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Abstract

Organophosphorus pesticides are widely used. But it does serious harm to human health due to its
high residual rate. Therefore, it’s of scientific significance to develop the residual detection tech-
nology. Traditional detection methods, such as AA, BB and C(C, are expensive, complicated and
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time-consuming. Detection methods based on electrochemical biosensors are simple, fast, porta-
ble, efficient and widely used. This paper mainly introduces the types and principles of detecting
organophosphorus pesticides based on electrochemical biosensors in the past five years. Perfor-
mance of different types of sensors is compared, as well as the advantages, limitations, and pros-
pects of its development.
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1. 518

S BFIEFEEPLE PR AU AL A2 RIS SRR Ul %) oML, v fin™
YA . Hord, LA 25 (Organophosphorus pesticides, 15 & OPPs) R HAK oA . & # Al
R I RE AL [LFE A B B Tz [2] . {H OPPs Bk B 22151, 15140 Verger Philippe &g — WG T+ 22 4
E R AR RIETT, KN OPPs FREAMIK I 2 (5 Fi: FEAEM, e, SRR, Shhumi s Al fe) [3]. 2021
FOH, (ERTeEEZRER R RARKRERE) (GB 2763-2021) 1E X 5L, ¥l T 564 FiR 251t
376 Fi(ZR) & i b 10,092 Wi f Kok B PR, Ao i o 9 B A 245k B PR = AR A o B o

OPPs 25 & A MBI A ML &4, LW 1 Fia. OPPs bk BT A {d BRI 6 55 3 EA T
TE: AT DU IR ARG I 1 3% P4 AT 5 B R BB RO 48 R U I R A 4RI, Befh OPPs A
R 43 F- B 2 — 2 A AR T B MK e, 8RS s ds B A0 T Be[4]. a0 S hihn
Tl X BRI AME U 3 A7 AR I 2 5 B 5 R RV RO O FE DR G (5] FR 88 TR A OPPs Hhmf LR B A
AR ZRELIT 51 A SR B AE[6], BRILZ AL, 5 ILEH IR EME. TR ZIZEEME. TN
W RIAEYIREL[7]. Ftk, OPPs %% B kil 4 AR [ & e A 45 B EHIRHERE T s

OPPs [¥IfE Geierill 75 v 32 BAT (v A Jeilvhss, Xk BAR R U RMERE &, HR i
Henvty IR HRR BRI A — AR, BRI AN, ARG BT T R AL B R, 1R
PRt &Y o r eI s, Frel, BV FRE MR, R, 1. mARIEoR8]. HaTBy
A WA SRS DL ERAE TR B0 . BROARER . I A PR S5 e m AR AR A PR A9 380 7 Tz R [9]

S T B AR S T Ak S AR M ARSI OPPs S It , 23l FAF R R 1K 4% 287 e Ak 2
A WA SR B LA SIS U v g 9 J B

O (s)
Ro~_|

R——X
RO e

Figure 1. Chemical structure diagram of OPPs (R group is methoxyl
or ethoxyl, X is alkoxy, aryl or other substituted group)

& 1. OPPs (L FLEHE (K rh R ZF ZRER K CEE, X A&
B, FEREFHEMKEHR)
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2. BRI FRREER

Wi 2()Frs, BAE R8I OPPs fi H W2 #1245 2% LARH AR Bl R SR A, AT DL AL,
W) £ Tk HE B (acetyIcholinesterase, f##K AChE)EK, T Bt AHA# (butyrylcholinesterase, f##K BChE)4)fift = 4= fH
BAIR . 4A7(E OPPs I, JEBRE RS2 240, A 0 e 52 31 BR ) AN 7 28 fiAE 5 22 [10] . BIF 038 R — L
AT R Bk e (O AR NI A & % AChE. Kai Niu 25 [11] FH Al 2 Py /s 47 8 — F- (nitrogen-doped
graphdiyne, % NGDY)I# & AChE, f§iJ 5 71 FIfL &8s T F2 58 J) 9% . Sheying Dong %5 [12]i8 S
FI I F] 2K =Wy HE MOF (OH-POF). AChE Al Nafion [ ¥] m-m AH ELAF FH A ZUREEAE FH [ %8 /6 AChE. 4AT,
IR R AL AR AR — B RIR Y, BEA & AR e UK, 22BN AR ROREE . pH. BESE
BETE)T, ShZ kB, BB TTIEE1S AChE FIFEE A TAT[13]. B DA I J 3 7 2 e
Z B T IERR AN 5T

