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Abstract
This paper with spinach as the research object, to chlorpyrifos pesticide as detectio
object, using Raman spectroscopy technique surface pesticides in spinac al
detection method and rapid detection research. Starting from the detectlo study
of the classic method and method for rapid detection of current of the
development, Raman spectroscopy detection method as s bf det e selected
object of study; master the Raman spectroscopy for rap ion ft sic principles
and originpro 9.0 software acquisition functlo , lay the dation for the
subsequent detection of. After the actual test to de e Ram \Vroscopy instrument

After no medicine Raman spectra to obtain thésuiNace o h were denoising analysis
results show that wavelet de noise methgd{colnpared to th&adjacent averaging, savitzky
Golay method smoothing, median rmpethied effe r On Spinach with different
concentrations of chlorpyrifos Ranﬁn ectr@ nalysis that accorded with the
residual linear relationship. tensit d were selected to establish models
were detected in spinach su;%o estlc %@rpyrlfos. Raman spectroscopy detection
method can of spinach surfacé¥of p i esidues detection analysis. It solves the

traditional measurement od for e’ pretreatment is complex and long detection
time, low eff|C|ency,

sur %
Keywords: R@&spectros@@ ticide residue analysis, quantitative detection

1. Introd

With the rapid d@pment of science and technology, coupled with all the countries
in the world be concern for human health, food and health of people in daily life
consumption regquirements of increasingly stringent, especially in recent years for
vegetable icide residue problems are particularly concerned, many countries began to
on p@ esidue monitoring work should be paid more attention, and in detection of

laser wavelength to 473nm, acquisition time |n ch sagg ing effect Best result.

pesti sidue standards have been more and more stringent requirements. The world
pesticide residue problem, it is the research and development of a more perfect
ment for detection of pesticide residue. The analysis has become an important
branch of the pesticide residue detection of pesticide residues. Quick test technique is
more suitable for the needs of the society. Analysis of residual pesticide in the future may
be more complex, it is more difficult to analyze. So, must make the results in this study,
the introduction of new knowledge as a support, such as: cell chemistry, fermentation
chemistry, immunochemistry and polypeptide arrangement. The future of agricultural
scientific development direction will be the innovation of chemical and biological
technology and biological technology and the organic combination of modern chemical
combination analysis method.
In the continuous development of agricultural science and technology today, the kinds
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and amount of pesticide development grow with each passing day, the use of chemical
pesticides has become a major means of prevention and control of pests and diseases.
According to statistics, the year the world pesticide production reached more than 700,
and sales to various countries. Everything has pros and cons, these pesticides are sprayed
to crops, in addition to part is consumed outside, and a small part will remain to farming
in the object. The residual pesticides in farming objects when the intake by the human
body will cause adverse effects on human health, therefore, to farming in the object of the
residue of pesticides into the agricultural experts have a common research objectives.

2. The Basic Principle of Raman Spectroscopy

Light scattering is a common phenomenon in nature. Scattering principle is: when a
beam of light to medium, in addition to a portion of the light is scattered in all directions
outside, in light of the other are medium to absorption, reflection or transmissio fth
absorbed. The scattering of light is divided into two types: elastic scattering an
scattering. When the incident light and scattered light of the same freq tYﬁlled
elastic scattering, for example, we usually see a clear que sky. Oth wn as

0 ucture of
Iongs to the

non-elastic scattering. The main non elastic scattermg micro
matter using the molecular rotation and vibration. The a ref ecti

range of non-elastic reflection.

