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INTRODUCTION

Electronic waste, or e-waste, is being generated two
to three times faster than other waste streams
(Grossman, 2006; U.S. EPA, 2008). E-waste is
presently  reused, remanufactured, recycled,
incinerated or disposed of in landfills (llyas et al.,
2007; Cui and Zhang, 2008). The U.S.
Environmental Protection Agency (EPA) estimates
that 500 million computers were discarded between
2000 and 2007, 2 million tons of tech trash ended up
in landfills, and only 400 thousand tons were
recycled (U.S. EPA, 2008). Estimates by the Natural
Resources Defense Council indicate that 130
thousand computers are discarded daily and that one
million cell phones were discarded in 2006 (NRDC,
2008).

Current  treatments of e-waste include
pyrometallurgical and hydrometallurgical methods,
processes that are energy intensive. Recently some
studies with microorganisms have been conducted to
explore biotreatment of e-waste (Brandl et al., 2001;
Choi et al., 2004; Faramarzi et al., 2004; llyas et al.,
2007; Cui and Zhang, 2008), with the expectation
that they may lead to the development of more
efficient and less costly processes.

In this study we have investigated the
bioleaching of metals (Cu, Ni and Zn) from
computer printed circuit boards using Acidiphilium
acidophilum. Bioleaching is the extraction or
mobilization of metals from materials by
microorganisms. Printed circuit boards (PCBs) are
the essential components of most electronic waste,
and some metals in PCBs are potentially toxic; when
not disposed of properly these metals can leach into
soil and water and seep into watersheds (Grossman,
2006). A. acidophilum is a mesophilic, acidophilic,
heterotrophic bacterium that bioleaches metals
(Rohwerder et al., 2003).

MATERIALS AND METHODS

Electronic Waste (PCBs)

Coarsely shredded PCBs were obtained from a local
recycling company. Samples were shredded and
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meshed out in the lab to a final particle size of 0.8 to
1.7 mm. Average metal content of the samples was
determined by inductively coupled-plasma mass
spectrometry (ICP-MS).

Bacterial Strain and Growth Conditions

Acidiphilium acidophilum (ATCC 27807) was
grown at 26°C and 150 rpm in 9-K glucose medium.

Experimental Procedure

Bioleaching experiments were conducted under
sterile conditions in 250-mL Erlenmeyer flasks
containing 100 mL of a bacterial/PCB suspension;
the flasks were incubated on an orbital shaker at
26°C and 150 rpm. The initial bacterial density and
pH were 3x10" cells/mL and 3.5, respectively. A
wide range of PCB amounts was tested and
narrowed down to PCB final concentrations varying
between 8 and 32 g/L. Throughout the experiments
pH and cell density were measured; at the end of the
experiments the amounts of Cu, Zn and Ni released
into the culture medium (i.e. bioleached) were
determined by ICP-MS. Controls consisted of
inoculated flasks without PCBs and of non-
inoculated medium with PCBs. Experiments were
stopped at the onset of the cell death phase.

RESULTS AND CONCLUSIONS

Table 1 shows the percentages of Cu, Ni and Zn
bioleached from PCB suspensions at concentrations
of 8 and 16 g/L, in the absence or presence of A.
acidophilum.

Table 1: Percentage of Bioleached Metal

8 g/L PCB 16 g/L PCB
Metal Withoyt With_ Withogt With_
bacteria | bacteria | bacteria | bacteria
Cu 0.9 9.1 0.2 3.6
Ni 78.8 80.8 85.9 86.0
Zn 10.6 30.6 6.4 40.8

Results indicate that the mesophilic bacterium A.
acidophilum bioleaches Cu and Zn from shredded
PCBs, and that it may not bioleach Ni (results are
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inconclusive). Low pH and PCB concentrations
lower than 20 g/L are favorable to bacterial growth
and metal bioleaching (results for higher PCB
concentrations are not shown here); these results are
consistent with other studies (Brandl et al., 2001;
llyas et al., 2007).
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