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 This study aims to design a laboratory reactor that is suitable for producing 
organic fertilizer from gases generated by anaerobic bacteria in refinery 
wastewater, making it applicable in agriculture. The activated sludge reactor 
designed comprises three main components: primary sedimentation, aeration, 
and secondary sedimentation along with a sludge return system. It features a 
glass cubic tank with a capacity of 5000 ml and a sedimentation basin of the 
same volume. The research examined the impacts of ammonium, phosphorus, 
and methanol concentrations, inoculation rate, hydrodynamic retention time, and 
fermentation duration. Wastewater treatment experiments were carried out over 
a span of 14 days. The findings indicated that biological treatment of the 
wastewater resulted in a reduction of biochemical oxygen demand (BOD) by 
71.27% and total organic carbon (TOC) by 48.98%. Additionally, total dissolved 
solids (TDS) decreased by 60.96%, and the electrical conductivity (EC) of the 
water was reduced by 42.6% during this period. Over time, the concentrations 
of H2S, NH3, CH4, and CO2 gases in the wastewater decreased by 30.08%, 
25.60%, 42.71%, and 95.80%, respectively. The sludge that settled in the 
wastewater treatment ponds is rich in nutrients and can be transformed into 
compost fertilizer under specific conditions, making it highly beneficial for 
agricultural use. 
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1. Introduction 

Refinery wastewaters consist of complex mixtures of organic and inorganic compounds that present significant 

environmental challenges [1]. These effluents contain a variety of hydrocarbons, oils, and toxic substances, making 

their treatment a technological hurdle [2-4]. With the growing global demand for oil, the production of refinery 

wastewater is expected to increase, underscoring the need for effective treatment solutions [3]. Although several 
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physical, chemical, and biological methods are utilized for treatment, biological processes are recognized as 

environmentally friendly and cost-effective options [1, 5]. Recent innovations include the concept of wastewater 

refineries, which focus on recovering valuable resources such as water, energy, nitrogen, and phosphorus from 

wastewater, potentially transforming treatment from a cost burden into a profitable opportunity [6, 7]. Nevertheless, 

no single process can meet all treatment requirements, emphasizing the necessity for ongoing research and 

development in this area [1]. 

A variety of methods have been established to eliminate contaminants and recycle wastewater. These methods 

encompass physical, chemical, biological, and electrochemical processes [8]. Wen et al. [9] conducted a study on 

biological fertilizers utilizing carbon dioxide gas. They focus on producing biological fertilizers that leverage 

nitrogen-fixing bacteria, primarily found in plant roots. This type of biological fertilizer is mainly derived from sugars 

and other plant materials rich in sugar, but its production cost is relatively high. Additionally, biological fertilizers 

face challenges such as sensitivity to dryness and elevated ambient temperatures, which limits their effectiveness 

based on climate and cultivation type. In contrast to traditional biological fertilizers, those based on methanotrophic 

bacteria have the advantage of extracting salts from the soil, thereby enhancing soil fertility. They also demonstrate 

resilience to environmental conditions like drought and high temperatures, making them increasingly valuable for 

improving soil health. 

Kumar et al. [10] combined biological fertilizers with chemical fertilizers to enhance soil properties for corn 

cultivation. Their findings indicated that the application of biological fertilizers led to an increase in organic matter 

as well as higher levels of nitrogen, phosphorus, potassium, and micronutrients in the soil. Additionally, Naeimi et 

al. [11] examined both the quantity and quality of treated effluents from various sewage treatment plants across 

different regions in Iran. They explored the potential for using these effluents to irrigate green spaces and parks, 

concluding that, in accordance with World Health Organization guidelines and Environmental Protection 

Organization regulations, treated wastewater can be utilized for irrigation purposes. In developing countries, land 

application of sewage has long been a common practice for disposing of urban wastewater while also supplying water 

for agricultural needs.  

Alishiri et al. [12] investigated the biological treatment of Tabriz petrochemical wastewater, which. The findings 

revealed that the nitrogen factor had a significant effect on the removal of biological oxygen demand (BOD), 

accounting for 73.4% of the impact. The addition of folic acid, nitrogen, and phosphorus to Tabriz petrochemical 

wastewater, which is deficient in these nutrients, not only promoted the growth of these microorganisms but also 

enhanced other parameters of the effluent. 

Fazal et al. [13] explored the treatment of industrial wastewater through the membrane bioreactor (MBR) method. 

The MBR wastewater treatment process is an integrated system that combines biological treatment (activated sludge) 

with a submerged membrane system. By uniting sedimentation (clarification), aeration, and filtration units within a 

single reactor, this method replaces traditional wastewater treatment processes (conventional activated sludge), 

resulting in a straightforward and efficient system that lowers initial investment costs and reduces operating expenses. 

This approach substitutes the gravity sedimentation unit with a membrane separation system, yielding numerous 

benefits, including operational stability, decreased excess sludge production, and significantly enhanced quality of 

the treated effluent. Therefore, this system is well-suited for a variety of applications in the reuse of treated wastewater 

for both urban and industrial wastewater treatment [14]. 



30                          H. Saki and L. Mahdavian / Chemical Process Design, Vol.4, No.1 (2025) 28-43 
 

The activated sludge process is a biological treatment method that utilizes the activity of microorganisms to enhance 

the decomposition rate of organic substances in wastewater. The term "activated sludge" refers to the return of the 

biological suspension, which contains a mass of microorganisms, that participates in the removal of dissolved organic 

substances in the aeration basin. When incoming wastewater comes into contact with this sludge, the growth and 

proliferation of microorganisms lead to the removal of larger quantities of sewage waste, resulting in relatively 

purified wastewater. Activated sludge is composed of sludge particles generated from raw or settled wastewater 

during primary treatment (by microorganisms) in aeration tanks, where there is an adequate supply of dissolved 

oxygen [15]. 

Ezz et al. [16] created an algae-bacterial granular sludge/digestion/gas decomposition system aimed at effectively 

managing petrochemical wastewater. They employed the algae-bacterial granular sludge (ABGS) technique to treat 

petrochemical wastewater contaminated with monoethylene glycol (MEG). The bioreactor containing ABGS 

demonstrated superior performance compared to the bacterial granular sludge as the MEG loading rate increased, 

showcasing impressive recovery efficiency. 

The application of biological treatment utilizing methanotrophic bacteria is relatively new on a global scale. These 

microorganisms possess the remarkable ability to withstand harsh environmental conditions, including high 

temperatures and dryness. They can convert methane into methanol, produce protozoan proteins, consume 

atmospheric methane, mitigate greenhouse effects, and decompose toxic chemicals [17]. Methanotrophic bacteria are 

a category of methylotrophs capable of utilizing methane as their sole source of energy and carbon. These 

methanotrophs are classified into three types: X, II, and I. 

