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26. Dissolved Oxygen (DO)

27.HACH

28. Chemical Oxygen Demand (COD)

29. Bio- Chemical Oxygen Demand (BOD)
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1. Introduction

The mathematical model for disintegration rate of substrates and production of biomass in the batch

reactor is presented by Monod kinetic model. This model includes four required parameters which need to be
estimated for proper planning of wastewater biological treatment units and the simulation process in the
operational stage (Metcalf and Eddy, 2003).
Al-Malack (2006) determined the bio-kinetic coefficients of a submerged membrane bio-reactor to treat
domestic wastewater. His coefficients were located in 0.49-0.58, 0.037-0.0151, 1.28-6.46, and 289-2933
domains for parameters Y, kg, k, and K, respectively, under various MLSS concentrations and substrate
loading rates. Naghizadeh (2008) determined the bio-kinetic parameters for a domestic wastewater
treatment plant through a submerged membrane reactor by the Monod equation. The results showed that the
Y, ka4, Ks, and um coefficients were 0.067 mgVSS/mgCOD, 0.5 d-1, 65.5 mg/L, and 1.86 d1, respectively. Mardani
et al. (2011) studied the kinetic coefficients of South-Isfahan wastewater treatment plant, operating on the
activated sludge process, in various treatment methods including conventional activated, extended aeration,
and contact stabilization conditions in pilot scale. Their findings indicated that for the conventional activated
condition, Y(mgVSS/mgCOD), ka(d '), um(d1), and Ks(mgCOD/L) were in ranges of 0.48-0.80, 0.0189-0.026,
0.95-0.98, and 52-71, respectively; for the extended aeration condition were in ranges of 0.6174-1.2512,
0.0198-0.0309, 1.96-3.17, and 311.7-508, respectively; and for the contact stabilization condition were in
ranges of 0.6322-0.713, 0.0172-0.0387, 0.23-0.42, and 13.8-50.8, respectively. The purpose of the present
research is determining the kinetic coefficients for Shiraz domestic wastewater treatment plant using batch
reactor method.

2. Methodology
2.1. Pilot project characteristics

In this study, a reactor with a total volume of 61.6 L in dimensions of 39.5*39.5*39.5 cm and the net
volume of 46.2 L (free board of 3.6 cm) was used to conduct the reactions throughout aeration and settling
processes. In each stage of the pilot operation, 12.5 L of the effluent primary settling tank was entered to the
reactor. According to the Imhoff's funnel method, the maximum settling was occurred at 0.7 hr. The volume of
sludge, removed at end of each stage of pilot operation, was 2 L. Table 1 shows the features of the applied
pilot, and Fig.1 presents a picture of the pilot. The reactor was made of glass, with a thickness of 8 mm; the
aerator was a 70 w power with an output capacity of 90 L/min. Also, two pieces of rectangular aquarium
stones were used as a diffuser to inject air to the reactor’s floor. To access the heterotroph condition,
dissolved oxygen was contained greater than 2 mg/L by aerator.
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Table 1. Features of the applied pilot

Quantity Unit Parameter

46.2 L The volume of pilot

The volume of influent to the primary

125 L settling tank
10.5 L The volume of effluent exhausted the pilot
The volume of sludge, removed at end of
2 L : .
each stage of pilot operation
Variable hr Aeration duration
0.7 hr Settling duration

Fig. 1. Picture of the pilot

2.2. Tests

The required tests including COD, BOD, TSS, temperature measurement, pH, and DO were performed in
accordance with the 21st version of standard instructions of water and wastewater tests (Clesceri et al, 2005).
The sampling frequency from the primary settling tank was daily during one month. The COD was measured
on a daily, and BODs was performed twice per week to determine the sludge condition.

2.3. Method

In order to inject wastewater with variable quality, taking samples from the effluent primary settling tank
was performed in different hours during a day. The general procedure included injecting the sample, aeration
at variable time intervals, settling for 0.7 hr, and removal of the effluent. All the above stages were performed
in the same reactor, in different time intervals, in a discontinued format, with maintaining temperature and
pH in a proper range for heterotrophs.

3. Results and discussion

MLVSS values, during aeration, was in the range of 1013-3798 mg/L with an average of 1624 mg/L. In
addition, the influent and effluent COD was in range of 350-546 mg/L with an average of 445 mg/L, and 28-
74 mg/L with an average of 47 mg/L, respectively. Consequently, the minimum and maximum percentage of
carbon removal were 79% and 94%, respectively, with the average of 89%. The effluent COD was less than 60
mg/L which is in the standard range of recipient waters and absorbent wells. The reverse solids retention
time against the specific substrate utilization rate was plotted and the endogenous decay coefficient and the
yield coefficient were determined (Fig. 1). The reverse of the specific substrate utilization rate against the
growth limiting substrate concentration in solution was also plotted and the maximum specific substrate
utilization rate coefficient and the half velocity constant were determined (Fig. 2). The maximum specific
substrate utilization rate was calculated using the intercept and the value of the half velocity constant was
obtained using the slope.



Masoud Noshadi and Alireza Ahadi / J. Civ. Env. Eng. 47 (2017) VI3

12

g
= (1/5RT) = 0.6579U - 0.1264
e Y=0.6579 ; Kd=0.1264 ®
- R?=0.8224 *
c 08 A 4
§ ®
ﬁ 0.6
-
3 .

0.4 .
# . * * *

- *

§ 0.2 %
]
£ 3

0 T

0 0.5 1 1.5

The specific substrate utilization rate (mgCOD/mgVss*d)

Fig.1. The reverse solids retention time against the specific substrate utilization rate

3.5

< ]
-f—j 1 (1/U)=91.209(1/5) - 0.2988 .
8 3] k=3.3467,Ks=305.25 L
g ] R*=0.7363 . .
fg 25
o L] L L]
o s ®
% £ o .
) 2 P
L= .' L]
5 % ] .
22 15 -
a
o E L
Sy *T e e
5 E 1 R
8 LA
H 0.5
E 4
E 03

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

The reverse of the growth limiting substrate concentration in solution
(1/mgcoD)

Fig. 2. The reverse of the specific substrate utilization rate against the growth limiting substrate concentration in solution

4., Conclusions

The most significant results obtained through this research are as follow:

1. The values of the endogenous decay coefficient, yield coefficient, maximum specific substrate
utilization rate coefficient, and the half velocity constant are 0.1264 d-1, 0.6579 gVSS/gCOD, 3.3467
gCOD/gVSS*d, and 305.25 gCOD/m3, respectively.

2. The value of the average observed yield coefficient is 0.45.

3. The effluent COD concentration has a reverse relation with the solids retention time and a direct
relation with the maximum specific substrate utilization rate. Consequently, it can be concluded that
the effluent COD concentration is more sensitive to the kinetic parameter k than ks and K.

4. The pilot project achieved an average removal COD of 89% which falls in the proper range of the
conventional activated sludge process.

5. As the cellular retention time increases to 26 days, the effluent COD declines, and following this
period the curve flattens such that the increase in SRT will not affect the effluent COD concentration
significantly.
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