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A rotating biological contactor (RBC) system is being utilized in a pilot project for a wastewater
treatment facility (WTF) in Lilo-an, Cebu, Philippines. An RBC is a remediation technology used
in the secondary treatment of wastewater, where the wastewater is allowed to come in contact
with a biological medium in order to facilitate the carbonaceous and/ or nitrogenous oxygen
demand reductions, and even ammonia nitrogen (NH3-N) removal from domestic sewage. An
evaluation of the performance of the WTF at its early stage of operation and characterization of
influent and effluent waters were done to assess the efficiency of the treatment facility in
removing contaminants in terms of pH, ammonia, nitrate, nitrite, phosphate, biochemical oxygen .
demand (BOD), chemical oxygen demand (COD), dissolved oxygen (DO) and coliforms, which
contribute largely to water pollution. The effluent (in terms of pH, BOD, COD, and coliform
count) of the Lilo-an WTF meets the Philippine effluent standards for Class SC Coastal Waters.
Overall BOD removal efficiency of 59.3% for the RBC and 69.9% for the entire WTF were
obtained. No nitrification was observed during the treatment; however, a minimal removal of
3.35% ammonia was observed. An average of 18.16% phosphate removal was obtained, which is

within the expected phosphate removal range. Bacteriological count showed a significant
improvement of over 99% for total coliform and 98% fecal coliform removal. Very low DO
levels occur in the different stages of the WTF process.

Keywords: Rotating Biological Contactor, wastewater, (Lila-an, Cebu) Philippines

INTRODUCTION
Lila-an is one of the municipalities of Cebu

municipality

has

deteriorated

quality

been
of

suffering
coastal

from

water.

the
High

coliform cell counts in its coastal waters have been

Island, Philippines. It is located on the east coast

reported repeatedly in the local newspaper [1 ].

of Cebu Island, about 19 km from Cebu City, and

The poor sanitation of the coastal water is not

with a population of approximately 70,000. The

only

•

a

nuisance for the residents, but it also affects

Author to whom correspondence should be addressed

-�------

54

Concepcion s. Mendoza, Chariz Y. Peiialber, and Andreas Konig

their tourism industry. Lilo-an, like other
Philippine municipalities, cannot afford to
construct a centralized wastewater treatment
system with an extensive collection system and a
treatment plant. A decentralized biological
wastewater treatment, which is far less expensive
than a centralized system, was considered to be
most suitable for this small municipality. In
response to this need, through the Department of
and
Resources
Environment
Natural
Environmental Management Bureau, Region VII
(DENR-EMB 7), the Lila-an government, in its
lack of capacity in wastewater management, was
granted by the Asian Development Bank (ADB)
on October 25, 2004 with a pilot project for a
Wastewater Treatment Facility (WTF) at the Lila
an Public Market area.
Several studies have been reported on the use of
rotating biological contactor (RBC) in the
treatment of domestic [2-3], municipal [4] and
other types of wastewater [5-7]. An RBC is a
remediation technology used in the secondary
treatment of wastewater and is the system utilized
at the Lilo-an WTF. This technology involves
allowing wastewater to come in contact with a
biological medium in order to facilitate the
removal of contaminants [8]. The RBC process
can be used in many modes to accomplish varied
degrees of carbonaceous and/ or nitrogenous
oxygen demand reductions. The RBC process
should be designed to remove at least 85% of the
biochemical oxygen demand (BOD) from
wastewater [9]. The process can also be designed
to remove ammonia nitrogen (NH3-N). A major
advantage of the RBC process as compared to
other wastewater treatment facilities like activated
sludge and trickling filter systems is that the RBC
process is simpler and cheaper to operate [8-10].
Some agencies in the Philippines use the RBC
system, such as hospitals (Ramiro Community
Hospital in Tagbilaran, Jesus of Nazareth Hospital
in Batangas City, and Mother Seton Hospital in
Naga City), mango processing plants (MLHullier
Food Products in Cebu, KiT Fruits in Cavite,
Orient Foods in Negros Oriental), lubricating oil
process (Cebu Toyo Corporation), Marine Food
Products (D'RBG Marine Export in Cebu), and
Domestic Wastewater (Celestica Inc. and MCWD,
both in Cebu City). However, the RBC system is a
relatively new process for wastewater treatment
and experience with full-scale applications is

