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Abstract: This work aims to develop an analyzer which detects volatile organic compounds (VOCs) from pesticides applied via
aerial spray. A metal-oxide-semiconductor (MOS) gas sensor was chosen for use as an electronic nose (e-nose). For the
fabrication of the VOCs analyzer, and the reliable hardware and software designs, an airflow intake system was used to speed
up the precise pesticide concentration analysis in the electronic nose system. A control logic was used for quantitative
detection of the VOCs mixtures. To evaluate the performance of the VOCs analyzer, two kinds of pesticide were tested. The
VOCs analyzer successfully distinguished the concentrations of both pesticides efficiently with a low cost, which promises the
potential for use as a universal VOCs analysis platform for the detection of pesticide emissions. Using this VOCs analyzer,
the relative error was 5.2% over field testing. It can be used to detect the concentration of pesticides in cotton fields since it is
practical, feasible and accurate.
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1 Introduction

Cotton is one of the most important crops globally and is
widely planted around the world with high annual yields!". In the
United States, cotton acreage is up to 1.4*108 ha, but economic
losses in the cotton industry due to the stink bug pest are several
million dollars annually™.  Therefore, cotton pest control is
critical to improve cotton production. Chemical control is one of
the most significant strategies for the prevention and control of
cotton diseases and insect pests®. In recent years, the use of
broad-spectrum insecticides has effectively controlled bugs, worms
and weevils, and greatly increased cotton production®. However,
excessive use of pesticides has resulted in a resurgence of other
pests, as well as the development of pesticide resistance!”’, which
makes future pest control more difficult. Meanwhile, excessive
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use of pesticides has greatly impacted ecological balances, polluted
the environment, and harmed human health®'?. Therefore, it is
important to develop more sustainable methods for the use of
pesticides in order to both improve cotton production and minimize
the negative effects of chemical control.

For the purpose of controlling pests and minimizing ecological
damage, it is necessary to effectively identifying cotton pests and
determining the exact amount of pesticide sufficient’. Some
scholars have found that different odors are produced depending on
pest species and the degree of host infestation!. Thus, odor
detection can be used to determine pest species and degree of
infestation. This can allow an electronic nose with appropriate
sensors to accurately identify an infestation and evaluate how
extensive it is. The electronic nose could not only be used to
recognize single or composite odors, but also to detect gas, vapor
or a mixture.

Electronic noses require a relatively stable working
environment, because its detection accuracy can be significantly
reduced by variables such as field temperature, atmospheric
humidity and wind speed"*'. Meanwhile, it is difficult to
measure the concentration of pesticides based on the ratio of
pesticide. The inaccuracy of pesticide concentration along with

variable environmental conditions will result
[20-22]

in an uneven
distribution of pesticide in a region

To deal with the challenges of environmental variation and the
need for extended use, a VOCs analyzer was developed which has
low power consumption for extended use, high efficiency and the
ability to respond rapidly to the variation of field conditions. The
VOCs analyzer consists of a metal oxide gas sensor (TGS822), a
measuring circuit, software, with real-time gas collection, onboard
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data storage and analysis. The VOCs analyzer is able to measure
pesticide concentration, and can monitor pest odors in fields in
extended time.

2 Materials and methods

2.1 System composition

The small size and lightweight VOCs analyzer (Figure 1)
mainly consists of a gas sensor, a detecting circuit and data analysis
software. It can be connected to a computer through a RS232
cable and can collect and analyze odor data.

E
A'--VOC analyzer

Figure 1 System composition of the VOCs analyzer

2.1.1 Sensor selection

A gas sensor is the core of VOCs analyzers, and its stability
and sensitivity directly affect the performance of the system. This
system is built with the commercially available metal oxide gas
sensor, TGS822 (Figaro Engineering INC, Mino, Osaka, Japan).
This sensor is used for gas detection, particularly for organic
solvent vapors. It can work stably for an extended amount of time
and has reliable performance, low power consumption and high
efficiency.

