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Table S1. Studies included through systematic review. 

Title  Year  Analyte 
Analyte classifi-

ca on 
Transductor  LOD  Sensi vity 

Water 

sample 

type 

Test on 

real 

samples 

Selec vity/ 

specificity 

Reproducibility/ 

repeatability 

(%RSD) 

Stability  Reusability  Reference 

Fabrica on of a Novel 

Photoelectrochemical Ap-

tasensor Using Gold Na-

nopar cle-Sensi zed TiO2 

Film for Quan ta ve De-

termina on of Diazinon in 

Solu ons 

2023 Diazinon Pes cides 
Opto-electro-

chemical 

12.7 

ng/L 
High 

River 

water 
Spiked Individual 3.1 

6% re-

duc on 

a er 2 

weeks of 

storage 

NR [1] 

A novel label-free dual-

mode aptasensor based 

on the mutual regula on 

of silver nanoclusters and 

2023 Ampicillin 
Pharmaceu cal 

compounds 
Op c 

0.74 

μg/L 
Medium 

Lake 

water 
Spiked 

Individual 

interferers 

with the 

target 

3.8 NR NR [2] 
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MoSe2 nanosheets for reli-

able detec on of ampicil-

lin 

Fluorescent nanostruc-

tured carbon dot-aptasen-

sor for chlorpyrifos detec-

on: Elucida ng the inter-

ac on mechanism for an 

environmentally hazard-

ous pollutant 

2023 
Chlorpyri-

fos 
Pes cides Op c 

 10 

ng/L 
High 

River 

water  
Spiked 

Individual 

interferers 

with the 

target 

4.2 

24% re-

duc on 

a er 8 

days of 

storage 

NR [3] 

Molecular simula on-

guided aptasensor design 

of robust and sensi ve lat-

eral flow strip for cad-

mium ion detec onT 

2023 Cadmium 
Toxic heavy me-

tal 
Op c 

3.37 

mg/L 
Medium 

River 

water 
Spiked Individual 1.2 

Stability 

in real 

samples 

within 20 

min 

NR [4] 

Development of an ultra-

sensi ve 

rGO/AuNPs/ssDNA-based 

electrochemical aptasen-

sor for detec on of Pb2+ 

2023 Lead 
Toxic heavy me-

tal 
Electrochemical 

0.315 

mg/L 
Medium 

Ponds, 

lake, 

and 

river  

water 

Spiked 

Individual 

and mixed 

with inter-

ferers 

NR NR NR [5] 

Field-deployable aptasen-

sor with automated analy-

sis of stain pa erns for the 

detec on of chlorpyrifos 

in water 

2023 
Chlorpyri-

fos 
Pes cides Op c 

70 

mg/L 
Medium 

River 

water  
Spiked 

Individual 

interferers 

with the 

target 

< 15 

Influence 

of tem-

perature, 

pH and 

rela ve 

humidity 

was 

NR [6] 
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inves -

gated. 

Construc on of a novel 

fluorescent DNA aptasen-

sor for the fast-response 

and sensi ve detec on of 

copper ions in industrial 

sewage 

2023 Copper 
Toxic heavy me-

tal 
Op c 

19.06 

mg/L 
Medium 

Indus-

trial 

se-

wage 

   Individual 2.6 

 Incuba-

on for 

10 days 

under 

the same 

condi-

ons 

 NR [7] 

Explora on of the Interac-

on of Cadmium and Ap-

tamer by Molecular Simu-

la on and Development 

of Sensi ve Capillary Zone 

Electrophoresis-Based Ap-

tasensor 

2023 Cadmium 
Toxic heavy me-

tal 
Op c 

0.562 

mg/L 
Medium 

River 

water  
Spiked Individual NR NR NR [8] 

A photoelectrochemical 

aptasensor based on 

CoN/g-C3N4 donor-accep-

tor configura on for sensi-

ve detec on of atrazine 

2023 Atrazine Pes cides 
Opto-electro-

chemical 

7.11 

ag/L 
Ultrahigh 

River 

water  
Spiked Individual 3.27 

Response 

remained 

stable af-

ter 23 cy-

cles for 

930 s un-

der light 

off-on ir-

radia on 

NR [9] 

Construc on of electro-

chemiluminescence ap-

tasensor for acetamiprid 

2023 
Acetami-

prid 
Pes cides 

Opto-electro-

chemical 

0.557 

ng/L 
High 

Pond 

water 
Spiked Individual 2.5 

Reported 

like 
NR [10] 
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detec on using flower-

liked SnO2 nanocrystals 

encapsulated Ag3PO4 com-

posite as luminophore 

reprodu-

cibility 

A convenient paper-based 

fluorescent aptasensor for 

high-throughput detec on 

of Pb2+ in mul ple real 

samples (water-soil-food) 

