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Abstract  
Nowadays, the presence of sulfurous compounds in aqueous media has become one of the most serious 
risks due to their high toxicity. Therefore, selecting and assessing a suitable and efficient method for 
decreasing or eliminating these pollutants is a vital issue. In this study, a comprehensive comparative 
analysis among various specific growth kinetic models of biomass were carried out to investigate the 
biological removal of sulfide pollutant in different bioreactors. For this aim, three types of bioreactor 
systems, including activated sludge without nanoparticles, in the presence of silica nanoparticles, and 
graphene oxide nanosheets were employed. Batch process experiments were performed to investigate the 
effect of different concentration of sulfide pollutant on the specific growth rates of biomass and also to 
study the growth of biomass during 14 days for all three bioreactor systems. Moreover, different 
biokinetic models, such as Monod, Haldane, Andrews and Noack, Yano and Koga and Webb were 
compared using obtained experimental data in a batch activated sludge process. According to the results, 
the maximum specific growth rates of EM, SS and GO bioreactor systems were µmax= 0.1871, 0.667, and 
0.1277/ day-1, respectively. The Yano and Koga kinetic model had better fit with the experimental 
specific growth rate data than the other models thorough sulfide concentrations ranges with the 
correlation coefficients (R2) of 0.954 0.965 and 0.941 for EM, SS and GO bioreactor systems, 
respectively. In addition, the analysis of different error functions including, SSE, ARE, HYBRID and 
MPSD, showed that the bioreactor containing SiO2 nanoparticles has the best performance towards the 
other systems. Development and using these kinetic models and predictive methods can be considerably 
useful and efficient due to their analyzability and investigation of different operational parameters in the 
biological process of pollutants removal. 
 
Keywords: Activated Sludge System, Bio-Kinetic Modelling, Sulfide Removal, Silica 

Nanoparticle, Graphene Oxide. 
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Table 1. Utilized equations for error analysis 

EquationError model
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�

 !�
Sum of the squares of the errors 
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N � �(μ�L�. − μf��.)
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�
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Average relative error
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μf��.
�
 

�

 !�
Hybrid fractional error function 

MPSD = 100� 100
N − p � �(μf��. − μ�L�.)

μf��.
�
 

?�

 !�
Marquardt’s standard deviation percentage

Fig. 1. The effect of sulfide pollutant concentration on 
the specific growth rate of biomass in different 

bioreactor systems 
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Fig. 2. The growth of biomass in different bioreactor 
systems 
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Table 2. Kinetic parameters of Monod’s and linearized form of Haldane models  

for sulfide removal in different bioreactors 

Bioreactor system Monod Linearized Haldane 
� YZ[ (�Z�n�) �R (Y�/T) � YZ[ (�Z�n�) �g (Y�/T)

EM 0.1778 62.56 0.2586 57.40 
SS 0.1701 71.18 0.2103 64.12 
GO 0.1335 53.19 0.1660 24.14 
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Fig. 3. Fitting of the experimental data with the Monod model (at low concentrations) 
and linearized Haldane model (at high concentrations) 
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Fig. 4. Comparison between the experimental and predicted data of specific growth rate 
 by different kinetic models  
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Table 3. The values of kinetic parameters for sulfide removal in different bioreactors 

Bioreactor system Model �g (Y�/T) �� (Y�/T) �� (Y�/T) ��

EM 

Haldane 340.15 - - 0.803 
Andrews and Noack 468.9 - - 0.711 

Yano and Koga - 113.45 140.90 0.954 
Webb 388.12 - - 0.681 

SS 

Haldane 380.62 - - 0.736 
Andrews and Noack 511.32 - - 0.798 

Yano and Koga - 203.40 189.19 0.965 
Webb 450.90 - - 0.677 

GO 

Haldane 198.65 - - 0.715 
Andrews and Noack 194.54 - - 0.844 

Yano and Koga - 96.78 101.14 0.941 
Webb 328.76 - - 0.701 
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Table 4. The values of different error analysis for kinetic models 

Bioreactor system Model ���  �� Q¡¢�£S ¤¥�S

EM 

Haldane 0.00399 11.238 -8.40×10-8 18.86 

Andrews and Noack 0.00458 15.530 -5.49×10-8 17.83 

Yano and Koga 0.00178 10.297 -2.67×10-10 15.33 

Webb 0.00565 19.891 -5.98×10-7 21.13 

SS 

Haldane 0.00129 9.430 -7.01×10-10 15.16 

Andrews and Noack 0.00188 11.732 -8.96×10-7 7.87 

Yano and Koga 0.00122 2.977 -1.26×10-10 6.45 

Webb 0.00425 16.173 -9.31×10-8 17.63 

GO 

Haldane 0.00365 11.660 -2.97×10-7 28.23 

Andrews and Noack 0.00569 14.329 -7.50×10-7 28.45 

Yano and Koga 0.00205 17.389 -2.49×10-14 24.67 

Webb 0.00695 22.501 -8.63×10-5 33.19 
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