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ABSTRACT

Background & objective: This research focuses on developing a novel chemiluminescence (CL) detection device for
measuring Fe (lll) concentration using a mobile phone-based system. The study addresses the need for a more
sensitive and cost-effective method to detect iron (lll), particularly in the blood of Thalassemia patients.

Methodology: The device utilizes a highly sensitive photosensor and features a simple, user-friendly design. The
experimental section describes the development of the device, which measures the light intensity produced by the
reaction between luminol and hydrogen peroxide in the presence of Fe (lll) as a catalyst.

Results: Optimal reaction conditions were established to ensure accurate measurements. Light intensity was
detected using a mobile phone equipped with the Remote XY application, which converted the signal into millivolts
(mV) for analysis. The calibration curve followed Beer's law within a concentration range of 1x10~° to 1x10™" M, with
a molar absorption coefficient (€) of 2.09 x 10° L:-mol™-cm™. The limit of detection (LOD) was determined to be 0.21
ppm, and the limit of quantification (LOQ) was 0.7 ppm, with a correlation coefficient (R?) of 0.9997 and a relative
standard deviation (RSD%) of 0.082%.

Conclusions: The device was tested on 25 blood samples from thalassemia patients, and the results were validated
against a colorimetric Cromatest kit. The T-test and F-test values of 1 and 0.976, respectively, indicate strong
agreement between the two methods.
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1. INTRODUCTION

Chemiluminescence (CL) and bioluminescence (BL) are
powerful analytical techniques increasingly adopted
across clinical diagnostics, life sciences, environmental

instrumentation and enabling adaptation to miniaturized
or field-based devices.? These properties make CL/BL
well-suited for portable analytical platforms such as
microfluidic systems and mobile-enabled sensors.®
Among chemiluminescence (CL) applications, the

monitoring, and pharmaceutical testing due to their high
sensitivity and favorable signal-to-noise ratio.! Unlike
traditional photoluminescent methods, CL/BL does not
require an external light source, simplifying

www.apicareonline.com

quantification of iron, particularly Fe** and Fe*', has
gained considerable interest. Several CL-based
analytical systems have been developed for Fe’*
detection, including the sulfoflavine—H.O.—NaOH-
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acetonitrile flow system.* However, most existing CL
assays require benchtop instrumentation, which restricts
their portability and limits their applicability in
decentralized or resource-limited environments.®> In
healthy individuals, the total body iron content typically
ranges from 3 to 6 grams, averaging around 4-5 grams
depending on hemoglobin levels and body weight.® In
contrast, thalassemia patients often suffer from severe
iron overload due to frequent transfusions and
ineffective erythropoiesis. Serum ferritin levels in such
patients can range from 276 to over 8000ng/mL’, and
hepatic iron concentrations may reach 1.6 to 31.0 mg/g
dry weight, highlighting the prevalence of siderosis in
this population.® Iron overload is a critical clinical issue
in thalassemia major, leading to progressive organ
damage. Effective management requires routine
monitoring and chelation therapy.® While serum ferritin
(SF) is a widely used biomarker for assessing iron load,
its accuracy is compromised by confounding factors
such as inflammation.® More precise techniques like
magnetic resonance imaging (MRI) exist but remain
costly and inaccessible in many clinical settings.'
Conventional methods for Fe*" determination, including
atomic absorption spectrometry (AAS) and inductively
coupled plasma mass spectrometry (ICP-MS), offer
excellent sensitivity and precision.’2 However, these
methods are costly and unsuitable for portable or field-
based diagnostics.’®* There is a growing need for
accessible, low-cost alternatives for Fe** quantification,
particularly in clinical or decentralized settings.'* This
study presents a novel chemiluminescence-based
detection system that integrates a homemade light sensor
with a mobile phone for signal processing.'* While the
system does not surpass the sensitivity of advanced
laboratory instruments, it provides a reliable, affordable,
and portable platform for Fe** determination. We
hypothesize that this semi-automated, low-cost CL
system can achieve clinically acceptable accuracy for
Fe** detection in blood samples.

