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This study describes the development of a fully automated microfluidic spectrophotometric 

system for detecting various pollutants, including nitrite, in the Shatt al-Arab River in the 

Basra governorate of southern Iraq. The proposed system offers a simple, effective, and 

efficient analytical approach characterized by high sample throughput, low reagent 

consumption, and minimal sample volume requirements. The custom-fabricated 

microfluidic chip has a total volume capacity of 25 μL and a length of 10cm. It consisted 

of three microchannels, two channels with individual volumes of 10 μL, and the third with 

a volume of 5μL. Three Arduino-controlled peristaltic pumps were employed, supported 

by in-house developed software to control the flow rates of both reagent introduction and 

sample loading. Data acquisition was performed by recording peak heights corresponding 

to sample concentrations using the Microsoft Excel 2016 program. Application of the 

system to real samples from the Shatt Al-Arab River revealed the nitrite concentration 

ranging from 0.006 to 0.06 μg mL-1. The method demonstrated a detection limit of 1×10(-

4) μgmL-1 and exhibited excellent precision, with a relative standard deviation (RSD%) of

0.379% for ten replicate measurements at a concentration of 0.1 μg/mL. Linearity was

established in the range of (0.01-0.1) μgmL-1, yielding a correlation coefficient (R2) of

0.9998 based on ten data points. Each analysis of a sample required only 50µl of reagents,

resulting in a total reagent consumption of 30 mL for 600 analyses within an hour.

Consequently, this system is eco-friendly due to its minimal waste levels.
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1. INTRODUCTION

Water pollution is considered one of the most serious threats 

to living organisms, particularly to human health. Elevated 

concentrations of nitrite ions are among the common toxic 

indicators found in water. Thus, measuring nitrite levels is a 

key parameter in assessing water quality, making it one of the 

essential analyses routinely conducted by water quality 

specialists [1]. To investigate the sources of nitrite pollution in 

water, it has been found that it can originate from natural 

processes such as rain and biological denitrification. However, 

a significant source of nitrite contamination is industrial waste. 

When industrial effluents are not properly treated and are 

discharged–either directly or indirectly–into water bodies, 

they can severely degrade water quality [2]. As humans are 

continuously exposed to food and water that may contain 

elevated levels of nitrite, these ions can accumulate in the body 

over time, potentially leading to adverse health effects. 

Therefore, monitoring nitrite concentrations serves as an 

important indicator of environmental pollution. This 

monitoring is essential for promoting sustainable public health 

and mitigating potential health risks [3]. Consequently, 

various analytical methods are employed to determine nitrite 

levels, including colorimetric techniques, spectrophotometric, 

and chromatographic methods [4-6]. Although traditional 

methods offer several advantages, they also have notable 

drawbacks. These include susceptibility to ionic interference, 

the time-consuming nature of the analytical procedures, and 

the need for expensive and sophisticated equipment [7]. As a 

result, a recent trend in quantitative analysis focuses on 

determining concentrations using newly developed laboratory 

devices and processes integrated into compact, unique 

miniaturized platforms. these systems aim to simplify 

chemical analysis by reducing the number of procedural steps, 

thereby enhancing efficiency, portability, and cost 

effectiveness [8]. This approach is known as a microfluidic 

system or Lab-on-a-Chip (LOC). Recent technological 

advancements in this field enable the precise manipulation of 

tiny fluid volumes- typically in the micro- to picolitre [9] 

range-within microscale channels. These automated systems 

integrate various laboratory operations onto a single chip, 

including mixing, handling chemical reagents, and waste 

management. As a result, they provide a streamlined reaction 

process characterized by reduced operational costs, high 

accuracy, enhanced sensitivity, and minimal reagent 

consumption [10, 11]. Furthermore, this technique enables the 
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use of standard laboratory materials, reagents, and samples, 

while allowing for efficient mixing, reaction, and separation 

processes-all within a compact and controlled environment 

[12]. Microfluidic techniques are applied across various 

scientific fields, including physics, nanotechnology, chemistry, 

biochemistry, and biology. These interdisciplinary 

applications enhance researchers' capabilities in effectively 

analyzing and controlling fluid control flow behavior at the 

microscale [13]. One notable example is the use of specialized 

microchip designs to detect and distinguish cancerous cells 

from healthy blood cells, demonstrating the potential of 

microfluidics in advanced biomedical diagnostics [14]. 

