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Abstract Mercury (Hg) is an environmental pollutant
which is detrimental to the health of living beings due to
the toxicity in its all oxidation states. To control mercury
pollution development of low cost, efficient and highly
sensitive prototype mercury sensor remains a challenge.
In the present work, we have proposed a low-cost pro-
totype device based on silver nanoparticle-impregnated
poly(vinyle alcohol) (PVA-Ag-NPs) nanocomposite
thin film for mercury detection. The thin film, fabricated
through a facile protocol, is shown to be a fast, efficient,
and selective sensor for Hg2+ in aqueous medium with a
detection limit of 10 ppb. We have utilized the aggrega-
tion and amalgamation of Ag-NPs with Hg2+ to develop
the low-cost, highly efficient and feasible prototype
mercury sensor. In the presence of Hg2+, the yellowish
thin film turned into colourless due to the loss of intense
surface plasmon resonance (SPR) absorption band of
the silver nanoparticles (Ag-NPs) through aggregation
and amalgamation with mercury. The developed sensor
has high selectivity for Hg2+ ions over a wide range of
other competing heavy metal ions, generally present in
water of natural sources. The sensor response is found to
be linear over the Hg2+ ion concentration regime from
10 ppb to 5 ppm. The developed sensor has shown to
determine a trace Hg2+ ions in real water samples.
Finally, using the proposed technique, we have

developed a simple and inexpensive prototype device
for monitoring in field environmental mercury
pollution.
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1 Introduction

In concern to the human and ecological health impacts,
mercury (Hg) and its compounds are considered as well-
known toxic and environmental pollutant. Both elemen-
tal and ionic mercury can be converted into organo-
mercury species (like methylmercury) by bacteria in
the environment. These species can easily be bio-
accumulated in the food chain and are detrimental to
the health of living beings (Harris et al., 2003; Ke et al.,
2014). The sources from which living organisms can be
subjected to mercury exposure include water, air, soil
and food (Eisler, 2003; Glass et al., 1991; Ke et al.,
2014; Miller et al., 1996; Wang et al., 2008a; Wang
et al., 2004). Mercury exposure has adverse effects on
the cardiovascular system, heart, brain, kidney, lungs,
central nervous system and immune system of human
beings and animals, as well as organic mercury exposure
may cause neurologic and mental disorders (Baughman,
2006; Farhadi et al., 2012; Ke et al., 2014; Tchounwou
et al., 2003; Yan et al., 2014). One of the most usual and
stable forms of mercury pollution is water-soluble oxi-
dized divalent mercury (Hg2+) ion (Butler et al., 2006;

P. K. Sarkar :A. Halder :N. Polley : S. K. Pal (*)
Department of Chemical, Biological and Macromolecular
Sciences, S. N. Bose National Centre for Basic Sciences, Block
JD, Sector III, Salt Lake, Kolkata 700 106, India
e-mail: skpal@bose.res.in

