
CHAPTER 5

SMARTPHONE PLATFORM PHOTOMETRIC AND
FLUORESCENCE SENSING FOR TRACE DETECTION

OF NITRITE IN SOIL AND WATER

Present chapter discusses the importance of monitoring of nitrite level and the real-
ization of alternative smartphone based sensing system using commonly used optical
components. The goal of the present work is to develop a dual mode sensing system
using a smartphone by which nitrite level in different media can be estimated reliably.
The sensing principle is based on both photometric and fluorescence intensities varia-
tion of carbon nanodot (C-dot) and neutral red (NR) mixture that occurs that occurs
due to frequency resonance energy transfer (FRET) process in presence of nitrite level
in the medium. The utilization of inbuilt sensors of the phone for development of
dual mode sensing system and android applications for data acquisition and analysis
within the device have been demonstrated. The designed sensor has been implemented
to estimate the nitrite level of infield water and soil samples, and the experimental
results were compared with the laboratory standard tools. At the end of the chapter,
the advantages and feasibility of the proposed smartphone sensor as a potential av-
enue for onsite assessment of other parameters of water and soil have been discussed.

5.1 Introduction

Nitrite NO –
2 is widely utilized as a food color and preservative due to its antibacterial

property [1, 2]. In addition, it is routinely employed as a coloring substitute, anti-
corrosion agent, and chemical fertilizer [3, 4]. Again, due to the agricultural runoff
and waste discharge from dying and pharmaceutical industries nitrite has become a
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major pollutant for surface and groundwater resources [5, 6]. The excess content of
nitrite in water and soil is harmful to human health and could cause pollutions to the
water resources, which may lead to the extinction of some aquatic lives. Nitrite reacts
with secondary and tertiary amines to form carcinogenic N-nitrosoamines, leading to
cancer and hypertension in humans [7]. An excess amount of nitrite in the body may
cause an irreversible interaction with haemoglobin, resulting in methemoglobin in
the blood, which is the cause of “blue baby syndrome” that is extremely harmful to
babies and pregnant women [8, 9]. Thus, monitoring nitrite in water, food and other
environmental sources is very important as far as human health is concerned. The
acceptable limit of nitrite in drinking water as set by the World Health Organization
(WHO) and the United States Environmental Protection Agency (USEPA) is 3.0
mg/L and 1.0 mg/L (as nitrite nitrogen), respectively [2, 10, 11]. Considering its
impact on our health and environment, it is needed to develop a suitable sensing
platform that can detect the nitrite level concentrations in water and soil at the point
of care level. Although, different techniques exist to detect nitrite level in various
media such as spectrophotometry [12, 13], electrochemical [14–17], chromatography
[18–20], molecular absorption spectrometry [21, 22], Raman spectrometry [23, 24],
chemiluminescence [25, 26] etc. However, all these techniques demand bulky and
expensive equipment, a standard laboratory environment, and technical knowledge
to operate these tools.

A smartphone is capable of fulfilling all the requirements for the development of
a sensing system which has an ability to detect, analysis, and data transfer from the
remote location to the central laboratory. The key to the successful implementation
of smartphone-based sensing is the advanced hardware and software parts, along with
the various sensors embedded within the phone itself. In the present work, standard
Griess-based colorimetric method has been used to estimate the nitrite level in soil and
water using the smartphone. Puangpila et al. reported mobile phone-based nitrite
sensing using the standard Griess-based colorimetric method [27]. As this method is
color dependent, it may affect the experimental results due to the presence of other
chemicals in the medium. Moreover, this method is not very sensitive to detect trace
levels of nitrite in the sample. Owing to its high sensitivity, and relatively low-cost
techniques, the fluorescence-based sensing technique has been recently deployed to
monitor water quality [28–30]. Fluorescent signal emission from carbon quantum
dots (CQDs) has drawn significant interest due to its strong fluorescence properties,
and relatively easier to synthesis, low toxicity with very good optical and chemical
stability [31–33].Very recently, Carbon nanodots based fluorescence resonance energy
transfer (FRET) has been successfully applied for chemical sensing [34], bio-imaging
and bio-sensing studies [35]. Wang et al. [36] have reported the colorimetric detection
of NO –

