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Abstract�In this paper, we present the preliminary results of 
a fiber optic sensor based on fluorescence quenching induced by 
mercury (Hg) concentrations presence in aqueous solutions. The 
fabrication of the sensor head consists of a methyl red coating 
over multimode fiber tip using thermoplastic polyurethane to 
immobilize the thin layer. The sensor device was tested in a Hg 
molar concentration ranges 10�10,000 nmol/L. The experimental 
results show a linear dependence of the induced fluorescence 
quenching related to the Hg molar concentration. 
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I. INTRODUCTION

Mercury (Hg) is considered one of the most dangerous 
heavy metals and a priority issue for health organizations due 
to its toxicity, mobility, and a long time in the environment [1]. 
Once released into the atmosphere, Hg can be retained from 6 
to 24 months in the surroundings. That would allow it to spread 
for thousands of kilometers in either the air, the water or the 
ground [1]. 

When the Hg is deposited in water, it can change its forms. 
Bacteria that live in aquifers can convert mercury to 
methylmercury [2]. Once turned, methylmercury can 
accumulate in organisms and contaminate the aquatic species. 
In consequence, the general population is potentially exposing 
to Hg through some foods. Harmful effects attributed to the 
consumption of foods contaminated with mercury has been 
reported. Neurodegenerative diseases in humans, such as 
Alzheimer's, Parkinson's, as well as altering the immune 
system and kidneys are examples of these dangerous 
consequences [4]. Therefore, the detection of the presence of 
Hg concentrations in water is a priority for the protection of 
human health [3]. 

In recent years, fiber optic-based heavy metal detection 
technologies using fluorescence effects have been proposed. 
For example, a miniature fiber optic sensor based on quantum 
dots (QD) has been reported for Hg detection [5]. This system 
allows detecting Hg2+ concentrations in the range of 1�500 
nmol/L. The sensor has a high sensitivity and response speed; 
however, the fabrication process is not easy, and it does not 
detect Hg concentrations below 1 nmol/L. As a reference 

value, the maximum allowable level is 0.34 nmol/L for human 
safety, according to Directive 2013/39 of the European Union 
[6]. Also, surface plasmon resonance (SPR) in fiber using 
copper-silver nanoparticles coatings has been reported [7]. The 
proposed device allows to sense by quenching fluorescence a 
range of 0.01µmol to 1000µmol of Hg concentrations. 
Nevertheless, the construction of the sensor turns complex due 
to the preparation process of the nanoparticles and their 
subsequent integration into the SiO2-TiO2-ZrO2 matrix to coat 
the optical fiber. 

In this paper, we report the preliminary data of a multimode 
fiber optic sensor coated with Methyl Red (MR) film using 
thermoplastic polyurethane to immobilize the thin layer. The 
principle of operation is based on induced fluorescence 
radiation in the MR film placed at the end of the MMF by a 
pump laser diode. When the tip is immersed in an aqueous 
solution with Hg, we observe a fluorescence quenching effect 
as a function of Hg concentration. The reported device exhibits 
a detection range of Hg concentrations from 10 nmol/L to 
10,000 nmol/L. The sensor shows advantages such as easy 
construction, low cost and avoids additional measurement 
equipment. 

II. THEORY

An attractive mechanism used for the detection of heavy 
metals is using fluorescence phenomena. For its 
implementation in optical waveguides [8], a fluorescent 
coating functionalized for an external agent is implanting on 
end (see upper scheme in Fig. 1). By propagating a pump 
beam, the generation of fluorescence emission is inducing and 
collected in the same channel. The coating area is sensitive to 
the external agent, which produces a change in the 
fluorescence signal through optical absorption called optical 
quenching (see the lower image in Fig. 1). In this process, the 
fluorescence intensity depends directly on the analyte 
concentration. This mechanism is how heavy metal ions can be 
recognized and detected by a fiber sensor device. 

Fluorescence is an attractive optical effect for photonic 
sensors devices due to its high sensitivity and specificity [9]. 
The fluorescence intensity travel from the sensor head is 
generally proportional to the excitation light intensity and the 
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fluorophore concentration. However, this relationship is 
affected by quenching phenomena induced by external media. 

The Stern-Volmer equation directly relates the intensity of 
emission in the absence (Io) and presence (IQ) of the quencher 
(Q) in the sample [9] given as: 

 

 (1) 

Where Ksv is the Stern-Volmer constant (Ksv = okq, kq is the 
bimolecular deactivation rate constant and o is the duration of 
the excited state). Quenching data are usually presented as 
plots of IO/IQ versus Q, which provide information about the 
concentration and quencher properties [10]. In our reported 
experiments, Hg particles take the role of the quencher 
element. 

 
Fig. 1. A fluorescent coating is in a fiber optic tip. This coating is 
functionalizing for a specific external agent. 

III. EXPERIMENTAL

A. Sensor Head Fabrication 

Methyl red (MR) is a well-known acid-base indicator and 
has been using as a luminescent material for the detection of 
heavy metals [11]. MR shows fluorescence emission in the 
range 320nm to 480nm [12], with an emission maximum at 
375 nm under excitation at 310nm. When MR is in contact 
with the Hg+ ions, an absorption peak appears in the 
fluorescence signal.  

