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PREFACE

Nutrition is the science of foods , the nutrients and other substances therein, their action, interaction and balance in
relationship to health and disease ,the processes by which the organism ingests, digests, absorbs, transports and utilize
nutrients and disposes of their end products. In addition, it is concerned with social, economic, cultural and
psychological implications of food and eating. Nutrition science is the area of knowledge regarding the role of food in the
maintenance of health. Nutrients are the constituents in food that must be supplied to the body in suitable amounts. These
include carbohydrates, fats, proteins, minerals, vitamins and water. Chemical substances obtained from food and used
in the body to provide energy, structural materials and regulating agents to support growth, maintenance and repair of the
body's tissues, nutrients may also reduce the risks of some degenerative disease. Nutritional status in the condition of
health of the individual an inflounced by the utilization of nutrients. It can be determined only by the correlation of
information obtained through a careful medical & dietary history, athorough physical examination & appropriate
laboratory investigation.

India has 2nd largest population in the world after china. So we need largest amount of basic needs to our
population. The development of our country is based on the development of ndustrial and agricultural production. The
figures in the discipline of nuclear and radiation technology have revolutionized the developments in the field. our
unplanned activities for gaining immediate more profit, are creating environmental pollution in different disciplines. All
living organisms including man have been exposed to certain types of toxic substances since time immemorial.
advances in science & technology have provided mankind with capabilities and know how to produce synthetic
chemicals, some of which are highly toxic. Toxic chemicals invariable find their way into the body tissues directly or
indirectly through complex food chain & some of these are quite stable or have unusually long half life. further, certain
chemicals are neighter fully metabolized nor quickly detoxicated & therefore, create serious problems of residue
accumulation increasing use of these chemicals are changing the metabolism activates of human beings. They are
creating pollution everywhere in the country. Therefore it is an urgent need to check up the unwanted use of these
chemicals and to find out a feasible technology which is environmentally save, socially acceptable, economically viable
and poses no risk to agro- ecosystem.

Farming system is more or less stable arrangement of farming activities managed by the household. Farming
system that are ecologically compatible should not only involve crop production but are also depend upon integration
with other enterprises like animal husbandry, horticulture, vegetable production, piggeries, fisheries, apiculture,
goatery, poultry, sericulture and agro-forestry. The concept of farming system includes components like soil, water,
crops, livestock, labours and other resources available with the farmers' families. The best strategy for economic
viability within agriculture system for production of milk and their products, fodders, fuel eggs, fisheries etc. The
enterprise flexibilities can be achieved through reduced input cost and increased diversification of activities providing
more and more employment opportunities.

The development of a country is based on the development of industrial and agricultural production. Our
unplanned activities for gaining immediate more profit, are creating environmental pollution in different discipline. All
living organisms including man have been exposed to certain type of toxic substances since time immemorial. Advances
in Science and Technology have provided man kind with capacities and know-how to produce synthetic chemicals, some
of which are highly toxic. Their precise effect on the life processes still remain inadequately known. Toxic chemicals
invariably find their way into the body tissue directly or indirectly throw complex food chain and some of these are quite
stable or have usually long halflife. Further certain toxic chemicals are neither fully metabolized nor quickly detoxicated
and therefore, create serious problems of residue accumulation. Increasing use of these chemicals are changing in
metabolism activities of human beings. They are creating pollution every where in the country. Therefore it is very
necessary to check the unwanted use of these chemicals and to find out a feasible technology which is environmentally
save.

The editors pay their sincere thanks to almighty God for his grace without which this book would not have
come into existence. We wish to thank and appreciate all the contributors who contribute in this book and made it an
outstanding effort which is expected to play some role in enhancing the Technological Innovation in agriculture and
rural development through the world. This book contains 44 chapters in different fields of Technological Innovation in
agriculture sustainable agriculture and rural development. The main aim of this book is to provide a comprehensive and
critical review of the work done in different fields of agriculture, Technological Innovation in rural development. We
hope this publication will provide a valuable source of information and will lead to make further advancement in
different fields of Agriculture, Environment and Nutritional Security.

Editors
Hemlata Pant
D.K. Srivastava
Preeti Singh
Devendra Swaroop
Kamlesh Singh
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CONTRIBUTION OF PATH BREAKING WOMEN SCIENTISTS IN RESEARCH AND
EDUCATION

A.S.NINAWE
Department of Biotechnology, 6th-8th Floor, Block - 2, CGO Complex, New Delhi-110003, India

S&T sector has shown sustained growth over the years despite great challenges and has created a new
platform for women in research, teaching and education. It paved the way for women to gain entry in to the
magical world of science. This has been the reason for India's fast growth in the sector of S&T with motivation
of brilliant minds by sharpening their skills. A glorious success of Indian women scientists could make to
inspire the young girl students to pursue higher education in the disciplines of science, engineering, life
sciences and biotechnology.

