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An experimental study on rapid detection of the biopesticide avermectin using spectroscopy combined with
stoichiometric analysis

LI Yanfen, MA Ruijun’, CHEN Yu', HUANG Li, YAN Zhenfeng, CAI Xiang

(College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: The biopesticide abamectin is a highly toxic insecticide that is slightly soluble in water. It exhibits a broad spectrum of
application and high efficiency. Abamectin shows excellent performance in controlling rice borers and rice leaf rollers, however, it is highly
toxic to aquatic organisms. To test the feasibility of rapid detection of avermectin in water through spectroscopy, absorption spectral data of
different concentrations in the ultraviolet/visible wavelength range were measured, and a rapid and effective quantitative analysis model

was established. Spectroscopic data of avermectin pesticide samples in a certain concentration range were collected with different optical
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path cuvettes for comparison, and the best spectral data were used for subsequent quantitative processing and analyses. Spectral data with a

wavelength range of 200-500 nm were preprocessed using the Savitzky—Golay convolutional smoothing (S—G smoothing) method, and
original spectral data and spectral data preprocessed through S—G smoothing were used to divide the samples set according to different
proportions using sample set partitioning based on a joint x—y distance (SPXY) algorithm, and PLS models for comparison were established.
Then, the spectral data selected after dividing the sample set were selected through principal component analysis (PCA) combined with a
Mahalanobis Distance (MD) (PCA-MD) algorithm to eliminate abnormal samples. After removing abnormal samples, the spectral data
were screened using the competitive adaptive reweighted sampling (CARS) method to screen the characteristic wavelength variables, and
the quantitative analysis model of S—G smoothing—=SPXY — (PCA-MD) - CARS-PLS was established. Spectral data results obtained from
100 mm optical path cuvettes were the best, and the characteristic absorption peak of avermectin was at 245.4 nm. The quantitative model
established after S—G smoothing preprocessing, SPXY dividing of the sample set, removing abnormal samples by PCA-MD, and screening
characteristic wavelength variables by CARS was optimal; the model evaluation coefficient R’p was 0.998 8, RMSEP was 0.061 1, and RPD
was 29.589 4. The model was effectively simplified, and its accuracy and robustness were improved. The UV/Vis absorption spectral data of
the biopesticide avermectin combined with chemometric analysis can be used to quantify avermectin concentrations.

Keywords : avermectin; ultraviolet/visible absorption spectra; stoichiometry methods; rapid detection; quantitative analysis
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Figure 1 Molecular structure of avermectin

www.daes.org.an




m@g 2142

VRETRR Rt Y F 425 % o

B OISR A T AL B AR AR 00, B R S
BEAS Gt G40 AL I 1AL A, 3 57l fie /> 96 PLS € i
SIS, SN B 24 A 2K A 2 PO A R S H A
H%O

1 MEEFE

1.1 HEZARRCH

BT 45 T 2= S g A A A C I < FH 1/10 000 HE K1
FREL90% B 4k % 0.066 7(+0.000 2) g, JH /b B i
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0.1~6.0 mg- L' (W EERRE M 0.1 mg- L) I 61 NAS[E]
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Figure 2 50 mm optical path cuvettes — original absorption

spectra of avermectin
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Figure 3 100 mm optical path cuvettes — original absorption

spectra of avermectin
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Figure 4 S—G smoothing method— absorption

spectra of avermectin
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Table 1 PLS model prediction results

TR I B B R g PR AR R 1 1E4E Calibration set M 4E Prediction set
Modeline data after different s Number of wavelength LVs , ,
odeling data after different processing variables Rc RMSEC Rp RMSEP RPD
Original data-SPXY(2:1) 650 4 0.996 1 0.107 5 0.997 4 0.092 6 20.031 2
Original data—SPXY (3:1) 650 4 0.9959 0.109 0 0.998 7 0.070 5 28.4255
S-G-SPXY(2:1) 650 4 0.996 1 0.107 7 0.997 4 0.092 8 19.983 3
S-G-SPXY(3:1) 650 4 0.995 9 0.109 1 0.998 7 0.070 4 28.499 7

K SPXY F4 kA% 1E 45 NI A5 44 32 1 He 9 43 s
ST AR RY A A 2 1 P T R AR R T vy A
PR R AT, L& RPD (R, 4301 A 20.031 2.,19.983 3 2
Tth28.4255.28.499 7,