http://crossmark.crossref.org/dialog/?doi=10.1007/s11270-017-3479-1&domain=pdf


Farhadi et al., 2012). Due to the potential impact of
mercury ions on human health and the environment,
the development of techniques for sensing and monitor-
ing of mercury ions has become the focus of numerous
studies. Among many different kinds of sensors, optical
sensors have comprehensive advantages over other
methods due to their versatility, specificity, sensitivity
and real-time monitoring ability with fast response time
(El-Safty and Shenashen, 2012; Nolan and Lippard,
2008). In the past decade, the commonly adopted tech-
niques for mercury ion detection include atomic absorp-
tion spectrometry (AAS), atomic fluorescence spec-
trometry (AFS), inductive coupled plasma mass spec-
trometry (ICP-MS) (Ghaedi et al., 2006; Kim et al.,
2012) and electrochemical methods (Wang et al.,
2016). However, these methods generally involve com-
plicated operation procedures, time-consuming and high
costs, which greatly limit their practical applications for
routine assay of mercury ion detection (Ma et al., 2016;
Pepi et al., 2006). In recent years, a number of efforts
have been devoted to design various kinds of chemo-
sensors targeting the detection of mercury ions. Such
sensors can be utilized for both qualitative and quanti-
tative detection of mercury ions using various analytical
and sophisticated instruments (Chen et al., 2011; De la
Cruz-Guzman et al., 2014; Somé et al., 2016;
Wallschläger et al., 2002). Although the aforementioned
methods are sensitive and selective, they are having
limitations in practical use due to rigorous sample prep-
aration, and in certain cases, the methods are unstable or
not functional in aqueous medium (Wan et al., 2009;
Wanichacheva et al., 2014). To resolve such issues,
noble metal nanoparticles (NPs) especially silver nano-
particles (Ag-NPs) and gold nanoparticles (Au-NPs) are
extensively used in the past few years for highly selec-
tive, sensitive and cost-effective mercury sensor devel-
opment (Borah et al., 2015; Kim et al., 2001; Li et al.,
2013; Polley et al., 2016; Sugunan et al., 2005; Trieu
et al., 2014). Ag-NPs have strong absorption band in the
visible region due to surface plasmon resonance (SPR)
bands and tunable optical properties induced by small
changes in shape, size, surface nature and dielectric
properties of the host media (Farhadi et al., 2012; Kar
et al., 2016). Ag-NP-based sensors are relatively more
efficient and sensitive compared to Au-NP-based sen-
sors because of the (more than 100-fold) higher molar
extinction coefficient in the visible region of optical
spectrum (Paramelle et al., 2014; Thompson et al.,
2008). Moreover, few potential problems including

sensitivity, selectivity and cost have also been reported
in the practical implementations of Au-NP-based mer-
cury sensors (Annadhasan et al., 2014; Guo et al., 2013;
Li et al., 2011; Wang et al., 2008a; Wang et al., 2008b).
In addition, some of the Au-NP-based mercury sensors
are not highly selective and suffer from cross-sensitivity
toward other metal ions, particularly copper (Cu2+),
manganese (Mn2+) and lead (Pb2+). On the other hand,
Ag-NPs in solution have been used for sensing mercury
based on the reduction of the SPR extinction; selectivity
would be high as such reactions do not occur with the
majority of other transition metal ions. In the given
context, development of a highly efficient, low-cost,
sensitive and highly selective polymer thin film-based
prototype sensor for rapid quantitative as well as specif-
ic analysis of Hg2+ in environmental water samples is
the motivation of the present work.

In this work, we report a highly efficient, low-cost
polymer thin film-based portable sensor and prototype
device capable of exhibiting a high selectivity for Hg2+

in the background of a wide range of competing heavy
metal ions. We have utilized SPR of Ag-NPs in a poly-
mer (PVA) matrix, which forms homogeneous thin film
on a glass substrate. We have also investigated that the
embedding of Ag-NPs inside PVAwould suppress deg-
radation of the NPs. The sensing mechanism is found to
be based on amalgamation of Hg2+ with the NPs ex-
cluding the need for special functionalization of the NPs
for the development of thin film-based mercury sensor.
The possible interaction between Ag-NPs and mercury
ions within the polymer matrix has been examined by
transmission electron microscopic (TEM) studies. Char-
acterization of the thin film thickness is performed by
using scanning electron microscope (SEM). To the best
of our knowledge, this is the first simple and inexpen-
sive portable sensor and prototype device for Hg2+ ion
detection in environmental water samples with very
high selectivity even in the presence of other relevant
transition metal ions.

2 Materials and Methods

2.1 Materials

In this study, analytical grade chemicals were used as
received without further purification for synthesis and
sample preparation. Sodium citrate, silver nitrate (Ag-
NO3–99.99%), poly(vinyl alcohol) (MW-89000-



98,000) (PVA) and sodium borohydride (NaBH4) were
purchased from Sigma-Aldrich. All different metal ions,
in the form of nitrate or chloride salts, were purchased
from either Merck or Aldrich and used as received
without further purification. The stock solutions
(50 mM) of all metal ions were prepared by taking a
known amount of chloride or nitrate salts in Millipore
water.

