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This study presents a cost-effective setup for measuring the concentration of
Mn?* jons using colorimetry. The current method involves a calibration curve
created with expensive and large commercial laboratory-based instruments,
limiting its use in financially constrained situations. To address this issue, the
study proposes a low-cost setup consisting of a light-emitting diode and
photodiode that utilizes colorimetric and absorbance effects for Mn?*
concentration measurement. Mn2* colorimetric samples were prepared using
the 1-(2-pyridylazo)-2-naphthol (PAN) method with concentrations ranging
from 0.2 to 1.0 mg/L. The samples were tested using the proposed setup,
followed by a spectrophotometry test to determine the optimal configuration
for the setup. The validity of the setup was confirmed by measuring the
voltage and calculating the optical absorbance, which exhibited a good
correlation with the concentration, consistent with the initial expectation. The
correlation coefficient for voltage and absorbance against Mn?* concentration
was found to be 0.9976 and 0.9987, respectively, indicating good linearity and
suitability as a calibration curve for Mn?* detection and measurement.
Consequently, the study’s objectives were successfully achieved, and the
proposed setup is considered a viable platform for more complex applications,
such as real-time monitoring activities.
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1. INTRODUCTION

In analytical chemistry, concentration measurement of heavy metal ions is usually performed using a
standard laboratory instrument such as ultraviolet-visible spectroscopy (UV VIS), inductively coupled plasma
atomic emission spectroscopy (ICP OES) and atomic absorption spectroscopy (AAS) [1], [2]. The instrument
works based on the changing properties of light (i.e., absorbance) at different concentration of heavy metal
ions (HMI) solution. Under colorimetric effect, the solution containing HMI reacts with specific reagents and
produces a change of color that reflects different concentration of analyte. Based on the principles that lights
with different wavelength have different absorption towards different color of solution, the amount of analyte
being measured can be quantified [3]. The use of the above-mentioned instruments are popular in various field
of water quality assessment to detect a variety of water quality parameter [4], [5], which includes heavy metal
ions (HMI) detection in water industries [6]-[9]. Apparently, one of the crucial heavy metal ions is manganese,
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normally exists as Mn?* ion and is typically monitored closely during municipal water treatment processes.
Concentrations of manganese above the limit can cause adverse negative effects to human health, environment
and ecosystem [10], [11]. Essentially, it is believed that excessive level of Mn is harmful for nervous system
and could lead to Parkinson’s disease [12]. The source of manganese toxicity could be traced back from
different sources such as drinking water, contaminated food and environmental setting [13]. The use of standard
laboratory instrument to detect manganese in water is sometimes restricted by several limitations [4].
Apparently, the instrument is bulky in size and needs to be recalibrated after movement of the tool which
prevents its use for outdoor analytical work such as for in situ measurement. On one hand, the need for in situ
measurement is critical in some applications to minimize inaccuracy and instability of the measurement due to
transportation issue which will jeopardize the quality of the samples [14], [15]. On the other hand, the expensive
cost of the instrument also limits its use in any work that has financial constraint. The use of manual sampling
method also yields inaccurate measurement due to high spectral and temporal variability [16].

As mentioned above, in order to overcome this, there are recent interests and efforts to set up a low-
cost colorimeter that mimics the conventional spectrophotometer [17], [18]. One of the main features are
portability and flexibility for future retrofitting which can be targeted for real time, in situ and remote
implementation. Generally, light emitting diode (LED) and photodiode, acting as light source and
photodetector respectively are two main components suitable for this type of implementation. Recent
development of such system which is targeted for nitrate and glucose detection has been successfully developed
as analytical device [19], [20]. Similar works include a setup for monitoring fluoride in drinking water supply
as well as for educational purpose [21], [22]. Apart from using LED and photodiode, colorimetric sensing is
also implementable through the use of mobile camera and scanner [23], [24]. This approach however, requires
an additional digital and image processing work which could complicates the processing part and increases its
power consumption. Even though it is simple, the use of mobile phone is more costly compared to the use of
LED and photodiode. To the best of our knowledge, the implementation of low-cost spectrophotometer based
on colorimetry effect for HMI detection is still yet to be explored. In this work, we aim to develop a
colorimetric-based setup for HMI detection and measurement, by selecting Mn?* as the target ions or model
studies. The setup is based on the use of commercial-of-the-shelf (COTS) components such as LED and
photodiode. This work is considered as a preliminary work towards developing a more complex system in the
future targeting for real time and in situ monitoring of Mn?* (in specific) for water quality assessment.

