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A New Method for Detecting Pesticide Residue
by Using a Single SnQO,-based Gas Sensor
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Abstract: A new rapid detecting method (called dynamic measurements) to detect and distinguish the presence of two
pesticide gases in the atmosphere was reported. The method employed only a single SnO,-based gas sensor in a rectangu-

lar temperature wave mode to perform the qualitative analysis of a binary gas mixture (acephate and trichlorphon) in air.
Experimental results show that high selectivity of the sensor achieved in the range of 250 ~ 300°C and modulating frequen-
cy 20 MHz, one can easily observe the qualitative difference among the responses to the pure acephate and trichlorphon of
the same concentration and to there mixture.
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Sn0,-based gas sensors have been extensively ap- the shortcomings through, for example, separating the

(1]

plied to gases detection' ~ . Their magnificent advantages components with chromatographic columns, operating at

are low cost and high sensitivity; but disadvantages such different temperatures, and choosing different burning-in
as instability and selectivity also exist*”’ . In practical procedures, dopants, surface chemical modification, mea-
applications, several attempts have been made to overcome suring frequencies, etc!""* . For common applications of
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pattern recognition and multi-component analysis of gas

(1% were usually chosen and

mixtures, arrays of sensors
operated at constant temperature. In these cases a lack of
selectivity or overlapping sensitivities among different sen-
sors was of advantage'®'® . Some authors'"' "' had indi-
cated that temperature modulation of metal-oxide sensors
provides more information from a single sensor than iso-
thermal operation, allowing improved research works in
gas detection such as CH,, CO, NO,. Several investiga-
tions have been focused on dynamic sensor measurements
obtaining adequate results, and nevertheless they used non
~ commercial sensors and often required sophisticated
heater control waveforms''>**!

Pesticide residue has always been the most important

(7181 Iy recent years, therefore,

problem on food security
considerable effort has been directed towards the detecting
techniques of pesticide residue’” "% | Although there had
precision of analysis, it is well-known that the disadvan-

tages of the conventional detecting method, such as chro-
‘ matographic detection, is too slow to detect gas sample in
situ and affects the timeliness of the analysis. So more at-
tention had been focused on the research of rapid test
method of pesticide residue. At present, the rapid analyz-

ing techniques included immunoassay[ ®1 | biosensor®?!,

!, polarographic

chromatographic and mass spectm.mmetry[m
method®’ and se on. 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 359.9
nm'*!, but in the case of the above mentioned methods

there exist some different limitations! ")

. Meanwhile, there
was very few of reports about detecting pesticide residue
by using SnQ, sensor.

In the present study, a modulated temperature opera-
tion mode was chosen as a new approach to improve the
selectivity of a gas sensor to detect acephate and trichlor-
phon in the controlled way, and to reduce the overall pow-
er consumption by employing only a single sensor rather
than an array. These pesticide gases were chosen as they
are of practical significance in monitering poisoning from
vegetable, foodstuff, melon and fruit, and so on. The
concentration 0.1 x 10°° was chosen as it represents the

maximum residue value according to criterion of Ministry

of Health, P.R.China.

1 Experimental

The thick film sensors were made by depositing thick
films of tin oxide on ceramics substrates'®’ . The voltage
values of a known resistance were measured by using a
electronic circuit. The measuring electronic circuit can be
found in Ref™’ . The preparation of the sensitive material
was described elsewhere!”’ . The grain sizes of the materi-
als were around 20 nm and 50 nm. The temperature of the
sensors was varied between 50°C and 300°C by a rectan-
gular modulation of the heating voltage with a frequency of
20, 25, 30 or 50 MHz. The experimental test setup con-
sisted of computer-driven mass flow controllers, a Teflon
chamber and a multimeter for measurements in the milli-
second range. The temperature was varied by modulating
the heating voltage with a power supply (HP 6035A) driv-
en by a frequency generator (HP 3325B). A flow of com-
pressed air was used as purging gas. Test gases were 0.1
% 10™° acephate and trichlorphon ( Analytical standard,
provided by Sigma-Aldrich Laborchemikalien GmbH) .

