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Preface

Water is a scarce natural resource on our planet. Due to rapid industrialization,
water pollution problem increased worldwide. These industries use large quantities
of potable water for various industrial purposes and release them in the form of
wastewater as a by-product. The wastewater generated by different industries has
major environmental concern because it contains various hazardous pollutants, and
release of wastewater into ecosystem leads to several harmful effects on both flora
and fauna. In the present scenario, although it is not possible to stop the release of
wastewater in the environment, it is feasible to overcome its harmful effects by its
treatment using various methods. The conventional treatment processes have been
successfully applied till sometime before, but these methods have many limitations.
As viable alternatives, biological treatment methods are becoming more popular
day by day; they are cost-effective, eco-friendly, and energy-saving solutions for
treatment of industrial wastewater. The aim of biological wastewater treatment is to
remove the major pollutants from different industrial wastewater and enable them to
be disposed of safely without posing potential danger to the environment and public
health as well as to recycle them for various purposes. Wastewater treatment is a
very important and interesting area as far as the environmental protection and public
safety are concerned because water is one of the basic natural resources for the sur-
vival and existence of all living beings.

This book has been developed with the intention of providing an updated source
of information on the characteristics and environmental concern of wastewater from
various industries and efficient treatment as well as its recycling by biological meth-
ods in an environment-friendly and cost-effective manner. The text of this book
includes all the dimensions of wastewater treatment methods with detailed account
of the biological treatment methods and factors affecting the treatment of wastewa-
ter and their recycling. This book is a valuable resource for graduate and under-
graduate students, environmental engineers, and others who are concerned with
industrial wastewater treatment.

All chapters have been designed and prepared by the authors in such a way that
present the subject in depth following a reader-friendly approach. A systematic
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viii Preface

reading of the text from the beginning will allow the readers to gain technical
concepts of wastewater treatments. The book is easy to follow with simple explana-
tion and a good framework for understanding the complex nature of biological
wastewater treatment processes. Overall, this book is certainly a timely addition
since the interest in emerging contaminants and wastewater treatment has been
growing considerably during the last few years, related to the availability of novel
treatment options together with the advanced and highly sensitive analytical
techniques.

Key Features

The text of the book includes certain important features to facilitate better under-
standing of the topics discussed in the chapters.

Abstract at the beginning of each chapter highlights the important concepts dis-
cussed and enables recapitulation.

Tables and figures interspersed throughout the chapters enable easy understanding
the concepts discussed.

Bibliography at the end of each chapter familiarizes the readers with important
texts and articles cited in the text.

Organization of the Book

The book is organized into 11 chapters.

Chapter 1 covers the brief introduction about wastewater released from different
industries and their biological treatment.

Chapters 2, 3,4,5,6,7,8,9, 10, and 11 include the characteristics of wastewater
released by different industries, harmful effects of wastewater, and their effective
treatment to remove the various pollutants present in different industrial wastewater
as well as recycling of wastewater for various purposes. These chapters focus on the
biological treatment of industrial wastewaters by means of microorganisms and
plants.

Faizabad, Uttar Pradesh, India Ram Lakhan Singh
Rajat Pratap Singh
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Chapter 1 )
Introduction Check or

Ram Lakhan Singh and Rajat Pratap Singh

Abstract Freshwater is an imperative normal asset that will keep on being sustain-
able as long as it is well managed. In many parts of the world, rapid industrial devel-
opment have prompted to an intensive and still increasing utilization of water
resources. Industries are one of the most important pollution sources around the
world. The discharge of untreated or improperly treated wastewaters from industries
into water bodies may contain very diverse groups of hazardous pollutants depending
on the nature of industry. The industrial waste waters may have undesirable color,
odour, acids, alkalies, organic matters, toxic chemical contents, heavy metals, pesti-
cides, oils, high biological oxygen demand (BOD), chemical oxygen demand (COD),
total suspended solids (TSS), total dissolved solids (TDS) etc. These pollutants may
pose a serious threat to all life forms. It is, therefore, necessary to treat the industrial
waste water prior to their disposal into water bodies. The conventional industrial
waste water treatment processes such as precipitation, adsorption, oxidation, filtra-
tion etc. have long been established in removing many hazardous pollutants but these
methods have their own limitations. These methods are expensive, and require com-
plex processes and maintenance. Biological treatment process is an important and
integral part of any wastewater treatment plant. Different taxonomic group of micro-
organisms (bacteria, fungi and algae) and plants play a major role in the biological
treatment of industrial wastewater. The fresh water demand in current and future
prospects could be met by improving the efficiency of water usage and demand man-
agement. The recycling and reuse of industrial wastewater is emerging as potential
source for demand management and water shortage after essential treatment.