2. RESEARCH METHOD

In order to achieve the objectives, this work was divided into two main experiments. Initially,
spectrophotometry technique was used to identify a suitable LED color/wavelength to be used for the final
setup. Then, the system was developed prior to several preliminary tests to determine the suitable configuration
for the system such as the optimum resistance value and supplied current for working LED.

2.1. Spectrophotometry test

To evaluate the proposed setup’s performance, a spectrophotometry test was conducted using a Hach
DR2800 spectrophotometer. The visible wavelength range of 400 to 700 nm was selected for absorbance
measurement. This range was chosen because it corresponds to the wavelength of visible light that can be
absorbed by the Mn?* ions, allowing for accurate detection and measurement.

2.1.1. Samples and reagents

To prepare the samples for testing, the standard procedure outlined in Hach's preparation manual was
followed [25]. The samples were prepared using a titration and dilution procedure, which involved using
chemicals, listed in Table 1 a blank sample and Mn?* solution ranging from 0.2 to 1.0 mg/L were prepared to
cover a range of concentrations for testing. This allowed for a comprehensive evaluation of the proposed setup's
ability to detect and measure Mn?* ion concentrations.

Table 1. List of materials and reagent used to prepare Mn?* solution sample

Materials/Chemicals Function
Manganese (1) sulphate To investigate the manganese ions contain in the salt.
Ascorbic acid powder pillow To reduce the high oxidation state within the sample to the lowest oxidation state of *2.
Alkaline cyanide reagent To masks all the interferences by other metals except manganese ions.

0.1% PAN indicator solution To detect the presence of manganese ions by changing the color of prepared sample solution from
yellow to orange color.
Distilled water To act as solvent to dilute the salt.
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10 mL of distilled water is used as blank sample. For sample solutions, manganese (I1) sulphate which
is in powder form is weighted by using analytical balance at weight of 0.001, 0.002, 0.003, 0.004, and 0.005 g
respectively. Then, 500 mL of distilled water is added to get concentration of 0.2, 0.4, 0.6, 0.8 and 1.0 mg/L.
Then 10 mL of sample solutions with different concentration are transferred into test cells. One ascorbic acid
powder pillow is then added into each cell, including blank sample and all cells are inverted to dissolve the
powder. 12 drops of alkaline cyanide reagent are added into all cells and are swirled gently. After that, 12 drop
of 0.1% PAN indicator solution is finally added and the cells are swirled again to obtain a set of colorimetric
test solution with gradual change of color from yellow to orange color.

2.1.2. Peak wavelength scanning and identification

Wavelength scanning was performed to identify the peak wavelength that gives maximum absorbance
for the intended range of heavy metal ions under test. For wavelength scanning, 1 mg/L analyte solution was
used as a reference sample to identify the peak wavelength by assuming that at this concentration, the
absorbance effect has the most responsive reading. The finding was significant in determining the color of LED
to be used in the proposed colorimetric setup.

2.2. LED-based colorimetric setup

In designing the colorimetric setup, the primary objective was to use inexpensive components that
could be easily obtained from a local electronic store to ensure low-cost implementation. The goal was to create
a setup that could effectively mimic the operating concept of a commercial spectrometer, which typically uses
expensive and bulky equipment. By using low-cost components and simplifying the design, the proposed setup
aimed to provide an affordable alternative for measuring Mn?* ion concentrations, particularly in settings where
budget constraints are a limiting factor. Figure 1 shows the circuit used for the colorimetric setup.

The function of each component used is described in Table 2. For this setup, measuring instrument
such as voltmeter and ammeter were used in order to verify the electrical signal during circuit operation. This
is important as the components used came with certain tolerance levels.

