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In Situ Fluorescence Detection Device Used in Detection of
Heavy Metals in Groundwater
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Abstract Heavy-metal pollution of groundwater is a severe threat to the environmental safety and human health. Owing
to their high sensitivity and good selectivity, fluorescence probe detection methods have been commonly used to determine
the concentration of heavy metals. Because of the large size and high cost of the light source and optical system, the
current heavy-metal fluorescence detection devices cannot meet the demands of in sizu detection. In this study, we develop
an in situ fluorescence detection device for the analysis of heavy metals in groundwater samples. The optical detector of the
device uses ultraviolet (UV) light-emitting diodes (LEDs) as the light source and exhibits a confocal optical path design
with a fluorescence collection angle range and an outer diameter of up to 102° and 60 mm, respectively, to achieve
miniaturization and decrease cost. A commercial benchtop fluorescence spectrophotometer was used as a reference device.
The devices were equipped with identical Hg"" ion fluorescent probes, and comparative performance tests were
conducted. The experimental results demonstrate that the as-developed fluorescence detection device exhibits good

stability and a remarkable linear response, with a correlation coefficient (R*) and detection limit of 0. 989 and 1.47 X107,
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respectively. Furthermore, the performance parameters of the fluorescence detection device are comparable to those of the
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Fig. 1 Groundwater heavy metal in situ detection device. (a) Photo of optical module of underwater detector and spectrometer ;
(b) schematic diagram of components of device



HRILX

g5 B 1(b) Ry s & o m I . KA, 2GR T
T A AR b KB T g e U8 2 TS A
WARIE th 50O TR A SRR .
2.2 KTRFHELIEIT

IR R Sk /KT A o 4 T A D e Y A
I 1 I N e o1 0 e - R g i G = VA NS K )
PRk 5 LN O GBS AT TR, T 2 B0 R T g f
AN KR, R AT DLk — A /N B 58 A B
PO AR AE ROBIE . T ELA O R B R
WA Z2 7 W UL U B R ET Ak B, T 1Y 55 A ik B Ot
TR IR R B R P K AE 375 nm A2 4, H 400 nm LA

% 60 55 21 81/2023 £ 11 A/Bt5XEFEHE

T RO SRS E N & Bt IEAER %4 LED
BT B U A AR T FEAR R R/ INGE O A, A /N TRAY
wmkRER EAYR AERKEMESESE T
AR Y. Fik, LED 0] PL5E 4l 2 AR SC
MR IT T K o 276 % EOK T 88 3k B AR FRRT B A, AR 3¢
WH T %4 LED(YL-UVALP-TO18-365, 7K % O H
ARA A ED) G, AR AR S 365 nm, S
ol K O 370.9 nmy, KOG E N 157, 6 T R
FETE 20 mW . I 7R G 26 % {2 (QE Pro, Ocean
Optics 24 &), 25 ) 159 59 LED 1 £ & 896 3% ith £
wmE 2(a) i .

K2 KFHk ()R HT R4 LED Bkt 6% M 28 s (b) K T HEOL R =
Fig. 2 Underwater detector. (a) Output spectrum curve of selected ultraviolet (UV) LED; (b) schematic diagram of optical path of

underwater detector
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Fig. 5 Hg’" mass fraction gradient titration experiments on fluorescence spectrophotometer. (a) Effect of adding different mass fractions

of Hg"" on fluorescence emission spectra; (b) mass fraction-peak fluorescence intensity standard curve
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fluorescence intensity standard curve
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