For the scattering and elastic reflection occurs @same t%(a S0 associated with
the occurrence of inelastic scattering. In the proce elastic reflgction is a most light to
change the direction of but the frequency |:§change@|ch belongs to the elastic

g

scattering. The remaining part of the light nly chan e direction and frequency
also follows the change. This is what n scattering. It belongs t0.1928
non elastic reflection Indian physi dy to mercury lamp irradiation
benzene liquid found diffuse re Ie@phenom

Raman Effect exists in a% es Ra spectroscopy as a structural material for
a powerful analysis tool is no ugh ercury lamp as Raman scattering of the
excitation light source pr, esasp e is particularly weak. Raman spectroscopy

is fast development is mergence Of the laser in 1960 only after. At present, Raman
spectroscopy ag ogy, criminal and many other areas until the
application. Th a%m efers to the difference between the frequencies of
incident a ering. The structure information of the molecular scattering is the
characteris guenci unctional groups or chemical bond in Raman spectra is

reflected. The structuz mation is through the light scattering energy and Raman shift
fl

between to show th nge of displacement, through the spectrum peaks, intensity and
shape informati eflected. Raman scattering is instantaneous. The characteristics of

Raman spectra ry narrow spectral lines, positive and negative frequency difference
(same linegairs). As shown in figure 1.1. In the middle of the line called the excitation
spectru e spectrum, the strongest of it. The frequency of V0. In on both sides of the

line lon respectively for the Stokes and anti-Stokes lines, the Stokes line in the
uency side, the intensity should be lower than the excitation line, he and stimulate
ine frequency difference namely Raman frequency shift for Delta A v . High
frequency side of the anti-Stokes line, the Raman frequency shift and Stokes line the same
is also DeltaA v, anti-Stokes line in these three kinds of spectral line strength is the
weakest, is not easy to be found. Stokes and anti-Stokes lines are often available in

frequency v O0=x A v delta said.
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Figure 1. Diagram of Raman Spectrum

3. The Raman Spectrum Analysis Quantitative

3.1. The Theoretical Basis of Raman Spectroscopy Quantitative Analys@i

The signal between the Raman spectra and the sample @tﬁtlon@
| =k¢ cje ~n10fko ) \ (3-1)

In(3-1), I.K. ¢0.C . KO\ h(z) - z. 'p Q(esample surface
is received by the optical system the Raman signalsiatensities, an scattering section

area, the sample surface laser incident pow ple pro Raman scattering of the
concentration of a substance, the width |nC|dent and scattered light of the
absorption coefficient and the angle eident i scattered light through the
distance, the optical system transfer nan ﬁ@ool From the formula (3-1) can
be seen in certain conditions, é\scatterl nsity of Raman | with analyte
concentration is proportional to

Thati |s (3-2)
Due to the influenc the int Qof the Raman bands by factors such as

temperature, samplge i environment”of self absorption and the light source of the
ity efc to the influence of environment and instrument
roduce n€rror. Here we introduce two concepts, namely: the

tative analysis model is modified. The following were
introduce the conce?aq ternal standard method and internal standard method. The

characteristic pe uantitative analysis of the actual reference external standard
method for sta MWhen measuring the organic solution reference material usually use

carbon tetr;hl ide (459cm-1). This method is usually used for the determination of

eth@ntemal standard method. Using these two methods can be

longitudin rdinate error correction. The reason is due to the error between the

materia ry difficult to remove. Internal and external standard method used on the

C nt is not in the characteristic peak of reference standard, but not to the Raman

% ith a stable peak measured Raman peaks overlap as standard. The internal
ard method, the selection of chemical substances are relatively stable.

3.2. The General Process of Raman Spectroscopy Quantitative Analysis

As a kind of indirect measurement technology of Raman spectroscopy it is principle to
stoichiometry. It gains to be measured parameters and properties of the samples is through
the data processing, model building, correction equation obtained. Quantitative analysis of
Raman spectrum is divided into two parts:, collecting data of the collected data to build
the calibration model; second, by correcting the composition of the content and nature of
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the composition of the model in the sample are measured. Specific processes as shown in
Figure 2.

calibration
sample v
»|
v . v
The conventional aman Raman
chemical method spectrometer
v
Sample Raman Raman
characteristic spectrum data
valu
pretreatment pretreatment
The establishment of Calculation of the
calibration model analyte content

\4 The output of v
Output correction model ——— measured
v&ues
Figure 2. Schedule of Raman Spectrosco@q titat lysis

4. The Data Acquisition System and @ ; tho%\

4.1. Test Materials
\ for

Test sample: buy directly from th % ach.
Test of pesticides: chlorpyrifos handon eng pesticide Limited by Share Ltd
sold creamy white.