limited and a lack of documented operating
experience exists [11-12]. To fill this gap of
information, this study served to evaluate the
performance of the WTF at the Lilo-an Public
Market. Characterization of influent and effluent
waters were done in order to assess efficiency of
the treatment facility in removing contaminants
that contribute largely to water pollution which
has become an environmental concern in both
local and global scenes. Acceptability of
wastewater data were compared with the
Philippine quality standards for coastal and marine
waters, specifically for Class SC. Class SC are
coastal and marine waters with usage for
Recreational Water Class II (e.g., boating, etc.),
fishery water class II (commercial and sustenance
fishing), marshy and/ or mangrove areas declared
as fish and wildlife sanctuaries.
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EXPERIMENTAL
Rotating Biological Contactor System at the

The cheapest wastewater treatment
systems are usually the nature-like facilities such as
lagoons and wetlands. Due to the limited
efficiency, these treatments are no longer used in
developed countries. However, these treatments
can still provide local solutions for developing
countries, particularly of their simple operation.
The great disadvantage of lagoons and wetlands is
that it requires a big open space, which often is
not available (such as in Lilo-an center). Thus, it is
necessary to have technical wastewater treatment
systems with enhanced treatment efficiencies
through technological means and requiring less
space.
Lifo-an WTF.

In aerobic wastewater treatment technology, there
are basically three main components, which must
get in contact with each other in order to achieve
maximum biochemical reaction: the wastewater
itself, air, and the biomass. The basic treatment
designs available are 1) activated sludge
technology, 2) trickling filters, and 3) rotating
biological contactors or RBC.
In activated sludge technology, air is introduced
with high pressure into the reactor to create high
turbulence and maximum mixing inside the tank.
High energy demand for the mixing of the three
components is provided by compressed air.
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Operation and maintenance of an activated sludge

from the wastewater and oxygen from the air to

is complex and expensive but is considered the

sustain

most effective aerobic treatment process.

passes over this film in thin sheets with dissolved

For the trickling ftlters, there is no need to move

concentration

the biomass (since these are attached to pebbles)

Suspended particles and colloids may be retained

their

metabolic

processes.

Wastewater

organics passing into the bioftlm due to the
gradients

witllin

the

ftlm.

or air (they come via free diffusion from the

on

ambient air). However, there is a need for a

decomposed into soluble products. Oxygen from

vertical conveyance of the wastewater in order to

the wastewater and from the air in the void spaces

the

"sticky"

surfaces

where

they

are

trickle down the filter via gravitational flow. This

of the medium provides oxygen for the aerobic

uphill transport needs much energy, but the cost is

reactions at the bioftlm surface. Growth of the

smaller

sludge

bioftlm is restricted to one direction - outward

technology. The treatment efficiency of trickling

compared

to

the

activated

from the solid surface. As the film grows thicker,

filter is considered good, but not comparable with

concentration gradients of both oxygen and food

the activated sludge technology.

develop.

In an RBC, only the biomass needs to be moved,

The actual flow chart of the RBC system in Lila

requiring minimal energy since the biomass has

an WTF during the study period is shown in

smallest mass among the three components. Air

Figure 1. Wastewater from the market and from

comes via free diffusion from ambient air, while

the

the waste�ater flows along the tanks (thus no

respective sewerage lines and passes screening

residential

areas

is

being

collected

via

vertical conveyance needed). Only a small amount

before wastewater enters into the underground

of energy is needed to overcome the friction

wastewater collection tank (interceptor tank). The

needed to keep the RBC wheels turning. The total

wastewater

energy cost of the RBC is the lowest among the

overhead wastewater tank; it reaches the RBC

discussed

tanks via gravitational flow. The two RBCs are

technologies.