2.2 Methods

2.2.1 Synthesis of Silver Nanoparticles and Fabrication
of Thin Films

Citrate capped Ag-NPs were prepared in aqueous solu-
tion (pH = 6.5) by reduction of AgNO3 with NaBH4

(Flores et al., 2010). Briefly, first a 1-mM stock solution
of sodium citrate, 5-mM stock solution of NaBH4 and 5-
mM stock solution of AgNO3 were prepared in an
aqueous medium. One millilitre aliquot of stock AgNO3

solution was added to 16 mL of 1 mM aqueous sodium
citrate solution under stirring condition in an ice bath at
around 0 °C. Then, 150 μL of a freshly prepared 5 mM
aqueous NaBH

4
solution was added dropwise over

5 min. The initially colourless solution gradually turned
to intense yellow in colour and was stirred for 2 h and
30 min. The formation of Ag-NPs was confirmed by the
SPR band at around 400 nm in aqueous media (Flores
et al., 2010).

In order to fabricate the sensor film, first the aqueous
PVA solution was prepared by dissolving 1.6 g PVA in
10 mL of water under stirring condition upon heating at
temperature around 70 °C. Then 3 mL aliquot of stock
Ag-NPs solution was added in 1 mL PVA solution at
room temperature under stirring condition. The resulting
mixture solution is stirred for 15 min. Now, to prepare
the sensor film, first of all, we make sure the glass slide
size is 4.5 cm long and 1 cm wide. The prepared glass
substrates (glass slides) were cleaned using soap solu-
tion and water followed by sonication with isopropyl
alcohol for 30 min and dried in a hot air oven. After that,
50 μL of the well-mixed PVA-Ag-NPs mixture solution
was casted on the cleaned glass substrates and subse-
quently heated in a hot air oven at 100 °C for 2 h. The
thin film was formed on the glass substrates by encap-
sulating Ag-NPs in the host polymer matrix. Thereafter,
the characterization studies of the fabricated sensor films
were performed for further sensing application.

2.2.2 Optical Studies

Optical absorption spectra of the films were measured
by using Shimadzu UV-2600 spectrophotometer. For
optical absorption studies, the baseline correction with
PVA polymer film without Ag-NPs on glass substrate
was used as reference. We used high-resolution trans-
mission electron microscopy (HRTEM, FEI (Technai S-
Twin) with acceleration voltage of 200 kV) to charac-
terize the particle size and detailed structural informa-
tion of the NPs in the PVA-Ag-NPs composite thin film
before and after possible interaction with mercury ions.
For HRTEM studies, the thin film samples were pre-
pared on carbon-coated copper grids by drop-casting of
the diluted samples. In order to study the thickness of the
thin film, we used Quanta FEG 250 scanning electron
microscope (SEM).

2.2.3 Procedure for Hg2+ Sensing Experiments

All the sensing experiments were carried out at room
temperature. The Ag-NP-impregnated polymer thin film
was immersed into a beaker with Millipore water for a
short period of time and taken out for the measurement
of absorption spectrum of the sensor film. The spectrum
was marked as initial or zero-minute spectrum for com-
parison study. This process has been repeated at 3-min
interval consecutively for 30 min with the same sensor
film. To observe the effect of Hg2+ on the films, the
beaker was filled with known amount of the aqueous
mercury ion (Hg2+) solution (required amount of mer-
cury nitrate monohydrate (Hg(NO3)2·H2O) was dis-
solved in Millipore water to prepare aqueous mercury
ion (Hg2+) solution). Similar to the aforementioned way,
the spectrum of the sensor films was monitored with 3-
min interval for up to 12 min. A fresh thin film was used
for each new experiment. The overall procedure is
shown schematically in Scheme 1.

