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Abstract

The application of electrochemical sensors is not only a practical technology but also an important
research topic in the field of scientific research. As a crucial part of the electrochemical sensor, the
research of the electrode has been widely studied. With the advantages of low cost, environmental
protection, easy operation, high mechanical strength and good conductivity, stainless steel is
well-suited for application of electrodes. Combined with the new materials and electrochemical
sensing technology, the stainless steel electrodes are beneficial to design the sensors with merits
of low cost and excellent performance. This review briefly introduces the development and appli-
cation of stainless steel electrode in the electrochemical sensors.
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1. 5]

ARG WA TRIUE, VR 7R T B SRS, B AT TS AR B LR 14K
AT HOR CIHT, DU R AR IRES T T A SR 7T, BT RISERR. HAL AR IRAS 2 — Al L f
FRIREA SR, AETRR B BN S S, BETUR o8 73 — RS B HofLm iR e [1]. itk
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MZE BT U R A5 3 1 ORI BT SR SGTE (K 1) ARTAE TR T — P I ASE AN R A 1 A A H
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B 0l 2 i e ek R AN 80 1 o B R B B 2 5 5 s DA S K L Al AR o0 1|k £
BRIHAT T 0 MT[5]. A TRIET 304 AFNAIR L CRZ YRR G T 200 SRR i e i I A6
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[15]. A B TEE R Ok AR A0 FEUA L P BRI e A L, O 4 A P 2 RO B T T Ik 26] [17]
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Figure 1. Applications of stainless steel electrode in electrochemical sensors
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HAT, IR e JE s e imt Fi2 — Rl Eemis R S HALE UL ST RAE, fEB R,
REBANAAYAT OB A s E ST AT R, A Sk PR s B . 1T < A
BB Bk BYRE, B RN, MRAEEIME . MERARNER IR, SR e
FPERIZIREEYE, SR EIET. A, EE R NA N RER & B S A A A AR AR, AR
FimtE, AR RS T P E g, HREE AR 2R, SiaiERANRatEhE. R
Perb g, 1 PE A, ML N RIRRINE T o BEEBAESLUTIIR R, AEBE I AR /2 I i 3 4 R 1)
5% T E & E T AR AR R AT RN, SBESRBONEETRMZ . %
FARM, HEeEA AT R AT, BIRATH UK P A R AN A R P
PR NS, sh# DU AR A2 7K B A ARSI SR 1) 2 k3 Bildn, HAR AR IR0 GG 3Y).
R (BT A5 AT, A RMESRIGRSER. 55—, . S5 REE R AW PR 2 &
2Rk, DR ERARE M REIVERNDGERE . V2 Do 3G Rk S, BrblefiTar se s L
B B AT AE SRR 18] BRI, X E R B AT R UL BEVE kG I 2k E B

—RBOR U, e AR R S WSO B B R B 15 5 2 AR B A T sQEEAT DN E Y, SR ER
TAER 0 & 5 A ERAE N SAERAEEOR K ZOR, (A5 S8R (1) 2 A A 32 2 TARK IR HI[19] [20] [21]- Bk
BEZ A, AR EAS  fa] PGk H 5 THRAE I B, BRI NRE SR E 72— K Eind. B
i, AR IR (S A RN B < ) B T ik 2 — il B A AR s o LS A IS AN BT LU/ A NI ] 5
BRARKE I AR, A 2 LR MTHIEE 71[22] [23] [24]. H AT 07 H oM xt B 48 B8 Rl A 5 B R
Bk, FHAE AR ZIEASV) R B R i) 2 M IEOR[25] [26]. ASV BAARKE & )& B T HSEUiR
FE RN, R JE MR T R A0 BRABEATAS I 73T o 70 i P A DR JHL I8 225 1) SRS R X SE LM T 2 I P
T AR HT[27] [28] [29]. (HHI TR EA RN, BULERETHt, WA R R R, [
IR AT DRI E AR B R R ), FLBRARE, . BBEE. BAJE. GORESMEL HEKSE.

AT BA AR S RE, RSA IR s G — vk TRl R BRI A2 1
R AR R FIE R AR E R, AT T e A rp S M E SR Wt #[5] [10] [22]. SKHsh REY,
IR IR LI HLAL S A RS B0 2L, TS G 1 AR AE o TP e B 2R 4k, AR KRR S VAR + AR
AP ) P HVEBE . X TR ROV oA, XTBOKYERIRRELL . S e pH B PO A AT
6], BRI EEEAT UL, AR IERAAE] 1 mg/L.  H BB I AN 4N FL AR AR AR AT BH AR X 24 e Bl i 1 335 2L
HRBLIRI B0 | T R R R RAFRF IR B B AL B I [30]. SRk FEEUERIE ARAH L, A
PR SR S A ISR, IEBATIREE, AF T A0 Rl T R L T 55 Rl i (105
DRIk, ANEEAN AT A 2k A AR 1 — O ME AR O R T R i FAL A A TN

2.2. EYIHEKD

5| 1be-3- ZER (| AA)FEFE KR B ORI BB A5 S A o HLAE AR W 1 2 BRI R v m a2 T 1
H AAEfR. AL BB AR B, ARRNE B RS E PR IGE 7Y
B TEAS R PRI LR ) B P B S5 AE A R3] [32] 0 DMk, tof L35 B (1 PR B A A S e LA H
B 1AA Z—FUNTARF A E A7, AEGIRATINAAGE S FARE 5 70 ##[10]. BEEXHEIRT 52
(K155 UESRBORMRR 2%, ST IAA IOSES RN A sty T AR I BkieE o A58k 7e s UL R VR sl
IAA [FES, DRI AR ISR B 7 JERR[5]. SR1AT, SRS AN I A I I AA 5 BAT Bl vk
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R TAA — & FH B 71576 T 4 ATk (MS) [33]. AR BEVE(LC) [34]. 96 Y6 EIk[35].
B HLIK(CE) [36] A R IGIR[STIRUBUR S el g V2 [38] 55, H 2 X L8 Tk # R R b E «  H 20
VAT AL, XA E R GEN, eSS —WHEEAYEE LK. Bk, ARSI TIT
R—Fha] LEREAE WA IS 5 0 T 07, ISR EAR RIS, YA N S S
BRI A S AR B A A SRR AT SN

