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ABSTRACT 

Measurement of nitrite is important for the monitoring and controlling of 

environmental pollution and food safety. Previous studies have described numerous 

methods for determining the concentration of nitrite. However, there are still some 

uncertainties for measuring nitrite in the presence of various interference, such as nitrate 

which is always coexisting with nitrite and some organic compounds which contain 

nitro-group. The objective of this study is to develop methods for quantifying the 

concentration of nitrite and investigate the influence of nitrate and nitro compounds in 

the quantification of nitrite. The method of high-performance liquid chromatography 

with fluorescence detection (HPLC-FLD), ultraviolet visible (conventional UV-VIS) 

absorption spectroscopy and liquid waveguide capillary cell-UV-VIS (LWCC-UV-VIS) 

are developed for the determination of nitrite. The measurement of nitrite bases upon 

the nitrite calibration curve to obtain the concentration of nitrite. For the nitrite 

calibration equations, they are built by a series of standard solutions with various 

concentrations of nitrite. It was found that the detection limit for HPLC-FLD, 

conventional UV-VIS and LWCC-UV-VIS method in nitrite measurement is recorded 

at 0.1, 0.3 and 0.02 μM respectively. For the interference analysis of the HPLC-FLD 

method, the presence of nitro compounds resulted in a significant influence on the 

quantification of nitrite while nitrate and nitro compounds had no effects on nitrite 

detection by conventional UV-VIS. Besides, the LWCC-UV-VIS method bases upon 

the same theory as conventional UV-VIS for nitrite detection, and it offers the 

advantages of high sensitivity and specificity for quantifying low levels of nitrite. 
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INTRODUCTION 

1.1 Background 

Nitrite (NO2
-) occurs naturally in the environment as an intermediate of the 

nitrogen cycle through microbial decomposition of organic matter (Stein & Klotz, 2016). 

The anion is the product formed via the fixation of nitrogen and oxygen. Since nitrite 

contains nitrogen in a reasonably unstable oxidation state, it is susceptible to air oxygen 

and readily oxidizes to nitrate (Daims et al., 2016). 

Nitrite is colourless, odourless and tasteless, and it commonly exists as salts of 

nitric acid and nitrous acid. And also, nitrite is highly soluble in water due to the 

interaction with the positively charged portions of polar water molecules. However, it 

does not solubilize to metal cations such as sodium or potassium. Besides, nitrite 

measurement is most widely conducted by spectroscopic methods, such as the 

techniques of fluorescence, Griess assay, UV and visible spectra (Singh et al., 2019). 

They are based on the absorption spectra of the chromophore, which is the product 

formed through the reaction of specific reagents and nitrite (Jiao et al, 2003). 

1.2 The existence of nitrite (NO2
-) 

In the aquatic environment, nitrite can be formed through the photolysis of nitrate. 

Nitrate photolysis produces reactive nitrogen and oxygen species via three different 

channels, which is shown in figure 1.2. It is evidenced that the nitrite production is as 

important as the NO2 channel in the photolysis of nitrate (Benedict et al., 2017). These 

photoproducts are highly related to the extended field of marine biota and atmospheric 

trace gas composition. 
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Figure 1.1 Photolysis pathway (Benedict et al., 2017) 

In addition, the photolysis of nitrate in the atmosphere has been reported as a 

renoxification process that can directly convert nitrate back into NOx or nitrous acid 

(HONO)/ nitrite (NO2
-). Significantly, the HONO/NO2

- in atmosphere has attracted 

much attention because it is the dominant source of hydroxyl radical (OH), which plays 

an essential role in ozone and aerosol formation in polluted air (Scharko et al., 2014). 

As a result, the monitoring of nitrite levels in the atmosphere is essential for improving 

the issue of air pollution. 

On the other hand, nitrites are found in nature, such as in soil, oceans, mammals 

or plant tissues. Since nitrites are part of the biological nitrogen cycle where nitrites are 

formed via the cyclic movement among the environment and organisms, as illustrated 

in figure 1.1.  

 

Figure 1.2 The nitrogen cycle (From USA EPA) 
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An excessive amount of nitrite in the environment can be harmful to the ecosystem 

and human. In river or lake, nitrites are dominant to the increase of aquatic plant growth 

rate. It brings a negative impact on water quality and results in an insufficient level of 

oxygen that makes fish and aquatic insects challenging to survive (Jensen, 2003). 

Meanwhile, humans are exposed to nitrite via the consumption of diet, typically ingest 

the foods and waters that uptake an excessive amount of nitrate in the soil and water. 

As reported that vegetables and drinking water are the major dietary sources of nitrite 

consumed by human (Rezaei et al., 2014). Furthermore, nitrites are the commercial 

preservatives used in processed meats for maintaining food quality and preventing 

microbial contamination (Rezaei et al., 2013).  

The excessive intake of nitrite can lead to various adverse health effects, such as 

toxicity and cancer. Methemoglobinemia is stated as the disease of overexposure to 

nitrite (Brooks & Keilin, 1937), which reduces the ability of blood cells to transport 

oxygen, especially for infants and pregnant women. Moreover, the increased risk of 

carcinogenic effect is also evidenced from the epidemiology and clinical studies 

(Bartsch et al., 1990). 

Therefore, the study of nitrite measurement in the aspect of environment and 

foodstuffs is necessary and valuable for monitoring and controlling the issues of air 

pollution and food safety. 

1.3 Objective and scope 

Nitrites are usually present in the environment with low concentration, as nitrites 

are a relatively short-lived form of nitrogen that quickly become converted to nitrates. 

Thus, a measurement method with high sensitivity is required for quantifying the nitrite 

concentration. In addition, the interference of nitrite detection can be caused by the 
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reaction among oxides or other substances. It is necessary to build up a calibration 

approach to overcome the detection interference and ensure the measurement accuracy. 

This paper aims to establish a highly sensitive and great stability method for 

determining the concentration of nitrite. 



5 

 

Literature Review 

Nitrite measurement is broadly applied in the aspect of environmental monitoring 

since it is a useful tool for investigating the interconvertibility among nitrite (NO2
-), 

nitrate (NO3
-) and nitro-group in the natural environment. The most common nitrite 

measurement methods include fluorescence and spectrophotometric method, which 

provide an excellent ability in nitrite detection limit and easy operation. These 

spectroscopic methods are carried out by various apparatus, such as high-performance 

liquid chromatography with fluorescence detection (HPLC-FLD), ultraviolet visible 

(conventional UV-VIS) absorption spectroscopy and liquid waveguide capillary   

cell-UV-VIS (LWCC-UV-VIS). 

For the fluorometric protocols, high-performance liquid chromatography with 

fluorescence detection (HPLC-FLD) method is commonly applied for nitrite 

determination since acidified nitrite is found to be highly sensitive within the 

fluorometric approaches. The fluorometric assay for quantification of nitrite is based on 

the reaction of nitrite with 2,3-diaminonaphthalene (DAN) in acidic conditions to form 

the highly fluorescent product 2,3-naphthotriazole (NAT), which is stable in the alkaline 

condition. Followed by the addition of NaOH to the NAT, the sample mixture is 

analysed by HPLC-FLD (Wheeler & Lott, 1974).  

