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ABSTRACT The Textile Sector in India ranks next to Agriculture. Textile is one of India’s oldest industries and has a for-
midable presence in the national economy in as much as it contributes to about 14 per cent of manufacturing 

value-addition, accounts for around one-third of our gross export earnings and provides gainful employment to millions of people. The 
textile industry occupies a unique place in our country. This review discusses genetic hazards associated with the production and use 
of textile dyes throughout India. Heavy metals such as lead (Pb), chromium (Cr), cadmium (Cd) and copper (Cu) are widely used for 
production of colour pigments of textile dyes. Textile dyes pollutants are being released to the environment at various stages of opera-
tion therefore it is necessary that the pollutants are to be quantified using any embedded system. In this article embedded systems for 
the analysis, monitoring and controlling the heavy metals and toxic chemicals used in fabric dyes are reviewed.

INTRODUCTION
Growth of textile industry in India
India’s dye industry produces every type of dyes and pigments. 
Production of dyestuff and pigments in India is close to 80,000 
tonnes. India is the second largest exporter of dyestuffs and in-
termediates developing countries, after China. The textile indus-
try accounts for the largest consumption of dyestuffs, at nearly 
80%. The textile industries are to satisfy the ever-growing de-
mands in terms of quality, variety, fastness and other technical 
requirements. However, a recent study conducted under the Na-
tional Biodiversity strategy and Action Plan (BSAP) has revealed 
that chemical colors have all but wiped out India’s wonderful 
vegetable dyes. The Indian textile industries now predominant-
ly use synthetic organic dyes like direct dyes, processing dyes, 
reactive dyes, etc. The large variety of dyes and chemicals used 
in an attempt to make more attractive popular shades of fabrics 
for a competitive market render them very complex [1]. 

Effects of textile dyes on health
During the last decade, environmental issues associated with 
dyestuff production and application have grown significantly 
and are indisputably among the major driving forces affecting 
the textile dye industry today. Considerable amounts of dyes 
have been noticed in these textile wastewaters, due to their in-
complete use and washing operations. The dyes disposed off, 
can be found in dissolved state or in suspension in the waste-
water. These dyestuffs are highly structured polymers and are 
very difficult to decompose biologically [2]. The most obvious 
impact of the discharge of dye colored effluent is the persist-
ing nature of the color. It is stable and fast, difficult to degrade, 
toxic, rendering the water unfit for its intended use. Further, the 
color removal is also not adequate by the conventional chemical 
and biological treatment. Such dyestuffs can reach the aquatic 
environment, primarily dissolved or suspended in water, since 
the conventional treatment of wastewaters from textile mills 
and dyestuff factories are unable to remove most of the azo and 
other dyes effectively. The resulting dye effluents may contain 
some components or moieties that could be toxic, carcinogenic 
or mutagenic to aquatic life [3]. Ecological and toxicological 
problems due to the discharge of textile wastewaters, in natural 
water bodies, have been one of the most important water pollu-
tion problems in India. 

Since large quantities of dyes are used, such pollution due to 
dyes may occur on a significant scale. The International Agency 
for Research on Cancer (IARC) has classified various dyes like 
Benzidine as being associated with cancer in humans [6]. Ben-
zidine is known to be carcinogenic to a variety of mammalian 
species, including humans. A number of dyes have been tested 
for mutagenicity of DNA. Several of them have been found to be 
carcinogenic [4-6]. Because of the wide spread use and poten-

tial carcinogenicity of certain dyes, there has been a growing 
interest in assessing the hazards associated with dyes available 
in local markets. Most of such dyes, being openly sold in the 
markets have no information regarding their chemical nature, 
purity, toxicity or possible mutagenicity. 

Recommendations of controlling authorities
Unlimited and uncontrolled use of the dyes can lead to grave 
consequences in terms of human health and ecological balance 
Central Pollution Control Board has listed the dye and dye in-
termediates industry as one of the heavily polluting industries. 
Assessment of genotoxicity of dyes is therefore of utmost im-
portance [7-10]. 