The gas response was defined as the ratio Rd,/ R,
between the resistance of the sensor in a clean air and the

resistance in a test pesticide gas coexisting air.

2 Results and discussion

2.1 The static response of the sensor to trichlorphon and
acephate gas atmosphere I

The responses to 0.1 x 10™° trichlorphon, acephate
and their 0.2 x 10~ ° mixture gases at 300 °C for SnO, sen-
sor are shown in Fig.1. The response time is time taken
for the sensor response to reach 90% of the saturation val-
ue after the test gas contacts with the surface of the sen-
sor. In Fig.1, one can clearly observe that the sensor ex-
hibits the rapid response upon exposure to the trichlorphon
and acephate gas. It is noticed that the response time to
both acephate and trichlorphon gas or to 0.2 x 10~ ° mix-
ture was only several seconds. It also showed that, howev-
er, in addition to the changes in resistance and response
time there were no other information about reaction pro-
cesses. In particular, there was no reaction phenomenon
but declining of element resistance by comparing with each
pesticide gas, this case can be ‘explained by the fact that
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Fig.1 Static response characteristics of the sen-
sor to trichlorphon, acephate and mixture gas at-
Fig.2 Time-dependence changes of the resistance during

mosphere (operating temperature: 300°C )

the concentration of the mixture was larger than that of the
single gas. That is to say, during static measurements,
only the resistance changes of the sensing element in ini-
tial and final state were observed, in the cases of other
changes during the reaction process any information were
not obtained .

2.2 The dynamic response of the sensor to trichlorphon
and acephate gas and their mixture

Fig.2 shows the typical dependence of the sensor re-
sistances of the sensors on time realized with the 20 MHz
modulating frequency, during their exposure to 0.1 x
10~° trichlorphon gas, 0.1 x 10 ° acephate gas and mix-
tures. Comparing these response wave shapes with that in
air, one can easily observe the qualitative difference
among the responses to pure gases of the same concentra-
tion and to the mixture. One can also observe a huge sen-
sitization to the pesticide gases. This effect can be ex-
plained by taking into account the characteristics of SnO,
with sensing material and O, adsorption on the surface of
Sn0O, under a temperature modulated mode .

It is widely accepted that oxygen in air is chemi-
sorbed and decomposed as O, , O~ and O~ . At a con-
stant temperature, there exists a equilibrium state at the
surface of Sn0, sensing material: 0, «> 0, (ad) & O~
(ad) «» 0" (ad). Semiconductor gas sensors monitor
changes in the conductance during the interaction of a
chemically sensitive material such as SnQ, with molecules
to be detected in gas phase. The reaction steps involved
the low — temperature surface reactions and the high-tem-

perature bulk reactions between point defects in the SnO,

the temperature modulation (20 MHz) in (1) air, (2) 0.1

% 107¢ trichlorphon gas, (3) 0.1 x 107% acephate gas,

{(4) mixture gas of 0.1 x 10~° trichlorphon and 0.1 x 10~°

acephate
crystal and oxygen (0,) in gas phase. The first step is
composed of adsorption and catalytic reactions at active
sites (the latter involving intrinsic point defects, such as
oxygen vacancies, and/or extrinsic point defects, such as
segregated metal atoms) and similar reactions at grain
boundaries or at three-phase boundaries(e.g., at metallic
contacts on surface metallic clusters). All of these reac-
tions involve adsorbed negatively charged molecular( Q" )
or atomic( O~ ) oxygen species as well as hydroxyl groups
(OH) at different surface sites.