 

Figure 2.1 Conversion of NO2
- into fluorescent substance (Wheeler & Lott, 1974) 
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Under the experimental conditions used (Li et al., 2000), the nitrate reduction step 

did not interfere with the subsequent reaction of nitrite with DAN to form NAT or the 

chromatographic separation of NAT. Moreover, the fluorescence intensity for NAT is at 

least 90 - 100-fold higher than an equimolar concentration of DAN when the solution 

is excited at 375 nm and photon emission is monitored at 415 nm (Miles et al., 1996). 

However, the interference with the sample mixture of high nitro-group substances on 

the quantifications of nitrite concentration remains uncertain. 

In nitrite detection, ultraviolet visible (conventional UV-VIS) absorption 

spectroscopy method offers an advantage of timesaving in comparison to the    

HPLC-FLD approach due to its user-friendly procedure in apparatus operation and 

sample preparation. Conventional UV-VIS and LWCC-UV-VIS are the common 

apparatus for nitrite quantification among the UV-VIS approach. Besides, the principle 

of the UV-VIS method in the detection of nitrite concentration is based on the Griess 

reaction, which is shown in figure 2.2. In this approach, nitrite reacts with a diazotizing 

reagent, sulfanilamide (SA), in acidic media to form a diazonium salt, which is then 

reacted with N-naphthyl-ethylenediamine (NED) to form an azo compound (Sun et al., 

2003). The Griess assay undergoes the diazotization of a suitable aromatic amine with 

nitrite to yield the pink coloured azo dye, which can be detected by visible 

spectrophotometry at a certain wavelength. The absorption of the detection substances 

at a specific range can be assigned to obtain the concentration by Lambert–Beer’s law, 

which relies on the linear relation between absorption and concentration of a single 

determinant. 
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Figure 2.2 Nitrite determination by Griess reaction (Sun et al., 2003) 

In addition, LWCC-UV-VIS is a favourable apparatus to achieve the low detection 

limit on nitrite concentration, which are accurate at nanomolar concentrations. The limit 

of detection (LOD) in LWCC-UV-VIS is enhanced by minimising the attenuation of 

light source within an LWCC cell. Since the refractive index (RI) of the capillary is 

greater than that of the liquid core, total internal reflection is dominant in transferring 

the optical signal to the detector. As a result, the sensitivity and the limit of detection 

(LOD) in LWCC-UV-VIS are strengthened (L. J. Gimbert & P. J. Worsfold, 2007). 

For this research study, the mentioned principle of fluorescence and UV-Visible 

protocols for nitrite quantification is dominant to the experiment design, and the 

guidance of instrumentations plays a significant role in the detection approach among 

various target substances. 
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Materials and Methodology 

3.1 Introduction  

This chapter introduces basic information about the experiment on nitrite detection. 

Firstly, the concept of the experimental approach on nitrite quantification and the 

establishment of the nitrite standard curve, which is applied to figure out the influence 

of nitrate and nitro-group on nitrite measurement. Secondly, the instrument and 

chemical compounds used in the experiment are introduced. Furthermore, the 

procedures for preparing the sample solutions at varying nitrite concentration are 

mentioned. Lastly, the theory and application of the apparatuses used for nitrite 

detection are described in the following sections. 

3.2 Experiment design 

Nitrite detection is commonly employed in the environment and food monitoring. 

An accurate nitrite measurement is crucial in representing the exact concentration of 

nitrite in the testing sample without interfering with other substances. Nitrite hardly 

stands alone in the environment. Thus, it places the detection of nitrite concentration at 

the risk of interference by different chemical substances such as nitrate and nitro-group. 

Therefore, the experiment is assigned to find out the influence of nitrate and nitro-group 

on nitrite detection. 
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Table 3.1 Overview of the experiment for nitrite measurement 

Type Solution Detection method Experiment purpose 

1 Nitrite 

HPLC-FLD Determine the linearity, 

detection limit and accuracy of 

different methods 

Conventional UV-VIS 

LWCC-UV-VIS 

2 Nitrite + Nitrate 

HPLC-FLD Clarify the interference of 

nitrate on nitrite detection by 

different methods 
Conventional UV-VIS 

3 
Nitrite + Nitro-

group 

HPLC-FLD Clarify the interference of 

nitro-group on nitrite detection 

by different methods 
Conventional UV-VIS 

Initially, the standard curve for pure nitrite concentration is established by a series 

of standard solutions within the range of 0 - 100 μM nitrite. This nitrite standard curve 

is vital for further comparison with other detections on nitrite mixtures, such as nitrite 

+ nitrate and nitrite + nitro-group. Then, an excessive amount of nitrate or nitro-group 

compound is added into the prepared nitrite standard solutions respectively, where two 

sets of nitrite mixture are formed and applied to simulate the presence of a high 

excessive amount of nitrate or nitro-group concentration within the nitrite mixture. For 

the calibrated nitrite mixtures, the ratio of nitrite to nitrate is 1 to 10000, where nitrite + 

nitrate mixture is constituted by 20 μM nitrite and 200 mM ammonium nitrate. 

Meanwhile, the ratio of nitrite to nitro-group is 1 to 500, where nitrite + nitro-group 

mixture is made by nitrite 20 μM nitrite and 3-nitrophenol 10 mM. Lastly, these two 

solutions are diluted to varying nitrite concentrations such as 0.5, 1, 2, 5, 10μM to 

develop the curves for the mixture of nitrite + nitrate, as well as nitrite + nitro-group. 
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 Based on the nitrite concentration difference among these three curves, including 

the pure nitrite, the mixture of nitrite + nitrate, and the mixture of nitrite + nitro-group, 

the influence of nitrate and nitro-group on nitrite detection can be figured out. 

3.3 Preparation of solutions  

3.3.1 Chemicals 

For the components of sample solutions, sodium nitrite (NaNO2) is dominant in 

the nitrite concentration within all the sample solutions. Meanwhile, ammonium nitrate 

(AN, NH4NO3) and 3-nitrophenol (3-NP, C6H5NO3) are used to contribute the nitrate 

and nitro-group concentration within the nitrite + nitrate and nitrite + nitro-group 

mixtures, respectively.  

The chemicals used for the preparation of solution are listed in table 3.2. And all 

the solutions are prepared with air-saturated, deionized water from a Milli-Q water 

purification system (Direct-Q® 3UV system).  

Table 3.2 The mass purity and source of the chemical components used in the experiment 

Component Mass purity Source 

Sodium Nitrite 97% Acros Organics 

Ammonium nitrate 99% Sigma-Aldrich 

3-Nitrophenol 99% Sigma-Aldrich 

 

3.3.2 Nitrite solution 

The accuracy of compound concentration within the solution is a significant factor 

that responds to the detection results. For the preparation of nitrite standard solutions, a 

precise weighting of 0.0138 g NaNO2 is conducted. Followed by diluting the weighted 

NaNO2 with ultra-pure water to 100 ml within the volumetric flask and then mixing the 

solution until homogenous, results in the formation of a 2 mM nitrite solution. By 

further dilutions on 2mM nitrite solution, nine levels of nitrite solution at 100, 50, 20, 
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10, 5, 2, 1, 0.5 and 0.08 μM are formed, and an additional blank sample is also prepared 

for the establishment of nitrite standard curve. A series of prepared solution with various 

nitrite concentration is listed according to ascendant order in table 3.3. 

