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Introduction

Textile is critical to the development of human civilization
as well as a part and parcel of daily life. Ramie, one of the most
popular textile raw material with distinctive characteristics,
produces the strongest and longest natural fiber with lustrous
silky appearance. The appearance of the final treated fiber
has a lot to do with the processing method used [1]. This type
of fiber possesses many excellent properties such as high
tensile strength, high moisture absorption, good thermal
conductivity, outstanding antibacterial function and favourable
air permeability [2]. However, raw Ramie is extracted as fiber
bundles consisting of many individual fibers adhering to each
other. The gum contents, such as pectin, lignin and Hemicellulose,
are required to be degummed by placing in hot water or chemical
solutions to free and extract the individual cellulose fibers, so
as to further improve their downstream processing ability. The
processing of the fiber requires large volumes of water; strong
chemicals along with energy. The effluent in turn needs to be
processed before discharging into the environment.

The textile sector has a high water demand be it for growing
the fiber or processing it with accompanying release of toxic
chemicals that are used during the process. Its biggest impact
on the environment is related to primary water consumption
(80-100m?/ton of finished textile) and waste water discharge
(115-175kg of COD/ton of finished textile), a large range of
organic chemicals, low biodegradability, colour, salinity [3]. The
problem becomes even more severe since 40-65L of effluent

is generated per kilogram of cloth produced. Of this amount,
process water accounts for 90-94% while cooling water accounts
for 6-10%. The composition of the effluent also varies with the
upstream processing. It is estimated that about 15-30% of the
dyes utilized for colouring the final products in textile industry
remain in the effluents [4]. Textile industry producing natural
fibers is the second highest pollutant of clean water. These
effluents have high Chemical Oxygen Demand (COD), Biological
Oxygen Demand (BOD), Total Suspended Solids (TSS). The waste
water thrown out from industries is either used for irrigation or
allowed to run into natural sources of water [5]. These potential
contaminantslike the dye or colour causing compounds can posea
problem for the primary treatment facilities, including biological
reactors for wastewater treatment [6]. They are subjected to
primary pre treatment to remove or reduce non-biodegradable,
toxic compounds as well as colour prior to a biological process.
The effluent can be treated chemically, biologically or using a
combination of both. The combination is advantageous due to
less sludge generation and low operational cost with elevated
COD removal. Since the textile sector is growing and so is the
scarcity of fresh water, it poses a serious environmental concern
forcing the organizations and the researchers to think about
alternative fiber processing techniques with less pollution and
water consumption.

Textile wastewater treatment and reuse is a promising
means of conserving and augmenting available water resources
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and reducing harmful pollutant discharge into the environment.
As textile companies move toward pursuing sustainability goals
to reduce operational costs and complying with increasingly
rigid regulations of the Environmental Protection Agencies, it is
becoming apparent that water reuse is one of the key components
of these initiatives which has duel function of reducing cost of
purchasing fresh water and reducing paying of surcharges for
discharging improperly treated wastewater. Treated water reuse
will continue to be important goals for environmental pollution
prevention/reduction practices in the industry (textile, fertilizer
production, dairy effluent treatment to name a few). The textile
industry will continue to choose and utilize water treatment
solutions not only to reduce its operating costs, but also to
reduce its water footprint and decrease the ecological impact
from its wastewater discharge and solids sludge generation
on the surrounding ecosystem. The reuse becomes further
important due to water scarcity issues. With an increasingly
growing and progressively affluent global population, demands
on the world’s global water resources will necessitate higher
water costs and stricter regulations. This is propelling textile
companies and municipalities alike to re-evaluate their practices
and push toward a more sustainable future. Optimizing more
efficient methods to minimize pollution generation, coupled with
advanced treatment solutions to treat and reuse wastewater and
process water, will remain an important consideration for textile
manufacturing companies across the world in the future. The
impact of the textile industry on the earth’s body of water can
be tremendous and there are ways to minimize its repercussions
to the environment. While each method of effluent treatment
has certain disadvantages, it's comforting to know that research
is continually going on to find the most effective treatment to
lessen the impact of textile effluents on the ecosystem.

