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ABSTRACT 

Water is a basic necessity for human beings and animals as well as for the survival of plants. Significant industries 

also utilize water for processing and cleaning. Industrial wastewater generation is a major issue for the sectors, and 

treatment is the utmost comprehensive requirement. The role of the petrochemical is equally important in a 

country's growth. The petrochemical industry wastewater characteristics depict organic and inorganic matter, 

accessible non-biodegradable material, and total suspended solids. The nature of the wastewater generated through 

the petrochemical industry is slightly acidic. The pH ranges from 4.8 to 7.2 of the effluent generated in the 

petrochemical industry. The current study combines biological conversion processes like Up-Flow Anaerobic 

Sludge Blanket (UASB) and Activated Sludge Process technique to treat various parameters. pH, Chemical Oxygen 

Demand (COD), Total Suspended Solids (TSS), and Suspended Solids (SS) are the essential parameters to remove 

up to the permissible limits. The UASB removes approximately 65-70 percent of COD, and further processing 

through ASP eliminates the rest of the COD, i.e., up to 95%. The reuse of treated water shall prevent the 

contamination of nearby water bodies. SS, TDS, and COD removal percentages are on an average of 76%, 38%, 

and 95% respectively. The pH of the treated water was observed 7 to7.5.The study's main aim is to provide 

environmental sustainability through wastewater treatment and ultimately focus on wealth from waste. 
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INTRODUCTION: 

The Latin term petra and the Greek word oleum are the origins of the word petroleum, which means rock oil 

(Jafarinejad 2016). Today current societal rising oil usage has increased the production of oil and oil refining 

wastes. Refineries and petrochemical sectors are crucial for economic progress (Li and Yu 2011, Li, Cao et al. 

2014, Adham, Hussain et al. 2018). The petrochemical industry's share in the Indian market is around 45 percent as 

per the FY 2020 data. It consists predominantly of polymer synthetic fiber, synthetic rubber, synthetic detergent, 

and plastics. Generally, The origin of petrochemical wastewater generation is many and includes oilfield extraction, 

crude refineries facilities, olefin industrial facilities, refrigerators, energy units, and other random wastewater 

generation(Gutiérrez, Caldera et al. 2007, Llop, Pocurull et al. 2009). The oil industry produces a lot of oily waste, 

both solid and liquid, as a result of upstream and downstream activities (Varjani and Upasani 2017). Based on the 

proportions of solid waste and water, wastewater is classified as simple wastewater crude oil, and sludge. Oily 

sludge typically has a pH value between 6.5 and 7.5; however, this might vary depending on the crude oil source, 

processing technique, chemicals employed, etc.(Perera, Tang et al. 2012, Hu, Li et al. 2013, Jasmine and Mukherji 

2015). Crude oil is extracted, transported, and stored during the upstream process, and it is refined during the 

downstream phase (Al-Futaisi, Jamrah et al. 2007, Hu, Li et al. 2013, Thakur, Srivastava et al. 2018). Petrochemical 

wastewater contains organic contaminants, polymeric compounds, benzene, phenol, aromatics polycyclic 

hydrocarbons, radioactive compounds, heavy metals, etc. with problems of proper disposal (Zhao, Wang et al. 

2006, Tong, Zhang et al. 2013). The operations used in oil refineries to produce approximately 2500 refined 

products result in the production of petrochemical industry effluent. Such effluent typically contains varying 

quantities of ammonia (NH3), nitrates, oil and grease content, waste catalysts, high TDS, sulfide, phenol (C6H5OH), 

surfactants, and other hydrocarbons (HCs) such as aromatic, aliphatic, asphaltenes, and compounds having carbon, 

hydrogen, and oxygen. The waste also includes Cd, Pb, Ni, and V organo-metallic complexes (Benyahia, 

Abdulkarim et al. 2006, Honse, Ferreira et al. 2012, Santo, Vilar et al. 2013, Jasmine and Mukherji 2015, Varjani 

and Upasani 2017, Thakur, Srivastava et al. 2018). If the containments are discharged directly, these have a 

negative impact on a variety of environmental factors, including air quality, crop yields, water table, drinkable 

water, aquatic animals and human health (Perera, Tang et al. 2012, Cruz Viggi, Presta et al. 2015, Zafra, Moreno-

Montaño et al. 2015, Varjani and Upasani 2017, Kang, Sohn et al. 2018). 

