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Dyes are widely used in various industries, including food, textile, pharmaceutics and cosmetic industries for the

addition of color to products to make them more attractive for customers.

green synthesis nanoparticles dyes photodegradation

| 1. Introduction

Dyes are widely used in various industries, including food, textile, pharmaceutics and cosmetic industries for the
addition of color to products to make them more attractive for customers 2. However, depending on their chemical
composition and usage, some dyes may pose toxicity risks for aquatic organisms 2. Water has been greatly
polluted with dyes from industrial wastewater, mainly from the cosmetics, textile, paper and food industries, which
companies allow to fall untreated into the natural water resources. These pollutants ultimately pose life-threatening
risks to water biota, plants, and human beings, even in low concentrations, due to products produced during their
degradation, particularly photodegradation . In the textile industry, some azo dyes have been found to break
down into toxic aromatic amines, which may cause cancer and other health problems. As a result, some countries
have banned or restricted the use of certain azo dyes in textiles . In the cosmetic industry, some dyes may cause
skin irritation, allergic reactions, and other adverse effects, especially when used in high concentrations or on

sensitive skin 2.

Dyes are mainly divided into three different categories, namely, anionic, cationic and nonionic dyes. Anionic dyes
mainly possess negatively charged groups in their primary structure, such as the SO5;™ group, while cationic dyes
have positively charged groups, such as the protonated amine group. The third type of dyes are called nonionic
due to their dissociative behavior in aqueous solutions €. Azo-based dyes have more stability than other dyes due
to presence of the azo group, which gives them much higher stability when affected by heat, aerobic digestion, and
light. However, they may also cause severe problems in human health, such as genetic mutation, allergic
problems, vomiting, and cyanosis. Dyes from different industries are discharged into bodies of water where they
cause damage to aquatic life. These dyes can cause suffocation in aquatic animals, such as fish, by affecting their
gills. Aquatic animals’ breeding and shelter locations may also be affected. Dyes can also affect photosynthesis by
blocking the passage of light through the water, causing problems for aquatic animals 2. Because of these toxic

effects, it is very necessary to remove these dyes from water bodies by some technique to save aquatic life 8],
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Other types of dyes include: (a) Basic dyes such as thiazine, oxazine, azine, triaryl methyl, and cyanin derivatives.
Basic dyes, known for their brilliant intense color, play important role in the textile sector 2. The positively charged
dyes attract the negatively charged anions of nylon, polyester, and acrylic fibers through electrostatic forces. (b)
Acidic dyes, including methyl orange, methyl red, and erichrome black T 2%, These dyes are widely used as
coloring agents for synthetic (polyamides, acrylic) fibers in acidic conditions (low pH) 1. These dyes are also
employed as food colorants 12, (c) Reactive dyes, such as remazol brilliant red FG, reactive red 120, etc., are very
reactive towards the nucleophilic sites of the fabrics. They can make strong covalent bonds with the fabric’s
nucleophilic site and are applied to cotton, silk and rayon. (d) Dispersive dyes, such as dispersol, samaron, etc.,
are sparingly soluble and disperse in water. They attach to the fabric by hydrogen bonding and are useful for nylon,
acrylic and polyester (8],

There are many man-made food and juice colorants that are commonly used in the food industry, each with their
own associated potential toxicity, and the toxicity associated with each one can vary depending on the specific
chemical compound 3! and the dosage 4. Some synthetic dyes, such as Red 40, Yellow 5, and Yellow 6, have
been linked to adverse health effects, such as hyperactivity in children, allergic reactions, and, in animal studies,
cancer. As a result, some countries have banned or restricted the use of these dyes in food products, but many are
still illegally used in those countries 3. Some of the most common food and juice colorants that are illegally added

to our food in most parts of the world, along with their uses and associated toxicity, are presented in Table 1.

Table 1. Various food dyes, their uses and associated toxicity.

