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Abstract A microfluidic-capillary-waveguide-coupled fiber-
optic sensor was developed for colorimetric determination of
hazardous nitrite based on the Griess–Ilosvay reaction. The
sensor was modularly designed by use of a light-
emitting diode as the light source, silica fiber as the
light transmission element, and a capillary waveguide
tube as the light reaction flow cell. With the light
interacting with the azo dye generated by the Griess–
Ilosvay reaction between nitrite and Griess reagents, ni-
trite could be determined by a colorimetric method ac-
cording to Beer’s law. By use of the inexpensive and
micro-sized elements mentioned above, the sensor pro-
vided a new low-cost and portable method for in situ
and online measurement of nitrite. The sensor had a
wide linear range for nitrite from 0.02 to 1.8 mg L−1

and a low detection limit of 7 μg L−1 (3σ), with a
relative standard deviation of 0.37% (n = 10). With a
low reagent demand of 200 μL, a short response time
of 6.24 s, and excellent selectivity, the sensor is envi-
ronmentally friendly and has been applied to nitrite de-
termination in different water samples. The results were
compared with those obtained by conventional spectro-
photometry and ion chromatography, indicating the sen-
sor’s potential for practical applications.

Keywords Fiber-optic colorimetric sensor . Nitrite
determination .Microfluidic capillary waveguide . Griess–
Ilosvay reaction

Introduction

With population increase and rapid economic growth, both
severe water pollution and strict water safety requirements
have become the focus of public attention. There is extensive
concern worldwide about water pollution caused by nitrite
(NO2

−).
Nitrite is widely used in the production of food (as addi-

tives and preservatives), in industry (as dyes and bleaches), in
agriculture (as fertilizers), and in physiological systems.
However, it is a widespread inorganic pollutant and has been
classified as a human health hazard. Many diseases are asso-
ciated with high nitrite concentrations in drinking water. For
example, methemoglobinemia (also called Bblue baby
syndrome^ for infants) has been found to be caused by nitrite
oxidizing hemoglobin to methemoglobin [1, 2]. Because of
the nitrite oxidation effect, the oxygen-delivering capability of
red blood cells is significantly reduced, and this may lead to
death without proper treatment. A series of medical issues,
including spontaneous abortions, intrauterine growth restric-
tion, and birth defects of the central nervous system, have been
ascribed to excess nitrite in drinking water by epidemiologic
studies [3]. Furthermore, nitrogen fixation, denitrification,
sedimentation, and many other anthropogenic processes
which impact the quality of natural, surface, and under-
ground waters are also closely associated with nitrite
concentration [4, 5].

Because of the toxicity of nitrite, it has been recommended
by the World Health Organization [6] and the US
Environmental Protection Agency [7] that the maximum
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contaminant levels of nitrite in drinking water should not ex-
ceed 3 mg L−1 and 1 mg L−1 respectively. Therefore, it is
important to develop a highly efficient and reliable method
for nitrite determination in water supplies to ensure a
safe level.

A variety of different methods for nitrite determination
have been developed, including spectrophotometry (e.g., ab-
sorption spectroscopy [8–11], fluorescence spectroscopy
[12–14], and Raman spectroscopy [15]), electrochemistry
(e.g., voltammetry [16, 17], potentiometry [18], impedimetry
[19, 20], capillary electrophoresis [21], and electrode methods
[22–24]), chromatography (e.g., ion chromatography [25], gas
chromatography–mass spectrometry [26, 27], and high-
performance liquid chromatography [28, 29]), and some other
methods (e.g., kinetic methods and chemiluminescence
[30–32]).