Keywords Industrial wastewater - Pollution - Pollutants - Biological treatment -
Recycling
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Rapid industrial growth, urbanization and population explosion are the major con-
tributor of environmental pollution throughout the world. Environmental pollution
is a vital concomitant of the activities of man. Wherever we find man, we fundamen-
tally find wastes. These wastes have got to be disposed off and when they are inad-
equately dumped into the ocean or a river, water resources are contaminated which
may pose risk to the aquatic animals and human life. Water has a broad impact on
all forms of life. It is a vital natural resource for agriculture, manufacturing and
many other human activities. Despite its importance, water is the most poorly man-
aged resource in the world. The accessibility and quality of water always have
played an important role in determining the quality of life. There is restricted pos-
sibility of an expansion in the supply of fresh water because of competing demands
of expanding populations all over the world. Lack of fresh water supply is likewise
an aftereffect of the misuse of water resources for domestic, industrial, and irriga-
tion purposes in many parts of the world. Water has certain physical, chemical and
biological properties in its natural state. Industrial wastewater may be altering the
properties of water which may become unfit for consumption. During the past few
decades rapid industrial development has become an important contributor of a
country high economic growth. With the development of different industries a large
amount of fresh water is used as a raw material. These industries produce a large
quantity of wastewater as an essential by-product of modern industry which contrib-
utes to water pollution. The surface water is the main source of industries for waste
disposal. Water pollution due to improper disposal of untreated industrial effluents
into water bodies is a noteworthy issue in the worldwide context. The pollution
caused by the release of industrial effluents into the rivers and streams has created
the issue of general wellbeing as well as a social issue.

Industrial wastewaters are effluents released from industries which are associated
with raw-material processing and manufacturing. Most of the wastewater generating
industries include pulp and paper mill, tannery, dairy industry, distillery, winery,
sugar mill, textile industry, pharmaceutical industry, oil refinery/petroleum industry,
beverages/soft drink bottling industry etc. The wastewaters from these industries
may not be safely treated due to the lack of highly efficient and economic treatment
technology. Untreated or improper disposal of wastewater have increased the level of
surface water pollution resulting in adverse effects on the quality of all forms of life.

1.1 Characteristics of Industrial Wastewater

The wastewaters released by the industries are variable in their composition depend-
ing on nature of industry and contaminants. Each industry produces its own particular
combination of pollutants. The industrial wastewaters are characterized in terms of
their physical (total solids, suspended solids, dissolved solids, color, odour and tem-
perature), chemical (inorganic and organic), and biological characteristics (Table 1.1).

There are various contaminants in industrial wastewater, with organic pollutants
constituting the critical part. Numerous organic compounds such as aliphatic and
hetercyclic compounds, polycyclic aromatic hydrocarbons (PAHs), polychlorinated
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Table 1.1 General . Physical properties Inorganic constituents
glazrtae(;t/z&srtlcs of industrial Color Alkali.nity
Odor Chlorides
Solids Heavy metals
pH Nitrogen
Temperature PH
Chemical properties: Phosphorus
Organic constituents
Carbohydrates Sulfur
Fats, oils, and grease Gases
Pesticides Hydrogen sulfide
Phenols Methane
Proteins Oxygen
Priority pollutants Biological constituents
Surfactants Animals
Volatile organic compounds | Plants
Other pollutants Eubacteria
Archaebacteria
Wastewater
| Volatile suspended solids ‘ | Colloids | Soluble Organics |

| Degradable

Nondegradable I

Nonsorbable

| Sorbable |

Degradable Nondegradable

Fig. 1.1 Organic constituents of wastewater

biphenyls (PCBs), pesticides, herbicides, phenols are incorporated in the industrial
wastewater. Many inorganic compounds (phosphates, nitrates, sulphates) and heavy
metals (Cd, Cr, Ni, Pb) are also present in the industrial wastewater. Large amount of
pollutants in water bodies cause an increase in biological oxygen demand (BOD),
chemical oxygen demand (COD), total dissolved solids (TDS) and total suspended
solids (TSS). BOD and COD represent the gross amounts of organic matter and their
constituents in wastewater (Fig. 1.1). The pollutants from the discharge are directly
related to the nature of the industry. For instance, the wastewater released from textile
industry have high COD, BOD and color whereas wastewater released from tannery
industry have high concentration of metal such as chromium and cadmium (Table 1.2).
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Table 1.2 Characteristics of various industrial wastewaters

