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Abstract: A new rapid detecting method (called dynamic measurements ) was reported to
detect and distinguish the presence of two pesticide gases in the ambient atmosphere. The
method employed only a single SnO,-based gas sensor in a rectangular temperature mode to
perform the qualitative analysis of a binary gas mixture (acephate and trichlorphon) in air.
Polar plots was used for quantitative analysis which the feature extraction was performed by
FFT. Experimental results showed that high selectivity of the sensor achieved in the range
of 250~300°C and modulating frequency 20mHz, one can easily observe the qualitative
difference among the response to pure acephate and trichlorphon gases of the same
concentration and to the mixture, and the concentration of pesticide gases can be obtained
based on the changes of polar plots.
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Introduction

SnO2-based gas sensors had been extensively applied to gases detection [1]. Present well known
advantages included their low costs and high sensitivities; well known disadvantages concerned their
lack of stability and selectivity[2,3]. In practical applications, several attempts were usually made to
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overcome their disadvantages, by, for example, using chromatographic columns to separate the
components, by operating at different temperatures, by choosing different burning-in procedures,
dopants, surface chemical modification, measuring frequencies,etc.[1-6]. For common applications of
pattern recognition and multi-component analysis of gas mixtures, arrays of sensors [7,8]were usually
chosen which operate at constant temperature. In these cases a lack of selectivity and therefore
overlapping sensitivities of different sensors was of advantage[9,10].Some authors[11-14] had
indicated that temperature modulation of metal-oxide sensors provides more information from a single
sensor than isothermal operation, allowing improved research works in gas detection such as CH4,
CO, NO2. Several investigations had been focused on dynamic sensor measurements obtaining
adequate results, and nevertheless they used non-commercial sensors and often required sophisticated
heater control waveforms[15,16].

Pesticide residue had always been the most important problem on food security[17,18]. In recent
years, therefore, considerable effort had been directed towards the detecting techniques of pesticide
residue[17-22]. Although there had precision of analysis, it was well-known that the disadvantages of
the conventional detecting method, such as chromatographic detection, was too slow to detect gas
sample in situ and affected the timeliness of the analysis. So more attention had been focused on the
research of rapid test method of pesticide residue. At present, the rapid analyzing techniques included
immunoassay[19], biosensor[20,21], chromatographic and mass spectrometry[22], polarographic
method[23] and soon. A simplified indirect method was developed using adapted versions of
molecular emission cavity analysis based on measurements of the intensity of the emission band of
indium monochloride at 359.9nm[24], but in the case of the above mentioned methods there existed
some different limitation[17]. Meanwhile, there was very few the report about detecting pesticide
residue by using SnO2 sensor.

In the present study, a modulated temperature operation mode was chosen as a new approach to
improve the selectivity of a gas sensor to detect pesticide gases in the controlled way, and to reduce the
overall power consumption by employing only a single sensor rather than an array. Meanwhile, polar
plots was employed to analysis the response characteristics.

Experimental

The thick film sensors were made by depositing thick films of tin oxide on ceramics substrates[25].
The devices were used according to the reference of [26]. The preparation of the sensitive material was
described elsewhere[27]. The grain sizes of the materials were around 20 and 50nm. The temperature
of the sensors was varied between 50 and 300 °C by a rectangular modulation of the heating voltage
with a frequency of 20mHz, 25mHz, 30mHz, 50mHz. The experimental test setup consisted of
computer-driven mass flow controllers, a Teflon chamber and a multimeter for measurements in the
millisecond range. The temperature was varied by modulating the heating voltage with a power supply
(HP 6035A) driven by a frequency generator (HP 3325B). A flow of compressed air was used as
purging gas. Test gases were in the concentration of 0.1ppm acephate and trichlorphon gas (Analytical
standard, provided by Sigma-Aldrich Laborchemikalien Gmbh).