HTAENEA R RS RIiFFHEME. SfeEth. KA B R 5 TN BRI E U AT
B FE BT MR SR T — AN — IR Al b 22 AR iR 3, F TR 0 LAA Al . 7E b A
Fot, WHUE A ETNEEA SN R EAE S B PR Pt KBk, BKTEIR Au gk
GERIRN T TERE(CS) 2,  LAR m kil R [5] [39] [40] [41] [42]. ¥l & 47 i e Al AE o AR AR, AR 22 %A
2253 IR N2 L ARG FE AR, AR S — b ] g — P A T R A Y L AA R H Ak 2 Tl s . A
IXR AL RS, AE SR MRE NI T K S AN ZE M LAA BEALTS L. %I I g R L B e B A
o REE, PR (LODYMR A 43 pg/ml. M2 e e 45 R 45 31 18 & 0B AH (1 - 5 i (UPLC-MS)
MUESE . BRI, SIFERAE A RN IAA IR HE T — AN AR T 6 [10]. AN — IR
W AL AR A N FRATTER AL TR 0 L%, A O S SR AR R N AR NE 5 7 IR IR R T R 22—

2.3. EHEER

PR & — Pl A7 A2 T4 77 S i — P 2, TEEA RS B 2 BB mR,
Rk VR BOKHREREE I HEE o G SRR AR AR R AR (4 5 (R KA B ) (0, st 51 S & & AR
TR, W ERRR . RIRZ A, DI IR SR . I 2 0A ., 4 LA X L A2
B RfEE, 2REBUNMNEAEKK GBS GO A, X LeHR A A 1% [43] [44]. FTLAEEH
AR R — s A AN T N R A, DA A AT RIS SR R, kel R O Ml B

—REIEULR, W R R e B VE . BN K. GC. HPLC FI99GiL%E[45] [46]. X
BRVAET R, R S W) L R A0RE v 1 e Ak S it RS AR IR T e R v A G iy R AG I, LA
SER 5 FIR I ES B R S5 AL, RS, AN S B R e B A — EerE[12]. 0t 2 BE R
B RGO E R, DU & @ R R R I WAk, #0T F T F A [47] . X2 R4
JER AN T AT e B K R T AR RN H 8 1) L AR SRR I o A SCIRROE T — PR T R FLAVE M TiO,
PR, PR BP0 HP R T 7 R R [48] o SR 45 IR R B, 1 P EL A R AN SRR RV L 65.0 M
% 7.80 mM, L0 FHEEREAL, R0 A ATE YRR AT RE SR . AR ROREAN RN R TR R
% Wl (PDAYBE T T 0 K i b PR ORI, S5 D A% A I PR A U0 11 22 PE B A5 Y T 0.43~1.60 pm.
S RN S H2 PR 23 A 0.14 1 0.43 pm [49] [50]. 1% HAb 2545 B3 ELA (A I PR e 14 0 o 2 1 Y Tl 11
PR, DR A G s o PR ARG I 1 AL AR T 6

2.4, Im¥ER

FURT, SCHEwm . bl JERFEILR B ™8, P E M, HASOSE B R Aom R, sirh
B PRI AW 2 C 2B F 11.6%, 8 PRI HIT IR UG s 50.1%, B & 2 A A bty — > A Al g EopE
PRI - BERRIR RIS 2RI R A, istfl . e, MERIKE. milmim e, LA EZIE
gy, WOHRENE . 2R IMPEAR RS . IX SR S BT R IR A [51] [52] [53]. BRIk, xbE B g KT
DUR e By R4 2545 5 TR VM 28 OQ B B . T ORI AT 20 v 73 A P 0 U 7T FR (5 395 2T
MRS, HRAATHE R RS 510 E B H

FURT, A A S 5 AR R I 8] 2 B 10 2 DN B T3 05 o AT 3 B R P Bl (R S Y e A P L
MR P B A5 5 A AR MR TN R 30 2 W 70 - 0 v (IR [54] [55] 0 Jim 5 A A P ] 5 J 2 - I ) S Ak ik

DOI: 10.12677/aac.2022.124035 296 oririb it e


https://doi.org/10.12677/aac.2022.124035

[ ESERN

JERSE, FEH = AR 0 FLE AR SROSE TR A R K B R [56] [57]. HAT, FAG SRR I I i pE gy e
BTN N o FELAR ARG T LY R A= AR B TP PUAR X BE/AN A4 Y B 375 A% A% AT A6 75 45
STE FLSCHER, RS T BRI AR ], PR T SIS R . R AL, T A AR I
P IMEA, HAGFERI 7 B4 LRI RSN AR 2 T RE. HAl, 304 RNEENEE
T8 B 2 A B AR, EEAE— AT Sk i BE R T . 304 ANEEAN [RIAE AT LLE A
AR RS T B AC o G, A AR DG SCHRIRTE T — e T AN 00 P AR b BT 2 e A 2 2 B A R
VI Dy 1 % 1000 nM, A5 B 7 0.456 Nm [{5 M L (S/N) = 3] [13] [15]. filtun, A a7 i i 5 52 550
(CS)-7i % Fi AL B (GODYE M A MR B UTRR B B Pt-Pb 442KkL 1 (Pt-Pb/SSN FL M) A& 1 i AN A AR T LR
e TR AR AR AR IR AR (58] AL A I 45 R AR AR Y 0.03 2= 9 mM, X IfIUREAS LA AR 4 (1
ROR, FLANMR S SRR W i B A R E . X A N R a b A AR R G SR T A
MIBeAR . BRI, AR A 6 RS I I 575 o KT s b, A R KB £ S AN A