There is an extensive history of water management, which
in a way can be called the history of humankind as since the
inception, access to the water resources has been an essential
element for our survival. Arguments may be put forward stating
that history of water management is irrelevant as the conditions
in past and present situations are different. But such arguments
would overlook the important trans-cultural structures and
principles that reflect evolution of human civilization. Water
management technology dates back to 2000BC as evident from
ancient Greek and Sanskrit writings. People were aware of sand
and gravel filtration, boiling, and straining of potable water.
However they were not aware about chemical contamination or
the presence of microorganisms. When people lived a nomadic
life, they left their solid waste behind, which decomposed in due
course of time. But when they opted for permanent settlement,
such disposal became problematic and caused the water bodies
to be polluted by the huge amount of waste dumped in them.
The Industrial Revolution (1760-1890) quickly led to heavy
migration to the cities leading to terribly over-polluted roads
and water bodies. One of the earliest techniques involved in
effluent treatment was land application on agricultural land.
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During 1840s and 1850s, there was a disastrous spread of
waterborne diseases like cholera and typhoid. Engineering
solutions were implemented when the water supply links with
these diseases became clear. In the late 19th century, most
cities developed more expensive systems for sewage treatment.
Odour was considered the big problem in waste disposal and to
address it, sewage were drained to a lagoon, or settled and the
solids removed, to be disposed of separately. This process is now
called primary treatment and the settled solids are called sludge.
During the Great Depression and the World War II (1920-1945)
in early 20" century, the health problems associated with water
pollution seemed to be resolved in the industrialized countries
when chlorination and other water treatment techniques
were developed and widely taken into use. Microbiological
problems related to water began to be largely considered a
problem of the developing world. During the last part of the
20" century industrial pollution increased manifold leading to
the enforcement of Federal Water Pollution Control Act in 1948
followed by the Safe Drinking Water Act in 1972. In the present
scenario, Sustainable Development Goals formulated in 2015
included targets on access to water supply and sanitation at a
global level. This is something to keep in mind when assessing
future options and considering required strategies [7-10].

At present, it is not only the treatment of generated waste
water which is an active area of research for textile industries;
but also looking for green technology for minimizing the
chemical and water use by replacing it with enzymes to reduce
pollution. In recent years, emphasis has been put on developing
cleaner, cost-effective, and value-added textile products for
a variety of applications without compromising the issues
related to environmental health [11]. As part of this attempt
of the textile industry to focus on the use of green technologies
as alternative to conventional wet processes to promote
sustainable production and consumption of textiles, microbial
enzymes are finding their place in the market. They are being
used for degumming of natural fibers (bacteria), bio bleaching,
microbial treatment of recalcitrant organo-pollutants (white
rot fungi) [12,13]. The result is less use of chemicals and hence
less discharge of unused chemicals; less energy consumption
as most enzymes do not need very high temperature and better
finished products with smooth, lustrous fiber which could get
into fabric (Figure 1) and proper degradation of the pollutants
in the effluent. Most of the natural fiber require retting, which
constitutes a vital step in the production of fibers like hemp, jute
and flax is essentially a microbial decomposition process and
depends upon the property of microorganisms to produce pectic
enzymes that decompose pectic substances binding together
the fibers [14]. Hence Microbial intervention result in better
finished products with less pollution. All that is required is
careful selection of candidate organism for extracellular enzyme
production while growing in minimal condition like the natural
gum of the fiber [15].
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Figure 1: Ramie fiber and Fabric after microbial degumming a) Cross-section of microbially degummed Ramie fiber under scanning electron
microscope; b) Longtidinal section of microbially Ramie fiber under scanning electron microscope; c) Longtidinal section of microbially
Ramie fiber under Atomic force microscope; d) Ramie and Linen blended fabric under sterio microscope (Leica); €) Image representing
Ramie fibers which were partially chemically treated followed by 66 and 72hours of incubation with bacterial enzymes.
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