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" Surfactants were first set as operational parameters during nickel(II) adsorption.
" Influence on nickel(II) adsorption strongly depended on surfactant’s type.
" C14BDMA and nickel(II) almost competed to same functional groups on biomass.
" Surfactants impelled nickel(II) adsorption from chemisorption to physisorption.
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a b s t r a c t

The effects of different surfactants (SDBS, C14BDMA, Tween20) on the sorption of nickel(II) onto aerobic
activated sludge were studied. Results showed that the influence of surfactants on the adsorption of
nickel(II) strongly depended on the type of the surfactants. The presence of SDBS enhanced nickel(II)
sorption, in contrast, the presence of C14BDMA and Tween20 both caused a nickel(II) sorption reduction,
but Tween20 had a slighter effect. With the presence of individual surfactant, the sorption kinetics and
isotherms were good agreement with pseudo-second-order kinetic model and Langmuir isotherm,
respectively. The surfactant impelled the nickel(II) adsorption process onto aerobic activated sludge to
transform from chemisorption to physisorption, and the existence of SDBS in solution even changed
the exothermic nature. From FT-IR measurements and zeta potential measurements, there was compet-
itive relationship between C14BDMA and nickel(II) at the adsorption onto sludge.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Heavy metals are persistent environmental contaminants since
they cannot be degraded or destroyed, and heavy metal pollution
represents an important problem due to its toxic effect and accu-
mulation throughout the food chain leading to serious ecological
and health problems even at very low concentration (Xu et al.,
2006). Nickel(II) is one common heavy metal. It is essential nutri-
ents needed by the body in trace amounts and takes part in synthe-
sis of vitamin B12, however, an increase in the intake of Ni(II) and
its compounds can lead to birth defects, embolism, chronic bron-
chitis (Han et al., 2009), So the tolerance limit of nickel in drinking
water is 0.01 mg L�1, and for industrial wastewater it is 2.0 mg L�1

(Panneerselvam et al., 2011). Nickel(II) is used in a large number of
industries, such as electroplating, batteries manufacturing, mine,
metal finishing and forging and so on (Futalan et al., 2011).

Wastewater with Ni2+ was discharged into sewage system, and
the concentration in effluent was extensively concerned. It was re-
ported that during wastewater biological treatment nickel(II) was
concentrated in sludge (Williams et al., 1998).

In recent years, the removal of nickel(II) from wastewater was
well documented by using adsorption techniques with different
low-cost materials, such as activated sludge (Hawari and Mulligan,
2006) , chitosan (Futalan et al., 2011), tea waste (Panneerselvam
et al., 2011), brown algae (Montazer-Rahmati et al., 2011), carbo-
hydrate biopolymer (Vinod et al., 2010), barley straw (Chmielewski
et al., 1997), meranti sawdust (Rafatullah et al., 2009), coir pith
(Ewecharoen et al., 2008), etc. The activated sludge, being the most
commonly used biological wastewater treatment method in
WWTP, has been proved to be one efficient adsorbent to remove
and accumulate heavy metals in wastewater (Al-Qodah, 2006). In
most of these studies, the effects of operational parameters like
pH, temperature, and initial nickel(II) concentration on the metal
removal capacity of various forms of activated sludge were inves-
tigated, but little attention seems to be given to the study of influ-
ence of organic matter on the adsorption process of nickel(II) in
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