Methanotrophs oxidize methane to produce methanol and formaldehyde. Subsequently, formaldehyde is incorporated 

into the biomass via one of two pathways: the ribulose monophosphate pathway or the serine pathway. 

Drip filter systems typically consist of garbage collection, granulation, primary sedimentation, trickle filtration, 

secondary sedimentation, a disinfection system, and a sludge treatment system, along with components for final 

disposal. Once the sewage has settled, bacteria begin to break down the settled solids, converting them into biological 

fertilizer. The aim of this research is to design a laboratory reactor that can convert polluting gases into biofertilizers 

using methanotrophic bacteria, thereby facilitating wastewater treatment. Alongside the decomposition of organic 

matter, the study also explores the reduction and removal of gaseous pollutants from refinery effluents. This approach 

can significantly decrease the pollution load in various types of wastewater. 

 

2. Materials and methods 

This research is quantitative, cross-sectional, and analytical, aimed at examining the reduction of pollutants and 

excess sludge. The objectives were explored using a two-reactor system with active sludge. 

The wastewater treatment process utilizes a trickle filter. Initially, the incoming wastewater undergoes primary 

sedimentation. To facilitate its entry onto the flat beds, the wastewater is channeled through a distribution system that 

disperses it across plastic flat beds. As the wastewater flows downward through the filter bed, bacteria attached to the 

surface begin to break down the organic matter. The growth of this biofilm on the filter bed continues as more 

wastewater enters the system. 
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Once the biofilm reaches a critical thickness, the outer layers start to peel off and are carried away through the lower 

drainage system. The sewage and solid materials collected via this drainage are then transferred to a secondary 

sedimentation tank, where solids are separated from the wastewater (Fig. 1). 

In practice, a portion of the treated wastewater is typically recycled back to the trickling filter. This recirculation helps 

dilute the incoming wastewater and enhances the quality of the final effluent. Implementing this recirculation process 

leads to a more balanced hydraulic load, improved distribution of wastewater across the bed, reduced clogging, and 

increased treatment efficiency. 

 After the wastewater settles, bacteria begin to convert the solids into a stable organic fertilizer that is rich in nitrogen, 

phosphorus, and potassium. Temperature, pH, and oxygen in the environment can have a great impact on bacterial 

activity and the biofertilizer production process. 

Typically, optimal growth occurs within a specific range of temperature and pH levels. Research indicates that 

bacterial growth is significantly influenced by pH, with optimal conditions generally falling between 6.5 and 8. 

Studies have shown that different bacterial strains exhibit specific pH preferences, often related to their natural 

environment [18]. For instance, Escherichia coli demonstrated the fastest generation time at pH 6.8 in Eosin 

Methylene Blue Agar media [19]. In limnic systems, bacterial growth rates displayed a parabolic relationship with 

pH, peaking around neutral conditions (pH 6-8) [20]. Interestingly, bacteria can adapt to their environment, with soil 

bacteria showing optimal growth at pH levels close to their native soil pH [21]. The pH of growth media can change 

during bacterial cultivation, often converging to a strain-specific value, and the evolution of pH depends on the carbon 

source used [22]. 

The experiments were designed using a method that focuses on one variable at each stage, allowing for the separate 

measurement of how different concentrations of each variable affect wastewater treatment efficiency. Optimization 

tests were conducted after 14 days of device operation. Following this period, laboratory measurements of BOD, 

chemical oxygen demand (COD), and microbial concentration were taken (Table 1). The variables and their 

respective concentration levels are as follows:  

i. Inoculum concentration: 0.05, 0.1, 0.15, and 0.2 g.L⁻¹ 

ii. Ammonium sulfate concentration: 0.1, 0.2, 0.3, and 0.5 g.L⁻¹ 

iii. Sodium phosphate concentration: 0.1, 0.2, 0.3, and 0.5 g.L⁻¹ 

 
Table 1. List of tests of the outgoing effluent [23-25] 

Measuring device The method of measuring Testing measurement 
- Biotest BOD  
- Titration COD  

Furnace decomposition and burning TOC  
Oven Preparation of solution TDS  

pH meter Preparation of solution pH  
Conductivity meter Electron exchange EC  
spectrophotometer photometry Fe2+  
spectrophotometer photometry Sulfate  

- Iodometry Sulfite  
spectrophotometer photometry Hydrogen sulfur  
spectrophotometer photometry Ammonia 

Gas chromatography VARIAN CP-3800 FID detector Methane  
- Titration Carbon dioxide 

   The TOC and TDS are Total Organic Carbon and Total dissolved solids, respectively. 
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The experiments were structured using a one-variable-at-a-time approach, allowing for the separate measurement of 

how varying concentrations of each variable impact wastewater treatment, specifically through BOD and COD 

measurements. Optimization tests were conducted after 14 days of device operation. 

 

2.1. Determination of COD and BOD 

The standard potassium dichromate method was utilized for determining COD. In this experiment, 20 ml of 

wastewater was first added to an Erlenmeyer flask, followed by the addition of 0.4 g of mercury sulfate and 10 ml of 

potassium dichromate solution. The COD value of the wastewater sample was then determined based on the volume 

of ferrous ammonium sulfate solution used for titration, facilitated by the Freon reagent. For BOD₅ measurement, the 

conventional manometric method was employed. A WTW model BOD OxiTop IS6 measuring device, equipped with 

a pressure sensor, was used in a biochemical incubator at 20°C for 5 days, utilizing simulated wastewater with a 

measurement range of up to 4 g.L⁻¹. 

In this study, the aeration time is calculated based on the retention time. BOD (g.m⁻³) is typically measured from the 

liquid mixture in the aeration pond over time. The F/M ratio represents the amount of food to microorganisms in 

grams of BOD per gram of mixed liquor suspended solids (MLSS) per day, while ϑ denotes the sludge age in days. 

These parameters are determined as follows [26]: 

   BOD wastewater sample after settling
MLSS

=
 

(1) 
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×
=

×  
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where Q (m3.day-1) and V (m3) are amount of sewage flow, and volume of liquid mixture in the aeration pond, 

respectively. 

 

2.2. Activated sludge reactor structure 

The activated sludge reactor features a fixed bed, consisting of a glass cubic tank with a volume of 5 L, where raw 

sewage is stored. From this tank, the wastewater is transferred via an injection pump to two rectangular plastic cubic 

tanks, each also with a volume of 5L, which serve as the substrate for bacterial growth. 