The treatment and processing of waste produced is currently a major concern worldwide (Santos, Goulart et al. 

2006). There are numerous procedures to remediate wastewater produced from the petroleum industry including (a) 

physical, (b) chemical, and (c) biological. The goal of modern industrial wastewater treatment is to eliminate 

contaminants from wastewater to comply with discharge regulations.  
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Objectives: 

The objective of the research paper is to evaluate the performance analysis of an effluent treatment process with a 

combination of anaerobic and aerobic petrochemical wastewater i.e. Up-flow anaerobic sludge blanket (UASB) 

followed by activated sludge treatment. Both methods have numerous advantages and disadvantages. 

Characteristics of the petrochemical wastewater are shown in Table 1. 

Parameters  Real Wastewater - 

This Study 

Average - 

Literature 

pH 5.6 4.3–10 

COD (mg/L) 3384 1220 

Total oil (mg/L)  --- 2–565 

TDS (mg/L) 1091 1.2–1000 

Phenols (mg/L)  --- 0.009–23 

SS in (mg/L) 214  

TOC (mg/L)  ---- 0–1500 

Volatile (mg/L) --- 0.39–35 

 

Treatment of petrochemical wastewater: 

Physical treatment: 

The effluent from the plant is made to pass through the Oil and grease traps. Here oil and grease plus floating 

materials are manually skimmed and collected into drums. The oil-free effluent was collected in the Equalization 

tank. 

Collection cum Equalization Tank: The incoming effluent may be alkaline or acidic and requires neutralization. 

The addition of caustic lye or hydrochloric Acid is done depending upon the influent characteristics. The effluent in 

the tank should be thoroughly mixed till the required pH is obtained. The neutralized effluent will be directly 

pumped into the aeration tank and then transferred into the holding tank. After sufficient effluent level in the 

holding tank, the effluent is transferred into the anaerobic tower at a uniform flow rate by the pump. 

Biological treatment: 

Biological Treatment enables the mechanism of consortia of microorganisms to remove the organics and alleviated 

harmful pollutants in petrochemical wastewater. The bacteria commonly used to produce biological floc are 

Achromobacter, Aerobacter, Citromonas, Flavobacterium, Alcaligens, Arzthrobacter, Sphaerotilus, Bacillus, 

Escherichia,  Pseudomonas, Nocardia, Zoogloea, etc.(Gerardi 2003). Government of India (GOI) regulatory 

organizations, such as the Pollution Control Board and Ministry of Environment and Forest, focus on traditional 

treatment approaches, such as biological treatments. 

The economy involves in such biological treatment methods is a major concern to choose treatment options. 

Because of the complexity of petrochemical effluent, the biological process to remove contaminants still faces 

difficulties despite its enormous potential. Biological degradation is known to be impeded by the complex 

http://www.jetir.org/


© 2024 JETIR March 2024, Volume 11, Issue 3                                                                        www.jetir.org(ISSN-2349-5162) 

JETIR2403405 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org e35 
 

structures of aromatic, polycyclic, and heterocyclic ringed compounds. The treatment of petrochemical effluent by 

biological processes typically uses aerobic digestion, anaerobic digestion (AD), or a combination of both.  

Integrated Biological Treatment: The treatment of petrochemical wastewater includes integrated methods 

combining an anaerobic process (UASB) and aerobic (Activated Sludge) process. 

Anaerobic Digestion (Up-Flow Anaerobic Sludge Blanket Reactor): 

The biological conversion of complete organic matter to methane and carbon dioxide in the absence of oxygen 

depends upon the combined activity of various anaerobic bacteria. A minimum hydraulic detention time (72 hrs) is 

provided for the anaerobic biological process. Anaerobic effluent treatment mainly consists of a UASB reactor, i.e., 

an up-flow anaerobic sludge blanket reactor and holding tank from where the neutralized spent is washed to the 