The textile industry has been condemned as being one of the 
world’s worst offenders in terms of pollution because it re-
quires a great amount of two components:
•	 Chemicals: as many as 2,000 different chemicals are used in 

the textile industry, from dyes to transfer agents; and
•	 Water: a finite resource that is quickly becoming scarce, 

and is used at every step of the process both to convey the 
chemicals used during that step and to wash them out be-
fore beginning the next step. 

The water becomes full of chemical additives and is then ex-
pelled as wastewater; which in turn pollutes the environment:
·	 by the effluent’s heat;
·	 by its increased pH;
·	 and because it’s saturated with dyes, de-foamers, bleaches, 

detergents, optical brighteners, equalizers and many other 
chemicals used during the process. 

Traditionally produced fabrics contain residuals of chemicals 
used during their manufacture—chemicals that evaporate into 
the air we breathe or are absorbed through our skin. Some of 
the chemicals are carcinogenic or may cause harm to children 
even before birth, while others may trigger allergic reactions in 
some people. 

Water Usage:
The textile industry is one of the most chemically intensive in-
dustries on earth, and the No. 1 polluter of clean water (after 
agriculture). It takes about 500 gallons of water to produce 
enough fabric to cover one sofa. Half a billion people already live 
in regions prone to chronic drought, and by 2025, that number 
is likely to have increased five-fold, to between one-third and 
one-half of the entire world population. Global consumption of 
fresh water is doubling every 20 years.

Water Pollution:
Mills discharge millions of gallons of effluent each year, full of 
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chemicals such as formaldehyde (HCHO), chlorine, heavy met-
als (such as lead and mercury) and others, which are significant 
causes of environmental degradation and human illnesses. The 
mill effluent is also often of a high temperature and pH, both of 
which are extremely damaging. 

Heavy metals in fabric dyes
Because of positive and negative effects and the toxicity of trace 
heavy metals on human health and the environment, many 
researchers have studied the analysis of the trace metal con-
tents of the environmental and industrial samples including 
textile products [10-14]. Textile is one of the main industries 
in developing countries. Quality of textile productions is very 
important for export. People want to be able to buy clothing, 
bedding and household textiles that have been tested and are 
not dyed in any way with harmful substances [15-18]. Textile 
products contain some organic and inorganic substance includ-
ing trace metal ions. Especially, reactive and pigment dyes con-
tain trace heavy metals at high level. Trace metals may be health 
risks for human even at low concentrations in textile products 
[19]. Traces of heavy metals are often present in different tex-
tile process such as metal complex dyes, dye stripping agents, 
oxidizing compounds, antifungal, odor-preventive agents and 
mordant reactive [20]. Toxic and allergic metals including cad-
mium, copper, nickel, zinc, and chemicals like formaldehyde 
and chlorinated hydrocarbons can exist in natural structures of 
textiles or they can penetrate into the textiles during the pro-
duction, dying process or via the protection agents used for the 
storage of these textiles [21,22]. The most important standard 
in Europe is Oeko-Tex Standard 100 [23]. Trace metal contents 
of textile samples including cotton, polyester, etc., have been 
studied in the literature [24-27]. Studies on the trace heavy 
metal contents of Turkish textile products are limited. The de-
termination of trace heavy metals in textile productions is very 
important not only for the safety of consumers but also for the 
textile industry. The reliability of trace heavy metals determina-
tion in its complex matrices mainly depends on the dissolution 
process used. Both the wet and dry ashing procedures are slow 
and time consuming. In recent years, microwave digestion pro-
cedures in closed vessels have been developed as a rapid and 
reproducible sample preparation method for a great variety of 
complex matrices [28-34]. Instrumental techniques like induc-
tively coupled plasma-optical emission spectrometry (ICP-OES) 
and inductively coupled plasma-mass spectrometriy (ICP-MS) 
are used for the determination of metal ions in real samples at 
traces levels [35-37]. Atomic absorption spectrometry includ-
ing flame or graphite furnace techniques is also the most widely 
used technique, because most of the concentrations of metals 
in the environmental and textile samples are determined using 
this technique [36]. To detect the quality and quantity of heavy 
metals and toxic chemicals in fabric dyes, design of embedded 
systems will be useful for manufacturers to control the toxicity. 

