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Abstract:  Organic loading (weight per unit time per volume) is useful for the design of rotating biological 
contactors (RBC) and for comparison with the other processes such as activated sludge or oxidation ponds. The 
present study puts emphasis on the significance of this control or design parameter because it allows direct 
comparison of the RBC system's performance when operated under various circumstances and with different 
kinds of wastewater. The results of the paper proved that, the COD removal in rotating biological contactor 
systems is a function of the organic loading rate. However, each of the wastewater concentration and flow rate are 
also influence on the system efficiency but theirs impact can be combined by the effect of organic loading. The 
majority of COD removal (40-85 % of the total removal depending on the organic loading applied) occurs in the 
first stages of the system. There is a strong correlation between the organic loading and the concentration of the 
suspended solids in the rotating biological contactor basin. At higher loadings higher concentrations noted. At a 
loading of about, (24 g/m2.d) suspended solids were 225, 125, 35, and 25 mg/L in the first, second, third and, the 
fourth stage respectively. To achieve an effluent quality of (BOD < 25 mg/L, COD < 60 mg/L), the system must 
be operated on organic loadings of about (22 gBOD/m2.d and 65 gCOD/m2.d) respectively. For nitrification 
process, the system must be designed to operate at organic loading of about (10 g/m2.d) or less and, the reactor or 
basin volume should be designed to achieve a hydraulic loading of about (40 L/m2.d) or less. 

Introduction 
 

The rotating biological contactor (RBC) is an aerobic 
biological treatment system based on bio-absorption 
principle. It uses captive biological slimes to remove 
substance from the liquid wastewater by physical and 
biological means. Rotating biological contactor-
treatment design criteria are still in the development 
stage and have been based generally on hydraulic 
loading. However, except for some studies, the 
importance of organic loading in system design or in 
evaluating the performance of the RBC process has 
been overlooked [33]. The organic loading could be 
expressed better in weight per unit time per unit 
disk surface area. Earlier investigation [2] indicated 
that the percentage removal for carbon removal followed 
the first-order relationship with respect to substance, 
justifying the use of hydraulic loading. Capital costs of 
the rotating biological contactor also have been shown to 
decrease linearly with hydraulic loading [12], potentially 
providing relatively inexpensive biological treatment for 
small communities, camps and others. Otherwise 
wastewater form these sources tend to have large diurnal

flow and substrate concentration fluctuation [24], and for 
the rotating biological contactors that will be used in 
these applications, its dynamic behaviour must be 
carefully evaluated and quantified. Recent publications 
[32] suggest that the influent-substance concentration 
levels may play a significant role in the operation of 
rotating biological contactors. However, organic loading 
can provide an attractive alternative by combining the 
effect of both of hydraulic loading and organic 
concentration in one parameter. 

The major factors controlling rotating biological 
contactor systems design and their performance are 
hydraulic loading, organic loading, influent wastewater 
substrate concentration, wastewater temperature, 
cylinder rotational speed, staging and others [1]. 
However, information on rotating biological contactor 
performance capabilities is incomplete. The performance 
and the operational problems of each stage of an RBC 
system needs to evaluate and the design criteria should 
be effectively judged.  

The major purpose of this paper is to provide the 
engineering data, which is useful in the design and 
operation of rotating biological contactor systems.  
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Selected Data 
 

Experimental testing programs are expensive in terms 
of both of time and money, but it is inevitable in many 
cases, when the information available for the design of 
water and wastewater treatment process is judged 
inadequate [24]. The major shortage in the experimental 
testing that it is carried out in small scale so its results 
mainly limits by the testing circumstances. In this paper, 
large of actual data were collected from existing 
wastewater treatment plants [1-39] and used to evaluate 
the effect of organic loading. The data were selected to 
cover various scales of plants (contactor diameters varied 
from 0.1 to 3.3 m). The work  was done under wide 
range of operating conditions (contactor immersion 
ranged from 34 –60%, rotational velocity from 1.5 to 30 
rpm, detention time from 0.3 to 6.85 hours, organic 
loading from 0.1 to 360 g/m2. d, and hydraulic loading 
up to 1250 L/m2. d). After sorting out, all data were 
treated and analyzed to evaluate the effect of organic 
loading on the operational factors of the system and then 
on its performance efficiency. Individual mathematical 
models to describe the effect of each parameter were also 
derived. 

