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Abstract: This study investigated the photocatalytic degradation of chlorothalonil under a
range of ultraviolet lamp configurations, and studied the improvement in the photocatalytic
degradation efficiency of a reflective material (silver-white aluminium foil). Increasing the
number of UV lamps significantly enhanced degradation efficiency, reducing the half-life
from 29.95 min with one lamp to 8.15 min with four in a 20 cm enamel bucket. The use
of silvery-white aluminium foil further decreased the half-life to 3.86 min, improving
degradation rates by up to 262.9%. In larger containers, degradation efficiency increased
by up to 414.7% with aluminium foil. Comparisons with black aluminium foil confirmed
that silver-white aluminium foil enhanced degradation by reflecting and redistributing
UV light, increasing intensity by 252% and reducing the CTL half-life from 150.36 min to
22.9 min in a controlled light box. Further tests confirmed that silver-white aluminium
foil amplified UV irradiation, increasing degradation efficiency by up to 555.1%. These
improvements might suggest that aluminium foil enhances UV utilisation through direct
reflection, refraction, and diffuse reflection, effectively redirecting photons that would
otherwise escape the system. Experiments with natural water sources showed similar
trends, with half-lives of 55.23 min in ultrapure water, 12.63 min in pond water, and
16.36 min in paddy field water. The addition of silver-white aluminium foil further reduced
these times to 23.92 min, 7.13 min, and 12.34 min, respectively. These findings demon-
strate that silvery-white aluminium foil significantly enhances CTL photodegradation
without increasing energy consumption. While effective, the method faces challenges in
acidic or alkaline wastewater due to potential corrosion of system components. Future
research should focus on identifying stable, high-reflectivity materials for long-term ap-
plications. This study offers practical insights into the optimisation of photodegradation
processes, which contributes to improved water treatment strategies and environmental
pollution mitigation.

Keywords: chlorothalonil; photolysis; pollution; catalysis of aluminium foil

1. Introduction

Chlorothalonil (CTL) is a fungicide with a broad spectrum of activity, it is frequently
employed in the prevention and control of fungal diseases in horticultural crops and
fruits [1]. Furthermore, CTL has been shown to play a pivotal role in the sterilisation
process in a variety of industrial contexts, including wood and paint preservation [2]. In
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the field of agriculture, CTL has become an indispensable product due to its efficacy in
controlling a wide range of crop diseases [3]. The cost-effective production and efficient
performance of this process have driven a significant increase in both production and
usage, with annual output now surpassing one million kilograms [4]. Consequently, the
environmental accumulation of CTL cannot be disregarded [4]. According to the CCME
report, the range of CTL concentrations in Canada’s Black Brook Watershed was from 0.1
to 1851.0 ug/L, which exceeded the maximum allowable average concentration for aquatic
organisms by 12.9% [5]. In a similar vein, elevated concentrations of CTL were detected in
the water and sediment of the Blackwater Estuary in Essex, UK, ranging from 0.36 pg/L to
45.6 ug/L [6]. The environmental impact of CTL has raised concerns due to its persistence
and accumulation in various habitats [7]. It has a long half-life in soil and its degradation
is significantly influenced by soil properties [8]. CTL can also enter water bodies through
runoff, spray drift, or atmospheric deposition [9], leading to potential toxicity in aquatic
ecosystems, particularly to marine organisms like crustaceans, invertebrates, and fish [10].
Studies show that CTL induces oxidative stress in the gill tissues of molluscs and affects
enzyme activity, such as sodium/potassium ATPase and acetylcholinesterase [11]. In the
study of amphibians, CTL exposure alters cortisol levels, immune function, and mortality,
with both low and high doses having nonlinear toxic effects [12]. Its impact on the early
life stages of Atlantic salmon is also notable, where higher doses reduce hatching rates
and increase malformations [13]. It is important to note that CTL poses a significant risk
to human health as a potent contact allergen. Workers in the flower cultivation industry
have been observed to exhibit allergic dermatitis and conjunctivitis [14]. Similar effects are
observed in textiles treated with CTL [15]. Additionally, CTL has been detected in maternal
and umbilical cord serum, suggesting potential transfer to the fetus and possible impacts
on fetal health and development [16].