Among these techniques, use of an electrochemical system
has become the most well-established method, but the electro-
chemical reaction is easily poisoned by sample constituents
(e.g., H2S, proteins, and certain anesthetics), and is not suit-
able for operation for prolonged periods in hostile and corro-
sive environments. Spectrophotometric absorption technolo-
gy is commonly used as the standard nitrite determination
method. The Griess–Ilosvay reaction [8–11, 33] has been the
most popular color reaction used for nitrite absorption detec-
tion since 1879 [34]. It is generally based on nitrite reacting
with a primary aromatic amine (e.g., sulfanilamide) under
acidic conditions, leading to the formation of a diazonium salt,
which further reacts with an aromatic compound containing
an amino group (e.g., N-(1-naphthyl)ethylenediamine
dihydrochloride) to form an intensely colored azo dye.
However, the conventional colorimetric method commonly
needs to use a spectrophotometer, which is not suitable for
in situ and online measurements. As a result, the development
of a portable, low-cost, and fast responding system is attrac-
tive for nitrite analysis.

During the past two decades, the development of a
chemical sensor pushed the chemical analysis system to
a new stage. It has been proven that a typical sensor
can fulfill most steps in quantitative analysis [35–39]
and provides an excellent strategy for species measure-
ments with distinct advantages of fast analysis and easy
portability [40–44].

A fiber-optic chemical sensor (FOCS) has been widely
applied to species determination in the environmental, biolog-
ical, and chemical fields [45–50]. It has distinguished advan-
tages of simple manufacture, low cost, excellent electromag-
netic interference resistance, and the possibility of remote
analysis. Recently, to meet the demand of in situ and online
measurements, much effort has been focused on the miniatur-
ization of FOCS fabrication, leading to the development of
microfluidic-capillary-waveguide-coupled micro FOCS
methods.

The microfluidic capillary waveguide, which is a common-
ly used waveguide just like the planar waveguide, can be
easily coupled with optical fibers and simultaneously act as
a disposable sampling vessel, a reagent flow-through cell, and
a light transmission element. As a result, the easily accessible
microfluidic capillary waveguide is effectively available for
FOCS miniaturization.

The present work aimed to design a novel miniaturized
colorimetric FOCS system—that is, a capillary waveguide
FOCS (CWFOCS)—for use in in situ and online measure-
ment of hazardous nitrite based on the Griess–Ilosvay reac-
tion. We designed the CWFOCS by coupling two ends of a
microfluidic capillary waveguide with an excitation fiber and
a emission fiber respectively. The excitation fiber was used to
deliver the excitation light source into the capillary waveguide
and the emission fiber was used to collect the light propagat-
ing from the capillary waveguide. When light propagated into
the capillary waveguide through the excitation fiber, it could
interact with the colored azo dye generated by the Griess–
Ilosvay reaction in the microfluidic capillary waveguide. The
intensity of the light would change with different nitrite
concentrations and the light would propagate from the
capillary waveguide through the emission fiber and into
the detector. As a result, nitrite could be determined by
a colorimetric method according to Beer’s law. The sen-
sor performances for nitrite detection have been evalu-
ated in detail and the sensor was also applied to nitrite
determination in real water samples. To validate the
sensor’s accuracy, sensitivity, and selectivity, the results
obtained were compared with those obtained with the
conventional methods of spectrophotometry and ion
chromatography.

Experimental

Reagents and materials

We prepared the nitrite-sensitive Griess reagent by mixing the
stock solution of 1 mg L−1 N-(1-naphthyl)ethylenediamine
dihydrochloride (Sigma, USA), 50 mg L−1 sulfanilamide
(Sigma, USA), and acetic acid (Kelong Chemical Reagent
Company, China) according to a previously reported method
[25]. The final solution was composed of 0.002% (w/v) N-(1-
naphthyl)ethylenediamine dihydrochloride, 0.5% (w/v) sulfa-
nilamide, and 14% (w/v) acetic acid.