BEAL SR ARAIN OPPs o5 — MU K MRAY, 4] 2(b) o, 128 AL IS LARERR /K e g 9 1RUn S, OPPs
KA JE 77 A X6 S FE 2K 3 (p-nitrophenol, i P PNP), PNP B DAL= A AL 22455 o & FH A2 B o i g (alkaline
phosphatase, fii#Rk ALP), {HIEHEEMEFFA G . U JLAFE H I — Pt 2L 00 B R W AT 18 22 4 3R A 15 2 A AL /K
fift [ 14] (organophosphorus hydrolase, f&i#% OPH), Hi&FEMH:4tF ALP. Fengnian Zhao %5[15]7F =4 £ 5L
PRI R BN T 90K PR OPH KB 1 — Py o] 77 sRaUG IR, e B bl ORI R0 FF 5%
W, NARNED) EARZG TR R AL o B iR — AT i 77 i

AT —Fp e 56 B g AL 2 A% TR AR (W3] 2(c)FITzR),  Guozheng Zhao S5 [16]4k3E — i 58 4+ 1Y il H Ak 2
RIS, FIHT Au-S BERE G K 4 AN 20 5 FR e e A A AE Fidle b, BB R il v] LASS& AChE F=AEAH BLAE HIE
FAR - R A0 1) AChE BELRS HL P 1&%, 24 OPPs fA7E R 55738 L e 4+ 45 & AChE, IR Mimsh
BT AChE B/b, ALRES AR IS S R . A8 BES A BT AR E RS LM, JF H.
AT PASEIIRT — R (11 Fh) A WL AR 2453047 v R BUSE PRaE R .

Mg B HL AL 52 Ot ECL (electrochemiluminescence, fi#R ECL)f& B 52 2 1R K 153 (An ¥ 2(d) fir
7R). Ying He Z£[17]¥ AChE F1H B4 1L (cholineoxidase, f&i#k ChOx)4h & 1K AChE-ChOx LA PFBT
PNPs g2 JEAB R AT, AChE-ChOx ALY Bt R AR ™ A 1 4 AL H 3 B0 PFBT PNPs 4T+
FORMRA, 24 OPPs f77ERT AChE-ChOX S Joik HEAT BE(E S B 4k 27~ A i S (b A, PFBT PNPs i 427~
4 ECL 55 . XML Sy OPPs PRtk IR it | — P 4%, ECL AHLUALZ ROGH 4 B AF il s 1k,
(R AR R N B e e AR PRI A7 £ — € 1 JR PR AE

3. REHRLFERF

G P FELAL A TS 2 R U 5 B AR S R TR 0K OPPs uAA A Al ) Jit A2F [l e 75 FE b 2 T
OPPs SHiiik4s &5 A 5 KA AL (] 3). U faf 184 5 FBAS 5 il o 5Cdh 1% P A% 228 (1) F i ] /5, Haowvei
Dong %5 [18]# 4 44K %L T (Gold nanoparticles, AuNPs) 5/ #4714 (broad-spectrum  antibodies) {5 ik
AUNP-Ab, %A J5 K H BRI 77 E7E SPCE K IHZ1f AuNP-Ab F1%€ 1 ¥ (Prussian blue, f#ifK PB).
TE&HUKR T B ZAR RS IR = T IR R e AR A 7 S mtkge, @i AuNPs 573 Ht
PRARIPAE L T R A b 2 i R, BRI TR, TR T2 OPPs mIfll. BRribz ok, %y
2 A RS 5 Bl HAL AR RS — R G Z BN R R TS BOURE S, IEFEE 200 T
et
4. SRR FEERF

