
Citation: Vidal, M.; Pereira, S.O.;

Segerink, L.I.; Leitão, C.; Morrin, A.

Colorimetric Methods of Magnesium

Detection for Point-of-Care Heart

Failure Management. Proceedings 2024,

104, 28. https://doi.org/10.3390/

proceedings2024104028

Academic Editor: Jun-Jie Zhu

Published: 28 May 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

Colorimetric Methods of Magnesium Detection for Point-of-Care
Heart Failure Management †

Miguel Vidal 1,2,3,* , Sónia O. Pereira 1 , Loes I. Segerink 2 , Cátia Leitão 1 and Aoife Morrin 3

1 i3N, Department of Physics, University of Aveiro, 3810-193 Aveiro, Portugal; sonia.pereira@ua.pt (S.O.P.);
catia.leitao@ua.pt (C.L.)

2 BIOS Lab on a Chip Group, Technical Medical Centre, MESA+ Institute for Nanotechnology, University of
Twente, 7522 NH Enschede, The Netherlands; l.i.segerink@utwente.nl

3 School of Chemical Sciences, Insight SFI Research Centre for Data Analytics, National Centre for Sensor
Research, Dublin City University, D09 E432 Dublin, Ireland; aoife.morrin@dcu.ie

* Correspondence: miguelvidal@ua.pt
† Presented at the 4th International Electronic Conference on Biosensors, 20–22 May 2024; Available online:

https://sciforum.net/event/IECB2024.

Keywords: calmagite; biosensor; colorimetry; magnesium

Heart failure (HF) continues to represent a leading cause of hospitalization and mortal-
ity worldwide, with an increasingly high prevalence as a result of population growth and
ageing [1]. HF patients are at higher risk of sudden cardiac death (SCD), which is frequently
associated with the cardiac arrythmias that can stem from electrolyte imbalances such as
magnesium (Mg2+) and potassium (K+) deficiencies. Therefore, the regular monitoring of
electrolyte levels can enable a timely identification of these depletions, improving patient
management and outcomes [2].

In this work, calmagite (1-(1-hydroxy-4-methyl-2-phenylazo)-2-naphthol-4-sulfonic
acid) was employed as a direct dye-complexing method to determine the concentration
of Mg2+ in a sample. In an alkaline medium, calmagite is blue but, in the presence of
Mg2+, it forms a metallized reddish complex, whose color is concentration dependent [3].
This method provided a fast response, which was determined using both a UV–Vis spec-
trophotometer and a smartphone camera for RGB (Red, Green, Blue) analysis. With an
increasing Mg2+ concentration (0.005–0.3 mM), the ratio between the light absorbance
at 620 nm and at 520 nm decreased, while the Red value increased, enabling detection.
The specificity of the assay was tested using different ionic solutions that are present
in body fluids, namely sodium chloride, calcium chloride and potassium chloride, with
EGTA (ethylene glycol-bis(β-aminoethyl ether)-N,N,N′,N′-tetraacetic acid) used to dampen
calcium interference.

This research paves the way for this method’s application at the point of care to
monitor Mg2+ levels by demonstrating its rapid response, low limit of detection and simple
instrumentation, aiming to improve HF management and prevent SCD.
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