During the static measurement process, the adsorbed
oxygen results in oxidation of pesticide gases on the sur-
face and in a decrease of chemisorbed oxygen concentra-
tion, inducing an increase of the conductance. As seen
from Fig.2, it is found that gas identification in a rectan-
gular temperature modulated mode is related to the differ-
ent reaction kinetics of the interacting gases on the tin ox-
ide surface. Although the detailed reaction mechanism of
pesticide gases is not clear, but here it may be known by
temperature modulation to provide that there exist no sur-
face oxygen species in equilibrium condition at constant
temperature. In this way the reaction with the reducing
and oxidizing gases was dramatically influenced, e.g. at
lower temperatures and at higher temperatures the response
to pesticide gases acephate and trichlorphon exhibited their
characteristic wave shape due to the reaction with different

oxygen species. Comparing the results with section 2.1,
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for constant temperature measurements one can not observe
the characteristic wave shape of the pesticide gases.
2.3 Effect of temperature on gas response of the sensor
Fig.3 shows a plot of the gas response of the sensor
as a function of a constant concentration of acephate, tri-
chlorphon and mixture gas at different operation tempera-
tures. It was evident that the sensor exhibited a significant
increase in the sensitivity upon exposure to a very low con-
centration of acephate, trichlorphon and mixture gas, at
round 300°C the sensitivity reached maximum, then de-
creased with the increase in operation temperature subse-

quently .
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Fig.3 The gas response(defined as the ratio R.,/R,.,) as a

function of 0.1 x 10 trichlorphon, acephate gas and 0.2 x

10~° mixture respectively at different temperature
2.4 Effect of temperature modulating frequency on the
response of test gas

Figs. 4 and 5 clearly show the time-dependence

change shape of resistance of the sensor in the presence of
trichlorphon and acephate gas in air under different tem-
perature 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 in modulating frequency
the sensing characteristics of the sensor was clearly differ-
ent to whether acephate or trichlorphon gas. Meanwhile,
other experimental results (frequency < 20 MHz) showed
that there were no changes of sensing characteristics.
2.5
MHz

Effect of temperature under constant frequency 20

To optimize the selectivity of a temperature modulat-
ed sensor, it was necessary to obtain a relationship be-
tween given temperature and its conductance response in

the presence of specific gas. Fig.6 shows the effect of
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Fig.4 Effect of modulated temperature frequency on
the response of 0.1 x 10™¢ trichlorphon
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Fig.5 Effect of modulsted temperature frequency on
the response of 0.1 x 10™° acephate

temperature on the response of pesticide residue gas, for
example, 0.1 x 10™° trichlorphon under a constant modu-
lating frequency 20 MHz. From this figure, one can easily
observe the evidently different signal in different tempera-
ture ranges. This case noted that the sensor exhibited en-
hanced selectivity to trichlorphon gas with temperature in-
creasing. Combining with section 2.4, it is suggested that
the trichlorphon gas is identified by means of a relatively
complete response signal in the temperature modulating
range of 250 ~300°C . As the sensor cooled, it was found
that the resistance not only increased but also decreased;
and, upon hea_;ing, the resistance not only decreased but
also increased”. Obviously, there are different surface re-
action mechanisms between trichlorphon and chemisorbed
oxygen under different temperature ranges.

" TFinally, it is necessary to note that different heating
shape waveforms such as pulse, sinusoidal, triangular,
and saw-tooth, etc. have been used in order to facilitate
the feature extraction of the most significant output signal
so that the pesticide residue- gases can be identified.
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Fig.6 Effect of temperature on the response of 0.1 x 10™° tri-
chlorphon gas under frequency 20 MHz
Meanwhile, two methods of data analysis have been used -
a qualitative one using polar plots and a quantitative one
using neural networks. Herein, the feature extraction has
been performed by FFT (21