Furthermore,

the

maintenance cost is low.

is

then

pumped

vertically

to

the

operated by one unit of 1-Hp motor at a rotating
speed of 1 rpm. The average retention time of the

An RBC consists of a series of closely-spaced

wastewater

circular plastic disks that are typically 3.6 m in

(continuous operation mode). The setting can be

inside

the

two

RBCs

is

10

h

diameter and attached to a rotating horizontal

operated either in parallel or in serial mode. After

shaft. The bottom 40% of each disk is submerged

the RBC treatment, the wastewater goes to a filter

in a tank containing the wastewater to be treated.

tank (cloth filters), then overflows to the final

The biomass ftlm that grows on the surface of the

holding tank (effluent tank). At this point, the

disks moves into and out of the wastewater as the

wastewater can be taken for recycling purposes

RBC

rotates.

submerged
organics;

While

in

while

the
they

the

microorganisms

wastewater,
are

they

rotated

out

are

absorb
of

(cleaning, gardening) or it can be directed to the
discharge pipe for shoreline disposal.

the

wastewater, they are supplied with needed oxygen.

Sludge, which might accumulate at the bottom of
the RBC tank, can be directed via separate sludge

The biological organisms (biomass) that attach

return

themselves to the surfaces of the RBC mostly

sedimentation tank (septic tank), which acts as an

utilize

anaerobic stabilizer for the WTF's surplus tank.

natural

microorganisms

(heterotrophic

organisms with facultative bacteria,
protozoa,

algae)

life

Once

the

third

first

chamber

chamber

starts

of

filling

the

up,

(rotifers, sludge worms, insect larvae, snails, flies)

liquor back to the overhead tank and then, to the

[13]. Nitrifying organisms are found in significant

RBC. This completes a closed loop system for

numbers only when the carbon content of the

sludge

wastewater

wastewater pumps are being operated inside the

The

small

the

wastewater pumps are activated to direct these

low.

other

to

forms

is

and

fungi and

pipes

organisms

attach

management.

Two

pairs

of

2- Hp

themselves to the medium and grow into dense

interceptor tank and inside the third chamber of

films of a viscous, jellylike nature. Microorganisms

the septic tank. While one of the pumps is

growing on the medium's surface remove food

activated, respectively, the other pump of the pair
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Rotating Biological Contactors
Influent
feed
line
eed

Three chamber septic
tank with 2 pumps

Interceptor tank
with 2 pumps
Sampling Stations: 1- Influent, E- Effluent, D- DO monitoring

Fig. 1. Schematic diagram of the Lilo-an W'7F
is acting as back-up. The operation of all these
pumps is regulated by floating switch controls.
The

system

·shall

prevent

overflowing

of

wastewater at the site, as the pumps will be
stopped once the receiving overhead tank is filled

Table 1. Summary of Lilo-an WTF Design
Characteristic
Property
Raw Wastewater Characteristics
Volume of wastewater to

up. Some of the technical data utilized in the

BODs

design of the WTF for the projected BODs and

TSS

TSS removal efficiency itre presented in Table 1.

Primat;J Settling Tank

400ppm
350ppm
40m3

Volume

Water samples. Wastewater samples were taken

(�2

weeks after the start of the WTF operation)

starting from November

2006

at

2005

to 11 February

predetermined sampling points of the

wastewater treatment facility at the Lilo-an Public
Market Area,

as

shown in Figure 1.

Manual

sampling was done on composite samples taken in
individual 1-L portions over a consistent time
interval of 30--45 minutes for an average period of

3-4 hours, producing 6-8 one-liter samples at the
sampling period. Sampling time on the average
began at around
a.m.

The

7:00

water

a.m. onwards until 11:00

samples

were

completely

combined in a single big plastic container and
from there, 3 L of sample each (influent and
effluent) were taken for final laboratory analysis.
Pooled wastewater samples were taken by grab
sampling and were stored in polyethylene plastic
bottles; pre-washed with acid and distilled water.
Preservation measures were limited to freezing
(with acidification for COD samples).
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60m3

be treated

Retention time

16 hours

Designed BODs removal

30% (from400 to 200 ppn)

Designed TSS removal

80% (from350to70ppn)

Contact Media
Number ofRBCunits

2

Volume per RBCunit

12m3 (2.7mx3mx t.:,m)

Active surface area per

m3

100

m2/m3

RBCvolume
Speed of revolution per

1 rpm

RBCunit
Retention time per RBC

5hours

unit
Projected ejjicien�
1" RBCreactor
Designed BODs removal
Designed TSS removal

60% (from200to 112ppn)
40% (from70to52ppn)