Recently, a new generation of microfluidic technology has 

been employed for monitoring water pollution, specifically for 

detecting soluble silicate in seawater. In addition, sensors have 

been integrated to measure various nutrients, including nitrate, 

nitrite, phosphate, and manganese (Mn), among others, 

enabling comprehensive and efficient environmental analysis 

[15]. Although this work is not entirely original, it builds upon 

and extends previous research [16]. Other methods differ in 

detection limits, often requiring a greater number of pumps 

and higher sample volumes. Additionally, they generally 

involve increased reagent consumption and lower sample 

throughput per hour, especially when compared to the 

microfluidic device developed in this study [17]. This system 

offers a simple, effective, and efficient solution with high 

sample throughput, low reagent consumption, and minimal 

sample volume requirements compared to other methods. The 

fully automated microfluidic system developed in this study 

effectively determines nitrite levels in various water samples. 

The aim was to create a user-friendly, cost-effective, and 

environmentally sustainable system without relying on 

complex actuation devices. The integration of these features 

makes microfluidic systems highly appealing for monitoring 

chemical species in aquatic environments. Accordingly, the 

proposed system is employed to measure nitrite concentration 

at various locations along the Shatt Al-Arab River. 

 

 

2. EXPERIMENT 

 

2.1 Reagents and chemicals 

 

 
 

Figure 1. The scheme for the determination of nitrite ion 

 

Deionized water (DI) was used for the preparation of all 

solutions, and all reagents were of high analytical grade. 

Standard stock solution with a concentration of 100 μgmL-1 

was prepared by dissolving 0.15 g of sodium nitrite, NaNO2 in 

1000 mL of deionized water. This stock solution was then 

serially diluted to obtain standard solutions with 

concentrations ranging from 0.01-0.15 μgmL-1. A 1% w/v 

Sulfanilamide solution was prepared by dissolving 3g of 

Sulfanilamide in 156 ml of concentrated hydrochloric acid, 

followed by the addition of 300 ml of deionized water. 

Additionally, a 0.35% w/v solution of N-(1-Naphthyl) 

ethylene diamine dihydrochloride (NED) was prepared by 

dissolving 1.05 g of NED in 300 mL of deionized water [18] 

as shown in Figure 1. 

 

2.2 The fabrication of a microfluidic chip 

 

The microfluidic chip was constructed from two layers of 

Polymethylmethacrylate (PMMA), which exhibits good 

chemical resistance. However, it is essential to assess its 

compatibility within the specific environmental conditions of 

the intended application [19], each measuring 6cm in width, 

10 cm in length, and 0.8 cm in thickness, resulting in a total 

thickness of 1.6 cm. One layer served as a cover and remained 

undrilled, while the other was precision drilled using 

specialized equipment to form three microchannels. Two of 

the channels have a volume of 10 μL each, while the third has 

a volume of 5 μL. the total volume of the chip is 25 μL. 

Samples and reagents are introduced through the three inlet 

channels, which merge into a single outlet channel, forming a 

Y-shaped microfluidic configuration. The two pieces were 

bonded together using an adhesive material, which was 

applied only to the external parts of the chip without 

interfering with or affecting the chip’s internal manifold, to 

prevent any disruption to the internal reactions. Additionally, 

to enhance the overall structural stability and ensure 

compatibility with the operating method, the layers were 

tightly fastened using mechanical screws, as shown in Figure 

2. 

 

 
 

Figure 2. The microfluidic chip was created for an 

automated system 

 

2.3 The fabrication of a microfluidic unit in the laboratory 

 

The microfluidic device comprises several key components, 

including three mini peristaltic pumps (12V DC DIY) 

controlled via an L298N motor driver to regulate the flow rates 

of the solution, as detailed in Table 1 and Figures 3 and 4. The 

basic components of the laboratory-fabricated system included 

a flow cell with a 32 μL volume, a 28 V LED lamp operating 

as a source in the visible region, and an LED photocell sensor, 

serving as a detector, to transfer the light intensity into an 

electrical signal. An Arduino microcontroller was used to 

function as a data logger. The system was interfaced with a 

laptop running Microsoft Excel 2016, which was used to 

record and display the peak heights corresponding to the 

analyte concentration. 
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Table 1. All components of the lab micro unit 