2 using polymer-carbon nanodots (PCNDs) on a smartphone. The group has
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Figure 5.1: Illustration of the mechanism of nitrite in the C-dot-NR medium.

used ΔRGB values for quantitative analysis of NO –
2 based on the color intensity of

the samples using a background color. However, the intensity of the background color
might affect the colorimetric response of the NO –

2 samples. Also, a better sensitivity
can be achieved by considering the HSV color model of each parameter. In another
report by Zhang et al. [37], the electrokinetic stacking (ES) mechanism has been
integrated with the colorimetric Griess reaction-based method for the detection of
nitrite using a smartphone . Although a low limit of detection could be achieved; the
sensor response was not linear for a wide range (0.075 to 1.0 �g/ml). Li et al. [38]
have reported a novel ratiometric FRET-based analysis for the visual quantification
of nitrite in sausage samples. The reported synthesis process of quantum dots (QDs)
involved several steps compared to the present synthesis procedure of C-dots.

The present work demonstrates the development of a compact smartphone-based
sensing platform for dual detection of trace level of nitrite using C-dot and NR. In
this work, the C-dot-NR mixture shows the FRET process whose property can be
tuned with the presence of nitrite in the mixture. The C-dot-NR mixture exhibits
both photometric and fluorescence signals variations with the presence of nitrite in
the medium. This dual-mode of response has been used to correlate the concentration
of nitrite in the sample. For the C-dot-NR sensing medium, the C-dot acts as a donor
while NR acts as an acceptor. The fluorescence emission from the C-dot is quenched
by the NR in the mixture via the FRET process. The presence of nitrite in the
C-dot-NR medium inhibits the FRET process and thus shows both colorimetric and
fluorescence variations with the nitrite level variations in the medium, as shown in
figure 5.1. A compact field-portable and user-friendly smartphone sensing system
operates both in photometric and fluorescence mode has been designed to monitor
these variations. The detailed smartphone-based dual sensing approach of nitrile level
has been discussed in the following sections.



100

5.2 Working principle of the designed smartphone-
based sensing system

5.2.1 Design of the photometric sensor on the smartphone

For the photometric mode of sensing, the proposed sensor utilizes the well-known
Beer-Lambert’s principle. When a beam of light travels throughout a medium, the
amplitude of the light signal is attenuated due to the medium’s absorption. The
absorbance of the propagated light signal depends on the light path length and the
proportion of the attenuating medium [39, 40]. The medium’s absorbance can be
stated as

A = εlc (5.1)

where, A is the absorbance of the attenuating medium, which is the ratio between
transmitted light intensity and incident light intensity, ε is the molar attenuation
coefficient, l is the optical path length, and c is the concentration of the attenuating
medium. With a specific medium with constant optical path length, the medium’s
absorbance is directly proportional to its concentration.

5.2.2 Design of the fluorescence mode of sensing for the pro-
posed sensor

The C-dot-NR mixture emits fluorescence signal at the peak wavelength of 563 nm
when the medium is irradiated with a UV source. The emitted signal from the sample
is allowed to pass through a long-pass optical filter (500 nm) and finally is coupled to
the CMOS imaging sensor by using a focusing lens. The CMOS imaging sensor of the
phone records the fluorescence signal intensity in the RGB color model, which can be
easily converted to HSV color model using simple conversion formula. In the present
work, HSV color model’s V-channel value has been used to correlate the fluorescence
signal intensity with the concentration of the nitrite present in the medium. The
variations of the V-channel value in the HSV color model are found to be more
sensitive and linear than the H and S-channel variations; thus, provides a better mode
of sensing while considering this channel value for nitrite level concentrations in the
medium. The V-parameter of the HSV color model represents different shades of the
same color [41–43]. So, the change in the V component with the shade of a color can
be used for fluorescence-based quantification of an analyte. The V-parameter of HSV
color space can be determined from RGB color space from the following equation:

V =
1
3
× (R +G+B)

255
(5.2)
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where R, G and B represent the red, green and blue channels of RGB color space,
respectively. The magnitude of the value component varies from 0 to 1.