2.5. ¢mBaEe

TEPEA(ROS) R4l N EZ 1) — M S50 T, fERTE DGR QIR T (55 F AR G 5 id 1
RIETEEMEM . # ROS fEA b S AR B ] SR EIBAT YR AR . BT/RZEIGBE . & B B
O I B A RE[59] [60] [61]. i 4AAbE(H,0,) & ROS M WA, mFIHAGREE HAFEENE
A A SRS T 2 B2 O Bl A B R Rl . R R SER AN B H,0, AR oS
TR B4, XS5 5 38 R AR 0 70 DL B Qi) EA T 12 Wi it 77 S 44t 78 R Bk [62] [63] [64].

124 M1k, ME HO, EARA 5IEIE[65]. HLaik[66]. R IIE[67]. ik [68] A1 AL 2414[69]
e, Hop, bR R TR R . R R R E B A A, RS
W H0, J7 T 51 S 1 T2 K0 . 304 AEANILXT HoO, I H AL T~ oAt A% 455 F B ) v RS ) HL R B0 fLIR
M S AS I BR (LOD) i t1>4 1.4 uM (SIN = 3). T4 SCRR R 25 & I, 304 ANEEAN FE AR AN AE S Fh T4 A7 1
FITE LN RO B TE LR Va7 FLE XS H,0, 18 J5A H ik PR [13] . 38 SCERFEER 1 anfal 5 F A
BANEAE A AR, I ERAGEE (MoS,) FIAR 40K KL T-(PENPS) JZ 81, #EE 7 — PPt (2 s, AT
S I USSR HL0, BRI [70]. HALZETFE 3R B, MoS,/PINPSs 400K & A it AN 5 AW Fa A R B0 A
(1) LA AL REANELAIRR) HoO, 38 S FEAT o IR SR A EEI 1A 1 2 100 pmol/L H SRR MEIEH, A
PR A 0.686 pmol/L, i HAESZIL 175 HoO, B e e AT Il o bl 71X 28 B 25 i A A 3%, il 45 A Bt
FAF- D05 VS A0 R 1) HoO0 BB 45 A N . H T iX S BB M T i dh, il 4 IO e A% s FH Tl 2
TEAMI R HoOp BRI, 2554 N BEAh, X PR A0 ANGE N Sk A B8 1E SN W I 4 Py 355 1 S8 R T
SR E XM, M HR G N £5E, FET AN, o TR I A A A Y HOp BA K AT e
N H0, VIR EE 2 5 Hy0, RN IG5 5% S B FHEL A 8B

3. &g

BT AN E AR 1 AL A AR RS B T OB A] RE MEr . R R . RARBRO BRI, BOARE i
KL AL o RS A PR ALRL, FERBERIN . dh A I AR 22 WSS U R A T R S P 5
FESEFRN AT RE AR, ARAE SEBR i SRR A3 1 HAR A R HEAT A1, 3T DU R0 28 e v A A DI o o
T PR AN R ARSI T Brub 2z Ab, i 41 AT R RS e 83 A P L RRA LR R £ A B 400 R ARG Pl 24 S
BATI IR SRR R B I R BIF TR, ANER AN R AR R A A TR AR R 7 A HL0, J7 T A AR
Ho B BRI E IR P AR 2R, BN AR AL AR SRR A B T DA S I DX L A
fE S HBAR TR, I EL AT RS AH G i A 2 2 A0 B2 0 SO A TR (K2 R

DOI: 10.12677/aac.2022.124035 297 oririb it e


https://doi.org/10.12677/aac.2022.124035

WRkFe, mEmEE

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

308k

Chen, X.Y., Zhou, G.H., Mao, S. and Chen, J.H. (2018) Rapid Detection of Nutrients with Electronic Sensors: A Re-
view. Environmental Science: Nano, 5, 837-862. https://doi.org/10.1039/C7EN01160A

Gutierrez-Capitan, M., Baldi, A. and Fernandez-Sanchez, C. (2020) Electrochemical Paper-Based Biosensor Devices
for Rapid Detection of Biomarkers. Sensors, 20, Article No. 967. https://doi.org/10.3390/s20040967

Li, D., Wu, C., Tang, X., Zhang, Y. and Wang, T. (2021) Electrochemical Sensors Applied for in Vitro Diagnosis.
Chemical Research in Chinese Universities, 37, 803-822. https://doi.org/10.1007/s40242-021-0387-0

Ozcelikay, G., Karadurmus, L., Kaya, S.I., Bakirhan, N.K. and Ozkan, S.A. (2020) A Review: New Trends in Elec-
trode Systems for Sensitive Drug and Biomolecule Analysis. Critical Reviews in Analytical Chemistry, 50, 212-225.
https://doi.org/10.1080/10408347.2019.1615406

Huo, X.-L., Qi, J.-F., He, K.-C., Bao, N. and Shi, C.-G. (2020) Stainless Steel Sheets as the Substrate of Disposable
Electrochemical Sensors for Analysis of Heavy Metals or Biomolecules. Analytica Chimica Acta, 1124, 32-39.
https://doi.org/10.1016/j.aca.2020.05.018

Chen, C., Wang, Y., Zhang, D. and Zhang, Z. (2022) 316 Stainless Steel Wire Mesh for Visual Detection of H,O,,
Glutathione and Glucose Based on the Peroxidase-Like Activity. Analytical Sciences, 38, 941-948.
https://doi.org/10.1007/s44211-022-00115-5

