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Localization and Analysis of Carbendazim Pesticide
Residues on The Surface of Tea Leaves Based
on Terahertz Spectral Imaging Technology

TANG Xin, ZOU Jiaqi, ZHU Shiping, ZHOU Shengling

College of Engineering and Technology » Southwest University s Chongging 400715, China

Abstract: This paper adopted terahertz (THz) imaging technology to realize the localization and concentra-
tion analysis of pesticide residues on such a complex matrix of tea sample. Firstly, the THz spectra of car-
bendazim compressed tablets were extracted and the characteristic absorption peaks were obtained to be lo-

cated at 1. 15 THz and 1. 32 THz, proving that using terahertz spectral for the determination of carbenda-
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zim constituents were effective. Secondly, the imaging effect of pesticide residues on tea substrates with
different water contents was compared to determine the optimal sample preparation conditions. Tea sam-
ples with different concentrations of pesticide residues were prepared at 800, 1 700, 2 300, 3 000, 3 700,
4 500 and 5 000 mg/L, respectively. The time-domain slicing method was adopted and a time delay of
13. 98 ps was chosen to image the samples. The samples were reconstructed with super-resolution to real-
ize the precise localization of the pesticide residue areas. As it is difficult to obtain the reference image of
the blade, this paper adopted three reference-free image evaluation methods, NIQE, SSEQ, and BRIS-
QUE, to evaluate the quality of the images before and after reconstruction. The evaluation results showed
that the scores of the reconstructed images were even better, indicating that the method was effective in
improving the image quality. After extracting the distribution area of pesticide residues by using image
segmentation algorithm, the correlation equation between transmittance intensity and concentration was
established, and finally the quantitative analysis of pesticide residues was realized. This research demon-
strated that it was feasible to visualize and quantitatively detect the distribution of pesticide residues on the
surface of tea matrices based on THz imaging, and the study made a useful exploration for the localization
and detection of pesticide residues on the surface of the matrices of complex crop samples.
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b. BOWESER. FREAXLE

B7 BRARARERESHRNFHEES THz BRSBIBREERZE KT
R1 TEENFEMFMHERSER THz BRIT AL R3S LE

c. BAMEERER

IMAG NIQE SSEQ BRISQUE
R800 18.873 7 51.678 4 46.113 8
R1700 18.873 0 46.532 6 37.384 3
R2300 18.873 6 46.508 2 34.258 3
R3000 18.872 5 58.275 6 44.688 1
R3700 18.873 4 47.269 2 41.889 0
R4500 18.873 0 44.164 9 31.212 8
R5000 18.875 3 38.718 7 37.963 6
SR800 4.408 7 38.007 1 47.534 5
SR1700 4.360 9 37.719 3 43.004 3
SR2300 5.991 3 37.468 8 40.672 4
SR3000 4.798 0 36.533 2 42.446 2
SR3700 4.255 1 42.471 6 45.923 6
SR4500 5.288 6 38.605 6 39.551 1
SR5000 4.768 4 42.222 7 42.942 7
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P il 22 B AR e B R A1 75 S 14
T8 22 1 R e BE LA A 1000

c=px —+ P 0.2I35 0.2I40 0.I245 0.2.50 0.555
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¥ 2 300 mg/L Fl 4 500 mg/L XN 1935 5 5 BE (A 0. 247 9 F1 0. 235 2 ARATHEAT 3 22 78 7 o & 1k 2
TUMAE > 2 364 mg/L Al 4 542 mg/L, 25514 2. 78 % Fil 1. 16 %.
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