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Chapter

The Waste Problem of
Antimicrobial Finishing

Candan Akca

Abstract

Growing awareness of health and hygiene has increased the demand for bioac-
tive or antimicrobial textiles. As a result the global market of antimicrobial textile
products has been growing day by day. Antimicrobial finishing protects the wearer
from microorganisms for aesthetic, hygiene, or medical reasons and protects the
textile from biodeterioration caused by mold, mildew, and fungi. Antimicrobial
textile products have crucial functions such as ensuring hygienic conditions and
preventing spread of diseases especially crowded places like hospitals, baby nurser-
ies, and barracks. However the antimicrobial agents used in antimicrobial finishing
have adverse effects (toxic, allergic, and carcinogenic) on wearer and all the living
organisms during the antimicrobial textile product’s production and serving life.
The effects of finish content released in waste water bath and the release of finish
content to surrounding skin of user and its contact/inhalation/consumption by
other living species require studies. The contamination substances in the sludge
may be consumed by the cultivated plants, eventually becoming component in feed
and food. Contamination is also possible in water and soil organisms. The chapter
is about the waste problem of the antimicrobial finishing (especially metal-based
antimicrobial finishing and triclosan-based antimicrobial finishing).

Keywords: antimicrobial finishing, heavy metal, silver, triclosan, waste,
environment, pollution, toxicology

1. Introduction

The foundations of the textile industry were laid in Britain; spinning and weav-
ing technologies developed here. However, in the aftermath of this development,
in the nineteenth century, textile production shifted to Europe and North America
following pace with the industrial modernization in these regions. In the preced-
ing years, almost all countries have realized industrialization and development
processes via the textile industry. Countries undergoing the development process
continue to produce more traditional textile products, whereas countries that have
already completed their development processes and have achieved an advanced
level of technology continue to produce high-tech technical textiles [1].

While the textile industry was initially in a traditional position that met basic
requirements, such as yarn and fabric production, clothing, and home textiles,
the development of technology over time and the increase in human needs have
resulted in the industry being much more technological and functional today as a
result of diversification [1].
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Looking at the global textile market volume in 2015 and beyond, it is observed
that it reached $667.5 billion in 2015. Europe accounted for 54.6% of this volume
and the Asia-Pacific region 20.6%. When the 2018 data is examined, the global
textile market volume is estimated to be $858 billion, up to 5% from 2019, and
estimated to reach $1.207 billion by 2025 [1, 2]. It is also estimated that interest in
high-tech textile products will continue to increase in the coming years and that the
market in this field will continue to grow in Europe (especially Germany, France,
and Italy) [2].

In recent years, consumers’ desire to feel comfort, be hygienic, feel good and
control odor, and be protected from microorganisms has led to the rapid growth
of the market of antimicrobial textiles [1, 3, 4]. The current uses of antimicrobial
textiles range from outdoor applications such as tents, tarpaulins, awnings, blinds,
parasols, sails, and waterproof clothing to indoor applications such as shower
curtains and mattress ticking. They are also used in some consumer textiles such as
sportswear, T-shirts, and socks and also in medical purpose such as masks, surgical
clothing, wound dresses, and bandages [5]. Global antimicrobial textile market
volume in 2019 reached $9468 million. And it is estimated to reach $12,313 mil-
lion in 2024 [6]. According to the 2015 data, the market volume of global finishing
chemicals is 1.14 million tons, and there is an increase of 6.1% each year by 2025.

A significant portion of this amount consists of antimicrobial finishing agents [7].
The volume of the global wet wipe and wet napkin market is thought to have the
potential to increase by $5.75 billion between 2020 and 2024 [8]. And by 2016, the
volume of diapers will be $46.50 billion and is estimated to reach $67.46 billion by
the end of 2022 [9].

By 2025, the world’s population is estimated to be 8.2 billion. Growing world
populations, rising living standards, and fast fashion trends are causing the global
textile industry to grow day-by-day. This also means large amounts of raw materials
and resource usage, ultimately producing pollution and a high rate of waste [1, 10].

In this section, the issue of antimicrobial textile production (especially metal-
based antimicrobial textile production, triclosan-based antimicrobial textile
production) and subsequent product life spans are investigated.

2. Textile and waste

The word waste is defined as things that people do not need and want to get rid
of. Waste according to their physical form can be classified as solid, liquid, and gas.