Nitrite stock solution (100 mg L−1) was prepared in water,
and working solutions of nitrite were prepared freshly for
daily use. All reagents were of analytical grade and were used
as received. Wahaha® purified water (Wahaha, Hangzhou,
China) was used for the preparation of the solutions and
throughout the experiments.
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Principle of the capillary-integrated fiber-optic sensor

In the simplest version, an optically transparent silica capillary
could act as a waveguide. When the capillary’s refractive in-
dex was higher than that of the sample medium (usually an
aqueous solution) inside, the capillary could produce total
internal reflection and then transport light from the light
source (coupled with the exCitation fiber) to a detector
(coupled with the detection fiber). In an ideal waveguide, light
was conveyed in the medium of highest refractive index with
virtually no loss.

When the sensing reagents flowed through the capillary
flow cell, the colorimetric azo dye produced could function
as an absorbing medium and interact with the light propagat-
ing into the capillary waveguide. As a result, the intensity of
the propagating light would change with different nitrite con-
centrations and the nitrite could be determined by an absorp-
tion method according to Beer’s law.

The power propagated by an optical capillary waveguide
with its core locally replaced by an absorbingmedium is given
by [51]

PL ¼ P0 exp �γCLÞð ð1Þ
where PL and P0 are the power propagated through the capil-
lary with and without an absorbing medium respectively. PL
and P0 are proportional to IL and I0, which are the absorption
intensity with and without an absorbing medium respectively.
Therefore, with use of Beer’s law, the Babsorbance^ defined in
this work could be calculated as the relation between the in-
tensity before and after the absorption process.

Design of the capillary-integrated fiber-optic sensor

One end of the excitation fiber (inner diameter 600 μm,
Chunhui, Nanjing, China; e1′ in Fig. 1) was coupled with an
LED light source (5mm× 9mm, Shifeng, China) bymeans of a
homemade connector. One end of the emission fiber (inner di-
ameter 600 μm, numerical aperture 0.37, Ocean Optics, USA;

e2′ in Fig. 1) was coupled with amicrospectrometer (QE65PRO,
Ocean Optics, USA) by means of an SMA 905 connector
(Ocean Optics, USA). The other ends of the excitation fiber
(e1 in Fig. 1) and the emission fiber (e2 in Fig. 1) were coupled
with the two ends of the capillary (inner diameter 1.6 mm).

The light could interact with the azo dye produced by the
Griess–Ilosvay reaction between nitrite and Griess reagent in
the capillary waveguide and propagated from the capillary
waveguide to the detector. The light intensity changed with dif-
ferent nitrite concentrations, resulting in an absorbance change
for colorimetric detection according to Beer’s law. The distance
from e1 to e2 was selected to be 10 cm to obtain the maximum
absorbance detection efficiency; this distance was also consid-
ered to be equal to the length of the capillary flow cell.

Two peristaltic pumps were used to deliver samples and
Griess reagent respectively. Water was used as a carrier and
was delivered by a syringe pump. The solutions were injected
by the sequential injection analysis system described in the
next section. The whole design scheme is shown in Fig. 1.

Sequential injection analysis procedure

The flow-based method of sequential injection analysis is one
of the universal solutions for the automation of analytical re-
actions. The equilibration in the reaction can be well achieved
but dispersion of the reactants can be well prevented [52].
Generally speaking, sequential injection analysis is conceived
to aspirate sample and reagent plugs sequentially through a
selection valve toward a holding coil, and the plugs are direct-
ed to the detector by flow reversal.

In this work, the system was washed and filled with water
carrier before the measurements were conducted. The analyt-
ical cycle began by aspiration of 60 μL of Griess reagent into
the holding coil through port b of the multiselection valve
(Fig. 1). Then 240 μL of sample solution was injected into
the holding coil through port c. The entire volume was moved
by a peristaltic pump in a counterclockwise direction at 100
μL s−1 through the reaction coil and then through the flow cell.
At this stage, the response signal was measured at 540 nm by

Fig. 1 The miniaturized fiber-
optic colorimetric sensor for
nitrite measurement
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the detector, and system was washed with water. The detector
signal corresponding to the baseline was measured with the
same sequence of the operations. For this purpose, distilled
water was used in place of the sample solution. The analytical
signal was measured as a concentration peak.