Shang, L., Shi, B.-J., Zhang, W., Jia, L.-P., Ma, R.-N., Xue, Q.-W., Wang, H.-S. and Yan, W. (2022) Electrochemical
Stripping Chemiluminescence Coupled with Recycling Amplification Strategy for Sensitive Detection of Carcinoem-
bryonic Antigen. Sensors and Actuators B: Chemical, 368, Article ID: 132191.
https://doi.org/10.1016/j.snb.2022.132191

Li, T., Xi, K., Jiang, P.-Y., Pan, Q.-R., Feng, Y. and Wu, H. (2022) Mixed Co-Mn Spinel Oxides Based Electrocata-
lysts for Amperometric Determination of Hydrogen Peroxide. ChemistrySelect, 7, Article ID: €202200631.
https://doi.org/10.1002/slct.202200631

Rahmawati, 1., Einaga, Y., Ivandini, T.A. and Fiorani, A. (2022) Enzymatic Biosensors with Electrochemilumines-
cence Transduction. ChemElectroChem, 9, Article ID: €202200175. https://doi.org/10.1002/celc.202200175

Li, H., Wang, C., Wang, X., Hou, P., Luo, B., Song, P., Pan, D., Li, A. and Chen, L. (2019) Disposable Stainless
Steel-Based Electrochemical Microsensor for in Vivo Determination of Indole-3-Acetic Acid in Soybean Seedlings.
Biosensors & Bioelectronics, 126, 193-199. https://doi.org/10.1016/j.bios.2018.10.041

Biyani, M., Biyani, R., Tsuchihashi, T., Takamura, Y., Ushijima, H., Tamiya, E. and Biyani, M. (2017) DEP-On-Go
for Simultaneous Sensing of Multiple Heavy Metals Pollutants in Environmental Samples. Sensors, 17, Article No. 45.
https://doi.org/10.3390/s17010045

Philip, A.S., Rison, S., Cherian, A.R., Akshaya, K.B., George, L. and Varghese, A. (2021) Electrochemical Sensing of
Formaldehyde in Fish Samples Using a Polydopamine-Modified Stainless Steel Electrode. ECS Journal of Solid State
Science and Technology, 10, Article ID: 067003. https://doi.org/10.1149/2162-8777/ac0b8e

Kitte, S.A., Gao, W., Zholudov, Y.T., Qi, L., Nsabimana, A., Liu, Z. and Xu, G. (2017) Stainless Steel Electrode for
Sensitive Luminol Electrochemiluminescent Detection of H,0,, Glucose, and Glucose Oxidase Activity. Analytical
Chemistry, 89, 9864-9869. https://doi.org/10.1021/acs.analchem.7b01939

Kitte, S.A., Zafar, M.N., Zholudov, Y.T., Ma, X., Nsabimana, A., Zhang, W. and Xu, G. (2018) Determination of
Concentrated Hydrogen Peroxide Free from Oxygen Interference at Stainless Steel Electrode. Analytical Chemistry,
90, 8680-8685. https://doi.org/10.1021/acs.analchem.8b02038

Vinh Xuan, L., Lee, H., Nguyen Sy, P., Bong, S., Oh, H., Cho, S.-H. and Shin, I.-S. (2021) Stainless Steel 304 Needle

Electrode for Precise Glucose Biosensor with High Signal-to-Noise Ratio. Sensors and Actuators B-Chemical, 346,
Acrticle 1D: 130552. https://doi.org/10.1016/j.snb.2021.130552

Chen, Y., Li, Q., Jiang, H. and Wang, X. (2016) Pt Modified Carbon Fiber Microelectrode for Electrochemically Cata-
Iytic Reduction of Hydrogen Peroxide and Its Application in Living Cell H,O, Detection. Journal of Electroanalytical
Chemistry, 781, 233-237. https://doi.org/10.1016/j.jelechem.2016.06.020

Jiang, L., Zhao, Y., Zhao, P., Zhou, S., Ji, Z., Huo, D., Zhong, D. and Hou, C. (2021) Electrochemical Sensor Based on
Reduced Graphene Oxide Supported Dumbbell-Shaped CuCo,0, for Real-Time Monitoring of H,O, Released from
Cells. Microchemical Journal, 160, Article ID: 105521. https://doi.org/10.1016/j.microc.2020.105521

Jiang, Y., Sun, Y., Zhang, L. and Wang, X. (2020) Influence Factor Analysis of Soil Heavy Metal Cd Based on the
GeoDetector. Stochastic Environmental Research and Risk Assessment, 34, 921-930.
https://doi.org/10.1007/s00477-020-01806-z

Dal’nova, O.A., Bebeshko, G.I., Es’kina, V.V., Baranovskaya, V.B. and Karpov, Y.A. (2018) Contemporary Methods
of Detecting Heavy Metals in Waste Waters (Review). Inorganic Materials, 54, 1397-1406.