It has been experienced that women of this country are very bright, brilliant and sincere in their work.
They constitute 50% of the human resources of India making it very advanced country by utilizing their talent
pool and human resource in solving socio-economic problems with their techno-economic empowerment.
Good scientific and technological leads achieved in health, food and nutritional security, environment,
sanitation, the potential sectors for development for women with appropriate S&T measures. It has been a
privilege to mention that the active presence of women in Science based activities had enabled S&T
contribution in a more holistic and objective manner. The contribution of some of the women scientists in
India who have given great support to boost the scientific research in life sciences, physical sciences and
biotechnology inspired the young women to take science discipline as their career in large numbers.

The Ministry of Science & Technology is greatly recognizing the efforts of women scientists every
year on the occasion of International women year with a focused theme '"Women Leadership in Science &
Technology' and providing impetus to budding scientists to take challenges in their career in academics,
research, entreprencurship development and gender issues in science. The quest of scientific knowledge in
discovery drivenresearch is rare that greatly contributed by women scientists.

It is unforgettable to remember the contribution by some of the path making women scientists' viz.
Dr. Indira Nath and Dr. Sunita Saxena who have contributed in Human Health and Medical Sciences, Dr.
Chandrima Saha in Immunology, Dr. Chitra Sarkar and Dr. Sashi Wadhwa in Neuropathology and
Neurobiology, Dr. Kasturi Dutta in Life Sciences and Biotechnology, Dr. Renu Khanna Chopra in Agriculture
Sciences, Dr. Bimla Bati in Plasma physics, Dr. Vibha Tandon in Medical Chemistry and Radiation Biology,
Dr. Krishna Mishra in Medical Sciences in drug designing, Dr. Rupamanjari Ghosh in Quantum Physics, Dr.
Charu Sita Chakravarti in Quantum Sciences and Computer simulation methods and Dr. Riddhi Saha in
mathematical science. These women scientists have continued their efforts with their inter-disciplinary
research approach in the area of life sciences and biotechnology.

Dr. Manju Sharma is always remembered for the development of S&T and biotechnology research in
India. She has been the role model for focusing India's presence in the global research arena. The
establishment of large numbers of institutes in biotechnology research has given impetus in life sciences and
biotechnology by focusing major emphasis on human resource development, infrastructure creation at the
educational and research institutes, promotion of biotechnology in the states and certainly on biotechnology
policy initiatives and implementation protocol.

Madam Marie Curie could be an idol for any scientist. She made a great discovery with her devotion
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in science leading to pioneering research on radioactivity. She was the first woman to win a Nobel Prize, the
first person and only woman to win twice, the only person to win a Nobel Prize in two different sciences, and
was part of the Curie family legacy of five Nobel Prizes. She was also the first woman to become a professor at
the University of Paris, and in 1995 became the first woman to be entombed on her own merits in the Panthéon
in Paris.

American environmental microbiologist Rita Rossi Colwell, Scientific Administrator, Founder and
Chair of CosmosID, a bioinformatics company and the 11th Director of the National Science Foundation. She
was the first female director of the foundation supporting that developments in public and Government on
global infectious diseases and health. She has developed an international network that has brought attention to
the emergence of new infectious diseases in drinking/bathing water, the issues pertaining to the developing
world.

Government agencies have identified large numbers of schemes for women benefitting them in
higher education and witnessing their entry in different science disciplines, including engineering, arts and
humanities apart from their involvement in extension activities from lab to field and in every sphere of S&T.
Educated women are working as bio-scientist in R&D labs and pharmaceutical companies. Awareness
activities through training and counseling programmes for teachers and trainers are widely disseminated by
state S&T councils through qualified women folk. However, their adequate representation at different levels
is yet to reach at optimal level. Opportunities are created in research and education through research grants
and fellowships available for women scientist/ researchers both at institutional and non-institutional levels in
R&D to address their societal issues.