Method comparison

UV–vis absorption

The UV–vis absorption determination of nitrite was per-
formed with a UV-1800 spectrophotometer (Hitachi, Japan).
We prepared a series of standards by mixing Griess reagent
with different nitrite concentrations and they were used to
prepare a calibration curve. Baseline zero was obtained with
use of water, and samples were measured at 540 nm after zero
absorbance had been set.

Ion chromatography

The ion chromatography determination of nitrite was per-
formed with an 883 Basic IC plus ion chromatograph
(Metrohm, Swiss) consisting of a high-pressure pump and a
pulsed electrochemical detector, which was operated in the
conductivity mode. Samples were separated on an IonPac
anion-exchange column (250 mm × 4.0-mm inner diameter)
coupled with a guard column (50 mm × 4.0-mm inner diam-
eter). A Metrohm Anion micromembrane suppressor was
installed between the conductivity detector and the separation
column. The column was washed with eluent of 3.2 mmol L–1

Na2CO3 and 1.0 mmol L–1 NaHCO3 solution with a flow rate
of 0.7 mL min–1. Ion suppression was accomplished with
5 mmol L–1 sulfuric acid with a flow of 0.7 mL min–1.

Results and discussion

Spectral characteristics

To choose a low-cost commercial LED as an optimal light
source for the sensor design, the absorption of Griess reagent
and that of azo dye produced by the reaction between nitrite
and Griess reagent were both measured. In Fig. 2a, spectrum 1
is the UV–vis absorption spectrum of Griess reagent and spec-
trum 2 is the UV–vis absorption spectrum of the azo dye used
in the sensor. It can be seen that Griess reagent did not absorb
in the UV–vis region. However, after it had reacted with ni-
trite, the azo dye produced had two obvious absorption peaks
at λ1 = 360 nm and λ2 = 540 nm, which correspond to the
violet color of R-band absorption and the green color of Q-
band absorption respectively. Consequently, a green LEDwas
chosen as the light source for the sensor design for two
reasons. The first reason was that the absorption

intensity at 540 nm was greater than that at 360 nm,
which would lead to a more sensitive detection. The
second reason was that the green LED with a visible
spectrum was cheaper (only ¥0.5 per piece) than the
violet LED with a UV spectrum, which could reduce
the cost for sensor fabrication.

350 400 450 500 550 600 650

0.0

0.1

0.2

0.3

0.4

0.5

540 nm
 Spectrum 1
 Spectrum 2

360 nm

A
bs

Wavelength (nm)

a

200 300 400 500 600 700 800 900

0

10000

20000

30000

40000

50000

60000

In
te

ns
it

y

Wavelength (nm)

b
520 nm

450 475 500 525 550 575 600
0

10000

20000

30000

40000

50000

60000
Spectrum 1
Spectrum 2 540 nm520 nm

In
te

ns
it

y

Wavelength (nm)

c

0.0

0.1

0.2

0.3

0.4

 A
bs

Fig. 2 Spectral characterization of the sensing system. a UV–vis
absorption spectra of Griess reagent (spectrum 1) and the azo dye
(spectrum 2). b Emission spectrum of the green LED light source
chosen. c Overlapped spectra of the LED emission spectrum (spectrum
1) and the azo dye absorption spectrum (spectrum 2)
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The green LED light source was then characterized. The
emission spectrum of the LED was measured by the
microspectrometer and is presented in Fig. 2b, which shows
the emission wavelength centered at 520 nm. The LED emis-
sion spectrum (spectrum 1) overlapped and contrasted with the
azo dye UV–vis absorption spectrum (spectrum 2) as shown in
Fig. 2c. It can be seen that although there is a difference of
20 nm between the LED’s emission peak and the azo dye’s
absorption peak, the emission spectrum of the LED still over-
laps well with the absorption spectrum at 540 nm. This result
confirmed our choice of the low-cost green LED as the excita-
tion light source for the present colorimetric detection.