DOI: 10.12677/aac.2022.124035 298 oririb it e


https://doi.org/10.12677/aac.2022.124035
https://doi.org/10.1039/C7EN01160A
https://doi.org/10.3390/s20040967
https://doi.org/10.1007/s40242-021-0387-0
https://doi.org/10.1080/10408347.2019.1615406
https://doi.org/10.1016/j.aca.2020.05.018
https://doi.org/10.1007/s44211-022-00115-5
https://doi.org/10.1016/j.snb.2022.132191
https://doi.org/10.1002/slct.202200631
https://doi.org/10.1002/celc.202200175
https://doi.org/10.1016/j.bios.2018.10.041
https://doi.org/10.3390/s17010045
https://doi.org/10.1149/2162-8777/ac0b8e
https://doi.org/10.1021/acs.analchem.7b01939
https://doi.org/10.1021/acs.analchem.8b02038
https://doi.org/10.1016/j.snb.2021.130552
https://doi.org/10.1016/j.jelechem.2016.06.020
https://doi.org/10.1016/j.microc.2020.105521
https://doi.org/10.1007/s00477-020-01806-z

[ ESERN

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

https://doi.org/10.1134/S0020168518140042

Kutralam-Muniasamy, G., Perez-Guevara, F., Martinez, I.E. and Shruti, V.C. (2021) Overview of Microplastics Pollu-
tion with Heavy Metals: Analytical Methods, Occurrence, Transfer Risks and Call for Standardization. Journal of Ha-
zardous Materials, 415, Article ID: 125755. https://doi.org/10.1016/j.jhazmat.2021.125755

Zeiner, M., Pirkl, R. and Cindric, 1.J. (2020) Field-Tests versus Laboratory Methods for Determining Metal Pollutants
in Soil Extracts. Soil & Sediment Contamination, 29, 53-68. https://doi.org/10.1080/15320383.2019.1670136

Bi, X.-M., Wang, H.-R., Ge, L.-Q., Zhou, D.-M., Xu, J.-Z., Gu, H.-Y. and Bao, N. (2018) Gold-Coated Nanostructured
Carbon Tape for Rapid Electrochemical Detection of Cadmium in Rice with in Situ Electrodeposition of Bismuthin
Paper-Based Analytical Devices. Sensors and Actuators B-Chemical, 260, 475-479.
https://doi.org/10.1016/j.snb.2018.01.007

Liu, Y., Liu, J., Zhang, Q., Wei, J. and Xu, G. (2019) Bismuth Nano-Flower Modified CPE for Anodic Stripping Vol-
tammetry Detection of Cd(ll). International Journal of Electrochemical Science, 14, 4483-4495.
https://doi.ora/10.20964/2019.05.34

Martin-Yerga, D., Alvarez-Martos, I., Carmen Blanco-Lopez, M., Henry, C.S. and Teresa Fernandez-Abedul, M.
(2017) Point-of-Need Simultaneous Electrochemical Detection of Lead and Cadmium Using Low-Cost Stencil-Printed
Transparency Electrodes. Analytica Chimica Acta, 981, 24-33. https://doi.org/10.1016/j.aca.2017.05.027

Borrill, AJ., Reily, N.E. and Macpherson, J.V. (2019) Addressing the Practicalities of Anodic Stripping Voltammetry
for Heavy Metal Detection: A Tutorial Review. Analyst, 144, 6834-6849. https://doi.org/10.1039/C9AN01437C

Tyszczuk-Rotko, K. (2019) Metal Film Electrodes Prepared with a Reversibly Deposited Mediator in Voltammetric
Analysis of Metal lons. Current Opinion in Electrochemistry, 17, 128-133.
https://doi.org/10.1016/j.coelec.2019.05.011

Goncalves-Filho, D., Goncalves Silva, C.C. and De Souza, D. (2020) Pesticides Determination in Foods and Natural
Waters Using Solid Amalgam-Based Electrodes: Challenges and Trends. Talanta, 212, Article ID: 120756.
https://doi.org/10.1016/j.talanta.2020.120756

Qin, D., Xamxikamar, M., Li, Y., Hu, X., Cheng, H. and Hu, G. (2020) A Composite with Botryoidal Texture Prepared
from Nitrogen-Doped Carbon Spheres and Carbon Nanotubes for Voltammetric Sensing of Copper(Il). Microchemical
Journal, 153, Article ID: 104299. https://doi.org/10.1016/j.microc.2019.104299

Thanalechumi, P., Yusoff, A.R.M. and Yusop, Z. (2020) Novel Electrochemical Sensor Based on Nylon 6,6-Modified
Graphite HB Pencil Electrode for Chlorothalonil Determination by Differential Pulse Cathodic Stripping Voltammetry.
Water Air and Soil Pollution, 231, Article No. 189. https://doi.org/10.1007/s11270-020-04536-8

Kitte, S.A., Li, S., Nsabimana, A., Gao, W., Lai, J., Liu, Z. and Xu, G. (2019) Stainless Steel Electrode for Simultane-
ous Stripping Analysis of Cd(I1), Pb(Il), Cu(ll) and Hg(ll). Talanta, 191, 485-490.
https://doi.org/10.1016/j.talanta.2018.08.066

Huang, W.-L., Chang, W.-H., Cheng, S.-F., Li, H.-Y. and Chen, H.-L. (2021) Potential Risk of Consuming Vegetables
Planted in Soil with Copper and Cadmium and the Influence on Vegetable Antioxidant Activity. Applied Sciences-Basel,
11, Article No. 3761. https://doi.org/10.3390/app11093761

Zwolak, A., Sarzynska, M., Szpyrka, E. and Stawarczyk, K. (2019) Sources of Soil Pollution by Heavy Metals and
Their Accumulation in Vegetables: A Review. Water Air and Soil Pollution, 230, Article No. 164.
https://doi.ora/10.1007/s11270-019-4221-y

Hossain, B. (2018) Effects of Zinc on Indole Carboxylic Acid and Indole Acetic Acids Contents in Radish Shoot. Ban-
gladesh Journal of Botany, 47, 329-335.