Table 3.3 Concentration on nitrite solutions 

Nitrite solution 

Sample Nitrite (μM) 

1 0 

2 0.08 

3 0.5 

4 1 

5 2 

6 5 

7 10 

8 20 

9 50 

10 100 

3.3.3 Nitrite + Ammonium nitrate solution  

In simulating the influence of nitrate concentration on nitrite measurement, the 

concentration ratio of nitrite to nitrate of the prepared solution is 1 to 10000. The 

excessive amount of nitrate concentration was utilized to prove whether the nitrate will 

interfere with nitrite detection. 

For nitrite solution: A accurate weighting on 0.0138 g of NaNO2 is carried out at 

the first stage. Followed by diluting the prepared NaNO2 with ultra-pure water to 100 

ml within the volumetric flask and then mixing the solution until homogenous, results 

in the formation of a 2 mM nitrite solution. Further dilution on nitrite solution is applied 

by hundredfold to 20 μM. 
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For nitrite + ammonium nitrate solution: A precise amount of 1.6 g NH4NO3 was 

then put into the prepared 20 μM nitrite solution, forming a solution with nitrite 20 μM 

+ nitrate 200 mM. By five more steps of dilutions on the solution with nitrite 20 μM + 

nitrate 200 mM, a series of different concentration ratio on nitrite + nitrate mixture is 

formed as shown in table 3.4. 

Table 3.4 The preparation of nitrite + nitrate mixtures with various concentration  

 

 

 

 

 

 

 

 

 

 

3.3.4 Nitrite + 3-Nitrophenol solution 

In simulating the influence of nitrate concentration on nitrite measurement, the 

concentration ratio of nitrite to nitro-group of the prepared solution is 1 to 500. The 

excessive amount of 3-nitrophenol concentration is utilized to investigate whether the 

nitrate will interfere with nitrite detection. 

For nitrite solution: A accurate weighting on 0.0138 g of NaNO2 is carried out at 

the first stage. Followed by diluting the prepared NaNO2 with ultra-pure water to    100 

ml within the volumetric flask and then mixing the solution until homogenous, results 

in the formation of a 2 mM nitrite solution. Further dilution on nitrite solution is applied 

by hundredfold to 20 μM. 

For nitrite + 3-nitrophenol: A precise amount of 0.7 g of 3-nitrophenol is then put 

into the prepared 20 μM nitrite solution, forming a solution with nitrite 20 μM + nitro-

group 10 mM.  

  

Nitrite + Nitrate mixture 

Sample Nitrite (μM) Nitrate (mM) 

1 0.5 5 

2 1 10 

3 2 20 

4 5 50 

5 10 100 

6 20 200 
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By five more steps of dilutions on the solution with 20 μM + nitro-group 10 mM, 

a series of different concentration ratio on nitrite + nitro-group mixture is formed as 

shown in table 3.5. 

Table 3.5 The preparation of nitrite + nitro-group mixtures with various concentration 

Nitrite + Nitro-group mixture 

Sample Nitrite (μM) Nitro-group (mM) 

1 0.5 0.25 

2 1 0.5 

3 2 1 

4 5 2.5 

5 10 5 

6 20 10 

3.4 Detection methods  

The detection of nitrite concentration is conducted by two different methods, such 

as fluorescence and ultraviolet visible (UV-VIS) method. For fluorescence detection, 

HPLC-FLD is applied for the nitrite measurement. Besides, conventional UV-VIS and 

LWCC-UV-VIS utilizes the approach of ultraviolet visible (UV-VIS) method, and they 

base on different methodologies to perform the sample detection. In this section, the 

theory and procedure on nitrite quantification among these three apparatuses are 

described. 

3.4.1 High-performance liquid chromatography with fluorescence detection 

(HPLC-FLD) 

HPLC-FLD is a technique and analytical tool used in sampling detection. In this 

report study, a reversed-phased HPLC-FLD is employed using water/acetonitrile (70:30, 

v/v) as the mobile phase, at flow rate of 0.5 mL/min. Fluorescence is monitored with 

excitation wavelength at 375mm and emission wavelength at 415mm (Wang et al., 

2016).  
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The analyses are carried out on a Waters HPLC-FLD system. Chromatography 

separation is performed in an Agilent ZORBAX XDB-C8 (250 x 4.6 mm2, 5.0 μM) at 

30 °C (Wang et al., 2016). The nitrite quantification in HPLC bases on the 

chromatographic separation of NAT, which is produced among the reaction of nitrite 

with DAN. Due to the characteristic of polarity within the HPLC column, the separation 

of compounds occurs when the sample mixture is passing through the HPLC column. 

Thus, HPLC-FLD is capable to identify and quantity individual compounds in a 

complex mixture. 

For the chromatographic separation of NAT, the reaction mixtures are prepared by 

incubating 100 μl of nitrite standard (0-100 μM), nitrate + nitrite or nitrite (0-20 μM) + 

nitro-group solution (0-20 μM) at 24°C. These solutions follow by an additional 900 μl 

of ultra-pure water and 100 μl of 316 μM DAN 2,3-Diaminonaphthalene and wait for 

20 minutes. After that, an addition of 100 μl of 1.4 M NaOH to maintain the stability of 

the mixture under the alkaline condition. Before placing them into the HPLC sampler 

for further chromatographic analysis, the sample solutions are filtrated with a 13 μm 

filter to ensure their clarity, in order to avoid damage on HPLC column. 

For the schematic overview of HPLC, one of the main components need to run 

HPLC is the mobile phases, which is the mixture of various solvents. The solvents are 

used to separate the sample molecules according to their polar or non-polar properties. 

The pump forces the mobile phase to pass through the column of HPLC system, which 

is the stationary phase. The column is placed in an oven to control the temperature 

during the process of separation. 
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Figure 3.1 Configurations of the HPLC-FLD system 

The HPLC autosampler is the so-called injector that injects the analyte sample into 

HPLC system automatically. The mobile phase solvents and analytes integrate inside 

the injector, then they are pumped through the column under high pressure. After the 

separation in the column, the analytes reach the detector for further classification and 

measurement.  

 

Figure 3.2 Configurations of the HPLC-FLD system 

In HPLC system, the mobile and stationary phases play a significant role in the 

separation of sample components. The differential partitioning of the component is 

based on their affinity to the mobile phase and stationary phase. The component has 
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more affinity to the mobile phase, the faster the component pass through the column 

and reach the detector. As a result, the components of the analyte can be distinguished 

and measured according to their arrived sequence.  

 

Figure 3.3 Separation of analytes in the column of HPLC-FLD 

Reverse phase HPLC-FLD system consists of non-polar stationary phase 

(hydrophobic) and moderately polar mobile phase. C8 column is assigned to the 

stationary phase, which is silica and attaches by a straight-chain alkyl group to its 

surfaces. In reverse phase chromatography, the hydrophobic analytes trend is retained 

on the stationary phase whereas the polar analytes prefer the mobile phase. 

