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h i g h l i g h t s

" A pilot bioreactor system was used to treat actual hazardous wastewater.
" The nitroaromatic compounds could be almost completely mineralized by the system.
" More than 80% of pyridine could be removed by aerobic process of the system.
" The order Rhizobiales group was found to be one novel type of pyridine degrader.
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a b s t r a c t

Hexanitrostilbene (HNS) produced wastewater containing complex organic components was subjected to
treatment with immobilized bacterial anaerobic–aerobic bioreactor system. After the biological treat-
ment, the chrominance and pungent pyridine odor of the wastewater decreased greatly. The GC–MS anal-
ysis of the treated effluent showed that the nitroaromatic compounds like nitrobenzene and
dinitrobenzene were almost completely mineralized, and more than 80% of pyridine was removed. Bac-
terial community analysis revealed that the Pseudomonas group that inhabited the anaerobic filter played
a key role in degrading aromatic compounds, while Rhizobiales group found in aerated filter was mainly
responsible for the removal of pyridine. This result suggested that bacteria such as Agrobacterium sp., Ens-
ifer adhaerens and Mesorhizobium sp. affiliated with the order Rhizobiales group may be one novel type of
pyridine degraders under aerobic condition. The study may be useful for pretreatment of actual explosive
production industry wastewater loaded with high concentration toxic organic components.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

2,20,4,40,6,60-Hexanitrostilbene (HNS) is an important heat-
resistant explosive, which can withstand temperature up to 300–
325 �C [1,2]. It is also insensitive to impact and electrostatic spark
and thus has been widely used in the aerospace and military fields.
However, wastewater with high chromaticity and chemical oxygen
demand (COD) can be produced during its synthesis and purifica-
tion processes. The HNS produced wastewater is composed mainly
of pyridine and its derivatives, as well as some nitroaromatic com-
pounds (NACs) that are acutely toxic and mutagenic [3–5]. Pyri-
dine is an N-heterocyclic aromatic compound with pungent odor,
and has potential applications in manufacturing of dyes, explo-
sives, pesticides and pharmaceuticals [6]. Direct discharge of un-
treated HNS wastewater may severely contaminate soil and

water systems, and also make the organic pollutants hazardous
to the health of both humans and wildlife [7]. Therefore, treatment
of such wastewater using a suitable approach is necessary before
discharging into the environment.

Physico-chemical methods including advanced oxidation [8–
10], adsorption [11,12], and incineration, have been widely used
for treatment of wastewater containing pyridine or the NACs.
However, these methods have been limited due to high cost, en-
ergy intensive and incomplete solution to the pollution problem
[8,13]. Recently, biological processes have become popular in
degrading toxic organic compounds as they are cost-effective and
highly efficient [13]. Especially, immobilized cell technology has
received considerable attention in the removal of waste organic
matters [14], such as oil [15], phenol [16], and dimethyl-sulfoxide
[17]. The present study aimed to examine the feasibility and capac-
ity of treatment for the HNS produced wastewater using an anero-
bic–aerobic immobilized microbial system, as well as explore a
suitable biological process for treating the explosive wastewater.
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