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Abstract 

^Chemical kinetics of trichloroethene (TCE) degradation by pyrite was investigated at different experimental conditions. 
The TCE was transformed into C 2 H 2 , 1,1-dichloroethene (DCE) and C 2 H 4 by a slow process (240 h required to convert 
TCE by 80%). Thereafter, the degradation rate showed a monotonous increase with the pH. A simple kinetic model was 
proposed to quantify the TCE degradation by pyrite. © 2000 Published by Elsevier Science Ltd. All rights reserved. 
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1 . Introduction 

The aim of this work was to determine the use of 
mineral surfaces with redox sites in detoxifying chlori­
nated hydrocarbons from the aquatic environments. The 
rationale here is to use redox sites to trap organic pol­
lutants thereby enhancing the transfer of electrons for 
mineralizing pollutants, and changing them into rela­
tively or totally harmless products. These heterogeneous 
reaction pathways are generally characterized by a sur­
face mediated rate-limiting step (Lakind and Stone, 
1989; Sitter et al., 1991). Previously, several attempts 
were made with metal oxides such as a-FeOOH (Lakind 
and Stone, 1989) or 5-Mn0 2 (Stone, 1987; Laha and 
Luthy, 1990) to degrade organic pollutants. The hy­
drophobic nature of organic pollutants, particularly 
halogenated organic compounds, limits the efficient 
electron transfer due to tljeir immiscibilily with water. 
When compared to metal oxides, metal sulfides exhibit 
some hydrophobic character. Several recent studies have 
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observed dechlorination reactions in the presence of iron 
sulfide (FeS) and pyrite (FeS2). For example, Ktiegman 
and Reinhard (1994) have shown over 90% of the CC14 

was transformed into different products when pyrite was 
present in the system. As evidenced by Butler and Hayes 
(1998, 1999), the reduction of trichloroethene (TCE) 
into acetylene was facilitated in the presence of FeS. The 
surface disulfide groups have been the proposed electron 
donor in reductive dehalogenation (Luther, 1987). Such 
investigations geared to determine pyrite-induced TCE 
degradation mechanisms both in the laboratory and 
field conditions are lacking to date. Therefore, in the 
present study, pyrite; mediated TCE degradation was 
examined under differing experimental conditions that 
are important from environmental viewpoint. The TCE 
was chosen since it resists to biotic and abiotic reduction 
(Orlh and Gillham, 1996); it is widely used in a variety of 
industrial applications. It is a priority pollutant. Regu­
latory limit of TCE j in drinking water is 0.005 mg/1 
contributing further to the environmental concern for 
this compound (USEPA, 1991). 

The specific reasons for the selection of pyrite are: (a) 
Pyrite is ubiquitous in anaerobic natural environments 
(Singer and Stumm,: 1970); hence, in situ reduction 
processes are feasible, .(b) Pyrite exhibits dual surface 
properties; namely hydrophobicity and' hydtophilicity 
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