The Department of Science & Technology supports scholarship scheme for women scientists and
technologists in India, who have breaks in their career due to social responsibilities and are interested to return
to the field of science and work. The Department of Biotechnology also supports a scheme Biotechnology
Career Advancement and Re-orientation (Bio-CARe), to enhance the participation of Women Scientists in
Biotechnology Research. These schemes and programmes are supporting to meritorious students across the
country with special encouragement to girls and physically challenged with science scholarship programme
to young women to pursue careers in scientific studies.

The Department of Biotechnology further promoting partnership innovation research to product
development through a non-profit section 25 company BIRAC, working with i3 (ignite, innovate and
incubate) concept nurturing and mentoring innovations supports women scientists and the entrepreneurs
through development of products at various stages from pre-discovery to commercialization. The women
scientists are nurtured with innovative ideas through ignition grant programme and strategic partnership with
aligned organizations like Bill and Melinda Gates Foundation. Successful women entrepreneurs are taking
high tech biotechnology as commercial ventures for potential development as recombinant therapeutics,
molecular diagnostics, vaccines, contract research etc.

On the occasion of International Women's Day, Department of Biotechnology had organized a two-
day national seminar on Women Leadership in Science & Technology: Opportunities & Challenges at INSA,
New Delhi on 9th-10th March, 2017. During the seminar, discussions were held on opportunities and
challenges for professionally qualified women scientists and their contribution to the landscape of insights in
the area. The seminar was dedicated to the efforts of the spirit of excellence demonstrated by women in
science, technology and biotechnology. It was also for exploring the challenges in academics in changing
environment for research and management and for creation of opportunities for start-ups and
entrepreneurship development.

In the field of entrepreneurship, not only for S&T but also the general opportunities for women and
technology were debated to encourage that the percentage for women entrepreneurs in India needs
encouragement. The gender aspects in science policy need for gender conscious, especially for S&T
programmes for improving livelihood of tribal women to mobilize them in science and gendering in larger
context for inclusive growth. Science and Media Advocacy rises in science communication as flexible career
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opportunities for women to engage them with civil societies in S&T. At grassroots level the issues were
discussed for the improvement of quality of lives of women through S&T with SHG approach.

The National Seminar on Women Leadership in S&T created opportunities for women scientists to
project their challenges through S&T programmes with the integration and networking of resources and
talents with the support of science based policy.

Women leaders are debating on S&T policy issues for the promotion of science, education and
research

References:

1. Gauhar Raza et.al; 2016; Scientifically Yours: Selected Indian Women Scientists; Publication of
CSIR-NISCAIR & Vigyan Prasar; 135 pp

2. Report on the Celebration of Women Leadership in S&T organized by DBT on the occasion of

International Women Day on March 9-10,2017 at INSA, New Delhi
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ENVIRONMENT AND HUMAN HEALTH

AMITA PANDEY

Department of Botany

C.M.P. College, University of Allahabad,
Allahabad-211002, (U.P.), India

Environment has been one of the most important factors in human life. It is one of the most important
triggers in the increasing awareness of the need for better environmental management. The changes in our
environment induced by human activities in nearly every sphere of life have an influence on our health
patterns.

Environmental health, as defined by WHO, comprises those aspects of human health including the
quality of life, that are determined by physical, chemical, biological, social and psychosocial factors in the
environment. It also refers to the theory and practice of assessing, correcting, controlling and preventing those
factors in the environment that adversely affect the health of present and future generations.

Climate change related impacts on human health could lead to displacement of a large number of
people, creating environmental refugees and lead to further health issues. Change in environment may affect
the distribution of vector species (eg. mosquitoes) which in turn, will increase the spread of diseases such as
malaria and filariasis, to new areas which lack a strong public health infrastructure. The seasonal transmission
and distribution of many diseases that are transmitted by mosquitoes (dengue, yellow fever) and by ticks
(Lyme disease, tick borne encephalitis) may spread due to climate change. Climate affects their distribution
and abundance through its effects on host plants and animals.

The environment affects health in a variety of ways. Climate and weather affect human health. Public
health depends on sufficient amounts of good quality food, safe drinking water, and adequate shelter. Natural
disasters such as storms, hurricanes and floods still kill many people every year. Unprecedented rainfall
triggers epidemics of malaria and water- borne diseases.

The atmosphere is an insulating blanket around the earth. It is source of essential gases and
maintains a difference of day and night temperature. Unfortunately the concentration level of different gases
show variations due to pollution. There are also added a number of harmful gases into the atmosphere which
adversely effect the air quality and make it unfit for living organisms. The atmosphere is said to be polluted if
the concentration of any constituent increases or decreases drastically to cause harmful effects on human
health or his environment. The addition of foreign materials into the atmosphere may also cause pollution.