It is also possible to classify waste according to its original uses (packaging waste,
textile waste, etc.), according to its materials (glass, metal, fiber, etc.), according to
its physical characteristics (recyclable, composite, fuel, fertilization, etc.), according
to its origin (domestic, commercial, industrial, agricultural, etc.), and according

to its safety level (dangerous or hazardous) [9]. Household waste and commercial
waste are classified together as solid municipal wastes. Excessive and unnecessary
consumption in all areas of daily life increases the burden of a clogged-up world [10].

European Union member states have targeted a 50% reduction of municipal
waste by 2020 through reuse and recycling [10].

In the textile industry, during the production of textile products, high
amounts of solid, liquid, and gas in the form of wastes are produced as well as
during the lifetime of textile products by the consumer and after the end of its
lifespan [1, 10, 11].

Aged textile processes, which include pre-finishing, dyeing, printing, and
finishing processes, usually consist of chemical applications, fixation, washing, and
drying steps. In particular dyeing and finishing processes are processes where the
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highest amount of water is used [1, 11]. In textile production, a very large amount of
water, chemicals, dyeing, and auxiliary chemicals are used. Therefore, textile waste-
water is contaminated with these substances, has alkaline at high concentrations,

is sharply scented, has the need for high biological oxygen (BOD) and for chemical
oxygen (COD), and contains highly dissolved solids if it is not properly removed,
which can cause environmental complications [1, 11].

Textile products other than disposable products are repeatedly exposed to
washing, drying, ironing, and dry cleaning during their lifetime [12]. Wastewater
contaminated with detergent, stain remover, and softener in washing baths are
toxic to marine creatures [13]. With each washing, the active finishing chemicals
applied on the textile product also leave the textile surface and pass on to the wash-
ing water subsequently increasing the waste load. Active finishing chemicals can
leave the textile surface not only with bathing but also when faced with bodily fluids
during use. This condition can cause itching, skin sensitivity, and allergies in people
with sensitive skin [14].

The average life expectancy of textile products is 2 years, and then they continue
to be waste loads by being stored in landfills. The amount of textile waste that has
completed its life span is 10.5 million tons per year in the United States, 350,000
tons in the UK, and 287,000 tons in Turkey [10]. In particular, some studies and
trends have been initiated to evaluate textile products that have completed their
life spans in the United States and Europe. These studies can be summarized as
recycling, reuse, energy production, second-hand clothing trends, vintage cloth-
ing trends, and slow fashion trends [10, 15]. According to 2009 data, only 15% of
the textile products that have completed their life in the United States are utilized
through recycling or donation, and the remaining 85% are left to solid waste
landfills. However, it is thought that it is possible to utilize up to 95% with success-
ful waste management [10].

The textile industry also produces waste in gas form, causing air pollution.
Especially in spinning and weaving processes, a large amount of dust and subli-
mates are emitted into the operating environment. This condition can cause respira-
tory diseases and chronic lung diseases in workers [10].

From an environmental point of view of the textile industry, energy consump-
tion, gas emissions, solid waste, and odor problems are also important issues, but
the main problem is the chemical waste load produced in large quantities of waste-
water and the chemicals in the wastewater [10].

2.1 Toxic or hazardous waste in the textile industry

Toxic or hazardous waste is waste that is dangerous for the environment and
human health or has the potential to create harmful effects. Toxic and hazardous
waste can occur in the form of solid, liquid, gas, and sludge as a result of various
industrial production activities [16].

There are many toxic and dangerous chemicals in textile wastewater caused by
different production processes [10]. Some of these are as follows [10]:

* Chlorinated solvents: chlorinated solvents are used in many processes such
as bleaching, scouring, and dyeing in the textile industry. They are known to
have allergic, carcinogenic, and toxic properties for human and environmental

health.

* Hydrocarbon solvents-aliphatic hydrocarbons: hydrocarbons of organically
structured compounds consisting of aliphatic compounds and carbon and
hydrogen elements are aliphatic. They can be straight-chained, branched, or
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ringed and are divided into two: saturated and unsaturated. They are flam-
mable and have sultry properties. They are known to cause nervous system
diseases and cancer.

