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Abstract: In view of the serious threat of organophosphorus pesticide (OPs) residues to the environment and human health,
it is important to develop a rapid, sensitive and enzyme-free detection method to solve the problems of existing technologies
that rely on biological enzymes, high cost and complex operation. In this study, gold nanostars (AuNS) were synthesized by
seed-mediated growth method, and platinum nanoparticles were loaded on their surface to prepare AuNS/Pt nano-
composites (AuNS@Pt). The synthesized AuNS@Pt exhibited oxidase-like activity, whose catalytic mechanism was
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elucidated through kinetic analyses. Capitalizing on the inhibitory effect of OPs on the active sites of AuNS@Pt, a novel

colorimetric detection platform was developed. AuNS@Pt could efficiently catalyze the oxidation of TMB to generate blue

products (characteristic absorption peak 652 nm). The adsorption of OPs (dimethoate, omethoate, malathion) inhibited its

catalytic activity. The absorbance value was linearly related to the concentration of OPs within a certain range, and the limit

of detection were 0.015, 0.022 and 0.050 pg/mL, respectively. The recoveries of spiked cabbage samples ranged from

85.6% to 103.2%, with relative standard deviation below 5.18%, which was consistent with the results of gas

chromatography-mass spectrometry. The proposed method provides a new strategy for the rapid detection of OPs and is

suitable for practical application in complex matrix samples.

Key words: organophosphate pesticides; bimetallic nanomaterials; oxidase-like activity; colorimetric detection
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Fig.1 Schematic diagram of colorimetric OPs detection based
on oxidase-like activity of AuUNS@Pt
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1.2.1 AuNS WG SERAE 2% Liu %0 H{GE W
A A KA B AuUNS. B8, #F 10 mL 1 mmol/L
i HAuCl, W INA =80, FHIRZE 130 C J5, Bt
AN 1 mL 38.8 mmol/L FIFFEL R ENIE R, MREE T

B 15 min JZ5 A0, RRiilE 9Kk T (Gold
nanoparticle, AuNP){E R & /55 1 mmol/L B PVP
AR BUR S, =il FHEHE 24 h, X AuNP #4735
REfLALFEFS 5] PVP-AUNP &, 55 B PVP-AuNP
B IFSYEAE 2 mL SR WOh £ H . 7 DMF %
f# /Y 15 mL 10 mmol/L PVP ¥ ¥ P i A 82 uL
50 mmol/L HAuCl, &k, IR 5] SRJEPREIA FiR

Hil £ 43 WL PVP-AuNP &, Y 15 min J&
RV EE R, 1551 AuNS. K5 A AuNS A 8000 1/
min #4380 15 min I BRI PIR, S5 53K
F 5 mL#B4lizk b, F 4 ¢ FRESH. Krem A
LKA RE 10 fi5)5, W3] 300 H i A5 4 ), Fi)
JHIE ST B F B B R AT 120 kv, R fFEK
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E AuNS TE 400~900 nm 7 1 5 Bl A [ 4 20 AT LI
Wt .

1.2.2 AuNS@Pt 9 & i 5 FRAE  AuNS@Pt =%

Chi 55PN HGE G 8 0[RS AR A

3 mL AuNS %, 12 mL #84[i7KF 5 mL 2 mmol/L 1Y
H,PtClg W, BRSO A 80 °C, I A 5 mL
5 mmol/L PLIR M BRIEIRAREE S A 30 min, X W 453,
13 %] AuNS@Pt. & B AuNS@Pt FH 10000 r/
min ¥4 EL0> 20 min, B0 7KPE 3 IRJE5T8LFE 5 mL
ik, T 4 C MRS RIS ESHR

T A F R VR 200 KV, CORAEEL 38000 154145k
AuNS@Pt S HEEER . FHEFANE AuNS@
Pt 7E 400~900 nmifZ B PN 384T DL SO GRS -

1.2.3 AuNS@Pt 25 S Ak BlF 7% PE R 58 ¥ 10 pL
AUNS@Pt 5K . 20 pL 2.5 mmol/L TMB & Sl A
220 pL 0.2 mol/L i HAc-NaAc 2% ik (pH4.0) 1,
45 °C F I 10 mine  FH bR A 52 2 W A8 3= 78
400~750 nm YE T [l PN A5 A AT TLIRIRO G, 1057

652 nm Ab A EEE - FA BRI O S R ARk, AR 8 1z

S A i /N F W AuNS@Pt Y 28 S AL B3R 14

K OPD 5 ABTS il{FI/E N B A)CWEE ik
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1.2.4 AuNS@Pt i fb 2514 e b ¥ 10 uL AuNS
@Pt #WK . 20 uL 2.5 mmol/L TMB iE#INA 220 puL
0.2 mol/L fJ HAc-NaAc ZZ P (pH4.0) ', FANR]E
(4,15, 25,35, 45,55, 65,75 °C)F /2L 10 min,
JHBEFARGESE 652 nm &b IOCEEE, K25
PRI G BEAB AL A 100%, THEAS [FIIREE R W R

SR KW G RE (R A FUAE, 2B P2 fh e S ph 2k .