The number of peaks showed in the HPLC chromatogram is equivalent to the 

number of components present in the mixture. The x-axis of the HPLC chromatogram 

represents the amount of time for the analytes to pass through the column and reach the 

detector. The y-axis or the area of the peak reflects the amount of a specific analyte that 

is present. 
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Figure 3.4 Detection data shown by HPLC chromatogram 

From figure 3.4, the area under the curve of is proportional to the concentration of 

the analytes. By measuring the area of nitrite peak in the unknown sample and 

comparing it with the area of standard nitrite solution, the concentration of nitrite in an 

unknown sample can be estimated. 

3.4.2 Ultraviolet visible (conventional UV-VIS) absorption spectroscopy 

Conventional UV-VIS is a technique for rapid measuring the concentration of 

different substances and molecules in a solution. The principle of conventional UV-VIS 

bases on the relationship between light source transmittance and absorbance at the 

specific wavelength of light to quantify the concentration of present molecules. The 

Beer-Lambert Law (Swinehart, 1962) is dominant to the application of conventional 

UV-VIS since the linear relationship between absorbance and concentration of an 

absorbing species.   

 

Figure 3.5 The Beer-Lambert Law (Swinehart, 1962) 
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For the spectrophotometry of sample solutions, the sample mixtures are prepared 

by mixing Nitrite Reagent Powder Pillows (NitriVer®3, HACH) into approximate 10ml 

of nitrite standard (0-100 μM), nitrate + nitrite or nitrite (0-20 μM) + nitro-group 

solution (0-20 μM) respectively. Followed by a 20-minute rest to complete the reaction 

of the Griess assay. The diazotization of a suitable aromatic amine with nitrite to yield 

the pink coloured azo dye, which can be detected by visible spectrophotometry at    

507 nm. 

For the schematic overview of conventional UV-VIS apparatus, it utilizes 

ultraviolet or visible range of light as the energy source to quantify the concentration. A 

filament within the apparatus acts as the source of light, which passes polychromatic 

radiation through the collimator and reaches the monochromator. A prism is placed 

within the monochromator and converts polychromatic radiation into monochromatic 

radiation that is the light of single wavelength, also known as single beam.  

 

Figure 3.6 Configurations of the UV-VIS spectroscopy 

When the light passes through the cuvette, the atoms or molecules absorb the 

energy and moves from the ground state to the excited state. Meanwhile, the intensity 

of the light received by the detector is diminished since the attenuation of a beam of 

light is found when passing through a sample or after reflection from the sample surface. 
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Depending on the changes in the intensity of the light reaches to the detector, the sample 

concentration and purity can be calculated.  

3.4.3 Liquid waveguide capillary cell-UV-VIS (LWCC-UV-VIS) 

LWCC-UV-VIS is a highly sensitive and precise apparatus in measuring the low 

concentration, which is accurate at nanomolar concentrations, of different substances 

and molecules in a solution. The LWCC-UV-VIS detection is based upon the similar 

principle of conventional UV-VIS and the theory of Beer-Lambert Law in quantifying 

the solution concentration. For the spectrophotometry of sample solutions, the 

procedure is same as the one mentioned in section 3.4.2. However, the LWCC-UV-VIS 

provides a lower range of detection limit in comparison to the conventional UV-VIS 

approach. Therefore, these two instruments provide an alternative approach in dealing 

with the molecules quantification with the different limit of detection (LOD). 

For the schematic overview of LWCC, the apparatus is connected to a light source 

and a detector using fibre-optic cables. Besides, the sample solution is injected into the 

LWCC system and discharged as waste solution. Throughout the detection process, the 

molecules within the injected sample solution absorbed the energy from the light source 

at a specific wavelength. According to the wavelength of maximum absorption of 

different substances, the concentration of the molecules of the sample solution can be 

quantified. This great performance in the limit of detection of LWCC is regarded to the 

extension of optical path length and the application of capillary. 

According to the Beer-Lambert Law, which is shown in Figure 3.5. The amount of 

absorption is proportional to the length of optical path. As the length of optical path 

used in LWCC is much greater the conventional approach, LWCC has the wider range 

of detection limit which can be applied for the measurement of low concentration. 
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Figure 3.7 Configurations of the LWCC system 

The sensitivity and outstanding limits of detection is attributed to the tubing 

material of capillary, which is made of Teflon AF-clad silica with a lower refractive 

index (RI) than water. The total internal reflection occurs at the Teflon AF-silica 

cladding interface as the incident angle exceeds the critical angle. As a result, the light 

source introduces into the liquid core of the capillary then totally internally reflected 

down the capillary and towards the detectors.  

 

Figure 3.8 Configurations of the fibre-optic cables 
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Results and Discussion 

A series of quantification on nitrite concentration is conducted by high-

performance liquid chromatography with fluorescence detection (HPLC-FLD), 

ultraviolet visible (conventional UV-VIS) absorption spectroscopy and liquid 

waveguide capillary cell-UV-VIS (LWCC-UV-VIS) at varying nitrite concentration, 

including the interference of nitrate and nitro-group molecules on nitrite measurement. 

For the HPLC-FLD and conventional UV-VIS methods, the results obtained from nitrite 

detection consist of the limit of detection, linear range, interference and precision. 

Besides, LWCC-UV-VIS is applied to quantifying water and food samples after the limit 

of detection and linear range is established. 

4.1 High-performance liquid chromatography with fluorescence detection 

(HPLC-FLD) 

For the measurement of nitrite in HPLC-FLD, it is based on the reaction of nitrite 

with 2,3-diaminonaphthalene (DAN) to form the highly fluorescent product 2,3-

naphthotriazole (NAT). The NAT is separated from the DAN and shown a significant 

peak in Figure 4.1. Moreover, the intensity of NAT in the HPLC chromatography 

represents the concentration of nitrite within the analytes. 

Figure 4.1 The standard chromatography (water/acetonitrile, 70:30, v/v). Nitrite reacted with 

DAN to yield NAT under acidic conditions. The NAT was separated by reversed-phase HPLC, 

followed by FLD 
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4.1.1 Linearity 

The nitrite calibration curve is accomplished based on the average value of the 

measured peak areas with corresponding nitrite concentration. The range of nitrite 

calibration curve is measured from 0 – 100 μM, according to the data shown in table 

4.1. By referring to the fitting plotted line, the nitrite calibration curve is divided into 

three linear regions, where they are in the range of 0 – 1 μM (figure 4.2), 1- 10 μM 

(figure 4.3) and 10 – 100 μM (figure 4.4) respectively.  

Table 4.1 The data of measurement on nitrite standard solution 

 

  

Nitrite Standard Solution 

Nitrite (μM) Peak area1 Peak area2 Peak area3 Average Standard 

deviation 

0 378144 405452 402900 395498.67 15083.65 

0.08 463334.5 572353 586626 540771.00 67440.60 

0.5 1487621 1485247 1431847 1468238.33 31538.16 

1 2707195 2729503 2740612 2725770.00 17018.39 

2 6594976 6550520 6467876 6537790.67 64499.07 

5 18987563 18663705 19347286 18999518.00 341947.27 

10 45330917 45229736 45869674 45476775.67 344000.33 

20 112737014 112569379 114195884 113167425.67 894606.22 

50 322081368 325369814 484508621 377319934.33 92842686.20 

100 745770325 784737976 696814519 742440940.00 44056182.04 
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Figure 4.2 Nitrite standard curve (0 - 1 μM) obtained by HPLC analysis 

For the linear range of 0 – 1 μM of nitrite concentration, the plotted line is fitted 

with high linearity with a correlation coefficient R2 > 0.99. The corresponding equation 

in this nitrite standard curve is y = 2E+06x + 4E+05. 