* Hydrocarbon solvents-aromatic hydrocarbons: it is very difficult to purify
textile wastewater from aromatic hydrocarbons. Aromatic hydrocarbons
are not easily dissolved in water. Most aromatic hydrocarbons stick to solid
particles, settling in lake and riverbeds and blending into groundwater. These
compounds are known to cause cancer in the long term.

* Oxygenated solvents (alcohols/glycollics/ethers/esters/ketones/aldehydes):
oxygenated solvents are solvents with a high solvent feature containing an
oxygen molecule. These solvents (methanol, ethanol, propane, ethylene glycol,
etc.) are widely used in textile processes. They are harmful to both human
health and all flora and fauna. Exposure to high amounts of these compounds
can lead to sudden deaths. Prolonged exposure can cause blindness, irregular
heartbeat, and damage to the kidney and lungs. Some of these compounds are
in the carcinogenic category for humans. Glycol ethers can cause developmen-
tal impairment in the fetus and infertility in men. Regular exposure to these
solvents can cause memory and hearing loss, depression, headache, coordina-
tion disorders, and skin disorders. Exposure to the vapors of these solvents can
cause ailments such as asthma or shortness of breath.

* Grease and oil contaminated waste: grease can be animal-based, oil-based, and
synthetic-based. Wastewater contaminated with grease is toxic to marine life in
the long run.

* Used oils: some of the oils used in textile processes are carcinogenic to human
health if they are in physical contact with humans or digested.

* Dye materials and pigments containing harmful substances: the presence
of dye substances and treatment of textile wastewater are serious problems
because most dye materials are stable and are not easy to parse with traditional
treatment methods. The chemical structures and contents of the dyes have an
effect on toxicity sites:

* Organohalogens: pigments can contain fluorocarbon, chlorocarbon, bromo-
carbon, or iodo-carbon bond and contains toxic elements such as lead,
cadmium, mercury, valve, chromium, cobalt, nickel, arsenic, etymon, and
selenium and are toxic and dangerous.

* Organic compounds (such as benzyte, methane, paraffin) are made up of car-
bon and hydrogen elements; they are found in coal, crude oil, natural gas, and
vegetables. Hydrocarbons, pesticides, dyes, and plastics are the cornerstone of
numerous product groups.

3. Textile antimicrobial treatments
Antimicrobial finishing applied to textile material should be effective against
microorganisms as well as meet a number of requirements including the fact that

antimicrobial finishing is suitable for the textile process; is resistant to washing, dry
cleaning, and hot press; and is not harmful to the environment [17].

4
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Different antimicrobial methods of finishing may be preferred depending on
the genus, structure, surface characteristics, and usage area of textile material.
Antimicrobial finishing can be carried out during the phase of finishing procedures, as
well as the application of antimicrobial agents into the polymeric matrix during the pro-
duction phase of synthetic fiber. The activity against microorganisms occurs through
contact and/or diffusion. There are no antimicrobial agent disperses in activity through
contact and show impact on the microorganism at the time of contact. In the event of
diffusion, the antimicrobial agent reaches the outer environment away from the fiber
surface, or polymer matrix, and shows activity on the microorganism [17-21].

A living germ, bacteria, or fungal has a cell wall of polysaccharides on the
outermost surfaces. This structure ensures their integrity and protects them against
the external environment. There is a semipermeable cell membrane on the cell wall.
The cell wall and membrane stores, protects, and performs the cell’s vital organelles,
enzymes, genetic information, and transport. The type of activity of the antimicro-
bial agent against the microorganism is the main factor in its classification. If the
antimicrobial agent only prevents the growth of the microorganism, it is called a
biostatic effect; if it kills microorganisms, it is called biocidal effect [22-24].

Antimicrobial finishing processes have three different mechanisms [25]:

3.1 Controlled release

Most antimicrobial substances operate with a controlled oscillation mechanism.
In this mechanism, the antimicrobial substance, which has already been applied to
the textile material, is released at a certain speed in a controlled manner during use.
This type of antimicrobial substance, which is removed when the textile material is
washed, is very effective against microbes on or around the fiber surface. However,
since it is constantly released during use, the amount of the textile material is gradu-
ally depleted at the end of the antimicrobial substance, and therefore the exhaustion
process is depleted. On the other hand, the environmentally released antimicrobial
substances are toxic to beneficial microorganisms and other creatures [24-26].

