
 

Original Article 
ISSN (Online): 2350-0530 
ISSN (Print): 2394-3629 

                                           International Journal of Research - GRANTHAALAYAH 
January 2023 11(1), 92–105 

 

How to cite this article (APA): Sridevi, V., Hamzah, H. T., Alawi, N. M., Teja, D. D., Poiba, V. R., Spandana, B. and Mahdi, H. S. (2023). 
Haldane Kinetic Study on Biodegradation of Phenol -A Comprehensive Review. International Journal of Research - 
GRANTHAALAYAH, 11(1), 92–105. doi: 10.29121/granthaalayah.v11.i1.2023.4993    

92 

 

HALDANE KINETIC STUDY ON BIODEGRADATION OF PHENOL -A 
COMPREHENSIVE REVIEW 
 

Veluru Sridevi 1 , Husam Talib Hamzah 1 ,  Nabil Majd Alawi 2 , D. Divya Teja 1 , Venkata Rao Poiba 1 , Bandi 
Spandana 1 , Husam Salah Mahdi 3  

 
1 Department of Chemical Engineering, College of Engineering, Andhra University, Visakhapatnam-530003. Andhra Pradesh. India  
2 Department of Chemical Engineering, University of Technology, Baghdad, Iraq 
3 Department of Computer Science and System Engineering, College of Engineering, Andhra University, Visakhapatnam-530003. 
Andhra Pradesh, India  
 

  

ABSTRACT 
The chemical moreover petroleum industries are responsible for the production of a 
diverse range of organic contaminants that are extremely hazardous.  As a result, these 
industries have contributed to the accumulation of damaging impacts on the surrounding 
environment. These companies' wastewater typically contains aromatic organic 
chemicals, which are notoriously difficult to degrade through natural processes and, as a 
result, are found to be pervasive in the environment. Being the straightforward units for 
an extensive variety of organic substances, In industries such as oil refining, production 
of phenol and the various derivatives of it, pharmaceuticals, productions of resins, textile 
dyes, paints, disinfectants, petrochemicals, and paper mills, phenol and its derivatives are 
used, and as a result, The effluents produced by these industries often contain phenol as 
well as derivatives of phenol. The existence of phenolic compounds in water systems is 
associated with significant increases in the likelihood of adverse health effects being 
experienced by both human beings and other organisms.  In light of this, the elimination 
of such potentially hazardous substances has garnered a significant amount of focus in 
recent decades.  The removal of phenolic pollutants from aquatic environments by 
biodegradation is a technique that is both environmentally friendly and economical. For 
the purpose of optimizing procedure process, building bioreactor systems, and scaling up 
microbial wastewater treatment procedures to fulfil the requirements of the effluent 
quality standard, having an understanding of the kinetics of microbial growth and 
biodegradation is absolutely essential. The current study concentrates on a number of 
different research publications on Haldane kinetic models, which are utilised to Describe 
the processes involved in the growth of microbes on phenol. 
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1. INTRODUCTION 
Most of the wastewater that is produced by different types of companies 

contains phenolic compounds, which frequent type of organic pollutant. In 
overall, petrochemicals almost (2.8–1220 mg/L), and coke oven plants around (28–
1200 mg/L), while coal mining between (9–6800 mg/L) and petroleum oil 
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refineries almost (6–500 mg/L) Which sectors of the economy are primarily at 
blame for the discharge of phenolic contaminants into the environment that was 
around them Cetinkaya and Ozdemir (2018), Barik et al. (2021). Likewise, products 
from industries such as the pharmaceutical, leather, and resin synthesis industries, 
textile, pulp and paper, paint, moreover industries devoted to the processing of 
wood hold phenolic compounds variable between 0.1–1600 mg/L Priyadharshini, 
and Bakthavatsalam (2019). 