In the environment, agrochemical degradation can be broken down into two main
categories: microbial and photochemical [17]. The final products of the microbial degrada-
tion of agrochemicals are mostly low toxicity, but their degradation efficiency is affected by
various environmental factors, making it difficult to achieve efficient application in produc-
tion [18]. Photochemical degradation is defined as the process of converting agrochemicals
into harmless substances through the application of light energy [19]. This process typically
occurs on soil surfaces or in water and is influenced by environmental factors such as
light intensity, wavelength, temperature, and pH [20,21]. The absorption of light energy
by agrochemical molecules can result in a number of chemical reactions, including bond
breakage, cyclisation, or structural rearrangement. These reactions ultimately lead to the
decomposition of agrochemicals into smaller, non-harmful compounds. Furthermore, the
interaction of agrochemicals with photosensitisers, such as nitrate and humic acid, or active
substances, such as hydroxyl radicals (-OH) and singlet oxygen (1 Oy) [22-24], have been
shown to promote the decomposition of agrochemicals. Photochemical degradation has
been demonstrated to be an effective method for the breakdown of various types of agro-
chemicals, including organophosphorus, organochlorine, and sulfonylurea herbicides [25].
Studies have shown that photocatalytically treated agricultural wastewater can meet irriga-
tion standards, with nutrients such as nitrogen and phosphorus being effectively absorbed
and utilised by plants [26,27]. Increasing the utilisation rate of light is an effective and
cost-effective way to improve the efficiency of photocatalysis. Research has demonstrated
that different materials exhibit significant variations in their ability to reflect light across
different wavelengths [28]. Theoretical studies indicate that aluminium exhibits a reflectiv-
ity of over 88% in the ultraviolet (UV) region, thus rendering it a promising material for
the optimisation of light utilisation in photocatalysis [29]. Moreover, replacing galvanized
steel with aluminium as a reflective material has been shown to significantly increase
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UV radiation intensity [30]. Despite these advancements, however, there is currently no
research on the use of aluminium to enhance the photocatalytic degradation of organic
agrochemicals pollutants.

This study examines the effects of light intensity, wavelength range, and reflective
materials on the photocatalytic degradation of CTL under controlled water quality and
temperature conditions. Light intensity and wavelength are key factors in photocatalytic
efficiency, while reflective materials also play a significant role [31]. The high UV reflec-
tivity of aluminium is expected to increase ultraviolet light intensity in the reaction zone,
enhancing CTL interaction with light energy and accelerating the degradation process [32].
This study evaluates aluminium as a reflective material to improve light utilization and
degradation efficiency. Additionally, experiments with real water sources are conducted to
examine the effect of water quality variations on CTL degradation, unlike traditional pho-
tolysis methods, which have limitations such as short lifetimes of photolysis components or
secondary light pollution [33]. The aim of this study is to evaluate the effect of light on CTL
degradation and to establish a model of an independent closed photodegradation system.
This model may have wider applicability and practicality. These findings will inform
the optimization of photocatalytic processes, contributing to advances in water treatment
technologies and supporting sustainable water resource management and agricultural
wastewater treatment.

2. Materials and Methods
2.1. Purpose of Construction

The objective of this study is to develop a simulation platform for mobile water sources
to systematically examine the factors influencing the photocatalytic degradation of CTL. By
controlling light conditions, reflective materials, and water flow dynamics, the platform
enables precise adjustments to variables such as water quality, temperature, light intensity,
and coverage. This controlled environment facilitates a more nuanced analysis of how these
factors affect degradation efficiency. Additionally, the study places particular emphasis
on the role of reflective materials, with a view to identifying optimisation strategies for
enhancing CTL photocatalytic degradation.