2nd RBCreactor
Designed BODs removal
Designed TSS removal

60% (from 112to45ppn)
40% (from52to32ppn)

Final 5ettfing Tank (designed iffluent tJUalitJ)

(2.7mx15mx15m)

Volume

6m3

Retention time

2.4hours

Designed BODs removal

30% (from 45 to 30 ppn);

Designed TSS removal

60% (from 32 to 13 ppn);

�>W'/o

efficiency>W'/o
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Measurement and analysis. All chemicals used

RESULTS AND DISCUSSION

were of reagent grade. The ThermoOrion, (.Model
210) pH meter and ThermoOrion (Model S450)
DO meter were used. The various parameters
were determined using recommended procedures
[14]: biochemical oxygen demand (BOD-5), after a
five-day incubation, with azide modification
dilution technique; chemical oxygen demand
(COD), with dichromate open reflux method;
ammonia with phenate colorimetric method·
nitrate with cadmium reduction method; nitrit�
with colorimetric methods; phosphate with the
ascorbic acid method; and coliform count with
multiple tube fermentation method. Working
standards solutions were prepared by diluting the
stock solution with deionized water. The precision
of the measurements was checked taking at least
two replicates from the samples and including a
blank in each batch.

Water Quality. Wastewater monitoring of a
newly constructed WTF following its inauguration
�as done in this study. One of the points of
mterest was to find how an RBC develops its
capacity in treating municipal wastewater during
the first few weeks of operation in relation to
microbial growth on the RBC surface with
ongoing time of operation. As weeks of WTF
operation went by, the rotating discs were
gradually covered by a layer of brown biofilm and
the effluent became clearer. It is important to
mention that the Lilo-an WTF utilizes two
modukr RBC units in series. The big volumes of
0e ta1_1ks have an equalizing effect on fluctuating
mcormng wastewater concentrations.

Table 2. Wastewater Quality ofLilo-an WTF.

Parameter

pH

BOD,ppm 02
COD, ppm 02
NH3,pp mN

N03-,ppmN
NOz-,ppm N

P04-3,ppmP

InDuent,N 7
Effluent, N- 7
Ave. Value :!: Std Dev. Ave. Value :!: Std. Dev.
(Range)
(Range)
7.68 ± 0.31
(7.39-8.00)
123± 75
(57-240)
241 ± 93
(161-400)
36.9 ± 19.8
(13-72)
1.4
(0.04-5.65)
0.14
(0.007-0.66)
6.1± 2.0
(4.1-9.9)

7.87± 0.11
(7.71-7.97)
50± 33
(23-108)
171 ± 73
(87-292)
35.6± 11.8
(16-45)
0.59
(0.01-2.21)
1.54
(0.00-8.00)
5.0 ± 1.65
(4.0-8.5)

Total coliform
coloniesI 100 mL
Fecal coliform
coloniesI 100 mL

Legend·N = number of samples, exeptfor coliform whereN= 1
% Reduction

=

%Removal
%Reduction

NA
59.3

90

29.0

80

3.35

50 (as TN)

No removal

50 (as TN)

No removal

50 (as TN)

18.2

30 (as TP)

2,300

NA

2,300

NA

NA not applicable

Difference in concentrations ofInfluent and Effluent
Influent concentration

per EPA
standards[lSJ

x

- not available

100
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If time-proportional sampling were done in this

fine, the COD and BOD removals were found to

study,

be around 69.1% and 57.9% respectively.

peak

concentrations

could

have

been

determined in such pooled samples per sampling
different

For further evaluation of the effluent from the

parameters would be expected from the early

Lilo-an WTF, the Philippine quality standards for

dawn

market

coastal waters, specifically for Class SC is being

activities are at peak. In general, any domestic

considered. Table 3 shows the Criteria for Class

day.

High
to

concentrations

mid-day

since

of

the

cleaning

and

WTF shows fluctuations in incoming wastewater

SC coastal water together with the Lilo-an WTF

quality over 24 h. A straightforward approach

water quality. Though the Lilo-an water body is

would have been to collect samples every 2 h over

not yet categorized, it is good to note that the

a 24-hour period, but this was beyond the means.

discharges from

In fact, this could only be done with automatic

water body meets the effluent standards for Class

samplers.

