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Abstract: In this paper, we report the preliminary results regarding the fluorescent dye calcein
(C30H26N2013) used as a sensor for the detection of cobalt levels in aqueous solutions. The sensor cell
based on Calcein is built by fixed in layers by means of thermoplastic polyurethane (TPU) and ad-
justed to pH =7. The layer shows a fluorescence emission in the range of A =545 nm to 570 nm when
it is excited by optical fields at a wavelength centered at 465 nm. By the contact of different Cobalt
concentrations to the calcein layer structure, quenching of the fluorescence intensity is observed.
The results indicate that the sensor exhibits a linear response of the fluorescence quenching related
to the cobalt concentration level in the range of 10~ to 10 mol/L. Additionally, the proposed sensor
has a simple experimental set-up, low cost, and does not require additional complex instrumenta-
tion.
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1. Introduction

In natural environment, the animal life is surrounded by biological and chemical re-
sources. Due to the exploitation of its, the environment has been affected by the pollution
generated by its extraction which is a problem that has been increasing significantly in
recent years. Release of non-biodegradable substances in natural spaces, the emission and
spillage of industrial waste, the extraction and processing of fossil fuels, are example of
environmental pollution. Many of these mechanisms directly affect water bodies which
are consumed by fauna, flora, and humans [1-3].

One of the most common contaminants found in aquifers are heavy metals [4]. These
are found naturally in the earth and in the soil, but human activities have caused their
exposure to be even greater due to their exploitation. Heavy metals such as cobalt (Co),
copper (Cu), chromium (Cr), iron (Fe), magnesium (Mg), manganese (Mn), nickel (Ni),
selenium (Se), and zinc are known to (Zn) are essential nutrients for the normal function-
ing of living beings. However, high exposure to these heavy metals can cause metabolic
problems in humans and in the planet’s fauna, as well as poisoning of living beings [5-7].

Cobalt (Co) is a heavy metal found naturally on the earth’s surface. Its exposure at
controlled levels helps in the metabolism of living beings. Additionally, cobalt is used as
part of the treatment of some diseases [8]. However, the excess release of this element has
reached the maritime bodies, as well as rivers, lakes and oceans and its high exposure
develops cardiac anomalies and carcinomas in living beings due to its constant exposure
to this material [9]. In this way, it is a priority to have monitoring tools that allow detecting
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the presence of cobalt levels, which implies an area of opportunity in the scientific and
technological field by providing solutions to public health problems. In this paper, we
present the preliminary results regarding to sensing of cobalt concentration using calcein
layers fixed using thermoplastic polyurethane. The principle of operation is based on the
stimulation of the calcein cell for the emission of fluorescence. Then, the cell is surrounded
by an aqueous medium with different levels of cobalt concentration which quenches the
stimulated fluorescence. The quench level is a function of cobalt concentration.

2. Materials
2.1. Fluorescense Quenching

The intensity of induced fluorescence in a material can be reduced by interaction with
media that absorb it. The decrease in intensity is called extinction or quenching. This pro-
cess occurs when the excited state fluorophore is deactivated when it is contact with mol-
ecules in solution, called quencher. For the quenching mechanism, the intensity decrease
is described by the Stern-Volmer equation [10]:

% ~1+K[Q]=1+k,z,[Q] ()

where Fo is the emission intensity in the absence of the quencher, F is the emission inten-
sity in the presence of the quencher, K is the Stern-Volmer extinction constant, k; is the
bimolecular extinction constant, 7o is the non-quenched lifetime and Q is the concentration
of the quencher. The Stern-Volmer extinction constant K is a measure of the sensitivity of
the fluorophore to a quencher [10].

2.2. Calcein: Fluorescence Emission and Preparation

Calcein is a dye which exhibit a fluorescence emission from 520 nm to 560 nm when
is pumped using a wavelength around to 460 nm. Calcein has been commonly used for
cell tracing and in studies of endocytosis, cell migration, and gap junctions [11]. We pre-
pared 0.004015 g/L dissolved in distilled water, which are provided by Sigma-Aldrich®
(St. Louis, MI, USA). Additionally, the pH of the mixture was adjusted to level 7.

