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Resumo 

Nos últimos anos, investigadores, com o auxílio de novas tecnologias, têm trabalhado 

para o desenvolvimento de técnicas e dispositivos de diagnóstico e tratamento mais práticos e 

económicos.  

Neste trabalho foram desenvolvidos dois dispositivos microfluídicos analíticos baseados 

em papel (μPADs) para a determinação dos aniões nitrito e nitrato em amostras de saliva 

humana, para auxílio no diagnóstico de doenças associadas à sua presença. Para desenvolver 

estes μPADs foram realizados vários estudos de desenho e construção, incluindo um teste de 

interferências e estudos de estabilidade. 

A estrutura final do μPAD para a determinação de anião nitrito consistiu em duas 

camadas de discos de papel de filtro com 9.5 mm de diâmetro numa bolsa de plastificação, em 

que a última camada continha 5 μL de reagente de Griess. Este μPAD permitiu a 

determinação de nitrito num intervalo de 5 – 220 μM, cujos limites de deteção e quantificação 

foram 0.05 μM e 0.17 μM, respetivamente. A estrutura final do μPAD para a determinação de 

anião nitrato consistiu em três camadas de papel de filtro numa bolsa de plastificação, em que 

a primeira camada continha zinco em pó e a última camada 10 μL de reagente de Griess. Este 

μPAD permitiu a determinação de anião nitrato num intervalo de 0.2 – 1.2 mM, cujos limites 

de deteção e quantificação foram 0.08 mM e 0.27 mM, respetivamente. 

Ambos os μPADs se mostraram estáveis quando armazenados em vácuo (durante pelo 

menos 7 dias no caso do μPAD de nitrito, e durante no máximo 3 dias no caso do μPAD de 

nitrato) e, após colocação da amostra, os μPADs de nitrito e nitrato poderiam ser digitalizados 

até 4 e 2 horas depois, respetivamente. 

Por último, para validar este método, os resultados obtidos com o μPAD de nitrito 

foram comparados com os correspondentes aos obtidos pelo método colorimétrico de 

referência, e não foram encontradas diferenças estatisticamente significativas entre os dois 

métodos. Logo, foi possível concluir que os μPADs desenvolvidos demonstraram possuir 

propriedades promissoras para a determinação de NOX em amostras de saliva, principalmente 

porque são dispositivos sensíveis, portáteis, simples e económicos, que custam menos de 50 

cêntimos cada.  

 

Palavras-chave: μPAD; nitrito; nitrato; saliva; reação de Griess  
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Abstract 

In the last few years, researchers, with the help of new and advanced technologies, have 

been working towards the development of more practical and more affordable, diagnostic and 

treatment devices and techniques.  

In this work, two different Microfluidic Paper-based Analytical Devices (μPADs) were 

developed for the determination of nitrite and nitrate in human saliva samples to aid in the 

diagnosis of some diseases and health conditions associated with these ions. To develop these 

nitrite and nitrate μPADs, several studies were performed to optimize the design and 

construction, including an interference assessment and stability studies.   

The final structure of developed μPAD for the nitrite determination consisted of two 

layers of 9.5 mm diameter filter paper disks within a plastic laminating pouch, in which the 

bottom layer contained 5 μL of Griess reagent. This μPAD allowed a nitrite determination in a 

range of 5 - 220 μM with limits of detection and quantification of 0.05 μM and 0.17 μM, 

respectively. The nitrate μPAD final structure consisted of three layers of filter paper, also 

within a plastic laminating pouch, in which the top layer contained the zinc powder and the 

bottom layer contained 10 μL of Griess reagent. This μPAD allowed a nitrate determination in 

the range 0.2 – 1.2 mM with limits of detection and quantification of 0.08 mM and 0.27 mM, 

respectively. 

Both of the μPADs were stable when stored in vacuum (the nitrite μPAD for at least 7 

days and the nitrate μPAD for a maximum of 3 days) and, after the sample placement, the 

nitrite and nitrate μPADs could be scanned within the first 4 and 2 hours, respectively. 

Finally, to validate this method, nitrite μPAD measurements were compared with the 

ones obtained from the standard colorimetric method and there were no statistically 

significant differences between these two methods. So, it was possible to conclude that the 

developed μPADs exhibited promising properties for NOX determinations in saliva samples, 

especially because they are sensitive, portable, simple and affordable devices that cost less 

than 50 cents each. 

 

Keywords: μPAD; nitrite; nitrate; saliva; Griess reaction 
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1. Introduction 

According to the World Health Organization, “more people can access essential health 

services today than ever before, but at least half of the world’s population still go without” the 

basic health care (1). 

With the advances in technologies, new innovative techniques have been developed. 

However, it still exists a lack of practical and affordable devices that are capable of 

performing diagnosis and treatments on location, whether it be in a medical institution, in the 

patients’ homes or in the most secluded areas. The population living in the less developed 

countries commonly encounter obstacles in accessing the basic health care, not only because 

of economic or geographical difficulties but also lack of skilled professionals to performed 

the tests. (2,3). 

That is why in the last few years, researchers have been working towards the 

development of new diagnostic and treatment devices and techniques that follow the seven 

“ASSURED” guidelines provided by the World Health Organization for the selection of 

diagnosis tests, namely being Affordable, Sensitive, Specific, User-friendly, Rapid and 

Robust, Equipment-free, and Deliverable to end-users (4,5). 

1.1. Microfluidic Paper-based Analytical Devices 

In 2007, Martinez A. et al. introduced for the first time the concept of microfluidic 

paper-based analytical device, or μPAD, as a “platform for inexpensive, low-volume, portable 

bioassays”(6,7). After that, the research on this type of devices increased exponentially in 

areas as healthcare, environmental, food and water (8). Even though there are currently 

several different types of μPADs, the principle in which all of them are based consists in the 

presence of two different areas: a hydrophilic area provided by the paper where a reaction 

(usually colorimetric) occurs, and a hydrophobic area that delimits this reaction zone (4,8).  

Although this concept is recent, the use of paper for analytical detection reports back to 

the use of litmus paper as an acid-base indicator by Boyle in the XVII century (8). The main 

characteristics that make paper an appealing tool are the low cost and the high availability. 

However, there are other advantages such as the fact that paper is lightweight, available in 

several thicknesses and porosities, easy to store and transport and compatible with biological 

samples (because of its cellulose matrix) (9). 

As it was mentioned before, there are currently μPADs that use detection methods such 

as luminescence, electrochemical and photoelectrochemical detection, but the most commonly 
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used is the colorimetric detection, mainly because it has a simpler and easier way of 

interpreting the results. With colorimetric reactions, the results can be easily interpreted 

visually or captured with digital cameras, mobile phones or portable scanners (6,8). Then the 

colour intensities produced in the colorimetric test can be determined from the digital images 

by using image processing programs such as ImageJ and converted in absorbance values 

using the Beer-Lambert law:  

 

A = log10(I0/IS) 

 

where A is the absorbance value, IS is the mean measured intensity (of the image pixels) 

of the standard or sample, and I0 is the mean measured intensity (of the image pixels) of the 

blank (8,10). 

However, a disadvantage of these colorimetric detection methods is the high variability, 

caused for example by a non-uniform distribution of the coloured product in the paper. This 

problem can be reduced by using more replicas and excluding outliers, if necessary (8). 

To build a μPAD, first it is necessary to define the hydrophobic and hydrophilic areas. 