The incoming wastewater is injected into the reactor by a flow injection pump with a capacity of 1 L.h⁻¹. Aeration is 

provided by an aquarium air pump with a maximum capacity of 13 L.min⁻¹. The required air supply is adjusted based 

on the organic load entering the reactor, ranging from 2.5 to 12.5 L.min⁻¹. Mixing in this system is facilitated by the 

incoming air flow (Fig. 1(b)), and the purified wastewater is ultimately stored in a cubic tank with a volume of 4 L. 

The entire setup operates at room temperature (20-25°C). Fig. 1 illustrate the discontinuous activated sludge reactor 

used in this study, along with its associated accessories. 

  

2.3. Bacterial culture and preparation of microbial suspension 

In this study, methanotrophic bacteria are used to investigate their ability in biological treatment. The bacteria utilized 

were sourced from the Pasteur Institute in Tehran. To create the inoculation liquid, a linear bacterial culture is 

established on Mueller-Hinton agar. In a completely sterile environment, a single colony is selected from the bacterial 
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culture plate and transferred into 4 ml tubes of Mueller-Hinton broth [27]. The tubes are incubated at 37°C for 4 hours 

to facilitate bacterial growth. After this period, the turbidity of the bacterial medium is assessed using the McFarland 

0.5 standard, which corresponds to a concentration of 1.5×10⁸ bacterial colony units per ml [28]. Once the turbidity 

is adjusted to match the McFarland 0.5 standard, it is used as the inoculating liquid at concentrations of 0.1, 0.15, and 

0.2 g.l⁻¹ to proceed with the process. 

 

 
Fig. 1. The structure of the research discontinuous activated sludge reactor 

 

2.4. Coagulants and their mechanism  

Coagulation-flocculation is a commonly employed method in wastewater treatment aimed at eliminating suspended 

particles, colloids, and dissolved pollutants [29]. This process entails the addition of coagulants such as ferric chloride 

or alum to neutralize charges, followed by flocculation to create larger aggregates [29, 30]. Numerous coagulants, 

flocculants, and adsorbents have been examined for their efficacy in wastewater treatment. For example, combining 

bentonite clay with Extrafloc P70 has been shown to produce large aggregates containing pollutants, significantly 

enhancing sedimentation rates and the removal efficiency of resinous substances in phenolic wastewater [31]. The 

size and settling velocity of the resulting flocs can significantly influence treatment effectiveness. In a dynamic 

separator, coagulation-flocculation has achieved a removal rate of 95-99% for suspended solids at optimal flow rates 

[32]. This method is effective in eliminating suspended, colloidal, and certain soluble fractions from wastewater [33]. 

 

2.5. Coagulation mechanism  

Alum, with the chemical formula Al₂(SO₄)₃·nH₂O, is a consumable coagulant. When added to water, it reacts with 

alkalinity to produce Al³⁺ ions. These Al³⁺ ions neutralize the negative charges of colloidal particles, leading to their 

coagulation. This mechanism can be summarized in four steps: a) Condensation of the electric double layer, b) Surface 

adsorption and charge neutralization, c) Trapping of particles in sediment and d) Surface attraction, forming a 

chemical bridge between particles. To determine the optimal pH and coagulant dosage, two methods have been 

considered: 1) Zeta potential control, as proposed by Riddick, where the coagulant is used to achieve a zero-zeta 

potential, and 2) The jar test, in which varying pH levels and coagulant amounts are tested to establish optimal 

condition. 
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To effectively manage a treatment plant and monitor the key factors influencing activated sludge treatment, it’s crucial 

to focus on important indicators rather than just pollution intensity parameters. Factors such as nutrients, dissolved 

oxygen, retention time, pH, toxicity, temperature, mixing, and hydraulic flow should be thoroughly examined. 

As a result, the following tests should be conducted and measured daily in the activated sludge system [34]: Inlet 

sewage flow (Qi) and outlet flow (Qo) in m³/day, Temperature of air and sewage, Sludge volume index (SVI), Return 

flow of sludge and excess sludge, Visual assessment of the aeration and sedimentation pond (including color, 

transparency, effluent quality, foam presence, turbulence, odor, etc.), Measurement of BOD and COD for the inlet, 

outlet, and aeration tank, pH levels for the inlet, outlet, and aeration tank, Concentration of suspended solids in the 

liquid mixture (MLSS) in mg.L-1, Dissolved oxygen (DO) levels, Thirty-minute sedimentation test, Levels of nitrogen 

and phosphorus compounds, Sludge age (ϑ) and its coverage depth in days, Concentration of suspended solids in 

excess sludge (SSi) and in the effluent stream (SSo) in mg.L-1, Microscopic examinations, Consumption of water, 

electricity, and fuels. 

Some common issues that may occur in the activated sludge system include sludge bulking, foam formation in the 

aeration basin, odor and noise generation, sludge rising, and low BOD removal. Each of these problems can be 

influenced by factors such as pH, temperature, food-to-microorganism ratio (F/M), and others. 

Sludge age, also known as cell retention time, is a performance index that relates to the food-to-microorganism ratio. 

While the retention time of the liquid mixture (aeration time) in the aeration pond typically ranges from 3 to 30 hours, 

the duration of biological solids in the system is significantly longer, lasting several days. When sampling wastewater 

containing suspended solids in a suspension form, it is crucial to ensure that the collected sample accurately represents 

the actual concentration of these materials at the time of sampling. After thoroughly mixing the effluent, the sampling 

device should be inserted into the effluent stream at the top, middle, and bottom, and filled accordingly. The sample 

should be withdrawn slowly to avoid the introduction of air bubbles. 

All samples are collected using sterile equipment and placed in sterile sampling containers. For effluent sampling, a 

sterile syringe is utilized, and samples are taken from each of the three designated areas to ensure accuracy. A total 

of approximately 42 samples were collected in sterilization containers. Following collection, the samples are promptly 

transported to the laboratory for enrichment and isolation testing. Table 2 presents the specifications of the prepared 

wastewater along with the physicochemical characteristics studied. 

 
Table 2. Characteristics of the effluent entering the activated sludge reactor 

Measurement parameter  Measurement parameter  
pH 8.7 EC (µs.cm-1) 8200 

COD (ppm) 640 TDS (ppm) 7260 
BOD (ppm) 275 H2S(ppm) 0.79 

VS1 906 TKN2 (ppm) 339 
Alkalinity (ppm) as CaCO3 1195.9 TVFAs3 (ppm) as Acetate 29 

All data correspond to the average value from three replicates (n = 4). 1Volatile solid, 
2Total Kjeldahl nitrogen, and 3Total volatile fatty acids. 
 

3. Results and discussion  

The wastewater treatment process includes various stages such as pre-treatment, biological treatment, and chemical 

treatment. Each of these stages plays an important role in removing pollutants and returning water to the natural cycle. 

