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Fig. 3 Schematic diagram of different redox-active molecules labelled electrochemical aptasensors for the detection of
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Table 1 Research progress table of electrochemical aptasensors in the detection of heavy metal ions

x4 HEELAE S (5-3") fESRMEAR  EHEERE (mol L™ AIIRR (molL™) 2253k
Pb*' GGGTGGGTGGGTGGGT DPV 1.6x10"°~1.6x 107" 32x107" [24]
Pb*' GGGTGGGTGGGTGGGT SWV 50x107~3.0x 107 3.0x107 [25]
Pb™' GGGTGGGTGGGTGGGT SWV 5.0%x10™~1.0x 10" 1.0x 107" [26]
Pb™' GGGTGGGTGGGTGGGT DPV 5.0x10"°~1.0x 107 1.ox 107" [27]
GGTAATACGACTCACTATAGGGAGATACCAGCTTATT
As™ CAATTTTAC AGAACAACCAACGTCGCTC DPV 20x107"°~1.0x 107 1.5%10™" [28]
CGGGTACTTCTTCATCGAGATAGTAAGTGCAATCT
DPV: 1.2x107°
As™ ACGCATCTGTGAAGAGAACCTGGG DPV and EIS o [29]
EIS: 7.6x 10
., ACCGACCGTGCTGGACTCTGGACTGTTGTGGTATTA " B i
Cd DPV 1.0x107%~1.0x 10 4.995x 10 [30]
TTTTTGGTTGTGCAGTATGAGCGAGCGTTGCG
ACCGACCGTGCTGGACTCTGG ACTGTTG
cd™ TGGTATTATTTTTG EIS 1.0x107°~1.0x 107 2.75%107"° [31]
GTTGTGCAGTATGAGCGAGCGTTGCG
) P1: TTGCTCTCTCGTT o - o
Hg cv 1.0x10°~1.0x 107 6.0x 10 [34]
P2: TTCGTGTGTGCTT
Hg™ TCATGTTTGTTTGTTGGCCCCCCTTCTTTCTTA DPV 1.0x107°~5.0x10°° 6.0x10™" [35]
Hg™ TCATGTTTGTTTGTTGGCCCCCCTTCTTTCTTA DPV 1.0x10"~5.0x 107 50x107" [36]
b Cd Cd*': CTCAGGACGACGGGTTCA CAGTCCGTTGTC Swv L0X 107°-1.0 x 10° Cd™: 8.931x10™" (37]
N 2 .0 x ~1.0 x . _
Pb’": GGTTGGTGTGGTTGG Pb™: 1.644x107"
,. DNA 1: ACTGTCATGATCGT L ~ o
Hg LSV 5.0x10"~1.0x 10 24x10 [49]
DNA 2: ACGTTCTTGTCTGT
— Hg™": TTTTTTAAAATTTTTT ECL Hg™: 1.0x107"'~1.0x 107 Hg™: 4.1x 107" (561
& Pb”: AAA AAA AAAGGGG Pb’: 1.0x 107°~1.0x 10 Pb™: 3.7x 107"
Aptl: TTTTTTCGATAACTCACT
, ATrTAGGAAGAGATG . y .
Pb DPV 5.0x10"°~1.0x 10 1.67 x 10 [61]
Apt2: TTTTTTCATCTCTTCTC
CGAGCCGGTCGAAATAGTGAGT
CTCTTCAGCGATCCGGAACGGCACCCATGTTAGTGA
Hg™ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA SWV 1.0x 10°~1.0 x 10 52%x107" [65]
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AT 32 BT . XA Al & oA H AR
BT A A SRR S, BN E )R
TR BHACIN o (O S A it AGHI F) R U T T
PRESIAT R . FRic Y i A~ P A& S i 5 | ABR
ICYTINEALIR T OB R, R T A RE
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Abstract: Heavy metal ions, especially Cd*’, As™", Pb’’, and Hg”', pose a huge threat to the environment and
human health. Electrochemical sensors based on aptamers have emerged as a research hotspot in the field of heavy
metal ion detection. This type of sensor has been widely applied in multiple fields such as molecular biology analysis,
food inspection, and environmental chemical analysis due to the high specificity of its aptamer, the flexibility of
electrochemical analysis, the simplicity of operation and the diversity of detection objects. Based on the signal source,
the electrochemical aptasensors for heavy metal ions have been classified into unlabelled and labelled types. The
unlabeled electrochemical aptasensors directly detect heavy metal ions through the electrochemical signal changes
caused by the combination of the aptamer and the target heavy metal ions. However, their sensitivity and anti-
interference ability are limited in complex samples. The labeled electrochemical aptasensors can improve the detection
performance by incorporating labelled molecules such as redox molecules or nanomaterials, among which, nanoparticle
labeled and graphene-labeled sensors have unique advantages in signal amplification and target molecule recognition.
Currently, electrochemical aptasensors still face some challenges in the detection of heavy metal ions. For instance,
the aptamer screening process, the stability and repeatability of the sensors all need to be further optimized, as well
as the issue of matrix interference in actual sample detection. In the future, efforts should be further intensified in key
directions such as material innovation, optimization of signal amplification mechanisms, construction of portable
platforms, and expansion of practical applications, accelerating the transformation towards miniaturization, integration,
and intelligence to meet the demands of on-site monitoring and personal health monitoring.

Keywords: heavy metal ions; aptamer; electrochemical sensor; food safety
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