SC Coastal Waters of

For

this

reason,

together

with

the

intermittent operation of the WTF, all wastewater

Lilo-an WTF into the Lilo-an
100 ppm BOD and 200

ppm COD [17]. Given all the practical problems

data collected from the WTF at different sampling

of

days were averaged and this was used in the

satisfactory removal of organic matter. Under

assessment

of

characteristics.
concentrations
presented

the

influent

Summary
of

and

of

wastewater

in .. Table

2.

effluent

the

averaged

parameter

The

are

difference

1n

concentration readings between the effluent and
influent

directly

gives

an

idea

of

the

operation,

normal

this

can

operating

still

be

considered

conditions,

a

carbonaceous

substrate is removed in the initial stages of the
RBC [11].

Carbon conversion is also said to be

completed in the first stage of a series of modules
in an RBC system [18].

WTF

efficiency, which is denoted in Table 2 as "%

Overall influent characteristic as determined in

reduction" of the wastewater treatment facility.

this study can be classified as weak in terms of

The

water

organics and medium in terms of nutrient levels

treatment of municipal waters from the standpoint

based on typical analysis of municipal wastewaters

%

performance

of

conventional

of EPA and other regulatory bodies, denoted as

[19]. Table 4 shows the water analysis of a typical

"% removal per EPA standard" is also presented.

municipal

wastewater

and

the

Lilo-an

WTF

influent.
Oxygen-demanding Wastes. The averaged BOD
Removal.

Ammonia

was

amounts

than

present

in

and COD removals were at 59.3.0% and 29.0%

Nitrogen

respectively, as shown in Table 2. The % removal

significantly

is

nitrogenous counterparts (nitrate and nitrite) and a

lower

than

expected

%

performance

for

higher

its

other

conventional secondary treatment of municipal

removal of only 3.35% was observed, as given in

wastes of 90% BOD and 80% COD according to

Table 2. When in fact, the Lilo-an WTF with its

EPA and other regulatory bodies [15-16]. An RBC

RBCs was actually designed to partially nitrify

process should be designed to remove at least

ammonia, as stated in the design criteria of the

85% of the biochemical oxygen demand (BOD)

Lilo-an WTF, in Table 1. Studies of DENR-South

from

Dakota [9] showed also that their RBC process

domestic

sewage

[9].

The

low

organic

removal efficiency indicates that there was less

can

growth of microorganisms in the biofllm during

ammonia (influent and effluent) are significantly

the period of study. Likewise, on these sampling

higher compared to nitrate (effluent) indicating

dates, technical problems and heavy rainfall may

that nitrification of ammonia nitrogen to nitrite

have

affected

the

unlikely

result

obtained.

remove

ammonia-nitrogen.

Levels

did not occur during the treatment.

of

With only

However, it was noted that on a water sampling

two modules of RBC in this Lilo-an WTF, no

(Feb 4, 2006 data, ppm BOD: influent

nitrification

=

=

97,

could

be

observed.

While

most

207, effluent

designs of RBC include a minimum of four to five

87) in which the WTF was in good running

modules in series to obtain nitrification of the

effluent

=

30; ppm COD: influent

=

condition (i.e., the WTF system was in continuous

wastewater [11]. Carbon conversion is said to be

process due to absence of electrical power failure

completed in the first stage of a series of modules

and no mechanical troubles) and the weather was

in

an

RBC

system

with

nitrification

completed after the fifth stage [18].
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Table 3. Comparison of Effluent Standards (Conventional and Other Pollutants) in Coastal
Water Class SC with Effluent of Lilo-an WTF
Parameter Effluent

Unit

Lilo-an WTF

Effluent Standards
for Class SC[17J

Color
Temperature
pH (range)
COD
Settleable Solids (1
hour)

PCU
oC rise
mg/L
mg/L

BOD
Total Suspended Solids
Total dissolved Solids
Surfactants
Oil/Grease
Phenolic Substances
Total Coliforms

mg/L

100

50

mg/L
mg/L
mg/L
mg/L
mg/L
MPN / 100 mL

150

(nd)
(nd)
(nd)
(nd)
(nd)