Components Work Type Origin 

ARDUINO Micro controller UNO Italy 

Driver Motor Micro controller L298N China 

Three peristaltic 

pumps 

With drawing 

carrier and reagent 

INTLLAB 

12V DCDIY 
China 

Power supply 
Device power 

controlling 
- China

On/off button on/off - China

Flow cell 32 μL Sample container OSS China

LED-Lamp Light source - China

Photocells tracer Detector - China

2.4 The manifold design 

Three Arduino-controlled pumps are employed in the 

proposed system, operating at flow rates ranging from 1.5 to 

5.0 ml/min. The system is integrated with custom-developed 

software designed to control reagent flow rates, introduce 

nitrite samples, and record the resulting signal as peak height. 

This height corresponds to the nitrite concentration in the 

water sample. Data acquisition was performed using a laptop 

equipped with the custom software, with Microsoft Excel 2016 

utilized as the data logging platform. The manifold consists of 

three Teflon tubes that transport the nitrite sample, the 

sulfanilamide solution, and N-(1-Naphthyl) ethylenediamine 

dihydrochloride (NED) reagent. These solutions are 

subsequently mixed and reacted within the microfluidic chip 

to form a colored complex. The resulting solution then flows 

through the detection cell to the detector. Figure 5 illustrates 

the manifold configuration used in the microfluidic system for 

nitrite determination. 

Figure 3. Components of a lab-built peristaltic pump 

Figure 4. Components of lab-built 

(a) 

(b) 

Figure 5. (a) Microfluidic manifold used to determine nitrite concentration; (b) The device connection photo of the automated 

microfluidic system 

3. RESULTS AND DISCUSSION
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3.1 Spectral characteristics 

 

A UV-Visible spectrophotometer (doubal beam, Shimadzu 

1800) equipped with a quartz cell of 1cm path length was used 

to measure the absorbance throughout this classical analysis, 

as illustrated in Figure 6. The recorded spectrum corresponds 

to the dye complex formed between nitrite standard solution, 

sulfanilamide under acidic conditions, and NED (N-(1-

naphthyl) ethylene diamine dihydrochloride. The resulting azo 

dye exhibits a characteristic pink color with a maximum 

absorbance at 540 nm [20], indicating the azo compound. 

Figure 7 shows the standard calibration curve for nitrite 

determination by the Classical method. 

 

 
 

Figure 6. The spectrum of the nitrite azo complex 

 

 
 

Figure 7. Standard calibration curve for nitrite determination 

by the classical method 

 

3.2 Optimum conditions 

 

The custom-built automated microfluidic system, as shown 

in Figure 5, was used to optimize the parameters influencing 

the performance of the nitrite determination. The microfluidic 

system can reduce certain interferences by optimizing the 

reaction timing (1.8-4 ml/min), which limits the extent to 

which interfering substances can fully react under microfluidic 

conditions. Each sample is processed in approximately 0.166 

seconds, compared to 30 minutes per sample using the 

classical method. This system was employed to identify the 

optimal analytical conditions affecting the peak height. A 

Series of experiments was conducted by Aboud and Al-

Sowdani [21] to establish the optimal conditions. Table 2 

summarizes all the optimum parameters used in subsequent 

experiments, while Figures 8-11 illustrate  the optimal flow 

rate, sample volume, and the most suitable concentrations of 

reagents and solutions. 

 

Table 2. Optimum conditions for Nitrite determination 

 
Determination Parameters Values 

Chip Volume 25 µL 

Total Flow Rate 2.9 mL/min 

Sample Volume 10 µL 

Sulfanilamide Concentration 0.125% w/v 

N-(1-naphthyl)ethylenediamine 

dihydrochlorid concentration 
0.13% w/v 

Throughput 600 sample/h 

Tube diameter 0.18 mm 

 

 
 

Figure 8. Effect of total flow rate ml/min 

 

 
 

Figure 9. Effect of the sample volume (µl) 

 

 
 

Figure 10. Effect of the concentration of Sulphanilamide 

(%w/v) 
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Figure 11. Effect of the concentration of NED (%w/v) 

 

3.3 Linearity studies 

 

Using the optimized conditions determined in Table 2, 

linearity was studied as shown in Figures 12, 13, and Table 3. 