2.2.4 Procedure for Hg2+ Sensing in Real Samples:

Tap water samples were collected from the laboratory
and used as a model of real-world water samples. The
used tap water samples were analysed in a National
Accreditation Board for Testing and Calibration Labo-
ratory in the city and found no trace of mercury in the
samples. All the collected samples were filtered using
0.22 μm pore size nylon disk and spiked with mercury
at different concentration levels by dissolving required



amoun t o f me r c u r y n i t r a t e monohyd r a t e
(Hg(NO3)2·H2O) salt. Final concentrations of mercury
ions in the spiked tap water samples were 500 ppb,
1 ppm, 5 ppm and 10 ppm. For sensing, mercury con-
tamination of the spiked tap water samples were mea-
sured as described earlier using our developed sensor
and a correlation was traced between the measured and
the expected results (obtained from the calibration equa-
tion) by comparing the differential absorbance intensity
with respect to the reference sample measured at zero
minute.

3 Results and Discussion

3.1 Characterization of PVA-Ag-NPs Thin Film

The film was characterized by the UV–Vis spectropho-
tometer. The SPR spectrum of the prepared PVA-Ag-
NPs thin film is shown in Fig. 1a. The observed char-
acteristic absorbance band peaking at around 405 nm is
due to SPR band of the Ag-NPs. The absorbance band
of the NPs indicates the synthesized particle size is
around 11 nm (Paramelle et al., 2014). The photographic
image of the sensor film is shown in the inset of Fig. 1a.
For further confirmation on the consistency of the sensor
film, we have used electron microscopy (TEM, SEM)
on the PVA-Ag-NPs thin film. Figure 1b represents the
TEM image of the citrate capped Ag-NPs within the
polymer matrix. The TEM images reveal that the parti-
cles are spherical in shape with almost uniform size
distribution. The average diameter of the particles is
found to be around 11 nm (lower inset of Fig. 1b). The
crystal structure of the metal NPs is also confirmed from
the fringe-distance in the HRTEM image. Upper inset of
Fig. 1b shows continuous single directional lattice

fringes. The measured interplanar distance of the fringes
(~0.23 nm) corresponds to Ag [111] lattice planes

Scheme 1 The experimental procedure and the effect of mercury
(Hg2+) ions on the silver nanoparticles (Ag-NPs) are shown
schematically

Fig. 1 a Normalized UV–Vis absorbance spectrum of PVA-Ag-
NPs thin film. Inset shows the image of the thin film on glass slide.
b TEM images of PVA-Ag-NPs thin film. Lower inset shows the
size distribution of the Ag-NPs and upper inset shows the high-
resolution TEM (HRTEM) image of Ag-NPs. c SEM image of Ag-
NP-impregnated PVA thin film (cross-sectional)



(Rodriguez-Leon et al., 2013). Figure 1c presents the
SEM image of the Ag-NP-impregnated PVA thin film
(cross-sectional) revealing average thickness of the sen-
sor film to be around 12–13 μm.

3.2 Sensing Mechanism and Sensitivity Studies
for Hg2+ Detection

In order to understand how the SPR band of the nano-
particle is affected by the metal Hg2+ ions, a control
study on the prepared thin film was performed. The
absorbance spectrum of the wet sensor film remains
constant for more than 30 min (Fig. 2a), demonstrating
that even though the polymer swells in the aqueous
medium, there was absolutely no leaching of Ag-NPs
into the wetting medium. Our observation is consistent
with the reported literature on the Ag-NP-impregnated
PVA thin film (Ramesh and Radhakrishnan, 2011). In
order to measure the influence of aqueous mercury
solutions on the sensor films, the SPR spectra of the
films were recorded before and after introducing Hg2+

