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ABSTRACT  
 

Background and objectives: natural wastewater treatment systems also have the advantage of low-tech 
and high-performance but rely to natural and renewable energy such as solar radiation, wind energy and energy 
storage in biomass and soils. The study of natural wastewater treatment systems in terms of physical, hydraulic, 
process  in the real scale and determine the strengths and weaknesses of this system by using scientific and 
practical models, Can be an important and effective role for the construction of other similar units in world and 
our country that these systems has not yet flourished. In wastewater, the removal of organic matter is the 
primary goal of the system design,  Methods: This study investigated the kinetics of biological reactions in the 
removal of organic substances in stabilization ponds. Wastewater is from three points, stabilization ponds (input 
wastewater to plant) (input to the anaerobic pond) output wastewater of anaerobic pond and output wastewater 
of maturation pond) each month until 6 months Organic materials with COD, BOD5 were measured according 
to the water and wastewater  examinations. Results: The average of output concentration for COD, BOD5 in 
anaerobic ponds and maturation pond is Respectively 307, 135.18 mg / l and 69.025,136.75, mg / l. The models 
are First-order substrate removal model, Second-order substrate removal model (Grau model) and Stover - 
Kincannon Model. Models were analyzed by using statistical parameters. Results: To increase efficiency and 
uniform elimination (no sharp fluctuations) of different parameters requires to proper operation and guiding 
principles. To predict removal of organic matter, Stover - Kincannon Model provided the nearest mathematical 
relationship between the theory predictions and actual field data in natural wastewater treatment systems. The 
wastewater treatment plant of Birjand has created a situation that led to a dramatic reduction of pollution are the 
main parameters. 
 
Key words: stabilization ponds, wastewater treatment, removal of organic material, Stover - Kincannon Model, 

Birjand 
 
Introduction 
 

Problems causes from municipal and industrial 
wastewater have long been important for human 
societies[1,2]. The major problems of conventional 
methods of municipal wastewater treatment are such 
as: High energy consumption, high cost of 
construction and operation, the need for a complex 
operation, requiring treatment and sludge disposal 
and uses automated systems[2].  Natural wastewater 
treatment systems also have the advantage of low-
tech and high performance but rely to natural and 

renewable energy sources such as solar radiation, 
wind energy and energy storage in biomass and 
soils[3,4].  Natural wastewater treatment systems are 
natural terrestrial systems, aquatic systems and 
wetland system. Stabilization ponds are common and 
old natural systems. Stabilization ponds are easiest 
available techniques for treating municipal 
wastewater. The simplicity and reliability 
exploitation is from the benefits of these ponds[5,6].  
In this way, the nature does correctly and no special 
measures are required for successful operation. The 
aim of this work is to obtain results that can be done. 
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Still, the plants are exploited to many forms. Models 
that may be used as a means that data is  analyzed in 
the similar studies[7,8]. To achieve this goal, the 
model should be selected that specifically to describe 
the processes under study in order to determine 
which interpretation is better or the best, so which is 
the more common interpretation. Lack of proper 
management of waste and drop it into the 
environment, adverse effects have on humans and the 
environment. Therefore, proper management of 
waste is a major environmental issues[9,10]. We 
cannot be properly judged about the system without 
the knowledge of the efficiency of the treatment 
system. In this study, the wastewater treatment plant 
were measured in the removal of environmental 
pollutants in Birjand 
 
Materials and Methods 

 
Method is descriptive and cross - sectional. The 

study population in this study is the wastewater 
treatment plant in Birjand. The wastewater treatment 
system is a natural approach. Dimensions and 

hydraulic parameters and designed the processing 
units has been in the following table. A large part of 
the wastewater  walks in the anaerobic pond after 
passes from consuming unit and flow measurement 
that is one of the important and special units in the 
wastewater treatment by pond method. And a big 
part of the wastewater treatment does in this unit. 
Wastewater walks into Facultative pond after the 
anaerobic pond. There is both aerobic and anaerobic 
pond. And according to the temperature in this area, 
the depth of the pond is chosen so that there is often 
both aerobic and anaerobic pond. After this step, 
wastewater walks into Maturation pond that is the 
final treatment unit. 
 