UASB reactor. The UASB reactor contains biomass, and the remaining volume of the reactor is topped up with 

water. The effluent enters the bottom of the reactor through a typical distribution system. Bacterial consortia in the 

sludge carry out the anaerobic digestion of organic compounds present in the raw effluent, converting them into 

biomass, thus reducing the COD level. Approximately 65-70 percent of COD is removed here.  The treated 

effluent, biogas, and sludge travel upward through an aerobically maintained sludge blanket and are separated and 

drained into the atmosphere from the top of the reactor. The sludge is retained in the reactor. The effluent overflow 

is transferred into the primary clarifier and both aeration tanks. The partial overflow of the anaerobic tower is 

recycled into the buffer tank mainly to maintain the alkalinity in the buffer tank, and the remaining is drained off. 

The excess sludge generated in the process is due to the metabolism of bacteria which is removed periodically 

through the bottom drain valve of the reactor. 

 

 

Figure1: Process diagram of Up-Flow Anaerobic Sludge Blanket Reactor 
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Figure 2: Nomenclature of Up-Flow Anaerobic Sludge Blanket Reactor 

Aerobic Digestion (Activated Sludge Process) 

 

Figure 3: Activated Sludge Process 

 

In the activated sludge process, wastewater is introduced to the microorganism in an aeration tank. The organic 

substance is broken down by microorganisms that eat it as sustenance (Srikanth, Kumar et al. 2018). According to 

the diagram shown above, the conventional activated sludge process for removing organic matter consists of three 

main parts: 

1. The bioreactor maintains suspension and aerates the microorganisms in charge of COD elimination.  

2.  A solid-liquid separator, a secondary Sedimentation tank is commonly used for this purpose 

3. A recycling stream to return some of the activated biomass in the form of sludge to the main reactor. 

These elements have been used to produce different process configurations. The preliminary, primary, and post-

treatment treatment of wastewater, may be accomplished using complementary physical and chemical processes. 
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The bioconversion of contaminants in a bioreactor and the separating of solids, typically in a gravity clarifier  

(Jenkins, Richard et al. 2003), are the two primary goals of the activated sludge procedure. 

These days, a single machine known as a sequencing batch reactor could integrate both functions (SBR). To 

remove particulates from clarified water, the secondary clarifier can also be superseded by a flotation separator or a 

membrane. 

The overflow from the anaerobic tower is fed into the primary Clarifier and partially to the aeration tank. The 

aerator in the aeration tank ensures the uniformity of the microorganisms properly and provides them with oxygen 

in dissolved form. In the aeration basin, a consistent flow rate is maintained. The aeration tank is kept at a sludge 

percentage of around 25 to 30 percent by volume. Nutrients like Urea as well as Diammonium phosphate are added 

to ensure active microorganism growth. The DO is maintained between 2.0 to 2.5 mg/l during the experiment. The 

DO is maintained between 2.0 to 2.5 mg/l during the experiment. To ensure effective settling, the effluent is given a 

proper retention period. A portion of the settling sludge will be lost during the process, but a portion of it will also 

be recirculated into the aeration tank to keep the optimal concentration of the microbes. 

 

Material and methods: 

The experimental setup was created at Ujjain Engineering College, Ujjain (M.P.) and samples were collected from 

a local petrochemical industry-based effluent treatment plant and stored at a 4-degree temperature for a certain 

period. The treatment process combines an up-flow anaerobic sludge blanket (UASB) and the Activated Sludge 

Treatment process. Intermittent sampling after up-flow anaerobic sludge blanket and combined treatment (UASB + 

ASP) were done. The data collection work was carried out over a total of 60 days.  

Data analysis: 

Data analysis was performed using Microsoft Excel for Windows 97. Equation (1) was used to calculate the 

percentage removal efficiency for each parameter. 