Industry Characteristics of wastewater
Pulp and paper High concentration of suspended solids, BOD, COD, inorganic dyes,
mill chlorinated organic compounds, sodium hydroxide, sodium carbonate,

sodium sulphide and bisulfites and wooden compounds such as lignin,
cellulose, hemicelluloses

Tannery industry

High concentrations of chlorides, tannins, chromium, sulphate, sulphides,
synthetic chemicals such as pesticides, dyes and finishing agents, heavy
metals, toxic chemicals, lime with high dissolved and suspended salts,
BOD, COD, and other pollutants

Dairy industry

High concentrations of organic material such as proteins (casein),
carbohydrates, and lipids, concentrations of suspended solids, BOD and
COD, high nitrogen, chlorides and sulphate concentrations, suspended oil
and grease contents, inorganic salts, high sodium content from the use of
caustic soda, detergents and sanitizers and large variations in pH

Distillery

Color, odour, high concentrations of total solids (TS), TDS, TSS, BOD,
COD, ammonical nitrogen, phosphorus, potassium, calcium, magnesium,
alkalinity, chloride, melanoidin and large variations in pH

Winery

Organic acids, lees, ethanol, sugars, aldehydes, phenolic compounds,
detergents, high BOD, COD, TSS and slightly acidic to basic

Sugar mill

Brown color, burnt sugar like odor, high ash or solid residue, oil and grease,
high percentage of dissolved organic and inorganic matter of which 50%
may be present as reducing sugars with high BOD, COD, TS, TDS and TSS

Textile industry

High color content with COD and BOD, wide variety of dyes, natural
impurities extracted from the fibers and other products such as acids,
alkalis, salts, sulfide, formaldehyde, phenolic compounds, surfactants and
heavy metals

Pharmaceutical Pharmaceutically active compounds, high BOD, COD, TSS, TDS, TS and

industry high concentrations of acids, phenol, chlorides, nitrogen, sulphate, oil and
grease

Oil refinery/ Oil, grease, polyaromatic hydrocarbons (PAH), benzene, toluene,

petroleum industry

ethylbenzene, xylene, phenols, ammonia, hydrogen sulfide and suspended
solids with high BOD and COD

Beverages/soft
drink bottling
industry

Suspended solids (sac material, juice, pulp and waxes), soluble organics
(sugar, and acids), inorganics (caustic soda) and volatile organics
(d-limonene from peel oils) with a high BOD:COD ratio, salts of chlorides,
phosphate, sulfates, sodium, potassium and calcium, large amount of
nitrogen and phosphorous

1.2 Environmental Hazards of Industrial Wastewater

Industrial wastewater is one of the important sources of water pollution. The dis-
charge of industrial wastewater into rivers, lakes and coastal areas resulted in seri-
ous water pollution problems and caused negative impacts on the ecosystem and
human beings. The industrial discharge carries various types of pollutants such as
organic matter, suspended solids, inorganic dissolved salts, petroleum hydrocar-
bons, heavy metals, surfactants and detergents. These pollutants may pollute receiv-
ing water bodies rendering them unsuitable for drinking and irrigation as well as
they adversely affects the humans, animals, plants and aquatic life (Table 1.3).
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Table 1.3 Adverse effects of pollutants of industrial wastewater

Pollutants Adverse effects
Alkalinity and If the permissible range of pH value is violated by the pollutants, it may
acidity affect the aquatic life, cause health problems to human and animals and

loss of productivity in agriculture

Heavy metals

The accumulation of heavy metals may have adverse effect on aquatic flora
and fauna and may constitute a public health problem. Allergic reactions,
skin rashes, respiratory tract irritation, gastro-intestinal disorders, renal
failure and neurotoxicity are some examples of human health problems
caused by heavy metals. Examples of some disease caused by heavy
metals: Minamata disease caused by mercury, fluorosis caused by fluoride