2023 Lead 
Toxic heavy me-

tal 
Op c 

0.123 

mg/L 
Medium 

Lake 

water 
Spiked 

Individual 

and mixed 

with inter-

ferers 

5.5 

Stored 

for 40 

days at 

4 °C 

NR [11] 

An interference-free SERS-

based aptasensor for 

chlorpyrifos detec on 

2023 
Chlorpyri-

fos 
Pes cides Op c 

66 

ng/L 
High 

River 

water  
Spiked Individual 5 

Tested 

for 110 

days 

NR [12] 

Laser induced graphene 

electrochemical aptasen-

sor based on tetrahedral 

DNA for ultrasensi ve on-

site detec on of microcys-

n-LR 

2023 
Mycrocys-

n-LR 
Mycotoxin Electrochemical 

2.99 

ng/L 
High 

Pond 

and ri-

ver 

water 

Assay in 

real 

samples 

Individual 

and mixed 

with inter-

ferers 

2 

Storage 

of 7 days 

at 4 °C 

NR [13] 

Internal reference self-

powered aptasensor for 

on-site detec on of MC-

RR used sunlight as light 

source and CoMoS4 hol-

low nanospheres as pho-

tocathode 

2023 
Microcys-

n-RR 
Mycotoxin Electrochemical 

0.33 

pg/L 
Ultrahigh 

Lake 

water 
Spiked Individual 2.6 

Saved at 

4 °C for 

two 

weeks 

NR [14] 

Self-assembled electroac-

ve MOF–magne c dis-

persible aptasensor 

2023 
Mycrocys-

n-LR 
Mycotoxin Electrochemical 

40 

ng/L 
High 

Eu-

trophic 

Assay in 

real 

samples 

Individual NR 

9.1% sig-

nal re-

duc on 

Reusability 

a er appro-

priate 

[15] 
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enables ultrasensi ve mi-

crocys n-LR detec on in 

eutrophic water 

lake  

water 

a er 4 

weeks at 

+4 °C 

temperature 

treatments 

Development of Fe-N-C 

single-atom nanozymes 

assisted aptasensor for 

the detec on of acetam-

iprid in water samples 

2023 
Acetami-

prid 
Pes cides Op c 

3.76 

mg/L 
Medium 

River 

water  
Spiked 

Individual 

and mixed 

with inter-

ferers 

4.46 NR NR [16] 

A Novel Fluorescent Ap-

tasensor for Arsenic(III) 

Detec on Based on a Tri-

ple-Helix Molecular Switch 

2023 Arsenic 
Toxic heavy me-

tal 
Op c 

5.24 

mg/L 
Medium 

River 

water  
Spiked Individual 8 NR NR [17] 

Self-powered photoelec-

trochemical aptasensor 

based on hollow tubular 

g-C3N4/Bi/BiVO4 for tobra-

mycin detec on 

2023 
Tobramy-

cin 

Pharmaceu cal 

compounds 

Opto-electro-

chemical 

4.27 

ng/L 
High 

River 

water  
Spiked Individual 4.8 

Record-

ing under 

10 “on-

off” irra-

dia on 

cycles 

NR [18] 

A highly sensi ve and se-

lec ve photoelectrochem-

ical aptasensor for atra-

zine based on Au 

NPs/3DOM TiO2 photonic 

crystal electrode 

2023 Atrazine Pes cides 
Opto-electro-

chemical 

0.167 

ng/L 
High 

River 

water  

Assay in 

real 

samples 

 Individual 

and mixed 

with inter-

ferers 

1.34-7.75  

 Stable 

photo-

current 

a er 

2000s 

under 

visible 

light illu-

mina on 

Surface re-

covery by 

chemical 

treatment 

without de-

stroying the 

aptamer  

(85% re-

sponse recov-

ery)  

[19] 
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In situ synthesis of label-

free electrochemical ap-

tasensor-based sandwich-

like AuNPs/PPy/Ti3C2Tx for 

ultrasensi ve detec on of 

lead ions as hazardous 

pollutants in environmen-

tal fluids 

2023 Lead 
Toxic heavy me-

tal 
Electrochemical 

2.07 

pg/L 
Ultrahigh 

River 

water  
Spiked 

Individual 

and mixed 

with inter-

ferers 

4.89 

7.48% re-

duc on 

a er a 

week at 

+4 °C 

NR [20] 

