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Progress in Paper-based Sensors for Rapid Detection of Aquatic
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Abstract: Paper-based sensors have been widely used for rapid detection of aquatic products safety,

attributing to their advantages of low cost, easy operation, and portability. This reivew describes the
fabrication methods of three types of paper-based sensors, namely dipstick paper chips, lateral flow
paper chips, and microfluidic paper chips, as well as briefly introduces three sensing strategies :
naked-eye readout, smart device-assisted sensing, and portable sensing devices. The research prog-
ress of paper-based sensors for the detection of various targets in aquatic products is reviewed, in-
cluding heavy metal ions, agricultural and veterinary drug residues, illegal additives, biotoxins,
pathogenic bacteria, biogenic amines and other contaminants. Finally, an outlook on future develop-
ment directions is given with respect to the existing problems.
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Fig. 1 Summary of sensor types, detection methods, and application fields for rapid detection of aquatic products using paper-
based sensors(A); the publications and citations of paper-based sensors for rapid detection of aquatic products from January 2021
to December 2025 (B)
the published and cited data comes from Web of Science, and the search keywords are “aquatic products, paper-based, detection, sensor”;
the sensors are classified into impregnated paper chips, lateral flow paper chips, and microfluidic paper chips (& FEH15 | KA T Web of
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Fig. 2  Types of paper-based sensors
1.1 REEREB[HETE
111 REREER RGOSR R RTINSO AR RER A, oK™ il A DS I 45Uk 4 5 I
h— HALRRIT aRok v BT HCS M 80U R B A AR T, 8RR 2 TR B 4RERIZ A



55 8 ] RS . AR I TR = e DO I 0 3

EHEERTRE R, TS IR A HEEIEAR ik E AT AR L B A AR AR A
KRR E A R PRI SR R RIS SR KB AR, IREEOE A B A e BRI
i, T R BRI AR T BT WA B R A BRI 5 AR B AR
BT . LR AL A SE B E B > A IR ARG . RAARAR, & &K A 1)
2 PR R T ) DR i A T2 Zhao S5R AR BHE M T — b pH 0 32 2 3T pKa 52 6 1% 1 &
(HMB), JHTF Wi AR5 & SO A2 pH (B n] BRI o HIR BRI A 1E 2 SRS A S 2 FE i
R ALFRTE SR T A AR R, (e B ARRAR G i B2t . X D REALY T 1) & J o
Rl AREALEE R IR 4G

Tablel Summary of construction methods for paper based sensors
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Table 2 Performance comparison of typical paper-based sensors

Type of sensor Detection method Analyte D.etectu?n Lincar ra_r:ge/ LOD/(pg L") Recovery/% Reference
time/min (pg L")
FEST iy etk Pb** 1 0.207~103. 5 47.7 88. 1~107 [50]
eIk TEA I A 1 3.61~1.8x10* 1.64 101.7~103 [51]
RGP KHRKIGLSRIR 60 1~2 500 0.31 94.2~106 [52]
DS e 2 100 22.2~2223 4.00 86. 8~108 [53]
etk J e 110 0~3. 0x10* 34.7 - [54]
YT LA 4k 0.17 18.2~730 4.01 98.0~103 [55]
i ) 35 B A we ik cd 0.1 112~4 490 106 93.0~104 [56]
Cu® 20. 6~1 540 9.91
YT s 2 9 0~50 1.42 90. 1~106 [57]
[FRERES HRE 10 10~100 3.70 90. 0~106 [58]
HHE 0.2~3.0 0.1 90. 0~104
AER 0.01~0.2 0. 008 91.0~110
AR KR 8 0.8~10.6 0.5 70. 5~110 [59]
ERERS B 2 B 10 - 10 - [60]
Hfa ik s 1 SRR 3~10 - 3. 2x10° cfu/mL - [61]
ek AR A A 5 - 2. 34x10 cfu/mL - [62]
we ik THEmZE 10 4.49~48. 4 12.3 88.4~110 [63]
DS i I e X 4 15 0.05~1.0 0. 041 83.0~98.2  [64]
Lk G 0.01~1.0 0.019 85.0~94.2
R TR A we ik Bk g 15 10~1x10° 1.84 82.7~101 [65]
BINISRU Y 15 2.22 85. 8~101
BER s NO,” 1 2.3x10°~4. 6x10* 460 93. 0~106 [66]

NO, 3. 1x10°~6. 2x10* 1240 96. 0~112
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a5 A e gk . IZAHEE I AE 365 nm K AMT T BIRRARFZIMFRAICEE 5. 7 pe/L, FFRCTh N H Flfa | XFRss
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