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     Phenols are well-known noxious compounds, which are often 

found in various water sources. In this research, a new method was used to 

determine the total phenol and measure the biological activity, by using the 

microfluidic paper-based (µPAD), smartphone Sensor. It is portable, low-cost, 

and environmentally friendly. The paper was prepared using filter paper by 

cutting method. The reagent was dried on the paper. The color sensor of the 

smartphone device was used as the color intensity sensor of the samples 

through the images captured by the smartphone through software downloaded 

to the phone. The focus of the samples is measured from the RGB value of the 

images taken from the (iPhone 14) device, where each image represents a 

specific focus. The calibration curve for this method was in the range of M 

(0.00016–0.5), the correlation coefficient (R2) was equal to (0.9753), the limit 

of detection was in the amount of (0.000032) M, and the relative standard 

deviation (RSD%) for the concentration is (0.02) M, for which the examination 

was repeated (10) times and its value was (0 %), and the recovery value 

(Recovery%) was equal to (100 %). 

INTRODUCTION 

                Phenol is an aromatic chemical compound made comprised of a functional hydroxyl 

group (-OH). The measurement of phenol and its derivative compounds is crucial for the 

environment since these species are significant organic pollutants that occur often in ground 

and surface waters(Ni, Xia, et al., 2011). Phenols are classified as priority pollutants due to 

their toxicity and persistence in the environment(Colón, Rascón et al., 2023).  Even at low 

concentrations, they produce a distinct, peculiar taste and odor in drinking water. Some of them 

are also suspected to be mutagenic(Adamski, Nowak, et al. 2010). Many phenolic chemicals 

are hazardous to animals and plants because they rapidly permeate epidermal and cellular 

membranes. Because various phenolic compounds act differently and have varied ecological 

consequences and toxicity, determining specific phenolic compounds is extremely relevant and 

beneficial. Several methods have been used for the determination of phenolic compounds, such 

as gas chromatography-mass spectrometry(Colón, Rascón et al., 2023)  ,and  HPLC(Dini, 

Graziani, et al., 2020).  

               The paper has played an important role from the time of its invention right through 

to modern chemistry. With the creation of the first microfluidic paper-based analytical device 

(µPAD) in 2007(Sun, Li et al., 2018), it emerged as a promising platform in medical diagnostic 

and analytical devices.  Capillary action, caused by the surface tension of the liquid in a porous 

medium, pushes fluid within paper without the need for a power source.  
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              μPADs are regarded as an effective 

POCT(Sinha, Basu et al., 2022), tool since 

they imply the advantages of paper as a 

substrate that are environmentally benign and 

practicable, making them a unique material 

that is simpler to dispose of safely(Agarwal, 

Csóka et al., 2019). (µPADs) have several 

practical benefits including cheaper cost, a 

simple production method, robust capillary 

action, and high biological compatibility(Fu 

and Wang 2018),(Hsu, Liu et al., 2019)  with 

applications in biomedical diagnostics, 

analytical chemistry, food quality control and 

environmental sensing. The integration of cell 

phones with sensors is a potential method for 

achieving quick, portable, and simple 

detection(Xu, Huang et al., 2018).  

              The further integration of μPAD 

with a smartphone app provides an excellent 

strategy for smart on-site analysis(Liang, Liu 

et al., 2019). Making sensors compatible with 

smartphones is becoming more common in 

the industry in order to take advantage of its 

mobility, and connectivity (Daponte, De Vito 

et al., 2014). Analysis may be done anywhere 

is convenient thanks to Bluetooth and Internet 

access. The smartphone has been used in the 

identification of iron (II) in a pharmaceutical 

formulation(Ilaybi and Hussien), sensors of 

environmental(Thio and Park 2022), and 

detection of enzymatic urea hydrolysis in 

microfluidic systems(Salman and Hussein 

2021). In this study, a new method was 

included for total phenol determination in 

prepared samples by basic color analysis 

(RGB) for samples taken by a smartphone. 