Label-free electrochemical 

aptasensor based on gold 

nanopar cles/ tanium 

carbide MXene for lead 

detec on with its reduc-

on peak as index signal 

2023 Lead 
Toxic heavy me-

tal 
Electrochemical 

62.16 

mg/L 
Medium 

River 

water  
Spiked  Individual 

 Repeatability: 

1.86; reproduci-

bility: 6.25  

5.03% re-

duc on 

a er a 

week at 

+4 °C  

NR  [21] 

A novel electrochemical 

aptasensor based on eco-

friendly synthesized ta-

nium dioxide nanosheets 

and polyethyleneimine 

gra ed reduced graphene 

oxide for ultrasensi ve 

and selec ve detec on of 

ciprofloxacin 

2023 
Ciprofloxa-

cin 

Pharmaceu cal 

compounds 
Electrochemical 

0.232 

mg/L 
Medium 

Lake 

water 
Spiked Individual 1.2 

96.6% af-

ter 10 

days sto-

rage 

NR [22] 

On-off-on' electrochemilu-

minescent aptasensor for 

Hg2+ based on dual signal 

amplifica on enabled by a 

self-enhanced 

2022 Mercury 
Toxic heavy me-

tal 

Opto-electro-

chemical 

0.601 

pg/L 
Ultrahigh 

River 

water  
Spiked 

Individual 

and mixed 

with inter-

ferers 

1.1 

Tested af-

ter 15 

days 

NR [23] 
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luminophore and reso-

nance energy transfer 

Design of 2D/2D CoAl 

LDH/g-C3N4 heterojunc-

on-driven signal amplifi-

ca on: Fabrica on and as-

say for photoelectrochem-

ical aptasensor of ofloxa-

cin 

2022 Oflaxacine 
Pharmaceu cal 

compounds 

Opto-electro-

chemical 

3.01 

fg/L 
Ultrahigh 

River 

water  
Spiked Individual 1.7 

20 s in-

tervals 

for con-

nuous 

12 cycles  

NR [24] 

In situ fabrica on of ur-

chin-like Cu@carbon 

nanoneedles based ap-

tasensor for ultrasensi ve 

recogni on of trace mer-

cury ion 

2022 Mercury 
Toxic heavy me-

tal 
Electrochemical 

0.742 

pg/L 
Ultrahigh 

Lake 

water 
Spiked 

Individual 

and mixed 

with inter-

ferers 

2.3 

Tested af-

ter 30 

days 

The reusabil-

ity was meas-

ured through 

30 mes of 

hybridiza on-

regenera on 

reac on 

[25] 

Direct Z-scheme 

In2S3/Bi2S3 heterojunc on-

based photoelectrochemi-

cal aptasensor for detect-

ing oxytetracycline in wa-

ter 

2022 
Oxyte-

tracycline 

Pharmaceu cal 

compounds 

Opto-electro-

chemical 

3.22 

ng/L 
High 

River 

water  
Spiked  Individual  0.97 

Excellent 

irradia-

on sta-

bility af-

ter 20 

con nu-

ous radi-

a on cy-

cles   

 NR [26] 

A fluorescence aptasensor 

based on carbon quantum 

dots and magne c Fe3O4 

2022 
17β-estra-

diol 

Pharmaceu cal 

compounds 
Op c 

0.948 

ng/L 
High 

Lake 

water 
Spiked Individual 4 NR NR [27] 
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nanopar cles for highly 

sensi ve detec on of 17 

beta-estradiol 

A gold nanopar cle-based 

visual aptasensor for rapid 

detec on of acetamiprid 

residues in agricultural 

products using a 

smartphone 

2022 
Acetami-

prid 
Pes cides Op c 

0.848 

mg/L 
Low 

River 

water  
Spiked Individual 1.7 NR NR [28] 

Colorimetric aptasensor 

for sensi ve detec on of 

quinclorac based on exo-

nuclease III-assisted cyclic 

release of phosphorodi-

amidate morpholino oli-

gomer mimic enzyme 

strategy 

2022 Quinclorac Pes cides Op c 
7.019 

mg/L 
Medium 

River 

water  
Spiked Individual 4 NR NR [29] 

An enhanced photoelec-

trochemical ofloxacin ap-

tasensor using NiFe lay-

ered double hydrox-

ide/graphi c carbon ni-

tride heterojunc on 

2021 Oflaxacine 
Pharmaceu cal 

compounds 

Opto-electro-

chemical 

12.64 

pg/L 
Ultrahigh 

River 

water  
Spiked Individual 4.6 

12 on-off 

cycles 
NR [30] 