The TGS822 sensor consists of a tin oxide semiconductor,
which has low electrical conductivity in clean air. When the
sensor detects targeted gas, the conductivity of the senor will

change with the variation of gas concentration. Therefore, the
system can use a circuit to regulate the output signal of the sensor
when it contacts the gas. The system is used to detect pesticides,
which consist of various compounds such as ethers and lipids that
the TGS sensor is highly sensitive to.

The relation between the resistance of TGS822 sensors and gas
concentration is in equation (1).

Rs=A[CT* (M

Where, Rg = resistance of sensor (kQ); 4 = constant; C = gas
concentration (ppm); a = slope of sensor resistance curve.

Resistance and associated parameters are listed on Table 1.

Table 1 The resistance parameter of sensor

Title Symbol Dimension
Sensor resistance Rs 1-10 kQ
Rate of change in resistance Rs/Ro 0.4+0.1
Heating resistor Ry 38.0+£3.0 Q

2.1.2  Circuit design

The detection circuit consists of a sensor measuring circuit,
signal amplification, conditioning circuitry, and an analog-to-digital
conversion circuit (Figure 2). This arrangement turns the detected
variable quantity of gas to an output signal, and transmits through a
RS232 cable to a computer which is then used for data processing.

The resistance value of the TGS sensor has a logarithmic
relationship to the concentration of measured gas, and the
sensitivity characteristic of the sensor is indicated by the ratio of
the sensor resistance due to different gas concentration. The
signal amplification and conditioning circuitry were needed to
transmit the change of resistance value into a voltage variation.
Through the circuitry, the voltage variation is amplified and
transmit to an analog-to-digital conversion. The high-precision
amplifier INA118 (Instrument Amplifier) was chosen for
construction of a signal amplification and conditioning circuit, and
the LTC1298 serial ADC conversion was used.

Sensor measuring circuit

—o Vi

a )

Amplification and

conditioning circuit

ADC conversion

(LTC1298)

5

Output signal

Figure 2 Measuring circuit

2.1.3  Gas-route circuit design

Gas-route design is the key to sampling detection, and data
acquisition is accomplished in this section of the device. Through
the contact between the gas and sensor, it will generate an electrical
signal. This section consists of a fan and sensor (Figure 3), a
requisite volume of gas enters into the collection chamber through
the aperture of the VOCs analyzer and generate a suitable response
from the sensor. Gas is drawn into the duct by the gas chamber
fan, which facilitates sufficient gas contacting with the sensor, and
the gas is then discharged from the vent on the back of the VOCs
analyzer. Alternatively, the measured gas can be separated from
the measurement circuit in the sampling channels to avoid circuit
corrosion, so the reliability of the system can be improved during
detection.

VOC analyzer
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Figure 3  Gas sampling portion of VOC analyzer
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2.2 Data analyzing and processing

Due to the sensitivity of the sensor is different from various
gases and air content varies between testing environments, it is
necessary to calibrate the VOCs analyzer before testing. After
calibration, it is necessary to adjust the instrument by using known
gas concentrations. A flowchart for the data processing of the
VOCs analyzer is shown in Figure 4.

| Concentration calculating |

Figure 4 Flowchart of data processing

Formula 1 shows that the relation between gas concentration
and sensor resistance is linear. The slope of the curve can be
obtained by using two known concentration gases.
to (6) are as follows.

Equations (2)

logC:l(logA—logRS) 2)
a

alogC, =log A—log Ry,

(3)
alogC, =log A —logRs,
_ logRs; —log Ry @
logC, —log C,
log Ry, —log Ry,
logd=(——>——="")logC, +logR 5
g (logCl—logCZ) 20 g K1 )
lOgC: (logcl _IOgCZ)(IOng _logRS) +10gC1 (6)

log Ry, —log Ry,

Equation (2) shows the calculation for two known gas
concentrations and the responding resistance to obtain the
concentration of a measured gas.

Sensor resistance is calculated by equation (7).

R, = Ve =R, x Vg )
Vi
Where, Ry = Sensor resistance (kQ); R, = Loading resistor (kQ);
¢ = Circuit voltage (kV); Vi, = Output voltage (kV).
The current of the sensor is calculated by Equation (8).