4.2. Test Methods

(1) when washin Qegﬁles &d then washed with pure and clean. Placed on

glass slides.

(2) using dis ater as dlfferent concentrations of chlorpyrifos and water
ratio, the r’ ectiv; @accordance with the 4800, 3200, 2400, 1200, 800, 400, 200
mg / kg co tion.

(3) will dlfferen ntratlons of chlorpyrifos solution with medical disposable
i coated on vegetable surface has been cleaned and indicate the

concentrati 0mg / kg chlorpyrifos pesticide.
(@) S?J\ib parameter settings of this experimental Raman spectrometer. This

instr@ spectral range 100 ~ 4200cm ™ Jresolving  power 0.67cM™ The laser

gth 473 633 785¢m-1 selection.According to the actual situation of the test in
t ectrometer spectral and laser wavelength range to choose appropriate laser.

(5) the measured sample is placed in a loading platform. First, collect washed
vegetables and chlorpyrifos pesticide sample spectra, and then dried samples (Note: the
sample is before the test with different concentration ratio of pesticide droplets of solution
in the measured sample) placed on a glass slide collection of Raman spectroscopy.

(6) according to the collected spectra of trichlorfon in spectral characteristics were
analyzed, using origin 9.0 (Originlab 9.0 USA) and LabSpec 5 software of data were
processed and analyzed.
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4.3. The Hardware and Software System

The hardware device of the test using a Raman spectrometer made in the United States
scientific research institute of information technology Heilongjiang Bayi Agricultural
University. Using software is advantage of 532 software, the sample completed the
collected field data acquisition, data (*.prn) format save, and then use the Origin9
software and LabSpec 5 software of data processing and data analyzing and operations to
be performed on the collected data.

5. Analysis of Pesticide and Raman Spectra of Spinach

Chlorpyrifos usually dissolved in water, can also be made into powder and emulsion
used is a low toxicity of organophosphorus pesticides, broad-spectrum, substitution is one
of the main varieties of the high toxic organic phosphorus pesticide, with contact killing,
stomach and fumigant poison, no ceiling effect. The drug in the soil to a lon eﬁb@e’
period, therefore, of the underground pests have very good control effect. g?\
5.1. Raman Spectrum Analysis of Chlorpyrifos Pesticide

Chlorpyrifos characteristic Raman peaks obtained %we estl (99%) were
detected, such as Figure 3 shows the Raman spe om thwe can be seen,
chlorpyrifos Raman activity is very strong, r ’Iy ab aracteristic peak
displacement as long as the concentration in the 150=7400cm- m 00~1100cm-1 range.
Therefore, can choose the two parts as the R pectru rmation for identification

of chlorpyrifos chlorpyrifos. @
Q}@ Q
N9 O

RS
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FEaman shift/cm

@ Figure 3. Raman Spectra of Chlorpyrifos

5.2. Spectral Analysis of Spinach

No original Raman spectroscopy such as spinach samples is shown in Figure 4 of
pesticide residues collected.

The Raman spectra of spinach as long as the concentration in the range of
1100~1600cm-1, in the range of 400~1100cm-1 only detected Raman signal is weak, and
the weak Raman signal is mainly reflected in the 744 cm-1 position. Caused by spinach
chlorophyll Lynn ring C-O-C and C=C double bond vibration peaks occurred mainly in
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155cm-1 and 1157cm-1 two positions. Division for background fluorescence spectra
curves of different spinach can be carried out in three areas: 400~900cm-1,
900~1500cm-1 and 1500~1900cm-1. The analysis found that different spectral lines with
spinach fluorescence background of different downward trend difference. The major
pesticide chlorpyrifos and Raman characteristic peaks in 632cm-1 and 637cm-1 two
positions. Therefore, can choose 400~900cm-1 spectra as the analysis of the data area.
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Figure 4. Ram@&oectra o‘@estlade Apple