In recent years, studies have increased the use of silica carriers such as zeolite
and microencapsulation technology for controlled oscillation in order to increase
the strength of antimicrobial process or effect and cause less damage to the environ-
ment [25-27].

3.2 The regeneration principle

The renewal model was formulated by Gagliardi in 1962. This model, described
in Gagliardi’s article, is based on the application of a chemical finishing process
product to fabrics that produce active germ killer (antiseptic) substances that are
constantly renewed by adding bleaching substances during washing or exposure to
ultraviolet light. This regeneration occurs when the covalent bonds in the chemi-
cally modified fiber are severed as a result of washing or photochemical effects, so
that the model has an unlimited antimicrobial repository [27]. Although the regen-
eration technique has not yet been implemented, the microencapsulation technique
is close to performing the function of this model. However, although the surface
is suitable for a long period of time, microencapsulated antimicrobial substance
storage is not unlimited [25, 27, 28].

3.3 Blocking or the blocking effect

The blocking or blocking mechanism for the protection of fabrics from
microorganisms can be divided into two: (a) inert (ineffective) physical obstacle



Textile Industry and Waste

layers or coatings that are simply resistant to the passage of microorganisms into
fabric or (b) layers or coatings with direct surface contact effect against microbial
proliferation [27].

Fire, water, weather, and mildew resistant (FWWMR) end process is an
example of obstacle coating. In this process, fabrics are coated with a mixture of
organic and anorganic compounds containing fungicide. The blocking or blocking
mechanism has been used to protect fabrics from mold yeast and decaying fungi
with resin applications or chemical modification of cellulose with cyanoetylation
or acetylation. When the finishing process containing flame-retardent agents and
resins forms of finishing agent with covalent bonds, they are the most effective
products against mold [27].

The product of the only antibacterial finishing process based directly on the
concept of surface contact attachment obstruction is an organosilicon polymer
containing hanging quaternary ammonium groups that form a biobarrier in the
fabric [27].

Most of the antimicrobial agents used to manufacture commercial textiles have
biocidal effects, but they show activity on microorganism in different ways [17]:

* They damage or inhibit the synthesis of the cell wall, which is critical for life
and survival.

* They damage intracellular and non-cell matter transport by inhibiting cell
membrane function.

* They cause the death of the microorganism by inhibiting the synthesis of the
proteins that make up the building rocks of the cell and enzymes.

* By inhibiting nucleic acid (DNA and RNA) synthesis, they prevent the survival
and proliferation of the cell.

* By inhibiting metabolic processes, they cause the death of the microorganism.

4. Antibacterial agents used in the textile industry

The most common antimicrobial substances used to give textile materials anti-
microbial properties are quaternary ammonium compounds (QAC), polyhexameth-
ylene biguanide (PHMB), chitosan, regenerated N-halamine compounds, peroxy
acids, metal/metal salts, and triclosan. In addition, there are antimicrobial-enabled
paints (e.g., metallic paints) that allow simultaneous dyeing and antimicrobial
finishing processes [25]. The chapter is about metal-based antimicrobial finishing
and triclosan-based antimicrobial finishing.

4.1 Metal-based antimicrobial finishing

Many heavy metals are toxic to microorganisms, both freely and in compounds,
even at very low concentrations. Other heavy metals such as copper, zinc, and
cobalt are also used in the production of antimicrobial textiles, but the most
preferred are silver and silver compounds for this purpose [17, 29, 30]. In recent
years, the nano-forms of metal and metal compounds have attracted attention as
new generation biocides [30]. According to 2018 data, the most commonly used
antimicrobial substances in the production of antimicrobial medical textiles are
metal/metal salts (39.6%) [31]. The most commonly used metallic salts are silver,
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coppetr, zinc, and cobalt [31-33]. The global nano-silver market volume is estimated
to exceed $3.3 billion in 2024 [34].

Metal and metal compounds cause oxidative stress in the microorganism,
causing damage to microorganism lipid, protein, and DNA, resulting death [30].
The mechanism of action of the nano-forms of metal/metal compounds is similar.
Silica such as zeolite, polymer matrixes, and various cross linking agents are used
to stabilize nanoparticles in the structure, to provide controlled oscillation, and to
ensure washing durability [30].