 
Effects of Organic Characteristics 

 
As previously explained, performance operation of 

rotating biological contactor systems are influence by 
changing of many parameters, one of these is the 
variation in the characteristics of wastewater. In figures 
(1) to (5), the effect of wastewater types and 
concentrations on the performance efficiency of the 
systems were studied.  Figures (1) and (2) show the 
relationship between percent COD remaining with stage 
number for two types of wastewater: typical 
carbohydrate wastewater and slaughterhouse wastewater. 
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Figure 1: Percent COD remaining per stage for different 
concentration of wastewater at constant flow rate. [33] 
 

As shown in the figures, increasing organic 
concentrations in both types of wastewaters leads to 
decrease the removal efficiency of the system. In figure

1, about 82% of organic COD is removed in the first 
stage system when the COD concentration was 500 mg/l, 
while this efficiency is decreased to about 40% when the 
concentration is increased to about 2000 mg/L. In figure 
2, similar results are noted but with another removal 
values. The slopes of the curves at each figure were also 
different.  However, these curves proved that, in the 
rotating biological contactor process increasing the 
concentration of wastewater leads to decrease the rate of 
substrate utilization in the system. 
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Figure 2: Percent COD remaining per stage for different 
concentration of wastewater at constant flow rate and 
velocity. [33] 

 
In figure (3), the effect of type of wastewater on 

performance of the rotating biological contactors is 
studied, so the percent of COD remaining for two kinds 
wastewater which have parallel concentration was drawn 
at each stage of the system. As shown in the figure, there 
is a clear difference in slope of the curves for each type 
of wastewaters. Since all circumstances are concurrence 
then the conclusion is: the type of wastewater has a 
notable affect on removing efficiency of the system. 
Similar results also noted by other authors [1, 23, 24, 32].
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Figure 3: Percent COD remaining per stage at a constant 
flow rate, concentration and, rotation velocity. [33]  
 

Q = 20.5 L/m3.d 



Int. J. Environ. Res. Public Health 2005, 2(3) 471

Effect of Hydraulic Loading  
 
When rotating biological contactor systems were 

originally introduced, the process design was based 
on hydraulic loading expressed in (L/m2.d) to achieve 
required removals. Figures (4) and (5) show the 
relationship between percent COD remaining and the 
stage number for two types of wastewater, typical 
municipal and synthetic wastewater, at a selected range 
of flow rates. As shown in the figures, increasing flow rate 
at a constant substrate concentration also leads to decrease 
the removal efficiency of the system.  

However, from figures (1 to 5), we can conclude 
that, increasing each of flow rates and substrate 
concentration can lead to decrease the capability of the 
system to remove organic substrate; in addition, the type of 
wastewater has also an effect on the performance of the 
system.  
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Figure 4: Percent COD remaining per stage for synthetic 
wastewater at constant concentration, and varying flow 
rates. [31] 
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Figure 5: Percent COD remaining per stage for typical 
municipal wastewater at constant concentration, and 
varying flow rates [31] 
 

In figure (6), the percent removals of COD were 
represented against the hydraulic loadings as a direct 
relationship. As noted, there is a strong correlation 

between these two parameters. Increasing hydraulic 
loadings scientifically decrease the performance 
efficiency of the rotating biological contactor systems. 
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Figure 6: Effect of hydraulic loading on % COD 
removal. 

 
The exponentional form of equation is proved 

efficient for describing the relationship between these 
two parameters. This equation can be written as: 

 
Sr = 97.182 e –0.0013 (Lx) …….………………..…. (1) 
 

where,  
Lx is the hydraulic loading applied in terms of 
(L/m2.d) and,  
Sr is the percent of organic removal in terms of 
COD.  
Equation (1) has a strong correlation factor (R2)

which was equal to 92.1%. 
 