The gas sensitivity was defined : S = Rair/Rgas, where Rair and Rgas were the resistance of the
sensor in air and test pesticide gas respectively.
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Results and discussion

The static response of the sensor on trichlorphon and acephate gas atmosphere

The responses to 0.1ppm trichlorphon, acephate gas and 0.2ppm mixture at 300°C for SnO,
sensor were reported in Fig.1. the response time defines the time taken for the sensor to reach 90% of
the saturation value after contacting by the test gas with the surface of the sensor. In Fig.1, one can
clearly observe that the sensor exhibit the rapid response upon exposure to the trichlorphon and
acephate gas, we noticed that the response time to both acephate and trichlorphon gas or to 0.2ppm
mixture was only several seconds. It also showed that, however, in addition to the changes of
resistance and response time there was no other information about reaction process. In particular, there
was no reaction

4500 * on(), 1ppm
4000
$ 3500
C
8
@
3 3000 _
mixture 0.2ppm
off
2500 .
trichlorphon
2000 acephate -
off
T T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400

time/sec

Figure 1. Static response characteristics of the sensor to trichlorphon , acephate and mixture
gas atmosphere (operating temperature: 300 °C)

phenomenon but declining of element resistance by comparing a single pesticide gas, this case can be
explained by the fact that the concentration of mixture was larger than that of a single gas. That is to
say, during static measurements, we only observed the resistance changes of sensing element of initial
and final state, in the case of the other changes during reaction process we did not obtain any other
information.

Effect of temperature on the sensitivity
Fig.2 was a plot of the sensitivity of the sensor as a function of a constant concentration of

acephate, trichlorphon and mixture gas at different operation temperatures. It was evident that the
sensor exhibited a significant increase in sensitivity upon exposure to a very low concentration of
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acephate and trichlorphon and mixture gas, at round 300 °C the sensitivity reached a maximum, and
decreased with the increasing of operation temperature subsequently.

Effect of temperature modulating frequency on the response of test gas

Figs.3 and 4 clearly showed the time-dependence changes shape of resistance of the sensor in
the presence of trichlorphon and acephate gas in air under different temperature modulating frequency
by controlling temperature range of 250~300 °C. Obviously, temperature modulating frequency had a
significant effect on the sensing behaviour of the sensor. With the decrease of modulating frequency
we can clearly observe that the sensing characteristics of the sensor had been exhibited to whether
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Figure 2. The sensitivity as a function of 0.1ppm trichlorphon , acephate gas
and 0.2ppm mixture respectively at different temperature

acephate or trichlorphon gas. Meanwhile, other experimental results (frequency < 20mHz) showed that
there were no changes of sensing characteristics.

Effect of temperature under constant frequency 20mHz

To optimize the selectivity of a temperature modulated sensor, it was necessary to obtain a
relationship between a given temperature and its conductance response in the presence of specific gas.
Fig.5 reported the effect of temperature on the response of pesticide residue gas, for example, 0.1ppm
trichlorphon under a constant modulating frequency 20mHz. From the figure, one can easily observe
the evident different signal by different temperature ranges. This case noted that the sensor exhibited
enhanced selectivity to trichlorphon gas with temperature increasing. Combining with optimum
temperature in this study, we suggested that the trichlorphon gas was identified by means of a relative
complete response signal in the temperature modulating range of 250~300 °C. As the sensor cooled,
we found that the resistance not only increased but decreased, Also, upon heating, the resistance not
only decreased but increased. Obviously, there were different surface reaction mechanism between the
trichlorphon and chemisorbed oxygen under different temperature ranges.
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Figure 3. Effect of modulated temperature frequency on the response of 0.1ppm trichlorphon
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Figure 4. Effect of modulated temperature frequency on the response of 0.1ppm acephate
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Figure 5. Effect of temperature on the response of 0.1ppm trichlorphon gas under frequency
20mHz

Data evaluation and feature extraction

Fig.6 showed the resistance versus temperature curves for air, acephate gas, trichlorphon gas and
mixture of acephate and trichlorphon gas. As can be seen, the curves for the different pesticide gases
were apparently different from each other. It was noted that characteristic responses were given with a
single sensor by modulating temperature in this study. With the repeated application of a high
temperature (i.e. 300 °C in this study), the adsorbed chemical species may be eliminated from the
sensor. This results in repeated cleaning of the sensor and gave us the high reproducibility of the shape
of the resistance-temperature curve.