 

Figure 4.3 Nitrite standard curve (1 - 10 μM) obtained by HPLC analysis 

For the linear range of 1 – 10 μM of nitrite concentration, the plotted line is fitted 

with high linearity with a correlation coefficient R2 > 0.99. The corresponding equation 

in this nitrite standard curve is y = 4E+06x - 2E+06. 
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Figure 4.4 Nitrite standard curve (10 - 100 μM) obtained by HPLC analysis 

For the linear range of 10 – 100 μM of nitrite concentration, the plotted line is 

fitted with high linearity with a correlation coefficient R2 > 0.99. The corresponding 

equation in this nitrite standard curve is y = 7E+06x - 2E+07. 

These three nitrite calibration curves exhibited good linearity with a correlation 

coefficient R2 > 0.99. Moreover, the nitrite calibration equation with different linear 

range can be applied to estimate the nitrite concentration once the measured peak area 

of unknown analytes is provided.  

4.1.2 Detection limit 

The limit of detection (LOD) for nitrite concentration is estimated based on three 

times the standard deviation (SD) of 12 replicate measurements of regent blank (table 

4.2). The record value for regent blank no. 5 and 6 are greater than the average, while 

no. 10, 11 and 12 are far below the average value.  
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Table 4.2 The data of trials on detection limit 

Regent blank Arbitrary units Regent blank Arbitrary units 

1 419400 7 378144 

2 430059 8 405452 

3 443257 9 402900 

4 547290 10 113986 

5 637976 11 117051 

6 734172 12 110921 

According to the table 4.3, the value of 3*STDEV of nitrite reagent blank is 

599182.351, which located within the range of 0 – 1μM. The estimated detection limit 

is obtained by substituting the value of 3*STDEV into the equation of y = 2E+06x + 

4E+05, where y is the arbitrary units, and x is the corresponding nitrite concentration. 

Throughout the calculation, the detection limit of nitrite concentration in this HPLC 

approach is 0.1 μM. 

 Table 4.3 Detection limit on HPLC 

 

 

According to other research, the HPLC-FLD method for nitrite analysis is linear 

with nitrite concentration range from 12.5 nM to 2 μM in water (Fang et al., 2009). In 

our experiment, the limit of detection in nitrite measurement is recorded at 0.1 μM, 

which is higher than other study provided. The variance performance in detection limit 

may be caused by the impurity of sample solutions and the program settings among the 

HPLC apparatus. For the improvement in detection limit, it is suggested that the sample 

solution should be stored well and put into test right after the preparation of samples is 

completed. Moreover, the appropriate adjustment in HPLC program is conducive to 

diminish the background interference and enhance the limit of detection. 

STDEV 3*STDEV Detection limit (μM) 

199727.45 599182.35 0.1 
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4.1.3 Interference 

The average peak areas of those nitrite standard solutions are shown in table 4.1, 

and they can be used to compare with the results from nitrite + nitrate mixture (table 

4.4) and nitrite + nitro-group mixture (table 4.5), respectively. For both mixtures, the 

concentration of nitrate and nitro-group is much greater than that of nitrite because it is 

assigned to determine the influence of nitrate and nitro-group on nitrite detection. On 

the other hands, the interference of nitrite detection can be figured out according to the 

percentage difference of pure nitrite against the solution that nitrate and nitro-group 

involved. 

Table 4.4 The data of measurement on nitrite + nitrate mixture 

 

  

Nitrite + Nitrate mixture 

Nitrite 

(μM) 

Nitrate 

(mM) 

Peak area 

1 

Peak area 

2 

Peak area 

3 

Average 

area 

Standard 

deviation 

Nitrite / 

Nitrate + 

Nitrate (%)  

0.5 5 1504490 1542135 1590992 1545872 43372 5.29 

1 10 2875896 2969250 3169538 3004895 150031 10.24 

2 20 6646402 6646194 6541678 6611425 60402 1.13 

5 50 19861174 19138347 19535798 19511773 362012 2.70 

10 100 46452592 45200409 45912622 45855208 628063 0.83 

20 200 112603383 110310169 112975672 111963075 1443511 -1.06 
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Table 4.5 The data of measurement on nitrite + nitro-group mixture 

 

 

 

Figure 4.5 Interference on nitrite detection (0 - 1 μM) under various conditions: (red ●) detection 

of nitrite with adding any chemicals; (blue▲) detection of mixture which is mixing by nitrite and 

nitrate; (green ■) detection of mixture which is mixing by nitrite and nitrate 

  For the range of 0 -1 μM of nitrite concentration, two levels of nitrite + nitrate and 

nitrite + nitro-group is assigned to compare with the pure nitrite concentration at 0.5 

and 1 μM respectively. For the variance in nitrite concentration, the percentage 

difference among the presence of nitrate and nitro-group at nitrite concentration 0.5 μM 

is 5.29 % and 30.89 % respectively. For the nitrite concentration of 1 μM, the percentage 

Nitrite + Nitro-group mixture 

Nitrite 

(μM) 

Nitro-

group 

(mM) 

Peak area 

1 

Peak area 

2 

Peak area 

3 

Average 

area 

Standard 

deviation 

Nitrite / 

Nitrate + 

Nitro-

group (%) 

0.5 0.25 1918349 1923575 1923201 1921708 2915 30.89 

1 0.5 3598223 3627040 3578372 3601211 24471 32.12 

2 1 8941190 9087826 9236728 9088581 147770 39.02 

5 2.5 29686129 30068976 29125633 29626913 474451 55.94 

10 5 67998277 66941236 68564903 67834805 824085 49.16 

20 10 178703038 178338766 180399784 179147196 1099957 58.30 
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variance between pure nitrite and the presence of nitrate and nitro-group is 10.24 % and 

32.12 % respectively. It showed that the interference with nitrate and nitro-group on 

nitrite detection is proportional to nitrite concentration within the linear range of 0 – 1 

μM of nitrite concentration. 

 

Figure 4.6 Interference on nitrite detection (1-10 μM) under various conditions: (red ●) detection 

of nitrite with adding any chemicals; (blue▲) detection of mixture which is mixing by nitrite and 

nitrate; (green ■) detection of mixture which is mixing by nitrite and nitrate 

For the range of 1-10 μM of nitrite concentration, four levels of nitrite + nitrate 

and nitrite + nitro-group is assigned to compare with the pure nitrite concentration at 1, 

2, 5 and 10 μM respectively.  

According to the results of Nitrite vs Nitrite + Nitrate, both recorded concentration 

of nitrite and nitrite + nitrate are about to overlap each other, and just a slight difference 

is observed among various nitrite concentration. At each provided level of nitrite 

concentration, the average percentage difference between pure nitrite and nitrite + 

ammonium is found to be 3.19%. The greatest percentage difference is 10.24% which 

is located at 1 μM nitrite + 10 mM ammonium nitrate. For the rest of the mixtures, the 

average percentage difference is below 2.7%, which proved that the measurement of 
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nitrite concentration in HPLC system trends to not be influenced by the nitrate mixture 

above 2μM. 

