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▪ 40% Worldwide ▪ 80% Colombia 

▪ Cation exchange sites

▪ Growth inhibition

▪ 2- 3 ppm Phytotoxicity 
Al3+

Al3+ Al3+
Al3+

Alternative

In situ Bi3+ deposition

SWASV

LIG

Detection methods 

ICP-MS/OES

Global map of soil pH

▪ Unsuitable for real time 
on-site characterization

Atomic Absortion 

(University of California,  2016)

Electrochemical systems

▪ Monitor
▪ Enhance amendment / 

remediation strategies 

Ayala et al. J. Electroanal. Chem., vol. 919, no. April, p. 
116552, 2022.
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Materials and Methods

❑ Optimization ❑ Calibration curve ❑ Interference analysis

Commercial potensiostat Cyclic Voltammetry SWASV and Working Solution

• Bismuth
• Acetate Buffer 0.1M 
• Analyte of interest 

Ag/AgCl KCl 
3M

-0.4 to  0.6 V; ∆Ep 75mV; (Ipa/Ipc) 
near to 1

P. Kissinger and W. Heineman, J. Chem. Educ., 1983, 60, 
702-706. Deposition time: 60s Deposition potential: -1.4 V

Other parameters from:

Ayala et al., ( 2022) 
Jeong  et al., (2022)

Ayala et al. J. Electroanal. Chem., vol. 919, no. April, p. 116552, 2022

Jeong  et al. Microchemical Journal 172 (2022) 106950
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Results
Optimization of chemical parameters 

Zhao et al. Int. J. Electrochem. Sci., 11 (2016) 1840 - 1851

Tang  & Jiang . (2016)

Hydrogen evolution Speciation diagram 

Porta et al. (2003)

Porta, J et al (2003). Edafología para la agricultura y el medio ambiente. Madrid: 
Mundi-Prensa
Tang & Jiang. ACS Catal. 2016, 6, 8, 4953–4961

• W.E. Saturation 
• Thick Bi film limit mass transfer for Al3+ 

diffusion in the electrochemical system • 10 to 1600ppm Bi3+

• [Al3+] constant
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Calibration curve: Individual measurements 

 

• 3 electrodes per concentration 
(single measurement)

• electrochemical adsorption 
processes 

• Higher peak current means a higher 
amount of species adsorbed 

Ayala et al. J. Electroanal. Chem., vol. 919, no. April, p. 
116552, 2022.
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Calibration curve: Incremental measurements 

  

Hubbard equation
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Morphological characterization

• Unpaired electrodes
• Highly active catalytic 

sites

Dendrites • Non-uniform metal deposition on the 
electrode Surface

• Anisotropy in the system, Crystalline structure

• Non-uniform thickness, grows in the already 
deposited patches🡪 high local current 
densities. Related to the electrochemical 
response
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Interference analysis

▪ Differential stripping response in 
relation to the Potential  

▪ Increase in deposition time is needed 
to detect Cd in presence of Al at high 
concentrations 
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Spiked Soil Sample preparation 

Application in soils 

Atomic Absorption
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Extraction from Soil

2 min: 
7ml

2 min 
asentar

HNO3 B.acetato

Recuperación del 64.7%

• Ácido acético 0.11 M pH 2.85
• Agitación 1h
• Centrifugación
• Filtración
• Ajuste pH NaOH

PRELIMINARY



Goal
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1g  in 40ml  
CH

3
COOH 

0.11M / stir 
manually  x t

Filtration 

Neutralized 
Aliquot + 

Standard solution 
([Al] + Bi+ Acetate 

Buffer)

Aliquot 40ml over the LIG



Conclusions
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Here, we demonstrate an electrochemical-based sensor using bismuth-modified 
laser-induced graphene (LIGs) electrodes for Al3+ detection and quantification, in a range 
relevant to agricultural practice.

Our system can be extended to other applications in agriculture. i.e., can be optimized and 
used for the detection of different metallic ions such as Cd2+ and Pb2+.

Once the protocol for extraction protocol is optimized.  The portability, ease of use, and 
cost-effectiveness of this technology offer a means for in situ detection of Al3+in 
agricultural soils and other complex matrices
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