5.3 Material and methods

5.3.1 Reagents and Chemicals

All chemicals used in the present study are of research-grade and have been used
as received from the suppliers. Polyethylene glycol 200 (PEG 200), sucrose, sodium
nitrite (NaNO2), sulfuric acid and hydrochloric acid were procured from Merck, India.
Sulfanilamide reagent, N-(1-naphthyl) ethylenediamine dihydrochloride (NED) and
neutral red (NR) reagent were procured from Sigma-Aldrich Inc. The deionized (DI)
water was used throughout the work, which has been acquired from a Milli-Q water
filtering system.

5.3.2 Instrumentation

Images of the synthesized C-dot sample have been acquired using transmission elec-
tron microscope (TECNAI G2 20 S-TWIN, FEI Company, USA). All fluorescence
signal intensities from the C-dot sample were recorded with a standard fluorescence
spectrometer (Hitachi F-7000, Tokyo, Japan). Standard UV-Visible spectrometer
(UV 2450, SHIMADZU) was used for photometric analysis. The pH values of the
aqueous medium are monitored using a laboratory standard pH metre (Cyber Scan
pH 700).

5.3.3 Synthesis of the C-dots

The C-dots have been synthesized using a one-step microwave-assisted synthesis pro-
cedure with small modifications [29]. In a 10 mL glass tube, 30% w/v sucrose of
volume 1 mL, 200 �L concentrated H2SO4, and 6 ml PEG is mixed sequentially. The
mixed solution is then warmed up in a 700W microwave oven for 20s. The solution
gradually turned into golden yellow color, implying the formation of C-dots. Upon
cooling, the C-dot solution was centrifuged at a speed of 5000 RPM for 10 minutes
in room temperature condition to remove the unsolvable impurities. The volume of
the C-dots solution was adjusted to 100 mL by adding distilled water and stored at
4◦C for later use.
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5.3.4 Optimization of experimental conditions

Different combinations of concentration of C-dot solution, neutral red and pH values
of the media have been explored to achieve the optimum experimental condition
for the present sensing system. C-dot sample of volume 1 ml has been mixed with
different amounts of neutral red (20, 40, 50, 60, 80, 100, 150 and 160 µL) at different
pH values (1.0, 1.5, 1.7, 2.0, 3.0, 4.0, and 5.0) with the addition of 1 µg/ml nitrite
to analyze the optimal condition. Out of the different combinations, we noticed a
mixture of 1 ml C-dot solution, 60 µL of NR and 100 µL of HCl at a pH value of
2.0 yields an optimal sensitivity condition for the designed sensing set-up. 5 minutes
of reaction time has been considered to synthesize the proposed reagent, and the
prepared sample is then diluted to 5 ml with DI water prior to the spectroscopic
analysis.

5.3.5 Fabrication of the designed smartphone-based photo-
metric sensing system

Figure 5.2: (a) Schematic representation (b) photo image of the designed smartphone
photometric based sensor.

The schematic diagram of the proposed smartphone-based sensor that operates in
photometric sensing mode is shown in figure 5.2(a). An LED with a peak wavelength
of 560 nm and full-width half-maximum (FWHM) 10 nm has been utilized as a
light source for the current sensing studies. The LED has been powered from the
smartphone battery through a USB-OTG cable. The light signal from the LED was
allowed to pass through a collimating lens (7 mm diameter, Edmund Optics, product
id. 32-404) of focal length 11 mm. The collimated light beam propagates through
the C-dot-NR medium placed in a quartz cuvette of optical path length 10 mm. The
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modulated light signal via the sample was focused tightly with a focusing lens (6 mm
diameter, Edmund Optics), and finally, the transmitted optical signal was coupled to
the ambient light sensor (ALS) of the phone (Moto one power). A 1 mm thick glass
diffuser (Model no. HO-DF-50S-32, Holmarc optics, India) was used in the optical
path to avoid any possible fluctuations of the signal intensities due to the coupling
of the intense light signal from the medium. A custom-designed 3D printed optical
setup has been fabricated to hold the optical components as well as the sample holder
together. The photo image of the designed sensor is shown in figure 5.2(b).