2.2. Equipment Set-Up

In this experiment, a UV lamp with a 254 nm wavelength (the maximum absorp-
tion wavelength of CTL was 232 nm) (Supplementary Figure S1) was utilised as the light
source. The lamp tube measured 212 mm in length and had a power output of 10 W. It
was fully sealed within a quartz tube, allowing it to be safely immersed in water while
maintaining stable light output. This configuration guaranteed the uniformity of UV
radiation throughout the experiment, thereby optimising conditions for photochemical
reactions. The reaction vessel was a white enamel bucket made of cast iron, coated with
an enamel glaze for strong resistance to acids and alkalis and ease of cleaning. Buckets
with diameters of 20 cm, 30 cm, and 40 cm were utilised to accommodate varying volumes
of reaction solution. For the UV irradiation experiments, a CTL standard solution was
diluted to a target concentration of 1.88 umol/L (the maximum solubility of CTL in water is
0.6 ppm) [34]. The reaction solution volume was adjusted to ensure the UV lamp was
fully submerged, thereby facilitating uniform and comprehensive irradiation. The exper-
imental design regulated the installation of the UV lamp, ensuring uniform light distri-
bution and enhancing the precision of the experiment. The configurations are outlined
below: Single-Lamp Configuration Figure 1A: A single UV lamp was installed vertically
at the centre of the enamel bucket, providing a centralised light source that served as
the control for comparative analysis with other configurations. Two-Lamp Configuration
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Figure 1B: Two UV lamps were installed vertically at the midpoint of the circle’s radius. This
configuration ensured uniform illumination over a larger reaction area while maintaining
high light intensity at the centre. Three-Lamp Configuration Figure 1C,E: Three UV lamps
were installed vertically at the midpoint of the lines connecting the vertices of an equilateral
triangle to the centre of the circle. This configuration aimed to achieve more balanced UV
distribution and assess the impact of uneven light exposure on the reaction rate. Four-Lamp
Configuration Figure 1D: Four UV lamps were installed vertically at the midpoint of the
lines connecting the vertices of a square to the centre of the circle. This configuration
enhanced irradiation uniformity and ensured comprehensive coverage of a wider reaction
area. A mechanical stirrer operating at 240 r/min was utilised to ensure a uniform flow of
the reaction solution. This configuration was designed to replicate the dynamic conditions
typically observed in natural water bodies, thereby ensuring uniform exposure to UV light
while preventing localised shading due to stagnant liquid. To investigate the effect of
reflective surfaces on UV irradiation, two types of aluminium foil were applied to the inner
walls of the UV light boxes: black and silver-white. The black aluminium foil minimised
light reflection, while the silver-white foil, with its high reflectivity, enhanced UV light
efficiency. These configurations, designated as black aluminium foil boxes and silver-white
aluminium foil boxes, respectively, facilitated a comprehensive study of how different
reflective properties influence the photocatalytic degradation of CTL. The light intensity
of different diameters of barrels and different inner wall materials irradiated by different
amounts of ultraviolet lamps is shown in Table 1. The specifications of the materials used
are in accordance with Supplementary Table S1.
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Figure 1. Three-view diagram of a single UV lamp (A). Three-view diagram of two UV lamps (B).
Three-view diagram of three UV lamps (C). Three-view diagram of four UV lamps (D). Installation
simulation of three UV lamps (E).

Table 1. The light intensities of different diameter barrels and different inner wall materials were
irradiated by different numbers of UV lamps.

Dl?:::;ter Materials 1Lamp (Lx) 2Lamp (Lx) 3 Lamp (Lx) 4 Lamp (Lx)
20 Enamel 850-920 1700-2500 2300-3500 32004500

Al 1050-1200 2000-3200 3100-3900 4200-5300
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Table 1. Cont.

Dl(aCnI;e)ter Materials 1 Lamp (Lx) 2 Lamp (Lx) 3 Lamp (Lx) 4 Lamp (Lx)

Enamel 540-590 1000-1600 1600-2000 2200-2500

30 Al 630-720 1300-2000 1950-2200 2500-3000
Black Al 530-560

40 Enamel 410-460 750-1100 1000-1180 1250-1650

Al 440-470 580-1300 1200-1450 1600-1850

2.3. Sampling Method

The Bucket Sampling Method was employed, whereby the enamel bucket containing
the prepared reaction solution was placed in a dark environment as a control. Following
UV illumination, 5 mL of the reaction solution was sampled and transferred to a glass
colorimetric tube. An equal volume of acetonitrile (5 mL) was then added, and the mixture
was thoroughly blended using a vortex analyser. The solution was then filtered through
a 0.22 pm PTEF aqueous filter membrane and transferred to an injection bottle. It should
be noted that each sample was prepared in three parallel treatments for accuracy. The
Box Sampling Method involved the use of a 100 mL volumetric flask to prepare the CTL
reaction solution at a concentration of 1.88 umol/L. The solution was then diluted with
pure water and sonicated for three min to ensure uniform mixing. A 5 mL sample of the
prepared solution was transferred into a stoppered quartz tube with an inner wall thickness
of 3 mm and placed under UV illumination, with a dark control group set up separately.
Following this, 5 mL of acetonitrile was added to each quartz tube. The mixture was then
blended using a vortex analyser, filtered through a 0.22 pum PTEF aqueous filter membrane,
and transferred to an injection bottle, with three parallel treatments for consistency.