Chemical analysis: 

 
Several experiments were conducted to 

determine the performance of municipal wastewater 
treatment systems. All parameters BOD5, COD were 
performed according to water and wastewater 
standard methods, and in a laboratory. 

 
Table 1: The characteristics of the anaerobic ponds 

Amount Parameters           
 
 

7 days 
 

4.5 m 

 
Hydraulic time in the pool at the end of the period 
The depth of the pool 

0.75 m The free height of the pool 
 

1 to 1. 5 (vertical to horizontal) The slope of the walls 
Embankment covered with Polyethylene The material of the wall of the pool 
Asphalt covered with Polyethylene material bottom of the pool 
% 40 BOD5 percent reduction in anaerobic ponds 
% 40 SS percent reduction in anaerobic ponds 
At least once every 10 years. When discharging sludge in anaerobic ponds 

 
Table 2: The characteristics of the facultative pond 

parameters Amount          
Hydraulic time in Facultative ponds  4 days 
The depth of the pool 2 m 
The slope of the walls 1 to 1. 5 (vertical to horizontal) 
The material of the wall of the pool Embankment covered with Polyethylene 
The material of the bottom of the pool Embankment covered with Polyethylene 
BOD5 percent reduction in Facultative ponds % 70 

 
Table 3: The characteristics of the maturation pond 

  parameters Amount          
Hydraulic time in Facultative ponds  Three, five days 
The depth of the pool basin. 2 m 
The slope of the walls 1 to 1. 5 (vertical to horizontal) 
The material of the wall of the pool Embankment covered with Polyethylene 
The material of the bottom of the pool Embankment covered with Polyethylene 
BOD5 percent reduction in Facultative ponds % 70 

 
Kinetic analysis of organic matter removal: 

 
Mathematical and biological models are used to 

determine the relationship between variables. These 
relationships can be used to design and assess the 
results. Models are also used to control and 
anticipation performance treatment unit and optimize 

units. In this study was used three models, First-order 
model pollutant removal, remove pollutants Second 
order (Grove) and Stover - Cain Canon model. The 
remarkable thing about BOD and COD is their nature 
in the wastewater of the treatment systems in this 
research. Because various factors affect in BOD and 
COD analysis in the wastewater and the final 
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assessment would be erroneous. So, Kinetic 
coefficients analysis was performed on a parametric 
solution. 
 
Results: 

 
Results show qualitative changes in the 

wastewater in the plotted curves. Sampling was 
performed once per month until 6 months that was 6 

times in a total. In each sampling, Samples was three 
times during a day in 4 points in stabilization pond 
system and each of them were separately analyzed to 
increase range and the accuracy of the data. Input 
sample to refineries was taken as 2 hours, in three 
separate 8-hour and three containers were transported 
to the laboratory and analyzed. All experiments were 
performed in the water and wastewater laboratory of 
Birjand. 

 
Table 4: Input and output values and removal percent BOD5, COD 

parameters BOD5 COD 

 Mean Minimum_ 
Maximum Std. Deviation Mean Minimum_ 

Maximum Std. Deviation 

 
Raw wastewater 
(Input to the anaerobic) 

 
272.08 215-387 62.71 571.1  

509-748 
 
88.42 

 
Maturation  output 
Removal(Percent) in the pond 

 
69.02 
74.6 
 

32.25-112.5 
70.9-85 

32.85 
8.01 

136.7 
76.06 

 
101-201 
73.1-80.1 

38.7 
5.22 

 
Kinetic analysis of organic matter removal: 

 
First-order substrate removal model[11,12]. 
If the reaction is primarily intended ,the speed of 

the pollutant removal is as follows: 

e
ei Sk

HRT
SS

1=
−

 
HRTThe (hydraulic retention time) is per day. 

k1 can be obtained from   versus Se 
k1 is the slope. 
Second-order substrate removal model (Grau 

model) 
The Grove model indicates the second kinetic 

that can be expressed by the following equation:

mHRTn
SS

HRTS

ei

i +×=
−
×

 

the values of m (per day) and n (no units), 
respectively. 

