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Abstract

Accurate and precise measurement of arsenic concentration in water is one of the
challenges in areas with the natural potential to create this pollutant. The purpose of this
study is to determine the inorganic arsenic concentration by colorimetric and naked eye
detection methods. In this regard, the BF,-Curcumin reagent was synthesized and applied.
In the first step, this reagent was optimized with consideration of four concentrations: 15,
20, 25 and 30 pM (in 60% ethanol). Then, the three parameters of detection time (1 to 15
min), arsenic concentration (5 to 10000 pg/L) and arsenic pH solution (3 to 10) were
investigated in detecting processes. In the second part of the study, the solid phase of
reagent was designed and synthesized. For simplicity the arsenic measurement, solid
phase consisting of a paper sheet coated with BF,-Curcumin and nano silica was used. The
synthesized materials were characterized by FESEM/EDX, XRD, FTIR, VSM, TEM and
N2 sorption-desorption analysis. According to the results, during the arsenic detection
process, the reagent color changed from orange to blue, and the absorbance intensity
decreased at 509 nm, while increasing at 602 nm; 602 nm was selected for detection. The
results indicated that the best BF,-Curcumin reagent concentration is 20 pM, with
R?=0.97. Under optimum conditions (pH=8 and 3 min), the relationship between
absorbance intensity at 602 nm wave length and arsenic ion concentration is between 0.06
and 130 pM, with 0.21 pM as the limit of detection. Investigating the effect of ions
interference showed that the concentration (mg/L), cations, and anions that exist in water
interfered with arsenic detection. The magnetic adsorbence of Fe*-TMSPT-MNPs was
used to transfer the target analyte and eliminate the interference. On the other hand, the
optimum time to produce nano silica sheets was 4 hours. Moreover, there is a good
correlation between absorbance intensities at 520 nm and arsenic ion concentration at the
0.06 to 100 uM limitation, with 1.94 uM as the limit of detection in the solid phase.
Finally, real samples were collected from the Sirvan River branches in Kurdistan province;
then, more than 90 percent were recovered by spiked sample method in the 60 to 80 uM
concentration in the both phases. So, this reagent can be employed as a testing kit to detect
arsenic in the field.
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Colorimetric and naked-eye detection of ...

1. Introduction

The problem of environmental pollution has
become a significant global issue in recent years.
Monitoring pollutant levels in the environment
necessitates  the  development of  new
technologies to enhance accuracy and precision.
Arsenic is a heavy metal causing environmental
challenges. One of the most pressing
environmental issues related to arsenic pollution
is the need for highly-accurate measurements
that are fast, low cost and can be achieved with
simpler equipments (Chunta et al., 2023).
Recently, colorimetry (optical) and naked eye
detection have gained increased attention as
promising methods for pollutant detection.
(Dhanasekaran et al., 2024, Khansili, 2023). Also,
in recent years, efforts have been made to use the
solid phase in arsenic colorimetry, mainly due to
the simplicity of the work and the stability of the
sensor with this method, which can be widely
used in field studies (Gazda et al., 2004). The
purpose of this study was to measure inorganic
arsenic using colorimetric and naked eye
detection methods. To achieve this, BF,-
Curcumin  was  synthesized and  used
colorimetrically to measure arsenic in the
aqueous solution phase. For solid phase
detection, silica was first extracted from rice
husks and then converted into silica gel which
was subsequently coated with BF,-Curcumin on
a paper filter sheet. After drying, the silica gel
sheet with the BF,-Curcumin was transformed
into stabilized colored silica nanoparticles, which
were used as a solid phase sensor for measuring
inorganic arsenic. Additionally, BF,-Curcumin
concentration, detection time, arsenic
concentration, pH and the effect of interfering
ions were investigated and optimized in this
study.

2. Methodology

2.1. Structural features

The structural features of the produced materials
and reagents were performed by FESEM/EDX,
XRD, FTIR, VSM, TEM, and N, sorption —
desorption.

2.2. Silica extraction from rice husk
The silica used in this study was extracted from
rice huks by calcination and acid preparation.