A calibration curve for nitrite was obtained, and linearity was 

observed over the range (0.01-0.1) μgmL-1. The linear 

calibration curve exhibited a regression coefficient (R2) of 

0.9998, confirming the excellent linearity of the calibration 

curve and demonstrating that the analytical method is highly 

efficient and reliable, with a detection limit of 0.0001μgmL-1 

and a Relative Standard deviation (R.S.D.) of 0.379%, 

respectively. While the values of R.S.D.%, as shown in Table 

3 for all concentrations, were acceptable except for 0.01μg/mL, 

the elevated R.S.D.% value observed at the lowest 

concentration is likely due to increased relative variability near 

the detection limit, where signal-to-noise ratio is reduced and 

analytical sensitivity decreases. The sample throughput 

reached 600 samples per hour, and the system demonstrated a 

dispersion coefficient of 1.5 [22-24], as illustrated in the 

Figure 14. 

 

 
 

Figure 12. Standard calibration curve for determining nitrite 

concentration 

 

 
 

Figure 13. (A) Standard calibration graph for nitrite determination; (B) 10 replicates of 0.1μgmL-1 standard nitrite; (C) Peaks 

obtained by injecting nitrite standards 

 

3.4 Interferences study 

 

As the system was developed for the analysis of water 

samples, several chemical interferences from foreign ions 

(anions and cations) commonly present in such samples were 

considered. Their effects were evaluated by preparing 

solutions at equal concentrations, as well as two-fold, five-fold, 

and ten-fold higher concentrations, to analyze 0.1 μgmL-1 of 

nitrite in real samples. The study of the impact of each foreign 

ion on nitrite detection using the microfluidic system 

confirmed that the method exhibits high selectivity, despite 

the  spectral overlap between aluminum (III) and nitrite at a 

concentration of 1 μgmL-1, the presence of aluminum in the 

studied environmental samples does not affect the proposed 

method due to its typically low concentration in such samples 

[25]. Meanwhile, Mg2+, K+, and Na+ do not interfere with the 

detection of nitrite. Regarding anions, none of the studied 

species showed any significant interference with nitrite 

measurement. except for the phosphate (III) ion, which shows 

spectral overlap at concentrations of 0.5 μg/mL and 1 μg/mL, 

as illustrated in the Figure 15. In the studied environment, 

nitrite concentration ranged between 0.5 and 1 μg/mL [26]. 

Low concentrations did not significantly impact the result. In 

contrast, high concentrations could be appropriately diluted 
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during measurement to ensure accurate nitrite determination. 

To minimize or eliminate such interferences in the 

determination of nitrite in environmental samples, one can 

employ sample filtration, add sodium citrate as an interference 

suppressor, and use masking agents such as EDTA and tartrate 

solution [27, 28]. 

 

Table 3. Standard calibration graph of nitrite standards 

 
Nitrite Concentration 

(μg/mL) 

Rate of Peak Height 

(mm) 

(R.S.D)% 

n=5 

0.01 9.13 1.034 

0.02 20.242 0.535 

0.03 30.44 0.646 

0.04 41.124 0.135 

0.05 50.11 0.098 

0.06 60.82 0.603 

0.07 70.59 0.374 

0.08 80.465 0.258 

0.09 90.201 0.100 

0.1 100.015 0.007 

 

 
 

Figure 14. The dispersion coefficient in the microfluidic 

system 

 

 
 

Figure 15. Shows the interference study of nitrite 

concentration 

 

 

4. ANALYTICAL APPLICATION 

 

4.1 Describe the sample area 

 

Sample collection was conducted in October, with five 

locations were selected along the Shatt Al-Arab River in Basra 

governorate of southern Iraq, the sampling sites were selected 

based on the diversity of pollution sources, including boating 

and fishing activities, residential area, agricultural lands, and 

drainage discharges. Although nutrient levels are generally not 

high during this month [29]. Site selection aims to capture 

potential variations linked to these sources; these locations are 

distributed as follows: The first station (R1) was located on the 

Tigris River, while the second and third stations (R2, R3) were 

established on the Euphrates River upstream of their 

confluence. The fourth station (R4) was situated downstream 

of the Shatt Al-Arab confluence near Al-Noor Bridge, and the 

last station (R5) was positioned at Al-Saad Bridge. The 

locations of these stations are illustrated in Figure 16. Water 

samples were collected 30 Cm below the surface using a water 

sampler instrument and placed in plastic containers [30]. The 

samples were then preserved by adding 10 mL of chloroform 

and stored at 4℃. After collection, they were transferred for 

processing. This included filtration using a 0.45 µm GF/C 

Whatman glass fiber filter paper, followed by analysis (see 

Figure 16). 