In synthetic fibers, metal and metal compounds can be added to the environ-
ment before fiber extraction or in the polymer stage before electrospinning
and nano-fiber production. During its lifetime, metal ions are released causing
biocidal effects in the presence of moisture. The amount of metal ion released
varies depending on the chemical structure of the fiber, its surface feature, and the
amount of metal/metal salt on the fiber [29].

The application of metals to natural fibers can only be done during the finishing
process. Various strategies have been developed to improve binding and durability.
Cotton was pre-treated with succinct acid anhydrites. Succinic acid anhydride acts
as aligand (atom, molecule, or ion attached to the central atom) for metal ions and
provides very effective antibacterial activity by increasing the retention of metal
salts (Ag* and Cu?*) on the surface. In protein fibers (e.g., wool), aspartyl and
glutamyl residues are thought to be binding groups for free carboxyl groups, most
likely metal ions. Binding capacity can be further increased with EDTA with the
ability to skip the tannin acid or metal ions that increase the serious restrictions due
to technical and environmental problems; therefore, it is not accepted in commercial
production [29].

4.1.1 Silver-based antimicrobial finishing

Silver has been used in many areas for centuries as a broad-spectrum antimi-
crobial substance with antibacterial, antifungal, and antiviral properties. Metallic
silver, silver nitrate, and silver sulfadiazine forms have been used for many years to
treat burns, wounds, and numerous bacterial infections [35]. Most metal ions are
also known to have antimicrobial properties, but silver is best effective against bac-
teria, viruses, and other eukaryotic microorganisms [35]. Silver has very important
advantages as an antibacterial substance. These benefits include the fact that silver
is a very broad-spectrum antibiotic and has almost no bacterial resistance to silver,
and there is no toxicity in low concentrations [35-37].

It is known that the use of silver in the treatment of burns and chronic ulcers
in water disinfection dates back to the 1000 BC. In the literature, it is mentioned
that silver was used as an eye drop in the 1800s, and then its used was reduced
with the presence of penicillin, but 0.5% silver nitrate solution in the 1960s was
widely used in burn treatment. In these years, silver’s effectiveness against bacteria
such as Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli has
been proven. In 1968, silver sulfadiazine cream was obtained by combining silver
nitrate with sulfonamide. This cream has been widely used in the treatment of
burns due to its effectiveness against many microorganisms. The literature states
that silver sulfadiazine is active against bacteria such as E. coli, S. aureus, Klossiella
sp., and Pseudomonas sp. and also has antifungal and antiviral activities [35]. 1%
silver nitrate solution is still used as eye antiseptic for various purposes in newborn
babies [38]. Today, wound dresses containing different amounts of silver against
antibiotic-resistant bacteria are used [35].

Concentrations greater than 0.5% are not generally preferred in silver solutions
used for medical purposes. In these concentrations, silver allergy is not reported.
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However, when using wound dress containing a high amount of silver ion in large
wounds, a disease called argyrism can be found in the form of bluish and brown
lesions in the skin and mucous membrane. This disease causes the removal of silver
ions from the open wound for a long time [35, 39].

Metallic silver is actually inert, but when it comes into contact with the skin,
the moisture and fluid of the wound on the skin make it ionized. Iodine silver
is highly reactive. It connects to tissue proteins, causing structural changes in the
bacterial cell wall and then the nuclear membrane, causing the death of the
microorganism [35].

4.1.2 Mechanism and toxicity of silver

The mechanism of killing microorganisms by silver is still not very clear. The
mechanism was attempted to be clearer by examining morphological and structural
changes caused by metallic silver, silver ions, and silver nanoparticles in the bacte-
rial cell. In light of the studies, it is known that silver is connected to the bacterial
cell wall and cell membrane, interacting with thiol groups to inhibit respiratory
enzymes, thus leading to the death of the microorganism [35, 36].

Liau and his colleagues studied the effect of silver ions on amino acids contain-
ing thiol (-SH) groups in 1997 [40].

A 2000 study by Feng and colleagues examined the morphological changes
that silver ions have on gram-positive S. aureus and gram-negative E. coli bacteria.
AgNO3 was used as an ion source in the study. Gram-positive S. aureus has been
shown to be able to better resist silver ions due to its thick cell wall, which is typical
of positive bacteria. Again, the study reported that DNA, which can only be copied
while free, has become a more intense form within the cell, which shows that DNA
has lost its ability to copy itself [41].