2. METHODOLOGY

Analytical-grade chemicals were used throughout the
study. All solutions were prepared using deionized water
with a conductivity of less than 0.2 uS/cm. Experimental
procedures were conducted at room temperature (25—
30 °C). A carbonate buffer solution (1.0 L, pH 10) was
prepared by dissolving 10.50 g of sodium carbonate
(Na2CO0s) in approximately 900 mL of deionized water,
followed by the addition of 20.0 mL of 0.5 M sodium
hydroxide (NaOH) solution. The final volume was
adjusted to 1.0 L with deionized water. A 0.02 M
solution  of  luminol  (5-amino-2,3-dihydro-1,4-
phthalazinedione, >97%) was prepared by dissolving
0.3544 g of luminol (Sigma-Aldrich, St. Louis, MO,
USA) in 100 mL of the prepared carbonate buffer (pH
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10), as described in
chemiluminescence protocols.®

previously  reported

A 0.1 M solution of potassium ferricyanide (Ks[Fe
(CN)s]) was prepared by dissolving 0.6580 g of the salt
in deionized water and adjusting the volume to 20.0 mL.
Potassium ferricyanide was used as a catalyst to enhance
the chemiluminescent reaction. A 0.5 M hydrogen
peroxide (H20:) solution was prepared by diluting 30 mL
of 30% (w/w) hydrogen peroxide (density = 1.13 g/mL,
Sigma-Aldrich) with deionized water to a final volume
of 250 mL.

Two chemiluminescence (CL) detection setups were
employed in this study. The first system was a computer-
controlled, bench-top CL sensing device designed for
high-resolution signal acquisition. The second was a
portable, smartphone-based CL detector developed as a
low-cost alternative for field-based or point-of-care
applications. Both systems were assembled and tested in
the Department of Chemistry, Ministry of Science and
Technology (Iraq), and the Chemistry Research
Laboratory at the University of Kufa.

This study involved the analysis of 25 blood serum
samples obtained from patients diagnosed with
thalassemia major. The samples were collected from Al-
Sader Educational Hospital under the supervision of
clinical staff. All samples were anonymized before
analysis and were stored at 4 °C until use. Ethical
approval for this study was obtained from the National
Bioethics Committee (approval number 013, dated 3
March 2023). Written informed consent was secured
from all participants or their legal guardians, in
accordance with the Declaration of Helsinki and
institutional guidelines.

A 0.1 M stock solution of iron (l1l) was prepared by
dissolving an appropriate amount of ferric nitrate
nonahydrate (Fe(NOs);-9H20) in deionized water.
Working standard solutions were obtained by serial
dilution of the stock to concentrations ranging from 1 x
10°Mto 1 x 107! M for calibration purposes.’’ A 0.1 M
luminol  (5-amino-2,3-dihydro-1,4-phthalazinedione)
solution was freshly prepared in a carbonate buffer at pH
10, composed of sodium carbonate and sodium
bicarbonate. Hydrogen peroxide (15% v/v) was prepared
by diluting a 30% (w/w) H20: solution with deionized
water and was used as the oxidizing agent.*® All prepared
solutions were stored at 4 °C and were protected from
light to maintain stability. Calibration curves were
constructed by injecting different concentrations of Fe
(1) into the chemiluminescence (CL) system under
optimized luminol and hydrogen peroxide conditions.
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A homemade CL sensing system is
shown in Figure 1, and an overview of
the detector and CL connection devices
that were employed in this work is
shown in Figure 2. The signal was
obtained after the sample was injected
into the reaction vessel using a syringe,
and the photocell detected the visible
light emitted during the reaction. In the
laboratory, a homemade system was
constructed, using a 10 mL test tube as
the reaction vessel. The signal was then
analyzed and transmitted to a mobile
phone via an Arduino board and
Bluetooth technology. It is by
converting this light into a signal using
an Arduino, sending it to a mobile via
Bluetooth and providing signal data.
The mobile device (Huawei Y7

Prime) read out the signal as a result

of the CL intensity through the peak

height.

The chemical variables, such as the
concentration of reactants employed
for the CL reaction and some other
factors, were studied in a series of tests
to determine the conditions for the
creation of maximal CL emission.
Physical factors such as volume were
investigated.

Working and standard solutions were
prepared by serially diluting the stock
solution across appropriate
concentration ranges to construct the
standard curve and determine the
detection limit. Additional parameters
considered for Fe*" measurement

included repeatability, relative
standard deviation, accuracy,
recovery, and the regression
coefficient.

