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1. Introduction – Petroleum refineries generate large volumes of wastewater. The predominant 

constituents in refinery wastewater include phenols, ammonia, hydrogen sulfide, polynuclear aromatic 

hydrocarbons (PAHs), and benzene, toluene, ethylbenzene and xylene (BTEX) [1]. These organic 

pollutants may remain in the wastewater even after secondary treatment and lead to toxicity in the 

receiving water bodies if tertiary treatment processes are not incorporated in the treatment train. 

Biofiltration is a process that utilizes the ability of microorganisms present in the wastewater stream to 

degrade organic matter [2]. Biofilters with biomass attached to the filter media can remove trace organic 

constituents. This study was aimed to study the efficacy of sand biofilters for the removal of trace organic 

pollutants from secondary treated refinery wastewater. 

 

2. Experimental - The secondary treated refinery wastewater was obtained from a refinery in Mumbai, 

India. The water quality parameters including pH, chemical oxygen demand (COD), biochemical oxygen 

demand (BOD), total organic carbon (TOC), ammoniacal-nitrogen (NH4
+-N), and Total Kjeldahl 

Nitrogen (TKN) were determined for the wastewater (APHA, 2012). Trace organic compounds were 

identified and quantified by liquid-liquid extraction technique with dichloromethane, followed by 

GCxGC-TOF-MS. Studies were performed in acrylic biofilters filled with pure quartz sand of 50 – 70 

mesh size (0.2 to 0.3 mm) as filter media. The columns had an internal diameter of 20 mm and a length of 

50 cm. The bed depth was 15 cm. The biofilters were operated at room temperature and fed with raw 

secondary treated refinery wastewater at a flow rate of 1 mL/min. The empty bed contact time (EBCT) 

was 47.12 min. Nutrients were not added during the study. Biofilm formation was observed and was 

measured after 30 days by heterotrophic plate counts. COD and TOC were checked after recirculating the 

wastewater 4, 8, and 12 times, and the organics were quantified using GCxGC-TOF-MS. 

 

3. Results and Discussion - The major physicochemical characteristics of secondary treated refinery 

wastewater were: pH = 7.7, COD = 214 mg/L, sCOD = 178 mg/L, BOD5 = 30.5 mg/L, TOC = 79.5 mg/L, 

NH4
+-N = 27.8 mg/L and TKN = 76 mg/L. After extraction of the aqueous phase in dichloromethane, the 

trace organic pollutants identified using GCxGC-TOF-MS were n-alkanes, acids, alcohols, ester and some 

PAHs. Maximum reduction in COD and TOC in the columns was observed to be in the range of 52 to 

56% and 43 to 51%, respectively after 8 to 12 times recirculation (Figure 1. (a)). Some of the trace 

organics were quantified in the wastewater samples and also in the treated wastewater samples. It was 

found that the biofilter was able to reduce most of the compounds after 12 recirculations. After 8 times 

recirculation, reduction in the concentration of the compounds was more than 80%, except for pyrene and 

phenanthrene (Figure 1. (b)). 

  
Figure 1. (a) COD and TOC profiles and (b) concentration of trace organic pollutants with the increase in the number of recirculation cycles for 

secondary treated refinery wastewater passed through the biofilter 

 

4. Conclusions - This study shows that biofiltration can be used as a tertiary treatment process in 

refineries for generating water that can be reused in the refinery processes. 

5. References 

[1] Munirasu, S., Haija, M. A., & Banat, F., Process Saf. Environ. Prot., 100, 183-202, (2016). 

[2] Srivastava, N. K., & Majumder, C. B., J. Hazard. Mater., 151(1), 1-8, (2008). 

(a) 