In his 2005 study, Holt and colleagues reported that the increase in the amount
of potassium in the environment was detoxicated by the toxicity of silver against
microorganisms [42].

Li and colleagues studied the antibacterial effect mechanism of silver nanopar-
ticles on E. coli in 22010 study. In this study, silver nanoparticles first disrupted the
structure of the cell membrane and entered the cell and then inhibited the respira-
tory enzymes by relocating the hydrogen atoms (—-S—Ag-) in the cysteine thiol
(-SH) groups. The development and proliferation of bacteria stop if cell member
permeability and respiratory of cell deteriorate [43].

Many studies are being conducted on the antimicrobial mechanism of nano-
silver particles, but there is not enough work on toxicity. A limited number of stud-
ies conducted in in vitro conditions show that nano-silver particles are much more
toxic than conventional silver and other heavy metals [35, 44]. Shapes, particle
sizes, crystalline, surface properties, ambient humidity, ambient pH, cations in
the environment, and their concentrations are among the particles that affect
the toxicity of silver nanoparticles [45]. In vitro studies reveal that nano-silver
particles cause damage to the brain, liver, and reproductive cells in mammals. In
1999, the FDA warned that the use of colloidal silver solutions containing micro-
or nanoparticles could lead to neurological problems, headaches, skin irritation,
weakness, stomach ailments, and kidney ailments. It is also reported that silver
nanoparticles will affect rivers, lakes, and all living things that make up the ecosys-
tem by blending into the food chain by mixing into the water. Washing machines
produced in recent years, using nano-silver technology, are also objectionable in
this context. In order to further clarify this issue, a large number of independent
animal and clinical trials that are not supported by producers must be performed
[35, 43, 46].
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4.1.3 Silver contaminated waste and silver accumulation

Silver and its different forms are wide spectrum antibiotics. They have low risk
of bacterial resistance, and their low concentrations are not toxic, and they have
ease of application and low cost. Because of these advantages, silver and other
forms of it are widely used in most areas and surfaces, which are being antimi-
crobial desired. It is also widely used in the production of antimicrobial textiles in
different forms of Ag and silver (colloidal silver, silver salts, and elemental silver in
powder form) [35-37].

Ag particles are applied to the textile surface using binder or cross-binding sub-
stances; it is possible to increase washing resistance. However, as a result of washing
both during antimicrobial textile production and throughout its life cycle, most of
the Ag particles on the textile surface mix into rivers, lakes, and groundwater along
with wastewater, causing the accumulation of silver in the ecosystem. Disposable
hygiene products are a similar situation [36]. Most antimicrobial textile products
are released into washing water for 50% of the amount of silver at the end of three
washings. And the textile products release 10-98% content of the silver into wash-
ing water at the end of 10 washings [47]. According to a study, up to 75% of silver
may be released from textiles impregnated with Ag NPs in one washing cycle [48].
It is clear that silver accumulated in the ecosystem, water or soil, will have a toxic
effect on all living organisms and reach the food chain [14, 35].

According to a study conducted in 64 countries on the release of silver from dif-
ferent products into nature, the United States is the country that releases the most
silver into the environment, globally. The Asian continent is the continent which
has the most silver emissions directly into the aquatic environment and land [49].
According to a report, 68% of the global silver consumption is used for water treat-
ment and 32% for other uses. And 3.4-40 metric tons of silver are used in textiles
per year [5]. In the United States, 29% of the silver used in different industries is
released into the aquatic environment, and 69% are known to be dumped in solid
waste storage [50]. In recent years nano-silver consumption in textiles like other
industries has been increasing rapidly also [51]. The regions where antimicrobial
medical textiles containing metallic salts such as copper, zinc, cobalt, mainly silver
most used are North America (39% of market volume), Europe (23% of market
volume), the Asia Pacific regions (30% of market volume) and the rest of the world
(7% of the market volume) respectively [31, 48]. The highest use rate belongs to
North America because hospital infection and cardiovascular disease rates are high
in this region [31].

