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KEYWORDS ABSTRACT

B-SE2R Currently, the presence of dyes in sewage, drinking, and surface water is a serious concern. To remove dye
Advanced oxidation process toxicity from the water reservoirs, substantial efforts were made. Among different procedures, the Advanced
Fourier Transform Infrared Oxidation Process (AOPs) is a highly recommended process for degrading disperse dyes due to its accuracy.
Spectroscopy Due to the greater efficiency of AOPs, solar light and UV/H,0,/TiO,-based advanced oxidation processes
Liquid Chromatography Mass were utilized to degrade the disperse dye blue SE2R (DB-SE2R). The impact of various factors, such as pH
Spectrometry effect, H,O, dosage concentration, and dye concentration, on dye degradation was investigated. A 94%
Water quality parameters degradation was achieved by the ultraviolet/hydrogen peroxide/TiO, method, which involves breaking down

the disperse dye blue SE2R molecule into less harmful components or eliminating its toxicity from water or
wastewater to the maximum extent. A 62% degradation efficacy was optimized after solar light irradiation
with the TiO, photocatalyst. The optimal conditions for maximum degradation of DB-SE2R were 0.9 mL
H>0, at pH 3, achieved in 60 minutes. The assurance of results was achieved through improvements in
toxicological tests (Hemolysis and Mutagenicity evaluation) and water quality parameters, including
dissolved oxygen, chemical oxygen demand, and biological oxygen demand. After treatment with solar light
and ultraviolet radiation, the intermediates and end products were investigated. All the major peaks
disappeared after Fourier Transform Infrared Spectroscopy (FT-IR) analysis, except for some minor peaks.
From the results, it was found that UV/H,0,/TiO is an efficient method for degrading the DB-SE2R.
Copyright © 2025 Aneela Jamil et al. is an open access article distributed under the Creative Commons Attribution License, which permits use,
distribution, and reproduction in any medium, provided the original work is properly cited.

1. Introduction The release of intensified dye wastage is hazardous and can destroy
aquatic life by blocking the light pathway. Furthermore, azo dyes and
their derivatives are known for their cytotoxicity (Abbas et al., 2018).
A large amount of dyestuff is being directly discharged into water
bodies due to inefficiencies in the dying process, and it automatically
becomes part of the environment. Among various classes of dyes, the
most challenging class to handle is disperse dyes due to their highly
toxic nature and resistant behavior in response to traditional biological
and chemical methods (Saratale et al., 2011). Because of these issues,
managing dye effluents in wastewater remains a significant challenge.

Presently, more than 10,000 dyes have been effectively
commercialized. Although many of these dyes are banned for
commercial sale and use, they are still readily available and used in the
textile industry, posing a significant environmental threat. Water
pollution is primarily caused by industrial effluents, including those
from the textile, cosmetics, and pharmaceutical industries. Among
those, dyes contribute the most to water pollution because 50% of the
amount is discharged into water reservoirs and remains unspent
(Jaime-Acuna et al., 2016). Many dyes, including their byproducts, are
considered carcinogenic due to their highly toxic nature to living
organisms. The various methods comprising desiring, decolorizing,
coloring, production, and finishing are the primary reasons for varying
the characteristics of wastewater generated from industries (Adeel et
al., 2015). The conventional methods are insufficient to remove dyes
from textile industries due to their intractable nature against light,
oxidizing agents, and biodegradation processes. Therefore, to break
down and remove the dye effluents in the wastewater, novel treatment
procedures are desperately needed (Rohilla et al., 2012). Dyes are
known as the primary chemical pollutants in textile wastewater. One
of the most pressing environmental problems that needs to be
addressed is the removal of dyes.