This can be achieved either by cutting the paper or creating hydrophobic boundaries within 

the paper. The latter option can still be divided in a direct approach, where a hydrophobic 

liquid material is printed in the paper, and an indirect approach that involves more 

complicated procedures to create these hydrophobic zones (Figure 1). 

 

 
Figure 1 - Schematics of the approaches in creating the hydrophilic and hydrophobic areas 

(6). 
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Even though there are several materials that can be used to pattern these areas, like 

polydimethylsiloxane (PDMS), indelible ink and polystyrene, the most commonly used to 

design μPADs is wax, because it is a simple and relatively quick method (Figure 2) that is 

compatible with most μPAD applications, and it is not a risk to the environment since it can 

be disposed by burning (4,6). Nevertheless, this type of printing method requires expensive 

wax and an extra step of heating in the process. Also the spreading of the liquid wax when 

printed in the filter paper causes a decrease in the pattern’s resolution.  

 

 
Figure 2 - Procedure of printing method with wax (6). 

 

The first developed μPADs consisted in one layer of paper, where sample travelled 

horizontally in the microchannels of the paper. However, in 2008, the Whiteside group 

developed the first 3D μPAD, which consisted in 2D μPADs layered on top of each other and 

held together with the help of double-sided adhesive tape (4). These 3D μPADs have become 

very popular in the last few years. Because in these μPADs the sample travels both 

horizontally and vertically, it is possible to direct this sample into a specific path and make it 

react with several reagents in a specific order (4,6). Also, a higher amount of paper layers 

increases the sample absorption capability of the μPADs, which can be useful when the 

concentration expected in the determination is very low (4,6). The stack of paper layers can be 

held together by using adhesive tape (Figure 3A), by spraying adhesive on the paper layers or 

using origami, by folding the paper in to several layers (Figure 3B) (4). 
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Figure 3 - (A) 3D μPAD with use of adhesive tape (4); (B) 3D μPAD constructed by origami 

(11). 

 

Much of the μPADs popularity is due to their various advantages. They are simple, 

portable, affordable, rapid, disposable, and, after being assemble, don’t require complex 

equipment or specialized personal to do the measurement, which makes them and interesting 

tool to be used in on-site analysis in locations of difficult access or with very few resources. 

However, very few of the developed μPADs reported so far, presented any on-field or 

stability studies (8). Some locations or conditions can affect the performance of these devices, 

therefore it is very important to test them on lab conditions, on field conditions and also their 

stability in different storage conditions (3,8). 

1.2. Nitrite and Nitrate 

Nitrite and nitrate are nitrous acid salts found everywhere, from waters, to food and 

even in the human body. They are composed by one nitrogen atom and two (nitrite) or three 

(nitrate) oxygen atoms. 

Nitrite (NO2- ; molar mass 46.01 g/mol) has a symmetrical bent structure (Figure 4A) 

where both bonds have identical length and form an angle of approximately 115º. This ion has 
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an electron shared between the two bonds (Figure 4B) which, according to valence bond 

theory, makes it a resonance hybrid (12). 

 

 
Figure 4 - (A) Nitrite ion structure; (B) Nitrite resonance hybrids. (12) 

 

Nitrate (NO3- ; molar mass 62.00 g/mol), on the other hand, has a trigonal planar 

arrangement, carrying the formal charge of -1 between the three identical bonds (Figure 5A), 

which originates three resonance structures (Figure 5B) (13). 

 

 
Figure 5 - (A) Nitrate ion structure; (B) Nitrate resonance hybrids (13). 

 

The presence of these anions in the human body can be due to either an endogenous 

produce in the body or ingestion through food and water, but with the increase of pollution 

and water contamination reports, it is the last one that presents the largest threat to human 

health (14,15).  

According to Lundberg et al. (2004), about 60-80% of the daily nitrate consumption 

(approximately 2-3 mM) comes from vegetables. Nitrate and nitrite can also be found in some 

foods like meat, as an additive, or even in cigarettes and car smoke (14,16). The endogenous 

source of nitrate in mammals is mainly the L-arginine-NO pathway, where the NO synthases 

use L-arginine amino acid and molecular oxygen to produce NO. This pathway, shown in 

Figure 6, in basal conditions, occurs primarily in the blood vessels’ endothelium and neuronal 

tissue, but in case of infections or inflammatory reactions there is a larger production of NO 



 16 

by NO synthases, released by white blood cells, which leads to higher nitrate concentrations 

in plasma (14). Most of NOX is later secreted mostly in urine, but also in saliva and sweat. In 

fact, 25% of the nitrate present in plasma is secreted in saliva, which leads to a ten times 

higher concentration in saliva when compared with the plasma (14,16).  

 

 
Figure 6 - Schematics of L-arginine-NO pathway.(17) 

 

 For many years these ions have been associated with cancer. Nitrite from, either direct 

ingestion, or the nitrate reduction by bacteria in human saliva, when it reaches the acidic 

environment of the stomach and combined with amine or amide forms nitrosamines and 

nitrosamides, which are toxic and carcinogenic, thus contributing mainly to the development 

of gastric cancer (15,18,19). When absorbed to the bloodstream, nitrite can react with the iron 

in haemoglobin, irreversibly converting it in methaemoglobin and preventing it from carrying 

oxygen (Figure 7). This blockage results in a blood disease called methemoglobinemia, or as 

is most commonly known as “blue baby” syndrome (15,16,20,21).   

 

 
Figure 7 - (A) Normal formation of oxyhaemoglobin; (B) Formation of methaemoglobin in 

the presence of nitrite (Modified from (22)). 
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Depending on the percentage of methaemoglobin, different symptoms may be 

associated. But when it reaches a high percentage, it can lead to death. These symptoms can 

be found in Table 1.  

 

Table 1 - Symptoms of Methemoglobinemia. 

Methaemoglobin Percentage Methemoglobinemia Symptoms 

< 3% normal healthy individuals 

3 - 10% skin discoloration (cyanosis) 

10 - 20% tachycardia, weakness, signs of tissue hypoxia 

> 20% headache, dizziness, fatigue, dyspnea, nausea 

> 70% high risk of mortality 

 

Although less common, bladder cancer can also be a concern in cases of urinary-tract 

infections. Since a big amount of the nitrate is secreted in the urine, the presence of bacteria 

during these types of infections and lead to the nitrate conversion into nitrite, and 

consequently N-nitrosamine formation (14).  

Even though its bad reputation, nitrate is not actually very toxic. It is only when is 

converted to nitrite that becomes a big concern to human health (14).  Bahadoran et al. (2015) 

concluded that there was no association between nitrate exposure and thyroid cancer, but it 

was possible to associate nitrite exposure to thyroid cancer (risk = 1.48, 95% confidence 

interval = 1.09–2.02, P = 0.012) (23). 

Ever since 1970s, NOx compounds have been associated with cancer and other 

diseases. However, recently a few studies have been reporting newly found benefits of these 

ions. Salivary nitrates and nitrites may not only be a defence response to oral infectious 

diseases like periodontal disease (24), but also present a protective effect against dental caries 

(25). Furthermore, the measurement of nitrite can be used to measure nitric oxide, which is 

involved in many metabolic procedures, like: regulation of vascular tone, inhibition of platelet 

aggregation, thrombosis, and inflammation, and establish a correlation with the degree of 

injury (15). 