3 Conclusion

The present experiments revealed that very low con-
centration pesticide gases (acephate and trichlorphon 0.1
x 107°, respectively) in the ambient atmosphere were
rapidly detected and distinguished clearly by use of only a
single Sn0, sensor operated in the rectangular temperature
mode . The optimizing temperature was between 250 and
300°C and the optimizing modulating frequency was 20
MHz. It is considered that it will become a significant and
exploratory development method to rapidly detect pesticide
residue gas. Additional studies are now on the way to ex-
tend this approach to identify other pesticide residue gas
mixtures with more components and to understand the ba-
sic physical phenomena. Future work will also be devoted
to the development of appropriate feature extraction proce-

dures for this non-linear frequency-time problem.
REFERENCES:

[1] Gopel W, Schierbaum K D. SnQO, Sensors: Current Status
and Future Trends [J]. Sensors and Actuators, 1995,8 26
-27:1-12.

[2] Thokura K, Watson J. Stannic Oxide Gas Sensors, Principles
and Applications [M]. Boca Raton, FL:CRC press, 1994.

[3] Moseley P, Tofield B. Solid State Gas Sensors [ M] . Bristol:
Adam Hilger, 1987.

[4] Barsan N, Ionescu R, Vancu A. Calibration Curve for SnQO,

[s]

(6]

(7]

(8]

(9]

(10]

[11]

(12]

(13]

[14]

(15]

[16]

— Based Gas Sensors [J]. Sensors and Actuators, 1994, B
18— 19: 466 — 469.

Weimar U, Gopel W. AC Measurements on Yin Oxide Sen-
sors to Improve Selectivities [ J]. Sensors and Actuators,
1995, B26: 13-17.

Wada K, Egashira M. Improvement of Gas-Sensing Properties
of Sn0, by Surface Chemical Modification with Diethoxydime-
thylsilane [J]. Sensors and Actuators, 1998, B 53: 147 —
154.

Maekawa T, Suzuki K, Takada T, Kobayashi T, Egashira M,
Odor Identification using A SnO,-Based Array [J]. Sensors
and Actuators, 2001, B 80: 51 — 58.

Lee DS, Jung J K, Lim J W. Recognition of Volatile Organic
Compounds using SnQO, Sensor Array and Pattern Recognition
Analysis [J]. Sensors and Actuators, 2001, B 77:. 228 -
236.

Shurmer H V, Gardner J] W. Odour Discrimination with An
Electronic Nose [J]. Sensors and Actuators, 1992, B 8: 1
-11.

Schierbaum K D, Weimar U, Gopel W. Multicomponent
Gas Analysis: An Analytical Chemistry Approach Applied to
Modified Sn0O, Sensors [J]. Sensors and Actuators, 1990, B
2: 711-78.

Ortega A, Marco S, Perera A, Sundic T, Pardo A, Samitier
J. An Intelligent Detector Based on Temperature Modulation
of A Gas Sensor with A Digital Signal Processor [J1. Sensors
and Actuator, 2001, B 78: 32 - 39.

Heilig A, Barasan N, Weimar U. Schweizer-Berverich M,
Gardner ] W, Gopel W, Gas Identification by Modulation
Temperatures of Sn0, — Based Thick Film Sensors [J]. Sen-
sors and Actuators, 1997, B 43: 45 -51.

Lee A P, Reedy B J. Temperature Modulation in Semicon-
ductor Gas Sensing [J]. Sensors and .Actuators, 1999, B
60: 35 -42.

Ratton L, Kunt T,et al. A Comparative Study of Signal Pro-
cessing Techniques for Clustering Microsensor Data( A First-
Step towards An Artificial Nose) [J]. Sensors and Actuaters,
1997, B 41: 105 - 120.

Cavicchi R E, Suehle J S, Kreider K G, Gaitan M. Opu-
mized Temperature-Pulse Sequences for Enhancement of
Chemically Specific Response Patterns from Micro-Hotplate
Gas Sensors [J]. Sensors and Actuators, 1996 .B 33:143 —
146.