The coating was prepared using 2.5gr MR indicator 
dissolved in 100ml ethanol, both provided by Sigma Aldrich®. 
To immobilize MR on the fiber tip, we use 3.6gr thermoplastic 
polyurethane (TPU), Tecoflex®, provided by Lubrizol®. The 
mixture was stirred for 3 hours at 60° C until obtaining a 
homogeneous solution. Additionally, the pH of the mixture 
was adjusted to 7.  

We use a segment of multimode fiber (Newport) with 125 
m as an external diameter and 62.5 m in core diameter. The 

MMF polymer was removed and cleaved fiber tip. Later, the 

fiber tip was repeatedly immersed in this solution using a dip-
coating system (Nadatech®), with a speed of 600 mm/min. The 
temperature was maintained at 60°C during all the dip-coating 
process. Then, the sensor head was placed into an oven for 
thermal fixing at 80°C for 15 min to evaporate the remaining 
solvent from the coating [11]. In Fig. 2, we show the final 
sensor device. 

Fig. 2. Image of sensor built using MMF with MR coating. 

B. Hg metal ions concentrations 

According to Directive 2013/39 of the European Union, the 
maximum permissible concentration of Hg for the human 
organism is 0.34 nmol/L [6]. Besides, the Official Mexican 
Standard indicates that the maximum Hg presence is 4.9 
nmol/L [13]. Based on this standard, we prepare Hg 
concentrations 10-8, 10-7, 10-6 and 10-5 mol/L using buffer 
solution with pH 7 provided by PanReac® and a Mercury 
Stander Solution Hg provided by Merck®.  

C. Experimental set-up 

The experiments were carried out using a LED Pyrois® as 
an optical pumping source (wavelength peak @ 365nm), which 
is pigtailed by multimode SMA cables (see Fig. 3). A 3dB 
coupler was plugged on the system. The pumping field is 
launched within the coupler (port 1) until it reaches the sensor 
head, where it stimulates fluorescence in the MR coating (port 
3). The induced optical field travels back through the same 
channel and is collected at port 2 by the Ocean Optics 
USB2000 + XR1-ES spectrometer and stored using a personal 
computer. An index matching gel is placed at port 4 to avoid 
unnecessary reflections. 

Fig. 4 shows the spectrum of the LED pumping source 
centered at 365nm (black line), which is obtained by 
connecting directly to the spectrometer. Also, the fluorescence 
beam detected in port 2 (red line) is showing, which is 
obtaining when the sensor head located in the air. Comparing 
both optical signals, we observed an additional peak 
corresponding to the fluorescent emission spectrum of the 
sensor built. This behavior is consistent with the well-known 
emission bandwidth of MR [12]. 



IV. RESULTS

A. Sensor head response to Hg 

In order to know the sensor response in the presence of 
different concentrations of Hg, the fiber optics tip was 
immersed in different aqueous samples. We started by dipping 
the sensor head in the lowest level of Hg (1x10-8 mol/L), later 
1x10-7 mol/L and so on until reaching 1x10-5 mol/L. These 
curves are showing in Fig. 5. It is important to note that for 
visualization purposes, all the traces are normalized. As we 
observe, a progressive fluorescence quenching in MR coating 
is due to different Hg concentrations. This effect is noted in the 
fluorescence peak is attenuating when the Hg level is growing 
(highlighted in the dotted line, Fig. 5).  

Fig. 3. Experimental set-up performed (arrow blue � pumping signal; arrow red 
� fluorescence signal).

Fig. 4. Fluorescence signal detected at port 2 by the sensor head located in port 
3 (red line). The fluorescence peak appears around 405 nm. As a reference, the 
pumping source is sketching in the black line. 

However, for a better description of the fluorescence 
decrement, we incorporate Stern-Volmer graph-based in 
equation 1 (Fig. 6). This analysis is obtained from the 
experimental data of each curve, specifically, the maximum 
fluorescence peak and the maximum intensity of the pumping 
beam. The calculation shows that they follow a sublinear 
dependence between rate IO/IQ and concentration levels. When 

the Hg presence in buffer solution is increasing, the 
fluorescence quenching is also growing. 

From Fig. 6, we observe one point does not maintain the 
linear behavior (10-5 mol/L). An incorrect adjustment in pH 
level would cause this mismatch. It is convenient to mention 
that in our experiments carried out, for high Hg concentration 
levels were difficult to keep its pH level over time, which is 
possibly regarding some chemical instability. 

Fig. 5. The fluorescence signal for different levels of Hg concentration. 
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Fig. 6. Stern-Volmer trace based in experimental calculations generated by Hg 
contaminants. 

V. CONCLUSIONS 

In this paper we report the process of attaching a methyl red 
coating to a conventional multimode fiber tip applied as a 
novel sensor. The thin film was immobilized employing a 
thermoplastic polyurethane, which is placed by a conventional 
dip-coating technique. This system is capable to detect Hg 
concentrations in aqueous solutions in a reflection 
configuration. The operating principle of the sensor is based on 
fluorescence stimulation in the MR layer induced by a LED 
source. When the tip of the fiber is in contact with Hg, a 



quenching of fluorescence is detected. The decrease in signal is 
dependent on Hg concentration in aquous solution. The optical 
device shown to operate in a molar concentration range of Hg 
10-8�10-5 mol/L. Also, the results indicate a sublinear response 
of the induced fluorescence quenching to the molar 
concentration of Hg. This system performs with no additional 
complex systems, has low cost and simple manufacturing. As 
the next stage, we consider testing our device in a broader 
range of Hg concentrations and optimizing the construction 
process. 
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