Inorganic dissolved
salts

Inorganic dissolved salts increase the total dissolved solids (TDS) which
may interfere with the use of water in industries, water supplies and for
irrigation purposes. Phosphorus and nitrogen are inducing algal growth and
create eutrophic condition. The depletion of oxygen by excess algal
production giving bad odour and taste of water. They are detrimental to
aquatic life and toxic for human and animal life if concentration is beyond
permissible limits

Polycyclic PAHs are problematic pollutants of industrial wastewater. They could
aromatic accumulate in environment and affect the living organisms due of their
hydrocarbons acute toxicity, mutagenicity or carcinogenity

(PAHs)

Pathogens Pathogenic bacteria, viruses, etc. are health hazards. Number of water
borne diseases may be transmitted by these pathogens such as typhoid,
cholera, polio, dysentery, and infectious hepatitis in human beings

Polychlorinated PCBs are carcinogenic and mutagenic in nature and could accumulate in

biphenyls (PCBs)

adipose tissue. They may cause internal organs, brain and skin disease.
PCBs affect the immune system, nervous system and reproductive system

Pesticides/
insecticides

The discharge of pesticides/insecticides containing wastewater could cause
serious environmental problem. They are highly poisonous and have acute
toxicity on the human beings and livestock. They can damage the liver and
affect the respiratory and nervous system. They also play a role in
development of Parkinson’s disease in humans. In agriculture, they affect
the germination of seeds

Petroleum products
(oil/grease/oil
sludge)

Petroleum products are harmful for soils, aquatic life, animal, human and
plant life. Oil spreads over the surface of water resulting in reduction of
light transmission which obstructs the photosynthetic activity of the aquatic
plants. Accumulation of oily waste affects the aeration and fertility of
agricultural land

Phenols

Phenols are toxic to living organisms and impart unpleasant odour. Some
phenols such as nitrophenyl are human carcinogens. It also affects plant
growth and has potential to decrease the growth and reproductive capacity
of the aquatic organisms

Sulphide

It gives bad odour and toxic to animals and aquatic life

Surfactants and
detergents

They inhibit the self-purification of water and are harmful for aquatic
organisms, animals and humans
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Industries produce and utilize a large number of synthetic substances. Many of
these substances are recalcitrant in nature which are non-biodegradable or degrade
very slowly. Such substances persist in the environment for prolonged periods of
time and may, therefore, become progressively more concentrated. These recalci-
trant substances are toxic, mutagenic or carcinogenic and may accumulate in the
tissues of organisms. These pollutants enter the food chain through bio-magnification
and ultimately affect the human beings and other living organisms.

1.3 Treatment of Industrial Wastewater

The treatment of industrial wastewater is classified according to following levels
(Fig. 1.2):

Preliminary treatment
It is a separation process and involves the removal of debris and coarse solids.
Primary Treatment

Primary treatment includes the removal of settleable solids (a portion of sus-
pended solids) and part of the organic matter from the wastewater.

Secondary Treatment

The aim of secondary treatment is the further treatment of wastewater from pri-
mary treatment to remove the residual biodegradable organic matter, suspended sol-
ids and possibly nutrients (Phosphorus and nitrogen) by means of biological
process.

| Conventional wastewater treatment |
1

v y v y

Preliminary » Primary » Secondary/ » Tertiary
Treatment Treatment Biological Treatment
- ) Treatment -
Y
Sedimentation I l_l_l
Nutrient (Nitrogen and
| Aerobic | | Anaerobic | Phosphorus) Removal

Activated Sludge

Trickling Filter

A 4
| Anaerobic digestion |

Fig. 1.2 Treatment of industrial wastewater
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Tertiary Treatment

Tertiary treatment or advanced treatment is employed for the removal of specific
pollutants of wastewater which cannot be sufficiently removed in secondary
treatment.

1.3.1 Wastewater Treatment Operations

The wastewater treatment methods are composed of unit operations (Fig. 1.3):
Physical unit operations (Physical treatment)

The wastewater treatment methods in which physical forces are predominant
such as screening, aeration, filtration, floating.

