55174 5617 W B 2 4 o iR A A Vol. 17 No. 17
2026 49 H Journal of Food Safety & Quality Sep., 2026

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20260416001
SIAMER: HZ%E, W LT AuRu BUEE AR - bR A0 LK A K ok & R[], &6 &4 A
M3, 2026, 17(17): 204-215.

Li Yongjun, Huang Haowen. Detection of mercury ions in tap water based on “inhibition-release inhibition” mechanism of AuRu
bimetallic nanozyme [J]. Journal of Food Safety & Quality, 2026, 17(17): 204-215. (in Chinese with English abstract).

FT AuRu B4R AR i SR - R40 BL )
H ARk g 1R

(BB K b= T 2B, R 411201)

# E: BB A AuRu X4 JE 49K (AuRu bimetallic nanozymes, AuRuNPs) 1281 & AL Wy EHHE AL i1, 52
A K R B T HE YR BGHEAE ERI . 3% L AuCly Al RuCls A FTIRAR, 78 2087 50 o 58 i e 8
N 12 h, —#E L AuRuNPs; [H4& R A L-2E & R (cysteine, Cys), 5 AuRuNPs JL0FE DIHNHI H 28 &k
VIRESE; % He''S5 LidARIRSA, F Hg™'S Cys FRrEgsd, MRS IAJKY 3,3°,5,5 -4 H BRI Al
H,0,, SV 40 min J5, W5E 652 nm AWK, MRPabRfERhZ e it He  We i BR LXK IHLE, %
Jridxt He MR MG 1~100 pmol/L, 4B 3.03 pmol/L, HXFH W8 F HA R AF Mk FEbE;
15 B K SEBREE S AG I o, AR B AGK R 97.16%~98.50%, HHXTIREM2Z/NT4T 4.75%. 8538 %07 ik
VRIS . BUAIREE . HUTHRAE5R, o EoR K h He™ i B sk s e S A1 1 SR ms

XRIA: KT WERAOREE BRI - B

hES¥S: X832 SCHEKIRRUES: A NEHD: 2095-0381(2026)17-0204-12

Detection of mercury ions in tap water based on “inhibition-release
inhibition” mechanism of AuRu bimetallic nanozyme
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(School of Chemistry and Chemical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

ABSTRACT: Objective To achieve rapid and accurate detection of mercury ions (Hg”") in tap water by utilizing the
peroxidase-like catalytic activity of AuRu bimetallic nanozymes (AuRuNPs). Methods Using AuCl; and RuCl; as
precursors, the AuRuNPs was synthesized in one step by allowing the reaction to stand in ethanol solvent at room
temperature in the dark for 12 h. Then, the L-cysteine (Cys) was added to the system and co-incubated with the
AuRuNPs to inhibit its peroxidase-like activity. Subsequently, the water sample to be tested was mixed with the above

inhibition system, allowing Hg®' to specifically chelate with Cys to release inhibition. Finally, the substrates
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3,3’,5,5’-tetramethylbenzidine and H,0, were added. After a 40 min reaction at room temperature, the absorbance at

652 nm was measured, and the concentration of Hg”" was quantified using a standard curve. Results Following

condition optimization, a linear detection range of 1-100 pmol/L was achieved for Hg?*, with a limit of detection of

3.03 umol/L. Good selectivity toward common interfering ions was demonstrated. In tests performed on actual tap water

samples, spiked recoveries ranged from 97.16% to 98.50%, with a relative standard deviation was less than or equal to

4.75%. Conclusion This method is simple to operate, low in cost and strong anti-interference ability, providing a new

strategy for the on-site rapid screening of Hg>" in tap water.

KEY WORDS: mercury ion; bimetallic nanozyme; tap water; inhibition-release inhibition
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RuCl; ¥ & 4 mmol/L, pH 7.0, TEZIR(20 °C) F #GHH &
RV 12 h, ZEEARE AuCls 7 RuCls ¥ {8 (0.1.0.2.0.5,
1.0, L5)XRHNE A, AuCly A1 RuCly #AFR L 1:1
TR A o (3) BT IE] . [ %€ AuCls F1 RuClsy # EE 144 4 mmol/L,
pH 7.0, ZE=ER(20 °C) NFaifE RN, A [ B i
2. 4. 8. 12, 16 XA EHE MR . (4) 5N
E AuCly Fl RuCly #EH28 4 mmol/L, pH 7.0, 7EA[A]IR
JE(5. 10, 20, 30, 40 °C) F#EGERE R 12 h, LN
L X} R T P R S
133 A F2M

W RS B J12 900 EAS AuRuNPs R E Ak
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Fig.l Schematic diagram of the preparation process of AuRuNPs
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S (LLL)AY (B 3b), UESET B4 & & 451 1 R IIE X,
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Fig.2 Analysis and characterization of AuRuNPs morphology and structure
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Fig.5 Verification of the peroxidase-like activity of AuRuNPs
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Fig.6 Analysis of peroxidase-like catalytic kinetics characteristics of AuRuNPs
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Fig.7 Optimization of preparation conditions for AuRuNPs
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Fig.8 Schematic illustration of the colorimetric detection principle
for Cys and Hg*" based on the peroxidase-like activity of AuRUNPs
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Fig.9 Feasibility verification of the colorimetric detection method
for Cys and Hg*" based on the peroxidase-like activity of AuRuNPs
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BE] Table 1 Recoveries of Hg’* concentration detected in real
X2 b samples via standard addition method
B bRk B LioRUN 95 [l = RSDs
I /(umol/L) /(umol/L) /% 1%
0.1 F I . 30 29.15 97.16 3.97
Ak 50 4925 98.50 4.75
Mg* K° Na' ija\zﬁl i‘;‘% %%22' Pd* Hg™ iff 100 98.35 98.35 3.82
K12 Hg” K sk . ; ; 2 o
12 He KeMAESRILI b7 BT BRI R, A B R

Fig.12  Specificity analysis of Hg** detection
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() e AL IO 5 5 I AE R AR Y R Hg™ Ho il Jy vk
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AT EEIKOT, AR 2 A A 5 e v B SR Vs Y 1) PR
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He™ 175 Ye i BE IX 8] o MR T3 M A2 A4 b R el 22
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Table 2 Comparison of performance of different nanomaterial/nanozyme-based methods for Hg** detection
g LB/ (pmol/L) i H B/ (umol/L) M o PN
AgNPs 15~120 11.15 [F RSN Rl K [25]
PVP-AgNPs/ KA & R 0~100 13.784 L fa &K [26]
PVP-AgNPs/L-Fi & R 0~200 11.402 L fa, 3K [26]
Cu-PVA/PAAc 1~1000 10 L fa, KT [27]
Chl-AgNPs 0.1~200.0 2.7 [FR ) K [28]
AgNWs/HPMC/CS/ I it} 5-25 3.94 BRI Tk R 7K [29]
1~100 0.52 B
Au@AgPtNPs Aok, k. ik [30]
10°~10 0.28x10°° hrig
ZnS/CeQDs 10~100 0.82 w®H SR KRR [31]

T IR bt (polyvinylpyrrolidine, PVP); TR (polyacrylic acid, PAAc); M-%%Z (chlorophyll, Chl); 4R 4K /52 RN LT 4/
5¢ % M (silver nanowires/hydroxypropyl methylcellulose/chitosan, AgNWs/HPMC/CS); 4 - %1 4% >K i ki (silver-platinum nanoparticles,

AgPtNPs); fili T 5 (cerium quantum dots, CeQDs).
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