Revelou, P.-K., Kokotou, M.G. and Constantinou-Kokotou, V. (2019) Identification of Auxin Metabolites in Brassica-
ceae by Ultra-Performance Liquid Chromatography Coupled with High-Resolution Mass Spectrometry. Molecules, 24,
Article No. 2615. https://doi.org/10.3390/molecules24142615

Li, Y.-N., Wu, H.-L., Zhu, S.-H., Nie, J.-F., Yu, Y.-J.,, Wang, X.-M. and Yu, R.-Q. (2009) Determination of In-

dole-3-Acetic Acid in Soil Using Excitation-Emission Matrix Fluorescence with Trilinear Decomposition-Based Cali-
bration Methods. Analytical Sciences, 25, 83-88. https://doi.org/10.2116/analsci.25.83

Chen, H., Guo, X.-F., Zhang, H.-S. and Wang, H. (2011) Simultaneous Determination of Phytohormones Containing
Carboxyl in Crude Extracts of Fruit Samples Based on Chemical Derivatization by Capillary Electrophoresis with La-
ser-Induced Fluorescence Detection. Journal of Chromatography B-Analytical Technologies in the Biomedical and
Life Sciences, 879, 1802-1808. https://doi.org/10.1016/j.jchromb.2011.05.002

Kaczmarek, M. and Staninski, K. (2017) Terbium(l11) lons as Sensitizers of Oxidation of Indole and Its Derivatives in
Fenton System. Journal of Luminescence, 183, 470-477. https://doi.org/10.1016/j.jlumin.2016.11.059
Hanuszewska-Dominiak, M., Martyniuk, K. and Lewczuk, B. (2021) Embryonic Development of Avian Pineal Secre-
tory Activity—A Lesson from the Goose Pineal Organs in Superfusion Culture. Molecules, 26, Article No. 6329.

DOI: 10.12677/aac.2022.124035 299 oririb it e


https://doi.org/10.12677/aac.2022.124035
https://doi.org/10.1134/S0020168518140042
https://doi.org/10.1016/j.jhazmat.2021.125755
https://doi.org/10.1080/15320383.2019.1670136
https://doi.org/10.1016/j.snb.2018.01.007
https://doi.org/10.20964/2019.05.34
https://doi.org/10.1016/j.aca.2017.05.027
https://doi.org/10.1039/C9AN01437C
https://doi.org/10.1016/j.coelec.2019.05.011
https://doi.org/10.1016/j.talanta.2020.120756
https://doi.org/10.1016/j.microc.2019.104299
https://doi.org/10.1007/s11270-020-04536-8
https://doi.org/10.1016/j.talanta.2018.08.066
https://doi.org/10.3390/app11093761
https://doi.org/10.1007/s11270-019-4221-y
https://doi.org/10.3390/molecules24142615
https://doi.org/10.2116/analsci.25.83
https://doi.org/10.1016/j.jchromb.2011.05.002
https://doi.org/10.1016/j.jlumin.2016.11.059

WRkFe, mEmEE

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

https://doi.org/10.3390/molecules26216329

Pajootan, E., Omanovic, S. and Coulombe, S. (2021) Controllable Dry Synthesis of Binder-Free Nanostructured Plati-
num Electrocatalysts Supported on Multi-Walled Carbon Nanotubes and Their Performance in the Oxygen Reduction
Reaction. Chemical Engineering Journal, 426, Article ID: 131706. https://doi.org/10.1016/j.cej.2021.131706

Edison, T.N.J.I., Atchudan, R., Karthik, N., Chandrasekaran, S., Perumal, S., Raja, P.B., Perumal, V. and Lee, Y.R.
(2021) Deep Eutectic Solvent Assisted Electrosynthesis of Ruthenium Nanoparticles on Stainless Steel Mesh for Elec-
trocatalytic Hydrogen Evolution Reaction. Fuel, 297, Article ID: 120786. https://doi.org/10.1016/j.fuel.2021.120786

Cheuquepan, W., Hernandez, S., Perez-Estebanez, M., Romay, L., Heras, A. and Colina, A. (2021) Electrochemical
Generation of Surface Enhanced Raman Scattering Substrates for the Determination of Folic Acid. Journal of Elec-
troanalytical Chemistry, 896, Article ID: 115288. https://doi.org/10.1016/j.jelechem.2021.115288

Hovancova, J., Sisolakova, 1., Orinakova, R. and Orinak, A. (2017) Nanomaterial-Based Electrochemical Sensors for
Detection of Glucose and Insulin. Journal of Solid State Electrochemistry, 21, 2147-2166.
https://doi.org/10.1007/s10008-017-3544-0

Yuan, Z., Yang, C. and Meng, F. (2021) Strategies for Improving the Sensing Performance of Semiconductor Gas
Sensors for High-Performance Formaldehyde Detection: A Review. Chemosensors, 9, Article No. 179.
https://doi.org/10.3390/chemosensors9070179

Zhang, Y. and Yan, B. (2019) A Portable Self-Calibrating Logic Detector for Gradient Detection of Formaldehyde
Based on Luminescent Metal Organic Frameworks. Journal of Materials Chemistry C, 7, 5652-5657.
https://doi.org/10.1039/C9TC01288E

He, J.-H., Zhang, S.-T., Cai, Y.-H. and Song, Z.-R. (2013) A Sensitive Electrochemical Sensor for the Detection of
Formaldehyde Based on L-Alanine/Pt-Nanoparticles Modified Glassy Carbon Electrode. Asian Journal of Chemistry,
25, 10121-10126. https://doi.org/10.14233/ajchem.2013.15178

Feng, L., Musto, C.J. and Suslick, K.S. (2010) A Simple and Highly Sensitive Colorimetric Detection Method for Ga-
seous Formaldehyde. Journal of the American Chemical Society, 132, 4046-4047. https://doi.org/10.1021/ja910366p

Xie, H., Sheng, C., Chen, X., Wang, X., Li, Z. and Zhou, J. (2012) Multi-Wall Carbon Nanotube Gas Sensors Modified
with Amino-Group to Detect Low Concentration of Formaldehyde. Sensors and Actuators B: Chemical, 168, 34-38.
https://doi.org/10.1016/j.snb.2011.12.112