5-Day 20°C

(a)
3

(nd)
(nd)

6.0-9.0

7.87

200

171

(nd)

10
10
0.5

2,300

(a) discharge shall not cause abnormal discoloration in receiving waters outside of the mixing zone.
(nd) not deter;nined

- not available

Table 4. Comparison of water analysis between typical municipal wastewater and Lilo-an
wastewater
Constituent, mg/L

Typical municipal wastewater[17J

Lilo-an

Concentration

Solids, total
Dissolved, total
Suspended, total
Settleable solids, mL/L
BODs
TOC
COD
Total Nitrogen (N)
Organic
Free ammonia
Nitrites
Nitrates
Phosphorus (total P)
Chlorides
Alkalinity (as CaC03)
Grease

WTF

Strong

Medium

Weak

1200

720

350

850

500

250

350

220

100

influent

20

10

5

400

220

110

200

160

80

1000

500

230

85

40

20

35

15

8

50

25

12

36.9

0

0

0

0.14

0

0

0

1.4

15

8

4

6.1

100

50

30

200

100

50

150

100

50

123
241

- not determined

Phosphorus Removal.
The 18% phosphorus
removal during the treatment, as shown in Table
2, could merely be attributed to phosphorus
uptake by microorganisms in the wastewater and
in the biofilm as energy needed in the metabolic

processes. The phosphorus removal is a bit lower
than the usual 30% phosphorus removal in
municipal
wastewater
during
conventional
biological secondary treatment [13). It may be
considered momentarily that, there was less
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phosphorus

removal

microorganisms
sufficient

in

because

the

during

the

bioftlm

the

growth

was

period

not

of

of

visible

1n

the

wastewaters.

However,

an

yet

independent testing for TSS done by DENR

study.

EMB [21] supports such observation: the influent

Accumulation of biomass is expected to enhanced

contained 80 mg/L solids while effluent contained

the RBC as the WTF continues to operate.

40 mg/L solids. Both values are also within the

Bacteriological Analysis. Effluent and two other

TSS.

effluent standard for class SC, which is 150 mg/L
coastal water samples were analyzed for total
coliforms and fecal coliforms on May 23, 2005

Some considerations of the RBC system. The

(non-operational WTF) and December 6, 2005

RBC process may be used where the wastewater is

(operational WTF). Results are presented in Table

amenable

5. At the WTF effluent discharge area and two

process can be used in many modes to accomplish

nearby sampling stations of the Lilo-an sea, a

varied

to

biological

degrees

of

treatment.

The

carbonaceous

RBC

and/or

significant improvement in the microbiological

nitrogenous oxygen demand reductions. Oxygen

count was observed, wherein the total coliform

diffusivity is considered to be the usual limiting

97.9%

factor for the rate of food removal and oxidation

removal of the fecal coliform. Though the effluent

removal

efficiency

was

99.8%

and

a

processes in attached-growth systems like the

water from the operational WTF did not meet the

RBC [11]. It is advisable to monitor the dissolved

minimum criteria of 200-400 counts/100 mL fecal

oxygen. The RBC system design should provide

coliform, accorqing to the Federal Water Pollution

for

Act of 1972 [20], it complied with the DAO 35,

recommended that the first two stages maintain at

Class SB [17] requirement for total coliform of

least 2 mg/L of dissolved oxygen [9].

a

positive

DO

level

in

all stages.

It

is

3000 MPN/100 mL. No value is given for Class
SC, thus, Class SB data is used. Class SB is coastal

Dissolved oxygen monitoring at different stages of

and marines waters for tourist zones and national

the Lilo-an WTF is presented in Figure 2. There

parks and reserves.

is a marked difference between the oxygen levels
in RBC tanks 1 and 2, wherein RBC tank 1 has

pH and Total Suspended Solids (TSS). The pH of

around four times as much dissolved oxygen as

the influent (7.68) and effluent (7.87) of Lila-an

the

WTF is neutral to slightly acidic, and is within the

medium's

acceptable pH range of 6.0-9.9 for Class SC

wastewater and oxygen from the air to sustain

waters. Analysis for TSS was not considered in

their metabolic processes.

latter.