 

4.2 Results 

 

The results show minimal differences in nitrite 

Concentration between the two methods (ranging from 0.0003 

to 0.005 µgmL-1), indicating a high level of agreement. While 

RSD%: The microfluidic method exhibited better precision in 

most samples, especially in R2, where the RSD was 

significantly lower but still in an acceptable range for 

R.S.D.%. Both methods provided highly comparable recovery 

rates, generally above 94%, with the Microfluidic method 

showing slightly higher values in certain cases. As shown in 

Table 4. The fully automated microfluidic platform developed 

in this study demonstrated high efficiency in quantifying 

nitrite concentrations across various water samples. The 

analytical results obtained using the proposed system closely 

align with those from the conventional method applied to the 

same sample batch [31]. In addition, the relative standard 

deviation and Recovery values confirm the method’s accuracy 

and reliability, indicating strong concordance between the two 

analytical approaches. 

The stations: 
R1: Al-Qurna/Tigris River (31°11′46.92″N, 47°26′19.52″E) 

R2: Al-Qurna/Euphrates  River(31°00′09.01″N, 47°25′20.02″E) 

R3: Al-Qurna/Euphrates Rivers (31°00′17.43″N, 47°26′20.40″E) 

R4: Noor Bridge/Shatt Al-Arab River (30°54′09.38″N, 

47°30′11.13″E) 

R5: Saad  Bridge/Shatt Al-Arab River (30°44′51.03″N,47°41′59.64″E) 

 

Table 4. Comparative data table between the two analytical 

methods used for nitrite determination 

 

 

4.2.1 Graphical comparison 

As shown in Figure 17, the two methods were compared 

across all tested samples in terms of Nitrite concentration, 

RSD%, and Recovery%.

Sample 
Microfluidic 

Nitrite (µgmL-1) 

Microfluidic 

RSD% N=5 

Microfluidic 

Recovery% 

R1 0.037 0.135 96.4 

R2 0.054 0.098 94.6 

R3 0.055 0.603 94.5 

R4 0.036 0.133 96.4 

R5 0.0057 0.021 99.43 

Sample 
Classical Nitrite 

(µgmL-1) 

Classical RSD% 

N=3 

Classical 

Recovery% 

R1 0.038 0.136 96.2 

R2 0.059 0.611 94.1 

R3 0.059 0.614 94.1 

R4 0.037 0.135 96.3 

R5 0.006 0.0212 99.4 
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Figure 16. The location of the samples selected in southern Iraq 

 

4.3 Analysis 

 

 

 

 
 

Figure 17. Recovery percentage for different water stations 

 

The results show minimal differences in nitrite 

concentration between the two methods, indicating a high 

level of agreement. While R.S.D.%, the microfluidic method 

exhibited better precision in most samples, especially in R2, 

where the R.S.D.% was significantly lower. Both methods 

provided highly comparable recovery rates, generally above 

94%, with the microfluidic method showing slightly higher 

values in certain cases. 

 

 

5. CONCLUSIONS 

 

This project focuses on the design and development of a 

device  that employs a specific analytical method to accurately 

identify the concentrations of various ions, with particular 

emphasis on cost efficiency, user-friendliness, and analytical 

reliability. This system can be used for industrial water 

applications in specialized plants, such as chemical fertilizer 

production.  Additionally, it can be operated online by 

incorporating an automated self-sampling mechanism for real- 

time sample collection. In this study, we introduced the design 

of an automated microfluidic device and utilized it to measure 

the nitrite levels from different locations in the Shatt Al-Arab 

River. The results obtained from the creative device proved 

high performance, accuracy, and practical applicability 

compared with the classical method, and we can  also apply 

this system for nitrite measurement in wastewater; however, 

proper sample homogenization should be performed before 

analysis to ensure precise results. 
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