Standard  ferric  solutions  were

prepared by accurately weighing the
required amount, transferring it to a
beaker, dissolving it, and then
transferring the solution to a 250 mL
graduated flask as a stock solution,
making up to the mark. The
homemade device was then used to
determine Fe** levels in patients with

thalassemia. Blood samples were collected from 25
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Figure 2: The general scheme of the CL system fabricated in this study

3. RESULTS & DISCUSSION

thalassemia patients, and the results obtained using our

device were compared with those
laboratory photometric methods.
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from standard  The analytical performance of the developed device was

compared with conventional methods. Although the
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a photosensor module (Figure 2D), an
e s Arduino microcontroller (Figure 2E), a
AT Bluetooth module (Figure 2F), and the
s ra ¢ mobile phone display unit (Fi
phone display unit (Figures 2G and
2.0 e - 2H). The entire system was enclosed in a
manually constructed, light-proof box
B 1,54 (Figure 2B) to eliminate background light
&5 o and enhance signal stability. The housing
1.0 # was painted black internally to minimize
7 light reflection and noise.?
0.5 -’
e The detection system wuses a light-
oo " dependent resistor (LDR), specifically the
— T — — T T Advanced Photonix PDV-P5002, which
war R G ol = : operates based on photoconductivity
Luminol concentration (M) . . s .
principles. This sensor exhibits resistance
[_scop Y sewornesting N Scop Y sensorhesdng N Scop ] Sensor Resding | from approximately 500 kQ in dark
L < L conditions to about 10 kQ under bright
2 — | a0 4 light, corresponding to the CL signal
i N 1o A 1 I\ intensity. It responds to wavelengths
e T a07| e easlwl 27| oy M w

m T

between 370 and 700 nm, which aligns well
with the visible emission from luminol-
based CL reactions.2

A syringe is used to inject luminol,
hydrogen peroxide, and Fe (Ill) into the
reaction vessel, initiating the CL reaction.
The emitted light is detected by the LDR

ARt gt

0%

1.3 0.5

Figure 3: Effect of Luminol concentration on peak intensity

limit of detection (LOD) and relative standard deviation
(RSD) values demonstrate high reliability, the sensitivity
does not exceed that of state-of-the-art laboratory
methods such as AAS and ICP-MS. However, the
proposed approach offers significant advantages,
including portability, ease of operation, and low-cost
implementation, making it suitable for point-of-care
diagnostics or for laboratories with limited access to
high-end instrumentation.

The device developed in this study integrates a batch-
type chemiluminescence (CL) reaction system with a
mobile phone-based detection unit. This setup consists
of a sealed reaction vessel coupled with a light-detection
sensor, controlled via an Arduino microcontroller and
interfaced wirelessly with a mobile phone through
Bluetooth communication. The purpose of this
configuration is to provide a low-cost, portable, and
easy-to-assemble platform for Fe (I1I) determination
using CL signals."

Figure 2 illustrates the assembled system. The primary
components include a reaction vessel holder (Figure 2C),
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and transmitted as an analog signal to the
Arduino, which then sends the data to a
mobile phone using the Remote XY
application. An operational amplifier
connected to the LDR enhances the
system’s sensitivity by amplifying the

voltage signal generated during light emission.
Additionally, a variable resistor allows fine-tuning of the
signal output.22

To ensure consistent power delivery and portability, the
device is powered via a standard USB connection (5V
supply). A rubber tip is used to seal the injection port and
prevent ambient light interference during measurements.
Signal data, including light intensity as a function of time
and reagent concentration, is recorded and visualized on
the mobile phone in real-time.2

This design eliminates the need for conventional, bulky
equipment such as photomultiplier tubes (PMTSs),
monochromators, or external excitation sources. Instead,
it provides a compact, cost-effective, and user-friendly
alternative capable of delivering reliable analytical
performance in laboratory or field settings. The system's
ability to produce a stable baseline and consistent
response across multiple trials demonstrates its
suitability for practical chemiluminescence
applications.? In recent years, homemade and open-
source analytical devices have gained increasing global
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Table 1: Signal values measured against

