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h i g h l i g h t s

" VOCs emissions in different paint production processes were analyzed.
" VOCs removal performance of single and combined BTF–PCO technology was evaluated.
" Potential risks for VOCs before and after treatment by BTF–PCO were predicted.
" Effect of technical parameters on the removal of mixture VOCs was investigated.
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a b s t r a c t

A pilot-scale system integrated with biotrickling filtration (BTF) and photocatalytic oxidation (PCO) for
the treatment of organic waste gas in a paint plant was investigated in this study. The components of vol-
atile organic compounds (VOCs) and their concentrations were measured by gas chromatography–mass
spectrometry (GC–MS). Results showed that the main components of organic waste gas in the paint plant
were ethyl acetate, toluene, ethylbenzene, xylene, ethyltoluene and trimethylbenzene. The removal effi-
ciencies of these VOCs ranged from 79.4% to 99.8% by BTF–PCO treatment even after 90 days operation.
After BTF–PCO treatment, hazard ratio index based on threshold limit value for time weighted average
(TLV-TWA) and VOCs concentrations indicated that the non-cancer risk of VOCs was rapidly reduced.
At steady state of the treatment system, total VOCs (TVOC) removal efficiencies maintained steadily
within the range of 95.8–98.2% with the increase of inlet TVOC concentration from 6.69 to 129.00 mg/
m3, and increased from 95.8% to 99.5% with the flowrate decrease from 3000 to 1333 m3/h. In addition,
the maximum elimination capacities of different systems in this study followed the order: BTF
(47.8 g m�3 h�1) > BTF–PCO (25.2 g m�3 h�1) > PCO (19.2 g m�3 h�1), while VOCs average removal effi-
ciencies followed the order of BTF–PCO (95.6%) > PCO (88.7%) > BTF (73.7%). Overall, by the combination
of BTF and PCO systems, the high concentration and multicomponent VOCs from paint plant were
removed effectively and environmental friendly.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Volatile organic solvents including aromatics, such as benzene,
xylene, toluene and esters, such as ethyl acetate, ethyl butyrate are
commonly used to dissolve resin in the paint production, which is
one of the most important volatile organic compounds (VOCs)
sources. According to National Emission Trend database from Uni-
ted States Environmental Protection Agency (USEPA) in 1999, an-
nual emissions of VOCs from paint and allied facilities were

estimated to be 26,500 tonnes [1]. The massive VOCs discharge re-
sults in occupational disease in the workplaces [2]. This is because
most of VOCs are toxic, and some of them, such as benzene are
considered to be mutagenic, teratogenic, and carcinogenic [3].
Although toluene and xylene are not currently classified as carcin-
ogens, an increase of oesophageal, rectal and colon cancer inci-
dences in workers with long-term exposure to these compounds
have been reported [4]. In addition, another most significant prob-
lem related to the emission of VOCs is focused on the possible pro-
duction of photochemical oxidants. For example, ozone and
peroxyacetyl nitrate which are formed in the presence of sunlight
from NOx and VOCs, are toxic to humans, damaging to crops and
involve in the formation of acid rain [5].
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