Phenol is a protoplasmic poison that can frequently be found in industrial 
wastewater. Its origins can be traced back to coking plants, dyes, varnishes, 
medications, and insecticides Eyal et al., (2019). Phenol is a common contributor to 
the failure of wastewater treatment plants, primarily as a result of its high toxicity 
to living things and general chemical stability Wei et al. (2016), Nawawi et al. (2017). 
Therefore, The Environmental Protection Agency of the United States has identified 
phenol being counted among the 126 most significant pollutants Nawawi et al. 
(2020). The phenol concentration in drinking water shouldn't be higher than 1.0 
micrograms per litre at most Anurova et al. (2019), Panigrahy et al. (2020). Every 
living thing has a fundamental requirement to consume chemicals in order to obtain 
carbon or energy.  Though, it is a widely acknowledged fact that over the course of 
centuries, cells on earth have adapted to be able to consume these naturally 
occurring biochemicals, the creation of numerous organic types that are either 
unaffected to or unable to be mineralized by living organisms, Magharbeh et al. 
(2021).  The elimination of phenolic contaminants through biodegradation is a 
process that is both environmentally friendly and effective Panigrahy et al. (2022). 

 On the other hand, due to the eco-friendliness of biological treatments, such as 
pure or mixed cultures of microorganisms, these kinds of treatments have also been 
used, bio-mineralization and efficient moreover comprehensive with regard to cost. 
Phenolic chemicals can be utilised by bacteria, yeast, and fungi.  Even though it is 
poisonous and inhibits the growth of substrates, phenol can assist as a foundation 
of carbon and energy for a number of dissimilar strains of bacteria that genetically 
related to classes of Pseudomonas, Aureobasidium, Bacilli, Klebsiella, Ochrobactrum, 
Rhodococcus, etc, Santos et al. (2019). It is absolutely necessary to have knowledge 
on the kinetics of the biodegradation of harmful chemicals in order to optimise the 
removal efficiency and process control. It is a well-established fact that phenolic 
compounds themselves, have the ability to thwart the degradation of other 
compounds of phenol, particularly at high level of concentrations. Therefore, the 
growth kinetics of microorganisms are typically described through the use of the 
Haldane model. Growth in biomass can be clear as an increase in the quantity of 
cellular elements as well as the structure of the cell, which is accompanied by an 
increase in the size of the cell as well as the number of cells. The lag, exponential, 
stagnant, and death phases are some of the transitions that it goes through Peng et 
al. (2018). Taking into consideration the vast variety of phenolic component 
concentrations that are found in industrial wastewaters. 

 the goal of this review is to Research progression of phenol's growth as well as 
its biodegradation at cumulative concentrations in order to obtain a knowledge for 
the impact that inhibition on growth and thus their biodegradation performance. 
However, to the best of our knowledge, there are no reviews have studied bacterial 
growth models as well as the kinetics of phenol degradation via Haldane kinetic 
model. 
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2. TOXICITY OF PHENOLIC COMPOUNDS 

        Phenolic pollutants pose a significant hazard to human health and are known to 
be carcinogenic. Additionally, they are responsible for a great deal of damage to the 
ecosystem. In addition, phenolics have a well-deserved reputation for being both 
genotoxic and endocrine disruptive substances. Compounds with the phenolic 
structure, like as chlorophenols, nonylphenols, 4-tert-octylphenol, and (BPA) which 
are public endocrine-disrupting chemicals (EDCs). These chemicals have the 
potential to inhibit normal hormonal processes, in a variety of organisms, and lead 
to major hormonal disruption as well as potential health risks (Spataro et al., 
2019). 