Nowadays, there are several methods that allow nitrite and nitrate detection and 

determination for a number of concentration ranges and types of samples, such as 
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spectrophotometric detection, electrochemical detection, chemiluminescent, chromatographic, 

spectrofluorimetric, capillary electrophoresis and electrochemiluminescence detection. Some 

of these techniques do a simultaneous and independent detection of nitrite and nitrate, being 

therefore classified as simultaneous methods. Others first detect nitrite and then, in order to 

measure nitrate, this compound is converted to nitrite. Therefore, the methods that use this 

last principle are known as sequential methods (15,26). 

The most commonly used detection method for nitrate and nitrite determination is by far 

the spectrophotometry, not only because it’s a relatively inexpensive method, but also because 

of its simple approach. It is based upon the measurement of the colour intensity in a 

colorimetric reaction, where colour is proportional to the concentration of the analyte. In the 

spectrophotometry category, the most used approach for the NOx detection and determination 

is the Griess reaction (15,26).  

In 1879, a german chemist named Johann Peter Griess presented, for the first time, a 

colour reaction for the detection of NOx in saliva. According to the original Griess reaction, 

in an acidic environment, nitrite reacts with sulfanilic acid forming a diazonium cation which 

in turn reacts with 𝛂-naphthylamine, forming a water-soluble red-violet coloured product 

(15,26,27). This reaction is presented in Figure 8. 

 

 
Figure 8 - Original Griess reaction reported in 1879 by Griess (27).  
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Because the 𝛂-naphthylamine reagent, originally used by Griess, is carcinogenic, 

Brantton and Marshall, in 1939, presented for the first time sulfanilamide and N1NED (N-(1-

naphthyl)-ethylenediamine dihydrochloride)) as alternatives to the reagents in the first 

reported Griess reaction (26). This modified Griess reaction is shown in Figure 9.  

 

 
Figure 9 - Modified Griess reaction using sulfanilamide and N1NED (Modified from (28)).  

 

To perform the nitrate determination using the Griess reaction, it is first necessary to 

reduce nitrate to nitrite, using reducing agents like cadmium or vanadium chloride, and only 

after this reduction to nitrite, the reaction with the Griess reagent occurs (27). 

Although there are already numerous methods reported for the NOx determination, 

these methods have some limitations like requiring high volume of reagents and sample, the 

time of analysis, the use of complex lab equipment, the need of constant power, specialized 

technicians, the production of toxic waste, among others. 

 To perform these detection and determination techniques it is necessary to analyse a 

patient sample. Nowadays, the most common samples used are the biological fluids, manly 

blood/serum. However, this type of sample demands an invasive collection procedure and 

usually brings a considerable discomfort to the patient. Moreover, it requires specialized 

personnel, very specific storage conditions, and the invasiveness of the collection presents a 

risk of contamination and of spreading diseases (29,30). That is why, in the last few years 

there has been an increase of the interest and research in using others biological samples that 

could possibly replace blood analysis, such as saliva. 
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1.3. Saliva 

Saliva is an exocrine secretion produced by the major and minor salivary glands. It is 

composed by 94-99% water, with several electrolytes, proteins, immunoglobulins, enzymes, 

mucins and nitrogenous products, and its importance in the overall human health is often 

overlooked (30–32). Saliva is not only essential for lubrication of the oral cavity but also 

protects the tissues from irritants and aids in the mastication, deglutition and speech (31).  

This oral fluid can additionally act as a buffer, stabilizing the pH in the oral cavity, which is 

usually in the range 6-7. This buffering capability blocks the colonization of certain 

microorganisms, since it denies the optimal conditions for their survival (31,32). Another 

function of saliva is maintaining the tooth integrity by playing an important part in the 

demineralization and remineralization processes, mainly due to the calcium, phosphate and 

fluoride concentrations and pH (32). Since there is a presence of several proteins in the oral 

fluid capable of protecting the tissues from certain microorganisms, it can be said that saliva 

also presents antibacterial properties (31). Although there are immunoglobulins G and M, the 

one most important and present in bigger quantity is immunoglobulin A, which is capable of 

neutralizing several types of viruses, bacteria and toxins (32). One of the crucial roles of 

saliva is also to initialize the digestion of starch and to solubilize dry food, which helps carry 

the flavours to the gustatory buds, enhancing taste (32). Since it has been observed that 

coagulation in a bleeding wound is faster in the oral cavity, it has been proposed in a research 

study that saliva also has a tissue repairing property (32).  

In the last few years there has been an increase of interest in the use of saliva as a 

sample for substitution of blood. The collection of saliva is easier, safer and more economic 

when compared with blood collection (30,33,34). Saliva sampling is also a painless non-

invasive procedure, with a lower risk of contamination or dispersion of contagious diseases 

(30,33). Moreover, due to its simplicity, saliva collection does not require specialized medical 

personnel, and it can be done in secluded areas and more often than the blood collection 

(29,30,33). As a sample, saliva has been known to contain several substances with interest for 

screening and diagnosis purposes and, although is preferable to be kept on ice, the samples 

are stable for 24 h in room temperature or for a week at 4ºC (29,30). Besides, for some groups 

of patients, like children, seniors or, for example, patients with blood clotting disorders, it 

would be easier to collect saliva, when compared with the current blood collection (30,34).  

Nowadays, there are several simple ways to successfully collect saliva. The sampling 

can occur by passive drooling, which consists of, without any stimulation, letting the saliva 
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run to a plastic vial (Figure 10A), or with an assistance of materials like cotton swabs, gauzes 

or rolls (Figure 10B) (29,30,34).  

 

 
Figure 10 - (A) Plastic tube for the saliva sampling; (B) Instruments usually used to help the 

saliva collection (35–38).  

 

However, because there are no perfect samples, saliva also has some disadvantages. 

One of the big issues of using this fluid as a sample is the lack of specific information on 

biomarker concentrations in saliva, mainly because it is a very recent and new approach that 

hasn’t been extensively studied yet (29,33). Another problem can be the variations in the 

saliva composition that can occur accordingly to factors like age, gender, the time of the day 

of the sample collection and if the saliva was unstimulated or stimulated (19,32). The mean 

salivary nitrite and nitrate in humans, according to recent studies, was found to be between 1 - 

10 mg/L and 10 - 80 mg/L, respectively (14,24,39).  

1.4. Objectives 

The focus of this work was to develop two new microfluidic paper-based analytical 

devices (μPADs) for the quantification of nitrite and nitrate anions in human saliva samples, 

using a new construction approach that has not been reported yet, and also using 

spectrophotometric detection based on the Griess reaction. The idea was for these μPADs to 

ultimately be capable of being used not only in healthcare facilities, but also to be taken to 

remote locations and aid in the diagnosis of some diseases and health conditions.  
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2.  Materials and Methods 

2.1. Reagents and Solutions 

The solutions used in this work were all prepared with analytical grade chemicals and 

Milli-Q water, (resistivity > 18 MΩ/cm, Millipore, USA). 

The standard stock solution of sodium nitrite (Merck) was prepared monthly by 

dissolving approximately 30 mg of the solid in 50 mL of water. A fivefold dilution of sodium 

nitrite stock solution was weekly made in order to prepare, also weekly, the working 

standards of nitrite in the range of 5 - 250 μM. 

The standard stock solution of sodium nitrate (Merck) was prepared monthly by 

dissolving approximately 40 mg in 50 mL of water. The working nitrate standards were 

prepared daily from the standard stock solution in a range of 0.2 - 1.2 mM. 