Air pollution is clearly a great danger to man and it can lead to disastrous incidence. High-density
city traffic leads to an increase in respiratory diseases like asthma. But not many are however aware of this
fact that the air we breathe is contaminated with dust and gases in harmful proportions. Solid and liquid
aerosols suspended in the atmosphere are referred to as suspended particulate matter (SPM). They arise from
grinding erosion, spraying etc. Aerosols are the chemicals which are referred into the air with force in the form
of mist or vapours. Aerosols cause serious environmental pollution in recent years. The aeroplane emission is
an important source of aerosols in upper atmospheric layer. Although smoke is popularly used to denote
mixtures of particulate matter, fumes, gases, and mists. Dust is referred to solid dispersion aerosol and mist to
liquid aerosol. The aerosols contain fluorocarbons. Fluorocarbons deplete the ozone layer in the stratosphere
and thus permit more harmful ultraviolet radiations to reach the earth surface.
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Ozone layer act as preventive covering against ultra violet light. From the emission of supersonic
aeroplanes nitrogen and sulphur oxides are released which also cause thinning of ozone layer. Carbon
tetrachloride (CCl,) is also known to destroy some of the stratospheric ozone. Atmospheric particles can
scatter and absorb sunlight thus reduce the visibility. Reduced visibility is undesirable and is also dangerous
for aircraft and motors. In general cities receive about 15-20% less solar radiation than rural areas and the
reduction of sunlight can become as high as one- third in summer and two -third in winter. The reduction in
sunlight is due to fuel combustion for industrial and house heating purposes. The effect of particulate matter
include corrosion of metals, erosion and soiling of buildings, sculpture and painted surfaces and soiling of
clothing, damage of electric equipments etc.

The assumption that the only indicator of human progress is economic growth is not true. We expect
urbanization and industrialization to bring in prosperity, but on the downside it leads to diseases related to
overcrowding and poor quality drinking water, resulting to an increase in water borne diseases like infective
diarrhea and air borne bacterial diseases like tuberculosis. Agricultural pesticides that enhanced food supplies
during green revolution have affected both farm worker and all of us who consume the product. Modern
medicines promised to solve many health problems, especially associated with infectious diseases through
antibiotics, but bacteria have found ways to develop resistant strains, frequently even changing their behavior
in the process, making it necessary to keep on creating newer antibiotics. Many drugs have been found to have
serious side effects. Some times the cure is as damaging as the disease process itself.

Human physiology can adapt to changes in weather, within certain limits. However, short term
fluctuations in weather lead to serious health issues. Heat waves cause heat related illness and death (eg, heat
stroke). The elderly and persons with existing heart or respiratory diseases are more vulnerable. The heat
wave in India in 1998 was associated with many deaths.

Environmental problems created by development are due neither to the need for economic
development, nor to the technology that produces pollution, but rather to a lack of awareness of the
consequences of unlimited and unrestricted anti-environmental behaviour. Thus development has created
several long-term health problems while better health care has led to longer life spans, coupled with lowered
infant mortality, it has also led to an unprecedented growth in our population which has negative implications
on environmental quality. A better health status of society will bring about a better way of life only if it is
coupled with stabilizing population growth. Environmental education is the best programme to deal with the
environmental problems by creating awareness of the problems, developing new attitude towards the
problem.

The understanding of environmental concerns and issues related to human health has
exploded during the last few years due to the sudden growth of information technology. The internet with its
thousands of websites has made it very simple to get the appropriate environmental information for any study
or environmental management planning. This not only assists scientists and students but is powerful tool to
help increase public awareness about environmental issues. The relationship between the environment and
health has been established due to growing utilization of computer technology.

References:

1. McLaughlin, John F.; ef al. (2002-04-30). "Climate change hastens population extinctions" (PDF).
PNAS 99 (9): 6070-6074. doi:10.1073/pnas.052131199. Retrieved on 2007-03-29.
The Ocean and the Carbon Cycle . NASA (2005-06-21). Retrieved on 2007-03-04.