MATERIALS AND METHODS 

Chemicals:  

               All solutions of chemicals used in 

water were prepared with the degree of 

analytical reagent. All solutions needed in the 

determination of total phenols by the Folin-

Ciocalteu reagent method include phenol 

solution, A stock solution of phenol was 

prepared by dissolving 0.9411 g of phenol in 

a small amount of boiled and cooled distilled 

water and diluted to a 20 ml. Sodium 

carbonate, A 75 g L-1 was prepared in distilled 

water. 

Instrumental:  

               Electric balance, Bp301S, Sartorius, 

Germany. pH meter, Romania .smart phone 

device ( iPhone 14), U.S.A.. Filter paper, 

China. Paper punch. 

A new method that relies on the use of a 

(µPAD) with color sensor on the 

smartphone device (RGB): 

                It is a new method that relies on the 

use of a (µPAD) with the color sensor on the 

smartphone device (iPhone 14) via an 

application downloaded on the smartphone 

device, which analyzes the color intensity of 

the major colors (RGB) of the captured 

images, as shown in Figure 1. 

 

 
Fig1: Show using a smartphone with µPAD. 

 

Biological activity, Bacterial Isolates:  

             The following microbial pathogenic 

isolates of multidrug resistance (MDR): 

Staphylococcus aureus and Enterococcus 

faecalis, six Gram +ve bacteria, were 

identified, together with Proteus mirabilis and 

Enterobacter cloacae, two Gram +ve bacteria. 

Clinical examples include a wound, burns, 

and diabetic ulcers. The isolates were 

discovered by phenotypic and biochemical 
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studies, and they were recently validated with 

the portable Vitek-2 equipment. Both 

bacterial isolates were procured using an 

automated bacterial detection tool for GP and 

GN cards d in glycerol-added BHI broth at (-

20°C) (15 percent). Prior to use, the isolates 

were sterilized at 37°C for 24 hours and 

subcultured on BHIA(Samie, Tambani et al. 

2010). 

RESULTS AND DISCUSSION 

Design of (μPAD) and RGB Measurement 

Method Using A Smartphone: 

             Designed a new form of microfluidic 

paper-based analytical device (μPAD) that is 

fast, easy to use, portable to the job site, and 

inexpensive for the measurement of phenol 

samples by smartphone using an image color 

(RGB) color analysis system, as shown in 

(Fig 2), the design was carried out according 

to the following steps: 

1- Filter paper saturated with Folin-Ciocalteu 

reagent was prepared after drying it. 

2- Filter paper was cut into circles of equal 

diameter (5 mm) using a paper punch. 

3- A series of standard concentrations 

prepared from phenol were added to each 

paper at a specific concentration. 

4- Sodium carbonate solution was added to 

each paper to show the blue color as a phenol 

detector. 

5- A smartphone camera was used to take a 

picture of each colored concentration. 

The volume added was fixed for both the 

sample and the pH(10). After taking pictures, 

they are processed using color image analysis 

software (Color M1) using the (RGB) system 

installed on the smartphone in order to extract 

the standard calibration curve of the phenol 

solution at the same time, and then studied for 

optimal conditions such as detection limit, 

matching, and analysis of the prepared 

samples, and the results analyzed statistically. 
 

 

 

Fig 2: Shows the design stages of a microfluidic paper-based analytical device (μPAD). 
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Congruence Study:  

              To ensure the conformity of the 

results obtained by color density (RGB) by 

the smartphone, we studied the congruence of 

the results of tests for (10) duplicate images 

taken at a concentration of (0.02 M), and the 

(RSD) value of the match was (0%) and the 

recovery value (Recovery) equals (100%), as 

shown in Table 1 and (Figs. 3 and  4) below. 

 

                  Table 1: Shows the congruence results of the RGB method. 
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Fig 3: Pictures of the reproducibility study of concentration (0.02). 

 

Fig 4: This table shows the statistical analysis of reproducibility by smartphone. 

 

Studying the Detection Limit for the RGB 

Method:  

            The detection limit represents the least 

analytical quantity in the substance that can 

be detected when measuring the detection 

limit of the chromatic density (RGB) method. 