A highly selec ve photoe-

lectrochemical chloram-

phenicol aptasensor 

based on AgBr/BiOBr het-

erojunc on 

2021 

Chlo-

rampheni-

col 

Pharmaceu cal 

compounds 

Opto-electro-

chemical 

0.110 

mg/L 
Medium 

River 

water  
Spiked 

Individual 

and Mixed 
4.2 

7 cycles 

on/off; 

repe ble  

NR [31] 
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A highly sensi ve and 

group-targe ng aptasen-

sor for total phthalate de-

termina on in the envi-

ronment 

2021 Phtalate 
Industrial chemi-

cals 
Op c 

0.591 

ng/L 
High 

River 

water  
Spiked Individual 21.3 NR NR [32] 

Reusable, facile, and rapid 

aptasensor capable of 

online determina on of 

trace mercury 

2021 Mercury 
Toxic heavy me-

tal 
Op c 

0.401 

mg/L 
Medium 

Waste-

water 
Spiked Individual 3 NR 

110 mes of 

consecu ve 

detec on, 

Tested 31 

mes in real 

ww 

[33] 

A highly sensi ve photoe-

lectrochemical aptasensor 

based on BiVO4 nanopar -

cles-TiO2 nanotubes for 

detec on of PCB72 

2021 

2,3',5,5'-

Tetrachlo-

robiphenyl 

(PCB 72) 

Industrial chemi-

cals 

Opto-electro-

chemical 

0.231 

ng/L 
High 

Lake 

water 
Spiked Individual 5.5 

Two 

week of 

storage 

NR [34] 

Highly sensi ve photoe-

lectrochemical aptasensor 

based on MoS2 quantum 

dots/TiO2 nanotubes for 

detec on of atrazine 

2021 Atrazine Pes cides 
Opto-electro-

chemical 

0.216 

ng/L 
High 

Agri-

cul-

tural 

waste

water, 

sew-

age 

water 

and 

lake 

water 

Spiked Individual 5.6 

The long-

term 

storage 

inves -

gated 

(don't 

say how 

mane 

days or 

minutes 

was stor-

age) 

NR [35] 
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An Electrochemical Ap-

tasensor for Pb2+ Detec-

on Based on Metal-Or-

ganic-Framework-Derived 

Hybrid Carbon 

2021 Lead 
Toxic heavy me-

tal 
Electrochemical 

95.9 

ng/L 
High 

River 

water  
Spiked Individual 4 NR NR [36] 

MoS2/PPy Nanocomposite 

as a Transducer for Elec-

trochemical Aptasensor of 

Ampicillin in River Water 

2021 Ampicillin 
Pharmaceu cal 

compounds 
Electrochemical 

97.8 

pg/L 
Ultrahigh 

River 

water  
Spiked Individual 2.2 

Two 

weeks of 

storage 

NR [37] 

Sensi ve and selec ve de-

tec on of Hg2+ in tap and 

canal water via self-en-

hanced ECL aptasensor 

based on NH2-Ru@SiO2-

NGQDs 

2021 Mercury 
Toxic heavy me-

tal 

Opto-electro-

chemical 

6.02 

ng/L 
High 

Canal 

water 
Spiked 

Individual 

and mixed 

with inter-

ferers 

1.1 

Tested 

during 7 

days 

NR [38] 

Development of a label-

free electrochemical ap-

tasensor based on diazo-

nium electrodeposi on: 

Applica on to cadmium 

detec on in water 

2021 Cadmium 
Toxic heavy me-

tal 
Electrochemical 

30.9 

ng/L 
High 

River 

water  

Assay in 

real 

samples 

Individual 4.5 NR NR [39] 

Ultra-sensi ve electro-

chemical aptasensor 

based on zeoli c imidazo-

late framework-8 derived 

Ag/Au core-shell nanopar-

cles for mercury detec-

on in water samples 

2021 Mercury 
Toxic heavy me-

tal 
Electrochemical 

3.6 

fg/L 
Ultrahigh 

Waste-

water 

and Ri-

ver 

water 

Spiked 

Individual 

interferers 

with the 

target 

3.9 

Evalated 

for 18 

days 

NR [40] 



Chemosensors 2024, 12, 59                11 of 26 
 

 

Ultrasensi ve detec on of 

trace Hg2+ by SERS ap-

tasensor based on dual re-

cycling amplifica on in 

water environment 

2021 Mercury 
Toxic heavy me-

tal 
Op c 

22 

fg/L 
Ultrahigh 

Lake 

water 
Spiked Individual 3.2 NR NR [41] 