S5 e Synonyms I Uses Toxic Effects
No the Dye ynhony Structure
o used in candy, baked causes hyperactivity in
Allura Red X \. 5\:@, goods, cereals, and children, DNA damage in
1 AC Red 40 N,.°jf”§n other processed foods animal studies, and may be
S (16][17], carcinogenic [141118],
associated with allergic
used in processed foods, reactions, asthma,
. O . o :
2  Tartrazine Yellow 5 J\QJ\/?; soft drinks, snacks, and hyperactivity in children,
w | =
’ - candies 19, kidney tumors in animal
studies 29,
gj(\ used in sports drinks, causes hyperactivity in
illi i k : .
3 Brilliant — b@ACL candies, baked goods, children, and it may be
Blue FCF and other processed carcinogenic 22
e foods [24] 9 '
. used in many food associated with allergic
4 Carmine Red 4 o O‘O . produ'cts, including reactions ar!d can cause
5 Qb om juices, ice cream, and severe allergic reactions in
- baked goods [23. some individuals [24].
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No the Dye

Name of Chemical .
Synonyms Structure Uses Toxic Effects

used in processed foods,
affects bone marrow

Fast green including candy, ice . .
Green 3 chromosomes in animal
FCF cream, and baked goods - [26]
[25] studies 2.
common
used in a lot of basic . 27 1 the dye
. mutagenic effects [-rzlﬁcauses
: . food stuffs, sauces, spicy : 'r method
Metanil Acid % Q roducts. ice creams damage to gastric mucosa,
yellow yellow36 “°* Q, P o o and often tends to be strains of
" cold drinks, and juices . - [28]
[21] [3ofarcinogenic <=, the other

most used methods for this purpose. It Involves using ozone as an oxidizing agent to breakdown the dye

molecules. Ozone is a strong oxidizing agent that can oxidize many organic compounds, including food dyes, into

smaller, environmentally friendly compounds B, Chemical methods have also been employed for the degradation

of dyes. This involves the use of certain chemicals, such as hydrogen peroxide or sodium hypochlorite, to break

down the dye molecule B2, Adsorption can also be used to adsorb the dye molecules from the water and food

sources using certain adsorbents, such as activated carbon and hydrogels, after which the dye can be removed by

physical means [23],

Of the methods discussed so far for the degradation of dyes, photocatalytic degradation using NPs possesses

several advantages over other methods, including:

High efficiency: As the NPs possess a large surface-area-to-volume ratio, they offer many active sites within a

small area and can thus increase the degradation efficiency even at a smaller concentration of the dye (241,

Selectivity: Photocatalytic degradation using NPs is a selective process that targets specific compounds and
leaves the other compounds in the food matrix unharmed. This is because the photocatalysts are activated by

light on a specific wavelength which can be tailored to specific dyes (22!,

Environmental friendliness: The most important advantage of using photocatalysis over the other is the
environmental friendliness of this method as it would most commonly result in the production of water and
carbon dioxide as the end products which are not harmful to the environment, and can thus reduce the toxicity
of the dyes to a greater extent [2€],

Versatility: photocatalytic degradation can be used to degrade many toxic organic compounds, including those

that are resistant to other methods; therefore, its properties are highly versatile 87,

Cost effectiveness: This method is relatively low cost as compared to the other as it does not involve the use of
any expensive material or compound. All that is required is NPs, such as ZnO or TiO,, and exposure to UV light
that can be obtained by exposure to the sunlight 28!,
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Overall, photocatalytic degradation using NPs is a promising technique for the degradation of toxic food dyes offers
several advantages over other methods. However, the efficacy of the method may depend on several factors, such
as the type and concentration of the dye, nature of the food matrix, and desired level of degradation. Some of the

most common methods used for the degradation of dyes are shown in Figure 1.

A

Adsorption

Chemical
methods

Figure 1. Common methods used for the degradation of food dyes.

2.1. Various Approaches for Synthesis of Photocatalytic NPs

NPs are generally synthesized using two most common approaches that includes top-down and bottom-up
approach. Single atoms and molecules are used in the bottom-up process to build structures. As compared to
those in macro formations, the covalent forces that bind these atoms together are far greater. NPs are created first,
and are then assembled to create a final structure with the desired properties. Using a top-down method,
nanostructures are created by physically or chemically shrinking the size of the starting material. Some of the
methods utilized in the top-down approach include cutting, carving, molding, laser ablation, electroplating,
hydrothermal treatment, and nano lithography (2. Almost any element in the periodic table can be used in
nanotechnology, depending on the intended use, which can range from nanomedicine to nano sensors. Designing
materials with control over size, structure, and composition at the nanoscale level results in materials with
enhanced properties 2. Physical approaches for producing NPs have some significant drawbacks, including
limited productivity, high prices, and significant energy consumption to reach synthesis conditions, such as high
pressure and temperature 9 Wet chemical processes are gaining popularity as a means of overcoming the
constraints of physical approaches for the creation of NPs. A common technique entails creating NPs in a liquid
reaction media while specific reducing chemicals, such as hydrazine and potassium bitartrate, are present. To
prevent nanoparticle aggregation, several stabilizing agents are added to the reaction mixture, such as polyvinyl