In figure (7), the effect of hydraulic loading was 

represented against the remaining organic loading in 
terms of (gBOD/m2.d). As shown in the figure, 
increasing hydraulic loading increase the amount of 
organic loading remaining, which consequently 
decrease the efficiency of the system. The equation, 
which controls the relationship between these two 
parameters, is:  

 
Ne = 0.0167 Lx – 0.2334………………….… (2) 
 

Where,  
Ne is the organic loading remaining in terms of 
(gBOD /m2.d) 
 
In fact, the parameter (hydraulic loading) is directly 

joints with the concept of contact or detention time. High 
hydraulic load combined with low organic 
concentrations in the wastewater can be treated 
satisfactorily as long as the sufficient hydraulic detention 
time is available [1, 12]. 

Conversely, a highly concentrated wastewater at a very 
low hydraulic load still requires adequate time for 
satisfactory treatment. At a constant flow rate, increasing 
organic concentrations causes increasing in the total 
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amount of organic loading applied to the rotating contactor 
system. Likewise, at a constant organic concentration, 
increasing flow rates can cause increasing in the total 
amount of organics applied to the system. 

 

0.00

0.40

0.80

1.20

1.60

2.00

2.40

2.80

3.20

0 20 40 60 80 100 120 140 160 180 200
Hydraulic loading, L/m 2.d

R
em

ai
ni

ng
lo

ad
in

g
gB

O
D

/m
2 .d

Figure 7: Effect of hydraulic loading on remaining 
BOD in terms of gBOD/m2.d 

 
Since both flow rate and organic concentration exhibit 

definite relationships with substrate removal rate and 
efficiency, it can be shown that these two parameters act 
in combination to affect the substrate removal rate and 
efficiency. Therefore, hydraulic loading alone does not 
determine the efficiency of the rotating biological contactor 
performance correctly. 
 
Effect of Organic Loading 

 
In figure (8), the effect of these two parameters, flow 

rate and organic concentration, acting in combination is 
represented. The curve is drawn depending on the results 
of three experiments that carried out at various organic 
concentrations and flow rates but with approximately 
similar organic loading (17.0 g/m2.d). As noted, there is no 
important difference between these plots. However, such 
results proved that the performance efficiency of rotating 
biological contactor is mainly dependent on organic 
loading rather than on the organic concentration or flow 
rate individually.  

In figures (9), the effect of organic loading on the 
removal efficiency of the system is represented. As 
shown in the figure, there is a strong correlation between 
these two parameters (R2 > 90 %). Increasing organic 
loading scientifically decrease the removal efficiency of 
the system. The following equation can be used to 
describe this relationship: 

 
Sr = 96.58 e –0.0041 (Nx) ………………………. (3) 

where,  
Sr is the percent removal efficiency of the system in 
terms of COD. 
Nx is the organic loading applied in terms of 
gCOD/m2.d 
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Figure 8: Percent COD remaining per stage for synthetic 
wastewater at various organic concentrations and flow 
rate but with constant organic loadings. 
 

Figure 9: Effect of organic loading on the COD removal 
efficiency. 

 
Because the rotating biological contactor systems are 

usually working at low loading condition (up to 50 
gCOD/m2.d) [24], the effect of this range of loading on the 
removal efficiency is represented in figure (10). The 
following equation can be used to explain the relationship 
between these parameters: 

 
Sr = 96.804 e –0.0031(Nx) (for Nx < 50 gCOD/m2.d)..(4) 

As noted, both of equations (3) and (4) have 
approximately similar form. In practical application each 
of these equations can be used successfully to estimate the 
removal efficiency of the system. However, for domestic 
wastewater, when desired to operate the system at removal 
efficiency up to 85 % the system should be operated at 
organic loading of not more than 36 CODg/m2.d. 
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Figure 10: Effect of organic loading on the COD removal 
efficiency under loading < 50 g COD/m2.d. 