Chemical unit operations (Chemical treatment)

The treatment methods in which removal of pollutant occurs by addition of
chemical products or due to chemical reactions such as ozonation, coagulation,
advanced oxidation processes.

;::tsl:]c::l ¢ <I] Wastewater treatment ':‘;:::tlﬁ:::lt
=Sedimentation (Clarification) Ghemical Aerobic:
=Screening Treatment =Activated sludge
=Aeration treatment methods
=Filtration =Trickling filtration
»Flotation and skimming =Oxidation ponds
"Degassification =Chlorination =Lagoons
=Equalization =0zonation =Aerobic digestion

sNeutralization Anaerobic:
=Coagulation =Anaerobic digestion
=Adsorption =Septic tanks
=Jon Exchange =Lagoons
=Advance oxidation

Process (AOP)

Fig. 1.3 Wastewater treatment operations
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Biological unit operations (Biological treatment)

The treatment methods in which removal of pollutant occurs by means of bio-
logical activity under aerobic and anaerobic conditions such as activated sludge,
trickling filtration and anaerobic digestion.

1.4 Role of Microorganisms and Plants in Biological
Treatment of Industrial Wastewater

The wastewater released from various industries contains different pollutants. The
discharge of untreated wastewater to natural ecosystems poses a serious threat to all
life forms hence affordable and effective methods have become a necessity for the
treatment of pollutants present in industrial wastewater. The conventional wastewa-
ter treatment system usually involves complicated procedures and is economically
unfeasible. The biological treatment processes by means of microorganisms (bacte-
ria, fungi, yeast, algae) and plants may present a relatively inexpensive and environ-
ment friendly way to remove different pollutants from various industrial wastewater.
The use of biological system to treat the pollutants of industrial wastewater is
largely dependent on source and characteristics of wastewater. Microorganisms can
break down the pollutants/xenobiotics of industrial wastewater for their growth and/
or energy needs. The biological systems have capabilities to remove the pollutants
from wastewater by absorption, adsorption and enzymatic degradation processes. A
large number of enzymes such as peroxidases, oxidoreductases, laccases, cellulo-
Iytic enzymes, proteases and amylases from a variety of different biological sources
play an important role in the treatment of industrial wastewater.

1.4.1 Bacteria

The existence of diverse bacterial populations makes it possible to degrade most of
the pollutant of industrial wastewater. The bacterial treatment of wastewater involves
the conversion of complex organic matter to harmless simple compounds by aerobic
or anaerobic process. The bacteria are frequently applied for the treatment of indus-
trial wastewater because they are easy to cultivate, grow rapidly and suited fine for
degradation and even complete mineralization of pollutants. Generally, bacteria
obtain their energy from the carbonaceous organic matter (pollutant) of industrial
wastewater. Some bacteria used the pollutants of industrial wastewater as their sole
carbon and energy source. Several bacteria have been reported in the treatment of
various industrial wastewaters (Table 1.4). These bacteria play a major role in phe-
nol degradation, heavy metal removal (chromium reduction from leather industry),
dye decolorization from textile industry, decolorization of distillery mill effluent
and removal of pollutants of other industrial wastewater such as aliphatic and aro-
matic hydrocarbons, heavy metals, insecticides and other pollutants by biosorption
or enzymatic degradation processes. Few examples of bacteria involved in
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Table 1.4 List of some
bacteria, fungi, algae and
plants involved in biological
treatment of industrial
wastewater

Bacteria

Algae

Bacillus sp.

Chlamydomonas reinhardtii

Citrobacter sp.

Chlorella vulgaris

Enterobacter sp.

Dictysphaerium pulchellum

Flavobacterium sp.

Gracilaria sp.

Micrococcus sp.

Lyngbya sp.

Pseudomonas sp.

Oscillatoria sp.

Rhodobacter sphaeroides

Scenedesmus dimorphus

Serratia marcescens

Scenedesmus obliquus

Sphingomonas sp.

Scenedesmus quadricauda

Xanthomonas sp.

Spirogyra sp.

Fungi

Plant

Aspergillus sp.

Acorus calamus

Ganoderma lucidum

Eichhornia crassipes

Geotrichum candidum

Cynodon dactylon

Gliocladium roseum

Euphorbia Prostrata

Penicillium sp.