Simultaneous Quan fica-

on of Ampicillin and Kan-

amycin in Water Samples 

Based on Lateral Flow Ap-

tasensor Strip with an In-

ternal Line 

2021 
Ampicillin, 

Kanamycin 

Pharmaceu cal 

compounds 
Op c 

60 

pg/L, 

15 

pg/L   

Ultrahigh 

Hospi-

tal 

waste

water, 

Chicke

n farm 

waste

water 

and 

Aqua-

culture 

waste

water 

Assay in 

real 

samples 

Individual 4.8 NR NR [42] 

A Ca onic Surfactant-Dec-

orated Liquid Crystal-

Based Aptasensor for La-

bel-Free Detec on of Mal-

athion Pes cides in Envi-

ronmental Samples 

2021 Malathion Pes cides Op c 
0.154 

ng/L 
High 

River 

water  
Spiked 

Individual 

and mixed 

with inter-

ferers 

4 NR NR [43] 

A disposable aptasensor 

based on a gold-plated co-

planar electrode array for 

2021 Copper 
Toxic heavy me-

tal 
Electrochemical 

0.189 

pg/L 
Ultrahigh 

Lake 

water 
Spiked Individual 8 

6 days 

storage 
NR [44] 
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on-site and real- me de-

termina on of Cu2+ 

A label-free enrofloxacin 

electrochemical aptasen-

sor constructed by a semi-

conduc ng CoNi-based 

metal-organic framework 

(MOF) 

2021 
Enrofloxa-

cina 

Pharmaceu cal 

compounds 
Electrochemical 

0.22 

pg/L 
Ultrahigh 

River 

water  
Spiked 

Individual 

and mixed 

with inter-

ferers 

0.4 

Tested 

for 15 

days 

NR [45] 

An electrochemilumines-

cence aptasensor for di-

ethyls lbestrol assay 

based on resonance en-

ergy transfer between 

Ag3PO4-Cu-MOF(ii) and sil-

ver nanopar cles 

2021 
Diethyls l-

bestrol 

Pharmaceu cal 

compounds 

Opto-electro-

chemical 

0.19 

mg/L 
Medium 

Fishpo

nd wa-

ter 

Spiked 

Individual 

and mixed 

with inter-

ferers 

3.2 

Con -

nuous 

scanning 

for 11 cy-

cles 

NR [46] 

An Ultrasensi ve Label-

Free Fluorescent Aptasen-

sor Pla orm for Detec on 

of Sulfamethazine 

2021 
Sulfame-

thazine 

Pharmaceu cal 

compounds 
Op c 

0.821 

mg/L 
Medium 

Lake 

water 
Spiked Individual 4.4 NR NR [47] 

Graphene oxide-regulated 

low-background aptasen-

sor for the turn on detec-

on of tetracycline 

2021 
Te-

tracycline 

Pharmaceu cal 

compounds 
Op c 

6.2 

ng/L 
High 

Waste-

water 
Spiked 

Individual 

and mixed 

with inter-

ferers 

4.8 NR NR [48] 

B, N co-doped graphene 

synergis c catalyzed ZnO 

quantum dots with ampli-

fied cathodic electro-

chemiluminescence for 

2021 
Microcys-

n-LR 
Mycotoxin Electrochemical 

29.86 

pg/L 
Ultrahigh 

Lake 

water 
Spiked Individual 4.7 

Stability 

for two 

weeks  

NR [49] 
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fabrica ng microcys n-LR 

aptasensor 

Catalysis-induced perfor-

mance enhancement of 

an electrochemical micro-

cys n-LR aptasensor 

based on cobalt-based ox-

ide on a B, N co-doped 

graphene hydrogel 

2021 
Microcys-

n-LR 
Mycotoxin electrochemical 

29.86 

pg/L 
Ultrahigh 

Lake 

water 
Spiked Individual 8.7 

T10 days 

satbility 
NR [50] 

Colorimetric aptasensor 

for sensi ve detec on of 

kanamycin based on tar-

get-triggered cataly c 

hairpin assembly amplifi-

ca on and DNA-gold na-

nopar cle probes 

2021 Kanamycin 
Pharmaceu cal 

compounds 
Op c 

4.8 

ng/L 
High 

River 

water  
Spiked 

Individual 

and mixed 

with inter-

ferers 

3 NR NR [51] 

A dichroma c label-free 

aptasensor for sulfadi-

methoxine detec on in 

fish and water based on 

AuNPs color and fluores-

cent dyeing of double-

stranded DNA with SYBR 

Green I 

2020 
Sulfadime-

thoxine 

Pharmaceu cal 

compounds 
Op c 

3.4 

mg/L 
Medium 

Pond 

water 
Spiked 

Individual 

interferers 

with the 

target 

7 NR NR [52] 

Co3O4 nanopar cles/gra-

phi c carbon nitride het-

erojunc on for 

2020 
Oxyte-

tracycline  

Pharmaceu cal 

compounds 

Opto-electro-

chemical 

1.6 

ng/L 
High 

River 

water  
Spiked Individual 3.3 

500 s 

light on-

off 

NR [53] 
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photoelectrochemical ap-

