C temperature for up to
3-5 days and counting of colonies was found up to
45%10-4 cfu/gm (Figure 6(a)). For the identification
of the presence of fungus, the incubated test sample
in SCD was incubated at 20-25 °C for up to 5-7 days
and the resultindicated the presence of fungus in the

sludge (Figure 6(b)). The incubated test sample in
SCD was incubated at 30-35°Cin Macconkey agar
medium for 18-72 h and the production of acid and
gas was observed, as well as the change in pink
colour indicating the presence of Escherichia coli
colonies(Figure 6(c)). The incubated test sample in
SCD was incubated in Xylose lysine Deoxycholate
agar medium, which resulted in the green colonies
with a black center that turn into uniformly black
in 48 h indicating the presence of Sallmonela
colonies(Figure 6(d)). The incubated test sample in
SCD was incubated in Baired porker Agar medium,
which resulted in the black shiny surrounded by a
clear zone indicating the presence of Staphylococcus
aureus (Figure 6(e)). The incubated test sample in
SCD was incubated in Pseudomonas agar medium,
which turns into yellowish colour colonies indicating
the presence of Pseudomonas (Figure 6(f)).
The laboratory test procedure to identify the
presence of culture/species in the microbial film
is summarized in Table 3. The laboratory results
indicate the presence of mixed culture/micro-
organisms in the sludge, hence it is quite difficult
to identify the percentage removal of contaminants
by the various kinds of bacterial colonies.

Table 3: Testing procedure of culture

Culture/ micro Quantity of
organisms sample

Medium inocu
-lated/ streaked

Observation (after Conclusion

incubation)

Total bacteria
count

10g/10 mL in 100
mL SCD broth
Fungus 10g/10 mL in 100
mL SCD broth

Escherichia coli Macconkey agar

Loopful streaking
incubate at 30-35°C
up to 3-5 days
Loopful streaking
incubateat 20 to
25°Cup to 5-7 days
Loopful streaking
incubate at 30-35°C
for18to 72 h

Count the colonies

Count the colonies

Pink colour colonies
present

Count the colonies

Count the colonies

Escherichia coli is
confirmed
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Sallmonela Xylose lysine Loopful streaking Green colonies with  Sallmonela present
deoxycholate incubate at 30-35°C a black colour center,
agar for24to 48 h become uniformly
black in 48 h
Staphylococcus Baired parker agar Loopful streaking Black shiny surround Staphylococcus
aureus incubate at 37°C -ed by a clear zone  aureus present
for 24 h of 2 to 5 mm Present
Pseudomonas  Pseudomonas agar Loopful streaking Yellowish color Pseudomonas
for detection of incubate at 37°C colonies present
fluorescent for 24 to 72 h.

Fig. 6: Images of the microbial culture of the biofilm on various agar plates.
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[(a) Total bacteria count (10g/10 mLin 100 mL SCD
broth - loopful streaking incubate at 30 to 35°C up to
3-5 days); (b) Fungus (10gm/10 mL in 100 mL SCD
broth - loopful streaking incubate at 20 to 25°C up
to 5-7 days); (c) Escherichia coli (Macconkey agar
used- loopful streaking incubate at 30-35°C for 18 to
72h- pink colour colonies observed; (d) Sallmonela
(Xylose lysine Deoxycholate agar used- loopful
streaking incubate at 30-35°C for 24 to 48 h- green
colonies with a black center in 48 h become uniformly
black); (e) Staphylococcus aureus (Baired porker
Agar used- loopful streaking incubate at 37°C for 24
h - black shiny surrounded by a clear zone of 2 to 5
mm; (f) Pseudomonas (Pseudomonas agar -loopful
streaking incubate for 37 °C for 24 to 72 h - yellowish
color colonies.]

Conclusion

The motive of the present research study was
to improve the performance of the conventional
RBC by enhancing the surface area for the growth
of the biofilm. To achieve the aim, the bank of discs
in conventional RBC was replaced with the rotating
drum in modified RBC that increased the surface
area for the growth of biofilm by nearly 108.2%.
For the growth of microbes at the initial stage, 8 L
diluted industrial aerobic secondary recycle sludge
and 1 g/L jaggary were utilized. For the experimental
work, a pretreated synthetic solution of Auramine-O
dye as wastewater was utilized. A89.86% BOD
removal efficiency was achieved with the use
of modified RBC in the experimental work.
A pretreated synthetic solution of Auramine-O dye
was converted into a biodegradable solution using
the modified RBC that is harmless and environment-
friendly to dispose into the atmosphere. The
theoretical comparison among the conventional and
modified RBC indicates an enhancement of 6.7% in

1110

BOD removal efficiency. The results of experimental
work indicate that modified RBC is an effective
system for high organic compound wastewater
the treatment and replaces the conventional RBC.
The applicability of the modified RBC with
conventional or packing media at a large scale
can play a crucial role in the secondary treatment
of wastewater. As a prospect of future scope, several
modifications such as changes in rotational speed,
detention time, submergence of the drum, use
of recycling, and the influence of supplemental
aeration can also be investigated to improve the
performance of modified RBCs.
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