Based on the results of Nitrite vs Nitrite + Nitro-group, a significant difference in 

the nitrite concentration is shown in the figure 4.6. It illustrated the nitro-group within 

the mixture is inclined to interfere the nitrite detection. The average percentage 

difference among all the nitrite samples is 44.24%, the least is 30.89% and the largest 

is 58.30%. The least percentage difference belongs to the 0.5 μM nitrite, which is the 

lowest levels of nitrite concentration within the experiment. Likewise, the greatest 

percentage difference is located at the largest nitrite concentration with 20 μM nitrite. 

The greater the nitrite concentration within the mixture, the greater the affection of 

nitro-group on nitrite detection is demonstrated by the figure above. The equation of 

nitrite + nitro-group can be applied to estimate back the original quantity of nitrite in 

the sample mixture, which is consisted of nitro-group. 
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Figure 4.7 Interference on nitrite detection (10 - 100 μM) under various conditions: (red ●) 

detection of nitrite with adding any chemicals; (blue▲) detection of mixture which is mixing by 

nitrite and nitrate; (green ■) detection of mixture which is mixing by nitrite and nitrate 

 For the range of 10 -100 μM of nitrite concentration, two levels of nitrite + nitrate 

and nitrite + nitro-group is assigned to compare with the pure nitrite concentration at 10 

and 20 μM respectively. For the variance in nitrite concentration, the percentage 

difference among the presence of nitrate and nitro-group at nitrite concentration 10 μM 

is 0.83 % and 49.16 % respectively. For the nitrite concentration of 20 μM, the 

percentage variance between pure nitrite and the presence of nitrate and nitro-group is 

-1.06 % and 58.30 % respectively. It showes that the nitrite quantification is not 

subjected to influence by the presence of nitrate. Whereas the interference with nitro-

group on nitrite detection is proportional to nitrite concentration within the linear range 

of 10 – 100 μM of nitrite concentration. 

4.1.4 Accuracy 

The accuracy of HPLC-FLD is proved by measuring the ten individual trials with 

an equivalent amount of nitrite concentration at separate period. The average measured 

value for these ten samples is 100.696 and the standard deviation is 14.98. The 

significate variances among the average value of all trials are allocated to trial no. 1, 7, 
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9 and 10 with the value of 85.49, 84.23, 134.28 and 112.48 respectively. The nitrite 

quantification is based upon the calibration curve to determine the corresponding nitrite 

concentration, so the disparate detection results are regarded to the unsatisfied condition 

of nitrite calibration curve. To minimize the measurement variance among the 

calibration curve, a new calibration curve is suggested to be established for each series 

of nitrite detection. Furthermore, the service condition of the HPLC apparatus is a 

significant factor in interfering with the accuracy of the establishment of the calibration 

curve. Throughout the experiment on accuracy trials, the deviation of obtained data is 

believed to be influenced by the cleaning condition of the HLPC column. 

Table 4.6 The data of trials on detection accuracy 

Trial Arbitrary units Trial Arbitrary units 

1 85.49 6 103.67 

2 104.45 7 84.23 

3 103.75 8 94.85 

4 88.10 9 134.28 

5 95.66 10 112.48 

Average value 100.696 

Standard deviation 14.98 

4.2 Ultraviolet visible (conventional UV-VIS) absorption spectroscopy 

4.2.1 Linearity 

For the conventional UV-VIS, the nitrite calibration curve is established based on 

the values of detected nitrite concentration since the amount of present nitrite cannot be 

completely detected by the instrument. The range of nitrite calibration curve is 

measured from 0 – 20 μM, according to the data shown in table 4.7. The units provided 

by the apparatus is in mg/L, which is converted to μM. 
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Table 4.7 The data of measurement on nitrite standard solution 

Nitrite Standard Solution 

Nitrite present (μM) Nitrite detected (mg/L) Nitrite detected (μM) 

0 0.004 0.286 

0.5 0.008 0.571 

1 0.013 0.929 

2 0.025 1.786 

5 0.06 4.286 

10 0.123 8.786 

20 0.237 16.929 

 

Figure 4.8 Nitrite standard curve (0 - 20 μM) obtained by conventional UV-VIS 

By referring to the fitting plotted line, the nitrite calibration curve exhibits good 

linearity with a correlation coefficient R2 > 0.99. The corresponding equation in this 

nitrite standard curve is y = 0.84144x + 0.16797. 

4.2.2 Detection limit 

The detection limit of conventional UV-VIS (DR6000, Hach) apparatus is 0.003 

mg/L, which states in the instrument handout. However, the detected nitrite 

concentration for the blank sample is found to be 0.004 mg/L. Besides, the detection of 
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nitrite above 0.004 mg/L is close to the corresponding nitrite concentration in the sample. 

By conservative estimation, the limit of detection for nitrite is proved at 0.004 mg/L, 

which is equivalent to 0.3 μM. 

4.2.3 Interference  

The measured concentration of those nitrite standard solutions is shown in table 

4.7, and they can be used to compare with the results from nitrite + nitrate mixture  

(table 4.8) and nitrite + nitro-group mixture (table 4.9) respectively. For both mixtures, 

the concentration of nitrate and nitro-group is much greater than that of nitrite because 

it is assigned to determine the influence of nitrate and nitro-group on nitrite detection. 

On the other hands, the interference of nitrite detection can be figured out according to 

the percentage difference of pure nitrite against the solution that nitrate and nitro-group 

involved. 

Table 4.8 The data measurement on nitrite + nitrate mixture 

 

 

 

 

 

 

 

  

Nitrite + Nitrate mixture 

Nitrite 

(μM) 

Nitrate 

(mM) 

Nitrite detected 

(μM) 

Nitrite vs Nitrate 

(% diff.) 

0.5 0.5  0.571 0.00 

1 1 0.857 -7.69 

2 20 1.714 -4.00 

5 50 4.071 -5.00 

10 100 8.286 -5.69 

20 200 16.857 -0.42 
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 Table 4.9 The data of measurement on nitrite + nitro-group mixture 

 

 

Figure 4.9 Interference on nitrite detection (0.5 - 2 μM) under various conditions: (red ●) detection 

of nitrite with adding any chemicals; (blue▲) detection of mixture which is mixing by nitrite and 

nitrate; (green ■) detection of mixture which is mixing by nitrite and nitrate 

 

Nitrite + Nitro-group mixture 

Nitrite 

(μM) 

Nitro-group 

(mM) 

Nitrite detected (μM) 
Nitrite vs Nitro-group 

(% diff.) 

0.5 0.25 0.643 12.50 

1 0.5 1.000 7.69 

2 1 1.786 0.00 

5 2.5 4.357 1.67 

10 5 8.429 -4.07 

20 10 16.786 -0.84 
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Figure 4.10 Interference on nitrite detection (5 - 20 μM) under various conditions: (red ●) detection 

of nitrite with adding any chemicals; (blue▲) detection of mixture which is mixing by nitrite and 

nitrate; (green ■) detection of mixture which is mixing by nitrite and nitrate 

For the range of 0.5 -20 μM of nitrite concentration, six levels of nitrite + nitrate 

and nitrite + nitro-group is assigned to compare with the pure nitrite concentration at 

0.5, 1, 2, 5,10 and 20 μM respectively.  