tasensor of oxytetracy-

cline 

An ultrasensi ve electro-

chemiluminescence ap-

tasensor for the detec on 

of diethyls lbestrol based 

on the enhancing mecha-

nism of the metal-organic 

framework NH2-MIL-

125(Ti) in a 3,4,9,10-peryl-

enetetracarboxylic 

acid/K2S2O8 system 

2020 
Diethyls l-

bestrol 

Pharmaceu cal 

compounds 

Opto-electro-

chemical 

75 

fg/L 
Ultrahigh 

Pond 

water, 

tape 

water 

and 

lake 

water 

Spiked 

Individual 

and mixed 

with inter-

ferers 

2 

20 cycles 

of suc-

cessive 

poten al 

scans 

NR [54] 

A low-cost paper-based 

aptasensor for simultane-

ous trace-level monitoring 

of mercury (II) and silver 

(I) ions 

2020 
Mercury 

and Silver 

Toxic heavy me-

tal 
Op c 

0.267 

ng/L, 

0.109 

ng/L 

High 
Lake 

water 
Spiked 

Individual 

interferers 

with the 

target 

0.1 NR NR [55] 

Ultrasensi ve colorimetric 

aptasensor for Hg2+ detec-

on using Exo-III assisted 

target recycling amplifica-

on and unmodified 

AuNPs as indicators 

2020 Mercury 
Toxic heavy me-

tal 
Op c 

40 

ng/L 
High 

Lake 

water 

Assay in 

real 

samples 

Individual 

and mixed 

with inter-

ferers 

0.4 NR NR [56] 

Electrochemical aptasen-

sor for ultrasensi ve de-

tec on of PCB77 using 

2020 

3,3′,4,4′-

Tetrachlo-

robiphenyl 

(PCB 77) 

Industrial chemi-

cals 
Electrochemical 

80 

fg/L 
Ultrahigh 

River 

water  
Spiked Individual 4.2 

Tested af-

ter 30 

days 

NR [57] 
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thionine-func onalized 

MoS2-rGO nanohybrid 

Ultrasensi ve detec on of 

amoxicillin by TiO2-g-

C3N4@AuNPs impedimet-

ric aptasensor: Fabrica-

on, op miza on, and 

mechanism 

2020 Amoxicillin 
Pharmaceu cal 

compounds 
Electrochemical 

73 

ng/L 
High 

Waste-

water 

Assay in 

real 

samples 

Individual 

interferers 

with the 

target 

2 

Tested 

for 20 

days 

NR [58] 

Ultrasensi ve detec on of 

bisphenol A under diverse 

environments with an 

electrochemical aptasen-

sor based on mul compo-

nent AgMo het-

eronanostructure 

2020 
Bisphenol 

A 

Industrial chemi-

cals 
Electrochemical 

0.199 

pg/L 
Ultrahigh 

River 

water  
Spiked 

Individual 

and mixed 

with inter-

ferers 

4.4 

Tested 

for 15 

days 

Regenerated 

and repeated 

by 7 cycles of 

regenera on 

[59] 

A photoelectrochemical 

aptasensor for the deter-

mina on of bisphenol A 

based on the Cu (I) modi-

fied graphi c carbon ni-

tride 

2020 
Bisphenol 

A 

Industrial chemi-

cals 
Electrochemical 

15 

pg/L 
Ultrahigh 

Waste-

water 
Spiked Individual 3.1 

Tested 

for 20 

days 

NR [60] 

A Sensi ve Impedimetric 

Aptasensor Based on Car-

bon Nanodots Modified 

Electrode for Detec on of 

17ss-Estradiol 

2020 Estradiol 
Pharmaceu cal 

compounds 
Electrochemical 

0.136 

ng/L 
High 

River 

water  
Spiked 

Individual 

and mixed 

with inter-

ferers 

1.3 

Stability 

a er 30 

days 

NR [61] 
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A novel SWCNT-amplified 

signal-on electrochemical 

aptasensor for the deter-

mina on of trace level of 

bisphenol A in human se-

rum and lake water 

2020 
Bisphenol 

A 

Industrial chemi-

cals 
Electrochemical 

18 

ag/L 
Ultrahigh 

Lake 

water 
Spiked 

Individual 

interferers 

with the 

target 

2.1 

Tested 

during 17 

days 

Cannot be re-

used for de-

tec on 

[62] 