Zhang, S., Wen, X., Long, M., Xi, J., Hu, J. and Tang, A. (2020) Fabrication of CuO/Cu/TiO, Nanotube Arrays Mod-
ified Electrode for Detection of Formaldehyde. Journal of Alloys and Compounds, 829, Article ID: 154568.
https://doi.org/10.1016/j.jallcom.2020.154568

Kanyong, P., Krampa, F.D., Aniweh, Y. and Awandare, G.A. (2020) Polydopamine-Functionalized Graphene Nanop-
latelet Smart Conducting Electrode for Bio-Sensing Applications. Arabian Journal of Chemistry, 13, 1669-1677.
https://doi.org/10.1016/j.arabjc.2018.01.001

Wang, Q., Jia, F., Song, S. and Li, Y. (2020) Hydrophilic MoS,/Polydopamine (PDA) Nanocomposites as the Elec-
trode for Enhanced Capacitive Deionization. Separation and Purification Technology, 236, Article ID: 116298.
https://doi.org/10.1016/j.seppur.2019.116298

Carl, A.E., Taillie, L.S., Grummon, A.H., Lazard, A.J., Higgins, I.C.A., Sheldon, J.M. and Hall, M.G. (2021) Aware-
ness of and Reactions to the Health Harms of Sugary Drinks: An Online Study of US Parents. Appetite, 164, Article
ID: 105234, https://doi.org/10.1016/j.appet.2021.105234

McGlynn, N.D., Khan, T.A., Wang, L., Zhang, R., Chiavaroli, L., Au-Yeung, F., Lee, J.J., Noronha, J.C., Comelli,
E.M., Mejia, S.B., Ahmed, A., Malik, V.S., Hill, J.O., Leiter, L.A., Agarwal, A., Jeppesen, P.B., Rahelic, D., Kahleova,
H., Salas-Salvado, J., Kendall, C.W.C. and Sievenpiper, J.L. (2022) Association of Low- and No-Calorie Sweetened
Beverages as a Replacement for Sugar-Sweetened Beverages with Body Weight and Cardiometabolic Risk: A Syste-
matic Review and Meta-Analysis. JAMA Network Open, 5, Article ID: e222092.
https://doi.org/10.1001/jamanetworkopen.2022.2092

Mozaffarian, D. (2019) Dairy Foods, Obesity, and Metabolic Health: The Role of the Food Matrix Compared with
Single Nutrients. Advances in Nutrition, 10, 917S-923S. https://doi.org/10.1093/advances/nmz053

Fu, Y., Huang, M. and Chen, X. (2021) Fingertip Capillary Dynamic Near Infrared Spectrum (DNIRS) Measurement
Combined with Multivariate Linear Modification Algorithm for Noninvasive Blood Glucose Monitoring. Vibrational
Spectroscopy, 113, Article ID: 103223. https://doi.org/10.1016/j.vibspec.2021.103223

Li, G., Wang, K., Wang, D. and Lin, L. (2022) Noninvasive Blood Glucose Detection System Based on Dynamic
Spectrum and “M+N” Theory. Analytica Chimica Acta, 1201, Article ID: 339635.
https://doi.org/10.1016/j.aca.2022.339635

Liu, W., Zhao, X., Guo, Q., Dai, Y., Tan, J., Wang, M. and Qi, Y. (2022) Preparation of Electrochemical Sensor Based
on the Novel NiO Quantum Dots Modified Cu/Cu,O 3D Hybrid Electrode and Its Application for Non-Enzymatic De-

DOI: 10.12677/aac.2022.124035 300 oririb it e


https://doi.org/10.12677/aac.2022.124035
https://doi.org/10.3390/molecules26216329
https://doi.org/10.1016/j.cej.2021.131706
https://doi.org/10.1016/j.fuel.2021.120786
https://doi.org/10.1016/j.jelechem.2021.115288
https://doi.org/10.1007/s10008-017-3544-0
https://doi.org/10.3390/chemosensors9070179
https://doi.org/10.1039/C9TC01288E
https://doi.org/10.14233/ajchem.2013.15178
https://doi.org/10.1021/ja910366p
https://doi.org/10.1016/j.snb.2011.12.112
https://doi.org/10.1016/j.jallcom.2020.154568
https://doi.org/10.1016/j.arabjc.2018.01.001
https://doi.org/10.1016/j.seppur.2019.116298
https://doi.org/10.1016/j.appet.2021.105234
https://doi.org/10.1001/jamanetworkopen.2022.2092
https://doi.org/10.1093/advances/nmz053
https://doi.org/10.1016/j.vibspec.2021.103223
https://doi.org/10.1016/j.aca.2022.339635

[ ESERN

[57]

[58]

[59]
[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

tection of Glucose in Serums and Beverages. Journal of Alloys and Compounds, 895, Article ID: 162573.
https://doi.org/10.1016/j.jallcom.2021.162573

Zou, L., Wang, S.-S. and Qiu, J. (2020) Preparation and Properties of a Glucose Biosensor Based on an lonic Lig-
uid-Functionalized Graphene/Carbon Nanotube Composite. New Carbon Materials, 35, 12-19.
https://doi.org/10.1016/S1872-5805(20)60472-3

Guo, M.Q., Fang, H.D., Wang, R., Yang, Z.Q. and Xu, X.H. (2011) Electrodeposition of Chitosan-Glucose Oxidase
Biocomposite onto Pt-Pb Nanoparticles Modified Stainless Steel Needle Electrode for Amperometric Glucose Biosen-
sor. Journal of Materials Science-Materials in Medicine, 22, 1985-1992. https://doi.org/10.1007/s10856-011-4363-y

