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D) Raman spectra of methyl parathion deposited on different substrates. The MP 

concentration was 100 mM for GO and glass slide substrates, and 10 μM for those 

containing ZrO2 and GO-ZrO2. Inset shows a zoom of the distinctive peak at 1345 

cm−1 . 

E) Schematic representation of the MP interactions with 

a tetragonal ZrO2 crystal surface model

F) Schematic diagram of the energy level alignment in the 

GO/ZrO2 substrates for detection via SERS. MP

G) SERS spectra of varied MP concentrations 

detected with GO/ZrO
2

substrates. 

H ) Calibration curve obtained with the Raman-peak intensity at 1345 

cm−1 . Langmuir isotherm (blue line) was fitted to the experimental 

results. The inset shows the Raman intensity for MP concentrations in 

the linear range. The error bars are standard deviations of 5 replicates.

Table 1. Accuracy study for the determination of 

MP spiked in relevant samples. I) SERS spectra of MP collected in relevant samples for the 

agrifood sector.
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A) TEM image of ZrO
2

NPs. Inset shows the size 

distribution histogram.

B) HRTEM image of ZrO
2

NPs
C) UV–Vis spectra of quantum ZrO2 NPs. Inset 

shows the corresponding Tauc plot.

A detection limit of 0.12 μM was achieved with an outstanding repeatability (variation ≤4.5%), and recovery percentages between 97.4 and 102.1%. The 
resulted sensitivity is enough to determine the maximal MP concentration permissible in drinking water according to international regulations. 
The reported platform offers a fast and sensitive detection of MP for food quality assessment and environmental monitoring.

A novel SERS substrate was prepared by a layer-by-layer method with graphene oxide (GO) and quantum-sized ZrO2 NPs and thus implemented for 
quantification of the organophosphate pesticide methyl parathion (MP) in irrigation water runoffs, strawberry and black tea extracts..
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Schematic representation of the layer-by-layer 
SERS substrate structure.
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