Electrochemical surface 

plasmon resonance (EC-

SPR) aptasensor for ampi-

cillin detec on 

2019 Ampicillin 
Pharmaceu cal 

compounds 
Op c 

0.35 

mg/L 
Low 

River 

water  
Spiked 

Individual 

interferers 

with the 

target 

4.5 NR NR [63] 

Label-Free Fluorescence-

Based Aptasensor for the 

Detec on of Sulfadi-

methoxine in Water and 

Fish 

2019 
Sulfadime-

thoxine 

Pharmaceu cal 

compounds 
Op c 

1.5 

mg/L 
Medium 

Lake 

water 
Spiked  Individual 

2.5-6.0 (wáter 

simples); 3.3-6.7 

(fish samples)  

 NR NR  [64] 

Label-free and highly se-

lec ve electrochemical 

aptasensor for detec on 

of PCBs based on nickel 

hexacyanoferrate nano-

par cles/reduced gra-

phene oxides hybrids 

2019 

3,3′,4,4′-

Tetrachlo-

robiphenyl 

(PCB 77) 

Industrial chemi-

cals 
Electrochemical 

0.22 

ng/L 
High 

Lake 

water 
Spiked Individual 5 

Storage 

for two 

weeks 

5 lectures 

same assay 
[65] 

Design of a simple and 

novel photoelectrochemi-

cal aptasensor for detec-

on of 3,3 ',4,4 '-tetra-

chlorobiphenyl 

2019 

3,3′,4,4′-

Tetrachlo-

robiphenyl 

(PCB 77) 

Industrial chemi-

cals 

Opto-electro-

chemical 

99.86 

pg/L 
Ultrahigh 

Do-

mes c 

se-

wage 

water 

Spiked Individual 6.1 

Tested 20 

minutes 

and a er 

two 

weeks of 

storage 

NR [66] 
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Novel nanoarchitecture of 

Co-MOF-on-TPN-COF hy-

brid: Ultralowly sensi ve 

biopla orm of electro-

chemical aptasensor to-

ward ampicillin 

2019 Ampicillin 
Pharmaceu cal 

compounds 
Electrochemical 

0.216 

pg/L 
Ultrahigh 

River 

water  
Spiked Individual 3.3 

Tested 

for 15 

days, 8 

cycles 

NR [67] 

Mul color Aptasensor 

Based on DNA-Induced 

Au-Ag Nanorods for Simul-

taneous and Visual Detec-

on of Inorganic and Or-

ganic Mercury 

2019 

Mercury 

Methyl-

mercury 

Ethyl-mer-

cury 

Toxic heavy me-

tal 
Op c 

2 

mg/L, 

9.9 

mg/L, 

10 

mg/L  

Low 
Seawa-

ter 
Spiked Individual NR NR NR [68] 

Fluorometric aptasensor 

for cadmium(II) by using 

an aptamer-imprinted pol-

ymer as the recogni on 

element 

2019 Cadmium 
Toxic heavy me-

tal 
Op c 

0.135 

ng/L 
High 

Irriga-

on 

water, 

indus-

trial 

water 

Assay in 

real 

samples 

Individual 9.9 

Tested 1 

month of 

storage 

NR [69] 

Fluorometric label-free 

aptasensor for detec on 

of the pes cideacetam-

iprid by using ca onic car-

bon dots prepared with 

cetrimonium bromide 

2019 
Acetami-

prid 
Pes cides Op c 

66.8 

ng/L 
High 

Waste-

water 
Spiked Individual 3.5 NR NR [70] 

Reusable chemilumines-

cent fiber op c aptasen-

sor for the determina on 

2019 
17β-estra-

diol 

Pharmaceu cal 

compounds 
Op c 

49.02 

ng/L 
High 

Waste-

water 
Spiked Individual 9.2 NR 

Could be re-

used at least 

150 mes 

[71] 
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of 17 beta-estradiol in wa-

ter samples 

A SWCNT based aptasen-

sor system for an bio c 

oxytetracycline detec on 

in water samples 

2019 
Oxyte-

tracycline 

Pharmaceu cal 

compounds 
Electrochemical 

1.15 

mg/L 
Medium 

Waste-

water 
Spiked Individual 8 

Tested af-

ter 30 

days 

Could be re-

used at 5 

mes 

[72] 

Construc on of Ce-

MOF@COF hybrid 

nanostructure: Label-free 

aptasensor for the ultra-

sensi ve detec on of oxy-

tetracycline residues in 

aqueous solu on environ-

ments 

2019 
Oxyte-

tracycline  

Pharmaceu cal 

compounds 
Electrochemical 

17.4 

pg/L 
Ultrahigh 

River 

water  
Spiked 

Individual 

and mixed 

with inter-

ferers 

5 

Stability 

a er 15 

days  

NR [73] 

 

Table S2. SELEX variants and purposes employing different technologies. 