JH 1 mol/L By HCI F1 NaOH &5 HAc-NaAc K I
pH AN 2.3.4.5,.6.7.8.9,10, 11, 12, 10 uL

AuNS@Pt ¥ . 20 uL 2.5 mmol/L TMB A
220 pL FIRAR[E] pH AUHSHE T, 45 °C T2 10 min.
FHEFARGE SR 652 nm AL, B Za 4
B S'GEEAE R BN 100%, ST ANTH] pH T WOGEE (.
S RO GCEEE A EUAE, £ RIBEG TEAR b ta S 2R

1.2.5 AuNS@Pt BRI J15%53F7 ¥ 10 uL AuNS
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0.8. 1 mmol/L)f) TMB #HNIIAZ] 220 uL 0.2 mol/L
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WAE 652 nm AL SGREE . 3 1¢S5 K, 1H
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_ Vi [S]
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W 10 min. BRI DB ISR UE WL, UEWK
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Fig.2 TEM images of AuNS (A) and AuNS@Pt (B), and UV-Vis absorption spectra of AuNS and AuNS@Pt (C)
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i AuNS 225 30R S5, RSTHZE 60 nm 42
FH(E 2A) . 24 Pt 4K PURIBE A JFAE AuNS K,
AuUNS (53 45 T4 5%, AUNS@Pt 49 KA4 R R T
Lt AuNS FHrig R, 2IERIBRIK(E 2B) . AuNS 5
AuNS@Pt 114 58 HNK IK'G T Fg W0 €6, an 1&l 2C T
715, AuNS 7E 550 nm &b H 55 ke 1) 2 T8 455 85 1
AR AL, 820 nim AZb T 71N HH 58 AR 1) 3 1 25 AR
WO, R S i e 2 P 9K ORI T
AuNS ZRIA] i, 18 1] R 1145 B8 AR W IS0 AR S5, T2
] FETAT G B8 TR IS O, I (A8 A I £,
2.2 AuNS@Pt IS WEEEMIRS

SN T IRFT AuNS@Pt AR A LB, AR
SCESeEPE TMB /E S i) . aniEl 3A Fias, %
W 2 TMB(E 3A, H48) sk AUNS@Pt([F 3A,
LT Bk, B2 ANAT DL 1] b VA BH S AR AR I
W, VMR A JC B W] 5 AuNS Fll TMB %3
(] 3A, -0 B (A AH L, AuNS@Pt 5 TMB %
RAIE(E 3A, LR, W B W AYHE (D, 78 652 nm
PR ' B i 5 i . X — 45 SR R B AuNS@
Pt KA B EAEE A TETE . [RIEs, e85 AR
Fh I (5, S ) OPD il ABTS #4756 1F, 4n & 3B fF
7, 55 OPD(IE 3B, 2248) 14 £8 AW i il R AH b, 78
OPD % i " il A. AuNS@Pt J& , 7£ 450 nm 4b i 31
oxOPD AR W W e (& 3B, B2k, I 2SSl
. ] ABTS(E 3C, #EZ)E Ny i A )Is ) 1 S g s,
BRI L e, RN A AuNS@Pt( &l 3C, 4#
) )5, A s b E L ABTS, 7E 420 nm AbH B
FROEM I, ABTS IS AR MEk(t,, DA Soih s i
B AuNS@Pt 9K APBHEAT T B 2 S AL BTG T -
2.3 AuNS@Pt ELE L

DR S SR AL WG P S AL R N TR BE | 28
IR pH S HURE VISP, FEMiE T AuNS@
Pt KM LA O S 1SS S ARG M s, S T SR
B AR SIS RO, 53 R FE A AR SN T B AN 5% i
pH XHEAL N A FE IR o K 202 B R 3R S0 56 T 3R A5
fY 652 nm AL RIESGEE P E A 100%, DL PRk

(A) 1.8
- - -TMB
1.64 ---- AuNS@Pt

TMB-+AuNS
1.44 —— TMB+AuNS@Pt
1.24 ] ¥

o) 1l

0.8
0.6
0.4
0.2

W SGEEE (a.u.)

I S
400 450 500 550 600 650 700 750
I (nm)

(B) 0.8
0.7

B OPD

0.6 ] OPD+AuNS@Pt

0.51 o

0.4

0.3

0.2

0.14

WG (a.u.)