Microorganisms
surface

remove

growing
food

on

the

from

the

this study because not much floating solids are
Table 5. Summary of bacteriological analysis
Station*

Non-operational WTF

Operational WTF

Total coliforms

Fecal coliforms

Total coliforms

Fecal coliforms

MPN/lOOmL

MPN/lOOmL

MPN/lOOmL

MPN/lOOmL

1

9,000,000

1,400,00

2,300

2,300

2

300,000

110,000

2,300

2,300

3

5,000

70

23

23

Average

238,110

22,091

496

496

*Sampling Station: 1
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10
8

t

6

g

4
2
0
RBC 1

Septic tank

Effluent

Effluent tank

RBC2

discharge
Fig. 2. Averaged dissolved O:J91gen levels at difftrent stages if the WIF during a good running condition
The wastewater, containing low dissolved oxygen,

tank

from

gets

substances settle along the tank floors with scum

saturated with air as it stays in the open system of

that floats to the surface directed by water flow.

the

•

closed

unaerated

septic

tank

move

continuously,

solids

and

other

RBC 1, causing the dissolved oxygen level to rise.

Raw wastewater is then pumped to the overhead

However, the dissolved oxygen level is expected

tank for biological treatment. Approximately 60%

to decrease as reaction continues in RBC 1 due to

of suspended solids and 35% of BOD removal

both

anaerobic

and

endogenous

metabolism

efficiency can be achieved at this stage [10]. Thus,

occurring at the bioftlm-medium surface interface.

samples that would have been taken from the

Since the bioftlm is oxygenated externally from

interceptor tank are projected to contain 35%

the wastewater, anaerobic processes conditions

more BOD than the actual samples collected at

may develop in the liquid due to very low DO, as

the identified influent sampling site. These actual

what is illustrated in the Figure 2. Thus, there was

samples have undergone partial treatment from

an observed drop in oxygen level in RBC 2 and in

the septic tank and influence the RBC system

effluent tank. Again, an increase in oxygen level is

treatment

observed once the wastewater was freed from the

comparison of the BOD treatment efficiency of

suspended particles and colloids. It could be noted

the RBC system and that of the whole WTF. The

efficiency.

Table

6

shows

the

that minimal to no further treatment can be

69.9% BOD treatment efficiency of the whole

expected after RBC tank 2.

WTF is slightly lower than the cited performance

In a limited oxygen

scenario such as in RBC tank 2 (DO

�

2 ppm)

anaerobic conditions may later on develop [11].

of conventional secondary treatment of municipal
wastes of90% BOD removal efficiency [15-16].

Provision for air injection near the bottom of the
tank of RBC

2

maybe provided,

to prevent

The performance of RBC systems depends on the

anaerobic conditions to develop. The aeration also

temperature, the concentration of the pollutants,

encourages microorganisms to feed on the organic

and the rate at which the treatment is expected to

material in the sewage.

proceed [8]. Studies have shown that, in terms of
BOD

Influent sampling at different points, namely, at
the overhead tank and septic tank, can give
information

relating

to

the

RBC

removal,

there

is

a

critical

hydraulic

retention time of 3 h and that any further increase
in

the

retention

time

results

in

little

or

no

operating

improvement in performance. It has also shown

conditions. Had samples been drawn from the

that the applied loading rate increases above about

treatment

5, the deviation from 100% efficiency becomes

efficiency can be projected. The septic tank is

pronounced. The performance characteristics of

interceptor

tank,

the

overall

WTF

designed to reduce the velocity of the wastewater

RBC are frequently expressed as applied loading/

flow for organic solids to settle. As water in the

removal rate curves.
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Table 6. Comparison of treatment efficiencies between the RBC system and WTF

Ave. BOD(ppm:Oz)
Influent RBC*

J:'reatm:ent Effkiency (o/0')

Influent
WTF**

Effluent

166

50.0

123

RBC

·

..•

.•WTF

System

69.9

59.3

*experimental BOD value **Calculated BOD value= (expt'l BOD

+35% of expt'l

. ,·(
_ _'."'

BOD)

analysis in municipal wastewater discharges in the

RECOMMENDATIONS

Philippines.
Satisfactory

removal

efficiencies

of

the

RBC

system and overall WTF, as indicated by its
wastewater quality characteristics, were obtained
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