Luminol concentration
(M) of Luminol

Signal values | 1x 10-5 0.1

measured  against | 1 10 4 05

Luminol

concentration (M) 1x10-3 13
1x10-2 2.2
1x10-1 2.8
1 2.1

Signal values | 0.25 0.45

i it [0

Luminol (0.1M) 0.75 1.8
1 2.81
1.25 2.72
15 2.55
2 2.27

Signal values | 0.5 2.00

measured  against 1.0 280

Fe (Il)  volume

(0.1M) 15 1.90
2.0 1.60

Table 2: Optimized parameters for Fe (lll)

determination using the B-CL system

Parameters Value

Cons. of Luminol 0.1M

Luminol volume 1mL

Hydrogen peroxide Conc. 15%

Hydrogen peroxide volume 1mL

Beer’s Law limits (ug/mL) (x) 0.00001-0.1 M

Regression coefficient R2 =0.9997

R.S.D % 0.082%

Standard Deviation o 0.0057
Regression equation (y = bx + a) y = 0.568x - 0.056

Intercept 0.056

Slope 0.568

LOD (Limt of detection) 3.807ppm

LOQ (Limt of quantification) 12.69ppm

Molar absorptivity € 209024

Sandell’s sensitivity 0.0017

www.apicareonline.com
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Table 3: Determination of Fe (Ill) in representative
samples using the B-CL system

Determination Fe (lll) by Ba-CL

system*
Found (mg L-) Recovery%
+ R.S.D%
1 10.00 9.85 98.50 £ 0.11
2 100.00 100.11 100.11+ 0.13
Calibration Curve for Fe(lll)
3
25 y = 0.568x — 0.056
R*; 0,9997

1 2 3 4 5
Fe{ll1) concentration (M)
Figure 4: Calibration curve for Fe (lll) concentration
vs. CL signal
attention as practical alternatives to traditional

spectrophotometers, particularly in educational and
resource-limited settings.?

The batch-type chemiluminescence (B-CL) system was
optimized to enable rapid and reproducible
quantification of Fe (I11). Experiments were conducted
to determine the optimal conditions for luminol
concentration, luminol volume, and Fe (111) volume. All
experiments were performed at laboratory temperatures
between 25 and 35°C using 1 mL of 15% hydrogen
peroxide.

The chemiluminescent reaction is highly dependent on
the concentration of luminol, particularly in alkaline
media.?® Different luminol concentrations in the range of
1 x 107° to 1 M were evaluated to identify conditions that
produced the maximum and most reproducible CL
signal. As shown in Table 1 and Figure 3, a luminol
concentration of 1 x 107" M resulted in the highest signal
intensity, indicating its suitability for generating a strong
and stable chemiluminescent response.

The influence of luminol volume on the CL signal was
examined in the range of 0.25 to 2 mL. As shown in
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Table 4:Signal values measured against Fe
(11 concentration

Fe(lll) concentration (M) \ Signal

0.000001 0.00
0.000010 0.50
0.000100 1.10 g
0.001000 1.65 i
0.010000 2.20
0.100000 2.79

Table 2 and Figure 4, the peak intensity increased
with volume up to 1.0 mL, after which it began to
decline. The data suggest that 1.0 mL provides the

085 -

Y Y T T T T
02 04 o6 o8 10 1.2 14 16 18 20 2.

Luminol volume (ml.)

optimal reaction volume, likely due to the saturation
of the reaction environment and maximal photon
emission under the given conditions.?” Fe (III) acts
as a catalyst and significantly affects signal
strength. As shown in Table 3 and Figure 5,
increasing Fe (I1l) volume from 0.5 to 1.0 mL
enhanced signal intensity, with a maximum
observed at 1.0 mL. Beyond this, a decline in signal
was noted, possibly due to quenching effects or
excess catalytic decomposition of hydrogen

et s ) N s 3

B L ]
» - "o '

0.45 1.14 1.8 2.81

peroxide.® i\ e ) v i Yo v v
The limit of detection (LOD) was estimated using
signal-to-noise criteria (S/N > 3), as outlined in

272 2.55 227

Equation 1. Figure 6 presents a typical baseline
response with peak and noise levels. The average
peak-to-peak noise was 0.07 mV. Based on the
calibration curve, the LOD of the device was
calculated as 0.21 ppm.?