5.3.6 Fabrication of the designed smartphone-based fluores-
cence sensing system

Figure 5.3: (a) Schematic representation (b) captured image of the developed fluo-
rescence sensor.

Figure 5.3(a) illustrates the schematic of the proposed fluorescence-based sensing
setup. It consists of a UV LED that emits a light signal with a peak emission
wavelength of 375 nm. By using a collimator lens, light signal from this source was
made collimated and was allowed to pass through a diffuser so that the beam incident
uniformly over the sample. For fluorescence based measurement, the detector is set
at 90◦ angle to the incident light to avoid any interference from the transmitted
excitation light. Therefore, the angle of incidence has been considered as 90◦ to the
incident light in order to minimize the fraction of excitation light entering to the
detector i.e. the CMOS sensor. To eliminate the excitation wavelength, a 500 nm
long-pass optical filter has been placed in the signal’s optical path to the imaging
sensor of the phone. The fluorescence signal from the sample is focused using a
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focusing lens (6 mm diameter, Edmund Optics) and finally coupled to the CMOS
imaging sensor (16 MP, 1920 ×1080 pixels) of the phone. Figure 5.3(b) shows the
photograph of the designed sensor.

5.3.7 Workflow of the android applications

For photometric mode of sensing, an open-access application available in Android
operating system - “Light meter” has been used to calculate the transmitted mod-
ulated light intensity from the sample. The application converts the light intensity
variations recorded by the ALS of the phone in to “LUX” unit. Light signal intensity
transmitted from distilled water has been considered for referencing of the sensing
signals. Again, for the fluorescence mode of sensing, another open-access application-
“RGB color detector” has been used in the present study. By using this application,
the V-parameter value of the captured signal acquired by the phone can be esti-
mated. For analyzing the experimental data for these two modes of sensing, another
freely available application- “StanXY” has been used in the present study. By using
this application, one can easily obtain the calibration curves for both the modes of
sensing with the developed sensor. After attaining the calibrated equations, nitrite
level concentration of an unknown medium can be determined by putting the sensing
response data in the respective equations.

5.4 Characterization of the synthesized C-dots

5.4.1 Transmission electron microscopes (TEM) imaging

The synthesized C-dots in the present work showed good fluorescence emission. The
sucrose and the PEG 200 act as a carbon source and passivation agent, respectively
[44]. The structure of the prepared C-dots was examined by transmission electron
microscopy (TEM). Figure 5.4(a) displays the TEM image of C-dots, which illustrates
a well-dispersed and spherical C-dots of mean diameter of 5.5 nm. The C-dot sample
under natural light condition shows light yellow color while upon irradiation with UV
light of wavelength 375 nm it emits bright greenish-yellow fluorescence as shown in
figures 5.4(b) and 5.4(c), respectively.

This fluorescence emission signal is in accordance with the findings of a previously
reported work [45]. The use of C-dot as one of the component of the sensing medium
offers several important advantages like low-cost, simple synthesis procedure, and no
toxicity. The C-dots can also be synthesized from different ordinary carbon resources
like potato, carbohydrate, and candle smoke [46].



105

Figure 5.4: (a) TEM image of synthesized C-dots (b) snapshot of the synthesized
C-dots under ambient light (c) C-dots fluorescence emission under UV light of wave-
length of 375 nm.

5.4.2 Fourier transform infrared (FTIR) spectroscopy anal-
ysis

Figure 5.5: FTIR spectra of synthesized C-dot, neutral red and mixed solution of
C-dot and neutral red.