In this study, data related to wastewater treatment will be analyzed to evaluate the performance of treatment systems, 

the effectiveness of the methods used, and their environmental impacts. This information can contribute to improving 

treatment processes and developing innovative solutions in refinery wastewater management. 
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3.1. The inoculation levels 

The findings regarding the impact of varying inoculation levels on cell proliferation in wastewater are summarized 

in Table 3. The results indicate that as the amount of microorganism inoculation increases, the cell concentration in 

the wastewater also rises. Specifically, an inoculation rate of 0.2 g of dry cells per liter of wastewater resulted in the 

highest cell population, reaching 4.2 g of dry cells per liter. Notably, the cell population does not exceed this level 

under any conditions, making 0.2 g of dry cells per liter the optimal economic inoculation amount. This is because, 

with an increase in cell population, the optimal growth conditions for the microorganisms diminish, causing the cell 

concentration to lose its upward trend. 

 
Table 3. The effect of changes in the amount of inoculation on cell proliferation 

Inoculum size (g.L-1) Final biomass concentration (g.L-1) 
0.1 2.7 
0.15 3.8 
0.20 4.2 

 

3.2. Ammonium concentration 

The results of the investigation into the impact of nitrogen source concentration on wastewater treatment are presented 

in Table 4, as referenced in Table 2. Ammonium sulfate is crucial in several wastewater treatment processes. 

However, elevated sulfate levels in wastewater can negatively impact anaerobic-oxic (AO) treatment systems, 

hindering the degradation of COD and ammonia nitrogen [35]. On a positive note, ammonium sulfate can improve 

sludge dewater ability by decreasing capillary suction time and specific resistance to filtration. It accomplishes this 

by breaking down cell membranes, transforming bound water into free water, and precipitating proteins. As observed, 

increasing the concentration of ammonium sulfate up to 0.3 g.L⁻¹ results in a decreasing trend in the amount of oxygen 

required for microbial and chemical decomposition. This indicates the economic range for the consumption of this 

substance in the removal of sewage pollution using this method. 

 
Table 4. The effect of changes in nitrogen source concentration on the 

amount of wastewater treatment 
CAmmonium sulfate (g.L-1) BOD (ppm) COD (ppm) 

0.1 58 102 
0.2 45 93 
0.3 37 77 
0.5 39 82 

 

3.3. Phosphate concentration 

The biological removal of phosphorus in wastewater treatment is affected by several factors. One key factor is 

biomass concentration, with optimal removal occurring at 0.2 mg.L⁻¹ (see Table 5) which is consistent with the results 

of Sidat et al. [36].  The initial concentration of total phosphorus and the dose of active sludge significantly influence 

removal efficiency through processes such as assimilation, hydrolysis, and adsorption [37]. Additionally, dissolved 

oxygen levels affect microbial growth, with higher concentrations resulting in increased biomass production [38]. To 

optimize phosphorus removal economically and environmentally, it's essential to analyze the relationship between 

chemical dosing and phosphorus discharge [39]. These studies underscore the complexity of phosphorus removal in 

wastewater treatment, highlighting the need to consider various factors, including biomass concentration, initial 
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phosphorus levels, dissolved oxygen, and chemical dosing, to enhance the process for both economic and 

environmental advantages. 

 
Table 5. The effect of changes in phosphorus source concentration on the 

amount of wastewater treatment 
CSodium phosphate (g.L-1) BOD (ppm) COD (ppm) 

0.1 44 78 
0.2 29 53 
0.3 36 66 
0.5 41 72 

 

3.4. Methanol concentration 

The findings regarding the impact of methanol concentration as a growth stimulant for microorganisms on wastewater 

treatment are shown in Table 6. It is evident that increasing methanol concentration does not lead to significant 

changes in the values of two parameters, BOD and COD. Consequently, methanol concentration appears to have 

minimal effect on wastewater treatment. 

 
Table 6. The effect of changes in methanol concentration as a stimulus for 

the growth of microorganisms on the amount of wastewater treatment 
CMethanol (g.L-1) BOD (ppm) COD (ppm) 

0.1 43 63 
0.2 42 62 
0.3 41 60 
0.5 39 59 

 

3.5. pH 

The pH level of the culture medium significantly influences the growth of methanotrophic bacteria. For the majority 

of these bacteria, optimal pH ranges from 5 to 7, while extreme pH values can reduce efficiency. At the ideal pH, the 

specific growth rate reaches its peak. Typically, pH is adjusted using soda and ammonium sulfate. However, to 

provide a nitrogen source and neutralize acidic metabolites, the presence of ammonia ions in the reaction medium is 

essential. As shown in Table 7, pH levels during wastewater treatment have been decreasing. 

 
Table 7. pH changes during wastewater treatment 

 Initial amount 7 days 14 days 
pH 8.8 7.9 6.8 

 

3.6. The iron, sulfate and sulfide ions concentration 

The composition of the culture medium components significantly affects both the quality and quantity of 

methanotrophic bacteria produced. The suitability of the cultivation environment is crucial for the growth rate, 

efficiency, and stability of these bacteria. High levels of soluble salts, including sulfate and sulfide, along with certain 

amounts of iron in water, contribute to hardness and pose challenges for water usage, especially in industrial 

applications.  

 
Table 8. Changes of iron, sulfate and sulfide ions during wastewater treatment 

 Initial amount 7 days 14 days 
Fe2+ (ppm) 8.80 7.9 6.8 
SO3-2 (ppm) 7.80 6.5 5.6 
SO4-2 (ppm) 3.73 2.9 1.4 
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Over the 14 days of biological wastewater treatment, the levels of iron, sulfate, and sulfide showed a decreasing trend, 

with reductions of 58.09%, 28.20%, and 62.46%, respectively. 

 

3.7. Methanotrophic bacteria function 

The biochemical efficiency of the purification system is influenced not only by the quantity of bacteria present but 

also by the physical condition of the bacterial mass. A reduction in the percentage of organic nitrogen alters the 

physical properties of the flocs, causing them to become denser and decreasing the contact surface area between the 

bacteria and their environment. A key indicator for assessing sludge characteristics is the sludge volumetric index, 

which measures the volume occupied by one gram of sludge (based on dry matter) after it has settled for 30 minutes 

in a laboratory sedimentation container. 

Table 9 presents an analysis of various sludge parameters over a 14-day period. Activated sludge systems are 

vulnerable to operational disturbances that can impact floc structure and the content of filamentous bacteria. 