Stover - Kincannon Model[11,12,13]. 
This model is expressed as follows,  Umax (the 

maximum substrate removal rate) can be g / L.day 
and KB( constant saturation ) g / L.day   

              maxmax

1 1)(
)(

)(
UQS

V
U
K

SSQ
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dt
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These models were evaluated by comparing the 

actual data of the straw substrates, wetland and 
stabilization ponds. As shown in Table 2, the values 
Umax, KB, m, n and K1 through regression data was 
obtained.

Table 5: Determination of kinetic coefficients of organic matter removal in the system 
Kinetic parameters for the removal of organic matter in stabilization pond system 
Stover-Kincannon 

removal coefficients KB Umax R2 
The regression equation 
 
 

sBOD5 128.5 100 0.837 
y = 1.285x  -0.01   
R² = 0.837  

 

sCOD 37.45 23.81 0.907 y = 1.573x - 0.042 
R² = 0.907 
First – order model 

removal coefficients K1 R2 
The regression equation 
 

sBOD5 0.091 0.100 y= 0.091x + 4.623                                   
R² = 0.100                                              

sCOD 0.060 0.144 
 

y = 0.060x + 4.105                                   
R² = 0.144                                             

 Grau Model 

removal coefficients m n R2 
The regression equation 
 

sBOD5 88.63 4.271 0.396 
y = 4.271x                                       – 88.63 

R² = 0.396                                              
 

sCOD 
 

39.28 
 

5.091 0.311 y = 5.091x - 39.28                                    
R² = 0.311                                             
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Fig. 1: A,The regression of the kinetic coefficients in Stover-Kincannon model for the removal sBOD5.,B The 

regression of the kinetic coefficients in First – order model for the removal sBOD,C The regression of 
the kinetic coefficients in Grau model for the removal sBOD5,D The regression of the kinetic 
coefficients in Stover-Kincannon model for the removal sCOD,E The regression of the kinetic 
coefficients in First – order model for the removal sCOD,F The regression of the kinetic coefficients in 
Grau model for the removal sCOD 

 
Conclusion: 

 
Wastewater stabilization pond system has been 

operated for municipal and industrial wastewater 
treatment in the worldwide. These systems are 
relatively affordable, especially in the tropics that 

construction and operation is simple and low cost[9]. 
The results indicate that removal efficiencies of 
BOD5 are the average %75.6 in the stabilization pond 
treatment system. Removal efficiencies of COD is 
the average%76.05. Comparison to remove 
parameters BOD, COD in this system was 

y = 1.285x - 0.010
R² = 0.837

0
0.03
0.06
0.09
0.12
0.15
0.18
0.21
0.24

0.050.070.090.110.130.150.170.19

V
/Q

(S
B

O
D

i -
SB

O
D

e)

V/QSBODiA

y = 0.091x + 4.623
R² = 0.100

0
2
4
6
8

10
12

0 5 10 15 20(S
B

O
D

i -
SB

O
D

e)
_/

H
R

T
 

, (
g.

d/
m

3)

SBODe , (g/m3)B

y = 4.271x - 83.66
R² = 0.396

20

25

30

35

40

45

50

26 26.5 27 27.5 28 28.5 29 29.5 30

(S
BO

Di
 .H

R
T

)/(
SB

O
Di

 -
SB

O
De

) 
,(

d)

HRT , (d)
C

y = 1.573x - 0.042
R² = 0.907

0

0.05

0.1

0.15

0.2

0.050.060.070.080.09 0.1 0.110.120.130.14

V/
Q

(s
Cc

O
Di

n-
sS

CO
DO

Do
ut

)

V/Q.SCODODin
D

y = 0.060x + 4.105
R² = 0.144

4

6

8

10

12

30 38 46 54 62 70 78 86 94

(S
CO

Di
 -

SC
O

De
)/

HR
T 

, (
g.