2.3. Production of BF,-Curcumin reagent

First, 1.1 g of curcumin was dissolved in 30 mL
of methanol, and then 0.375 mL of borane
trifluoride diethyl etherate solution was added to
the mixture under nitrogen atmosphere. The
obtained mixture was refluxed for 2 hours at 60
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°C under nitrogen atmosphere. After cooling to
room temperature, the mixture was centrifuged
and dried. To prepare a colored solution, it was
dissolved in 60% ethanol.

2.4. Optimizing arsenic detection process
To measure arsenic using the reactive solution
phase, a BF,-Curcumin solution was poured into
a vial, then a specific volume of arsenic solution
was added until the total volume reached 3 mL.
After a designated period of time, the sample was
scanned using a spectrophotometer in the range of
200 to 800 nm. The following variables were
optimized: BF,-Curcumin concentration in
concentrations of 15, 20, 25 and 35 uM; detection
time from 1 to 15 minutes; arsenic concentration
in the range of 5 to 10000 pg/L (0.06-130 uM);
the pH value of arsenic solution ranging from 3 to
10; and the effect of anions and cations
interference was investigated.

To measure arsenic with reactive solid phase,
a sheet of the prepared BF,-Curcumin silica
nanoparticles was placed on a filter glass funnel,
and 5 mL of arsenic solution at a specific
concentration was passed through it. The
resulting color change was checked visually and
measured using a spectrophotometer. The
following variables were also optimized: arsenic
concentration in the range of 5 pg/L to 10 mg/L,
BF,-Curcumin concentration in the range of 20 to
100 uM, filter paper retention time in the silicate-
BF,-Curcumin gel.

2.5. Interfering ions

In this study, the interference effects of 10 cations
(sodium, potassium, calcium, copper, cadmium,
manganese, nickel, lead, iron and mercury) and 7
anions (nitrate, sulfate, phosphate, chloride,
carbonate, bicarbonate and arsenate) that are
commonly found in natural samples were
investigated. The interference effect of these ions
was investigated in concentrations of 0.5, 1, 2,
and 20 mg/L, where there were 3 repetitions for
the readings in each concentration. The obtained
results were analyzed in SigmaPlot 12.0 software.

3. Results and discusstion

3.1. Optimization of parameters in the
aqueous phase

BF,-Curcumin reagent contains two
methoxyphenol groups, which act as electron
donors, and difluoroboron, which functions as an
electron acceptor. Arsenic  (Ill), typically
observed in water in the form of oxyanion
(H,AsOz-) with a relatively low acid dissociation
constant (Ka=9.2), can accept a proton from the
hydroxyl group of the BF,-Curcumin molecule
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and cause a color change. The results indicated
that a concentration of 20 micromolar reactant
with a coefficient of determination of 0.97, is the
optimal concentration. Additionally, optimizing
the arsenic concentration in the solution phase
revealed that the arsenic measurements in
concentrations of 0-2, 3-50, and 60-130
micromolar, with coefficients of determination of
0.9809, 0.9574, and 0.99, respectively, using the
produced reagent was achieved with high and
acceptable measurement accuracy.

3.2. Detection time optimization

Arsenic detection time was checked from 1-15
minutes. At 3 minutes, the maximum amount of
absorption was observed and recorded as the
optimum time (Fig. 1).
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Fig. 1. Time optimization of arsenic detection

3.3. Detection limit of arsenic

Arsenic detection limit in the aqueous phase was
0.21 pM based on the method of previous
studies. While with the Standard Method, the
detection limit in the solution phase was 4 nM.
The solid phase detection limit was 1.94 pM
according to the method mentioned in previous
colorimetric studies and 3 nM using the Standard
Method.

3.4. Selectibility

Environmental water samples contain various
types of cations and anions with different
concentrations, so the selectability consideration
is important. According to the obtained results, at
a concentration of 0.5 mg/L of considered
cations and 1 mg/L of considered anions the
interferences are not observed. The obtained
results are presented in Fig. 2 and Fig. 3. On the
other hand, most of the considered ions interfere
in arsenic detection with concentration of 20
mg/L. To remove the effect of interfering ions,
first, arsenic was adsorbed and separated from
the sample using a Fe**-TMSPT-MNPs magnetic
nano-sorbent. Then, it was desorbed and
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measured in an aqueous media without the
presence of interfering ions.
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Fig. 2. Investigating the interference of cations in
arsenic detection at a concentration of 0.5 mg/L
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Fig. 3. Investigating the interference of anions in
arsenic detection at a concentration of 1 mg/L