The disperse dyes class is considered one of the most important and
frequently used classes in various industrial products (Parab et al.,
2016). Considering different properties of these dyes, the availability
of the azo group (N=N) attached to two substituents is crucial and
significant (Ameta & Jhalora, 2014). There is a need to develop
modern methods due to the specific characteristics of this class, such
as toxicity and mass production. Traditional biological methods have
proven to be a significant failure in degrading and dispersing dyes
(Agarry & Ayobami, 2011). For non-destructive physical water
treatment processes, advanced oxidation processes (AOPs) are
desirable alternatives because they have the potential to degrade
organic water pollutants (Ashar et al., 2016). In AOPs, UV radiation
is the primary method used for the decolorization of pollutants.
Ultraviolet radiation, in combination with H202, is a shining process
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through chemical oxidation (Bokhari et al., 2015). Basically, the
production of hydroxyl radicals occurs in the presence of UV radiation
accompanied by H,O,. These radicals react with the organic matter in
wastewater due to their short-lived and highly reactive nature. The key
steps that occur during the UV/H,0, process are hydrogen abstraction,
electrophilic addition, and electron transfer reactions (Sima & Hasal,
2013). The UV/H,0, technique is highly efficient and beneficial due
to several advantages, including the fact that the O, produced during
the treatment is crucial for organic breakdown (Bokhari et al., 2020).
Moreover, under feasible conditions, production of final products such
as water, carbon dioxide and other products (with a lower molecular
weight) (Bokhari et al., 2015). Furthermore, in various advanced
oxidation processes, degradation can be performed using solar
irradiation, as the photons receive the wavelengths from the sun that
are essential for these processes (Buscio et al., 2015).

This research aims to utilize solar light and ultraviolet radiation in
conjunction with H,O, and H,0,/TiO, to degrade the disperse B-SE2R
(Figure 1A, Table 1) without requiring a massive amount of chemical
reagents and to yield mineral entities, such as carbon dioxide and
water. The end product was finally characterized by applying different
parameters, including Dissolved Oxygen (DO), Chemical Oxygen
Demand (COD), and Biological Oxygen Demand (BOD). The toxicity
reduction was assessed using the hemolysis and Ames tests.
Furthermore, FT-IR and LC-MS investigations were carried out to
confirm the degradation of disperse B-SE2R.
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Figure 1: Structural formula of Disperse Blue SE2R (A) and the
absorption spectrum of Disperse Blue SE2R dye (B)

The peak appears at a 542nm value in the visible region because of the
blue chromophore, at which the sample absorbs the maximum light.

Table 1: Properties of disperse dye Blue SE2R

Name Disperse Blue SE2R

Molecular formula C24H,BrNgOs

Molecular weight (g/mol) 521.37
Chemical nature Anionic Blue SE2R
Color Index name Blue

Color Index number 11078

Amax (NM) 542
Reactive group Azo

2. Materials and methods

To conduct this research, analytical-grade chemicals and reagents
were used. The Chemical Index (C.I.) disperse B-SE2R (chemical
formula: CosH,1BrNgOs;, MW: 521.37 g - mol-1, Molecular structure
in Figure 1A and B

) was taken from Khawaja & Company Dyes and Chemicals,
Faisalabad, with no further purification. Hydrogen peroxide (Sigma
Aldrich) and TiO, (Sigma Aldrich) were used as parameters. Dilute
HCI (0.1 M) and NaOH (0.1 M) were used to adjust the pH of disperse
B-SE2R in its aqueous solution, which was then irradiated using the
UV/H,0,/TiO, method as a model compound for this investigation.
The solution was monitored through a spectrophotometer (CE Cecil
7200). Samples were prepared in distilled water for further processing.

2.1. Samples Irradiations and Analysis of Disperse B-SE2R

A 1000 ppm dye solution was prepared by mixing 1 g of dye in 1 mL
of ethanol and 999 mL of distilled water, with constant stirring for 30
min. to achieve solution homogeneity. The dilution method was
further used to dilute the stock solution to the required concentrations,
i.e.,, 50 ppm, 100 ppm, and 150 ppm. These concentrations were
applied for ultraviolet treatment using different amounts of H,0, (0.3
mL, 0.6 mL, 0.9 mL) and TiO, (0.2 g, 0.4 g, 0.6 g) in a UV chamber.
Experiments were also performed under solar light at different times
(30 min, 45 min, 60 min, 75 min) with weather conditions mostly
sunny in the summers. The UV reactor model (Zam Micro
Technologies ZM144W), 144 Watts, with a light intensity of 254 nm
wavelength, was used for irradiation for 30 minutes, 45 minutes, and
60 minutes. The absorbance of all samples is noted at Amax = 542 nm
before and after treatments. Before UV radiation treatment, the
solution of disperse B-SE2R was stirred with the help of a magnetic
stirrer with the availability of TiO, without light for one hour to extend
the adsorption equilibrium. To filter the solutions of disperse dye B-
SE2R, a Millipore membrane (pore size 0.45 pm) was used, and the
calibration curve method was employed to determine the UV-Vis
absorbance characteristics using a UV-Vis spectrophotometer (model
CE Cecil 7200) in the Department of Chemistry, University of
Agriculture, Faisalabad. The %age degradation was evaluated using:

% Degradation = 100 x (C0O-C)/co ®
Where C,= initial concentration of dye solution, C = concentration of
dye solution after photo irradiation.
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2.2. Toxicity evaluation & H,O quality measures

The MnO, in minute quantities (< 1 mg mL-1) was used to UV-treat
samples to lessen and reduce the toxic effect of H,O,. Specific toxicity
tests (hemolysis and Ames test) of cleared solutions were performed
after the required time of 60 minutes. For the evaluation of
cytotoxicity, hemolytic experiments were performed against human
red blood cells (RBCs). As a positive control, Triton X-100 was used.
Microbes are considered the primary cause of hemolysis in infectious
diseases (Rashid et al., 2025). In the present research, the degradation
effect of disperse B-SE2R and the percentage hemolysis of human
erythrocytes were investigated. The hemolysis efficiency was
associated with the degradation of disperse B-SE2R. The Ames test
was conducted to assess the mutagenic response of degraded samples
of disperse dye B-SE2R. The strains used were Salmonella
typhimurium strains TA98 and TA100. A test was performed to
optimize the dose range by identifying the concentration. At which
every compound stopped the development of strain TA98 in microtiter
plates containing the accompanying medium, which permitted cell
growth. A positive test indicates the carcinogenic behavior of B-SE2R,
since this disease is often associated with transmutation. The test
proves to be a rapid and beneficial way to check the carcinogenic
nature of disperses dye B-SE2R. This evaluation assay was carried out
at the Biochemistry Laboratory, Department of Biochemistry,
University of Agriculture, Faisalabad.

The Hi-Tech Lab performed the dissolved oxygen identification at the
University of Agriculture, Faisalabad, Pakistan. The DO meter used
for analysis was an inoLab Multi 720 WTW 82362 Weilheim. The
samples with hydrogen peroxide and titanium dioxide parameters were
checked both with and without irradiation. Complete oxidation of
organic matter should be performed to determine the chemical oxygen
demand, as per the University of Agriculture, Faisalabad, Pakistan.
The test for determining chemical oxygen demand was performed
using the K,Cr,O7 process. In this method, approximately 2 mL of the
50 ppm dye solution was used. The silver sulphate catalyst was also
added to this solution, and then the dye solution was added. Then,
refluxing of this sample was performed for about 3-4 hours, with the
temperature set at 150°C. Various factors affect the specific decrease
in the chemical oxygen demand values. Decreases in the COD values
are also associated with the added amount of H,O, and titanium
dioxide. In the biological oxygen demand, the amount of O, used in
the process is identified by comparing the remaining O, after 5 days
with the initial O,, whose quantity had already been determined. The
amount of DO at room temperature is about 8 mg/L. The Biological
oxygen demand can be calculated by the following formula:

BOD = [(BOD observed) — (Fraction seed)] x (BOD of seed) o)
Fraction sample

2.3. FT-IR and LC-MS

Fourier transform infrared spectroscopy analysis was used for both
treated and untreated samples of disperse dye blue SE2R to assess
degradation. A Fourier transform infrared spectrometer (U-2001,
Shimadzu, Japan) at the HI-TECH lab, GCUF, was employed, with a
range of 4000-400 cm-1 for the IR study. By using the extraction
method, acetone was used to prepare the samples. The organic layer
was poured, and with the help of MgSO,, it was dehydrated. Fourier
transform infrared spectrophotometer analysis was performed after the
evaporation of the organic phase.

LIT-MS (LTQ XL, Thermo Scientific, USA) equipped with an
electrospray ionization (ESI) source. Methanol was used to dissolve
the dispersive dye samples, and then, through the direct insertion
method, these were injected into the mass spectrometer with a flow
rate of 10 pL. min-1. Both negative and positive scan ion modes were
used for the screening of samples. The capillary voltage was 4.2 kV,

and the capillary temperature was 280 °C. The flow rate of the sheath
gas was adjusted to 20 units per minute. The scanning range for the
disperse dye samples was 50 -2000 m/z.