 
In figure (11) and (12), the effluent concentrations 

from the system are drawn as a function of organic 
loading also at high and low levels of loading respectively. 
As noted in these figures, increasing organic loadings 
increase the amount of remaining COD in effluent. A 
simple form of equation is proved to be efficient to 
describe this correlation (R2 > 85 %). 

 
Se = 0.84 Nx + 9.9 ………………………………….... (5) 

Se = 0.78 Nx + 9.6 (for Nx < 100 gCOD/m2.d).…... (6) 
 

where, 
Se is the concentration of organic substrate remaining 
in effluent from the system organic in terms of COD, 
(mg/l). 
 

Figure 11: Effect of organic loading on the remaining 
COD (organic loading up to 400 g COD/m2.d). 

Figure 12: Effect of organic loading on the remaining 
COD (organic loading up to 100 g COD/m2.d). 

For the design purpose, equations (5) and (6) can be 
used to calculate the maximum load, which can be 
applied on the system to achieve the desired effluent 
quality. From figure (12), the system should be operated 
at a loading rate not more than 65 gCOD/m2.d to achieve 
an effluent quality of about 60 mg COD/L.  

In figures (13), the effect of organic loading in terms 
of gBOD/m2.d on the percent BOD removal efficiency of 
the system, is represented. In figure (14), the values of 
remaining BOD are drawn as a function of organic 
loading. From these two figures, the following equations 
can be derived: 

 
Sr (BOD) = 96.15 e – 0.0088 Nx (BOD)……………… ….(7) 

Se (BOD) = 1.15 Nx (BOD)………………………. ….(8) 
 
However, equations (7) and (8) also can be used in 

the design of rotating biological contactor systems. From 
figure (14), when it is desired to operate the system to 
achieve an effluent quality of about 25 mgBOD/L the 
system should be operated at an organic loading of not 
more than 22 BODg/m2.d. 
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Figure 13: Effect of organic loading on the BOD removal 
efficiency (organic loading up to 140g BOD/m2.d). 
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Figure 14: Effect of organic loading in g BOD/m2.d on the 
remaining BOD. 
 

In figure (15), the effect of both of organic loading 
and stage number on the level of dissolved oxygen 
concentration (DO) in the system basins is drawn. As 
shown in the figure, dissolved oxygen profiles generally 
followed a pattern of rapid initial decline in the first 
stages and, slow recovery in successive stages. As noted, 
there is a direct correlation between the dissolved 
oxygen concentration and organic loading. Higher 
loading cause sharp decrease in DO. Such phenomenon 
can be explained by heterotrophic uptake of dissolved 
oxygen in these stages. At the first and second stages, 
high concentration of organic substrate is available and 
then high utilization of substrate and heterotrophic 
growth are attained i.e. maximum consumption of 
oxygen. As organic substrate is metabolized through the 
successive stages, heterotrophic growth decreased, 
resulting in decreasing of oxygen demand in the last 
stages. Where organic substrate is low and heterotrophic 
growth is minimal, aeration provided by the contactor 
rotation supplied oxygen in excess of demand. 
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Figure 15: Effect of organic loading on the dissolved oxygen 
concentration in the RBC stages (rotational velocity = 
10rpm). 

 

In figure (16), the relationship between the applied 
organic loading and the removal organic loading in terms 
of (g CODremoved/m2.d) is presented.  As noted, there is a 
strong correlation between these two factors, especially 
at a range of loadings up to 150 g/m2.d, after that, more 
scatter in data is noted. However, from the figure to 
achieve accepted level of removal, the system should be 
operated at loading rate of not more than (100 gCOD/m2.d).  
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Figure 16: Effect of total applied organic loading on organic 
removal rate under various operational conditions. 