Cheung, E.C. and Vousden, K.H. (2022) The Role of ROS in Tumour Development and Progression. Nature Reviews
Cancer, 22, 280-297. https://doi.org/10.1038/s41568-021-00435-0

Ramalingam, V. and Rajaram, R. (2021) A Paradoxical Role of Reactive Oxygen Species in Cancer Signaling Path-
way: Physiology and Pathology. Process Biochemistry, 100, 69-81. https://doi.org/10.1016/j.procbio.2020.09.032

Sahoo, B.M., Banik, B.K., Borah, P. and Jain, A. (2022) Reactive Oxygen Species (ROS): Key Components in Cancer
Therapies. Anti-Cancer Agents in Medicinal Chemistry, 22, 215-222.
https://doi.org/10.2174/1871520621666210608095512

Carriere, V.M., Rodrigues, J.P., Tan, C., Arumugam, P. and Poh, S. (2021) In Vitro Electrochemical Detection of Hy-
drogen Peroxide in Activated Macrophages via a Platinum Microelectrode Array. Sensors, 21, Article No. 5607.
https://doi.org/10.3390/s21165607

Patella, B., Buscetta, M., Di Vincenzo, S., Ferraro, M., Aiello, G., Sunseri, C., Pace, E., Inguanta, R. and Cipollina, C.
(2021) Electrochemical Sensor Based on rGO/Au Nanoparticles for Monitoring H,O, Released by Human Macro-
phages. Sensors and Actuators B-Chemical, 327, Article ID: 128901. https://doi.org/10.1016/j.snb.2020.128901

Yang, Y., Zhang, H., Wang, Z., Li, X., Abdelsamie Abdelrahim Abdelsamie, A., Yuan, X., Fan, X., Zhang, R. and
Chang, H. (2020) Highly Sensitive Electrochemical Detection of Reactive Oxygen Species in Living Cancer Cells Us-
ing Monolithic Metallic Foam Electrodes. Chemelectrochem, 7, 2485-2492. https://doi.org/10.1002/celc.202000570

Lu, H., Yu, C., Zhang, Y. and Xu, S. (2019) Efficient Core Shell Structured Dual Response Ratiometric Fluorescence
Probe for Determination of H,O, and Glucose via Etching of Silver Nanoprisms. Analytica Chimica Acta, 1048,
178-185. https://doi.org/10.1016/j.aca.2018.10.025

Li, Y., Liu, J., Fu, Y., Xie, Q. and Li, Y. (2018) Magnetic-Core@Dual-Functional-Shell Nanocomposites with Perox-
idase Mimicking Properties for Use in Colorimetric and Electrochemical Sensing of Hydrogen Peroxide. Microchimica
Acta, 186, Article No. 20. https://doi.org/10.1007/s00604-018-3116-8

Li, Y., You, X. and Shi, X. (2017) Enhanced Chemiluminescence Determination of Hydrogen Peroxide in Milk Sam-
ple Using Metal-Organic Framework Fe-MIL-88NH2 as Peroxidase Mimetic. Food Analytical Methods, 10, 626-633.
https://doi.org/10.1007/s12161-016-0617-0

Song, M., Wang, J., Chen, B. and Wang, L. (2017) A Facile, Nonreactive Hydrogen Peroxide (H,O,) Detection Me-
thod Enabled by lon Chromatography with UV Detector. Analytical Chemistry, 89, 11537-11544.
https://doi.org/10.1021/acs.analchem.7b02831

Zhao, P., Chen, S., Zhou, J., Zhang, S., Huo, D. and Hou, C. (2020) A Novel Fe-Hemin-Metal Organic Frameworks
Supported on Chitosan-Reduced Graphene Oxide for Real-Time Monitoring of H,O, Released from Living Cells.
Analytica Chimica Acta, 1128, 90-98. https://doi.org/10.1016/j.aca.2020.06.008

Zhou, J.X., Tang, L.N., Yang, F., Liang, F.X., Wang, H., Li, Y.T. and Zhang, G.J. (2017) MoS2/Pt Nanocompo-
site-Functionalized Micro-Needle for Real-Time Monitoring of Hydrogen Peroxide Release from Living Cells. Ana-
lyst, 142, 4322-4329. https://doi.org/10.1039/C7AN01446E

DOI: 10.12677/aac.2022.124035 301 oririb it e


https://doi.org/10.12677/aac.2022.124035
https://doi.org/10.1016/j.jallcom.2021.162573
https://doi.org/10.1016/S1872-5805(20)60472-3
https://doi.org/10.1007/s10856-011-4363-y
https://doi.org/10.1038/s41568-021-00435-0
https://doi.org/10.1016/j.procbio.2020.09.032
https://doi.org/10.2174/1871520621666210608095512
https://doi.org/10.3390/s21165607
https://doi.org/10.1016/j.snb.2020.128901
https://doi.org/10.1002/celc.202000570
https://doi.org/10.1016/j.aca.2018.10.025
https://doi.org/10.1007/s00604-018-3116-8
https://doi.org/10.1007/s12161-016-0617-0
https://doi.org/10.1021/acs.analchem.7b02831
https://doi.org/10.1016/j.aca.2020.06.008
https://doi.org/10.1039/C7AN01446E

	不锈钢电极电化学传感器的研究进展
	摘  要
	关键词
	Research Progress of Electrochemical Sensors with Stainless Steel Electrodes
	Abstract
	Keywords
	1. 引言
	2. 不锈钢电极电化学传感器的应用
	2.1. 重金属检测
	2.2. 植物激素检测
	2.3. 甲醛检测
	2.4. 血糖检测
	2.5. 细胞检测

	3. 结论
	参考文献