EMBEDDED SYSTEMS IN TEXTILE INDUSTRIES
Embedded systems are used to control a wide variety of dynam-
ic and complex applications, ranging from non-safety-critical 
systems such as cellular phones, media players, and televisions, 
to safety-critical systems such as automobiles, airplanes, and 
medical devices. 

Embedded systems are also being produced at an unprecedent-
ed rate, with over four billion units shipped in 2006 [37]. As a 
prominent example of an embedded system, consider the drive-
by-wire systems that are emerging in modern automobiles [38]. 
In an automobile using a drive-by-wire system, mechanical 
components such as actuators and cables are replaced by sen-
sors, wires, embedded computers, and software components. 

Relying on these, the automobile can perform properly regard-
less of the surrounding environment and operator expertise. 
Clearly, systems such as these must be sufficiently dependable; 
however, there is ample evidence that often they are not. Toyota 
Corporation has admitted that a “software glitch” is to blame for 
braking problems in the 2010 Prius, in which cars continue to 
move even when their brakes are engaged. In addition, a pow-
er train control software system used in the 2004/2005 Prius 
has programming errors that can cause the cars to stall or shut 
down while driving at highway speeds. Other faults occurring in 
embedded systems, such as Ariane [39] crash due to operators 
environment change; The Therac-25 Tragedies [40], the Mars 
Pathfinder [41] failures and many other smaller incidents [42]. 
There are, however, different classes of embedded systems. Em-
bedded systems can be classified into hard real-time and soft 
real-time depending on their requirements. Hard real-time em-
bedded systems perform tasks such as digital signal processing 
and controlling avionics. These systems are often deployed in 
challenging computing environments, and they have strict tem-
poral requirements. Much of the research on validating hard 
real-time embedded system has focused on these temporal 
requirements. On the other hand, soft real-time embedded sys-
tems are not required to satisfy hard real-time constraints. Ex-
amples of these systems include mobile phones, digital cameras, 
and personal digital assistants. In these systems, timing issues 
are less important; non-temporal behaviors are also prone to 
failures, and yet, have been subject to far less research. There 
has been a great deal of work on verifying properties of both 
hard and soft realtime embedded systems using non-testing 
based approaches. Static analysis is used to enhance the over-
all quality of software while reducing run-time costs (e.g., [45]). 
Formal verification techniques are also used (e.g., [46]) by re-
searchers, but these do not address the practical problems and 
situations that existing in the great majority of industrial set-
tings. In fact, in many industrial settings, testing takes on great 
importance. There has been some research on techniques for 
testing for soft real-time embedded systems. Some efforts focus 
on testing applications without specifically targeting underlying 
software components, and without observing specific underly-
ing behaviors (e.g., [47]) while others focus on testing specific 
major software components (e.g., real-time operating kernels 
and device drivers) that underlie the applications (e.g., [48]). 
Certainly applications must be tested, and underlying software 
components must be tested.

CONCLUSION
Embedded systems cover a large range of computer systems 
from ultra small computer-based devices to large systems mon-
itoring and controlling complex processes. The overwhelming 
number of computer systems belongs to embedded systems: 
99% of all computing units belong to embedded systems today.

Most of such embedded systems are also characterized as real 
time systems, which mean that the real-time properties such as 
response time, worse case execution time, etc., are important 
design concerns. These systems usually must meet stringent 
specifications for safety, reliability, availability and other attrib-
utes of dependability. Due to small size and requirements for 
mobility, but also extremely low production costs these systems 
require small and controlled resource consumption, and have 
limited hardware capacity. The increased complexity of embed-
ded real-time systems leads to increasing demands with respect 
to requirements engineering, high-level design, early error de-
tection, productivity, integration, verification and maintenance, 
which increases the importance of an efficient management of 
life-cycle properties such as maintainability, portability, and 
adaptability.
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