aqueous solutions with known concentrations. The
spectra for a selected set of concentrations are shown
in Fig. 2. As shown in Fig. 2b, c the spectra show small
but definite and reproducible decrease in absorbance
within a few minutes, even at the lowest Hg2+ concen-
tration of 10 ppb. However, for higher concentrations of
Hg2+ ions like 500 ppb, 1 ppm and 2 ppm (shown in Fig.
2d–f), the spectra show significant change within 3 min.
In addition to the decrease in intensity, the SPR peak
undergoes a blue shift which becomes prominent at
higher Hg2+ concentrations (Fig. 2g–j). The relative
change in absorbance with respect to zero-minute spec-
trum with different time in presence of various concen-
trations of mercury ions is shown in Fig. 3a. Event at
Hg2+ concentrations below 100 ppb, a small but gradual
temporal change in the absorbance with respect to initial
spectrum is evident. Although the sensitivity of the
sensor increased with incubation time, for sensitivity
calibration, 3 min of incubation time was chosen in
our study as the changes in the absorbance in all the
mercury concentrations in the time window were found
to be reasonable. The effect of pH on the sensing was
also investigated. We observed that the SPR absorbance
of as-prepared sensor film was weaker at acidic or basic
conditions compared to that in pH = 6.5. At acidic or
basic conditions, the increased H+ and OH− in the
medium probably interact with the NPs and reduce
stability of the SPR of Ag-NPs, which plays significant

role in the sensing mechanism. The advantage of our
sensor is that the as-prepared film exhibits the highest
sensitivity at the ground water’s natural pH level
(pH = 6.5) revealing the possibility of the potential use
of the sensor for testing ground water as is.

Figure 3b demonstrates that for all over the concentra-
tion (10 ppb–20 ppm) of Hg2+ ions, as-prepared sensor
film follows non-linearity by eq. Y = X / (10.63 +

1.4 × X − 2.66 ×
ffiffiffiffi

X
p

) with 3-min incubation time, where
Y is the differential absorbance (I0 − I), X is the Hg2+ ion
concentration (in ppm) and I0 and I are the absorbances at
405 nm of the sensor film at 0 and 3 min, respectively.
However, the inset of Fig. 3b exhibits that the differential
absorbance (I0 − I) and Hg2+ ion concentration is in
excellent linear correlation (Y = 0.09 × X + 0.014,with
correlation coefficient = 0.998) over the range 10 ppb to
5 ppm. Thus, the 3-min incubation time can be consid-
ered as sufficient duration for Hg2+ detection in aqueous
media with the lower detection limit of 10 ppb. We also
observed that longer incubation time of the sensor with
the test sample increased the sensitivity where 10 and
100 ppb could be distinguished confidently (Fig. 2b, c).
Therefore, for longer incubation time, the lower detection
limit of the sensor can be reduced to lower than 10 ppb.

In order to get insights into the reaction mechanisms
of Hg2+ sensing, further experimental results are pre-
sented in Fig. 4. Figure 4a shows decrease in absorbance
at 405 nm as well as blue shift of SPR band in presence
of Hg2+ ions. The blue shift of the SPR band might be
due to the formation of amalgamation at the surface of
Ag-NPs (incomplete amalgamation) effectively reduc-
ing the size of the NPs. It has to be noted that complete
amalgamation would abolish the SPR of Ag-NPs and
subsequently induce agglomeration in order to form
bigger-sized Ag-Hg alloy particles. To understand the
above phenomena, TEM and EDAX spectra of the thin
film were studied before and after immerging in the
aqueous mercury ion solution. As shown in EDAX
study, before immerging in the aqueous mercury solu-
tion, the thin film was completely free from mercury
(inset of the Fig. 4a) and no aggregation was found
among the NPs (Fig. 1b). However, after immerging
the thin film in the aqueous mercury ion solution,
TEM studies (Fig. 4b) confirmed increase of sizes of
the observed NPs. Inclusion of Hg in the NPs is evident
from EDAX spectrum as shown in the inset of the Fig.
4b. Our observation is consistent with the reported lit-
erature (Li et al., 2015; Polley et al., 2016; Ramesh and
Radhakrishnan, 2011; Rex et al., 2006; Sarkar et al.,