  

Percent removal =
Initial reading−Final reading 

Initial reading 
x100………………. (1) 

 

Result and discussion: 

The characteristics of the wastewater are varied due to the processing and inclusion of domestic wastewater 

generated after multiple activities in the plant, except urinal waste. Food to Microorganism ratio is 0.25, maintained 

during operation. Mixed Liquor suspended solids (MLSS) conditions are also maintained at 3500 Mg/L during 

experiments.   

pH treatment:  

http://www.jetir.org/


© 2024 JETIR March 2024, Volume 11, Issue 3                                                                        www.jetir.org(ISSN-2349-5162) 

JETIR2403405 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org e38 
 

The pH of the wastewater generated within the plant varies from 4.8 to 7.2. The influent is acidic and requires 

neutralization. The addition of caustic lye or hydrochloric acid depends upon the influent characteristics. The 

affluent in the flask should be thoroughly mixed till the required pH is obtained. Maintaining the pH within the 

range is essential to provide a suitable environment for the growth of microorganisms. The figure shows the pH 

adjustment before and after the process. The pH of the treated water was observed between 7 to 7.5 with some 

exceptions.  

Figure 4: Adjustment of pH of influent before and after treatment 

Chemical Oxygen Demand (COD) Removal: 

The amount of COD removed, which indicates the degree of degradation occurring, can also be used to estimate the 

percentage of COD removed during anaerobic digestion (Van Lier, Mahmoud et al. 2008). The figure showed the 

COD elimination diversity when the experiments were performed for multiple days. A higher rate of microbial 

breakdown of organic materials observed in wastewater was responsible for the elimination of COD. The 

experimental setup was for treating petrochemical wastewater for maximum reduction of COD. The figure shows 

that the percentage removal in USAB is higher concerning the ASP process. Approximately 65-70% removal was 

observed in UASB with a minimum hydraulic detention time of 72 hrs, and the rest is done in ASP, followed by 

UASB. Usually, time is a considerable parameter for COD removal percentage: as the number of days augmented 

in the anaerobic process, the maximum COD shall be removed; this is due to the enlargement of consortia of micro-

organism and, ultimately, consumption of organic matter. The fluctuation in COD during the experiment is very 

much observed due to the changes in conditional environmental parameters as well as the mixing of other waste. 

The influent COD has been observed around an average count of 3384 mg/l. The treated COD of the process is 
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within the permissible range, which is calculated on an average of 155 mg/l.

 

Figure 5: Influent and effluent COD and COD removal percentage 

Suspended Solids and Total Dissolved Solids treatment:  

Coagulation and flocculation are the best treatment methods for managing Suspended and Total Dissolved Solids. It 

is a pre-treatment process utilized before any biological or chemical treatment. The influent SS was observed 

around an average of 214 mg/l. The final effluent's suspended solid concentration indicates that the average value 

was within 48 mg/l (Figure 6).

 

 

Figure 6: Influent and effluent Suspended Solids and SS removal  
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Figure 7: Influent and effluent Total dissolved solids removal  

The overall percentage removal of suspended solids and total dissolved solids observed after treatment of both 

processes i.e., UASB and ASP, are respectively on an average of 77% and 38%. The total dissolved solids in the 

current study were observed to be 1092 mg/l, and treated effluent is 676 mg/l (Figure 7). The treatment process 

shows the treatment of total dissolved solids with UASB and ASP is ineffective and requires a unique treatment 

method. Some exceptional observations were also witnessed during the study due to the uncontrolled condition of 

the experiments. 

Conclusion: 

The effluent generated from the petrochemical industry is complex and needs proper treatment before disposing of 

in the environment. Individual treatment methods like activated sludge process, Up-flow anaerobic sludge blanket, 

etc. are somehow inefficient for treating organic contaminates from the petrochemical industry due to the high 

COD content and presence of aromatic compounds like phenol and its derivatives. Variability in the concentration 

of organic compounds due to different sources of organic/inorganic biomass is an additional criterion for the 

limitations of a single treatment process. In the current experimental work, we combined two methods i.e., UASB 

followed by an activated sludge process. The combination of these two processes provides a better degree of 

treatment for complex matrix wastewater. However, the installation and operation costs of the combined process 

must be higher than individual processes. The pH of the treated water observed ranges from 7 to 7.5, with some 

exceptions. The overall percentage removal of suspended solids and total dissolved solids observed after treatments 

of both processes are from 214 mg/l to 48 mg/l (77%) and from 1092 mg/l to 676 mg/l (38%), respectively. The 

chemical oxygen demand (COD) was removed from 3384 mg/l to 155 mg/l with 95 %. Given the above treatment 

process, we can conclude that combining these two processes is helpful for the complex nature of wastewater. 
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