4.2 Triclosan-based antimicrobial finishing

Triclosan has been widely used in commercial products for many years as an
antimicrobial substance used in soaps, deodorants, cosmetics, cleaning lotions,
plastics, toothpastes, and antibacterial textiles [52-56]. The European Union’s
consumption of triclosan in 2006 is reported to be approximately 450 tons. It is
reported that 85% of this is used in personal care products, 5% in textile prod-
ucts, and 10% in plastics and products that come into contact with food [54, 57].
Triclosan is also frequently used in the textile industry. Triclosan is used to prevent
the formation of bad odor in wool; to prevent the reproduction of bacteria and
fungi in synthetic, mixtures, and non-woven textile materials; and to keep mites
away from textile materials [57].

75-210 metric tons of triclosan are used in textiles per year globally [5].
According to a 2009 report by the Australian government, between 2001 and 2005,
the amount of triclosan contained in textile products exported to Australia varied



Textile Industry and Waste

between 1 and 20%. The report stated that between 2001 and 2005, textile products
containing approximately 1 ton of triclosan were used. In the same report, it is
stated that triclosan in used in Australia in wool bed-duvet production, upholstery
fabrics, towels, woolly textile products, preparatory fabric production, marine

and sports clothes, socks, underwear, shoe linings, zippers, gloves, surgical masks,
non-woven products, sleeping bags, and insulation textiles [57]. Triclosan can be
added to the textile materials during the fiber production stage and can be applied
as a finishing process or transferred in the form of coating [57].

4.2.1 Mechanism and toxicity of triclosan

Triclosan is known to have bacteriologic effects on gram-positive and gram-
negative bacteria, as well as antifungal and antiviral properties [53, 56]. Triclosan
inhibits lipid synthesis by blocking enoyl-acyl reductase (ENR) of the microorgan-
ism. Thus, it prevents the development of the microorganism and its proliferation
of division [53].

In 1986 in accordance with the European Union Cosmetics Directive, triclosan
has been confirmed that it can be used in materials in contact with foods of up to
0.3% concentration as protective material, 5 mg/kg textile materials (especially
in sportswear), and 0.3% concentration of plastic (plastic packaging, brushes)
materials [54]. The Japanese government has stated that in cosmetics, the maximum
amount of triclosan that can be used is 0.1%. In oral care in Canada, the amount of
triclosan allowed in their products is 0.03%, and in cosmetic products it is 0.3%.
According to a 2009 report by the Australian government, with regard to triclosan,
eyes, respiratory system, and skin have been described as being irritating and toxic
to inhalation [57].

Studies on the effects of triclosan on human health are usually carried out with
mice, rabbits, dogs, and monkeys [53, 54]. Triclosan is taken into the body through
the skin, nose, and mouth during contact with products containing triclosan.

In addition, triclosan has contaminated the sea, lake, and groundwater and has
reached the food chain, especially from foods such as seafood; triclosan enters

the human body [53]. A study of 36 breastfeeding mothers who stated that they
used personal care products containing triclosan as a result of a series of studies in
America found triclosan in the mothers’ milks [53]. Studies have shown that triclo-
san affects androgens in the male body and estrogen in the female body. Triclosan
was found to affect the transport between the fetus and the placenta in the bodies
of pregnant sheep, which has been reported that this can cause abnormal develop-
ment. It has also been reported that triclosan can trigger breast cancers, especially
in females. A number of studies on rabbits have been reported to reduce the sperm
count in male rabbits and cause tissue destruction in reproductive organs, disrupt-
ing masculinity hormones [53].

The thyroid is known to have vital effects on development and metabolism. The
thyroid hormone is a highly effective hormone in the development of fetuses and
young children. Studies have shown that triclosan lowers thyroid hormone levels in
rabbits and changes metamorphosis time in frogs [53, 58].

4.2.2 Triclosan contaminated waste and triclosan accumulation

Water supplies all over the world have been contaminated with triclosan due to
wide commercial use in commercial products. In a 1999-2000 study conducted in
the United States, samples from different water sources were examined in terms
of 95 different chemicals, and as a result, one of the chemicals with the highest
concentration was triclosan. Again, the researchers found a very high amount
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of triclosan in the bodies of marine creatures in particular. The Environmental
Protection Agency reported that some of the triclosan in the environment was dis-
rupted by the effect of ultraviolet rays and turned into toxic dioxins. It is reported
that the access of dioxins to the food chain will have bad consequences [52]. Because
the demolition products of triclosan are also toxic [59]. Again, the formation of
cancer is associated with triclosan exposure [59]. According to a study, antimicro-
bial textile products containing triclosan are sold in 64-84% of the triclosan wash
water at the end of 10 washings [57].