2.4. Statistical analysis
A one-way ANOVA using Minitab 13 at a 95% confidence interval
was employed to test the results of the dispersive dyes statistically.

3. Results and discussion

3.1. Initial dye concentration impact on degradation

Various concentrations (50 ppm, 100 ppm, and 150 ppm) of disperse
B-SE2R were treated with ultraviolet radiation while maintaining all
other conditions constant, with different irradiation times to determine
the maximum percentage degradation of DB-SE2R. Figure 2A
represents the degradation pattern. Effective degradation (68.7%) was
achieved at a 50 ppm dye concentration after 30 minutes. The
degradation efficiency decreased (61.05%) with increasing initial dye
concentration (150 ppm) because the solution became more turbid.
Experiments were performed repeatedly at several time intervals, i.e.,
45 min and 60 min. Moreover, the degradation was 71.8% and 74.5%
at a 50 ppm DB-SE2R dye concentration. It has also been found that
by enhancing the irradiation time, the decolorization of dispersive B-
SE2R also increased at the initial dye concentration. These findings
are in agreement with the previously presented study by Qiu, Shou,
Ren, and Jiang.

3.2. pH impact

Different concentrations of the selected dye (50 ppm, 100 ppm, 150
ppm) were subjected to various pH levels (3, 5, 7, 9) to assess the
impact of pH on the degradation efficacy of DB-SE2R. The pH factor
is crucial in the discoloration of dye using the hydrogen
peroxide/UV/TiO, technique. Acidic conditions favored the
decolorization of dispersive dyes (Hamed, Alabdraba, & Mohammed,
2018a; Khamparia, Gupta, Tyagi, Malviya, & Jaspal, 2015), showing
that the degradation of dispersive B-SE2R was enhanced with a
decreasing pH value, with the highest color elimination exceeding
85% at pH 3. Enhancing the pH from 3 to 9 resulted in a reduction in
efficiency from 85% to 38%. The decrease in efficacy at basic pH can
be attributed to the fact that hydrogen peroxide was utilized for the
oxidative breakdown of alkalis, forming dioxygen and H,O despite
generating the OH with ultraviolet radiation treatment. Furthermore,
the H,O,/UV/TiO, method is crucial to the scavenging effect of
carbonate at greater pH (Ferraz et al., 2013). Therefore, there is a
decrease in the instantaneous concentration. Of OH results in the
reduction of degradation efficacy. Figure 2B depicts the pH impact on
the degradation efficacy of dispersive B-SE2R.

3.3. Effect of solar light irradiations on the % degradation of DB-
SE2R

Degradation efficacy of disperse B-SE2R was investigated by solar
light in combination with photo-catalyst TiO,. Solar light offers the
benefit of being a free irradiation process and exhibiting non-toxic
behavior towards the environment. 50ppm solution of the disperse B-
SE2R was treated with 0. lg.L" of TiO,. Results were taken at several
time intervals, ranging from 30 to 75 minutes. TiO, proved to be a
more active photo-catalyst under solar light, as it gave 62%
degradation efficacy with the parameter SL/TiO, after 75 minutes of
SL irradiations, as shown in Figure 3A.

3.4. Effect of hydrogen peroxide dose

The dye degradation in combination with H,O, is one of the most
popular advanced oxidation processes (AOPs). The availability of
H,0; is the key parameter for the decomposition of dye molecules.
The dispersed Blue SE2R degradation in the ultraviolet light system,
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in combination with the effects of various H,O, concentrations, was
studied. The H,O, concentrations ranged from 0.3 to 0.9mL. It was
noted that 89.91% degradation was achieved in 60 minutes when
combining H202 (0.9 mL) with UV, compared to 71.38%
decolorization without H,O,. The degradation efficiency of DB-SE2R
is enhanced due to the increased production of hydroxyl radicals with
ultraviolet radiation treatment. These results are in accordance to
previous work that hydrogen peroxide may change the efficiency of
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advanced oxidation process since it increased the production of
hydroxyl radicals during photo-catalytic process resulting increase in
degradation efficacy of DB-SE2R (Bibi, Kamal, et al., 2017; Bibi,
Nazar, et al., 2017; Igbal et al., 2015; Igbal & Nisar, 2015). Results are
shown in Figures 3B and 3C.
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Figure 2. Degradation of the DB-SE2R dye at various concentrations with different irradiation times (A) and degradation of the DB-SE2R at