Optimization of sensor detection conditions

The prepared Griess reagent was used as a sensing reagent to
react with nitrite samples. After a proper incubation time for
the reaction between Griess reagent and the nitrite sample, the
azo dye produced was carried through the microfluidic capil-
lary cell and was detected for nitrite determination. To obtain
the best analytical performance of the proposed sensor, three
main operation conditions were studied in detail; they are
described in the following sections.

Volume ratio

We studied different volume ratios of nitrite solution and Griess
reagent from 6:1 to 1:5 by fixing the flow rate of the detection
reagent at 50 μL s−1 and with an incubation time of 10 min.
With a basic unit of 100 μL and a capillary flow cell volume of
200 μL (inner diameter 1.6 mm, length 10 cm), the volume of
the azo dye produced (at least 200 μL) was enough to fill the
capillary cell for absorption detection. As shown in Fig. 3a,
although the volume ratio of 4:1 showed the largest absorption,
the absorbance deviation was less that 2% between volume
ratios of 4:1 and 3:1. To avoid reagent waste, a volume ratio
of 3:1 was chosen as the optimum reaction ratio.

Incubation time

The incubation time for the reaction between Griess reagent
and the nitrite sample had to be studied because too short a
time was insufficient for sample reaction but too long a time
would result in a waste of time. The effect of the incubation
time on absorption determination was studied from 1.5 to 52
min. As shown in Fig. 3b, significant changes in the absorbance
were not observed after 40 min. Therefore, 40 min was chosen
as the optimal incubation time to obtain the best absorption.

Flow rate

By choosing 3:1 as the volume ratio and 40 min as the incu-
bation time, we investigated the effect of the detection reagent

flow rate from 20 to 80μL s−1. The results in Fig. 3c show that
there was no obvious change in absorbance when the flow rate
was increased from 20 to 80 μL s−1. This indicates that the
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Fig. 3 Condition optimization of a volume ratio from 6:1 to 1:5 (Vnitrite/
VGriess reagent), b incubation time from 1.5 to 52 min, and c flow rate from
20 to 80 μL s−1
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Fig. 6 a Typical repeatability measurement for nitrite at 1.0 mg L−1 with
relative standard deviation (RSD) of 0.37%. b Typical dynamic
measurement with response time of 6.24 s

Table 1 Interference of foreign ions

Foreign ion Tolerance limit (mg L−1) RSD (%)

NO3
– 730 0.37

Cl–

F–
1220
225

0.21
0.59

CO3
2– 55 0.59

SO4
2–

PO4
3–

365
290

0.14
0.25

Fe3+ 35 0.22

Fe2+ 45 0.36

K+

Cu2+
525
50

0.36
0.47

Ca2+ 180 0.37

Mg2+ 125 0.20

RSD relative standard deviation
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Fig. 5 Responses of the sensor to different nitrite concentrations. The
inset shows the calibration curve
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flow rate had nearly no effect on absorption determination
with enough azo reagent to fill the capillary detection cell.
However, 60 μL s−1 was chosen as the optimum flow rate
because it gave a shorter detection time but would not result
in reagent waste.

Temperature influence

By choosing the optimal conditions as described above, we
also investigated the influence of different temperatures on
absorption determination for three different nitrite concentra-
tions: 0.8, 1.0, and 1.4 mg L−1. The temperature range was
selected from 20 to 60 °C as it reflected the common working
range required for nitrite determination in practical environ-
ments. The results in Fig. 4a indicate that the absorbance de-
creased slightly with increasing temperature, which showed
that temperature calibration was needed for practical determi-
nation at different temperatures. However, for a nitrite concen-
tration of 1.0 mg L−1 at different temperatures, the results in
Fig. 4b show that a constant temperature throughout the incu-
bation period leads to the same absorbance. As a result, stan-
dard solutions and nitrite samples should be at nearly identical
temperature both in the reaction period and during detection.