Fig. 2 Temporal variations of the SPR spectra of PVA-Ag-NPs thin
films immersed in aqueous solutions (pH = 6.5) with different
concentrations of Hg2+ ions are shown in the panels (a-j). a shows

the variation of SPR in longer time window at [Hg2+] = 0 ppb.
Absorbance at zero time is normalized to 1.0 in each case



2016; Wang et al., 2010; Wu et al., 2012). The
amalgam formed at the surface of the silver nano-
particles within the polymer matrix by reduction of
Hg2+ ions (Henglein and Brancewicz, 1997;
Katsikas et al., 1996; Ramesh and Radhakrishnan,
2011). The amalgamation is unavoidable only in
the presence of Hg2+ ions because the reduction of
Hg2+ (to Hg) is most facile by Ag-NPs due to the
equivalent redox potential of Hg2+ (to Hg)
(E 0 = 0 . 8 5 V ) a nd Ag -NP s ( t o Ag+ 1 )
(E0 = 0.80 V) (Ramesh and Radhakrishnan,
2011; Ravi et al., 2013). The amalgamated/
aggregated Ag-NPs lose SPR band (decrease in
absorbance) and increase the particles size within
the sensor film.

3.3 Selectivity Studies

From our earlier studies, it is evident that the Ag-NP-
impregnated sensor thin film acts as an efficient mercury
sensor through amalgamation/aggregation of the NPs
within the polymer matrix. Now, to investigate the se-
lectivity of the developed sensor, we have studied the
interference of other metal ions including Cu2+, Cd2+,
Mg2+, Co2+, Na+, Ca2+, K+, Zn2+, Ni2+, Pb2+, Fe3+, and
Ag+ in the detection ability of the sensor under the same
experimental condition. The changes in absorbance at
405 nm of the sensor films after the interaction (interac-
tion time 12 min) with different metal ions and mixture
of all metal ions (including Hg2+ and excluding Hg2+)
are presented in Fig. 5a with a 5% error bar. The results

Fig. 3 aRelative change in absorbance of the thin films
as a function of time for different concentrations of
Hg2+ ions in aqueous medium. b The plot of differen-
tial absorbance of the thin films at 405 nm with Hg2+

ions concentration. Inset shows the linear response of
the sensor with [Hg2+] from 10 ppb to 5 ppm

Fig. 4 a Normalized UV–Vis absorbance spectrum of PVA-Ag-
NPs thin film, before and after immersed in aqueous solutions of
Hg2+ ions. Inset shows the EDAX spectra of the thin film before
interaction with Hg2+ ions. b TEM image of the thin film after
interaction with Hg2+ ions. Inset shows the EDAX spectra of the
thin film after interaction with Hg2+ ions



demonstrate that all of those relevant metal ions (except
mercury ions) and mixture of all metal ions (excluding
Hg2+) have no significant effect on the sensor thin films’
optical response (Fig. 5a). The selectivity studies clearly
indicate that the amalgamation/aggregation phenome-
non is only evident in the presence of Hg2+ ions because

the reduction of Hg2+ (to Hg) is most facile by Ag-NPs
due to the equivalent redox potential of Hg2+ and Ag-
NPs (Ramesh and Radhakrishnan, 2011; Ravi et al.,
2013). Our observation indicates that the proposed sen-
sor has potential in real applications for monitoring
environmental mercury ions in aqueous medium with-
out any interference from other relevant metal ions.

3.4 Determination of Hg2+ Ions in Real Samples

Potential application of the proposed technique was eval-
uated for determination of mercury ions in real samples.
Laboratory tap water sample was taken for this experi-
ment. As the collected environmental water sample was
not fully purified, the metal ions are expected to be present
in significant amount. The test report of the tap water from
aNational Accreditation Board for Testing andCalibration
Laboratories test centre is as follows. Escherichia coli,
MPN/100 ml—Nil, total hardness (CaCO3)—73.2 mg/L,
sulphate—26.2 mg/L, nitrate—1.6 mg/L, iron—0.04 mg/
L, arsenic—0.005 mg/L, fluoride—0.194 mg/L, chlo-
rine—17.71 mg/L, lead—0.002 mg/L, calcium—
27.0 mg/L. So, it is highly challenging to detect Hg2+ in
such environmental water sample. From the experimental
data, it is found that the tap water sample is free fromHg2+