different pH levels of the medium (B)
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Figure 3: A. Photo-catalytic degradation of DB-SE2R under solar light with TiO, photo-catalyst. B. Comparison between the degradation of
disperse dye Blue SE2R with UV and UV/H,0,. C. Degradation of disperse Blue SE2R with different amounts of H,O, and dye concentrations

3.5. Effect of TiO; concentration

Different concentrations of Titanium dioxide (0.2g, 0.4g, 0.6g, 0.8g)
were used (Figure 4) to achieve the maximum degradation efficacy of
disperse blue SE2R. During this process, all other parameters were
kept constant. Results indicated that the increased degradation

efficiency of DB-SE2R was achieved by increasing the TiO, amount,
due to the greater accessibility of TiO; active sites during the process.
This resulted in the highest degradation (94.2%) with 0.4 g of Titanium
dioxide, even at a 50 ppm dye concentration. By achieving the
maximum degradation efficiency of disperse B-SE2R with UV/ H,0,/
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TiO, combination compared to UV/ H202, which confirms the photo-
catalytic nature of TiO, (Jamil et al., 2020).
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100 A
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Degradation (%)
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Figure 4. Degradation percentage of dye disperse B-SE2R at different
concentrations of TiO,

3.6. Water Quality Parameters

Different Dissolved oxygen is the amount of non-bonded and free
oxygen present in liquids or water. The solution of DB-SE2R (183)
treated with UV/TiO,/H,0, was evaluated for DO, BOD and COD.

Hl before irradiation
N UV/H O/ Tio,

DO (mg L)

50
Dye conc. (ppm)

A

700 4

600

500 4

400

300

COD (mg/ L)

200

100

80D (my' L)

The optimum conditions for the UV-treated sample were a 50 ppm dye
concentration, 0.9 mL H,0,, and 0.4 g TiO,. The DO value for
unirradiated samples was 3.72 mg/L. This value was significantly
increased to 7.02 mg L-1 for the UV-treated sample (Figure SA). The
DO work is based on the reported work of reference (Suriyaprabha &
Fulekar, 2018). BOD reduction of various concentrations of disperse
Blue SE2R was examined in this work. An apparent reduction in BOD
was observed after UV/H,0,/TiO,. Dye concentration was 50 ppm.
These values, prior to irradiating the samples, were 474.78 mg/L and
425.24 mg/L. With UV radiation treatment, these values decreased to
288.65 mg/L and 265.23 mg/L, as shown in Figure 5 B. Jamil et al.
(2020) reported the reduction in BOD in the fabric wastewater
sewages. Chemical oxygen demand was helpful for the breakdown of
DB-SE2R. The values of chemical oxygen demand decreased with UV
radiation treatment due to the decomposition of organic matter after
treatment. The presence of hydrogen peroxide enhanced the COD
reduction. The 50 ppm solution of dye has a COD value of 712.17
mg/L without any irradiation, but this value decreases to 432.98 mg/L
after UV irradiation, as shown in Figure 5C. The comparison of
previously reported COD values of the acidic azo dye reference in the
literature can be compared to recommend the COD values of disperse
DB-SE2R (Keshmirizadeh & Farajikhajehghiasi, 2014). Table 2 is
added as a comparative summary of degradation efficiencies from
related studies for a better comparison of results.

before irradiation

I = fter irradiation

UVIH202/ TiO2

Different parameters
By

Il before irradation
I U/ H_O_/ TiO2

50

Dye cenc. (ppm)
(©)

Figure 5: DO values for untreated and UV-treated samples (A) and BOD values of disperse Blue SE2R dye treated at optimum conditions versus
the untreated sample (B), and COD in mg/L before and after UV treatment (C)
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Table 2: Comparative data summarizing degradation efficiencies of different disperse dyes from similar studies