Phenol is toxic for wide variety of aquatic creatures even at inferior 
concentrations of mg/L, and it causes problems with the smell and taste of the water 
when it is present Liu et al. (2016), Duan et al. (2018), Noszczynska and Piotrowska-
Seget (2018). An excessive amount of phenol exposure consequence in issues for the 
central nervous system, paralysis, failure of the liver, lack of appetite, rashes, 
difficulties speaking, digestive disorders, vomiting, morbidity, and a loss of weight 
are all potential side effects, Cancer is another potential complication. Because of its 
rapid penetrability and absorption through the skin, as well as through inhalation 
and eating, it has a lethal effect Liu et al. (2009). It has the potential to cause serious 
irritation to both the respiratory system and the eyes. The disposal of phenol into 
the environment is likely to become increasingly difficult as a consequence of 
increased financial burdens or the production of more hazardous by-products. 
Before phenol can be discharged into the environment, it is necessary to lower the 
concentration of phenol down to the desired norms utilising processes that are both 
physical and chemical in nature as well as biological Al-Asoufi et al. (2017). Though 
The majority treatments are ineffective to accomplish the point of phenol 
breakdown, rather than that, transform it into a diverse phase, which results in 
pollution and toxic by-products. The chemical and physical processes are both 
included are frequently expensive, and the majority of these treatments 
unsuccessful to convert phenol into a different phase. However, the biodegradation 
of phenol is an alternative that is both more beneficial to the environment and more 
cost-effective. As a direct consequence of this, the application of biological phenol 
treatment has evolved into an important step in the process of pollution control 
Khraisheh et al. (2020).  

 
3. BIOLOGICAL TREATMENT PROCESSES INVOLVING 

MICROBES 
 The elimination of phenolic pollutant substances by microbes is one strategy 

that has the potential to be utilised in the process of eliminating and detoxifying the 
hazardous pollutants that are existing in polluted areas. Phenolic pollutants like 
phenol, ethoxylates, nitrophenol, alkylphenol, chlorophenol and cresols, that 
possible eliminated effectively by a diverse community of microorganisms including 
fungus, yeasts, microalgae, and bacteria Barik et al. (2021). Microorganisms of a 
wide diversity have been successfully isolated. from various polluted waterways for 
the purpose of biodegradation of phenolic pollutants, for instance: 

Achromobacter sp.,Rhodococcus sp., Pseudomonas sp., Acinetobacter sp.(SA0
1), Acinetobacter sp., Bacillus sp., Gulosibacter sp., Arthobacter sp., 
Halomonas sp.,  Achromobacter sp., Panigrahy et al. (2020), Barik et al. (2021). 
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Though, few studies have been conducted on the microbiological remediation of 
large amounts of phenolic pollutants found in actual industrial effluent.  

 
4. MICROORGANISMS IN PHENOL BIODEGRADATION  

 Xenobiotics that are both toxic and dangerous, which have a composition that 
is diverse from that of chemicals that are found in nature, and further hard to 
degrade. This is because they have a different chemical composition. In contrast, in 
recent years, a wide variety of bacteria that depend on xenobiotics for their 
continued existence have been discovered Bhatt et al. (2007). Organic matter can be 
broken down either aerobically or anaerobically, and the method that is used 
depends on the microbe's capacity to flourish in the given conditions. Lucas et al. 
(2008), Shah et al. (2008), Lika and Papadakis (2009). Although both aerobic and 
anaerobic microbes are eligible for breaking down phenol, the aerobic procedures 
are the ones that are most commonly used Ucun et al. (2010), Melo et al. (2005), 
Dash et al. (2009). Because they reproduce more quickly and typically convert 
organic substances to inorganic compounds (CO2, H2O), aerobic bacteria are more 
effective than anaerobic microbes at decomposing hazardous materials Mrozik et al. 
(2010). In addition to this, aerobic processes are favoured because of the low costs 
that are linked with this alternative Ruiz-Ordaz et al. (2001). Because of these 
factors, there is a relatively low level of attention for usage of anaerobic bacteria for 
the breakdown of phenols.  

 
5. MECHANISM OF PHENOL BIODEGRADATION  

The process of energy conversion that occurs during microbial metabolism is 
maintained by a number of different reactions; hence, it is a source of ultimate 
energy. The activity of enzymes, which are uniquely suited to carry out a given kind 
of chemical reaction, is what guides the metabolic processes. Agarry et al. (2008). 
Existence of molecular oxygen necessary for process of biodegradation because it 
kickstarts the attack of the enzymatic nature on the aromatic rings. The process of 
adding hydroxyl groups to the phenol ring is a typical step in the phenol metabolic 
pathway, forming catechol by the enzyme phenol hydroxylase, after that, unshroud 
the ring through ortho- (as well named β-ketoadipate pathway) or meta-oxidation 
Lika and Papadakis (2009), Jiang et al. (2006) In the metabolic pathway that leads 
to phenol breakdown, phenol hydroxylase is the first enzyme that is involved.  

