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Treatment of Oil Refinery Wastewater Using Pilot Scale Fed Batch Reactor Followed by Coagulation and Sand Filtration
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Abstract: The current study evaluates the performance of a pilot scale fed batch reactor (FBR), followed by coagulation and sand filtration, for the treatment of an oil refinery wastewater. The total reductions in COD, BOD, oil contents and phenol were 95.11%, 94.30%, 99.47% and 100%, respectively, with FBR followed by coagulation and sand filtration. This FBR-coagulation-sand filtration treatment system also removed the toxicity from the oil refinery wastewater. Treated wastewater by this approach meets National Environmental Quality Standards (NEQS) of Pakistan, and can be safely released into the environment.
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1. Introduction
Petroleum and its products are the dominant components of our modern industrial society. However, the refining of these fuels poses inevitable environmental risks [1]. The refining process consumes large amounts of water. Consequently, significant volumes of wastewater are generated [2], and globally this wastewater has been recognized as hazardous industrial waste as it contains toxic substances such as phenols, hydrocarbons and minerals [3,4].

Currently different techniques, such as biological activated sludge, coagulation, electrocoagulation, adsorption and chemical oxidation, are being used for the treatment of oil refinery wastewater [5]. Biological treatment by fed batch reactor (FBR) is an option to remove organic pollutants from industrial effluent [6]. Coagulation and sand filtration can be applied to further enhance the removal of non-biodegradable pollutants from industrial wastewater [7]. In FBR, wastewater was slowly added into an aeration tank/reactor with no wastewater removal until tank is full. Although, FBR process is quite effective for the removal of pollutants from industrial wastewater [6,7], however, it is not evaluated for the treatment of an oil refinery wastewater.

The objective of the current study was to evaluate the performance of FBR at pilot scale followed by coagulation and sand filtration for the treatment of an oil refinery wastewater. Different pollution parameters (COD, BOD, oil and phenol) and toxicity of treated and untreated wastewater were determined to assess the potential of FBR-coagulation-sand filtration treatment system.


2. Materials and Methods

2.1. Collection and Characterization of Wastewater
Raw wastewater (without any primary treatment) used in this study was collected from an oil refinery, located in District Chakwal, Pakistan, and analyzed for various physico-chemical parameters (Table 1) using standard methods [8].


2.2. Mixed Bacterial Culture Preparation
Previously isolated and characterized oil-degrading bacterial strains, Pseudomonas putida 27, P. putida 6-B, P. putida 300-H, P. aeruginosa EBN-8, P. putida 300-B and P. putida 33, and phenol-degrading bacterial strains, P. aeruginosa and P. pseudomallei [9,10], were subcultured on a separate nutrient agar plates and incubated at 37°C for 24 hours [10]. Separately, single colony of each bacterial strain was grown in Erlenmeyer flasks (500ml) containing 200ml of the nutrient broth medium (0.8%) and incubated for 24h at 37○C on an orbital shaker at 120rpm. Aliquots of culture medium (150ml) were centrifuged at 9820g for 15min. The cell pellets were washed and resuspended in autoclaved normal saline (0.9% NaCl in distilled water). One hundred and twenty ml of each cell suspension was mixed to prepare mixed bacterial culture (1L), and used as inoculum in FBR operation.


2.3. Pilot Scale Reactor
Raw wastewater from an oil refinery, located in District Chakwal, Pakistan was used in this study. A pilot scale reactor consisting of a wastewater storage tank, biological reactor for FBR operation, alum treatment tank and sand filtration tank was used in this study as described earlier [7]. Biological reactor was made of glass container with a working volume of 200L and covered with a stainless steel lid having options for air supply and temperature/pH probes. Sand filtration tank was a glass container with a sand bed of 3 inches. thickness at the bottom. Filling and withdrawing of wastewater was performed with the help of peristaltic pumps and mixing in biological and coagulation tank was carried out by overhead motor stirrers with stainless steel paddles (120rpm). Air was purged in biological tank by an air compressor.


2.4. Operational Conditions
The following operating parameters were maintained during the biological-coagulation-sand ﬁltration treatment of an oil refinery wastewater: 10h filling period, 24h for aeration, 30min for each of settling, clarified liquid removal, coagulation and sand ﬁltration process.


2.5. Biological Treatment of Wastewater by FBR
For FBR process, about  of wastewater (50% diluted with tap water), with required nutrients (N and P), was placed in the biological reactor and inoculated with 1L bacterial consortium. The reactor was aerated for two days to obtain a dense culture. After two days, continuous feeding of the wastewater was started without any effluent removal. Temperature, pH and dissolved oxygen of the wastewater during operation were 30 ± 2°C, 7.0 ± 1 and 3 ± 0.5mg L-1, respectively. Samples collected after every 4h for 24h were analyzed for COD, BOD, oil and phenol contents. The reactor liquid volume increased linearly with time at a rate of 20L h-1.