The Griess reagent was monthly prepared according to Mesquita R. et al. (40) by 

dissolving approximately 0.4 g of sulfanilamide (Sigma-Aldrich) in 2 mL of 5 M ortho-

phosphoric acid and 0.04 g of N-(1-naphthyl)-ethylenediamine dihydrichloride (N1NED) 

(Merck) in water. These two homogenized solutions were mixed together, and the volume 

was completed to 20 mL. This solution was stored in a dark bottle and shielded from the light. 

A zinc suspension was prepared for every 4 μPADs (maximum), by mixing 1 g of zinc 

powder (<10 μm) (Sigma-Aldrich) in 20 mL of water. 

2.2. Design and Production of the 𝛍PAD and Determination 
Procedure 

The assembly of both of the μPADs consisted in a 75x110 mm plastic laminating pouch 

(Q-Connect) (hydrophobic area), previously perforated with twenty-four 4 mm holes for the 

sample insertion, and twenty-four sets of filter paper disks (hydrophilic area) aligned under 

the holes, in a 4 columns and 6 rows’ distribution. 

2.2.1. Nitrite 𝛍PAD 

For the nitrite determination μPAD, each set of disks consisted of two circles of 

different paper aligned over each other as shown in Figure 11. The top layer consisted of 

Whatman Grade 1 filter paper and the bottom, Whatman Grade 50 filter paper. In each disk of 
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the bottom layer, 5 μL of the Griess reagent was added and left to dry in a 50ºC oven for 10 

minutes. After the alignment of the paper disks in the laminating pouches, they passed 

through the laminator (Fellowes L125 - A4) thus creating a μPAD with two different zones: 

the hydrophobic zone provided by the plastic of the pouches, and the hydrophilic zone 

provided by the disks of filter paper. Then, 15 μL of sample was inserted through each of the 

holes made on the laminating pouches, traveling to the bottom layer, where the nitrite reacted 

with the Griess reagent. To prevent the evaporation of the sample and the oxidation of the 

Griess reagent, after the sample was fully absorbed, the holes were covered with adhesive 

tape.  

 

 
 

Figure 11 - Procedure followed for the assembly of the nitrite determination μPADs. 

2.2.2. Nitrate 𝛍PAD 

In the nitrate μPAD, each set of disks consisted of three different sizes and types of 

paper aligned over each other as shown in Figure 12. The first/top layer consisted of  9.5 mm 

diameter disks of Whatman Grade 1 filter paper, the second/middle of  1.27 cm diameter 
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disks of Whatman Grade 1 filter paper, and the third/bottom layer of  9.5 mm diameter disks 

of Whatman Grade 50 filter paper.  

The disks for the first layer were embedded in a zinc suspension with manual agitation 

for approximately thirty seconds. Then these disks were removed and left to dry in a 50ºC 

oven for approximately 30 minutes. To control the amount of zinc in the paper circles, these 

disks were weighed before and after they were embedded in the zinc suspension. Therefore, 

the average amount of zinc on each circle could be calculated by determining the difference 

between the weights and then dividing it for the number of disks. In each circle of filter paper 

of the third and bottom layer, 10 μL of the Griess reagent was added and left to dry in a 50ºC 

oven for 10 minutes.  

 

 
 

Figure 12 - Procedure followed for the assembly of the nitrate determination μPADs. 

 

After the alignment, the laminating pouches passed through the pouch laminator 

(Fellowes L125 - A4). Then 25 μL of sample was inserted, traveling through the first layer 

where nitrate was converted to nitrite by the zinc, all the way to the bottom layer where the 

nitrite reacted with the Griess reagent. When the sample was completely absorbed, the holes 

were covered with adhesive tape.  
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2.2.3. Image and Data Processing 

For both μPADs, the reaction product obtained had a pink colour and, the more intense 

the shade of pink, the higher concentration of nitrite in the sample. In order to measure the 

intensity of the colour, the bottom layer of the μPADs were scanned using a standard scanner 

(Canon LiDE 120) and the images were processed using ImageJ (National Institutes of 

Health, USA, https://imagej.nih.gov/ij/). In the ImageJ, these images were converted into 

RGB plots with “3 layers”: the Red, the Green and the Blue. The colour we observe in an 

object is merely the result of the absorption and reflection of light in different wavelengths. If 

an object is observed with a particular colour, then that object absorbs light in a wavelength of 

a complementary colour. In Figure 13, the colour star is represented, in which colours in 

opposite ends of the star are complementary colours.  

 

 
Figure 13 - RGB model colour star (41). 

 

Since the expected coloured product of the Griess reaction is pink, then the 

complementary colour in which this product absorbs is the green. That is why the green 

“layer” of the RGB plots was used to measure the intensity of pink in the images.  

For each colour disk, an option was made to do the measurements with the circular 

selection tool with 200x200 pixels, because it allowed better adjustment to the reagent disk 

area (9.5 mm diameter). As Birch and Stickle described (10), it was possible to convert the 

measured intensity of pink in an absorbance value using the formula:  
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A = log10(I0/IS) 

 

where A is the absorbance value, IS is the mean measured intensity (of the pixels) of the 

standard or sample, and I0 is the mean measured intensity (of the pixels) of the blank. 

2.3. Saliva Samples 

The saliva samples used in this work were all collected from healthy volunteers in a 

wide range of age (20 to 40 years), by placing a 5x5 cm gauze (Wells) in the mouth for 

approximately two minutes. The gauze was then placed in a 5 mL syringe and squeezed in 

order to remove the saliva from the gauze to a 5 mL plastic tube.  

The samples were diluted to half and were either used immediately (as fresh samples) or 

stored at -20ºC for later use (frozen samples). 

2.4. Reference Procedures 

In order to assess the accuracy of μPAD measurements and to validate the developed 

μPAD for the nitrite determination, a comparison was made between the μPAD measurements 

and the results obtained by performing the 4500-NO2- Colorimetric Method described in the 

Standard Methods for the Examination of Water and Wastewater (appendix A), since there 

are no reference methods for saliva analysis. All the solutions used were also prepared 

accordingly.  
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3. Results and Discussion 

3.1. Preliminary Studies 

As already mentioned, the Griess reaction is perhaps the most commonly known and 

used reaction for the determination of nitrite. However, there are several ways to prepare de 

Griess reagent. So, in order to obtain the best sensitivity possible, two compositions of the 

reagent were tested, one reported by Mesquita R. et al. (40), reagent A, and the other by 

Jayawardane Manori B. et al. (42), reagent B. These two reagents were tested both in a 

batchwise procedure (using 1 mL of reagent to 2 mL of nitrite standard; colour intensity 

measured in a spectrophotometer at a wavelength of 543 nm) and in filter paper (colour 

intensity measured through scanning), and the slopes of the resulting calibration curves are 

shown in Figure 14. 

 

 
Figure 14 - Sensitivities of the calibration curves prepared using the two Griess reagents in a 

batchwise procedure and in paper. 
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After the analysis of Figure 14, the reagent A was chosen, since it presented a higher 

sensitivity both in a batchwise procedure and in paper. 

As for the nitrate determination, in order to use the same reaction, it was necessary to 

reduce nitrate to nitrite. So, in reality, we are not only measuring nitrate present in the sample 

but nitrate plus nitrite. It is more specifically a combination of the nitrite that originated from 

the nitrate reduction and the nitrite naturally present in the sample. So, in order to estimate the 

actual concentration of nitrate in the sample, it is necessary to also know the nitrite 

concentration.  

Three reagents, namely hydroxylamine, ascorbic acid and tin chloride, known to be 

reducing agents were tested alongside with the Griess reagent in a batchwise procedure. 