2.3. Cobalt Solutions Preparation

According to The Agency for Toxic Substances and Disease Registry (ATSDR), a fed-
eral public health agency of the U.S., the maximum permissible concentration of Cobalt
for the human being is around 16 umol/L [12]. Using this value as reference, we prepare
Cobalt concentrations in a range from 10~ to 10-? in mol/L using distilled water (99% pu-
rity) and a Cobalt nitrate hexahydratade, both provided by Sigma-Aldrich®.

2.4. Experimental Set-Up

The first phase of our experiments was the spectroscopy response of calcein when it
is in contact with cobalt solutions. The experiments were carried out using a LED Pyrois®
as optical pumping source (wavelength peak @ 460 nm), which is pigtailed by multimode
SMA cables (see Figure 1a). The pumping field is launched until it reaches the quartz cu-
vette, where it stimulates the calcein solution. The induced fluorescence signal travels
along the second SMA cable which it is collected by the Ocean Optics USB4000 spectrom-
eter and stored using a personal computer. In Figure 1b, we show the spectrum of the LED
pumping source centered at 465 nm (black line) and the fluorescence signal (red line) in
presence of calcein in the cuvette.
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Figure 1. (a) Experimental set-up; (b) Spectral of pump beam (black line) and fluorescence emission
(red line).

3. Results and Discussion

The second stage of our experiments was the spectral response of calcein for different
concentrations of cobalt. Using the preparations described in Section 2.3, we obtained each
fluorescence spectrum, which is shown in Figure 2a. We observe a progressive fluores-
cence quenching due to different Co concentrations added.
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Figure 2. (a) The fluorescence signal for different levels of cobalt concentration; (b) Stern-Volmer
trace based in experimental calculations generated by cobalt concentrations.

However, for a better description of the fluorescence decrement, we use Stern-
Volmer graph-based in Equation (1) (Figure 2b). This analysis is obtained from the exper-
imental data of each curve, specifically, the maximum fluorescence peak and the maxi-
mum intensity of the pumping beam. The calculation shows that they follow a linear de-
pendence between rate Fo/F and concentration levels.

Finally, we built a layer of calcein on a glass plate. The coating was prepared using
0.02075 g/mL dissolved in ethanol. To immobilize calcein on the glass, we use 3.6 g ther-
moplastic polyurethane (TPU), Tecoflex®, provided by Lubrizol®. The mixture was stirred



Eng. Proc. 2022, 4, x FOR PEER REVIEW 4 of 5

for 2 h at 80° C until obtaining a homogeneous solution. To maintain the same conditions
as in the previous tests, the pH level was adjusted at 7.

We use three representatives samples of set of cobalt concentrations described in Sec-
tion 2.3. Then, we immerse the plate into the samples, and we obtain each fluorescence
spectra (Figure 3). We note that the quenching feature is present again. However, we re-
port some instabilities such as the fixing and stabilization of the calcein layer over the
plate. The provisional reasons attributed to it are that the deposition process has not been
standardized or additional chemical reaction that has not been considered. As immediate
tasks to be done, we are planning to optimize the fabrication process of our detector cell
and test it in a broader range of cobalt concentrations.
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Figure 3. Fluorescence spectra of a calcein cell for different concentrations of cobalt.

4. Conclusions

We report the fluorescence quenching in a calcein sample induced by the presence of
cobalt. The decrease in stimulated optical signal is function on cobalt concentration in an
aquous solution. The results indicate a linear response of the induced fluorescence
quenching to the molar concentration of Co. We report the first results in the fabrication
of a cell with calcein deposition, which is fixed using an immobilizing matrix based on
thermoplastic polyurethane. Testing our device in a broader range of Co concentrations
and optimizing the construction stage will be the next target. Preliminary results suggest
that the cell can sense cobalt levels in real time using low-cost components.
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