 
6. FACTORS AFFECTING BIODEGRADATION OF PHENOLS 

There are many different factors that have the potential to influence the ability 
of microbes to degrade substances or their metabolism by either inhibiting or 
promoting the growth of the organisms Trigo et al. (2009). The factors include 
temperature, pH, aeration and agitation, concentration of substrate, and 
characteristics of pollutants based on physical Nair et al. (2008), El-Naas et al. 
(2009). To achieve highest possible rate of degradation of the organic chemical of 
choice, each of these parameters should be fine-tuned for the organism that was 
chosen. Among the many aspects of phenol biodegradation, one of the most essential 
is the determining the optimal concentration of the substrate, because it is well 
accepted that phenol itself can hinder the process of phenol biodegradation carried 
out by microbial cells, and this inhibition is most noticeable at larger concentrations 
of the phenol.  
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7. KINETIC STUDIES  

Studies of metabolic kinetics can give a comprehensive examination of 
rendering and mechanistic features of in situ bioremediation. In order to simulate 
and make accurate predictions regarding the behavior of microbial degradation, a 
large number of different kinetics models have been developed. These models have 
been used in a variety of contexts. There are three distinct stages involved in the 
process of microbial biodegradation Wen et al. (2020), The first stage consists of a 
beginning phase during which there is no growth rate, and The next stage is 
triggered once the growth rate (µ) reaches its maximum acceleration after a certain 
time, followed by a brief period of delay. In the last phase, there is no longer any 
decline in the rate of degradation Fan et al. (2004). The highest possible rate of 
specific biomass growth (µmax) occurs during the process of biodegradation, 
maximum growth rate (Rm), lag time (λ), saturation constant for substrate (Ks), 
maximum yield coefficient (Y) are crucial aspects to comprehend in order to get a 
handle on the biodegradability, microorganisms' affinities for substrates, as well as 
their compatibility with them.   

Kinetics studies of biodegradation reactions provide a measurement of how 
efficiently the microbial system is functioning. A better understanding of these 
dynamics will contribute to an improvement in both the control of the procedure, as 
well as its effectiveness in phenol elimination Agarry et al. (2008). Several kinetic 
models were utilised in order to adequately represent the process of growth of 
microbes on phenol and its dynamics. Taking into the rate of growth in biomass, as 
well as account material balance, and rate of substrate operation (in mg/l.hr) can be 
characterized by Equation 1 and Equation 2, as follows: 

 
 
                                              Equation 1 
 

 
                                                                                            Equation 2 
 

 
where Y is the yield of cell mass (g/g) = dX/dS, X represent biomass 

concentration (mg/l), S represent concentration of substrate (mg/l); kd is the decay 
coefficient (hr−1); and µ specifific growth rate (hr−1) Tsai and Juang (2006). The 
Monod model and the Haldane (Andrew's) model are two of the models for 
biodegradation of phenol that are utilised by researchers the world over.  

 The understanding kinetics of growth moreover substrate degradation of 
hazardous compounds is crucial criterion for constructing plants of wastewater 
treatment. The development kinetics of the microorganism are an essential piece of 
information that must be possessed before one can have an idea of the possible of 
the organism to degrade phenol. Keeping in mind the importance of determining the 
kinetics of growth, For the purpose of describing the dynamics of microbial 
development, growth inhibitory models are utilised whenever there is a growth-
inhibiting substrate present, such as phenol Banerjee and Ghoshal (2010). For the 
design of biological remediation procedures, the biokinetic parameters that are 
found from the growth kinetic model that provides the finest fit to the experimental 
data are required inputs with optimized the operating conditions for the 
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purification of wastewater that has been polluted with phenol Sahoo et al. (2011), 
Banerjee and Ghoshal (2010). The concentration of biomass that was derived from 
the batch tests was examined using kinetic models in order to estimate the kinetic 
parameters Shourian et al. (2009), Cui et al. (2017). 