2
P = VE X Ry i @)
(Rs +Ry)

2.3 Software development

VOCs analyzer software was developed based on VB language
by adopting modular structure design ideals.
storage, real-time display, concentration calculation and parameter
modification were performed by the software. The flowchart of
data acquisition and processing is shown in Figure 5.

Data acquisition,

The characteristics of the measured gas (such as name, content,
and concentration) (Figure 6a) can be displayed by the software to
help understand the gas properties during data analysis and
processing.  Also, the data communication port can be chosen and
storage time interval can be set. After the basic information is set
up, it is possible to measure the concentration of gases by using the
VOCs analyzer. The real-time data acquisition interface is shown

in Figure 6b, and it can display the current time, the concentration
of measured gas and trends in concentration over time.

Initialization

l System self-inspection |
¥

| A/D conversion |

| System calibration |

| Concentration detecting |

[ Data display and storage |

Figure 5 Flowchart of data acquisition and processing
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Figure 6 (a) Interface of parameter setting (b) Interface of
real-time data acquisition

3 Results and Discussion

The new pest control pesticide, Zenivex E20 (Etofenprox, U.S.
Zenivex  Company) was used in this experiment.
Piperonylbutoxide and synergist were not contained in this product,
and it can be used directly or diluted. E20 has little impact on the
environment and insecticidal effect can be achieved quickly and
thoroughly. Its main ingredient is Etofenprox.

3.1 Test setting

The VOCs analyzer was put in the field to monitor trend of air
concentration after spraying pesticide, and detect the corresponding
concentration value (Figure 7a).
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(1) Testing Time: to obtain a relatively constant temperature
and air content, the test starts at 6:00am when fields were not
subjected to UV irradiation.

(2) Testing Location: the cotton fields in Southern United
States Department of Agriculture Research Center; an aircraft
spraying pesticide is shown in Figure 7b.

(3) VOCs analyzer setting: the analyzer was placed in the
middle of the field, in height about 1 m.

(4) Concentration: the concentration is 15% for the first
spraying, the second is 10%, and the third is 15%. In order to
identify the response of pesticide concentration, two kinds of
pesticide are used in the test.

a. VOCs analyzer in the field

b. Pesticide spraying aircraft

Figure 7 In-field test

3.2 Testing result analysis
3.2.1 Detecting evaluations

For this test, the pesticide concentration of 15% was chosen.
Due to the effects of wind, the concentration of pesticide is
changing continually with pesticides falling to the ground. The
changing trend and values are recorded by the VOCs analyzer
software, during spraying and for 18 min after (Figure 8).

From the various phases, it can be concluded that the
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concentration of pesticides were first raised up and then dropped
off. Concentration reaches the maximum value of 854.77 ppm at
603 s. According to equation 1, the concentration is 14.22%, with
the initial preparation of 15%. The relative error is 5.2%, which is
small. Therefore, the VOCs analyzer can be used for detecting
the actual pesticide concentration in cotton fields.
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Figure 8 Tendency in the initial phase (0-6 min), middle phase
(7-12 min), later phase (8-18 min)

3.2.2 Comparative test

To identify the concentration-response of VOCs analyzer, two
different concentrations of pesticide were prepared. As shown in
Figure 9, the concentration-response of 15% is the light curve, and
10% is the bold one.

15% concentration
10% concentration
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Figure 9 Results of testing
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The maximum value of the two different concentrations can be
seen, with the peak of 15% at 800 ppm, and the peak of 10% at
690 ppm. This is due to different testing environments (wind,
humidity, temperature). Although the maximum value occurs
later and the maximum concentration is not identical to that
measured by the sensor, the value is close to the actual
concentration of pesticide.

4 Conclusions

Based on bionics and artificial olfaction designing ideals, a
VOCs analyzer was developed according to the requirements of
field-site use. The VOCs analyzer was able to be placed in the
field for long-term, consumed a minimal amount of energy, and had
high efficiency. It also can be used to accurately and rapidly
monitor for odors related to pests and disease. Through field
testing, the detection error was revealed to be 5.2%, allows for the
conclusion that the VOCs analyzer can be used to detect the actual
concentration of pesticide in cotton fields, meeting the design
requirements.
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