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Development of Low-Cost Confocal Fluorescence Detector and
Its Application to Determination of Ammonium Nitrogen in Water Samples

ZHANG Zheng, CHEN Xuejia, ZENG Zihan, ZHANG Min
(School of Life and Environmental Sciences, Guilin University of Electronic Technology,
Guilin 541004, Guangxi China)

Abstract: A low-cost confocal fluorescence detector was developed using 3D printing technology and applied to the
determination of ammonium nitrogen in river water samples. The detector used a confocal structure, and utilized light-
emitting diode (LED) with a wavelength of 430 nm as light source, along with optical components such as a ball lens,
plano-convex lens forming a collimating lens and filters. Various modules were produced by 3D printing technology for
fixing various optical components. Quinoline-2, 3-dicarbaldehyde (QDA) was synthesized as the fluorescent reagent for
ammonium nitrogen detection. QDA reacts with NH, -SO,"-Ca™, and the product has a maximum excitation wavelength
of 429 nm and maximum emission wavelength of 518 nm. The developed detector, along with the synthesized QDA
reagent were used to establish a fluorescence detection method for ammonium nitrogen. The limit of detection of the
method was 0.038 pmol/L (30), and the relative standard deviation (RSD) was 2.21% for detecting 3.0 pmol/L
ammonium nitrogen standard solution. The spiked recoveries ranged from 89.8% to 93.7% when applied to the detection
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of river water samples. Leveraging 3D printing technology facilitated the development of the detector, the manufacturing

costs were reduced and the rapid optimization of the structure was enabled. The developed detector demonstrates

excellent stability, high sensitivity, and a simple structure, making it suitable for rapid sample testing in environmental

and food analysis applications.
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Fig. 1 Fluorescence detector fabricated using 3D printing technology

(a) diagram of detector optical path, (b) photograph of main parts of detector
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Fig. 2 Synthesis route of QDA (PTSA: p-toluenesulfonic acid; DMF: N, N-dimethylformamide;
THF: tetrahydrofuran; RT: room temperature)

(1) 2-chloroquinoline-3-carbaldehyde; (2) 2-iodoquinoline-3-carbaldehyde; (3) 3-[1, 3]dioxolan-2-yl-2-iodoquinoline;
(4) 3-[1, 3]dioxolan-2-yl-quinoline-2-carbaldehyde; (5) QDA: quinoline-2, 3-dicarbaldehyde
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Table 1 Recoveries of ammonium nitrogen using confocal fluorescence detector (n=3)
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