As shown in Figure 5, original ra containing chlorpyrifos pesticide on
spinach. As a result of the,acquisition hardware and other reasons, the spectrum
collected there may b& errors, some noise in the system itself. So, to deal

Raman Intensity (a.u.)
[F¥]

with the noise of riment smg five point smoothing method for the collected
spectra, to avoid j ence ta processing result is not true result. As shown in

e after sm mg denoising, this method will not affect the original
%‘ erefore this method can improve the accuracy of data

processing. Ar€ usuall ssed by Raman spectrum data of the late Fu Liye transform
method, wavelet tr method, polynomial fitting etc. As shown in Figure 7 is the
result of fitting s btalned after polynomial fitting, and after peak after the baseline
calibration cur\&ore obvious, as shown in Figure 8.

-
©)
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Figure 5. Contains the Original Spe lor Wpinach
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@ Figure 6. After Denoising Processing of the Raman Spectra
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Figure 7. After A Polynomial Fitting o@ a% a
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N l Figre 8. After Baseline Correction of Raman Spectra

@Surfaee of Different Concentrations of Pesticides in Spinach Raman
rum Analysis
h

e same samples of three different detecting points to the data were averaged, and
then after baseline correction, calibration with the spinach spectral curve of different mass
fractions of chlorpyrifos as shown in Figure 9.

316 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

632

677
— 4800mg/kg
— 3200mg/kg
W g
/\\/W\/ — 1200mg/kg
P N Y N \ — 800mg/kg
w\,,/\_,J\/\ — 400mg/kg .
l ‘ : L . : : . — 200mg/kg V
540 560 580 600 620 640 660 680 700 Cg?“

Count

Raman shift (cm™)

Figure 9. Apple Surface of Different Concentrati *Tnchlc@?estlmdes

Trichlorfon

Chlorpyrifos pesticide in the 632cm-1 6770QppeareN main characteristic

Raman peaks, but chlorpyrifos higher than 2 ! kg, when the pesticide chlorpyrifos
fell to 200mg / kg, the difference between -1 677c?\-p 0 of the wave and noise
almost is not obvious. So it is hard to_j the crestyis spinach chlorpyrifos pesticide

residues produced by Raman sign cho i is experiment is 400mg / kg
chlorpyrifos pesticide as object %on At t e time, the all samples when the
concentration decreased, the R |gnal iptensity of 632cm-1 and 677cm-1 two has a
decreasing trend. And, when oncentra % 4800mg/kg, 632cm-1 and 677cm-1 two
of the Raman peaks are stable t 6 -1 632cm-1, 4cm-1 677cm-1 Raman shift
phenomenon. Theref % selecti the Raman peak at 632cm-1 is a linear
relationship betwge @conce ion of chlorpyrifos, the correlation coefficient is

igtion cam@e ive intensity of the Raman signal according to the
the predictign model of surface of spinach chlorpyrifos pesticide.
i e@ improve the system etc. method to improve the detection
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Figure 10. Relationship between Pesticide Concentration and Characteristic
Peak Intensity
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6. Conclusion

By reading a lot of literature, in summary of traditional pesticides determination
method and rapid determination method in the research of agricultural products on the
basis of the work, the theory of Raman spectroscopy detection technology and detection
system composition, Raman spectroscopy detection principle, development process and
characteristics of were learning, and master the use of Raman spectroscopy for rapid
detection of basic principle, hr800 detection instrument flow and origin of 9.0 and
LabSpec 5 acquisition software function, for the application of Raman spectroscopy
detection technology for rapid detection of spinach surface residues chlorpyrifos pesticide
to lay the theoretical foundation and experimental research based. The spinach as the
carrier, chlorpyrifos as the measured object, the application of Raman spectroscopy
detection technology, of Chlorpyrifos in vegetables surface residue was detected. The

results show that .