 
8. DETERMINATION OF GROWTH KINETICS 

 When applying Haldane's kinetic model, it is necessary to consider phenol to 
be a growth-inhibiting compound. For the purpose of illustration growth kinetics of 
inhibitory substrates like phenol, the developed model for the growth kinetics by 
Haldane was utilised because of its mathematical simplicity and widespread 
acceptance Wang et al. (2010), Yan et al. (2005). The following are the Equation 3, 
Equation 4 describes Haldane's inhibitory growth kinetics:  

 
                                                                                        
                                                                                          Equation 3 
                                                                                                        

Where µ-Specific growth rate (day-1), x0- Initial concentration of biomass (gL-

1), - x1 -Final concentration of biomass (gL-1), t- reaction time (day).  
                                                                                          

                                         

                                                                          Equation 4 
 
 
Where, µ -Specific growth rate (day-1); x- substrate concentration (gL-1), µmax - 

maximum specific growth rate (day-1), ks - half saturation constant (gL-1), kί - 
substrate inhibition constant (gL-1), the kinetic parameters ks, kί, µmax, were 
determined by nonlinear regression analysis using MATLAB R2016a.       

The many additional substrate inhibition models were used in the analysis in 
order to find out about various kinetic parameters, (Aiba model, Yano & Koga model, 
Teisser model and Webb model). The following Equation 5, Equation 6, Equation 7,                                                                       
Equation 8 are used in calculations of substrate inhibition kinetic model:   

 
Aiba model:            
                                                                         

                            
                                                                                Equation 5 

 
Teisser model: 

 
                                                                  Equation 6 

 
Yano and Koga model:  
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                                                                                                                                   Equation 7 
Webb model:  
 
 

                                                                      Equation 8 
 
 

 
The rate of specific degradation q (day-1) was intended by using results of 

experiments on phenol degradation, the following equation Equation 9 was 
developed:  

 
                                                                                                                                                                
                                                                                                   Equation 9 

 
Where S0 and x are phenol and biomass concentration (g/L) at reaction time t 

(day). 
 
9.  RECENT RESEARCH ON HALDANE MODEL 

Yuzhe et al. (2022) isolated Candida tropicalis sp. exhibiting a significant 
capacity for biodegradation to phenolic compounds, even in high concentration 
existence or in an acidic situation. Evaluation of the phenol's biodegradation was 
carried out using subsequent concentrations around (10–1750 mg/L), The 
performance of the strain quite fine in terms of its ability to biodegrade. The highest 
possible specific growth rate 0.660 h−1 and the specific rates of biodegradation 
0.47 mg (phenol) [(mg (VSS) h]−1.  

 Haitham Qaralleh et al. (2022) sought to do research on the phenol's potential 
for biodegradation by the bacterium that encourages the growth of plants R. 
nepotum. as the main substrate, there were a total of six distinct phenol 
concentrations used as the starting point. The capability of cells to biodegrade 
phenol were found to be considerably impacted by the growing conditions. After 
incubation for 36 and 96 hours at a pH of 7 and a temperature of 28 degrees Celsius, 
this bacterium had quickest growth rate and the maximum phenol biodegradation 
of any tested. biodegradation rate significantly advanced at 700 mg/L, the greatest 
concentration out of a total of six that was tested. After incubation for a period of 
fewer than 96 hours, greater than 90 percent of phenol (700 mg/L) removed. When 
it comes to defining the connection between the beginning level of phenol 
concentration and growth rate, the Haldane model has proven to be the most 
reliable. According to the forecast made by the equation of Haldane, the maximum 
specific growth rate, half-saturation coefficient, and Haldane's growth kinetics 
inhibition coefficient are 0.7161 h-1, 15.8 (ppm), and 292 (ppm), respectively. The 
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experimental results were effectively modelled using the equation of Haldane, 
which resulted in a decrease in the SSR (sum of squared errors) to 3.8 x10 3.  