2.6. Coagulation and Sand Filtration
Biologically treated wastewater by FBR operation was treated with alum for coagulation and then passed through sand bed as described earlier [7]. Biologically treated wastewater was left for 30min for the settling of activated sludge (microorganisms, non-biodegradable materials). After settling, wastewater pumped into coagulation tank was mixed thoroughly with alum powder (150mg L-1 of wastewater) for about 30min at 120rpm and allowed to settle down again for 30min. The supernatant was passed through the freshly prepared sand bed under the force of gravity to remove the suspended particles. After each treatment of 200L biological and chemical treated wastewater, sand was cleaned by soaking in diluted sulfuric acid for overnight, then washing with tap water, and finally washing and soaking in distilled water. This sand was dried at 150°C and reused for filtration.


2.7. Ecotoxicity Assays and Analytical Methods
Acute toxicity of treated and untreated wastewater was determined by exposing fish (Labeo rohita) to the wastewater. The average weight and length of four months old fish were 1.6 ± 0.3g and 5 ± 1cm, respectively. Before toxicity testing of every sample, pH of the wastewater was adjusted to 7.0 ± 0.5 with HCl/NaOH. The wastewater was then placed in water bath to bring its temperature to 22°C. For each treatment five fish were transferred to aerated aquaria containing 10L tap water (control), treated and untreated wastewater in triplicate. The mortality data of fish were recorded for 72h. As per requirement of the test, no feed was supplied to the experimental fish; the aeration however was supplied continuously till the end of experiment. Dead fish, if any, were immediately removed from each tank. [7]. The COD, BOD, oil, phenol and toxicity were determined using standard methods [8].


3. Results and Discussion

3.1. Effluent Characterization
Physico-chemical characterization of oil refinery wastewater (ORW) revealed that it contained higher concentrations of COD, BOD, oil, phenol, TDS, TSS, chlorides, iron, copper and zinc than the wastewater discharge standards of Pakistan [11] as shown in Table 1.

Table 1. Physico-chemical characterization of oil refinery wastewater



3.2. Performance of FBR Operation
The COD, BOD, oil and phenol removal by FBR operation is presented in Figure 1. Initially pollutant removal was slow but as the reactor established, enriched bacterial population enhanced the pollutant removal from the wastewater.

FBR was proven to be highly efficient in removing COD and BOD (84.47% and 85.69%, respectively). The significant removal of COD and BOD could be attributed to the enrichment of pollutant-degrading bacteria in diluted (50%) oil refinery wastewater for two days, possibly enhanced acclimatized bacterial population degrade the organic pollutants more efficiently. Furthermore, biological processes were enhanced due to aeration which assisted in microbial degradation of organic matter in wastewater by the oxidation process [12]. Treatment of wastewater containing high amount of organic matter is accomplished through several, physical, chemical and biological processes. However, aerobic microbial degradation is the main mechanism of detoxification. In this study, COD removal (84.47 %) by FBR was higher than previously reported COD removal from oil refinery wastewaters using different biological reactors [12,13].

Figure 1. Degradation of COD, BOD and oil contents by FBR operation at pilot scale reactor. Bars are indicating standard error of three reactor operations.
The FBR operation also exhibited high efficiency to remove oil contents from wastewater. This might be due to the fact that the applied bacterial strains possessing high capability to degrade different types of hydrocarbons present in petroleum oil [10].

Oil degradation was started during the first four hours of operation and continued up to 20h, resulting in 81.07% reduction in oil contents by FBR. However, phenol was completely removed from the oil refinery wastewater within 20h (data not shown).

Table 2. COD, BOD, oil and phenol reduction in oil refinery wastewater by fed batch reactor (FBR) followed by coagulation (CT) and sand filtration (SF) 


These results are in agreement with the study of Jou and Huang [14], who reported the complete removal of phenol from an oil refinery wastewater using fixed film bioreactor. However, in this study, phenol removal (100%) by FBR was higher than reported by Freire et al, [13]. They reported 65% phenol removal (at concentration of 4.3mg L-1) from an oil refinery wastewater by using sequencing batch reactor (SBR).


3.3. Effect of Coagulation and Sand Filtration
FBR treated wastewater was further subjected to coagulation and sand filtration, it resulted in additional reduction in COD, BOD and oil contents (Table 2). The significant removal of organic pollutants from wastewater by coagulation and sand filtration might be due to that coagulants broke the stability of colloidal particles and emulsified oil in wastewater. The organic pollutants levels in the final effluent indicate that the combined coagulation and sand filtration have potential to remove less biodegradable and/or non-biodegradable organic pollutants from the wastewater [7,15].


3.4. Ecotoxicity 
Biological treatment in FBR process followed by coagulation and sand filtration removed the toxic pollutants from the oil refinery wastewater, for this given condition. Fish exposed to untreated wastewater died immediately, while the fish exposed to treated wastewater showed survival for the studied time period (Table 3). Previously it was also reported that oil refinery wastewater showed lethal effects on fish [16]. The detoxification of oil refinery wastewater by FBR-coagulation-sand filtration indicating that not only original toxicity was removed but metabolites produced during biodegradation also had no toxic effects.

Table 3. Mortality of fish at different concentrations of untreated and treated oil refinery wastewater (ORW) 



Conclusions
This study reveals that significant removal of pollutants from oil refinery wastewater could be achieved by fed batch reactor. Furthermore, less biodegradable and/or non-biodegradable pollutants can be removed by treating biological treated wastewater with alum and then filtering through the sand bed. This technique could be applied for the removal of organic pollutants and toxicity from the industrial effluent.
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