2.4. Different Water Quality

In order to comprehensively evaluate the impact of different water source conditions
on the photocatalytic degradation effect of CTL, a pond and a rice field in the Hefei area
were selected. A total of 75 L of each water sample was collected and stored in a 4 °C
refrigerated room for future use. Prior to the commencement of the experiment, the pure
water, pond water, and paddy field water samples were retrieved and placed at a room
temperature of 25 °C before being utilised in reaction experiments. The physicochemical
properties of the rice paddy and pond water are shown in Table 2.

Table 2. Properties of paddy, farm ditch, and pond waters.

Natural Water Pond Water Paddy Water
pH 6.8 7.3
DO (mg/L) 74 7.6
Turbidity (NTU) <0.5 <0.5
Conductivity (ms/cm) 0.36 0.64
Hardness (mg/L) 164 318
COD (mg/L) 47 48
BODs (mg/L) 9.7 9.9
Fe®* (mg/L) <0.02 <0.02
Cu?* (mg/L) <0.006 <0.006
Cl™ (mg/L) 22.7 18.0
SO4%~ (mg/L) 35.7 14.7

NO;~ (mg/L) 3.11 <0.004
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2.5. Sample Analysis

CTL and 2,4,5-trichlorobenzonitrile were analysed with a Waters e2695 HPLC system
(Waters Corporation, Milford, MA, USA), which was equipped with an Agilent XDB-C18
column (4.6 mm x 250 mm, 5 pm) at 30 °C and a UV absorbance detector operated at 232 nm
and 242 nm, respectively. CTL and 2,4,5-trichloroisophtalonitrile were eluted with a mixture
of 60:40 (v/v) acetonitrile/water,. The flow rate was kept at 0.7 mL/min and the column
temperature was at 30 °C. The limit of detection of CTL and 2,4,5-trichloroisophtalonitrile
was 0.01 mg/L.

2.6. Calculation

The photodegradation half-life (T7,,) can be calculated according to the first-
order model:
Ci = Coxe™ (1)

T1/2 = 11’12/]( (2)

where Cy and C; are the initial concentrations at t = 0 and the CTL residual concentration at
time t after irradiation, respectively; k is the degradation constant.
Photodegradation efficiency was expressed as:

(ko — k1)

Photodegradation efficiency (%) = [ ?
0

] x 100 3)

where ky and k; represent reaction rate constants of CTL with and without SL, respectively.

2.7. Statistical Analysis of Data

In this study, all recorded data were from three parallel experimental groups. The
data were analysed using SPSS (Version 20.0) statistical software, using one-way ANOVA
(Duncan’s multiple range tests) for significance testing (p < 0.05). All data are presented in
the form of mean + standard deviation.

3. Results and Discussion

3.1. Photodegradation of CTL Irradiated with Different Numbers of UV Lamps in Different
Diameter Barrels and Different Inner Wall Materials