However, there was no formation of the expected pink colour, which indicated that neither of 

the tested reagents were able to extensively reduce nitrate to nitrite. So, it was necessary to 

consider an alternative; zinc has been reported by Jayawardane Manori B. et al. (2014) (42) to 

be a powerful reducing agent capable of this conversion. So, a batchwise procedure with the 

Griess reagent and a Zn powder (<10 μm; Sigma-Aldrich) (2 mg Zn / 2 mL standard / 1 mL of 

Griess reagent) was prepared to attempt to build a calibration curve and the results presented 

in Figure 15 confirmed that zinc was an effective reducing agent for nitrate.  

 

 
Figure 15 - Calibration curve for nitrate determination, produced by coupling the Griess 

reagent with zinc powder as a reducing agent. 

 

Then the challenge became finding an efficient way of placing the zinc powder in the 

paper support, in order to obtain an even distribution and a sufficient amount of the said 

powder in the filter paper as it will be explained in section 3.3.1. 
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3.2. Nitrite Determination 

3.2.1. Physical Design of the μPAD 

After testing the reaction in a batchwise procedure and in paper, the next step was to 

begin developing the physical structure of the μPAD. For the hydrophobic area a plastic 

laminating pouch was chosen, and for the hydrophilic areas, where it would occur the 

reaction, 24 filter paper disks were used (24 areas of measurement per μPAD). Since there is 

only one reagent needed to do the nitrite determination, first a μPAD with only one layer of 

filter paper disks containing the Griess reagent was prepared. However, because the reagent 

was in direct contact with the air through the sample insertion hole, it oxidized very easily. 

Moreover, one layer allowed a very limited volume of sample (10 μL maximum) and it took a 

long time to absorb that same volume (30 minutes minimum for 10 μL). So, an empty layer 

(with no reagent) was added on top of the reagent layer in order to protect it from oxidation 

and also to allow the placement of a higher volume of sample with a smaller absorption time. 

In this 2-layers μPAD, the same 10 μL of sample was completely absorbed in under 5 

minutes. 

3.2.2. Study of the Influence of the Filter Paper 

There is available in the market several types of filter paper with different treatments 

and poor diameters (Appendix B). In order to choose the best paper for the layers of the 

μPAD, a few different types of paper were tested.  

Since the bottom layer was the only layer that was intended to have a reagent, that 

reagent (10 μL) was tested in the Whatman filter papers nº 1, 42, 50 and 541. One 1-layer 

μPAD consisting on 4 rows, one for each type of paper, was prepared. Each row had 6 disks. 

In 3 of them was placed water (10 μL) as the blank, and in the other 3 was placed a 20 μM 

standard (10 μL). The pixels intensities in the image of the scanned μPAD, were converted to 

the absorbance values shown in Figure 16.  
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Figure 16 – Absorbance values of a 20 μM standard using four different types of paper. 

 

The Whatman 50 paper was the one chosen, as it presented a higher absorbance value. 

Next, a 2-layer μPAD was prepared, both of the layers with W50 paper (10 μL of reagent). A 

good calibration curve was obtained but the μPAD needed at least 30 minutes to absorb the 15 

μL of standards. This could be justified by the small porosity of this type of paper. So, to 

improve the sensitivity and reduce the μPAD drying time, the Whatman filter papers n. º 1, 5, 

42 and 50 were used for the top empty layer and combined with the W50 paper in the reagent 

layer. The resulting sensitivities of the calibration curves are presented in Figure 17. 

 

 
Figure 17 – Study of the influence of different types of filter paper in the first layer on the 

nitrite μPAD (● Slope; ▲ Intercept). 
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After analysing the results, the Whatman 1 as the top layer paper of the μPAD was the 

option that produced a calibration curve with the higher sensitivity and the second intercept 

closer to zero. This structure of W1/W50 was also the one that allowed the μPAD scanning in 

least amount of time of all the paper studied (scanning in 20 minutes). For these reasons, 

Whatman 1 was chosen as the more adequate filter paper for the top layer of the μPAD, when 

combined with the Whatman 50 for the reagent layer. 

3.2.3. Study of the Influence of the Reagent Volume 

 The next step on optimizing the μPAD for the nitrite determination was to study the 

optimal volume of Griess reagent to place on the bottom layer of the μPAD. After doing a 

preliminary test of the volume capacity of these paper disks (9.5 mm diameter, Whatman 50), 

it was observed that, in order to obtain an even distribution of the reagent on these paper 

disks, the volume had to be higher than 5 μL per disk. As for the maximum capacity of the 

disks, it presented to be approximately 12 μL. Therefore, the reagent volumes studied were 5 

and 10 μL and the slope and intercept that resulted from those calibration curves are present 

in Figure 18. 

 

 
Figure 18 - Study of the influence of the reagent volume in the nitrite μPAD (● Slope;           

▲ Intercept). 

 

Comparing the results of both volumes studied, it was possible to state that there is no 

significant difference (<10%) either between the sensitivities or the intercepts. So, to avoid 

the unnecessary consumptions of reagents, 5 μL of Griess reagent per paper disk was chosen 

for the bottom layer of the nitrite μPAD. 
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3.2.4. Study of the Influence of Sample Volume 

The last parameter tested to optimize the μPAD was the sample volume. To do this 

study, calibrations curves were prepared on the μPADs by inserting three different 

sample/standard volumes, namely 10, 15 and 20 μL. The resulting sensitivities and intercepts 

of this study are presented in Figure 19.  

 

 
Figure 19 - Study of the influence of the sample volume in the nitrite μPAD (● Slope;           

▲ Intercept). 

 

When using either 10 or 15 μL, the sample was completely absorbed in approximately 

15 minutes. When applied 20 μL of sample, it took about 35 minutes for the μPAD to 

completely absorb that sample/standards. Although the highest sensitivity was achieved using 

the 20 μL of sample, the chosen sample volume was the 15 μL, as a compromise solution 

between sensitivity and absorption time. 

3.3. Nitrate Determination 

3.3.1. Physical Design of the μPAD 

The nitrite determination can be accomplished either by using simultaneous or 

sequential methods. Since a μPAD for nitrite determination had already been developed, the 

sequential methodology was chosen for nitrate determination by using the nitrite μPAD and 

adapting it for nitrate determination. After testing different reducing agents in a batchwise 
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procedure and choosing zinc powder as the reducing agent, as described previously in the 

preliminary tests (section 3.1), the difficulty became placing that powder in the paper, mainly 

because either the amount of zinc placed was not enough or the distribution of the powder 

was not even. Even though several procedures were tested, the best one consisted in placing 

the filter paper disks in a zinc suspension (1 g of zinc powder in 20 mL of water), stir the 

suspension manually and then remove and dry the disks in a 50ºC oven for 30 minutes. 

Since one of the layers of the nitrite μPAD developed was empty, it was thought to use 

that layer for the placement of the zinc powder. However, the direct contact of the zinc on the 

top layer with the Griess reagent on the bottom layer caused a visible degradation of the 

reagent, even before the sample/standard insertion, as illustrated in Figure 20A. In order to 

separate the two layers and prevent the Griess reagent degradation, another layer of filter 

paper was added between the zinc and the Griess reagent. To ensure that there was absolutely 

no contact, this new layer consisted in a Whatman 1 filter paper disk with a bigger diameter 

(1.27 cm diameter) than the other layers. As it can be seen in Figure 20B, this modification 

entirely prevented the reagent degradation. Considering that the only purpose of this middle 

layer was to serve as a physical barrier, it wasn’t tested other types of filter paper. 