Conditions such as low dissolved oxygen levels (<2.0 mg.L-1) and extended sludge age (14 days) encourage the 

proliferation of filamentous bacteria, resulting in sludge bulking. The growth of filaments occurs when environmental 

conditions favor their development over zoogloeal microorganisms, with dissolved oxygen levels within the floc 

often being a limiting factor. The properties of sludge, including its settling characteristics, residual turbidity, and 

suspended solids content, are affected by the structure of the flocs and the length of the filaments. A filament length 

of 107 μm.ml-1 is used to differentiate between bulking and non-bulking sludge. Strategies to control bulking include 

ensuring sufficient dissolved oxygen levels and utilizing aerobic selectors with short hydraulic residence times [42]. 

Additionally, image analysis and chemometric techniques are emerging as effective tools for monitoring activated 

sludge systems and identifying operational challenges [43]. 

COD represents the amount of oxygen needed for the chemical breakdown of organic materials in wastewater, and 

this value is lowered through wastewater treatment. As shown in the results (Fig. 2), over the 14 days of wastewater 

treatment, the COD parameter exhibited a downward trend, decreasing by 77.18%. 

 
Table 9. The values and operating parameters for aerobic processes at different times 

Day BOD (ppm) MLSS (mg.L-1) F/M 
(mg.L-1) ϑ/day Aeration time (h) Return percentage % 

Initial amount 640 0.46 110.04 6 15 75 
7 339 0.25 59.83 8 15 72 
14 146 0.12 28.72 10 15 69 

 

 
Fig. 2. BOD and COD parameters during wastewater treatment 
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To determine the height of the sludge bed, a sampling method is employed using bubble pumps. The ideal thickness 

of the sludge bed in secondary sedimentation typically ranges from 0.4 to 0.8 cm. To maintain the balance of nutrients 

for microorganisms and the average cell lifespan, surplus active sludge produced throughout the day should be 

removed. The most common approach for this is to discharge sludge from the return sludge system, as it requires 

both sludge excretion pumps and provides better sludge management. The discharged sludge is directed into 

condenser for consolidation before being sent to the initial settling tanks. The resulting mixed is then transferred to 

the primary settlement pond for further mixing and settling. 

Total organic carbon is a reliable indicator for estimating organic matter content in various environmental contexts 

(Fig. 3). TOC has been found to be a potential index for organic content in effluents, showing good correlation with 

COD measurements [44]. Research on total organic carbon (TOC) trends in aquatic environments shows mixed 

results. Factors affecting effluent TOC concentrations include biological treatment processes, influent composition, 

and sewer separation rates, particularly in certain discharge zones [45]. In this study, the TOC parameter shows a 

decreasing trend from 1187 to 581 ppm over the course of 14 days of wastewater treatment, and this reduction of 

48.98% can be attributed to the chemistry of liquid aerosol water [46]. 

 

 
Fig. 3. TOC parameter during wastewater treatment 

 

Total Dissolved Solids, which indicates the quantity of dry residues, has a significant impact on the movement, 

chemical transformation, and ionization of materials. It is essential for evaluating the suitability of water for human 

and livestock consumption, as well as for agricultural and industrial applications. Electrical Conductivity of water 

indicates the presence of conductive solutes. Given the direct correlation between electrical conductivity, TDS, and 

dissolved salts in water, measuring EC is crucial for monitoring wastewater quality. 

The relationship between TDS and EC is a vital component of water quality assessment. The TDS/EC ratio is affected 

by factors such as salinity content and material composition [47]. The findings from this study reveal a linear 

relationship between TDS and EC, both showing a decreasing trend (Table 10). Specifically, their values decreased 

by 60.96% and 48.58%, respectively. It's important to note that the relationship between Total Dissolved Solids (TDS) 

and Electrical Conductivity (EC) in water is complex and not always linear.  

 
Table 10. TDS and EC parameters during wastewater treatment 

Measurement parameter  Initial amount 7 days 14 days 
TDS (ppm) 7360 4641 2873 

EC (µs.cm-1) 8200 5841 4216 
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However, for highly concentrated solutions with EC values below 85,000 μS/cm, a linear relationship is more accurate 

[48]. In such cases, a simple linear equation (TDS = ke × EC) is often utilized. 

The composition of the culture medium components significantly affects both the quality and quantity of 

methanotrophic bacteria produced. The suitability of the cultivation environment is crucial for the growth rate, 

efficiency, and stability of these bacteria. High levels of soluble salts, including sulfate and sulfide, along with certain 

amounts of iron in water, contribute to hardness and pose challenges for water usage, especially in industrial 

applications. Over the 14 days of biological wastewater treatment, the levels of iron, sulfate, and sulfide showed a 

decreasing trend, with reductions of 58.09%, 28.20%, and 62.46%, respectively.  

The trend of decreasing levels of iron, sulfate, and sulfide during biological wastewater treatment can be attributed 

to several factors. Methanotrophic bacteria play a crucial role in converting sulfate to sulfide, which subsequently 

precipitates with iron to form iron sulfide compounds. This process effectively removes both iron and sulfide from 

wastewater. The formation of biological iron sulfide composites occurs in distinct phases. Additionally, the dosage 

of iron in wastewater can enhance the removal of sulfide [49]. 
 

Table 11. Examination of exhaust gases during wastewater treatment 
Measurement parameter  Initial amount 7 days 14 days 

H2S (ppm) 25.0 20.8 17.3 
NH3 (ppm) 7.8 4.6 3.1 
CH4 (ppm) 4.9 3.2 1.4 
CO2 (ppm) 4.2 2.7 0.8 

 

Methanotrophic microorganisms utilize gaseous substrates dissolved in liquid, making gas-liquid mass transfer a 

critical factor in their metabolism. The low solubility of gases like methane and hydrogen can lead to significant 

transfer limitations and overconcentration in anaerobic processes. These limitations present challenges for the large-

scale production of value-added products from methanotrophs, highlighting the need for efficient reactor designs to 

address gas-liquid mass transfer issues [50]. 

Improvements in bioreactor design are essential for enhancing solid-gas mass transfer and tackling the poor solubility 

of methane [51]. Research has demonstrated that uncoupling gas-liquid and liquid-microbe resistances can shift the 

limiting resistance from the gas-liquid interface to the liquid-microbial interface, which in turn affects the apparent 

half-saturation value. Understanding these mass transfer dynamics is crucial for optimizing biochemical reactor 

design and evaluation, especially in methanotrophic systems that utilize gaseous substrates. 