Figure 5.5 shows the FTIR spectra of C-dots, NR and the mixture of C-dot-NR.
The IR spectrum of the C-Dots and neutral red reveals the two important bands at
3450 cm1 and 1650 cm1 assigned to the oxygen-containing groups. The band centered
at 3438 cm1 has resulted from the stretching mode of −OH and the band at 1637
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cm1 is derived from the stretching mode of C O. The decrease in the transmittance
of C-dot NR mixed solution indicates the quenching of the fluorescence intensity of
C-dot by NR.

5.4.3 Condition and verification of ocuurance of FRET

The UV-Vis spectrum of both C-dot and NR samples have been studied to further
confirm the occurrence of the process. Figure 5.6 shows that the peak fluorescent
emission wavelength and peak absorption wavelength conditions were at 522 nm and
530 nm, respectively. The absorbance spectra of acceptor- neutral red is almost
overlapped with the emission spectra of donor C-dot. For the FRET process to
occur, the absorption spectra of the donor should overlap the emission spectra of the
acceptor fluorophore, and the distance between the two molecules should be in close
proximity [47]. Clearly, the overlapping spectra in figure 5.6 indicates the occurrence
of the FRET between the donor C-dot and the acceptor NR.

Figure 5.6: Overlapping of fluorescence spectra of the donor C-dot and absorbance
spectra of the acceptor neutral red.

5.4.4 Mechanism of colorimetric and fluorescent response to
nitrite

The C-dot-NR mixture shows variation in colorimetric and fluorescence mode in
the presence of nitrite in the medium. The C-dot-NR sample exhibits reddish-pink
under ambient light conditions and emits a greenish-yellow fluorescence signal when
it is illuminated by a UV source of wavelength 375 nm. Under the natural light
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Figure 5.7: (a) Absorbance spectra and (b) calibration curve at 560 nm of the C-
dot-NR samples in presence of nitrite obtained with UV-visible spectrometer (c)
Fluorescence spectra and (d) calibration curve at 563 nm of the C-dot-NR samples
in presence of nitrite obtained with fluorescence spectrometer.

condition, the C-dot-NR mixture changes from pink to violet with the increased
nitrite concentration in the medium. The NR in the mixture acts as a chromogenic
agent that gets oxidized in the presence of nitrite by forming diazonium salts and
shows the colorimetric variations according to nitrite concentration present in the
medium. Figure 5.7(a) shows the absorbance spectra of the C-dot-NR mixture in
presence of nitrite. The absorbance of the C-dot-NR mixture decreases as the nitrite
concentration increases. Figure 5.7(b) shows the characteristic graph of absorbance
values at 560 nm. Again, the fluorescence emission of C-dots is recovered due to the
reduction of NR in the presence of nitrite in the C-dot-NR mixture. The fluorescence
intensity at the peak wavelength of 563 nm increases with the increase in nitrite
concentration in the mixture. Figure 5.7(c) illustrates the characteristic fluorescence
emission spectra of the C-dot-NR mixture obtained with the standard fluorescence
spectrometer at different concentrations of nitrite in the medium while figure 5.7(d)
represents the calibration curve for the fluorescence intensity values recorded at 563
nm.
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5.5 Dual-mode detection of nitrite by the designed
smartphone sensing system

5.5.1 Photometric detection

The C-dot-NR samples show colorimetric change with nitrite level concentration in
the range 0.1 - 3 µg /ml. Figure 5.8(a) illustrates the photo images of the C-dot-
NR samples that contained different concentrations of nitrite in the medium. Figure
5.8(b) represents the photometric sensor response of the designed tool at different
concentrations of nitrite in the C-dot-NR mixture. Here, nitrite concentration in the
range 0.1 - 3 µg/ml has been considered to asses the characteristics of the sensor.

Figure 5.8: (a) Photographs of the nitrite samples showing colorimetric changes
(b) Calibration curve obtained with the colorimetric-based designed sensor for the
preapred samples with nitrite concentration ranging from 0.1 to 3 µg/ml.