S2

Sensing
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S

Figure 1. Schematic circuit of experimental setup

Table 2. Description of the colorimetric setup and its configuration

Component/Instrument Functionality
LED To provide light source
Photodiode To detect the light intensity
Potentiometer, (VR1) To avoid excessive current through LED (Current limiting resistor)
Cuvette To place solution under test
Switches (S1 and S2) To control the supply to LED and photodetector
Ammeter (A) To measure the current through LED
Voltmeter (V) To measure the voltage output (represent the detected intensity)

2.2.1. Components’ configuration
LED and the value of current limiting resistor were two components that needed to be predetermined
before the final test was executed. The selection of suitable color (wavelength) of LED is crucial due to
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absorbance-wavelength dependency. A commercial LED with the closest wavelength obtained in
spectrophotometry test will be used in the final test circuit. In the meantime, the selection of resistor’s value
was also crucial as the wrong value of resistor could damage the LED due to excessive current. The maximum
setting of resistor, which was acting as current limiter was calculated based on measured voltage across LED,
voltage LED (VLED) and the maximum current, current LED (ILED) max through it. In the setup, VLED was
measured as 3.4 V. If the maximum current was set to maximum value according to datasheet, the resistance
was calculated to be 0.28 kQ. That means, if the limiting resistor was selected to be less than the calculated
value, LED will draw more current than the maximum rating and might blow due to excessive current. The use
of variable resistance is useful if the intensity of LED is to be varied. In this setup however, preliminary test
has found that 1 mA current is sufficient to observe the absorbance effect.

2.2.2. Experimental procedures

Based on the selected components outlined in previous section, the final setup was realized to obtain
the calibration curve of the Mn?* sample at the intended range of interest. Firstly, by following the procedures
outlined by Hach manual [25], a set of colorimetric sample solutions, blank solution (contains only colorimetric
agent) and analyte solutions (containing Mn?* ions) were prepared. For analyte solution, the samples were
prepared at concentration of 0.2, 0.4, 0.6, 0.8, and 1.0 mg/L. For each sample, voltage measurement was taken
and plotted for the range of concentration of interest to visualize the pattern of the detected signal. The voltage
is a representative of the detected light with the assumption that the absorbance effect (due to different tone of
color) will reduce the amount of light received by the photodiode, thus reducing the measured voltage. The
voltage measurement was then used to calculate the absorbance based on (1) [22].

A — _ Vsample_Vzero (1)

Vsowent—Vzero

where A is absorbance, Vyampe is the voltage of the sample at specific concentration, V, ey, is the voltage of
the blank solution and V.., is the offset voltage.

The test and measurement were performed in a black interior and closed container platform, similar
to the commercial instrument setup to minimize the interference that could be originated from the background
lighting. This setup is adapted to ensure that no light can escape or penetrate into the sensing platform. Apart
from that, the offset voltage was also predetermined in the absence of colorimetric agent. The voltage was to
be subtracted from the actual measurement as given in (1). This will automatically remove any offset voltage
that could interfere the measurement. The use of LED and photodiode for measurement were repeated for
10 times to get the average data of absorbance for different concentration of Mn?* solution. In this experiment,
it was predicted that the higher concentration of Mn?* will cause higher absorbance. So lesser light will be
detected at photodiode, thus reducing the voltage. Besides, the variance and standard deviation of the voltage
measurement were also calculated to indicate the repeatability of the measurement.

2.2.3. Performance evaluation

In order to evaluate the effectiveness of the proposed setup, the linearity of the plots for both voltage
and absorbance measurements were examined using the correlation of coefficient factor, R2. The linearity of
the voltage plot was used to observe the behavior of voltage in response to increasing levels of Mn?*
concentration, which resulted in changes in color and subsequent light absorption. Similarly, the absorbance-
concentration calibration curve was examined to verify the proposed setup’s ability to accurately predict the
relationship between absorbance and Mn?* concentration. By analyzing the linearity of both measurements, the
researchers were able to determine the effectiveness of the proposed setup in detecting and measuring Mn?*
ion concentrations.

3. RESULTS AND ANALYSIS

The results section presents the findings of the study, which are based on the methodology described
earlier. The experimental work conducted to verify the proposed setup is discussed, and the observations are
presented. The results are presented in a structured manner to enable the reader to understand the findings in a
logical sequence. The discussion is based on the experimental observations, which are interpreted to provide
insights into the effectiveness of the proposed setup in measuring Mn?* concentration.