As illustrated in Figure 2A, the half-life of CTL degradation in an enamel bucket with a
diameter of 20 cm is shown as a function of the number of UV lamps (Supplementary Table S2).
The results show that the degradation rate decreases with increasing numbers of lamps, from
29.95 min for a single lamp to 8.15 min for four lamps. It is evident that as the number of
lamps increases, the degradation rate of CTL experiences a significant enhancement, with
acceleration rates of 93.6%, 193.8%, and 267.6% observed for lamp ratios of 2:1, 3:1, and
4:1, respectively. These findings indicate that augmenting the quantity of UV lamps has a
substantial impact on the acceleration of the CTL degradation process. Moreover, Figure 2B
(Supplementary Table S2) demonstrates that following the incorporation of silver-white
aluminium foil, the half-life of CTL degradation was diminished to 14.01 min with a single
UV lamp, 7.13 min with two, 4.98 min with three, and 3.86 min with four. The degradation
rate increased by 96.5%, 180.9%, and 262.9% for two, three, and four lamps, respectively, in
comparison with single-lamp irradiation. These findings further confirm that increasing the
number of UV lamps significantly accelerates the CTL degradation process. A comparison
between the silver-white aluminium foil and enamel inner walls revealed that the former
significantly outperformed the latter in terms of degradation efficiency under the same
number of UV lamps. Specifically, the degradation rates for the silver-white aluminium foil
group increased by 114%, 117.2%, 104.6%, and 111.3% with one, two, three, and four UV
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lamps, respectively. These findings indicate that the reflective properties of the silver-white
aluminium foil inner wall substantially enhance the CTL degradation process.
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Figure 2. The effect of installing 1, 2, 3, and 4 UV lamps in containers of different sizes on
the photocatalytic degradation efficiency of CTL: (A) The diameter of the container was 20 cm.
(B) The container has a diameter of 20 cm and was attached with silver-white aluminium foil. (C) The
diameter of the container was 30 cm. (D) The container has a diameter of 30 cm and was attached
with silver-white aluminium foil. (E) The diameter of the container was 40 cm. (F) The container has
a diameter of 40 cm and was attached with silver-white aluminium foil.

As demonstrated in Figure 2C (Supplementary Table S2), the half-life of CTL degra-
dation was 41.41 min in a 30 cm diameter enamel bucket when exposed to one UV lamp,
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25.26 min when exposed to two, 18.53 min when exposed to three, and 10.32 min when
exposed to four. The degradation rate exhibited a progressive increase as the number of
lamps increased, with enhancements of 63.9%, 123.5%, and 301.4% observed for lamp ratios
of 2:1, 3:1, and 4:1, respectively. Under identical conditions, Figure 2D (Supplementary
Table S2) demonstrates that the incorporation of silver-white aluminium foil contributed to
an additional improvement in the degradation efficiency. The half-life of CTL degradation
decreased to 34.09 min for one lamp, 15.7 min for two, 11.92 min for three, and 7.61 min for
four. The degradation rates increased by 117.2%, 186.1%, and 348.3% for two, three, and
four lamps, respectively, in comparison with single-lamp irradiation. These results indicate
a clear trend of accelerating degradation with both an increased number of UV lamps and
the use of silver-white aluminium foil to enhance light reflection. Moreover, subsequent
analysis showed that the silver-white aluminium foil inner wall significantly enhanced
the CTL degradation rate in comparison to the enamel inner wall under an equal number
of UV lamps. The degradation rates for the silver-white aluminium foil group increased
by 21.5%, 60.9%, 55.5%, and 47.5% with one, two, three, and four UV lamps, respectively.
These results indicate that the reflective properties of the silver-white aluminium foil inner
wall effectively promote the CTL degradation reaction.

In a 40 cm diameter enamel bucket, Figure 2E (Supplementary Table S2) demon-
strates that the half-life of CTL degradation is 76.09 min in the presence of one UV lamp,
30.9 min with two, 23.9 min with three, and 16.41 min with four. It is evident that as the
number of UV lamps increased, the degradation rate underwent a progressive acceleration,
with increases of 146.2%, 218.3%, and 363.8% observed for lamp ratios of 2:1, 3:1, and 4:1,
respectively. In the same conditions, Figure 2F (Supplementary Table S2) demonstrates that
the addition of silver-white aluminium foil further accelerated the degradation process,
reducing the half-life to 64.00 min for one lamp, 27.31 min for two, 17.61 min for three,
and 12.44 min for four. A comparison of the degradation rates resulting from single-lamp
irradiation with those resulting from two, three and four lamps reveals increases of 134.3%,
263.4%, and 414.7%, respectively. This finding suggests a trend of accelerating degradation
as the number of UV lamps increases. Additionally, analysis revealed that the silver-white
aluminium foil inner wall significantly outperformed the enamel inner wall in promoting
CTL degradation under the same number of UV lamps. The degradation rate for the
silver-white aluminium foil group increased by 18.9%, 13.2%, 35.7%, and 31.9% with one,
two, three, and four UV lamps, respectively, compared to the enamel group. This finding
underscores the efficacy of the silver-white aluminium foil inner wall in substantially
boosting the degradation reaction of CTL. It can be concluded that both an increase in the
number of UV lamps and the use of silver-white aluminium foil inner walls have a signif-
icant effect on the acceleration of the degradation rate of CTL. The combination of these
two factors has been shown to synergistically improve degradation efficiency, underscoring
the importance of optimizing UV irradiation conditions and reactor inner wall design to
enhance photochemical degradation processes.

