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Abstract
A new method for dehalogenation of trihalomethanes (THMs) by a low-cost and highly effective micro-alloyed aluminium
composite (MAlC) in a semi-flow system (SFS) was studied. Addition of micro-alloyed elements significantly accelerated
the rate of Al corrosion and enhanced reduction activity by destabilising the oxide film. THM dehalogenation by the MAlC
followed pseudo first-order kinetics with respect to degradation of substrate. Batch experiments showed that complete dehalogenation of CHCl3, CHBrCl2 and CHBr3 could be achieved within 120, 75 and 30 min, respectively, which periods are 5 to 10
times shorter than those of the bimetallic complexes and zero-valent iron. Additional advantages of the MAlC, related to other
zero-valent metals, are capability of CH 2Cl2 degradation and working under high pH conditions. Dehalogenation kinetics is
mass-transport limited since it could be accelerated by using the SFS and by increasing the composite surface area. Presence
of NaCl in solution increased the dehalogenation rate up to the concentration corresponding to seawater. The MAlC could be
a promising reactive reagent for the remediation of the THM-contaminated ground- and seawater.
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Introduction
Disinfection is the essential stage in a water treatment plant during the production of potable water. This process is carried out
most frequently by chemical methods such as chlorination and
ozonation or by ultraviolet irradiation (EPA, 1981; Wagenet,
1988; Camel and Bermond, 1998; Craik et al., 2001; Otaki et
al., 2003; Jyoti and Pandit, 2004). Chlorination by free chlorine,
as a major method of water disinfection used worldwide, possesses many advantages, but also a significant disadvantage.
During this process, chlorination by-products (CBPs), mainly
the trihalomethanes (THMs), are formed from naturally occurring and anthropogenic organic compounds present in water
(humic and fulvic acids, polyhydroxyaromatics, tannins, proteins, amino acids, etc.) (Li et al., 1996; Hekap, 2002; Egorov
et al., 2003; Nikolaou et al., 2004). The factors which enhance
the amount of the THMs formed include pH > 7, higher water
temperature, and an excess of chlorine. Especially problematical
is the chlorination treatment of seawater, before distillation for
obtaining potable water, due to the presence of other halogens,
particularly bromide (Shams et al., 1991). Chlorine reacts with
the bromide ion present in the water and liberates elemental bromine: Cl2 + 2Br – → 2Cl– + Br2 (EPA, 1981; Saeed, 1999). Both
chlorine and bromine react with organics in water to produce a
series of trihalomethanes. Additionally, the THMs are widely
used as refrigerants, propellants, solvents in degreasing, cleaning and extracting, or as synthetic intermediates for plastics and
pesticides. Due to their accidental spills, leakages and improper
disposal, these compounds have been continuously released into
soil and natural water bodies. Because of their potential harm
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to human health, THMs are of great concern regarding public
health.
Chloroform, bromodichloromethane and bromoform were
chosen for this study, because they constitute over 98% of the
total formed THMs in water and have been classified by the EPA
as probable human carcinogens (cancer group L) (EPA, 2006).
In addition, they may cause birth defects and may damage the
nervous system (Magnus et al., 1999; Boorman, 1999). Due to
health hazards, regulatory limits for the concentrations for a
number of the THMs in drinking waters have already been set
by the EPA with a maximum contaminant level (MCL) of 80
μg·ℓ–1 for total THMs, as a yearly average (EPA, 2006). Considering the fact that the THMs are known as non-biodegradable
and that currently applied physico-chemical treatments do not
destroy them, but remove them from the aqueous medium by
a mass transfer mechanism, destructive methods are necessary
for their total degradation in drinking water supplies (Tang and
Tassos, 1997).
There has been increasing interest in developing an abiotic reductive transformation method to degrade the THMs to
non-toxic or biodegradable compounds over the past few years.
Several different types of reducing media have been examined
including zero-valent metals (Fe, Zn) (Gillham and O’Hannesin,
1994; Matheson and Tratnyek, 1994; Boronina et al., 1995),
bimetallic complexes (Pd/Fe, Pd/Zn) (Grittini et al., 1995; Muftikian et al., 1995; Fennelly and Roberts, 1998; Cheng and Wu,
2000), colloidal-size iron (Cantrell and Kaplan, 1997) and nanoscale iron materials (Lien and Zhang, 1999, 2001). The reactive
reagent most successfully deployed to date has been zero-valent
iron (Fe(0)). Fe(0) shows great capability in treating many halogenated organic contaminants (Gillham and O’Hannesin, 1994),
but it fails to degrade dichloromethane. A similar problem exists
in using bimetallic catalysts (Lien and Zhang, 1999) and supported Pd catalysts (Lowry and Reinhard, 1999). Because complete degradation is not achieved, the accumulation of dichloromethane requires further treatments, considering that its MCL
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