ions. Figure 5b shows that our developed sensor is capable
of detectingmercury contamination in real-world samples.
The obtained concentration of Hg2+ ions from the calibra-
tion curve (calculated) and spiked values (expected) are
within the 5% error range (for details of the experimental
procedure see experimental section). The results are sum-
marized in Table 1 and show good agreement with the
expected values. It is also observed from Table 1 that the
recoveries of Hg2+ at different concentration levels (ratio
between measured and expected values) are in between

Fig. 5 a Normalized UV–Vis absorbance spectra of the thin films
in the presence of various metal ions, monitored at 405 nm. b
Response of the sensor with Hg2+ ion-contaminated real water
samples and comparison of measured values (zig-zag bars) with
expected values (solid bars)

Table 1 Determination of Hg2+ ions in real water samples using the proposed method

Samples Detection of
Hg2+ ions

Spiked Hg2+

(ppm)
Measured Hg2+ (ppm) Recovery(%)b RSD(%)c

Mean SDa

Tap water 1 Not detected 0.5 0.49 0.010 98.0 2.04

Tap water 2 Not detected 1.0 1.03 0.025 103.0 2.45

Tap water 3 Not detected 5.0 5.19 0.055 103.8 1.06

Tap water 4 Not detected 10.0 9.89 0.090 98.9 0.91

a SD standard deviation
b Recovery(%) = 100×(concentration found/ concentration added)
c RSD(%) = Relative standard deviation of three determination = Coefficient of variation´100



98.0 and 103.8%; the RSDs are in between 0.91 and
2.45%. It is evident from our studies that the developed
thin film sensor has extremely high potential for the sens-
ing of Hg2+ ions in environmental water samples.

3.5 Development of the Prototype Device

Our studies confirmed that the developed technique has
high potential application in environmental mercury
pollution monitoring in the real-world water samples.
By using the technique, we have developed a simple and
inexpensive prototype device for monitoring in-field
environmental mercury pollution. The basic block dia-
gram of the designed prototype device is shown in
Scheme 2. Here, we have used commonly available
two light-emitting diodes (LEDs) with irradiance in the
visible region of the electromagnetic spectrum as light
sources. The violet irradiance of the LED with wave-
length of 405 nm is complementary of the absorbance
spectrum peak of the developed sensor thin film. The
red LEDwith wavelength of 600 nm is used for baseline
correction (reference). The lenses are used to focus the
light on the sample and the LDR (light dependent resis-
tor). Finally, the programmable IC (integrated circuit)
which is connected to a digital display is used to convert
the LDR signal to digital value. We will present the
detailed instrumentation and the validation of the de-
signed portable device for a statistically significant num-
ber of real-world water samples in our future work.

4 Conclusion

In summary, the present study illustrates the design of a
simple and inexpensive prototype sensor based on silver

nanoparticle-impregnated poly(vinyle alcohol) nano-
composite thin film for mercury detection. The thin film
fabricated through a facile protocol is shown to be a fast,
efficient and selective sensor for Hg2+ in aqueous medi-
um. The study demonstrates the unique potential of Ag-
NPs in mercury ion sensing application followed by the
reduction and blue shift of the SPR spectrum upon inter-
action with mercury, enhancing the selectivity of the
detection, through amalgamation/aggregation process.
The developed sensor is highly selective toward Hg2+

ions, even in the presence of other metal ions generally
present in water of natural sources. The sensor response
exhibits excellent linear correlation with Hg2+ ions con-
centration over the range 10 ppb to 5 ppm. The devel-
oped sensor has potential applications in monitoring trace
Hg2+ ions in real-world water samples. We have also
developed a simple, inexpensive and feasible prototype
device using the proposed technique for potential appli-
cation in environmental mercury pollution monitoring.
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