Helianthus annuus

Phaerochaete chrysosporium

Lemna minor

Trametes versicolor

Phragmites karka

Trichoderma sp.

Pistia stratiotes

Trichophyton rubrum

Ralstonia eutropha

Trichosporon domesticum

Typha latifolia

treatment of pollutants of various industrial wastewaters are as follows: Aeromonas
hydrophila and Bacillus sp. are capable of dye decolorization, Pseudomonas putida
has potential application for bioremediation of heavy metals, Sphingomonas chloro-
phenolica is capable of complete mineralization of pentachlorophenol (PCP) and
Pseudomonas fluorescence has capability to decolorize the distillery wastewater.

1.4.2 Fungi

Fungi are multicellular organisms. They have lower sensitivity to variations in tem-
perature, pH, nutrients, and aeration. Fungi have capability to treat the toxic pollut-
ants of industrial wastewater released from various industries into harmless products
by biosorption or enzymatic processes. Fungi secrete several isoenzymes which
play major role in the removal of pollutants. White rot fungi such as Phanerochaete
chyrosporium and Trametes versicolor are ubiquitous in nature and their adaptabil-
ity to extreme conditions makes them widely exploited microorganism in treatment
of industrial wastewater. They produce various enzymes including laccases, manga-
nese peroxidases and lignin peroxidases which are involved in the degradation of
various xenobiotic compounds. White rot fungi can also remove toxic metals and
other pollutants by biosorption process. Their enzyme producing and biosorption
activity makes them more effective in the removal of pollutants from industrial
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wastewater. Many fungal species are involved in the treatment of various industrial
wastewaters (Table 1.4), for example, Trametes versicolor and Rhizopus oryzae has
been involved in treatment of paper and pulp wastewater; Phanerochaete chyrospo-
rium has been found effective for color removal from textile wastewater; Aspergillus
fumigatus has been effective for decolorization of distillery wastewater; Fusarium
oxysporum, Cadosporium cladosporioides, Gliocladium roseum, and Trichoderma
koningii has been involved in removal of heavy metals from industrial wastewater.

1.4.3 Algae

Algae are a diverse group of photosynthetic organisms having potential to treat the
pollutant of industrial wastewater mainly by bioaccumulation and biosorption. They
are able to accumulate organic and inorganic toxic substances, heavy metals, nutri-
ents, pesticides in their cells/bodies from the wastewater. Algae can remove the
excess nitrogen and phosphorus present in industrial wastewater through absorp-
tion. Nitrogen and phosphorus are commonly present in wastewaters which are
essential components for the growth of algae. A wide range of algal species includ-
ing Chlamydomonas, Chlorella, Spirulina, Scenedesmus, Pediastrum, Cosmarium
and Botryococcus have been utilized for treatment of various industrial wastewaters
(Table 1.4). These species are used to treat and remove color, odour, nitrogen, phos-
phorus, heavy metals, BOD, COD and other pollutants from various industrial
wastewaters.

1.4.4 Plants

Removal of pollutants with the utilization of plants is known as phytoremediation.
This strategy includes the use of plants that show high survivability in contaminated
sites and the capacity to uptake pollutants, which prompts consequent evacuation of
pollutants. Plants have been effectively used to remove heavy metal, petroleum
hydrocarbons, pesticides, organic and inorganic contaminants and industrial by-
products. Plant species with phytoremediation potential should have specific proper-
ties. They accumulate, extract, transform, degrade or volatilize contaminants at the
levels that are toxic to ordinary plants and furthermore they have ability to remediate
various pollutants at the same time. The phytoremediation process can take place by
any of the following ways like phytoextraction, phytostabilization, phytovolatiza-
tion, phytodegredation, rhizofiltration. The pollutants enter the plant primarily
through the roots by adsorption and accumulation. These pollutants might be stored
in the roots, stems, or leaves; changed into less harmful chemicals inside the plant; or
changed into gases that are released into the air as the plant transpires. There are
several species of plants mainly aquatic plants known for their phytoremediation
abilities to treat various industrial wastewaters such as Acorus calamus, Typha latifo-
lia, Typha domingensis, Cynodon dactylon and Phragmites communis (Table 1.4).