5. Bioactive plant-based environment-friendly antimicrobial finishing

Bio-functionalization of textiles with natural bioactive agents with antimi-
crobial properties is becoming increasingly important because they are not toxic,
skin, and environment-friendly. These antimicrobial compounds extracted from
most plants are phenols, polyphenols (simple phenols, phenolic acids, quinines,
flavonoids, tannin, coumarin, etc.), terpenoids, essential oils, alcoholicoids, lectins
polypeptides, and polyacethylenes. Most of these substances obtained from plants
are colorful and are natural antimicrobial dyes and pigments used for the dyeing
of both natural and synthetic fibers [30, 60-65]. Eco-friendly pigments can be
obtained with fermentation of bacteria and fungi [30, 66, 67]. Different methods
are mentioned in the literature to increase washing habits of bioactive vegetable-
based antimicrobial compounds uncinated on textile fiber: resin application with
cross-binding agent, glyoxal, and glycol [30, 68]; sol-gel matrix of liquid bioactive
compounds, such as essential oils [30, 69]; and application with microcaps or with
the pad-dry-cure method [30, 70-72].

Hydrogen peroxide is a natural antimicrobial produced against invasive bacteria
in human cells. It is also found in honey as a preservative. Antimicrobial activity of
hydrogen peroxide against bacteria, mold, fungi, algae, and viruses is known. The
finishing processes and substances with hydrogen peroxide have become popular
and commercialized in recent years [14].

It is thought that the importance of antimicrobial-effective herbal (such as veg-
etable wastes etc.) and animal-derived natural materials will increase for reducing
the waste load (production, during its lifetime, and at the end of its lifespan) and
engaging in more environment-friendly manufacturing [14].

6. Conclusion

In today’s world, the role of the textile industry is very important. While the
textile industry initially met traditional human needs such as dressing with yarn
and fabric production and home textiles, today due to rising living standards,
textiles have become much more technological and functional with diversified
human requirements. It is also an important industry sector for both countries in
the growth and development process (rather than traditional textile production)
and countries that have completed their development (rather than high technologi-
cal textile production). However, despite all these advantages, the textile industry
causes a large amount of waste and environmental pollution.

At different stages of textile production, numerous chemicals and auxiliary
substances are used, many of which are toxic and harmful to the environment
and human beings. As a result of these production stages, a large amount of solid,
liquid, gas, and sludge form waste is exposed and causes pollution. Noise pollution
is also another negative result of the textile industry. Textile finishing operations are
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the processes where high amounts of water are used, so high amounts of wastewater
(with high chemical load) occur. Therefore, the biggest problem of the textile
industry is this wastewater burden. According to some studies, 20% of all fresh
water pollution is made by textile treatment and dyeing [73]. Textile wastewater
needs to be properly purified to reduce environmental damage. In this context, the
selection of chemicals and dyes with less environmental damage or environment-
friendly finishing operations is also important in this context.

Any textile product has been subjected to washing, dry cleaning, and ironing
many times during its service life. With each wash, the active chemical finishing
agent in its structure is mixed into washing water, which then threatens the entire
ecosystem by mixing into the sea, lakes, and underground waters, and is conse-
quently used by water and soil plants contaminated with antimicrobial lice chemi-
cals to be included in the food chain. Again, the seas and rivers contaminated with
antimicrobial substances threaten water creatures and the human health as a result
of consuming these creatures.

Studies on antimicrobial textiles have focused mainly on the synthesis of
antimicrobial matter and its performance against microorganisms and washing
durability. However, the effects of waste/wastewater content on the user’s skin and
health and all other creatures through contact/respiratory/consumption are needed
to be further studies during the production of antimicrobial textiles, during and at
the end of its lifecycle [74]. Antimicrobial agents derived from natural sources are
safe for human and the environment, but the spectrum of activity and efficiency is
not as good as the synthetic ones. To achieve this, more research work is needed in
the field. Hence, natural antimicrobial agents derived from plant sources would be
of prime importance in the future [75]. It is so urgent to protect and conserve the
natural ecosystem of the earth, thereby restoring the global sustainability.
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