3.1. Spectrophotometry test
Figure 2 shows the color of the sample containing various concentrations of manganese. The figure
indicates that the sample’s color changes according to the concentration of Mn2* ions present, which is further
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enhanced by the addition of a colorimetric agent (0.1% PAN indicator solution). The colorimetric agent
provides a specific color to the solution with and without Mn?* ions, allowing for easy visual detection and
measurement of the Mn?* concentration.

é§§8§§

BNEs

04mg/L 06mgL 08SmgL 1.0mgL

Figure 2. Colorimetric assay of manganese

The transition of yellow color (blank solution) into orange color was observed for all five samples
containing Mn?* ions. The light orange color was observed for low concentration of manganese while the dark
orange color was observed for high concentration of manganese i.e., the higher the concentration of manganese
in the sample would cause the orange color to become darker. Figure 3 shows the spectrophotometry
wavelength scan to identify the peak absorbance for a wide spectrum of the light.

Peak Absorbance

495 nm
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T T T T T 1
400.0 450 500 550 600 650 700.0
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Figure 3. Absorbance spectra of optical wavelength between 400 to 700 nm

It was observed the absorbance behavior for different wavelength had varied. Different wavelength
had different absorbance characteristics when passing through a colorimetric sample. This indicates that for
monochromatic optical light source design, the selection of LED’s color is crucial to ensure optimum
sensitivity of detection is achieved. Peak absorbance occurred at the wavelength equals to 495 nm with
absorbance value of 2.06. According to Beers law, this value means that at 1 mg/L, the light will absorb nearly
99% of the light source. Since the peak wavelength lies within the blue light spectra (450 to 495 nm), the blue
LED was selected to be used as a light source for our colorimetric experimental setup.
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3.2. LED photodiode colorimetric setup

In Figure 4, the voltage detected at the photodiode is plotted against different concentrations of the
prepared Mn?* samples. The graph shows a clear increasing trend in voltage as the concentration of Mn?* in
the samples increases. This is expected since the colorimetric agent PAN reacts with Mn?* ions in the sample,
resulting in a color change, which in turn affects the amount of light absorbed by the sample and the voltage
detected by the photodiode. The plot shows a good linearity, which indicates that the proposed setup is reliable
and suitable for use as a calibration curve for Mn?* detection and measurement.

Voltage against Concentration
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Figure 4. Voltage against concentration

Veowent represents the voltage for the blank sample consisting only the solvent without any Mn?* ions
in the solution. Meanwhile, the plot of Vg, Shows a decreasing pattern of voltage if the concentration of
Mn?*ion was increased, which is in line with our initial hypothesis. At higher concentration, it is expected that
more light will be absorbed, thus reducing the light that is passing through the sample (absorbance effect). This
in turn reduces the voltage detected by photodiode (as photodiode voltage is proportional to the light received).
The gap between V,ppene and Vigmpie Proves the capability of the setup to give the signal that correlates
between the absorbance and concentration of the tested samples. For each concentration, the variance and
standard deviation of voltage measurement was calculated to be less than 0.025 and 0.159, respectively,
indicating high repeatability for the proposed setup. In terms of linearity, the plot shows a correlation of
coefficient, R? of 0.9976, suggesting that the voltage behavior for the setup is suitable to represent the amount
of light absorbed by the samples at different concentration. However, it was observed that the range between
the minimum and maximum voltage is quite small, at around 1 V gap. It is due to several factors such as the
range of sample concentration used in this experiment, the sensitivity of the photodiode itself, disturbance from
stray light and others. The use of suitable amplifier and signal processing techniques might be needed in future
implementation to improve its sensitivity. Figure 5 shows the plot of absorbance against concentration of the
Mn?* sample. The absorbance value was extracted from the voltage measurement according to the (1).
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Figure 5. Absorbance against concentration
It was observed that relationship between calculated absorbance and concentration behaved as

expected. The absorbance was increasing as the concentration of Mn?* ions was increased. In terms of linearity,
the plot gives a good linear relationship between the absorbance and concentration, with R? value equal to
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0.9987, indicating the suitability of the setup to be used for measuring the absorbance of different concentration
of Mn2* ions at the proposed concentration range. This behavior is significant in estimating the concentration
within this range.

