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a b s t r a c t

The purpose of this paper is to present a research study on applica-
tion of low-cost solid-state gas microsensors for odour control and
air-pollution monitoring in a landfill. The method introduces mic-
rosensors based on commercial devices of n-type metal oxides for
cost-effective and real-time monitoring. This research provides a
comparative study and assessment of the sensor response for
odour detection and potential continuous monitoring of methane
(CH4) and Non-Methanic Hydro-Carbons (NMHC) in a landfill. This
leads to an insight into low-cost gas sensing capability for practical
applications. The environmental measurements have been per-
formed by a sensor-array with multiple sensing elements for high
sensitivity and broad selectivity detection. This sensor technology
may be useful for the development of a portable, compact, wireless
and cost-effective system for gas monitoring applications and
industrial process control. The results are discussed as the outcome
of an experimental work carried in field at a landfill and demon-
strate the efficiency of the low-cost chemo-resistors array for
odour sensing and environmental monitoring. Additional long-
term investigations need to address some drawbacks on sensors
stability and cross-sensitivity.
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1. Introduction

Air quality control is critical for environmental monitoring and very important for protection of
human health. The detection and identification of toxic gases, chemical vapours, malodours, and vol-
atile organic compounds (VOCs) in the field at trace concentrations is of interest to allow the users to
identify the nature and location of the source material, take appropriate actions to protect human life,
and monitor the industrial processes of waste treatment and decontamination to a safe level. Real-
time chemical sensing capability is required for these applications, and the chemical sensor-system
must be able to operate under a variety of environmental conditions and harsh environments, and
electrical low power constraints, together with limitations on the portable system dimensions and
data communication options.

As part of mitigation measures several international, national, regional and local legislation have
been enacted (USA: The Clean Air Act 1970; EU Air quality directives 2008/50/EC on ambient air qual-
ity and cleaner air for Europe; UK National Air Quality Strategy 1997; Italy DM Law 60/2002). Addi-
tionally, European standard EN 13725/2003 for the determination of the odour concentration has
been adopted as certified rules and regulated methods to measure odours in the environment, espe-
cially in critical situations (i.e., composting houses, waste treatment and disposal factories, sewages,
garbage farming, landfill gas areas, water treatment plants, etc.).

Generally, portable systems based on low-cost solid-state chemical sensor arrays are extremely
needed for air quality measurements in a distributed deployment of networked sensors in large urban
areas and industrial zones. Usually, air quality control is realized by chemical analysers but they are
very expensive and bulky and need qualified operators and maintenance. These chemical analysers are
very accurate but not adapted for distributed networks due to their high costs. In contrast, the gas sen-
sors are less accurate than chemical analysers but their low cost make them very suitable for distrib-
uted sensor networks to measure air-pollutants concentrations and odour concentrations at higher
spatial and temporal resolution with a good precision for real-time applications.

Highly-sensitive and selective detection of hazardous gases at ppb level using miniaturized sensing
devices is an open challenge in chemical sensing applications, including environmental air-pollutants
monitoring and odour control in factories. Many sensor enhancements are demanded for small size,
high sensitivity, fast response, fast recovery, reliability, accuracy, minimal power consumption, high
reproducibility, selectivity, long-term stability and wireless communication. Consequently, there are
industrial interests in on-line sensor-based instrumentation capable of detecting odours and air-
pollutants. Portable commercial sensor-systems for real-time monitoring are emerging proof-
of-concepts.

Many odorous compounds have very low human olfactory thresholds and so are perceived as
odour nuisances even when their concentrations in air are very low. These malodours include various
volatile compounds such as fatty acids, p-cresol, amines, sulphides, disulphides, mercaptans and many
heterocyclic species (Persaud et al., 1996; Williams, 1984). Additionally, the process of biodegradation
of wastes deposited in a landfill site results in various gaseous emissions that have rather unpleasant
odours (Persaud et al., 2008). In the case of landfill gas (LFG), the main gases are produced such as
methane (CH4) and Non-Methanic HydroCarbons (NMHCs). Another possible constituent of LFG
includes carbon dioxide (CO2). These compounds (mainly CO2, CH4) are greenhouse gases and are
considered to be undesirable since they are a contributory factor in global climate change. Generally,
the level of heat trapping of the methane is greater than carbon dioxide over a 20-year time frame
according to a NASA research. In fact, the methane has a global warming potential 72 times greater
than carbon dioxide over a 20 year period. Therefore, portable sensor-systems would enable in-situ
and real-time monitoring of trace gases both at individual level of air-pollutants and at mixture
level of odour nuisance in landfill areas. The monitoring should be effective to inform policy for
environmental strategies.

Various research and experimental studies have been proposed to monitor odours and air-
pollutants by portable sensor-systems to perform field-tests in plants, factories and farms. For
instance, a non-specific conducting polymer-based array for monitoring odour emissions from a
biofiltration system in a piggery building (Ho Sohn et al., 2009); a sensor array for odour quantification
and landfill gas monitoring from different municipal plants works (Micone and Guy, 2007); a portable
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