B S—G V-1 AL B T ST AR ARG S i 4
/N, S=G-SPXY (2:1)-PLS B A LY Original data—SPXY
(2:1)-PLS AR RYCL W 22 11 Jt DX AT g2 Pl iR 25 2 3
B 5 T 5O R B 1Y & S—=G—-SPXY (3: 1) -PLS & &, H:
R’p J90.998 7,RMSEP 7 0.070 4, RPD y 28.499 7.,
2.3.2 PCA-MD 5B 5 # FE A TN CARS fif B FRAE <
J5 ST PLS T A

R T AR SR PCA-MD 357 . CARS
BT PCA-MD Bk 454 CARS Bk 4y %t 2.3.1 4k
T H 0 LR B 28 S—G V-1 L TR P SR FH SPXY 53
PR IE AN A 3+ 1 BRI 43 5 i e A 0k
I S R A R 3L T e AT e A 1 A 3 LA K S
S HREAS 5 PO R AR U R AR T AR B 43 T PLS
B 25 R R 2,

A2 1.2 2 A0, 2R FH PCA-MD B350 5 55k
A5 #E7 H S-G-SPXY (3: 1)~ (PCA-MD)-PLS #5514
H S—G-SPXY (3: 1) -PLS # A1 ) RMSEP & /)y , A
0.070 4 f# % 0.065 1,15 R*p A1 RPD {E b A W8/ , i
BT AR AR A K

K CARS 532 i 16 4o 1 Y 4K A8 o S 37 1 S—
G-SPXY(3:1)-CARS-PLS &% 5 S-G-SPXY (3:1)-
PLS BRIAH bb I K A2 £ 0T 0 8/, DA 650 49/ 2

207, U0 T 96.92%, faj Ak T AR AR, (H AR Y 0 &L
RABA K,
K HI PCA-MD S 585 S W A A 5 7R I CARS
B O o ARRAE I AR 5 ST I S-G—-SPXY (3: 1) -
(PCA-MD)-CARS—-PLS 5 Ui 1% 4 1) REAE i 4 A8 1
Bl 284, 5 S-G-SPXY (3:1)-PLS L RIAH He ik /b 1
95.69%, H: R*p {E } 0.998 8, RMSEP {i 4y 0.061 1,
RPD{H 4 29.589 4, # AN FE o1y, R fgt v s 4, fj £k
ARSIy [ s AT R0 1 A 2R ) T R
BT 24 TR 2R 28 Hh/AT DL SO 1% S-G-SPXY (3:1) -
(PCA-MD)-CARS-PLS#ERI AR/ AU
Y=-0.216 4X04390-0.191 2X.4736=0.185 0X 70024~
0.179 7X2084111—0.174 7 X2088709—0.168 7 X209348 6—
0.143 3Xa12.1606=0.136 9X5126295=0.079 4 Xa15005 5~
0.070 6X2163772-0.048 5X2177505-0.039 3Xs15250 7+
0.084 7X41.1730+0.076 0X2416405+0.065 1 Xos0.107 5+
0.117 9Xo463117+0.145 3Xni67757+0.173 3Xos7205 7+
0.198 8X247717+0.222 8 X517 7+0.243 6 Xss 616 6+
0.261 0X2i01135+0.281 8X5500473+0.287 1Xas0514 0+
0.289 4X250051 0+0.289 4 X551 4475+0.288 8 X5 014 6+
0.288 3 X531 5
orp s YV RIRBTYE R 2R A 2GR 5 Xn RN BT 4R TR 2R A
HAERFE P 5 n AR ARG A
B 24 T R A [l e B R S-G-SPXY (3:1) - (PCA-
MD)-CARS-PLS B FN 25 5 4n & 5 itz o RIS AT
JH AT 24 TR 2 e A AR S I R 11 B SR 5 e

R2 PLSHEETMER
Table 2 PLS model prediction results

R RV B f A e KA B v 4 1E4E Calibration set il 4 Prediction set
Modeling data after different processing  Number of wavelength variables Re RMSEC Rp RMSEP RPD
S-G-SPXY(3:1)-(PCA-MD) 650 4 0.995 1 01082 09986 00651  27.7917
S-G-SPXY(3:1)-CARS 20 2 09948 01209 09986 00719  27.8785
S-G-SPXY(3:1)-(PCA-MD)-CARS 28 2 0.9944  0.1136 09988 00611  29.5894
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Figure 5 S=G-SPXY(3:1)-(PCA-MD)-CARS-PLS model

prediction result graph
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EIRIUY A G BAAIXTAE 2 ) o A SR Y
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