However, the value of the calculated absorbance value seems to be degraded by several factor in
comparison with the peak value obtained from spectrophotometry test. From equation, this is due to the small
difference of voltage between Vggmpe and Vsopene Which leads to a very low calculated absorbance.
Meanwhile, several reasons related to the use of discrete LED could also be the factors of this low absorbance,
which require more specific testing to be performed in the future. In this work, the LED was chosen based on
the best wavelength region (blue region), which might not have the same wavelength to match the peak
wavelength obtained in spectrophotometry test. The need for spectrum analysis is thus required in the future to
confirm the exact wavelength of the LED. Apart from that, there is a potential deviation due to different
intensity of light between our colorimetric setup and commercial spectrometer used in qualitative work, which
require another instrumentation setup to study its effect. In real implementation, the issue can be solved by
having a proper amplification or signal processing technique to increase the representation of the absorbance
data.

4. CONCLUSION

As a conclusion, the objective to develop a colorimetric setup for Mn?* ions have been successfully
achieved. The setup shows a good linearity with R2 approaching unity for both voltage and absorbance plot
against Mn2* concentration. Such setup can be a basic instrumentation platform for a more complex application
such as for in situ and real time monitoring, subjected to further improvement with another test and performance
assessment. The sensitivity can be further increased either by means of hardware (amplifier) or software (signal
processing) to ensure a higher absorbance can be produced. In general, all steps, procedures and approaches
used in this work are also significant and useful for low-cost development of colorimetric setup for other heavy
metal ions depending on the selection of suitable colorimetric reagents and optical components.

ACKNOWLEDGEMENTS

This work was funded by MoHE under FRGS grant scheme (FRGS/1/2021/TKO0/UITM/02/103) and
UiTM Research Management Centre (600-RMC FRGS 5/3 (176/2021)). The authors would like to thank
Universiti Teknologi MARA and Universiti Sains Malaysia for all the research facilities provided in this work.

REFERENCES

[1] L. Chen et al., “Novel colorimetric method for simultaneous detection and identification of multimetal ions in water: sensitivity,
selectivity, and recognition mechanism,” ACS Omega, vol. 4, no. 3, pp. 5915-5922, Mar. 2019, doi: 10.1021/acsomega.9b00312.

[2] T.H. Abed, B. Y. Kadem, and R. G. Kadhim, “Simple colorimetric method using aqueous solution to detect heavy metal,” lraqi
Journal of Science, vol. 60, pp. 28-33, 2019.

[3] I Terra, L. Mercante, R. Andre, and D. Correa, “Fluorescent and colorimetric electrospun nanofibers for heavy-metal sensing,”
Biosensors, vol. 7, no. 4, Dec. 2017, doi: 10.3390/bios7040061.

[4] D. P. Mesquita, C. Quintelas, A. L. Amaral, and E. C. Ferreira, “Monitoring biological wastewater treatment processes: recent
advances in spectroscopy applications,” Reviews in Environmental Science and Bio/Technology, vol. 16, no. 3, pp. 395-424, Sep.
2017, doi: 10.1007/s11157-017-9439-9.

[5] F. Affandi, M. F. A. Rahman, A. I. Che Ani, and M. S. Sulaiman, “Artificial neural network modeling for predicting the quality of
water in the Sabak Bernam River,” Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 26, no. 3,
pp. 1616-1623, Jun. 2022, doi: 10.11591/ijeecs.v26.i3.pp1616-1623.

[6] M.F. Ali and S. A. Shakrani, “A comparison of ICP-OES and UV-vis spectrophotometer for heavy metals determination in soil
irrigated with secondary treated wastewater,” International Journal of Civil & Environmental Engineering, vol. 14, no. 01,
pp. 8-15, 2014.

[71 S.J. Ramalingam, T. H. Khan, M. Pugazhlenthi, and V. Thirumurugan, “Removal of Pb (II) and Cd (II) ions from Industrial
waste water using Calotropis Procera roots,” International Journal of Engineering Science Invention, vol. 2, no. 4, pp. 1-6,
2013.