Figure 5.8(b) depicts the characteristic curve of the sensor, which implies a linear
response with regression coefficient value R2 = 0.989. The error bar in the figure
shows the standard deviations of the sensor response for five consecutive measure-
ments for each sample. From the regression analysis, a calibration equation has been
obtained that can be used to quantify the amount of nitrite present in a sample. The
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calibration equation is given by the following equation:

Nitriteconcentration =
Normalizedintensity − 0.78

0.74
(5.3)

where normalized intensity is the normalized sensor response obtained by the designed
sensing tool.

5.5.2 Fluorescent detection

Figure 5.9: (a) Fluorescent images of the C-dot-NR nitrite samples recorded by the
developed sensor (b) Calibration graph obtained with the fluorescence-based smart-
phone sensor for the prepared samples with nitrite concentration ranging from 0.1 to
3 µg/ml.

For fluorescence mode of detection, the emitted fluorescence signal of the C-dot-
NR mixture has been acquired by the phone’s imaging sensor. Figure 5.9(a) shows the
photo images of the fluorescence emission signals recorded by the developed sensor for
various nitrite concentrations in the medium. The characteristic fluorescence signal
response at 563 nm for different concentrations of nitrite in the media is shown in
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figure 5.9(b). The figure clearly indicates that with the increasing concentration of
nitrite the fluorescence signal intensities increase proportionately.Figure 5.9(b) also
represents the linear fitted curve of the sensor with regression coefficient R2 = 0.992.
The error bar in the graph depicts the standard deviations of the sensor response
for five consecutive measurements of each sample. The calibration equation for the
fluorescence mode of sensing can be obtained as:

Nitrite concentration =
Normalized intensity − 0.762

0.081
(5.4)

From the above equation, one can easily measure the nitrite concentration of an un-
known sample by incorporating the normalized greyscale value of the sample recorded
by the designed sensor.

5.6 Sensor properties for both the specified sens-
ing modalities

Table 5.1: Comparison of various sensoristic parameters in the photometric and flu-
orescent mode.

Sensor
charac-
teristics

Standard equation Photo-
metric
mode

Fluo-
rescent
mode

Remarks

Sensitivity ∆S
∆I

0.05
A.U./µg/ml

0.08
A.U./µg/ml

Fluorescent
sensing mode
offers higher
sensitivity

Limit of
Detection
(LoD)

3σ
S

0.128
µg/mL

0.116
µg/mL

Fluorescent
sensing mode
offers low detec-
tion limit

Accuracy
(%bias)

KnownNo –
2 −MeanNo –

2
KnownNo –

2
×

100
0.75% 0.89% Higher precision

has been noticed
in fluorescene
mode of sensing

Precision
(%RSD)

Standard deviation
Mean

× 100 2.25% 1.25% Lower value of %
RSD in the fluo-
rescence sensing
mode also sig-
nifies the higher
accuracy
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The sensor properties for both sensor modalities have been evaluated, and the as-
sociated sensoristic parameters in both the sensing modalities have been summarized
in a tabular form (5.1). From the sensoristic parameters provided in the table 5.1,
it is evident for the designed sensing platform, the fluorescence mode of sensing out-
performs the photometric mode in terms of sensitivity, LoD, accuracy and precision
values.

5.7 Effect of interfering elements on the sensor
performance

Anti-interference performance is an important criterion to evaluate the reliability of
the present sensing scheme. 1 mM solution of nine interfering elements (Cl, Br, Na,
Mg, Cu, S, Mn, P and mixture of all elements) that possibly present in water and soil
has been added to C-dot-NR sample mixed with 1 µg/mL standard nitrite solution.
The nitrite concentrations in presence of each of the interfering elements have been
estimated by the present smartphone sensor in both colorimetric and fluorescence
modes and compared the results with the data obtained from a laboratory-grade
spectrophotometer. Figure 5.10 depicts the bar graph illustration of the comparison

Figure 5.10: Bar graph illustration of nitrite measurements in the C-dot-NR samples
mixed with nitrite in presence of considered interfering elements.

of anti-interference performance of the designed sensor with the standard tool. An
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acceptably low variation of 2% in the nitrite measurement has been noticed in pres-
ence of Cl and Na in the medium. These results again suggest that the proposed
sensing scheme can be reliably used to monitor nitrite content even in the presence
of interfering elements in the test sample.