SrNo. Nameofdye pH AOPs H,0, Photo-catalyst ~ %age degr. Biological treatments Reference
1 Textile dyes - uv - TiO, - - (Sima & Hasal, 2013)
2 Disperse dye 2 uv 180 mg/L - 72% - (Boucherit et al., 2012)
3 Disperse - 10-50 ml/L - - COD removal (Huang et al., 2011)
orange 288
4 Disperse 3 Fenton/ 30-100 mM - 72% COD removal (Keshmirizadeh &
blue 56 Farajikhajehghiasi, 2014)
H,0,
5 Disperse red 4 uv - TiO, 60-90% COD removal (Buscio et al., 2015)
73
6 Disperse - uv - TiO, 97.4% - (Nikazara et al., 2007)
yellow 23
7 Disperse Red  5.2- uv - TiO, - COD, BOD (Bokhari et al., 2015)
F;BS 5.9
8 Dyeing - Fenton/ different - 95% COD (Mohan, 2016)
wastewater H,0, values
9 Textile - 03/H,0,, Different - - BOD, TOC (Hassaan & El Nemr, 2017)
wastewater 03;/UV values
10 Textile - UV/H,0, Different - 80% TOC (Volmajer Valh et al., 2012)
wastewater
values
11 Textile dye 3 UV/H,0, 25 mg/L - - - (Khalaf et al., 2018)
12 Disperse - Fenton 150 mg/L - 85% COD removal (Hamed et al., 2018b)
blue 79 process
13 Dye mixture - Photo- - - - COD, BOD removal (Gupta et al., 2015)
degradatio
n
14 Disperse red UV/H,0,, Different - 85% COD removal (Neamtu et al., 2004)
354 Photo-
fenton values
15 Dye 6-10 UV/H,0, - - - COD removal (Kalra et al., 2011)
wastewater

COD = Chemical Oxygen Demand ;BOD = Biological Oxygen Demand ;TOC = Total Organic Carbon

3.7. FT-IR and LC-MS analysis

FT-IR is a technique used to study the IR (Infrared) spectrum of
absorption or emission of any material (Ali et al., 2018). To identify
the degraded end products, both untreated and treated samples of
disperse dye Blue SE2R were analyzed using an FTIR spectrometer
(U-2001, Shimadzu, Japan) at the HI-TECH lab, GCUF, in the range
of 4000-400 cm™'. The results are presented in Figures 6A and 6 B.
Without any treatment, specific vibrational peaks appeared at 3250
cm-1 (NH), 2995 ¢cm™ (CH, CH, and CH3), 1700 ¢cm-1 (C=0), 1550
cm-1 (N=N), 1305 cm-1 (NO,), 1117 cm™ (C-OH) and 600 cm-1
(halogens) positions due to the characteristics of the dye molecule.

These peaks disappeared after UV irradiation, and a minor peak of
1083.97 cm™ was observed due to CH bending, which assured the
destruction of DB-SE2R. The results showed that the large DB-SE2R
molecule was destroyed, producing smaller acidic units, which assured
the degradation of DB-SE2R. The results are in strong comparison
with earlier presented work (Igbal & Bhatti, 2015). To confirm the
results and verify the breakdown of the DB-SE2R into low-molecular-
weight inorganic compounds, LC-MS analysis was performed on the
UV-treated samples of DB-SE2R at Nuclear Institute of biotechnology
and Genetics Engineering (NIBGE), Faisalabad (Figure 7). The LC-
MS was operated in positive mode using full scan MS with a scan
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range of m/z 150-550 in enhanced scan mode for improved resolution. (diethylamino)phenyl)benzamide (268.03) and 3-nitroanilne (138.12).

The absence of a base peak is likely due to product degradation. It may These functional peaks were observed in the spectrum, which assured
also result from a low analyte concentration, the presence of the degradation of DB-SE2R and the breakdown of the dye structure
compounds that interfere with ionization, such as salts, or even from into intermediates, which further changed into H20, carbon dioxide,
an instrumental origin. The expected peaks of intermediate products and NO,. This work is based on the reported work of Chen et al.
with their m/z values in the spectrum were benzoic acid (122.12), 2- (2008), who confirmed the production of intermediates in the LC-MS
bromoaniline (172.02), 2-amino-3-bromobenzonitrile (197.03), 2- spectra of methyl orange. A mechanistic pathway was proposed based
bromo-6-nitroaniline (217.02), 2-amino-3-bromo-5-nitrobenzonitrile on LC-MS spectra (Figure 8).