 

In figure (17), the portion which extend (from 0 – 
100 gCOD/m2.d) in figure (16) is drawn separately. As 
shown in the figure, a simple linear form equation is 
obtained. The equation which represents this relationship 
can be written as: 

 
Nxr = 0.85 Nx ……………………………...… (9) 
 

where, 
Nxr is the removed loading in terms of gCODr/m2.d, 
which can be represented as: 

 
( )

A
QSeSoN rx

−= ,

where, 
So: influent COD in (mg/l);  
Se: effluent or remaining COD in (mg/l); 
Q: flow rate (m3/d) and; 
A is the surface area of the contactor (m2).  
 
The slope of equation (9) is a function of wastewater 

characteristics and temperature. When wastewater is 
classified as easy in term of microorganisms 
destabilization, the slope of curve is increasing to reach 
one. On the other hand, environmental characteristic, 
such as temperature, has also an affect on the slope of 
curve. However, other researchers also derived similar 
type of straight equation but with other values of slope 
(0.89-0.97) [26, 27]. 
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Figure 17: Effect of total applied organic loading on organic 
removal rate (organic loading up to 100 gCOD/m2.d). 
 

In figure (18), the concentration of suspended solids 
(SS) in rotating biological contactor basins is drawn as a 
function of organic loading and stage number. As noted, 
with increasing the organic load, suspended solids 
concentration increase, especially in the first stage. This 
is due to high amount of food available and high biomass 
sloughing process, [17]. As shown in the figure, 
concentration of suspended solids decreases with 
increasing the stage number. As in other biological 
processes, effluent suspended solids have a great 
influence on the performance of rotating biological 
contactor systems. Many researchers indicated that, in 
rotating biological contactor systems, about 50 % of the 
total effluent BOD is coming from effluent suspended 
solids [1, 24, and 34].  

 

Figure 18: Relationship between the concentrations of 
suspended solids and organic loading at different stages 
of RBC 

 
In figure (19), the volumetric substrate utilization rate 

in terms of (gCOD/m3. h) is drawn as a function of 
organic loading. As noted, the volumetric removal rate 
directly increases with increasing loading rate as long as 

the system is working at range of load between (0-50 
g/m2.d). After that, the impact of organic loading on the 
volumetric removal rate decreases. At a range of loading 
of larger than (150 gCOD/m2.d) the effect of loading on 
the removal rate becomes approximately absent. For 
domestic wastewater, the volumetric removal rate which 
corresponds to load of (150 g/m2.d) is (320g/m3.h). 

 

Figure 19: Effect of total applied organic loading on organic 
removal rate. 
 
Conclusions  

 
(1) The majority of COD removal occurs in the first 

stages of rotating biological contactor systems. The 
COD removal in the first stages ranging between 
(40-85 %) depending on the organic loading applied. 
However, each of the type of wastewater and flow 
rate is also influence on the system efficiency but 
their impact can be combined by the effect of 
organic loading. 

(2) There is a strong correlation between the organic 
loading applied and the concentration of the 
suspended solids present in the rotating biological 
contactor basins. At higher loadings, higher 
concentration is noted. At a loading of about, (24 
g/m2.d) suspended solids were 225, 125, 35, and 25 
mg/L at the first, second, third and, the fourth stage 
respectively. 

(3) To achieve an effluent quality of: BOD < 25 mg/L, 
COD < 60 mg/L, the system should be operated on 
organic loading rates of (22 gBOD /m2.d and 65 
gCOD g/m2.d) respectively. 

(4) Substrate utilization rate (organic removal rate) 
increases with increasing the organic loading to such 
limit which after it, increasing the load has no or 
limited impact on the removal rate. For rotating 
biological contactor systems, that treating domestic 
wastewater, the value of organic loading that at 
which the maximum removal rate is obtained was 
(150 g/m2.d). The volumetric and surface removal 
rates which correspond to this load were (320 
gCOD/m3.d) and (100 gCOD/m2.d) respectively. 

(5) For nitrification, the rotating biological contactor 
systems should be designed to work on a level of 
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loading not more than (10 gCOD/m2.d) and, the 
reactor volume should be designed to achieve a 
hydraulic loading of about (40 L/m2.d) or less.   
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