Technique  Purpose  Technology  Result  Limitation  Reference 

Negative SELEX  Avoid false negatives 
Incubate the library with purification 
support agarose for better separation of 

bound and unbound sequences 

A 10‐fold increase in aptamer 
affinity 

NR 1  [74] 

Counter SELEX  Avoid false negatives 

It relies on the same technology of nega‐
tive‐SELEX and additionally uses struc‐
turally similar targets to incubate with 

aptamers to effectively discriminate non‐
specific oligonucleotides 

Obtaining more specific ap‐
tamers  NR 1  [75] 

Capillary Electro‐
phoresis SELEX 
(CE‐SELEX) 

Separates target de‐
limited sequences 
from unlinked se‐

quences 

Difference in electrophoretic mobility 
 
 
 

Allows selection of aptamer 
candidates with high affinity, 

while reducing selection 
NR 1  [76,77] 
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rounds to 1‐4 out of nearly 20 
in conventional SELEX 

Non‐SELEX  Select aptamers with‐
out amplification 

Non‐Equilibrium Capillary Electrophore‐
sis of Equilibrium Mixtures (NECEEM), 
which cleaves the oligonucleotide‐target 
complex from the free oligonucleotides 

Shortens sorting time to one 
hour as opposed to several 

weeks or months required for 
a conventional SELEX 

The volume of the li‐
brary injected into the 
capillary limits the 

number of sequences 
(~1012 sequences) 

[78] 

Micro Free Flow 
Electrophoresis 

(μFFE) 

Overcoming the lim‐
ited size of the li‐
brary used in non‐

SELEX 

Use of highly specialized equipment for 
electrophoresis 

Library can reach up to ~1014, 
a 300x improvement in li‐
brary size over CE‐SELEX 

Need to manufacture 
special μFFE equip‐

ment 
[79] 

Microfluidic SELEX 
(M‐SELEX) 

Develop a simple ap‐
paratus that is rela‐
tively inexpensive to 
assemble and per‐

form automatic selec‐
tion of aptamers 

Combine the traditional SELEX with a 
microfluidic system. The prototype con‐
tains reagent‐loaded microlines, a pres‐
surized reagent reservoir manifold, a 
PCR thermal cycler, and actuatable 

valves for sample selection and routing. 

NR 1 

It could generate aggre‐
gates, thus causing low 
aptamer purity and re‐

covery 

[80,81] 

Cell SELEX 

Create aptamers ca‐
pable of binding to 
proteins at the en‐
dogenous level or 

under cellular condi‐
tions 

Use the entire living cell as the target  Direct use for diagnostic and 
therapeutic applications 

Degradation of ap‐
tamers by in vivo con‐

ditions 
[82] 

In vivo SELEX 
Generate tissue‐pene‐
trating aptamers di‐
rectly on models 

Inject a set of aptamers into the target tis‐
sue or animal and subsequently extract 
the aptamers, amplify them, and reinject 
them into another animal or target tissue 

Generate aptamers using live 
animal models as targets or 

selection conditions 

Degradation of ap‐
tamers by in vivo con‐

ditions 
[83] 

High‐Throughput 
Sequencing SELEX 

Generate a method 
for the individual 
identification of the 
sequences and selec‐
tion of the best ap‐

tamers 

Sequence the library in all rounds of se‐
lection. Therefore, the enriched se‐

quences are visible at an earlier round 

It enables global analysis of 
large sequence data sets and 
facilitates comprehensive 

characterization of aptamers, 
binding affinity and/or speci‐
ficity, structure prediction, 
abundance quantification, 

A high cost of opera‐
tion  [84] 
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and aptamer‐target interac‐
tions 

FluMag‐SELEX 

Improve the quantifi‐
cation of aptamers as 
well as their purifica‐

tion 

Fluorescent labeling of DNA with mag‐
netic separation technology 

Manual processing of multi‐
ple targets without the need 
for expensive robotics, and a 
selection procedure that is 
universal and adaptable to 
different types of targets 

Inefficient for small 
molecules  [85] 

Capture‐SELEX 
Generation of ap‐

tamers for small mol‐
ecules 

Immobilization of a biotinylated hybrid‐
ized library on a solid support 

Generate aptamers against 
small molecule contaminants 

A false positive can oc‐
cur in the Capture‐

SELEX immobilization 
process 

[86] 

1 Not reported. 
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