(242.03), 2-bromo-6-cyano-4-nitrobenzenediazonium (254.02), N-(3-
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Figure 6: FT-IR spectrum for the untreated sample (A) and FT-IR bands of the UV-treated sample of disperse B-SE2R (B).
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Figure 7: LC-MS spectrum of UV-treated sample
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Figure 8: Proposed degradation pathway of disperse dye Blue SE2R

3.8. Cytotoxicity by hemolytic activity and mutagenicity by A
test

For the cytotoxic evaluation, hemolytic activity was assessed for the
UV-treated sample of DB-SE2R (Mehmood, Shahid, Barkat, et al.,
2023; Mehmood, Shahid, ul Hug, et al., 2023). The untreated
samples of DB-SE2R showed a great cytotoxic potential (12.1%),
but after treatment with UV radiation, this value decreased to 9.5%
(Figure 9A). A further decrease in cytotoxicity, up to 6.9%, was
achieved with the addition of the photocatalyst TiO,. Cytotoxicity

Hemalysis (%)

un-irradiated

UVIH202/TiO2

Different parameters
)

Mutagenicity reduction (%)

was reduced to a certain level, indicating that photo-catalytic
degradation is more effective in reducing toxicity than non-photo-
catalytic breakdown. Results are shown in Figure 8A. A mutagenic
evaluation of DB-SE2R was conducted using the previously
reported method. The solution of DB-SE2R was analyzed before
and after irradiation for mutagenicity using TA98 and TA100
strains. The samples were treated with ultraviolet irradiation, and the
mutagenic response was notably lowered, by 61% for TA98 and
56% for TA100. UV/H,0,/TiO, has been effectively proven to be
one of the most effective methods for reducing the mutagenicity of
DB-SE2R to the maximum level (Figure 9B).

50 ppm un-irradiated
50 ppm UV irradiated
50 ppm +UW/H202/Ti02

=

(B)

Figure 9: Toxicity profiling (A) and Mutagenicity reduction (B) of disperse dye Blue SE2R after UV radiation treatment with hydrogen peroxide

and TiO,
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4. Conclusion

Disperse dyes are one of the most important classes of dyes and are
widely used in a vast range of processes across different industries.
Sixty per cent of the total dyes belong to dispersive dyes. The
important characteristic of DB-SE2R is the presence of an azo bond
(N=N), which is attached to two substituents. The development of
new strategies and photocatalytic materials for practical
environmental solutions remains a significant challenge,
particularly due to the enormous energy demands associated with
various remediation processes. Different advanced oxidation
processes were employed for the degradation of disperse dyes, and
promising efficiency was observed for the remediation of dyes.
Specifically, ultraviolet radiation assisted with hydrogen peroxide
and hydrogen peroxide/TiO, have proven to be the most effective
methods for the degradation of disperse blue SE2R. The Advanced
oxidation process, i.e., (UV/ H,0,/TiO,), was used to get the
maximum degradation of about 94% because of the photo-catalytic
nature and greater stability of TiO,. Optimum conditions for
maximum degradation were 50 ppm dye concentration, 0.9 mL
H,0,, and 0.4 g TiO, at pH 3. A 62% degradation was achieved after
solar light irradiation, as solar light has the advantage of being a free
irradiation process and exhibits non-toxic behavior towards the
environment. Different toxicity tests decreased the toxic behavior of
a selected sample of B-SE2R, which assured the degradation of
disperse blue SE2R. A significant improvement in the analysis of
water quality parameters, such as dissolved oxygen, chemical
oxygen demand, and biological oxygen demand, occurred after
ultraviolet irradiation in combination with H,O, and TiO,. Different
techniques, such as FT-IR and LC-MS, were also employed to
evaluate the degradation of disperse dye B-SE2R, and their spectra
confirmed the degradation of DB-SE2R through the elimination of
certain peaks in the disperse B-SE2R structure. Based on the results
revealed, it is evident that advanced oxidation processes assisted by
radiation efficiently degrade the disperse dye blue SE2R and could
be applied for the treatment of textile wastewater containing toxic
dyes.
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