From the above figures of Nitrite vs Nitrite + Nitrate, the recorded concentration 

of nitrite and nitrite + nitrate are about to overlap each other, and just a slight difference 

is observed among various nitrite concentration. The quantification of nitrite at 0.5 μM 

with nitrate at 0.5 mM is equivalent to the pure nitrite solution at 0.5 μM. The greatest 

percentage difference is -7.69%, which is located at 1 μM nitrite vs 1 μM nitrite + 1mM 

nitrate. Besides, another significant percentage difference of -5.69% is located at 10 μM 

vs 10 μM nitrite + 100mM nitrate. For each provided level of nitrite concentration, the 

average percentage difference between pure nitrite and nitrite + nitrate is found to be -

3.80%. Therefore, the measurement of nitrite concentration in conventional UV-VIS 

results in a negligible affection when the nitrite mixture contains nitrate.  
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For Nitrite vs Nitrite + Nitro-group, the overall average percentage variance is 

2.38%. However, the influence of nitro-group among the lower nitrite concentration of 

0.5 and 1 μM is recorded at 12.50 and 7.69 % respectively, which is much higher than 

the average variance. For the detection of 2 μM nitrite, an exact value is obtained 

between the present and detected nitrite concentration. Once the nitrite concentration of 

the analyte is above 2 μM, the nitro-group within the mixture is negligible to interfere 

the nitrite detection. 

4.2.4 Accuracy 

The accuracy of conventional UV-VIS method is proved by measuring the twelve 

individual trials with an equivalent amount of nitrite concentration at a separate period. 

The average measured value for these twelve samples is 98.125, and the standard 

deviation is 4.283. The overall trial values are obtained in great similarity, from the 

range of 93.93 to 106.07. Since the detection approach of conventional UV-VIS is quite 

straightforward and bases on the quality of the instrument provided, the clearance of 

cuvette plays an important role to contribute the great similarity during the accuracy 

trials.   

Table 4.10 The data of trials on detection accuracy 

Trial Arbitrary units Trial Arbitrary units 

1 93.93 7 100.36 

2 100.36 8 106.07 

3 101.07 9 93.86 

4 96.07 10 103.21 

5 92.57 11 100.00 

6 94.64 12 95.36 

Average value 98.125 

Standard deviation 4.283 
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4.3 Liquid waveguide capillary cell-UV-VIS (LWCC-UV-VIS) 

4.3.1 Linearity 

For the LWCC-UV-VIS method, the nitrite calibration curve is established based 

on the mean absorption at corresponding nitrite concentration. The standard deviation 

of 1 μM nitrite is higher than those with lower nitrite concentration. The absorption 

value is recorded among the fluctuated curve, which reflects with more background 

noise as the concentration of analyte is higher. The range of nitrite calibration curve is 

measured from 0.02 – 1 μM, according to the data shown in table 4.11. The recorded 

absorption in the below table is an arbitrary unit. 

Table 4.11 The data of measurement on nitrite standard solution 

 

 

 

 

 

Nitrite 

(μM) 

Mean 

absorption 

Standard 

deviation 

0.02 0.005 0.001 

0.05 0.285 0.021 

0.1 1.080 0.028 

0.5 1.435 0.035 

1 1.760 0.071 
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Figure 4.11 Nitrite standard curve (0.02 – 0.1 μM) obtained by LWCC-UV-VIS 

For the linear range of 0.02 – 0.1 μM of nitrite concentration, the plotted line is 

fitted with high linearity with a correlation coefficient R2 > 0.98. The corresponding 

equation in this nitrite standard curve is y = 12.6212x – 0.2477. 

 

Figure 4.12 Nitrite standard curve (0.1 – 1 μM) obtained by LWCC-UV-VIS 

For the linear range of 0.1 – 1 μM of nitrite concentration, the plotted line is fitted 

with high linearity with a correlation coefficient R2 > 0.99. The corresponding equation 

in this nitrite standard curve is y = 0.79752x + 1.00969. 
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These two nitrite calibration curves exhibited good linearity with a correlation 

coefficient R2 > 0.98. Moreover, the nitrite calibration equation with different linear 

range can be applied to estimate the nitrite concentration once the measured absorption 

of unknown analytes is provided. 

4.3.2 Detection limit 

LWCC-UV-VIS bases upon the maximum absorption of different substances at the 

corresponding wavelength of light to estimate the concentration of the existed molecule. 

For the detection approach, a blank sample is injected into the LWCC and recorded for 

the corresponding absorption. The least nitrite concentration analyte used in this 

experiment is 0.02 μM, which shows an evident difference from the blank sample. As a 

result, the limit of detection of LWCC-UV-VIS is qualified above 0.02 μM of nitrite. 

On the other hand, The LWCC-UV-VIS approach is cable to reach a much lower 

level in detection limit. The limit of detection in LWCC-UV-VIS is reported at 0.5 nM 

for nitrite analyte in nature water (Laura J. Gimbert & Paul J. Worsfold, 2007). Since 

the nitrite standard solutions prepared in our experiment only vary from 0.02 to 0.1 μM, 

it is a limitation to find out the best detection limit in our proposed LWCC-UV-VIS 

method.  
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Practical Application 

In this chapter, there are two water and food samples applied for the nitrite 

determination. The water samples are nature water and tap water. For the food samples, 

they are the food wastes collected from two different restaurants in Macau. Since the 

concentration of nitrite in these water and food samples is considered at low levels, the 

more sensitive method of LWCC is prior to the nitrite quantification. Whereas the UV-

VIS spectroscopy is an alternative approach for measuring the samples with higher 

levels of nitrite. 

5.1 Water sample test (LWCC-UV-VIS) 

The tape water sample is picked from home while the lake water sample is collected 

from the artificial lake nearby building E11 at the University of Macau. The 

concentration of nitrite in the tape water and lake water samples are very low. Therefore, 

the highly sensitive method of LWCC-UV-VIS is applied. The water sample is 

measured below 0.1 μM nitrite, which falls between the range of nitrite calibration curve 

of LWCC. Furthermore, the variance between the minimum and maximum absorption 

of tap water and lake water is 0.05 and 0.03 respectively, which shows LWCC-UV-VIS 

method can achieve accurate detection at low concentrations. 

 Table 5.1 The data of measurement on water samples 

Water 

samples 

Minimum 

absorption 

Maximum 

absorption 

Mean 

absorption 

Standard 

deviation 

Nitrite 

(μM) 

Tap water 0.23 0.28 0.255 0.035 0.040 

Lake water 0.65 0.68 0.665 0.021 0.072 
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Figure 5.1 Estimation of the nitrite concentration contained in two different water samples: (red 

▬) nitrite standard curve used for the nitrite estimation; (blue - - -) the amount of nitrite contained 

in tap water; (green - - -) the amount of nitrite contained in lake water 

The concentration of nitrite present in the tap and lake water samples is estimated 

based on the nitrite standard curve, which is a linear equation of y = 12.6212x – 0.2477. 