[8] R.Roto, B. Mellisani, A. Kuncaka, M. Mudasir, and A. Suratman, “Colorimetric sensing of Pb? ion by using ag nanoparticles in
the presence of dithizone,” Chemosensors, vol. 7, no. 3, Jun. 2019, doi: 10.3390/chemosensors7030028.

[91 J. Xiu, S. Zhong, H. Hou, Y. Lu, and R. Zheng, “Quantitative determination of manganese in aqueous solutions and seawater by
laser-induced breakdown spectroscopy (LIBS) using paper substrates,” Applied Spectroscopy, vol. 68, no. 9, pp. 1039-1045, Sep.
2014, doi: 10.1366/13-07448.

[10] X. Yang, G. Li, X. Yang, Z. Jia, and N. Luo, “Determination of manganese in environmental samples by UV-vis after cloud point
extraction,” in Proceedings of the 2nd International Conference on Green Materials and Environmental Engineering, 2015, doi:
10.2991/gmee-15.2015.25.

[11] R. Gilbert, S. Siddiquee, S. Saallah, and T. M. Lal, “Optimisation of parameters for detection of manganese ion using
electrochemical method,” IOP Conference Series: Materials Science and Engineering, vol. 606, no. 1, Aug. 2019, doi:
10.1088/1757-899X/606/1/012009.

[12] A. Shokrollahi and N. Shokrollahi, “Determination of Mn?* ion by solution scanometry as a new, simple and inexpensive method,”
Quimica Nova, 2014, doi: 10.5935/0100-4042.20140277.

Low-cost colorimetric setup for concentration measurement of ... (Mohd Rumaizan Maidan Dali)



6202 O3 ISSN: 2088-8708

[13] S.L.O’Neal and W. Zheng, “Manganese toxicity upon overexposure: a decade in review,” Current Environmental Health Reports,
vol. 2, no. 3, pp. 315-328, Sep. 2015, doi: 10.1007/s40572-015-0056-X.

[14] L. Zeng and D. Li, “Development of in situ sensors for chlorophyll concentration measurement,” Journal of Sensors, vol. 2015,
pp. 1-16, 2015, doi: 10.1155/2015/903509.

[15] D. Meyer et al., “A multi-pumping flow system for in situ measurements of dissolved manganese in aquatic systems,” Sensors,
vol. 16, no. 12, Nov. 2016, doi: 10.3390/s16122027.

[16] C. Koparan, A. Koc, C. Privette, and C. Sawyer, “Autonomous in situ measurements of noncontaminant water quality indicators
and sample collection with a UAV,” Water, vol. 11, no. 3, Mar. 2019, doi: 10.3390/w11030604.

[17] J. Delgado, I. A. Quintero-Ortega, and A. Vega-Gonzalez, “From voltage to absorbance and chemical kinetics using a homemade
colorimeter,” Journal of Chemical Education, vol. 91, no. 12, pp. 2158-2162, Dec. 2014, doi: 10.1021/ed400813c.

[18] P.N.S.M. Mustafa, A. S. Azam, M. S. Sulaiman, A. F. Omar, and M. F. A. Rahman, “Development of an optical pH measurement
system based on colorimetric effect,” Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 24,
no. 2, pp. 728-735, Nov. 2021, doi: 10.11591/ijeecs.v24.i2.pp728-735.

[19] M. R. M. Dali et al., “Optical absorbance of RGB LEDs in pH measurement of colorimetric solution with phenol red reagent,”
Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 27, no. 3, pp. 1330-1337, Sep. 2022, doi:
10.11591/ijeecs.v27.i3.pp1330-1337.

[20] R. Dominguez, M. Orozco, G. Chéavez, and A. Marquez-Lucero, “The evaluation of a low-cost colorimeter for glucose detection in
salivary samples,” Sensors, vol. 17, no. 11, Nov. 2017, doi: 10.3390/s17112495.

[21] Rohit, L. Kanwar, and K. K. Rao, “Development of a low-cost portable colorimeter for the estimation of fluoride in drinking water,”
Sensors and Actuators B: Chemical, vol. 149, no. 1, pp. 245-251, Aug. 2010, doi: 10.1016/j.snb.2010.05.021.