Results and the (0.000032 M) concentration 

was the detection limit value of the RGB 

method with the smartphone because it is the 

lowest value that has been detected by this 

method in practice, as shown in (Figs. 5 and 

6). 
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Fig 5: shows the images taken to study the concentrations of the detection limit. 

 
Fig 6: This table shows the statistical analysis of the detection limit value of the method by 

smartphone. 

 

Standard Calibration Curve Of The 

Chromatic Intensity Method (RGB) by 

Smartphone: 

              Under the optimal conditions 

studied, the calibration curve was obtained for 

the concentration of phenol in the samples. 

(Fig 7) is a graph showing the linearity of the 

application of (Beer Lambert's Law) within 

the range (0.00016-0.5 M) between  LOG 

(Concentration) and Blue color (B) as shown 

in Table 2, the linear graph has a correlation 

coefficient (R2) equal to (0.9753), and the 

value of the relative standard deviation 

coefficient (RSD%) for the concentration of 

(0.02) M for ten repeated assays is (0%), and 

the value of Recovery % is equal to (100%). 

 

            Table 2: shows the results of the calibration curve for the RGB method. 
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Fig 7: Graph of calibration of phenol concentrations with a blue color value using the (RGB) 

method. 

 

            

Figure 8 shows the color gradient of the 

concentrations. Table 3 shows the 

antibacterial activity of phenol samples, and 

Table 4 shows the optimal conditions for the 

method

. 

 
Fig 8: The color gradient of the concentrations of the calibration curve measured by the 

chromatic density method (RGB) by smartphone.  
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Table 3: Antibacterial activity of phenol samples (inhibition region, mm), including three 

separate phenol samples Oral suspension toward four types of multidrug-resistant 

bacteria. Staphylococcus aureus, Enterococcus faecalis, Enterobacter cloacae and 

Proteus mirabilis.  
No. of  

Samples 

S. 

aureus 

E. 

faecalis 

E. 

cloacae 

P. 

mirabilis 

Sample 1 26 28 25 23 

Sample 2 29 22 24 26 

Sample 3 27 25 24 27 

 

             Table 4: Optimal conditions for the (RGB) chromatic intensity method. 

 
 

Accuracy of RGB Method:  

              In order to demonstrate the accuracy 

and sensitivity of the RGB method in 

determining the concentration of phenol using 

(µPAD) with a smartphone. Analytical 

sample number (2) was prepared with a 

concentration of (0.0026 M) and a 

concentration of (0.0053 M), and the samples 

were measured by method the traditional 

method using the (spectrophotometer)(Ilaybi, 

Hussien et al., 2023), and the chromatic 

density method (RGB) using the (µPAD). The 

average recovery was three. Measurements in 

the range (99.9 –100.1 %). Good results were 

obtained, as shown in Table 5, which clearly 

indicates that the RGB method is very 

suitable as a new method for the 

determination of phenol. 

 

 

Table 5:  the results of the examination of analytical samples by the traditional method and the 

RGB  method with a smartphone. 

 
* The average of three assays was extracted for both methods. 

 

DISCUSSION 

           After completing the design. The 

method was used to measure the 

concentration of phenol in the prepared 

samples and analyze the basic colors (RGB) 

using a smartphone. After the analysis, the 

following results were obtained: The 

calibration curve for this method was in the 

range of M (0.00016–0.5), the correlation 

coefficient (R2) was equal to (0.9753), the 

limit of detection was in the amount of 

(0.000032) M, the relative standard deviation 

(RSD%) for the concentration was (0.02) M, 

was equal to (0 %), and the recovery value 

(Recovery%) was equal to (100%). 

CONCLUSION 

           A new form of the microfluidic paper-

based analytical device (µPAD) is designed 

with the smartphone as a sensor. The method 

was used to measure the concentration of 
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phenol in the prepared samples and analyze 

the basic colors (RGB) using a smartphone. 

Considering the (µPAD) method for the 

determination of total phenol for the prepared 

samples and measuring the biological activity 

as a new method compared to the traditional 

measurement methods, it is characterized as 

an easy-to-use and low-cost method, and it 

can be used in work sites far from the 

laboratory. 
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