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A B S T R AC T

In this study, it was aimed to investigate the effects of increasing sludge retention times 
(SRTs, 5, 10, 25, and 40 d ) on dissolved chemical oxygen demand (CODdis), polycyclic aromatic 
hydrocarbons (PAHs) and acute toxicity removals in an aerobic completely stirred tank (CSTR) 
reactor system treating raw petrochemical industry wastewater. The reactors were operated 
with and without rahmnolipid biosurfactant. In both conditions the effl uent quality of the 
CSTR reactor improved with increasing SRT. Addition of 15 mg/l rhamnolipid increased sig-
nifi cantly both CODdis and PAH yields. For maximum COD and PAH removals (86 and 86%) 
the optimum sludge age was found to be 25 d. The effective PAHs concentration affecting half 
of the Daphnia magna organisms (EC50 value) was reduced from 65.61 to 1.86 ng/ml at the end 
of the aerobic treatment at a SRT of 25 d. The EC50 value for COD was reduced from 240 to 33 
mg/l after aerobic treatment. Toxicity removals which originated from PAHs and COD were 97 
and 86%, respectively. 

Keywords:  Aerobic; Daphnia magna; Petrochemical wastewater; Polycyclic aromatic  hydrocarbons 
(PAHs); Sludge retention time; Toxicity

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are wide-
spread ubiquitous contaminants in the different areas 
of the environment [1]. They originate from anthropo-
genic inputs like incomplete combustion, oil spills, and 
urban runoff, domestic and industrial wastewater 
discharges [2]. Due to their toxic, mutagenic, and car-
cinogenic characteristics, PAHs are considered to be 
hazardous to the biota and the environment [3,4]. 

No further studies have been performed investi-
gating the effects of sludge retention time (SRT) on 
the treatment of petrochemical wastewaters in aerobic 

activated sludge reactor systems. Manoli and Samara 
found that the total PAH removal effi ciencies varied 
between 1 and 11% in the activated sludge systems at 
a SRT of 20 d [5]. Some investigators have considered 
the yields of PAHs through the biological reaction stage 
in an aerobic reactor at SRTs of 7 and 12 d. They found 
49 and 53% total removals for the PAHs with high and 
low molecular weights [6,7].

Potential advantages of biosurfactants include their 
unusual structural diversity that may lead to unique 
properties, the possibility of cost-effective production, 
and their biodegradability [8]. These properties make 
biosurfactants a promising choice for applications in 
enhancing PAHs degradation. Mulligan [9] and Banat 
et al. [10] found that the biosurfactants increase the 
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