3.2. Mechanism of Action of Silver-White Aluminum Foil to Promote CTL Degradation

Silver-white aluminium foil has been shown to exhibit extremely high ultraviolet re-
flectivity, while black aluminium foil has been demonstrated to have strong light absorption
properties [35,36]. In this study, a 30 cm diameter bucket was employed, with a silver-white
and a black aluminium foil lining, respectively, and a UV lamp positioned vertically for
CTL photodegradation experiments. The results obtained from this experiment demon-
strated that the photodegradation half-lives of CTL were 57.38 min for the enamel inner
wall, 44.4 min for the silver-white aluminium foil inner wall, and 56.77 min for the black
aluminium foil inner wall. Of particular note is the observation that the half-lives for the
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enamel and black aluminium foil inner walls were nearly identical, as demonstrated in
Figure 3A (Supplementary Table S3). This finding suggests that black aluminium foil does
not significantly influence the catalytic process of CTL photodegradation. Additional anal-
ysis of 2, 4, 5-trichlorobenzonitrile (CTL-3Cl), a key photolysis product of CTL, provided
additional insights. In both the enamel and black aluminium foil groups, the content of
this compound remained relatively stable over time, exhibiting a similar trend (Figure 3B).
Conversely, the silver-white aluminium foil group exhibited a rapid increase in the com-
pound’s concentration within the first 90 min, followed by a sharp decline between 90
and 180 min. This finding suggests that silver-white aluminium foil significantly enhances
the photolysis rate of CTL by improving UV reflection, leading to substantial and rapid
changes in photolysis products. In summary, the photolysis half-life of CTL shows no
significant difference between the enamel inner wall and black aluminium foil inner wall,
indicating that black aluminium foil lacks catalytic effects on the photolysis process of CTL.
Conversely, silver-white aluminium foil, with its high UV reflectivity, significantly accel-
erates the photolysis reaction, demonstrating higher photolysis efficiency. Consequently,
silver-white aluminium foil is evidently advantageous in terms of its promotion of the
photocatalytic degradation of CTL.
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Figure 3. The impact of installing a single lamp tube within a 30 cm diameter container, with inner
walls composed of enamel, silver-white aluminium foil (Al), and black aluminium foil (Black Al), on
the degradation of CTL (A) and the subsequent formation of its product CTL-3Cl (B).

In the modified UV light box, the photodegradation half-lives of CTL were 150.36 min
for the black aluminium foil group and 22.9 min for the silver-white aluminium foil group
(Figure 4A) (Supplementary Table S3). This represents a 555.1% increase in the degrada-
tion rate for the silver-white aluminium foil group, thereby demonstrating its significant
enhancement of CTL photodegradation. In addition, the formation and subsequent break-
down of the photodegradation product 2, 4, 5-trichlorobenzonitrile occurred at a faster rate
in the silver-white aluminium foil group (Figure 4B) (Supplementary Table S3). This finding
experimentally substantiates the hypothesis that silver-white aluminium foil accelerates
the generation and transformation of CTL degradation products, thereby underscoring its
role in enhancing the photolysis process. Moreover, light intensity measurements taken
at the quartz tube’s illuminated position revealed that the silver-white aluminium foil
group exhibited approximately 252% higher light intensity than the black aluminium foil
group. This finding underscores the silver-white aluminium foil ability to effectively reflect
ultraviolet light and enhance the irradiation intensity within the reaction system, thereby
accelerating the photodegradation of CTL. Despite the absence of direct contact between
the reaction solution and the aluminium foil, the silver-white aluminium foil significantly
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enhanced the photodegradation rate of CTL. This phenomenon can be attributed to the
superior UV reflection capability of the silver-white aluminium foil, which plays a pivotal
role in the optimisation of the photodegradation process.
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Figure 4. The impact of black aluminium foil containers (Black Al) on the degradation of CTL and its
product CTL-3Cl (A). The impact of silver-white aluminium foil containers (Al) on the degradation
of CTL and its product CTL-3C1 (B).