3. Summary for Policymakers (PDF). Climate Change 2007: Impacts, Adaptation and Vulnerability.

Working Group Il Contribution to the Intergovernmental Panel on Climate Change Fourth Assessment
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ENVIRONMENTAL DISEASES

ROLISRIVASTAVA*, ANIL KUMAR SHUKLA AND ARTI GUPTA
Department of Chemistry

C.M.P. College, University of Allahabad,

Allahabad -211002, (U.P.), India

An environmental illness can occur when we are exposed to toxins or substances in the environment.
Environmental diseases are a direct result from the environment. This includes diseases caused by substance
abuse, exposure to toxic chemicals, and physical factors in the environment, like UV radiation from the sun,
as well as genetic predisposition. Meanwhile pollution-related diseases are attributed to exposure to toxins in
the air, water, and soil. Therefore all pollution-related disease are environmental diseases but not all
environmental diseases are pollution-related diseases. Exposures to environmental pollution remain a major
source of health risk throughout the world though risks are generally higher in developing countries where
poverty, lack of investment in modern technology and weak environmental legislation combine to cause high
pollution levels.

Illnesses and conditions caused by factors in the environment are collectively called environmental
diseases. Pesticides, chemicals, radiation, air pollution, and water pollution, are some of the manmade
hazards that are believed to contribute to human illnesses.

In epidemiology environmental diseases are due to environmental factors like genetic factors and infection.

Stress, physical and mental abuse, diet, exposure to toxins, pathogens, radiation, and chemicals found in

almost all personal care products and household cleaners are possible causes of a large segment of non-

hereditary diseases.

There are different types of environmental diseases[ 1].

Lifestyle disease

. such as cardiovascular disease, diseases caused by substance abuse such as alcoholism, and
smoking-related disease

. Disease caused by physical factors in the environment, such as skin cancer caused by excessive
exposure to ultraviolet radiation in sunlight

1. DISEASES CAUSED BY POLLUTION INTHE AIR

. Asthma attacksare due to inhaling various poisonous gases and constant suffocation owing to
polluted air

. Weakening of lung function is due to constant inhaling of contaminated air

. Pulmonary cancer is because of inhaling various carcinogenic stuff through polluted air

. Mesothelioma is another type of lung cancer because of inhaling asbestos particles suspended in the
air

. Pneumonia is an infection of lungs because of breathing inside bacteria flying in wind pressure and
moves into the respiratory system of'a person who inhales polluted air

. Bronchitis is the inflammation and swelling of the air passages between nose to lungs and throat to
lungs
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Emphysema is a state of lungs with tiny air sacs
Leukemia is exposure to benzene vapors causes this disease which is a type of blood cancer
Birth defects and immune system defectsoccurs due to constant breathing in polluted air

Cardiovascular problems is due to bad air quality and lot of poisonous gases and particulate matter
suspended in the air cause heart diseases and stroke

Neurobehavioral disorders is result of inhaling polluted air that directly affect your neuro system

Liver and other types of cancer is due to suspended carcinogenic (cancer causing) matter in the air
and all types of cancer related to respiratory system

Premature death is dueto outcome of constant inhaling of polluted air
Autism is tendency to live in isolation[2]
DISEASES CAUSED BY POLLUTION IN THE WATER

Typhoid is an infectious diseases caused by intake of water with harmful bacteria and mixing of
various water pollutants

Giardiasis| 3 ]is an intestinal diseases caused by microscopic parasite present in polluted water
Amoebiasis is a type of gastro disease gives risediarrhoea

Ascariasis is intestinal infection due to intake ofascaris's eggs with polluted water
Hookworm is another form of parasitic infection of intestines

Gastroenteritis is an inflammation of gastro intestines

Diarrhea means complete disorder of your digestive system and inflammation in your stomach
because of drinking water pollution

Encephalitis isacute inflammation of brain because of viral infection

Stomach cramps and aches arises due to presence of various harmful bacteria in polluted water
Vomiting results due to misbalance of digestive system

Hepatitis is an inflammation of liver as aresult of viral infection; it is of A, B and C types

Respiratory infections is due to flow of polluted water into the respiratory system while bathing
and cleaning nose

Liver damage and even canceris due to presence of chlorinated solvents in the polluted water
Kidney damage is due to presence of various harmful chemicals present in the polluted water

Neurological problems includes weakening of nervous system owing to presence of DDT and other
pesticides in water that mix into it with agriculture run-off

Weak sexual power is due to presence of various chemicals in drinking water including endocrine
disruptors

Thyroid system disorders arises because of various harmful chemicals in polluted water
Malaria it is a mosquito borne infectious disease caused by persistent water pollutants

Rashes on skin presents on sensitive parts of body because of direct contact of various harmful
chemicals present in polluted water

Ear achesis result of direct contact of polluted water in sensitive parts of ear
Pink eyes is present as aresult of passage of polluted water on eye surface
DISEASES CAUSED BY POLLUTION IN THE SOIL

Cancer it is result of direct exposure of body to polluted soil that has a lot of harmful chemicals
including benzene, chromium, pesticide, week killing chemicals etc.

