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a b s t r a c t

The Stockton Coal Mine, located on the West Coast of New Zealand, is evaluating the use of a mussel shell
bioreactor (MSB) to treat acidic metalliferous runoff from acid forming overburden. This novel approach
is similar in concept to vertical flow wetlands (VFWs) and successive alkalinity producing systems
(SAPS). The MSB system is a trapezoidal pit 2 m deep, 35 m long, 3e10 m wide with 60� angle sides.
During operation it contained 160 tonnes (240 m3) of mussel shell material and was saturated with a 100
e200 mm water cap. Influent flowed through the reactor at a mean rate of 0.3 L s�1 resulting in a hy-
draulic retention time (HRT) of z6 days. The prototype MSB was in operation for a total of 1027 days,
from June 2009 through March 2012, and effectively sequestered 99.7% of Al, 99.3% of Fe, 98.8% of Ni,
98.4% Tl and 99.3% of Zn, as determined from a previous evaluation of MSB performance. The MSB also
effectively neutralized acidity, which resulted in an increase in influent pH from 2.8 to 6.9 in the effluent.
Based on an examination of several excavated pits, five distinct reaction zones developed within the
MSB. The reaction zones consisted of an allochthonous sediment layer (0e330 mm), an oxidized iron-
rich ocherous layer (at 330e350 mm depth), an aluminum layer (at 350e600 mm depth) with
geochemical variations throughout (350e500 mm and 500e600 mm); and a chemically reduced bottom
shell layer (at 600e1100 mm). Representative samples were collected from each layer and analyzed
using a combination of geochemical and physical methods to assess the stability of the secondary
minerals and trace metal deportment within the MSB. Major elements Fe, Al, Ni, Tl, and Zn where
preferentially associated with particular layers within the MSB. Elevated concentrations of Fe
(110,000 mg kg�1) were observed in the allochthonous sediment and ocherous precipitate layers, while
Al (27,816 mg kg�1), Ni (55 mg kg�1), and Zn (655 mg kg�1) were elevated within the aluminum and
lower reduced depths within the MSB. Trace Tl (21 mg kg�1) showed varying concentrations throughout
the MSB, but was strongly correlated to lower layers of the system. Microbial biofilms were observed
within the reduced portions of the shell layers often proximal to bacterial shaped sulfides. The
geochemical assessment of the MSB presented in this study is the first of its kind for a MSB, and supports
the argument that this system is another viable option for passive treatment of AMD.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Acid Mine Drainage (AMD) is associated with sulfide mineral
oxidationwithin mine overburden, tailings, and high walls. It is one
of the long-term legacies of the mining industry. Previously, it has
been estimated that there are approximately 200,000 sites
impacted by AMD within the United States of America (Hochella
et al., 1999); greater than 5000 km of water-courses are polluted
to).
by contaminated drainage from abandoned mines in Europe
(Younger et al., 2002); and Harries (1997) reported the presence of
significant AMDwithin Australia, which have been compared to the
problems facing the Canadian mining industry (Bell, 2003). Even
today AMD remains amajor issue facing themining industry and its
large extent is echoed in studies such as Alcolea et al. (2012);
Hengen et al. (2014); Nieto et al. (2013); Strosnider et al. (2011)
and many more. There are also countless specific studies, such as
Gammons et al. (2010), which reported 400 abandoned coal mines
discharging AMD in central Montana alone. Additionally, Song et al.
(2012), reported similar issues in South Korea associated with the
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