 

4. Conclusion  

In microalgae-bacteria systems, longer hydraulic retention times (6–10 days) lead to improved organic matter and 

nutrient removal, as well as better biomass settling [52]. Methanotrophs play crucial roles in environmental methane 

oxidation and act as biofilters in anaerobic environments. These bacteria show promise in the bioremediation of heavy 

metals and organic pollutants due to their broad-spectrum methane monooxygenase enzymes [53]. Methanotrophs 

can be applied in field-scale methane mitigation technologies and wastewater treatment systems for nitrogen removal 

[54]. They are also effective in transforming various hydrocarbons, including aromatic compounds and halogenated 

aliphatic, making them valuable for bioremediation in methane-containing environments. As anthropogenic methane 

emissions increase, the importance of methanotrophs as a global methane sink is expected to grow. 
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According to the results, the maximum biofertilizer bacterial biomass of 4.2 g.L-1 was obtained at a hydraulic 

retention time of 1.6 minutes, with an inoculum size of 0.2 g.L-1. Based on the results of sludge conversion into 

biofertilizer, the amounts of iron, sulfate and sulfide showed a decreasing trend of 58.09, 28.20 and 62.46% 

respectively during two weeks of biological treatment, which resulted in a decrease of 42.6% in electrical 

conductivity. Based on the results of sludge conversion into biofertilizer, the amounts of iron, sulfate, and sulfide 

exhibited decreasing trends of 58.09%, 28.20%, and 62.46%, respectively, during the two weeks of biological 

treatment. This reduction contributed to a 49.14% decrease in electrical conductivity. The parameters BOD, COD, 

and TOC also showed decreasing trends. Total dissolved solids (TDS) significantly affect the movement, chemical 

transformation, and ionization of substances, playing a crucial role in determining the suitability of water for human 

and animal consumption, agriculture, and industry. In this study, TDS demonstrated a decreasing trend of 60.88%. 

Methanotrophic bacteria produced biological fertilizer by oxidizing methane and other gases. During the 14 days of 

wastewater treatment, decreased the concentrations of H₂S, NH₃, CH₄, and CO₂ gases in the wastewater. 

 

 Ethical Approval 

The study is done through computational methods of chemistry, which is not related to human and animal studies. 

 

Consent to Participate 

The authors declare our informed consent to participate in this research. 

 

Consent to Publish 

The authors give our consent for the publication of identifiable details, which can include photograph(s) and/or videos 

and/or case history and/or details within the text (“Material”) to be published in the Journal and Article. 

 

Competing interests  

The authors declare that they have no known competing financial interests or personal relationships that could have 

appeared to influence the work reported in this paper. 

 

Authors' contributions 

Study concept and design: Leila Mahdavian, and Hojjat Saki. Analysis and interpretation of data: Leila Mahdavian, 

and Hojjat Saki. Drafting of the manuscript: Leila Mahdavian, and Hojjat Saki. Critical revision of the manuscript 

for important intellectual content: Leila Mahdavian, and Hojjat Saki. Statistical analysis: Leila Mahdavian, and Hojjat 

Saki. Administrative, technical, or material support: Leila Mahdavian, and Hojjat Saki and Supervision: Leila 

Mahdavian, and Hojjat Saki.  

 

Funding 

The authors have no affiliation with any organization with a direct or indirect financial interest in the subject matter 

discussed in the manuscript. 

 

Availability of data and materials 



H. Saki and L. Mahdavian / Chemical Process Design, Vol.4, No.1 (2025) 28-43                                                                41 
 

The authors confirm that the data supporting the finding of this study are available within the article and its 

Supplementary material. 

 

References 
[1] Pal, S., Banat, F., Almansoori, A., Abu Haija, M., 2016, Review of technologies for biotreatment of refinery wastewaters: 

progress, challenges and future opportunities, Environmental Technology Reviews, 5(1), 12–38. 
https://doi.org/10.1080/21622515.2016.1164252 

[2] Aabid, A.A., Shakir, I.K., 2022, Statistical analysis for COD reduction from refinery wastewater by electro-photo-Fenton 
process using titanium and stainless steel electrodes, Egyptian Journal of Chemistry, 65(131), 301–308. 
https://doi.org/10.21608/ejchem.2022.118926.5348 

[3] Zhao, Y., Chang, C., Ji, H., Li, Z., 2024, Challenges of petroleum wastewater treatment and development trends of advanced 
treatment technologies: a review, Journal of Environmental Chemical Engineering, 12(5), 113767. 
https://doi.org/10.1016/j.jece.2024.113767 

[4] Das, B., Pasawan, M., Wang, C.T., Reddy, K.A., Dinh, K.L., Brar, S.K., Katiyar, V., Chen, S.S., 2025, Low-cost crosslinked 
PVA membranes as alternative proton exchange membrane in hemodialysis wastewater fed bioelectrochemical fuel cells, 
Process Safety and Environmental Protection, 196, 106915. https://doi.org/10.1016/j.psep.2025.106915 

[5] Tarrass, F., Benjelloun, M., Piccoli, G.B., 2024, Hemodialysis water reuse within a circular economy approach. What can we 
add to current knowledge? A point of view, Journal of Nephrology, 37, 1801–1805. https://doi.org/10.1007/s40620-024-
01989-6 

[6] Al Zarkani, H.M., Mezher, T., El-Fadel, M., 2023, Life cycle assessment in the petroleum industry: a systematic framework 
towards improved environmental performance, Journal of Cleaner Production, 408, 137196. 
https://doi.org/10.1016/j.jclepro.2023.137196 

[7] Peng, X., Jiang, Y., Chen, Z., Osman, A.I., Farghali, M., Rooney, D.W., Yap, P.S., 2023, Recycling municipal, agricultural 
and industrial waste into energy, fertilizers, food and construction materials, and economic feasibility: a review, 
Environmental Chemistry Letters, 21, 765–801. https://doi.org/10.1007/s10311-022-01551-5 

[8] Patel, P.K., Uppaluri, R.V.S., 2025, Adsorption of emerging pollutants utilizing chitosan derivatives: recent advances and 
future perspective, International Journal of Biological Macromolecules, 299, 140203. 
https://doi.org/10.1016/j.ijbiomac.2025.140203 

[9] Wen, A., Havens, K.L., Bloch, S.E., Shah, N., Higgins, D.A., Davis-Richardson, A.G., Sharon, J., Rezaei, F., Mohiti-Asli, 
M., Johnson, A., Abud, G., Ane, J.-M., Maeda, J., Infante, V., Gottlieb, S.S., Lorigan, J.G., Williams, L., Horton, A., 
McKellar, M., Soriano, D., Caron, Z., Elzinga, H., Graham, A., Clark, R., Mak, S.-M., Stupin, L., Robinson, A., Hubbard, 
N., Broglie, R., Tamsir, A., Temme, K., 2021, Enabling biological nitrogen fixation for cereal crops in fertilized fields, ACS 
Synthetic Biology, 10(12), 3264–3277. https://doi.org/10.1021/acssynbio.1c00049 

[10] Kumar, S., Sindhu, S.S., Kumar, R., 2022, Biofertilizers: an ecofriendly technology for nutrient recycling and environmental 
sustainability, Current Research in Microbial Sciences, 3, 100094. https://doi.org/10.1016/j.crmicr.2021.100094 

[11] Naeimi, M., Eftekhari, A., Khalifehzadeh, R., Dargahian, F., Zandifar, S., 2022, Dust mitigation by the application of treated 
sewage effluent (TSE) in Iran, Scientific Reports, 12, 15521. https://doi.org/10.1038/s41598-022-19331-0 

[12] Alishiri, A., Fataei, E., 2015, Improving the microorganism function at different concentrations of folic acid, nitrogen and 
phosphor in biological wastewater treatment of Tabriz Petrochemical, Journal of Water and Wastewater, 26(4), 121–129.  