400 450 500 550 600
HK (nm)
3 LLITMB(A). OPD(B), ABTS(C)fENEMIHIFE
AuNS@Pt A AL TG
Fig.3 Oxidase-like activity of AuUNS@Pt using TMB (A),
OPD (B), ABTS (C) as substrates
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Fig.4 Effect of temperature (A) and pH (B) on the catalytic Fig.5 Michaelis-Menten diagram (A) and Lineweaver-Burk
activity of AUNS@Pt diagram (B) of TMB as substrate

FY_E IR G T TR, R R e S
F A TMB ANFRRE & 43, BRISESR: 45 °C A 8
1R RLIRRE . B 4B R phk pH B SZ 5645
5, HE 4B A A1, M vh ik pH SN 4 B, AuUNS@Pt
MRS R B e fde . DRI, SRR 45 °C HZg bk
Y pH4A R EAEMAL 58 U S239256
2.4 AuNS@Pt UBBIR R I D40

T HE— B9 AuNS@Pt AL PERE, SChh
AR JEEY) TMB ¥R, 19 2N [F] TMB ¥ I
RFWAE 652 nm AL (14 W G RE (i st 1] 228 T e 5
DL WIHE N T B 5 TMB [ 28 vk B 2 il i 28, M
it H Michaelis-Menten & %0 (K,,,) Fli K W
RV, O, UE SA F1IE 5B 4358 AuNS@Pt 1
Michaelis-Menten [ 2% #1 Lineweaver-Burk X {3] %%
B & SA SR SR g K [G ph £k, TE B 400 4F o BE il
# TMB WA nmiseghn. &l sB nl %0, hhs
RS TMB B9 BE (R180(8 =2 18] il 2t 56 Z2 R
BK ES V(b K, H5 V,, Bk 1, 55
1 TEHLG KB4 AR EE, LA TMB N JEYI B, AUNS@
Pt 14 K, 1HE/N, BiBH AuNS@Pt XI5 TMB HAG
BARASE AT, B LTI TMB RSt fl
L AF VAT £ STR: I N
2.5 tERMZANENL

OPs XHEN A A (1 W2 BRHVE FH £ 3 S Ai A 14 308 P4
7 SR, DTS EEILRE 1 R . R, ASBIFSE
FIFH AuNS@Pt PR B SIS, 5T T —Fh
38 T B AR A ) L (B BT AT OPs. FHIE] 6A

F 1 AuNS@Pt 5 HAMYKEGR oh S22 S50
Table 1 Comparison of kinetic parameters of AuNS@Pt

with other nanomaterials

Mok Y K,(mmolL) V,_, (10%mol/L/s) ZF# ik
Fe-N-C 1.81 0.0601 [28]
Co-His-GQD-G 0.66 38 [29]
Fe-PPOP 1.098 4.85 [30]
CeO, TMB 3.8 70 [31]
MnO, 0.781 66.8 [32]
Ag@Ag,PO, 0.11 632 [33]

AuNS@Pt 0.31 153 AR S

PR, YRR RN E A NI ARR Y Z —, 5]
U (0~1000 pg/mL) A ARFIF IS AuNS@Pt 49K
MAENE A& Z X AR P gE A FE . AR fb R TMB
MR WAL 04 P14y vy T I 7 S SR A B 1A 15 I T SR T AR A, 345
YR B, F R 60,388 T AR R L . FEHRBE 0.02~
1 pg/mL BIFE RN, 652 nm Ak i 6 BE(E 5 AR SR Mk
B 5B G AH OC 56 FR L Ags,=—0.11741gC 4 5n +1.4922,
R?>=0.9890, ¥ BR 4 0.015 ng/mL(%l 6B) . [G]3, 7F
W E AR A P BEXT AuNS@Pt PUKA e L
AT FH BT A5 B2 AHSSLA 25 1, aniEl 7A s,
TEAUR B ETE 0.05~10 pg/mL B FE N, 652 nm
Kb T ' BE A S RUR SRS R B R AR &
(K 7B), MR N Ag5,=—0.08011gC o ;5 t1.5766,
R?=0.9928, ¥ i PR A 0.022 ng/mL; WK 8A i R, 1E
LRI S TE 0.05~5 pg/mL HITEEN, 652 nm 4b
A S B S5 TR B w2 B R AR &R
(] 8B), LM FE R Ags5,=—0.03581gC rypyyppt1.6436,
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Fig.6 UV-vis absorption spectra of solutions of different
concentrations of dimethoate (A) and plot of dimethoate
concentration versus absorbance value at 652 nm (B)
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Fig.7 UV-vis absorption spectra of solutions of different
concentrations of omethoate (A) and plot of omethoate
concentration versus absorbance value at 652 nm (B)
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Fig.8 UV-vis absorption spectra of solutions of different
concentrations of malathion (A) and plot of malathion
concentration versus absorbance value at 652 nm (B)
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Table 2 Comparison of detection limits and linear ranges for different detection methods
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Table 3 Results of OPs recovery test in cabbage samples
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Fig.9 Selective experiment
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