[22] S. Kittipanyang, W. Do, K. Abe, and K. Eguchi, “Design of a hand-made light absorbance measurement device for chemical
education,” International Journal of Innovative Computing, Information and Control, vol. 12, no. 5, pp. 1397-1410, 2016.

[23] N. Rosyida, L. Dinira, and E. R. N. Wulandari, “The possibility of smartphone camera to determine iron(IIl) in solution,”
IOP  Conference  Series:  Materials  Science and  Engineering, vol. 801, no. 1, May 2020,
doi: 10.1088/1757-899X/801/1/012133.

[24] M. S. Woolf, L. M. Dignan, A. T. Scott, and J. P. Landers, “Digital postprocessing and image segmentation for objective analysis
of colorimetric reactions,” Nature Protocols, vol. 16, no. 1, pp. 218-238, Jan. 2021, doi: 10.1038/s41596-020-00413-0.

[25] N. Nambatingar, Y. Clement, A. Merle, T. New Mahamat, and P. Lanteri, “Heavy metal pollution of Chari River water during the
crossing of N’Djamena (Chad),” Toxics, vol. 5, no. 4, Oct. 2017, doi: 10.3390/toxics5040026.

BIOGRAPHIES OF AUTHORS

Mohd Rumaizan Maidan Dali @ B4 B8 © was born in Labuan, on April 27, 1998. He is a
research assistant at Universiti Teknologi MARA Pulau Pinang. He obtained his degree in
Electrical and Electronic Engineering from Universiti Teknologi MARA Pulau Pinang. His
interests are in optical sensing, control system and convolutional neural network. He can be
contacted at email: izanmaidan@gmail.com.

Nurul Hidayah Ali £ B8 © received her degree in Chemical Engineering (Environment) with
Honours from Universiti Teknologi Mara Cawangan Pulau Pinang in 2020. Her work mainly on
colorimetric and optical based detection or sensing for heavy metal ions. Currently, she works as
digital publishing executive/copy editor at Vision Science Research Sdn Bhd located in Johor
Bahru, Malaysia. She can be contacted at email: nurulhidayahali95@gmail.com.

Fatin lzyani Mohamad Robi £ B8 © was born in Kuala Nerang, on April 3, 1999. She
obtained her Diploma in Electrical Engineering (Electronic) and a Degree in Electrical and
Electronic Engineering from Universiti Teknologi MARA (UiTM) Pulau Pinang. Her interests
are in optical sensing, control system and electronics. She can be contacted at email:
fatinizyani3499@gmail.com.

Int J Elec & Comp Eng, Vol. 13, No. 6, December 2023: 6195-6203


https://orcid.org/0000-0001-7213-4137
https://orcid.org/0009-0004-7880-6917
https://orcid.org/0009-0008-7614-1762

Int J Elec & Comp Eng ISSN: 2088-8708 O 6203

Mohamed Syazwan Osman Bl 12 received his degree from International Islamic
University Malaysia in 2006 and completed his master degree at Universiti Sains Malaysia
(USM) in 2010. His work is primarily on the magnetic nanoparticles encapsulated with polymer
microcapsules for water remediation application. Since 2010, he works as academician at
Universiti Teknologi MARA (UiTM) Cawangan Pulau Pinang. His current research interests
focus on nanoparticles encapsulation with polymer from fundamental and application
perspective and herbal extraction. He can be contacted at email: syazwan.osman@uitm.edu.my.

Mohamad Faizal Abd Rahman © B4 B8 2 is a senior lecturer and researcher at the Faculty
of Electrical Engineering, Universiti Teknologi MARA Cawangan Pulau Pinang. He obtained
his PhD in Sensor and Instrumentation from Universiti Sains Malaysia. His research interests
are in optical sensor and instrumentation, microfluidic based application and colorimetric
sensing in various application. He can be contacted at email: faizal635@uitm.edu.my.

Low-cost colorimetric setup for concentration measurement of ... (Mohd Rumaizan Maidan Dali)


https://orcid.org/0000-0003-3502-4769
https://orcid.org/0000-0001-8076-1026
https://www.scopus.com/authid/detail.uri?authorId=55436750500