 

 
Figure 20 - (A) 2-layer μPAD for nitrate determination; (B) 3-layer μPAD for nitrate 

determination. 

 

After the standard insertion on the μPADs, it was observed that, because this structural 

prevented the degradation of reagent, it also significantly improved the quality of the 

calibration curves produced. Initially, because of the reagent degradation, it was not possible 

at all to produce a viable calibration curve. With the addition of the middle layer, and 

consequently the protection of the Griess reagent, the intensity of the pink consistently 
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increased with the concentration of nitrate, which made it possible to build a viable 

calibration curve. The difference between the coloured product in the μPADs before and after 

the addiction of the middle layer is shown in Figure 21 and the calibration curve produced 

with the 3-layer μPAD is presented in Figure 22. 

 

 
Figure 21 - (A) 2-layer μPAD scan after the placement of three different standards; (B) 3-

layer μPAD scan after the placement of three different standards. 

 

 
Figure 22 – Nitrate calibration curve obtained with the 3-layer μPAD 

 

So, after making the alterations to adapt the developed nitrite μPAD to the nitrate 

determination, the physical structure of the said μPAD consisted of 3 layers of paper 

(W1/W1/W50), in which the first layer contained the zinc powder, the middle and larger layer 

remained empty, and the bottom layer supported the Griess reagent. 
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3.3.2. Study of the Influence of the Reagent Volume 

After establishing the modifications of the physical structure of the μPAD, and because 

the studied range of the nitrate concentration is higher than the nitrite concentrations, the 

influence of the reagent volume was studied again. The same volumes of 5 and 10 μL were 

tested, for the same reasons indicated before. The sensitivities of the resulting calibration 

curves are presented in Figure 23. 

 

 
Figure 23 - Study of the influence of the reagent volume in the nitrate μPAD (● Slope;           

▲ Intercept). 

 

As shown in Figure 23, the use of 10 μL of Griess reagent produced a 10% increase of 

the sensitivity, which is considered a significant difference, when compared with the 5 μL. 

Therefore, the chosen volume to be used on the nitrate μPAD was 10 μL of the Griess 

reagent. 

3.3.3. Study of the Influence of the Sample Volume 

Because a third layer of paper was introduced in the μPAD, the μPAD absorption 

capability increased significantly. With the same volume of sample applied, the amount of 

sample that reaches the reagent is smaller in a 3-layers μPAD when compared with a 2-layer 

μPAD, because part of that sample is held in the first layers. Therefore, it was important to 

study several sample volumes, and choose the volume that allows a higher sensitivity.  
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The sample volumes tested were 15, 20, 25 and 30 μL. With the first three volumes the 

sample was completely absorbed into the μPAD almost immediately, but when 30 μL of 

sample was used, it took about 35 minutes to observe the sample absorption. Since 35 minutes 

was considerate too much time, the option of 30 μL of sample was excluded from the study.  

As for the remaining volumes, even though it was possible to scan the μPAD almost 

immediately after placing the sample, it was observed that for the first 20 minutes the 

sensitivities increased exponentially. This is due to the fact that the conversion of nitrate to 

nitrite slows down the colour reaction, which in turn justify the slower increase of the colour 

product intensity and consequently the increase of the sensitivity. So, to compare the effect of 

the sample volume, sensitivities of the calibration curves for a scanning time of 20 minutes 

are presented in Figure 24. 

 

 
Figure 24 - Sample volume study for the nitrate determination μPAD (● Slope; ▲ Intercept). 

 

As shown on the results in Figure 24, out of the three volumes (15, 20 and 25 μL), the 

one that presented the calibration curve with the highest sensitivity was without a doubt the 

25 μL of sample. This volume also allowed a quick scanning of the μPAD which is why it 

was chosen as the ideal sample volume for the nitrate μPAD.  
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3.4. Interferences Assessment 

To study the interference of the saliva matrix, two calibration curves for each μPAD 

(nitrite and nitrate) were prepared by using either standards in water, or in synthetic saliva. 

The synthetic saliva prepared ([KCl] = 2237 mg/L; [KH2PO4] = 544.3 mg/L; [HEPES] = 4766 

mg/L; [CaCl2.2H2O] = 77.69 mg/L; [MgCl] = 19.04 mg/L; [Bovine Serum Albumin] = 2700 

mg/L) was based on the concentrations reported by Batista G. et al. (43). The sensitivity 

values of the resulting calibration curves are represented in Figure 25. 

 

 
Figure 25 - (A) Comparison of the sensitivities of the calibration curves prepared with water 
and synthetic saliva standards in the nitrite μPAD; (B) Comparison of the sensitivities of the 
calibration curves prepared with water and synthetic saliva standards in the nitrate μPAD. 

 

For both nitrite (Figure 25A) and nitrate (Figure 25B) determination, the use of 

synthetic saliva standards revealed no significant difference on the sensitivity of the 

calibration curves, since the variation observed was inferior to 10%. Therefore, to simplify the 

process and to reduce the reagents consumption, it was chosen to maintain the use of 

standards prepared in water, for both the nitrite and nitrate determination μPADs. 

3.5. Stability Studies 

In order to evaluate the robustness of the developed µPADs, stability studies were 

designed and performed to test the stability of these microfluidic devices not only when 

stored, before the sample insertion, but also to evaluate the stability of the coloured product 

formed after the sample insertion. 



 38 

3.5.1. Stability of the Coloured Product 

To evaluate the stability of coloured product in both of the developed nitrite and nitrate 

µPADs, a calibration curve for each µPAD was prepared. These µPADs were scanned several 

times after the standards insertion, up until 4 hours. The sensitivities of the calibration curves 

scanned during the 4 hours are represented in the Figures 26 and 27, for the nitrite µPAD, and 

Figures 28 and 29, for the nitrate µPAD. A range of ±10% (or ±5%) of the sensitivity of the 

first scanned calibration curve is also represented in order to facilitate the evolution analysis.  

 

 
Figure 26 - Stability of the coloured product in the nitrite µPAD considering a variation range 

of ±10%. 

 

After analysing Figure 26, it is possible to conclude that the sensitivity provided by 

scanning the µPAD 20 minutes after applying the standards, continually decreases over time 

and considering a variation range of ±10%, there is no significant difference between 

scanning the µPAD at 20 minutes or at 4 hours after the standards insertion. However, when 

considering a range of ±5% (Figure 27), the maximum time in which the sensitivity stays 

within the range is 2 hours.  
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Figure 27 - Stability of the coloured product in the nitrite µPAD considering a variation range 

of ±5%. 

 

As for the nitrate determination µPAD (Figures 28 and 29), unlike what was observed 

with the nitrite µPAD, initially there was an increase in the sensitivity up until 1 hour. This 

can be justified not only by the existence of an extra layer, but also the existence of a 

reduction reaction before the colour reaction, both of which slow down the formation of the 

pink coloured product.  

After reaching a maximum slope at 1 hour, the sensitivity begins to decrease up until 

the tested 4 hours. Although there is an increase of sensitivity in the first hour, it is not 

statistically significant when considering a ±10% range, as shown in Figure 28. Whereas, if 

the µPAD is scanned 3 hours or more after the standards placement, the sensitivity obtained is 

significantly lower than the one obtained up until the 2 hours. 
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Figure 28 - Stability of the coloured product in the nitrate µPAD considering a variation range 

of ±10%. 