Characterization of sensor performance

Calibration graph and detection limits

Under the selected conditions given in the previous sections,
the results showed that the color of the azo dye produced by
the reaction between nitrite and Griess reagent changed from
pink to red with increasing nitrite concentration. Then it would
become saturated for absorption determination after a nitrite
concentration of 1.8 mg L−1. As a result, the calibration curve

Table 2 Results of recovery tests
on real samples Samplea Nitrite added (mg L−1) Nitrite foundb (mg L−1) Recovery (%) RSD (%)

1 0.00 0.015 - 0.0

0.08 0.091 95 1.5

0.20 0.212 98 0.6

2 0.00 0.00 - 0.0

0.08 0.086 108 1.6

0.20 0.218 109 1.0

3 0.00 0.042 - 3.3

0.08 0.118 95 1.1

0.20 0.247 103 1.1

4 0.00 0.00 - 0.0

0.08 0.084 105 1.6

0.20 0.205 102 0.6

a Sample 1 was lake water, sample 2 was tap water, sample 3 was repeated boiling water, and sample 4 was
commercial drinking water.
b Results obtained with the proposed sensor, as the average of three determinations
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was linear for nitrite concentrations in the range from 0.02 to
1.8 mg L−1 for the sensor. The typical absorption responses to
different nitrite concentrations are shown in Fig. 5, and the
linear calibration curve is shown in the inset. The calculated
linear regression equation was y= 0.447x-0.0016, with a cor-
relation coefficient of 0.9995, where y is the sensor response
or absorbance and x is nitrite concentration.

The sensor’s limit of detection was estimated to be 7μg L−1

(3σ) for nitrite. This low detection limit was mainly contrib-
uted from two aspects. First, according to Beer’s law, the
absorbance was proportional to the capillary sensing length
L as described in Eq. 1. So to obtain the maximum absorption
detection efficiency, the sensing length of the optical fiber was
selected to be 10 cm in this sensor design, which also matched
the length of the capillary flow cell. Second, a
microfluidic capillary waveguide with small inner diam-
eter of 1.6 mm was used as the flow-through cell and
sequential injection analysis was used as the chemical
analysis technique. Both of these could effectively in-
hibit the sample dispersion caused by solution mixing
and helped improve the sensor sensitivity. The detection
limit obtained was enough for nitrite detection in a wa-
ter sample, because the nitrite level recommended in
drinking water is less than 1 mg L−1.

Repeatability and response time

To validate the precision of the sensor, the repeatability of the
sensor was tested by the analysis of a standard 1.0 mg L−1

nitrite solution ten times. The sensor’s absorption response is
shown in Fig. 6a, and the relative standard deviation was
0.37%.

The response time is an important parameter in sensor de-
sign and characterization. For many applications, a short re-
sponse time is desirable. The response time in this study (t90)
was defined as the time required for a 90% change in the
absorption reading from the equilibrium value. The experi-
mental results are shown in Fig. 6b and indicate that t90 was
6.24 s under the selected conditions. Such a short response
time was mainly a result of the small detection volume of the
flow cell. For the fabricated sensor, the whole volume of the
capillary flow cell was 200 μL, which could effectively speed
up the solution displacement and was beneficial in shortening
the response time.

Real sample analysis

To evaluate the overall selectivity of the proposed sensor, the
influences of some ions that commonly exist in water were
investigated for nitrite at 1 mg L−1 according to the recom-
mended procedure. Interference was defined as a relative error
of less than 5%. The results are shown in Table 1, where it can
be seen that most of the ions tested did not interfere with
determination.

Recovery was studied in four real water samples: lake wa-
ter (sample 1), tap water (sample 2), repeated boiling water
(sample 3), and commercial drinking water (sample 4).
Samples 2 and 4 were directly tested without any pretreat-
ment, but samples 1 and 3 were filtered through 0.45-μm
Millipore filters before being tested. The recovery was deter-
mined by standard additions of a known amount of nitrite to
water samples and was calculated from the typical standard
calibration graph. The results in Table 2 show the recovery
was in the range between 95 and 110%, indicating that the
fabricated sensor had excellent accuracy.