By substituting the mean absorption of 0.255 in tap water and 0.665 in lake water into 

the nitrite calibrated equation, the corresponding concentration of nitrite present in both 

samples is recorded at 0.0398 and 0.0723 μM respectively. For the unit conversion, the 

measured concentration of nitrite 0.0398 and 0.0723 μM can be converted to 0.002 and 

0.003 mg nitrite/ L water, respectively. 

According to the Macau regulated limit for nitrite in public water system is 0.1 

mg/L. By comparison, the concentration of nitrite within the testing water samples are 

much lower than the Macau regulation. It means the tap and lake water samples are safe 

from the nitrite contamination.  
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5.2 Food sample test 

5.2.1 Food sample 1: Fruit and meat 

The food sample of fruit and meat is collected from FENG WEI JU, Star World 

Hotel and CHÚN, MGM COITA. They are squeezed into liquid state and filtered by a 

13 μm filter until all the impurities are removed. LWCC is applied to quantify the nitrite 

content within the food sample due to LWCC is highly sensitive at low concentrations 

measurement. The absorbance of the food sample is recorded in the range of 2.43 to 

2.66, which exceeds the upper limit of the nitrite standard equation. 

 In case the absorption of the food sample exceeds the range of the linear equation 

of y = 0.79725x + 1.00969, which is shown in figure 4.12. This equation is still applied 

to estimate the concentration of nitrite that contains in the food sample. By substituting 

the absorption of 2.545 into the nitrite calibrated equation, the food sample is recorded 

at 1.925 μM nitrite, which can be converted to 0.009 mg nitrite/100 g food. 

From the previous studies, the mean nitrite levels in fruits and meat samples vary 

in the range of 0.008 - 0.08 and 0.05 - 0.89 mg/100g respectively (Hord et al., 2009). 

Thereinto, the meat products are measured with high contents of nitrite as nitrite is 

multifunction and important in maintaining the quality of processed meats (Alahakoon 

et al., 2015).  

In contrast, the concentration of nitrite in our food samples falls into the interval 

among the fruit and meat levels stated in the previous study. It shows that the proposed 

method of LWCC-UV-VIS is reliable for the determination of nitrite in food samples. 
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5.2.2 Food sample 2: Vegetable, meat and rice 

The ingredient of juiced food sample contains vegetable, meat and rice. The 

preparation of this food sample is same as the sample stated in chapter 5.2.1. The 

method of conventional UV-VIS is applied for the nitrite quantification in food sample 

2, instead of the LWCC-UV-VIS approach.  

The conventional UV-VIS approach offers a greater detection range from 0.5 to 20 

μM, which well covers the concentration of nitrite detected in food samples. The 

concentration of nitrite present in the food sample with vegetable, meat and rice is 

estimated based on the nitrite standard curve (figure 5.2), which is a linear equation of 

y = 0.84144x + 0.16797. By substituting the detected nitrite concentration of 16.714 

μM into the nitrite calibrated equation, the corresponding concentration of nitrite 

presents in the food samples is recorded at 19.664 μM, which can be converted to 0.09 

mg nitrite/100 g food. 

For the great difference in detected nitrite levels among food sample 1 and 2, it 

might be attributed to the presence of many leafy vegetables since nitrite is much higher 

for the sample contains vegetables (Brkić et al., 2017). 

 

Figure 5.2 Estimation of the nitrite concentration contained in food sample 2: (red ▬) nitrite 

standard curve used for the nitrite estimation; (blue - - -) the amount of nitrite contained in food 

sample 2 
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5.3 Daily intake of nitrite 

Food and water are the main sources of nitrite that human consumed among the 

daily diet. The excessive intake of nitrite can lead to various adverse health effects, such 

as toxicity and cancer. Therefore, it is necessary to examine the daily intake amount of 

nitrite within the human diet.  

For the consumption of nitrite, 2 kgs of food and 2 liters of water are assumed as 

the average daily consumption for an adult. Then, the obtained nitrite concentration in 

food sample 2 and tap water are applied to estimate the corresponding daily intake of 

nitrite, which is recorded at 1.81 mg. 

Daily intake of nitrite from food: 

2 kgs of food x 90.45 ug /100 g 

= 1809 ug 

Daily intake of nitrite from water:  

2 liters of water x 0.183 ug/100 ml 

= 3.66 ug 

Total daily intake of nitrite:  

1809 ug nitrite in food + 3.66 ug nitrite in water 

= 1.81 mg 

On the other hand, the Joint FAO/WHO Expert Committee on Food Additives states 

that the acceptable daily intake (ADI) of nitrite is 0.07 mg/bodyweight. It means the 

ADI of nitrite for a 70kg people is 4.9 mg. By comparison, the content of nitrite in foods 

and water sample is less than ADI standard provided. In the other words, the diet human 

consumed is believed to be safe from the nitrite contamination. 
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Conclusions 

The simple and rapid measurement of nitrite concentration among the HPLC-FLD, 

conventional UV-VIS and LWCC-UV-VIS methods offer high sensitivity and 

specificity within different linear range and detection limit. The nitrite calibration curve 

is established with reliable linearity to quantify the concentration of nitrite, involves the 

interference of nitrate and nitro-group on nitrite detection.  

For detection limit, LWCC-UV-VIS offers the best detection limit in nitrite 

measurement. The extended length of optical path in LWCC provide the limit of 

detection at 0.02 μM nitrite, which is much lower than the record of 0.1 and 0.3 μM in 

HPLC-FLD and conventional UV-VIS method respectively. Furthermore, the great 

sensitivity of LWCC-UV-VIS provides an accurate determination of the concentration 

of nitrite within water and foods samples.  

For detection interference, it is noteworthy that the nitrite measurement on the 

conventional UV-VIS method is not influenced by the presence of nitrate and nitro-

group respectively. Besides, the HPLC-FLD method is also impregnable to the presence 

of nitrate. However, the nitrite detection on HPLC-FLD method is significantly 

influenced by the presence of nitro-group molecules. The proposed nitrite calibration 

equation can be applied to adjust those interferences on nitrite detection. 

For measurement accuracy, the conventional UV-VIS provides better similarity in 

the sampling trial test by comparing to the method of HPLC-FLD. The standard 

deviation among sampling trials for conventional UV-VIS method and HPLC-FLD is 

4.283 and 14.98, respectively. The high accuracy in conventional UV-VIS approach is 

attributed to the straightforward detection approach, whereas the accuracy in HPLC-

FLD is readily affected by the instrument cleaning condition. 
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The operation for conventional UV-VIS is easy to handle, and the measurement 

result can be obtained directly from the detector. Besides, HPLC-FLD offers automatic 

operation throughout the experiment, but it takes more time to complete the detection. 

In LWCC-UV-VIS, the cleaning work for the optical path is vitally important before 

and after each of the operation, and it requires great efforts for maintaining the service 

condition of the instrument. 

Overall, these three analytical methods may provide a useful tool for quantifying 

the exact amount of nitrite and put it into the application among different aspects, such 

as the monitoring and controlling of environmental pollution and food safety. 
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