[13] Fazal, S., Zhang, B., Zhong, Z., Gao, L., Chen, X., 2015, Industrial wastewater treatment by using MBR (membrane 
bioreactor) review study, Journal of Environmental Protection, 6(6), 584–598. https://doi.org/10.4236/jep.2015.66053 

[14] Shirzad, H., Moghaddam, S.S., Rahimi, A., Rezapour, S., Xiao, J., Popović-Djordjević, J., 2024, Combined effect of 
biological and organic fertilizers on agrobiochemical traits of corn (Zea mays L.) under wastewater irrigation, Plants, 13(10), 
1331. https://doi.org/10.3390/plants13101331 

[15] Liu, Z., Liu, Q., Hao, C., Zhao, Y., 2024, Insights into the response mechanisms of activated sludge system under long-term 
dexamethasone stress, Science of The Total Environment, 933, 173007. https://doi.org/10.1016/j.scitotenv.2024.173007 

[16] Ezz, H., Ibrahim, M.G., Fujii, M., Nasr, M., 2024, Sustainable management of petrochemical wastewater using algal-
bacterial granules followed by biogas and biochar production: a techno-economic perspective, Journal of Water Process 
Engineering, 68, 106391. https://doi.org/10.1016/j.jwpe.2024.106391 

[17] Yazdian, F., Shojaosadati, S.A., Nosrati, M., Mehrnia, M.R., Vasheghani-Farahani, E., 2009, Study of geometry and 
operational conditions on mixing time, gas hold up, mass transfer, flow regime and biomass production from natural gas in 
a horizontal tubular loop bioreactor, Chemical Engineering Science, 64(3), 540–547. 
https://doi.org/10.1016/j.ces.2008.09.031 

[18] Sánchez-Clemente, R., Igeño, M.I., Población, A.G., Guijo, M.I., Merchán, F., Blasco, R., 2018, Study of pH changes in 
media during bacterial growth of several environmental strains, Proceedings, 2(20), 1297. 
https://doi.org/10.3390/proceedings2201297 

[19] Lestari, D., Prasetyowati, I., Mirawati, M., 2023, Generation time of Escherichia coli bacteria based on variation in eosin 
methylene blue agar media pH, Jurnal Profesi Medika: Jurnal Kedokteran dan Kesehatan, 17(2), 167–173. 
https://doi.org/10.33533/jpm.v17i2.6405 

[20] Bååth, E., Kritzberg, E., 2015, pH tolerance in freshwater bacterioplankton: trait variation of the community as measured 
by leucine incorporation, Applied and Environmental Microbiology, 81(21), 7411–7419. 
https://doi.org/10.1128/AEM.02236-15 



42                          H. Saki and L. Mahdavian / Chemical Process Design, Vol.4, No.1 (2025) 28-43 
 

[21] Piton, G., Allison, S.D., Bahram, M., Hildebrand, F., Martiny, J.B.H., Treseder, K.K., Martiny, A.C., 2023, Life history 
strategies of soil bacterial communities across global terrestrial biomes, Nature Microbiology, 8, 2093–2102. 
https://doi.org/10.1038/s41564-023-01465-0 

[22] Geng, Y., Nguyen, T.V.P., Homaee, E., Golding, I., 2024, Using bacterial population dynamics to count phages and their 
lysogens, Nature Communications, 15, 7814. https://doi.org/10.1038/s41467-024-51913-6 

[23] Suter, G.W., 1989, Aquatic toxicology and environmental fate: eleventh volume, ASTM International, 11. 
[24] Hamaidi-Chergui, F., Errahmani, M.B., 2019, Water quality and physicochemical parameters of outgoing waters in a 

pharmaceutical plant, Applied Water Science, 9, 165. https://doi.org/10.1007/s13201-019-1046-1 
[25] Hernando, M.D., Fernández-Alba, A.R., Tauler, R., Barceló, D., 2005, Toxicity assays applied to wastewater treatment, 

Talanta, 65(2), 358–366. https://doi.org/10.1016/j.talanta.2004.07.012 
[26] Zhang, B., Sun, C.-X., Wen, X.-H., 2022, Impacts of F/M ratio on microbial networks in activated sludge, Huan Jing Ke 

Xue = Huanjing Kexue, 43(3), 1529–1534. https://doi.org/10.13227/j.hjkx.202107104 
[27] Nizet, V., 2017, The accidental orthodoxy of Drs. Mueller and Hinton, EBioMedicine, 22, 26–27. 

https://doi.org/10.1016/j.ebiom.2017.07.002 
[28] Souza, F.A., Silva, V.G., Bitencourt, T.B., 2020, Use of McFarland standards and spectrophotometry for Yarrowia lipolytica 

QU69 cell counting, International Journal of Environmental Agriculture and Biotechnology, 5, 1089–1091. 
https://doi.org/10.22161/ijeab.54.30 

[29] Wilson, L.D., 2014, An overview of coagulation-flocculation technology, Water Conditioning and Purification Magazine, 
56, 28–34. 

[30] Iwuozor, K.O., 2019, Prospects and challenges of using coagulation-flocculation method in the treatment of effluents, 
Advanced Journal of Chemistry-Section A, 2(2), 105–127. https://doi.org/10.29088/SAMI/AJCA.2019.2.105127 

[31] Yelatontsev, D., Suprunchuk, V., Voloshin, M., 2017, Sedimentation of pollutant-containing aggregates during purification 
of wastewater from coking plants, Eastern-European Journal of Enterprise Technologies, 6(10), 38–44. 
https://doi.org/10.15587/1729-4061.2017.119064 

[32] Menezes, F.M., Amal, R., Luketina, D., 1996, Removal of particles using coagulation and flocculation in a dynamic 
separator, Powder Technology, 88(1), 27–31. https://doi.org/10.1016/0032-5910(96)03098-7 

[33] Singh, A., Pal, D.B., Mohammad, A., Alhazmi, A., Haque, S., Yoon, T., Srivastava, N., Gupta, V.K., 2022, Biological 
remediation technologies for dyes and heavy metals in wastewater treatment: New insight. Bioresource Technology, 343, 
126154. https://doi.org/10.1016/j.biortech.2021.126154 

