
http://dx.doi.org/10.4314/wsa.v38i1.2 
Available on website http://www.wrc.org.za
ISSN 0378-4738 (Print) = Water SA Vol. 38 No. 1 January 2012
ISSN 1816-7950 (On-line) = Water SA Vol. 38 No. 1 January 2012 9

*	 To whom all correspondence should be addressed. 
 	 +604 653-3550; fax: +604 657-4854; 
	 e-mail: pelim@usm.my     
Received 7 April 2011; accepted in revised form 14 December 2011.

Removal and transformation of hexavalent chromium 
in sequencing batch reactor

Siew-Leng Loo, Kwok-Yii Leong and Poh-Eng Lim*
School of Chemical Sciences, Universiti Sains Malaysia, 11800 Penang, Malaysia

Abstract

The objectives of this study are to evaluate the efficiency of removal of hexavalent chromium (Cr(VI)) in a sequencing batch 
reactor (SBR) and to ascertain the fate of Cr(VI) in the treatment process. An SBR was operated with the FILL, REACT, 
SETTLE, DRAW and IDLE periods in the time ratio of 2:12:2:1.5:6.5 for a cycle time of 24 h. The study was divided into 5 
phases with the addition of 0.5, 2.0, 3.0 and 5.0 mg/ℓ of Cr(VI) in Phases II, III, IV and V for a duration of 46, 75, 43 and 16 
operational cycles, respectively. The Cr(VI) removal efficiencies for SBR were found to be 79.8, 88.4 and 99.8% in Phases 
III, IV and V, respectively. The results revealed that Cr(VI) removal efficiency improved with acclimated activated sludge. 
Determination of Cr in the suspended sludge showed that around 95% of the Cr species were Cr(III). Determination of Cr 
concentration profiles during the FILL and REACT periods showed that the predominant species was Cr(III) as Cr(VI) was 
bio-reduced. The proposed Cr(VI) removal mechanism involves bioreduction to Cr(III) which was subsequently precipi-
tated and adsorbed by activated sludge. Precipitation rather than sorption is envisaged to be the main path of removal of 
Cr(III) from the solution.

Keywords: Sequencing batch reactor, hexavalent chromium, removal, transformation, mechanism

Introduction

Chromium species in the +3 and +6 oxidation states are more 
commonly found in the environment. Cr(VI) is widely used 
in industries such as electroplating, metal finishing, wood 
preservation and leather tanning. It exists as different forms of 
oxyanions depending on the pH of the solution. Under strongly 
acidic conditions (pH<1), Cr(VI) exists as Cr2O7

2− , whereas 
between pH 2 and 6 it exists as HCrO4

−. Under neutral or 
alkaline conditions, Cr(VI) is present as CrO4

2− (Kimbrough 
et al., 1999). These compounds are highly toxic due to their 
strong oxidising nature. Owing to the toxicity, exposure to 
Cr(VI) presents an acute health risk and chronic exposure may 
lead to mutagenesis and carcinogenesis. In contrast, Cr(III) is 
much less toxic and is essential for mammals in trace quantities 
(Orozco et al., 2008).

Conventional methods of removing Cr(VI) include 
chemical reduction to Cr(III) followed by precipitation 
under alkaline conditions, removal by ion exchange, or 
adsorption by various materials (Kumar et al., 2007; Orozco 
et al., 2008). However, most of the conventional methods are 
costly and involve the generation of a large amount of sec-
ondary wastes which preclude an efficient and cost-effective 
technology in treating chromium-containing wastewater. 
Biological treatment methods such as the conventional 
activated sludge process and sequencing batch reactor (SBR) 
may be a better alternative due to their lower operational 
cost, steady performance and easy recovery of some valua-
ble metals. Several researchers have shown that the activated 
sludge process is effective in treating chromium-containing 
wastewater (Imai and Golyna, 1990; Stasinakis et al., 2004; 

Chen and Gu, 2005). The SBR is a modified version of the 
activated sludge process which carries out functions of 
equalisation, treatment and sedimentation in the same reac-
tor in a temporal rather than spatial sequence. It offers the 
advantages of better tolerance to shock load, good settleabil-
ity, simplicity and ease in operation as well as compact lay 
out. Sirianuntapiboon and Hongsrisuwan (2007) have shown 
that SBR was effective in removing Cu and Zn in industrial 
and synthetic wastewaters. 

Studies on Cr(VI) removal mechanisms using various 
biosorbents in batch systems under acidic conditions have 
been conducted (Reddad et al., 2003; Park et al., 2005a; 
Park et al., 2005b; Xu et al., 2007; Park et al., 2008; Wang 
et al., 2009). The mechanisms proposed by these research-
ers were similar and generally involve the adsorption of the 
anionic Cr(VI) on protonated adsorption sites, followed by 
the reduction to Cr(III) by electrons donated by adjacent 
functional groups. However, the removal mechanism of 
Cr(VI) in a bioreactor may be different due to the difference 
in pH which affects the surface charge of the biomass and 
the complexity of the solution chemistry. Several research-
ers have investigated the Cr(VI) removal mechanism in the 
activated sludge process (Imai and Gloyna, 1990; Stasinakis 
et al., 2004; Chen and Gu, 2005). Among them, Stasinakis 
et al. (2004) proposed a 2-step mechanism involving the 
bioreduction of Cr(VI) to Cr(III) and subsequent adsorption 
of Cr(III) onto suspended solids. A relatively small portion 
of Cr(III) (< 14%) could be precipitated (Stasinakis et al., 
2003). The conclusion was drawn solely based on the find-
ings from the speciation study conducted on the suspended 
solids and the effluent, but the transformation undergone by 
Cr(VI) during the treatment process was not discussed. In 
light of the above observations, the objectives of this study 
are: (i) to evaluate the removal efficiency of Cr(VI) in SBR 
under relatively low Cr(VI) loading rates and (ii) to ascer-
tain the fate of Cr(VI) in the treatment process.
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