3.3. Photodegradation Effect of Aluminum Foil on CTL in Natural Water

In this study, experiments were conducted using natural water sources to determine
whether silver-white aluminium foil can enhance the photodegradation of water pollutants
under natural conditions. The experimental setup comprised two containers: a 20 cm
diameter enamel container and an silver-white aluminium foil-lined container. Each
container was fitted with a UV lamp. The water samples included ultrapure water, pond
water, and paddy field water. The photodegradation half-life of the CTL aqueous solution
is presented in Table 3. In the enamel container, the half-life for ultrapure water, pond water,
and paddy field water was 55.23 min, 12.63 min, and 16.36 min, respectively. Conversely, in
the silver-white aluminium foil-lined container, the photodegradation half-life was reduced
t023.92 min, 7.13 min, and 12.34 min for the same water types. This finding underscores the
efficacy of silver-white aluminium foil in expediting photodegradation across diverse water
sources. Additional analysis revealed that the use of silver-white aluminium foil as the
inner lining of the container significantly enhanced the photodegradation rate of the CTL
aqueous solution. The degradation rate increased by 1.3 times in ultrapure water, 0.77 times
in pond water, and 0.33 times in paddy field water. These findings demonstrate that silver-
white aluminium foil effectively promotes CTL photodegradation across various water
types. This study demonstrates that silver-white aluminium foil significantly enhances the
photodegradation of CTL under ultraviolet light, with consistent effects observed across
different water types. These findings suggest that silver-white aluminium foil has potential
as a material for water treatment, offering a practical solution for improving pollutant
degradation efficiency.

Table 3. Photodegradation effect of silver-white aluminium foil in buckets on CTL in water from
different sources under UV lamp irradiation.

Inner Wall <1 2 .
Material Water K (min—1) R Ty/p (min)
Ultrapure 0.0126 0.9930 55.23 (£1.67)
Enamel Pond 0.0549 0.9326 12.63 (£1.36)

Paddy 0.0424 0.9948 16.36 (£0.61)




Water 2025, 17,1032 11 of 14
Table 3. Cont.
Inner Wall .1 2 .
Material Water K (min—1) R Ty, (min)
Ultrapure 0.0290 0.9960 23.93 (£1.11)
Al Pond 0.0972 0.9949 7.13 (£0.24)
Paddy 0.0562 0.9973 12.34 (+0.56)

4. Conclusions

This study systematically investigated the effects of ultraviolet (UV) irradiation con-
ditions and reactor wall materials on the photodegradation of chlorothalonil (CTL) in
aqueous systems. The results demonstrated that increasing the number of UV lamps and
incorporating a reflective silvery-white aluminium foil inner wall significantly enhanced
the degradation rate of CTL. This study aimed to develop a preliminary design model for
the photocatalytic degradation of CTL in a controlled system, reducing secondary light
pollution and allowing degradation simulations in different environments.

In a 20 cm enamel bucket, increasing the number of UV lamps reduced the degradation
half-life from 29.95 min with one lamp to 8.15 min with four, improving degradation rates
by 93.6%, 193.8%, and 267.6% for two, three, and four lamps, respectively. When lined
with silver-white aluminium foil, the half-life further decreased to 14.01 min, 7.13 min,
4.98 min, and 3.86 min, with corresponding rate increases of 96.5%, 180.9%, and 262.9%
compared to a single-lamp setup. Silver -white aluminium foil improved degradation
efficiency by 104.6% to 117.2% over enamel surfaces. Similar trends were observed in
larger buckets. In a 30 cm enamel bucket, the half-life dropped from 41.41 min with one
lamp to 10.32 min with four, with degradation rates increasing by 63.9%, 123.5%, and
301.4%. Silver-white aluminium foil further lowered the half-life to 34.09 min, 15.7 min,
11.92 min, and 7.61 min, improving rates by 117.2%, 186.1%, and 348.3%. Compared to
enamel, silver-white aluminium foil increased degradation efficiency by 21.5% to 60.9%.
In a 40 cm bucket, the half-life decreased from 76.09 min with one lamp to 16.41 min
with four, with rate improvements of 146.2%, 218.3%, and 363.8%. With silver-white
aluminium foil, the half-life dropped further to 64.00 min, 27.31 min, 17.61 min, and
12.44 min, boosting rates by 134.3%, 263.4%, and 414.7%. The silver-white aluminium
foil lining improved efficiency by 13.2% to 35.7% over enamel. These results confirm that
increasing UV lamps and using silver-white aluminium foil significantly enhance CTL
degradation, with a synergistic effect observed across all conditions. These results confirm
that both an increased number of UV lamps and the presence of silver-white aluminium
foil significantly accelerate CTL degradation, demonstrating a synergistic effect.