Khleifat et al. (2022) recognized plant growth stimulating bacterium C. 
flaccumfaciens for  kinetics of phenolic compound development and its subsequent 
biodegradation and inhibition coefficient (Ki), half-saturation coefficient (Ks), 
extreme specific growth rate (µmax) for predicted values for the phenol-dependent 
growth kinetics as: 329 (mg/L), 9.14 (mg/L), and 1.05 (h -1 ) respectively, According 
to what is known as the Haldane model of inhibition, The growth kinetics proposed 
by Haldane. Through a sum of squared error (SSR) of 1.36 X 10 -3, The Haldane 
equation has excellent compatibility with the actual data. Enhanced Gombertz 
model also successfully predicts the trends of phenol biodegradation. Starting 
concentration of phenol had an effect on both the lag time and rate biodegradation 
of phenol; the concentration of phenol increased. C. flaccumfaciens growth and 
phenol biodegradation was most successful when it was carried out at pH 7 and 
temperature of 28degree Celsius incubation.  

Magharbeh et al. (2021) studied the degradation of phenol with Bacillus simplex 
under various circumstances of development. The principal substrate was phenol, 
and it was employed in each of its six possible starting concentrations. The most 
optimal growing conditions for this organism, as well as the highest level of phenol 
biodegradation it can achieve at pH 7, temperature of 280 degrees Celsius, with 
durations ranging from 36 to 96 hours. The results of the GC-MS screening of the 
sample taken from the bacterial culture displayed additional breakdown of the 
catechol was taking place by 1,2-dioxygenase produce a cis, cis-mucconic acid via 
ortho-pathway and/or by 2,3-dioxygenase into 2-hydroxymucconic semialdehyde 
via meta-pathway. Maximum rate of biodegradation was apparent at 700 mg/L 
initial phenol concentration. Around 90 percent of the phenol (700 mg / L) was 
eliminated in a period of incubation that lasted fewer than 96 hours have passed. It 
was found to be true that the Haldane model provided the best explanation for the 
link that existed between the concentration of phenol at the beginning of the 
experiment and the specific growth rate. The following is the parameters that it is 
possible to acquire by the use the Haldane equation: 1.05 h−1, 9.14 ppm, and 329 
ppm for Haldane’s maximum specific growth rate, the half-saturation coefficient, 
and the Haldane’s growth kinetics inhibition coefficient, respectively. The 
experimental data were well described by the Haldane equation, which minimised 
the sum of squared error (SSR) to 1.36×10−3. 

Wen et al. (2020) centred on dynamics of a single, unmixed bacteria strain 
Rhodococcus sp. SKC, extracted from soil that was polluted with phenol, with the 
primary purpose of degrading phenol, which serves as its source of carbon and 
energy in an aqueous medium. Phenol biodegradation kinetics including maximum 
rate of phenol degradation, lag phase, highest possible growth rate (Rm), and 
highest possible yield coefficient (Y) for each Si (initial concentration of phenol, 
mg/L) were adequate with Gompertz and Haldane models of substrate inhibition 
(R2 > 0.9904, RMSE < 0.00925). These parameters' values when operating under 
ideal conditions µmax = 0.30 h−1, Ks = 36.40 mg/L, and Ki = 418.79 mg/L, that refers 
to phenol concentration that causes inhibition was 418.79 mg/L. Through 
investigation of its relationship to different bacteria types, Rhodococcus sp. SKC 
displayed a good yield factor and phenol resistance throughout its development.  

 Priyadharshini and Bakthavatsalam (2019) investigated, microalgae DEE 01 
were separated from the municipal waste water treatment facility that dealt with 
coal gasification, and their growth as well as their phenol use behaviour was studied, 
and recognized as Chlorella pyrenoidosa based on 18SrRNA sequence analysis 
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(KX686118). The percentage reduction in concentration of phenol across all 4 
samples, on average (0.2, 0.4, 0.6 and 0.8 g/L) by C. pyrenoidosa is 97.4% under 
resident intermediate conditions at pH-8. Additionally, it may be capable of 
degrading phenol in the effluent coal gasification. In order to match the 
experimental data, the Haldane inhibitory growth kinetics model was utilised, and 
the kinetic parameters that were found were as follows: Extreme specific growth 
rate- µmax = 0.7123 day−1 , half saturation constant- Ks=0.1899 g/L ;tolerance to 
toxicity -Ki=0.6898 g/L with R 2=0.9916. The kinetic study of C. pyrenoidosa is 
experiential to possess supreme specific growth and degradation rate, (Ki) and high 
phenol affinity (Ks). 