Peak height
noise  Upper noise level — Lower noise level

Signal

Equation 1

The reproducibility of the device was assessed by
analyzing seven replicates of Fe (Il1l) under optimal
conditions. The standard deviation (¢ = 0.00534) and
relative standard deviation (RSD% = 0.076%) are shown
in Figure 7. These results confirm the high repeatability
of the proposed method.*®

A calibration curve was established across a
concentration range from 1 x 10 M to 1 x 107! M. Table
5 and Figure 8 show the measured signal values and the
corresponding linear relationship (R?2 = 0.9997). The
regression equation was y = 0.568x — 0.056, with an
LOD of 3.807 ppm and a limit of quantification (LOQ)
of 12.69 ppm.3t

To validate the system, recovery studies were performed
using two Fe (111) samples. Results in Table 6 show
excellent agreement between expected and measured
values, with recovery ranging from 98.50% to 100.11%,
confirming the system’s accuracy.>?
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Figure 4. Effect of Luminol volume on CL intensity

The proposed B-CL system was used to analyze two
commercial Fe (I11) formulations. As shown in Table 7,
the recovery rates (98.75%-99.05%) closely matched
the declared concentrations, confirming the method’s
applicability in routine pharmaceutical analysis. A
comparison was made between the homemade device
and a commercial Cromatest® colorimetric kit (Linear
Chemicals, Spain) for measuring serum Fe (lIl). The
method is based on releasing Fe (I11) from transferrin in
an acidic medium, reduction to Fe?', and subsequent
formation of a colored Ferrozine complex. Results from
25 serum samples (Table 8) shows excellent agreement
between the two methods, with high accuracy and low
RSD% values.3® The reagents used included: Reagent 1,
buffer/reductant (guanidine chloride 1.0 mol/L,
hydroxylamine 0.6 mol/L, acetate buffer 400 mmol/L,
pH 4.0, Teepol); Reagent 2, chromogen (FerroZine 8
mmol/L, sodium acetate 400 mmol/L); and Reagent 3,
iron standard (100 ng/dL Fe**; 17.9 umol/L).>*

5. LIMITATIONS

Since the study was conducted using a new technique to
estimate the elements in the blood, several factors must

Open access attribution (CC BY-NC 4.0)
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With With a 1
Colorimetric home-made

Cromatest kit device

251 250 100.00% + 0.10
322 320 99.99% + 0.19
284 286 100.01% + 0.14
263 265 100.01% + 0.21
390 389 100.00% + 0.13
377 378 100.00% + 0.16
362 364 100.01% = 0.12
296 295 100.00% * 0.20
266 265 100.00% * 0.18
302 303 100.00% * 0.12
287 288 100.00% + 0.22
279 277 99.99% + 0.21
263 262 100.00% + 0.15
348 349 100.00% + 0.14
367 368 100.00% + 0.16
293 291 99.99% + 0.13
271 270 100.00% + 0.10
286 287 100.00% * 0.15
333 335 100.01% + 0.17
359 359 100.00% * 0.17
319 320 100.00% * 0.16
325 325 100.00% * 0.12
364 364 100.00% * 0.16
339 337 99.99% + 0.19
342 341 100.00% + 0.20

Table 5: Comparison of Fe (Ill) concentrations measured
by the B-CL device and the Chromatist kit

Concentration of Fe (lll) *Recovery % =
(ng/dL) *RSD% Test

E-
Test

0.97
6363

and accuracy. Comparative analysis with a
commercial colorimetric kit confirmed the
reliability of the measurements, showing excellent
recovery and precision.

‘ device demonstrated good linearity, sensitivity,

Although the sensitivity of this system does not
surpass advanced techniques like atomic
absorption spectrometry (AAS) or inductively
coupled plasma mass spectrometry (ICP-MS), its
affordability, portability, and ease of use make it
highly suitable for decentralized laboratories and
point-of-care  diagnostics.  Furthermore, the
platform can be adapted to various
chemiluminescent reagents and integrated into
flow injection or microfluidic systems, expanding
its potential applications in environmental,
pharmaceutical, and clinical fields. Overall, the
chemiluminescence-based device provides an
innovative, simple, and cost-effective approach for
determining Fe (I1l) concentrations, especially in
clinical samples such as blood from thalassemia
patients. Its combination of affordability,
portability, and user-friendliness offers a practical
alternative for on-site analysis and decentralized
laboratory settings.
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Data are available with the primary author and can be
provided on request.
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be improved in the technique to enhance its accuracy and
precision.

6. CONCLUSION

This study presents a novel, low-cost, and semi-
automated chemiluminescence (CL) detection system
designed for the quantification of iron (111), particularly
in clinical samples from thalassemia patients. The device
integrates a batch-type CL reaction vessel with a mobile
phone-based detector, enabling real-time signal
acquisition through Bluetooth communication. The
system offers several advantages: it is simple to
construct, highly reproducible, and eliminates the need
for expensive equipment such as photomultiplier tubes
or spectrophotometers. Under optimized conditions, the
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