 

However, if a range of ±5% is considered, as represented in Figure 29, then the 

sensitivity obtained 1 hour after the standards insertion is considered significantly higher than 

the remaining sensitivities obtained. 

 

 
Figure 29 - Stability of the coloured product in the nitrate µPAD considering a variation range 

of ±5%. 
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3.5.2. µPAD’s Stability 

To test the stability of the µPADs before the sample insertion, these devices were 

prepared and then stored under three different atmospheric conditions (air, nitrogen, and 

vacuum). The µPADs tested in air atmosphere were stored in a closed clear zip lock bag. The 

µPADs tested in nitrogen atmosphere were stored in a closed clear zip lock bag that was field 

with nitrogen for approximately 1-2 minutes. The µPADs tested in a vacuum were also stored 

in a closed clear zip lock bag, in which the air was removed using a vacuum pump. It is also 

important to refer that all µPAD’s were shielded from the light when stored, regardless of the 

atmospheric condition they were under. Each of the atmospheric conditions were also tested 

for three different periods of time: overnight (1 day), overweekend (3 days) and overweek (7 

days). Every time the µPADs were removed from storage, a set of standards were inserted on 

that µPAD in order to build a calibration curve. On that same day, another calibration curve 

was prepared using the same set of standards, on freshly assembled µPADs. The average 

sensitivity of these calibration curves was then compared with the sensitivities of the µPAD’s 

under the different conditions. A variation under 10% of the average calibration curves was 

considered a non-significant difference and, in order to facilitate the results analysis, this 

range of ±10% was represented in the figures. The results for the nitrite determination µPAD 

are presented in Figure 30.  

 

 
Figure 30 – Nitrite µPAD stability results considering a variation range of ±10%. 
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As it can be observed in Figure 30, after one day of storage (overnight), the designed 

µPAD for the nitrite determination showed no significant difference, in all types of storage, 

when compared with the freshly prepared calibration curves. The same happened with the 3 

days storage (overweekend). As for the overweek results (7 days), the only type of storage 

that maintained the µPAD sensitivity, showing no significant difference from the daily 

calibration curves, was the vacuum storage.  

The stability results for the nitrate determination µPAD are shown in Figure 31. 

 

 
Figure 31 - Nitrate µPAD stability results considering a variation range of ±5%. 

 

After analysis of the nitrate µPAD’ stability results, it is possible to conclude that 

neither the air atmosphere, nor the nitrogen atmosphere were able to appropriately preserve 

the µPAD for none of the periods of time tested, which is justified by the decrease of the 

calibration curves sensitivities below the acceptable ±10% range. As it can be verified in 

Figure 31, the vacuum storage was the only one that was able maintain the quality of the 

calibration curves, although only for a maximum of 3 days of storage (overweekend). 

So, the µPAD designed for the nitrite determination maintained its quality of 

measurement, when stored with vacuum, for at least a week, although more tests would be 
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required to analyse the stability for more than 7 days. After the sample/standard placement, 

the scanning of the µPAD can be executed within 4 hours, since it was shown that, 

considering a ±10% range of variation, no significant differences were found between the 

sensitivities obtained. 

As for the nitrate determination µPAD, it has to be stored with vacuum for a maximum 

of 3 days to provide the same quality of results as a freshly prepared µPAD. When the 

sample/standard is inserted, the scanning of the µPAD as to be executed within 2 hours, in 

order to maintain the consistency of the measurement quality, assuming a ±10% range of 

variation. 

3.6. Analytical Features 

The main characteristics of the developed µPAD such as dynamic range, average 

calibration curve, limits of detection (LOD) and quantification (LOQ), relative standard 

deviation (RSD) and the µPAD’s optimal scanning time range, are presented in Table 2. 

 

Table 2 - Features of the developed µPADs for the determination of nitrite and nitrate; Limit 
of Detection (LOD); Limit of Quantification (LOQ); Relative Standard Deviation (RSD)  

Analyte 
Dynamic 
range 

Calibration curve* 
A = S x [NOX] + b 

LOD* LOQ* RSD* 
Scanning 
Time 

Nitrite 

5 - 45 
µM 

y = 1.78 x 10-3(±5.60 x 10-5) x [NO2-] 
+ 1.12 x 10-3(±3.08 x 10-5) 

R2 = 0.997 
0.05 

µM 

0.17 

µM 
3.1% 20 min – 4 h  

45 - 220 

µM 

y = 1.12 x 10-3(±3.05 x 10-5) x [NO2-] 
+ 3.21 x 10-2(±2.57 x 10-3) 

R2 = 0.996 

Nitrate 
0.2 - 1.2 

mM 

y = 7.27 x 10-2(±8.35 x 10-3) x [NO3-] 
- 2.63 x 10-3(±1.93 x 10-3) 

R2 = 0.988 

0.08 

mM 

0.27 

mM 
11% 20 min – 2 h 

*n=6, being n the number of calibration curves used for the calculations. 
 

After gathering several nitrite calibrations curves, it was observed that within the 

working concentration range of 5 – 220 µM, there was different sensitivities. Therefore, this 
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concentration range was divided in two, the range of 5 to 45 µM and the range of 45 to 220 

µM, being the 45 µM the point of interception.  

The limit of detection (LOD) and limit of quantification (LOQ) were calculated as  

concentration corresponding to three or ten-times, respectively, the standard deviation of the 

intercept, according to IUPAC recommendations (44).  

The reproducibility of the developed µPADs was evaluated using the relative standard 

deviation (RSD). The RSD was calculated by dividing the standard deviation of the typical 

calibration slope by the average slope of that calibration curve.  

3.7. Costs Analysis 

As it was mentioned several times before, the purpose of this work was to develop two 

µPADs the determination of nitrite and nitrate in human saliva.  

To know the cost of each of the µPAD’s developed, in was taken into account all the 

consumables necessary for their assembly, namely, the price of paper, the price of reagents 

and the price of plastic laminating pouches. The cost of each type of consumables for one of 

each type of µPAD is discriminated in Table 3. 

 

Table 3 - Cost of the consumables for each µPAD and total cost of one µPAD for each 
determination. 

µPAD 

Filter Paper Reagents 
Plastic 
Pouch 

Total 
Cost per 
µPAD Whatman 

1 
Whatman 

50 
Griess 
Reagent 

Zinc 
Powder 

Nitrite 0.022€ 0.071€ 0.0047€ - 0.046€ ≈ 0.15€ 

Nitrate 0.058€ 0.071€ 0.0094€ 0.0097€ 0.046€ ≈ 0.20€ 

 

To assemble one nitrite µPAD, it is necessary 24 Whatman 1 paper disks of 9.5 mm 

diameter, 24 Whatman 50 paper disks of 9.5 mm diameter, 120 µL of Griess reagent (5 

µL/W50 disk) and one plastic pouch, which makes up for a total of approximately 0.15€ per 

µPAD. 

To assemble one nitrate µPAD, it is necessary 24 Whatman 1 paper disks of 9.5 mm 

diameter, 24 Whatman 1 paper disks of 1.27 cm diameter, 24 Whatman 50 paper disks of 9.5 
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mm diameter, 240 µL of Griess reagent (10 µL/W50 disk), a zinc suspension of 

approximately 1 g/20 mL and one plastic pouch, which makes up for a total of approximately 

0.20€ per µPAD. The cost calculations are presented in more detail in appendix C. 