T PO A FL A 22 A SRR 8 2 DU BC 1 (DNA 8E) ARl R A 1 — PR ik s (] 4), il 2 mes A s 5
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RICERLFEIHTE AR T, @R PR A 456 OPPs, (H13 R ICIERTHTHF, M U A& B8 H 5
SR/, Jiayun Fu SE[19148 R SRIERL AR NG S b4, e 57 A 373 43 ) FH 2 B A0 3 SR PR T —
PREAEMR, AT AT SR AN 52 SR 2 R 9K B S A BH(GO-CHIT )il it 72 st ot M B R[] 5 1 e+
{EHEIA T L S M, 2GR AR TN IR . FREBE . AR il A A AR SR BRI BR 43 3104 0.01.
0.1. 0.01 F1 0.1 nmol/L.
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Figure 2. Principle of enzyme electrochemical sensor detection: (a) Principle of inhibitory enzyme electrochemical sensor
detection; (b) Principle of hydrolytic enzyme electrochemical sensor detection; (c) Principle of competitive enzyme electro-
chemical sensor detection; (d) Principle of enzymatic ECL electrochemical sensor detection

[F 2. B LA RAERAMIRTE : (a) HIHIBUEGEE (L F R RRRAEMIRTE; (b) KAFEIEGE (L 2R RRSRNIRIE; () &
FRE R (L FERERANRIE; (d) BEE ECL UL ERRAQN RIE
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Figure 3. Principle of immunoelectrochemical sensor detection

Bl 3. e ftF R RN RIS

5. S FENEERUFERREE

AL R — WK 43 T BN B8 &) (molecularly imprinted polymer, fEiFR MIP) [ & 78 Ha b, i I #iAR
OPPs 7> Tl & 5 2B Afif3 MIP BA R 456 OPPs )R, &A% 10 H (5 5 3R 2R MIP 5 OPPs 25
AR, EREI OPPs IR FE(14] 5). AL BA T kB . FRog s I, A 52
BIHP TR R A T80, (H 2 B Al A IS i () FAl 2 tH B A S i s S5 00, B LBIER 20t it ¥ i
T ORI LA 5 ke v R BBURE R HERA B2, 10 9K AP RE 1A% IR I 78 32 38112 S .« Liping Xu 45[20]
F B3 4 JE - A LB 2440 77 (Pt-UiO-66) 12 i £ B il (1 A5 il LAl - (carbon paste microelectrode, CPME)
PABCK HLAE 5, W 7 —Fl TR DUAR R B (1 55T MIP/(Pt-UiO-66)/CPME [¥]— 1t 431 E[ZE F Ak 2 A%

Y, %A AR PR A 0.078 nmol/L.
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Figure 4. Principle of aptamer electrochemical sensor detection
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Figure 5. Detection principle of molecularly imprinted electrochemical sensor
B 5. 5 FENERE (L F R RN RIE
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6. RArimBEI RIS PR RRES

WG 22 WY R AR 2 R A bR . FT(E RS OPPs JI R, Tl 7 ek 2 A W Ik 9 32 3]
WA EATTRI T BR[21] . H AT T EA7LE R A A WUBE AR 24 (1 DRSS ) 7 325 32 BEAR v 7 T R A4, 3X
FIAEAEERIRS FEAE . BRE S, BARAE TR RS A, — IRV At R RS B iR Ty .
W5 7B B — 2 R BUE AR, RefSRANEN R AN 2, FEINE & F T g P i,
1 FLE S50 = i AF A RS D B N TR RIS 2, Rl AL KU & A 7= ] LS 1 — Bk i [22] .

Ning Yang [23]% 2t T —Fi F SR AL OPPs FIAREE Ffmids oo i R HaAb 22 0 A3 B, S5 SRR, 1%
PRI 7 v A R AP R AR S, YRR AR TE 93%. Alessia Cioffi 25 [24]1 A7 28 FH AR 3 IS 5K
BT =M. AN, PTRRSE . RS ORI G MR AR 24 (B B Ak 2 A R o A A A R
FIATIBR A 1.3 ng/mL, {EAS[A]FE 5 A (0 [ UACR 4 90%~110%. Fengnian Zhao Z5[25]42 Hi MXene 99K A
AE R TR AR SR T AN A AR R AR e R s o X004 8 g A hr 1 R ] s PELBRU g, 45 L LA o LU SR T AR 1 ) sf
WA & RIFHIMEAGEE ST, ERALARAETR, AATTH & (0 AR VA% SR SR AE R SRR B 0.1~1000.0 pg/L 2 8] 2
RUFFILIER R, K HRIKZE 1.75 ng/L.