5.8 Sensor performance evaluations for infield sam-
ples

The performances of the developed sensing schemes for both the sensing modalities
have been evaluated for infield water and soil samples. Water specimens have been
acquired from ten various water sources (W1-W10) of Sonitpur district of Assam. Be-
sides, ten soil samples (S1-S10) have been acquired from different farmlands. Prior
to estimating the nitrite concentration in water, all water samples collected from
different water resources have been strained with whatmann filter paper (grade 1)
to extract all possible suspended particles in the sample. Similarly, following the
standard protocol [48], the soil samples have been prepared in the laboratory for
extraction of nitrite from the soil samples. Figure 5.11(a) and 5.11(b) illustrate the
bar-graph description of the smartphone sensing data and the standard spectrometric
tool for the photometric and fluorescence sensing schemes, respectively. For some of
the soil samples, the experimental data error associated with the photometric sensing
system is found to be higher than the standard tool attributed to the fluctuations in
the sensor reading due to coupling of the high-intensity modulated signal to the ALS
of the smartphone. On the other hand, the fluorescence-based smart sensing setup
produces fairly comparable data to that of the conventional laboratory-grade equip-
ment considered for this study. With the photometric mode, a maximum variation of
5% has been noticed between the experimental results obtained from the smartphone
sensor and the conventional spectrophotometric tool while for the fluorescence mode
of sensing, this value was found to be 3%. The relatively low variation of sensor data
in the fluorescence mode suggests that this specific mode is more reliable for nitrite
detection than the photometric mode of sensing. A factorial two-way ANOVA (Anal-
ysis of Variance) test [49] has been performed to compare the results obtained by
the conventional spectrophotometric tool and the developed smartphone-based pho-
tometric sensor. The effect of the two tools on the results has an effect in terms of
factor F(1, 108) = 80.36, significant value p = 0.00, and partial eta squared η2 = 3.93,
which suggest that there is no significant difference in the measurements recorded by
the two instruments. Similarly, for the standard fluorescence spectrometer and the
designed smartphone-based fluorescence sensor ANOVA test yielded a statistically
significant effect, factor F(1, 108) = 99.16, significant value p = 0.00, partial eta
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Figure 5.11: Comparative bar graph illustration of nitrite measurement by (a) the
designed smartphone based photometric sensor and standard spectrophotometer and
(b) the designed smartphone based fluorescent and the standard fluorescence spec-
trometer.

squared η2 = 4.36, again indicating that there is no significant difference in the mea-
surements recorded by both the tools. These experimental data clearly indicate that
for nitrite concentration estimation, the designed smartphone-based sensing platform
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can be used reliably in both the modalities.

5.9 Summary

In summary, the working of a dual-mode smartphone sensing system for nitrite con-
centration estimation in water and soil via monitoring the photometric and fluo-
rescence signal variations from the C-dot-NR mixture has been demonstrated. The
in-built ALS and CMOS image sensor have been utilized respectively, in photomet-
ric and fluorescence modes for the development of the proposed smartphone sensing
system. The sensor operation in dual-mode offers a robust platform to study the
nitrite concentrations on a single sensing platform. Another advantage of the dual
model is that one can opt for one mode of sensing depending on the availability of the
optical components. Both the sensing set-up can be coupled to the imaging sensor
and the ALS of the phone as a plug-and-play tool enabling a user to choose the mode
of sensing as per the requirement. The utilization of the android application makes
it convenient for onboard signal and data analysis. It is envisioned that with the
proposed sensing platform, various important parameters of the environment can be
detected by choosing the definite protocol that shows dual-mode sensing.
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