pyrrolidone. Chemical processes may have certain drawbacks despite their low cost and high output, including the
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production of hazardous byproducts and pollution from precursor solvents 1. Thus, the need for innovative,
nontoxic, high vyielding, and environmentally acceptable methods of metallic nanoparticle manufacturing is
increasing. Recent years have seen a huge increase in interest in the biological approach in this area. Due to their
accessibility in nature, biological resources, such as plants, microorganisms, algae, fungi, etc., could be employed

to synthesize NPs 1. Various methods that have been used so far for the synthesis of NPs are shown in Figure 2.

Synthesis of NPs 4
Top to Bottom Bottom to up
" " Biological methods
Physical methods Chemical methods ”g ;
; g . Utilization of plant
. Mechanical / Ball . Sol-gel synthesis
milling .Spray pyrolysis St
i g N . Microbial biosynthesis
. Chemical etching . Precipitation . p
. . Algal biosynthesis
. Thermal / Laser . Laser pyrolysis e
Ablation Sputtering . Hydrothermal method ’ s y.
proteins

Figure 2. Various approaches for synthesis of NPs.

2.2. Green Synthesis and Characterization of Photocatalytic NPs

Green-synthesized NPs are nanopatrticles that are synthesized using environmentally friendly methods, such as
using plant extracts or other natural sources. Green synthesis of NPs involves the use of environmentally friendly
methods to produce NPs without the use of hazardous chemicals. This approach has gained increasing attention in
recent years due to its potential for producing biocompatible and non-toxic materials that can be used in a wide

range of applications, including photocatalysis 2.

Green synthesis of NPs for photocatalytic applications typically involves the use of plant extracts, microorganisms,
or other natural sources as reducing and stabilizing agents 3. These methods offer several advantages over
traditional synthesis methods, such as the use of toxic chemicals, high temperatures, and high pressures. Green
synthesis methods are also relatively simple and cost-effective, making them ideal for large-scale production. This
method also offers several advantages over other green synthesis methods, such as microorganism-mediated
synthesis or physical methods. Plant-mediated synthesis of NPs has been reported to be effective for the synthesis
of a wide range of metallic NPs, including silver @4 gold 42 platinum 8, and copper 4. For instance,
nanoparticles synthesized using plant extracts can have a higher degree of crystallinity, smaller particle size, and
higher surface area compared to those synthesized using traditional methods 28!, These properties can enhance

the photocatalytic activity of the NPs, leading to more efficient degradation of food and juice toxins. Green
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synthesis of NPs using plant extract mainly include collection of the plant material (root, stem, or leaves) followed
by air drying, which usually takes 5-6 days. Then the dried parts are thoroughly grinded, and the weighed quantity
is boiled in water, usually at 70-80 °C, for 3—4 h. After filtration, the plant extract is obtained. A salt solution and
plant extract are allowed to mix together, which usually results in the synthesis of NPs, either by the precipitation
method or the combustion method. The various phytochemicals present in the plant extract serve as reducing,

stabilizing and capping agents 49,

Characterization of NPs is an essential step in evaluating their photocatalytic properties. Common techniques used
for nanoparticle characterization include UV-Visible spectroscopy, X-ray diffraction (XRD), scanning electron
microscopy (SEM), transmission electron microscopy (TEM), and Fourier transform infrared spectroscopy (FTIR)
and XPS.

Green-synthesized NPs can provide insights into the optimal photocatalyst properties for effective toxin
degradation. The use of green synthesis methods can also enhance the sustainability and eco-friendliness of the
overall process BY. Therefore, studying the green synthesis and characterization of NPs for this application is
crucial for the development of efficient and sustainable photocatalytic degradation methods for food and juice

toxins.

For example, spherical-shaped silver NPs were successfully synthesized using Viburnum opulus fruit extract B4,
Another group of researchers also synthesized spherical-shaped silver NPs using the leaf extract of Kalanchoe

brasiliensis 4. A schematic representation for the green synthesis of nanoparticles is shown in Figure 3.

f\f\/ﬂ\

( . Ieawes
Plant NPs Metal salt

extract formation solution

Characterization
techniques

nanoparticles

Figure 3. Schematic representation for green synthesis of nanoparticles.
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