7. #ig

PATH _EIRAFDSEA (Y AL 2 A MBS I VEREREAT XS L, W38 1 o, LA K e Al A 22 A%
AL e AR A T FR A= X T AN [ B3| g A AR AR LR R AT — e 257 (HIR R UL
Tl SRS TR (1 e [ A1 RE 105 SIC T XL 07 A0 e 90 L AT AR S N0 PR o 2R 7 4 6T SR B R At 32 A5 R K (R
R IS R PRI AT S A5 1 ) 75 SRt Bl vy, ARSI T i R A SRR RE 6 AL IR AN SR, H AR AL mT P AL A%
JRAR KL B A A AR RS, He SRR AR AR AR 8 H AT £y o

Table 1. Performance comparison of various OOPSs sensors

F 1. & OOPs fR LAY IEREXTEL

OPPs £k (2 S| L R SE R
X} A T ) Bl E AL A SRR 0.1~1000.0 pg/L 1.75 ng/L [11]
R X i ) B B E Ak 2 A R B 5.0 x 10 *~1.0 x 108 g/mL 1.5x 10 ¥ g/mL 121
POE=NT O] 7R i e 2R A K B 1.0 x 10 *~1.0 x 10°° g/mL 3.4 x 10 g/mL
[HEHeS ) A o A AT SR 11.31 pmol/L~22.6 nmol/L 14.45 nmol/L [27]
Eess it B A 2 TR 1075~107* mol/L 3x 107 mol/L [28]
L EROR 1) 2R il P A 2 A S 0.001~100 ng/mL 0.68 pg/mL [29]
FH %o AL
ST BRRE . 23k KARZYE R b A K as 1~100 pmol/L 0.5 umol/L [30]
V=R
F ot i e KA G AL A SR 20~500 pumol/L 0.01 pmol/L [15]
TULRENBERY  wHARIE AL R AR 0.1~1500 ng/mL 0.019~0.077 ng/mL [16]
ABER 2 Bk ECL /88 1.0x10~1.0x10 " mol/L  1.5x 10 ¥ mol/L [17]
PARITRTN
Y ACR N
LERTR TN G E LA AR SRR 1.82 x 10°~3.29 x 10~ ng/mL 0.003 ng/mL [18]
FH 0] B e DU e b
AN S IR A
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ot

%
Continued
TR T 1 Gt AL AR SR 0.1 x 107*2~1 x 107® mol/L 1.1 x 107*® mol/L [31]
PR TE PR AL A IS 0.01~1000 nmol/L 0.01 nmol/L
PR TEC A H AL 2R A 0.1~800 nmol/L 0.1 nmol/L 101
K R B TEC A H AL 25 A 0.01~1000 nmol/L 0.01 nmol/L
FURSR &M AL 2 AR RS 0.1~100 nmol/L 0.1 nmol/L
Rt TEC A F AL 2 A R A 0.006~600 ng/mL 2 pg/mL [32]
ZN I FENE AL AL RS 1.0x10M~1.0x 10 mol/L 3.0 x 10" mol/L [33]
Rk 3T BN B AL A S 0.50 nmol/L~20 nmol/L 0.078 nmol/L [20]
PR 1% 31 B A A TR 1.0 x 10°~5.0 x 10°® mol/L 1.0 nmol/L [34]
CECT T A b 1.3 ngimL_ 2]
8. &t

FRTHI AL OPPs 1% 3 s AL A AR W A% T rh 6 T Mg ) rEAL A B AR I DA B AR RIFIIR
J&, SR T EEA B AR E VAR, R RRE. AChE FRIEWA RSN ER, ik, BESER AR T
B3 S5 S5 AR ) P v P AR Bl AR ) A SRR S 2R O S R 2 75 [26]  AE T X AZREE Dy HLAR 2 5 1 — Ik
RPN F A S A A TR el T R TS B 2 BB TR (R R WL A RS BEAT SO A, WA —
FfAS AR PRI, (EFE. B R AAE T VE AR A R R KT 1A

e HE

A2 B [E K H AR5 42(81202249)  TL7E /S KA =630 H (2015-Y'Y-008) 4 3 7 A7 15 H
(MS12019062 i1 MS12017018-2) )37 £ .

SE 0w
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