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h i g h l i g h t s

" The synergistic effect of Cu0 on DCM
degradation by vitamin B12 was
found.

" Increasing vitamin B12 or Cu0 dose
will increase DCM degradation rate.

" The excessive amount of copper did
not increase the reactivity.

" DCM was degraded reductively to
methane.

" Copper ions were lower than the
WHO-specified limit for drinking
water.
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a b s t r a c t

While zero-valent iron (ZVI, an electron donor) can degrade many kinds of chlorinated organic contam-
inants and vitamin B12 (an electron mediator) is capable of enhancing the degradation, both are ineffec-
tive in degrading dichloromethane (DCM). In this study, we found that a combination of zero-valent
copper (Cu0) nanoparticles and vitamin B12 can catalyze the degradation of DCM effectively under reduc-
ing conditions when titanium citrate was used as the reducing agent. Batch experiments were performed
to test the effectiveness of the Cu0–B12 system in DCM degradation. Approximately 99% of 26 mg/L DCM
was degraded rapidly within 2 h by the Cu0–B12 system. The observed pseudo-first-order rate constant
was 1.35 h�1, which was five times greater than that of using vitamin B12 alone. A synergistic effect of
Cu0 nanoparticles on the reductive degradation of DCM by vitamin B12 was found. Soluble copper ions
generated by the dissolution of Cu0 nanoparticles were lower than the WHO-specified limit for drinking
water. It is expected that the combination of Cu0 nanoparticles and electron mediator system may have
the potential for treating recalcitrant groundwater contaminants that cannot be degraded by ZVI
technology.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Dichloromethane (DCM) is widely used as a solvent in chemical
processing and in many consumer products such as paint strippers
and adhesives. DCM is an environmental contaminant, and its ori-
gin in the environment, for example, in soil and groundwater, can
be traced to leaks and discharges from industrial sources. It has

been detected in surface water and groundwater, and its concen-
tration in these water sources in the United States has been re-
ported to range from 0 to 3600 lg/L [1]. Recently, the
concentration of DCM in groundwater in Taiwan has been reported
to be 1120 mg/L, which is higher than the groundwater quality
standard set by the Taiwanese Environmental Protection Adminis-
tration by a factor greater than 20,000 [2]. The toxic effects of DCM
in humans manifest mainly as disturbances of the central nervous
system and hepatotoxic effects. In addition, DCM is potentially car-
cinogenic to humans. Therefore, it is important to remove DCM
from the environment.
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