Schweizer-Berberich M, Zdralek M, Weimar U, Gopel W,
et al. Pulsed Mode of Operation And Artificial Neural Net-
work Evaluation for Improving the CO Selectivity of SnO, Gas
Sensors [J]. Sensors and Actuators, 2000, B 65: 91 —93.



http://www.cqvip.com

500

f B # R % #®

D000 http://iwww.cqvip.com|

2003 £

(17]

(18]

[19]

[20]

[21]

[22]

Torres C M, Pico Y, Manes J. Dtermination of Pesticide
Residues in Fruit and Vegetables [J]. Joumal of Chromatog-
raphy, 1996, A 754: 301 - 331.

Lea P, Mladen F. Detection of Organophosphate and Car-
bamate Pesticides in Vegetai)le Samples by A Photothermal
Biosensor [J]. Biosensors and Bioelectronics, 2003, 18: 1
-9.

Anatoliy V Z, Boris B D, Janna N T. Homogeneous Enz-
yme Immunoassay for Pyrethroic Pesticides And Their Deriva-
tives using Bacillary Alpha-Amylase as Label [J]. Analytica
Chimica Acta, 1997:347 - 352.

Barcelo D, Lacorte S, Marty J L. Validation of An Enzymat-
ic Biosensor with Liquid Chromatography for Pesticide Moni-
toring [J]. Trends in Analytical chemistry, 1995,14: 334 -
340.

Marek T, Michael L H. Determination of Pesticides using
Electrochemical Biosensors [J]. Trends in analytical chemis-
try, 1996,15: 38 - 44,

Hans J S. Pesiticide Residue Analysis in Foodstuffs Applying
Capillary Gas Chromatography with Mass Spectrometric De-

(23]

[24]

[25]

[26]

[27]

(28]

tection State-of-the-art use of Modified DFG-Multimethod S19
And Automated Data Evaluation [J]. Joumal of Chromatog-
raphy, 2000, A 892: 347 - 377.

Jiao Z, Bian L F, Liu J H. Study of Dynamic Measurement
of SnO, Gas Sensitive Materials [J]. Chinese Journal of
Functional Materials, 2001, 32: 67 — 68.

Rigin V I. Anal Chim Acta[J]. 1994,291:121.

Reviejo A J, Sampron A, Pingamron J M, Polo L M. Elec-
troanalysis, 1992, 4: 268.

Zhang Z Y, Zhang yaohua, Jiao zheng, Liujinhuai. The
New Measurement Principle And Method for Semi-Conductor
Oxide Gas Sensors [J]. Chinese Journal of Sensors and Ac-
tuators, 2000, 2:106 - 110.

Zhang ZY, Liu JH, Zhang Y H. The Study of Conductance
Oxcillate Characteristic of Gas Sensitive Material [J]. Chi-
nese Journal of Sensors and Actuators, 2000,1:13 - 17.
Huang X J, Pi Z X, Liu J H. Qualitative And Quantitative
Analysis of Pesticide Residue Gas using A Single SnO, -Based
Gas Sensor under Temperature Modulating Mode, submitted .

¥ OX X OFK X K FH K X X X X X X X X K F X X ¥ O O X O X H X X X X X W X K X ¥ X ¥ ¥ ¥ X ¥ X

(LBEE512R)

3 45FRiIE

BFRERESHUBEBZBRFUAEBARS
FEEBSBOER ARMNREAFTARNR,. &
FRBENBEEHE T A AENRERHIT,IH
LIRS REEREL, SER/DN RAREE,

BREEASES TS HBEERER.
$% STk -

[1]

[2]
[31

FH, EHT,SE e ERABBEOSSHEER
S METIRI] . H R3] ,1999,20(7):182 ~ 186,
VPR (£ EEIM] R HLIE Tk AR 4L . 1980.
TEX . BHELS.E¥R . BFFSLAHEIM]I.EL . B
T, PR K3 Ak e RR. 2000


http://www.cqvip.com