1. After the actual test to determine the actual acquisition spinach Raman sp M/
instrument testing conditions: laser wavelength 473nm, acquisition time 2s ti
through the adjacent averaging method, however, the conventional sqvi
method, median method, wavelet to denoising, flve t $MOo0
de-noising methods after the selection of five point s ¢ ethod acquisition

of the Raman spectra denoising

2. Through the experiment analysis of chlo' w ach spectra, that
Raman spectroscopic characteristics of chlor 0S dls& nt mainly in the
150~400cm-1 and 600~1100cm-1 within cope pf% characteristic peaks of
relatively rich; in 632 cm-1, 637cm-1, a pyrlfos tion feature displacement
signal; the surface of the splnac esi ua st|C|de Raman spectroscopic
characteristics of displacement is maj anlfe 4, 1155, 1527cm-1.

3. When chlorpyrifos pesticid | 400mg at this time of Chlorpyrifos in the
63&

most obvious Raman signal , can, b spinach surface of chlorpyrifos pesticide
residue detection. And this on, the good linear relation of residual Raman
characteristic peaks and relative i of spinach surface pesticide, the correlation
coefficient is R2= 0 92 future, theNRdman spectroscopy system further improved the
detection accurac |ISh a 5@% e model for pesticide residue rapid implementation,
lays the founda eal -ti ion.

Referenc@ 6

Yingyibin and Fux Progress and Prospect of the research on the quality of fruits and vegetables
based on spectri ction of NIR and Raman”, Transactions of the Chinese Society for Agricultural
Machinery, @Ies vol. 8, (2013), pp. 148—164.
[2] S.JiandL.Li “The health effects of food and pesticide residues”, The new agriculture, Los Angeles,
), pp. 40—41.
SY.Y. Li and Y.K. Peng, “Raman-based optical instrument development for rapid and
uctive detection of pesticide on apple surface”, Int Agr Eng J, vol. 22, no. 3, (2013), pp. 6269.
ende, F. Inscore and A. Gift, “Analysis of pesticides on or in fruit by surface-enhanced Raman
ectroscopy”, PSPIE, (2004), pp. 5587: 170—176.
. Li, J. Wang and D. Zhu, “Research progress of rapid detection method for pesticide residue in fruits
and vegetables”, Transactions of the Chinese Society of Agricultural Engineering, Los Angeles, vol. 27,
(2011), pp. 363—370.
[6] Y. Zheng, “Research progress and Prospect of pesticide residues”, plant protection, Los Angeles, vol. 5,
(2013), pp. 90-98.
[71 JJ. Chen, Y.K Peng and Y.Y. Li, “A method for determining orga-nophosphorus
pesticideconcentration based on near-infrared spectroscopy”, Trans ASAE, vol. 54, no. 3, (2011),
pp. 1025-1030.
[8] S. Lu, C.Binand G. Chang, “Application of Raman spectroscopy in food analysis”, Journal of food
Chinese, Los Angeles, vol. 127, (2012), pp. 113—118.
[9] Q. Jianwei, C. Kuanglin and S.K. Moon, “Evaluating carotenoid changes in tomatoes during
postharvest”, Proc SPIE, (2011).

318 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

[10] “Dutch state institute of quality control of agriculmral products(RIKILTDLD,1 998)~,
Residuemonitoring in The Netherlands-Programme for the quality of agricultural products.

Authors

LIU Ying-Nan (1982-), Heilongjiang Province, Anda. Lecturer. Master.

Email:dgpilyn@126.com. Telphone: 15845962618
Correspondent author: Yl Shu-juan(1965-),Shandong Province, Qixia. Professor.

Doctoral supervisor.

Copyright © 2016 SERSC 319



International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

320 Copyright © 2016 SERSC