 Arutchelvan and Atun (2019) discovered a strain of bacterium that is able 
using phenol as the only foundation of carbon, was obtained from the different 
samples of soil, gathering from the area surrounding an industrial treatment facility 
for wastewater that services a phenol manufacturing unit. According to the results 
of biochemical analyses and 16S rRNA created on the results of the sequencing, the 
organism was known as Serratia marcescens. Highly poisonous phenolic chemical 
can be degraded by the organism by an optimal concentration of 2500 mg/L in 120 
h and pH 8. Additionally, the organism was effective and had a broad pH and 
temperature tolerance in addition to a very strict lag phase when dealing with 
greater concentrations influent. Among two diverse models combined to Explain 
how organism's growth rate is determined, the Haldane’s model fits (R2=0.930) to a 
high degree of contentment with kinetic constants falling somewhere in the range 
of µmax = 0.05 - 0.095 h-1; Ks = 8.49 - 16.1 mg/L; Kj - 1154.75 - 1700.68 mg/L.  

Peng et al. (2018) described Haldane model for the rate of development of both 
PNP-acclimated activated sludge and phenol. The estimate of Haldane's kinetic 
parameters are as follows: maximum specific growth rate, µmax, constant of 
saturation, Ks, and inhibition constant, Ki, were discovered. The lesser ratio of Ks/Ki 
for degradation of phenol compared to that of PNP biodegradation shows the 
increased resistance of the activated sludge that was acclimated with phenol to the 
inhibition caused by its substrate. The kinetics of phenol degradation could be 
described using the pseudo zeroth-order equation, regardless of the initial 
compound concentration. Though, the equation that was supposed to describe the 
degradation of PNP was inadequate, and this was attributable to the fact that PNP is 
more hazardous than phenol.  

Bera et al. (2017) isolated Stenotrophomonas acidaminiphila, Brevibacterium 
sp. and Brucella sp. from a sample of sludge taken at one of the refineries in Assam, 
which is located in India. It was discovered that the mixed culture had the ability to 
break down the highest possible concentration of phenol 1000 mg L-1 for 96 h 
whereas highest possible specific growth rate (µmax) detected at 100 mg/L. Optimum 
values for pH 6.5 and temperature 37 Celsius to achieve complete phenol 
degradation. Phenol is broken down by the mixed culture through ortho-cleavage 
pathway by the creation of midway (cis, cis-muconate) It was identified by the use 
of spectrophotometry at 260 nm. The validity of the experimental results was 
established by comparing the growth and substrate usage curves to the simulated 
dynamic profiles that corresponded to those curves, gotten by solving equation of 
Haldane via MATLAB R2015a with µmax = 0.155 h-1 and KI = 400 mg L-1. 

 
10.  CONCLUSION 

The low substrate level presents challenges for the traditional physicochemical 
treatment of industrial wastewaters including chemicals such as phenol, increasing 
use of chemicals, development of potentially harmful by products, and an increase 
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in the overall expense of the operation. It would appear that biological treatment is 
the way to go in order to handle these types of industrial wastewaters. The Haldane 
substrate inhibition models were utilised in order to provide an explanation for the 
substrate inhibition caused by phenol as well as the growth kinetics of the culture. 
The biokinetics constants were analysed using models, and the results showed that 
the culture had a good tolerance for the conditions and was growing well, moreover 
whole substrate degradation. 

 
FUTURE WORK 

Future work should be focused on isolating and identifying novel 
microorganisms as a priority and evaluating the phenol-degrading capabilities of 
the samples, both laboratory and field conditions, with a focus on large-scale pilot 
experiments and field-scale applications being taken into special care.  
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