4. Conclusion

In this study, the detection of inorganic arsenic in
water samples by colorimetry and naked eye
detection methods was investigated. The
obtained results revealed that the optimal
concentration of the reactant in the aquoeus
phase is 20 pM, the optimal detection time is 3
minutes, the best pH was 8, and the arsenic
concentration was in the range of 0-130 uM with
coefficients of determination above 0.90. To
eliminate the interference, Fe**-TMSPT-MNPs
magnetic nano-sorbent was used. The detection
of arsenic in the solid phase was performed at a
concentration of 0.06-100 uM with a coefficient
of determination of 0.94. Finally, the detection of
arsenic in real samples collected from the Sirvan
River was performed with a recovery of 90-
100% and a standard deviation of 1-3%.
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Fig. 2. a) SEM image of silica extracted from rice husk, b) SEM image of silica nanoparticles, c) TEM image of
silica nanoparticles, d) SEM image of sheet coated with silica-BF,-Curcumin nanoparticles
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Fig. 4. FTIR image of silica nanoparticles, BF,-
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Fig. 6. a) Spectrophotometer peak intensity changes graph of different arsenic (111) concentrations with a concentration
of 20 uM BF,-Curcumin and b) calibration curve of different concentrations of arsenic (I11) at 602 nm
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Fig. 9. Optimization of variables in solid phase: a) the effect of different concentrations of BF,-Curcumin reagent by
spectrophotometric method, b) naked eye detection images for reaction time optimization, c, d) arsenic calibration
curves and e) naked eye detection images for different arsenic concentrations
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! Field Emission Scanning Electron Microscopy (FESEM)
2 Energy- Dispersive X-Ray Spectroscopy (EDX)
3 Scanning Electron Microscopy (SEM)
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Table 4. Determination of heavy metals by ICP-MS
method, mercury by ICP-OES method
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Kurdistan rivers sampling

Variables Unit DeLt?ﬁ;ciiton sites
Shuisheh Bisaran Azad
As

1 (Total) ppb 0.50 0.55 079  1.04
2 Cd* ppb 0.10 0.53 054 055
3 Cu* ppb 1.00 1.00> 1.00> 1.00>
4 Fe* ppm 0.01 0.24 047 019
5 Kk ppm 001 1.41 139 1.40
6 Mn* ppm 001 002 007 002
7 NiZ*  ppb 1.00 1.25 433 286
8 Hg“ ppb 0.50 0.50> 0.50> 0.50>
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2 Transmission Electron Microscopy (TEM)
3 Vibrating Sample Manetometer (VSM)
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Table 5. Physicochemical characteristics of real samples
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Kurdistan rivers sampling sites!

Variable
Azad Bisaran  Shuisheh
EC (ps/cm) 738 861 685
TDS (mg/L) 482.7 503.6 432.1
Turbidity (NTU) ~ 225.2 84 6.98
TOC (mg/L) 2.30 2.72 2.41
PO,* (Mmg/L) 0.13 0.22 0.09
NO, (mg/L) 0.063 0.066 0.058
NO; (mg/L) 9.74 10.64 6.3
Si0, (mg/L) 7.6 14.5 6.6
Na (mg/L) 4.12 5.07 473
K (mg/L) 1.3 1.22 1.91
Ca (mg/L) 44.05 51.83 56.07
(Mg/Lcacos) CO> 30 40 20
HCO; (Mg/Lcacos) 135 125 170
CI"(mg/L) 3.4 45 36
F (mg/L) 0.29 0.46 0.44
S0,% (mg/L) 9 11 9
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Fig. 15. Vibrating-sample magnetometry (VSM)curve of
MNPs, TMSPT-MNPs and Fe**-TMSPT- MNPs
(Nikraftar and Ghorbani, 2017)
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Fig. 17. Calibration curve of measuring arsenic
concentration in real samples by the method of spiking
sample in the solid phase colorimetric detection
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Fig. 16. Calibration curve of measuring arsenic
concentration in real samples by the method of spiking
sample in the aqueous phase colorimetric detection
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