Determination comparison

A comparison between the presented sensor and two conven-
tional methods—UV–vis absorption spectroscopy and ion

Table 3 Performance comparison for three methods

Method Linear range (mg L−1) Correlation coefficient LOD (mg L−1) Reagent volume (mL) Portability

Spectrophotometry 0.04-1.6 0.9979 0.02 4.0 No

Ion chromatography 0.2-2.0 0.9983 0.07 2.0 No

Presented sensor 0.02-1.8 0.9995 0.007 0.2 Yes

LOD limit of detection

Sample 1 Sample 2 Sample 3 Sample 4
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07
 Presented Sensor

 UV-Vis Spectrophotometry

 Ion Chromatography 

Water samples

N
it

ri
te

 c
o

n
ce

n
tr

at
io

n
 (

m
g

 L
-1

)

Fig. 8 Nitrite concentration in four water samples determined by three
methods. (sample 1, lake water; sample 2, tap water; sample 3, repeated
boiling water; sample 4, commercial drinking water)
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chromatography—was conducted for nitrite determination
from two aspects.

First, performance comparison for three methods was done.
UV–vis absorption spectra and ion chromatograms for nitrite
determination are illustrated Fig. 7. The results listed in
Table 3 indicate that the sensor exhibited a wider linear range,
a lower detection limit, and a smaller reagent volume.
Furthermore, the sensor exhibited another advantage, porta-
bility, which is helpful for in situ and online nitrite
measurements.

Second, nitrite determination in four real water samples—
lake water (sample 1), tap water (sample 2), repeated boiling
water (sample 3), and commercial drinkingwater (sample 4)—
was tested by three methods. The results are shown in Fig. 8. It
can be seen that the results obtained with the present sensor
and UV–vis absorption spectroscopy were in agreement (rel-
ative error less than 10%), indicating that the proposed sensor
is acceptable for practical use in most real water samples.
However, the nitrite concentrations in these water samples
were below the detection limit of the ion chromatography
method, which indicated that the proposed sensor was more
sensitive than ion chromatography.

Conclusions

In this work, a miniaturized fiber-optic colorimetric sensor
was successfully developed for hazardous nitrite determina-
tion based on coupling with a microfluidic capillary wave-
guide. Compared with conventional methods for nitrite deter-
mination, this sensor shows several distinguished advantages.

First, small and inexpensive elements were used for sensor
fabrication—for example, a capillary waveguide tube (inner
diameter 1.6 mm) as the light reaction flow cell, silica fiber
(inner diameter 0.6 mm) as the light transmission element, and
an LED (5 mm × 9 mm) as the light source. As a result, this
sensor is not only miniaturized to be portable for in situ and
online measurement of nitrite, but also provides a new low-
cost method for nitrite determination compared with the con-
vent iona l h igh-cos t spec t rophotomet ry and ion
chromatography.

Second, the microfluidic capillary waveguide simulta-
neously acts as a cell for the light reaction and sample detec-
tion, and as a disposable sampling vessel of defined volume in
the present sensor fabrication. As a result, the sensor’s sensi-
tivity (limit of detection 7 μg L−1) can be effectively enhanced
and the response time (t90 = 6.24 s) can be greatly shortened
because of the capillary’s small inner diameter (1.6 mm) and
microliter detection volume (200 μL). At the same time, re-
agent consumption can also be significantly reduced because
of the microliter detection volume requirement (200 μL),
which indicates the sensor is environmentally friendly and
beneficial for practical application.

Furthermore, the sensor is modularly designed with three
parts: a light source coupled with an excitation fiber, a capil-
lary waveguide flow cell, and a detector coupled with a detec-
tion fiber. Because of the similarity and flexibility of the mod-
ular design, other hazardous species can be directly or indi-
rectly measured if one simply changes the light source or
sensing reagents. Consequently, this sensor is a helpful mini-
aturized colorimetric detection platform for the monitoring of
other hazardous species.
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