d/
m

3)

SCODe , (g/m3)E

y = 5.091x - 39.28
R² = 0.311

28

33

38

43

48

26 26.5 27 27.5 28 28.5 29 29.5 30

(S
C

O
D

i.H
R

T)
_/

(S
C

O
D

i-
SC

O
D

e)
 , 

(d
)

HRT ,(d)F



1186 
Adv. Environ. Biol., 7(6): 1182-1187, 2013 

 

 

considerable. The results show that the total amount 
of pollutants removed in this system is in good and 
acceptable situation to compare expensive 
mechanical systems with high energy consumption 
and operational problems. The share of the anaerobic 
pond removal was determined  by stabilization pond 
system. In total, the removal of the BOD, COD 
parameters is significant in anaerobic ponds. High 
organic matter removal in the stabilization pond can 
be by a suitable retention time and high temperature. 
Because anaerobic pond performance significantly 
increases with increasing temperature, in a study was 
conducted by Pena et al (2000) on the anaerobic 
pond. Removal of BOD, COD, respectively, % 59 , 
%68 were reported. In another study, the rate of 
BOD removal at temperatures above 20 ° C and 
retention time of more than 2/5 day, were reported% 
60. They reported that the main mechanism in the 
anaerobic pond is the removal of suspended solids 
through the settling. Anaerobic pond is the first pond 
and its share is up in the removal. Therefore, the 
above removal of the anaerobic ponds substantially 
reduces the concentration into Facultative ponds. 
Biological and mathematical models are used to 
determine the relationship between variables. These 
relationships can be used to evaluate the designs and 
experimental results. The models are used to 
performance prediction and control of the treatment 
unit. Today the best design, construction and 
operation can be achieved by using modeling. 
Models are created new methods for engineering 
practice and application[13,14].A model can be 
adjusted to fit the data and then analyzed the options 
for process improvement and help to the designers 
and the users of the natural and mechanical treatment 
systems. Simplified models are formed a few 
variables and can be used to determine the kinetic of 
the reaction. In this study, three models are used to 
investigate the kinetic of biological reactions, First-
order substrate removal model, Second-order 
substrate removal model (Grau model), Stover - 
Kincannon  Model[15,16]. In the following, 
descriptions are provided for each model. Stover-
Kincannon model and first-order kinetic and Grove 
model were studied. After drawing regression 
diagrams for these models, Stover - Kincannon  
Model showed a very good and high adaptation with 
the field data in the removal of sBOD5. The R2 
coefficient was 0.837for sBOD5 in Stover - 
Kincannon Model. SCOD removal was 0.907with R2 
coefficient. Stover - Kincannon  Model showed an 
adaptation with comparing to other models in this 
system. the Umax (of eating) obtained 100mg/l.d for 
sBOD5 in the ponds in Birjand, Which shows a very 
low value. The Umax (of eating) obtained 
23.81mg/l.d for SCOD in the ponds in Birjand. A 
study conducted on MBBR system by Kermani and 
colleagues in 2009, the Umax obtained 42.735 mg/l.d 
in Stover - Kincannon  Model[12]. Also, another 
study was performed in a moving bed in a biofilm 

reactor by Delnavaz and colleagues in 2009 and the 
Umax obtained 14.4 mg/l.d to remove online[17].one 
of the reasons that Stover-Kincannon model showed 
high compliance in the removal of organic matter in 
the pond system is that it is measured input  against 
removal only in a single volume[13]. So, this 
relationship Shows a good adaptation especially for 
systems with real scale and the complex reaction 
systems that Occurs several simultaneous reactions 
such as adsorption, suspended growth, attached 
growth, etc. First, this model was designed for 
systems with attached growth that straw artificial 
subsurface system is an attached growth system. 
Results are presented in the tables show that the 
wastewater treatment plant of Birjand has created a 
situation that led to a dramatic reduction of pollution 
are the main parameters. In the topic of organic 
parameters, the results indicate the fact that the plant 
(mainly ponds) still has enough capacity to filter 
more input pollutants to the system. 
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