[34] Karczmarczyk, A., Kowalik, W., 2022, Combination of microscopic tests of the activated sludge and effluent quality for 
more efficient on-site treatment, Water, 14(3), 489. https://doi.org/10.3390/w14030489 

[35] Wang, S., Chen, M., Zheng, K., Wan, C., Li, J., 2020, Promising carbon utilization for nitrogen recovery in low strength 
wastewater treatment: ammonia nitrogen assimilation, protein production and microbial community structure, Science of 
The Total Environment, 710, 136306. https://doi.org/10.1016/j.scitotenv.2019.136306 

[36] Sidat, M., Kasan, H.C., Bux, F., 1999, Laboratory-scale investigation of biological phosphate removal from municipal 
wastewater, WATER SA, 25(4), 459–462. 

https://www.wrc.org.za/wp-content/uploads/mdocs/WaterSA_1999_04_oct99_p459.pdf 
[37] Zaletova, N., 2020, Special features of elimination of phosphorus compounds in aeration tanks, E3S Web of Conferences, 

163(21), 05016. https://doi.org/10.1051/e3sconf/202016305016 
[38] Povis, A.A.L., Sanabria Pérez, E.A., Ortega Quispe, K.A., Guevara Yanqui, P.V., 2024, Effect of dissolved oxygen 

concentration on biomass production in wastewater, Ambiente e Agua - An Interdisciplinary Journal of Applied Science 18, 
1-11. https://doi.org/10.4136/ambi-agua.2937 

[39] Clauson-Kaas, J., Poulsen, T.S., Neergaard-Jacobsen, B., Guildal, T., Thirsing, C., 2004, Economic and environmental 
optimization of phosphorus removal, Water Science and Technology, 50(7), 243–248. 

[40] Dimoglo, A., Akbulut, H.Y., Cihan, F., Karpuzcu, M., 2004, Petrochemical wastewater treatment by means of clean 
electrochemical technologies, Clean Technologies and Environmental Policy, 6(4), 288–295. 
https://doi.org/10.1007/s10098-004-0248-9 

[41] Moghadam, F.M., Mahdavi, M., Ebrahimi, A., Tashauoei, H.R., Mahvi, A.H., 2015, Feasibility study of wastewater reuse 
for irrigation in Isfahan, Iran, Middle-East Journal of Scientific Research, 23(10), 2366–2373. 
https://doi.org/10.5829/idosi.mejsr.2015.23.10.22752 

[42] Sam, T., Le Roes-Hill, M., Hoosain, N., Welz, P.J., 2022, Strategies for controlling filamentous bulking in activated sludge 
wastewater treatment plants: the old and the new, Water, 14(20), 3223. https://doi.org/10.3390/w14203223 

[43] Zhang, Z., Yang, Y., Xi, H., Yu, Y., Song, Y., Wu, C., Zhou, Y., 2023, Evaluation methods of inhibition to microorganisms 
in biotreatment processes: a review, Water Cycle, 4, 70–78. https://doi.org/10.1016/j.watcyc.2023.02.004 

[44] Byun, J.D., Kim, T.D., Jung, B., Shin, T., Kim, H., 2010, TOC as a potential index for organic contents of wastewater 
treatment plant effluents, Journal of Korean Society of Environmental Analysis, 13, 99–103. 

[45] Park, S.H., Lee, C.Y., Kim, K.T., Kim, H.W., Lee, W.T., 2022, Comparison of COD and TOC in influents and effluents of 
six industrial wastewater treatment plants in Korea, Journal of Korean Society of Environmental Engineers, 44(5), 143–149. 
https://doi.org/10.4491/KSEE.2022.44.5.143 

[46] Christiansen, A.E., Carlton, A.G., Porter, W.C., 2020, Changing nature of organic carbon over the United States, 
Environmental Science & Technology, 54(17), 10524–10532. https://doi.org/10.1021/acs.est.0c02225 

[47] Bishwakarma, K., Wang, G.-X., Zhang, F., Adhikari, S., Karki, K., Ghimire, A., 2022, Hydrochemical characterization and 
irrigation suitability of the Ganges Brahmaputra River System: review and assessment, Journal of Mountain Science, 19(2), 
388–402. https://doi.org/10.1007/s11629-021-6834-z 



H. Saki and L. Mahdavian / Chemical Process Design, Vol.4, No.1 (2025) 28-43                                                                43 
 

[48] Adjovu, G.E., Stephen, H., James, D., Ahmad, S., 2023, Measurement of total dissolved solids and total suspended solids in 
water systems: a review of the issues, conventional, and remote sensing techniques, Remote Sensing, 15(4), 3534. 
https://doi.org/10.3390/rs15143534 

[49] Ahmed, M., Saup, C.M., Wilkins, M.J., Lin, L.-S., 2020, Continuous ferric iron-dosed anaerobic wastewater treatment: 
treatment performance, sludge characteristics, and microbial composition, Journal of Environmental Chemical Engineering, 
8(2), 103537. https://doi.org/10.1016/j.jece.2019.103537 

[50] Biswal, T., Shadangi, K.P., Sarangi, P.K., Srivastava, R.K., 2022, Conversion of carbon dioxide to methanol: a 
comprehensive review, Chemosphere, 298, 134299. 

[51] Patel, S.K.S., Singh, D., Pant, D., Gupta, R.K., Busi, S., Singh, R.V., Lee, J.-K., 2024, Polyhydroxyalkanoate production by 
methanotrophs: recent updates and perspectives, Polymers, 16(8), 2570. https://doi.org/10.3390/polym16182570 

[52] Xing, C.-H., Wu, W.-Z., Qian, Y., Tardieu, E., 2003, Excess sludge production in membrane bioreactors: a theoretical 
investigation, Journal of Environmental Engineering, 129(4), 291–297. https://doi.org/10.1061/(ASCE)0733-
9372(2003)129:4(291) 

[53] Pandey, V.C., Singh, J.S., Singh, D.P., Singh, R.P., 2014, Methanotrophs: promising bacteria for environmental remediation, 
International Journal of Environmental Science and Technology, 11, 241–250. https://doi.org/10.1007/s13762-013-0387-9 

[54] Valenzuela-Heredia, D., Aroca, G., 2023, Methane biofiltration for the treatment of a simulated diluted biogas emission 
containing ammonia and hydrogen sulfide, Chemical Engineering Journal, 469, 143704. 
https://doi.org/10.1016/j.cej.2023.143704 

 

http://dx.doi.org/10.1061/(ASCE)0733-9372(2003)129:4(291)
http://dx.doi.org/10.1061/(ASCE)0733-9372(2003)129:4(291)