In order to analyze the characteristics of the resistance curves in a quantitative manner, polar
plots was used herein which the feature extraction was performed by FFT. The analyzed sensor
variables were the amplitudes corresponding to the resistance offset (corresponding frequency=0Hz),
the fundamental frequency, which was in our case the frequency of the temperature modulation
(20mHz), and the first four harmonics. Fig.7 showed the way in which the polar plots were
constructed, i.e. the represented values being obtained by the normalization of the above listed
amplitudes in the test gases to the amplitudes in reference air. In Figs 8 and 9, typical polar plots were
given for the two different pesticide gases and mixture. One can clearly distinguish between the cases
in which one or the other of the target gases were present in the test atmosphere. In this way on can
perform a identification of both gases.
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Figure 6. Characteristic response of resistance versus temperature curve for air, 0.1ppm acephate,
1.0ppm trichlorphon and mixture of O.1ppm acephate and 1.0ppm trichlorphon. A square voltage

(f=20mHz) was applied to the heater of the sensor. The temperature was changed approximately
between 200 and 300 °C
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Figure 7. Illustration showing the way in which the polar plots were constructed. Sensor variables
used: the amplitude corresponding to OHz frequency, the amplitude corresponding to the fundamental
frequency and the first four harmonics. The values in the polar plot were obtained by normalizing each
component to the corresponding amplitude in air.

It was widely accepted that the key process in the response of the semiconductor to a reducing gas
involved the modulation of the concentration of adsorbed oxygen species such as 0,0 or 0*". By
withdrawing electron density from the semiconductor surface, adsorbed oxygen gave rise to Schottky
potential barriers at grain boundaries, and thus increased the resistance of the sensor surface. Reducing
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gases decreased the surface oxygen concentration and thus decreased the sensor resistance. The
temperature dependence of this process arose in part from the differing stabilities of the surface oxygen
species over different temperature ranges.
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Figure 8. Polar plots of the 0.1ppm acephate, 1.0ppm trichlorphon and mixture of
0.1ppm acephate and 1.0ppm trichlorphon gas.
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Figure 9. Polar plots of acephate and trichlorphon gas under different concentration
(left: acephate, right: trichlorphon)

While the identity of the surface oxygen species remains slightly more controversial, it is clear that
different gases have characteristic optimum oxidation temperatures, and therefore give rise to
characteristic conductance-temperature profiles.

Sears et al.*** suggested several advantages that can arise from the application of an oscillating
heater voltage. (1) a cyclic temperature variation can give a unique signature for each gas due to the
different rates of reaction of various test gases at different temperatures. (2) periodic shifted to higher
temperatures may be required to clean the sensor surface due to low temperature operation can lead to
the accumulation of incompletely oxidized contaminants. (3) thermal cycling can lead to
improvements in sensitivity because for each gas there was usually a point (temperature or heater
voltage) in the cycle which corresponding to a maximum in the conductance-temperature profile.
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Conclusion

Experiment found that a very low concentration pesticide gases (acephate and trichlorphon
0.1ppm, respectively) in the ambient atmosphere were rapidly detected and distinguished clearly by
using only a single SnO, sensor operated in the rectangular temperature mode. The optimizing
temperature was between 250 and 300 °C and the optimizing modulating frequency was 20mHz.
Experimental data also showed that qualitative and quantitative analysis about pesticide gases can be
performed by polar plots. We consider that it will become a significant exploratory development
method to rapidly detect pesticide residue gas. Additional studies are now on the way to extend this
approach to identify other pesticide residue gas mixtures with more components and to understand the
basic physical phenomena. Future work will also be devoted to the development of appropriate feature
extraction procedures for this non-linear frequency-time problem.
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