The mechanism underlying the enhancement of CTL degradation by aluminium foil
was further examined using silver-white and black aluminium foil. The photodegradation
half-life of CTL in a 30 cm bucket was 57.38 min for the enamel inner wall, 44.4 min for the
silver-white aluminium foil, and 56.77 min for the black aluminium foil. The similarity in
results between the enamel and black foil groups suggests that black aluminium foil lacks
a catalytic effect, while silver-white aluminium foil significantly enhances photodegrada-
tion. The analysis of 2,4,5-trichlorobenzonitrile (CTL-3Cl), a primary degradation product,
further supports this conclusion. In the enamel and black foil groups, its concentration
remained relatively stable, whereas in the silver-white aluminium foil group, it increased
rapidly before declining sharply, indicating accelerated photolysis. Additional experiments
in a modified UV light box revealed that the degradation half-life of CTL was 150.36 min
in the black aluminium foil setup and 22.9 min in the silver-white aluminium foil setup,
corresponding to a 555.1% increase in the degradation rate. Light intensity measurements
confirmed that silver-white aluminium foil increased UV intensity by approximately 252%
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compared to black foil, further explaining its role in accelerating CTL degradation. These
improvements might suggest that silver-white aluminium foil enhances UV utilisation
through direct reflection, refraction, and diffuse reflection, effectively redirecting photons
that would otherwise escape the system [37]. Notably, the silver-white aluminium foil
does not introduce any additional energy consumption, making it a practical improvement.
Furthermore, the use of a low power 10 watt UV lamp highlighted the potential for achiev-
ing efficient CTL degradation with minimal energy input. Given its low cost and wide
applicability, silver-white aluminium foil represented a viable strategy for improving the
efficiency of photocatalytic degradation in water treatment systems.

To evaluate the practical applicability of these findings, photodegradation experiments
were conducted using natural water sources, including pond water and paddy field water.
In a 20 cm diameter enamel container, the CTL half-life was 55.23 min in ultrapure water,
12.63 min in pond water, and 16.36 min in paddy field water. When silver-white aluminium
foil was introduced, the half-life reduced to 23.92 min, 7.13 min, and 12.34 min, respectively.
These results demonstrate that silver-white aluminium foil enhances photodegradation
across different water sources, with degradation rates increasing by 1.3 times in ultrapure
water, 0.77 times in pond water, and 0.33 times in paddy field water.

This study confirms that both an increased number of UV lamps and the use of
silver-white aluminium foil inner walls significantly enhance the photodegradation of
CTL. The reflective properties of silver-white aluminium foil contribute to higher UV
intensity, accelerating degradation rates and improving pollutant removal efficiency. These
findings provide valuable insights for optimizing UV-based water treatment systems and
suggest that incorporating reflective materials can be an effective strategy for improving
the photodegradation of environmental contaminants. Unfortunately, this model also has
its drawbacks. In large-scale industrial applications, this model cannot be directly applied
to acidic or alkaline wastewater. Acidic or alkaline effluent can accelerate the corrosion
of system components and ultimately lead to system failure. If aluminium oxide material
is used instead of silver-white aluminium foil, its degradation data are not as good as
silver-white aluminium foil, except for acid and alkali resistance. It is therefore essential to
find materials that are more stable and have higher reflectivity. For all that, this study still
provides a new catalytic approach for the photolysis of organic wastewater.
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rate of Chlorothalonil; Table S1: Details of Materials and Equipment; Table S2: The degradation
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barrels; Black aluminum foil and silver-white aluminum foil for conventional photocatalytic reactors).
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