3.8. Application of the Developed µPADs 

3.8.1. Comparison with Reference Procedure using Saliva Samples 

With the µPAD completely developed and optimized, it was necessary to proceed to the 

validation of this developed method. To achieve this validation, sample measurements were 

performed both using the nitrite µPAD and the 4500-NO2- Colorimetric Method described in 

the Standard Methods for the Examination of Water and Wastewater (Appendix A), and the 

results (Appendix D) were compared and represented in Figure 32. 

 

 
Figure 32 – Comparison between the developed nitrite µPAD and the colorimetric reference 

methods. 
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As in can be observed in Figure 32, the 18 samples collected from healthy volunteers, 

were dispersed along a width range of concentrations that showed to be within the range 

tested since the beginning of this work. It is also possible to observe that these measurements 

line up in a straight line, forming a trendline: y = 1.08 (±0.11) x - 5.58 (±7.20). Statistically 

speaking, in order to say that there is no significant difference between the two methods, the 

slope range of the trendline has to include the value 1 and the intercept range has to include 

the value 0. Since the slope range obtained was [0.97; 1.19] and the intercept range was [-

12.78; 1.62], it is possible to conclude that there are no significant statistical differences 

between the reference procedure and the developed µPAD for the nitrite determination. 
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4. Conclusions and Suggestions for Future Work 

 The focus of this work was to develop two new microfluidic paper-based analytical 

devices (μPADs) for the nitrite and nitrate detection and quantification in human saliva 

samples. The main application envisioned for these devices was for them to facilitate the 

diagnosis of some diseases and health conditions, not only in healthcare facilities but also in 

remote areas. 

According to the World Health Organization, population living in developing countries 

commonly don’t have access to the basic health care, either because these countries don’t 

have the resources, because of geographical difficulties or because the treatments are too 

expensive to be accessible. Another challenge found in these countries is the lack of skilled 

professional to perform the tests, especially in the most secluded areas. In order to minimize 

these problems, researchers have been working on the development of devices and 

techniques, that according to the World Health Organization should be “Affordable, Sensitive, 

Specific, User-friendly, Rapid and Robust, Equipment-free, and Deliverable to end-users”.  

The final structure of developed μPADs, both for the nitrite and nitrate determination, 

were the result of several optimization studies. The nitrite μPAD final structure was 

composed by two layers of filter paper. The bottom layer consisted of 9.5 mm diameter disks 

of Whatman 50 filter paper with 5 μL of Griess reagent and the top layer of 9.5 mm diameter 

empty disks of Whatman 1 filter paper. The nitrate μPAD final structure was composed by 

three layers of filter paper. The bottom layer consisted of 9.5 mm diameter disks of Whatman 

50 filter paper with 10 μL of Griess reagent, the middle layer consisted of 1.27 cm diameter 

empty disks of Whatman 1 filter paper and the top layer consisted of 9.5 mm diameter disks 

of Whatman 1 filter paper with zinc powder. 

Since one of the aims of this work was to use these devices in saliva samples, an 

interference assessment using synthetic saliva standards was performed. Because the variation 

between the water and saliva calibration curves sensitivities was under 10%, it was possible to 

conclude that the saliva matrix didn’t interfere with the measurements provided by both of the 

developed μPADs. 

To confirm the μPAD’s applicability in on-location measurements, these devices were 

submitted to stability studies, both before and after the sample insertion. The nitrite μPAD 

presented itself stable when stored in vacuum for 7 days (maximum duration tested) and, 

when applied the sample or standard, the coloured product was stable for 4 hours, providing 

measurements with no significant variability. The μPAD for nitrate determination presented 

itself stable only when stored in vacuum and for a maximum of 1 day. When applied the 
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sample or standard, the coloured product was stable for 2 hours, providing measurements with 

no significant variability. 

Finally, to validate this method, nitrite μPAD measurements of several samples were 

compared with the measurements obtained from performing the colorimetric method 

described in Standard Methods for the Examination of Water and Wastewater and the results 

showed no statistically significant differences between the measurements obtained from the 

two methods. 

In conclusion, the developed μPADs for nitrite and nitrate determination exhibited 

promising properties in saliva samples, possibly for the use in remote locations, since they are 

sensitive, portable and user-friendly, and provide rapid measurements without needing 

complex equipment or specialized technicians in the field. These devices are also 

environmental-friendly, since they are disposable by incineration, and affordable, having a 

cost of 0.15€ and 0.20€ per μPAD of nitrite and nitrate, respectively.  

As future work, it would be interesting to validate the μPAD developed for the nitrate 

determination, to test both of the μPAD’s stability for a longer period of time and in different 

storage conditions than the ones studied, and also to perform field studies to further access the 

impact of conditions different from the ones that exist in the laboratory. Ultimately, the 

μPADs should be used for analysis in saliva samples of patients with NOX-related diseases. 
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Appendix 

A. 4500-NO2- Colorimetric Method - Standard Methods for 
the Examination of Water and Wastewater 
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B. Whatman Guideline for the cellulose filter papers 
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C. Cost Analysis Calculations 

 

 
Disks 

diameter 
(cm) 

Porosity 
(um) 

Paper 
sheet  

diameter 

(cm) 

Box 

Price 
(€) 

Sheets 
/ Box 

Price/sheet 
(€) 

Disks/sheet 
Price/disk 
(€) 

Price/layer 
(€) 

W1 
0.95 

11 15 14.72 100 0.1472 
164 0.0009 € 0.022 € 

1.27 98 0.0015 € 0.036 € 

W50 0.95 2.7 15 48.44 100 0.4844 164 0.0030 € 0.071 € 

 

 

 Price/bottle 
Bottle 
quantity 

€/g 
Or 

€/mL 

Necessary 
quantity for 
preparation 

of 1mL 
reagent 

Price/mL of 
reagent 

Sulfanilamide 44.77€ 100 g 0.4477 €/g 0.02 g 
0.03929€ N1NED 379.15€ 25 g 15.166 €/g 0.002 g 

H3PO4 5M 1.04€ 100 mL 0.01043 €/mL 0.1 mL 

 

 

 Bottle Price 
Bottle 

quantity (g) 
€/g 

Zinco 38.9 € 1000 g 0.0389 €/g 

 
Price of box of plastic 

pouches 
4.55 € 

n.º of pouches/box 100 

Price/pouch 0.046 € 
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D. Comparison between the developed nitrite µPAD and the 
colorimetric reference methods 

 

Sample ID Sample n.º 
Ref.Met. 

(µM) 

µPAD 

(µM) 
%RSD 

F_J_21_01 1 19.6 22.2 13.4 

F_DA_21_01 2 30.5 25.4 -16.8 

J_DA_21_01 3 48.5 38.2 -21.2 

S_DA_21_01 4 115.3 108.8 -5.6 

C_24_01 5 63.9 58.3 -8.7 

T_24_01 6 72.8 65.8 -9.6 

F_24_01 7 44.3 43.1 -2.7 

C_DA_24_01 8 141.4 158.0 11.8 

C_AA_24_01 9 49.3 44.4 -9.9 

J_24_01 10 44.2 37.4 -15.5 

T_28_01 11 75.6 72.6 -4.0 

F_28_01 12 42.0 42.5 1.3 

F_J_28_01 13 42.4 44.0 3.9 

F_28_01 14 75.1 77.3 2.9 

F_06_02 15 53.5 52.0 -2.7 

T_06_02 16 35.4 44.5 25.9 

J_06_02 17 23.1 17.7 -23.4 

C_06_02 18 81.9 90.9 11.1 
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