Brain and Nerve Damage as aresult of exposure to soil that is lead-contaminated
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Kidney and Liver Disease it is also an outcome of polluted soil that has various infectious chemicals
4. HEALTHEFFECTS OF POLLUTION OF NOISE

. Efficiency decrease of people living in noisy environment is the major effect of noise pollution

. Lack of concentrationpeople affected by noise polluted fail to concentrate

. Fatigue it is due to persistent noise make them tired sooner than normal beings

. Abortion is due to the shocks on pregnant woman owing to noise

. Blood Pressure it is caused because of mental disturbance of a person living in noisy environment
foralongtime

. Temporary or permanent deafness it is the most lethal effect of noise pollution and may appear in
older age mostly

. Ancxiety it is due to person in constant noise exposure does not have strong nerves and get worried on
smaller problems

5. Diseases caused exposure to toxic or irritant chemicals in the environment such as toxic metals[4]

The dye industry has experienced rapid growth in the world economy with the development of bright and
inexpensive textile colors. However in the early 20th century researchers in the scientific community have
confirmed that exposure to benzidine and beta-naphthylamine two dye intermediates leads to bladder cancer.
Dye workers who were routinely exposed to benzidine have 14 times the probability of developing bladder
cancer that unexposed workers have and those exposed to beta-naphthylamine have 87 times the probability
of developing bladder cancer. Wastewater discharged by dyeing plantsif not properly treated can contain
large amounts of hazardous chemicals. The development of the petrochemical industry made possible the
wide use of plastic products in our daily lives. However later the scientific community in Europe had
confirmed that vinyl chloride a major petrochemical used in the production of plastic materials was a potent
carcinogen. It causes a rare type of cancer [5]angiosarcoma of the liver as well as more common liver cancers
and cancers of the kidneys, brain, lungs, digestive organs, and respiratory system. Asbestos has been widely
used in industry over the past century. Nowadays more than 3000 products contain asbestos including brake
linings, hair dryers, insulation, textiles, cement, and pipes. The inhalation of asbestos fibers is extremely
hazardous. It causes asbestosis a fatal disease characterized by the progressive scarring of lung tissue
resulting in shortness of breath also causes lung cancer and mesothelioma a rare form of cancer in the pleural
or peritoneal membrane. The inhaled asbestos fibers can migrate throughout the body results cancers of the
gastrointestinal tract, larynx, and kidney have also been detected in asbestos workers, their family members
and residents living in the neighborhood of asbestos plants[6-7]. Industries causes air pollution, water
pollution, soil erosion, diseases related to soil degradation and injuries to mankind.

Tablel. Selected major "environmental disease' outbreaks

Location and | Environmental hazard | Type of disease Number affected
year

London, UK | Severe air  -pollution | Increase in heart and lung | 3,000 deaths, many others ill
1952 with sulphur dioxide | disease manifestations
and suspended
particulate matter
(SPM)

Toyama, Cadmium in rice Kidney and bone disease | 200 with se  vere disease,
Japan 1950s (“Itai-itai disease™) many more with slight effects
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South-east
Turkey 1955 -

Hexachlorobenzene in
seed grains

Porphyria; neurological
disease

3,000

seed grains

61
Minamata, Methylmercury in fish | Neurological disease 200 with severe disease,
Japan 1956 (“Minimata disease”) 2,000 suspected
USA cities Lead in paint Anaemia, behavioural and | Many thousands
1960s-70s mental effects
Fukuoka, Polychlorinated Skin disease, general Several thousands
Japan 1968 biphenyls (PCBs) in | weakness
food oil
Iraq 1972 Methylmercury in | Neurological disease 500 deaths, 6,500 hospitalized

Madrid, Spain

Aniline or other toxin

Various symptoms

340 deaths, 20,000 cases

Brazil 1987

abandoned cancer
therapy machine

up of in utero exposures
continuing)

1981 in food oil
Bhopal, India | Methylisocyanate Acute lung disease 2,000 deaths, 200,000
1985 poisoned
California, Carbamate pesticide in [ Gastrointestinal, skeletal, | 1,376 reported cases of illness
USA 1985 watermelons muscle, autonomic and resulting from consumption,
central nervous system 17 severely ill
effects (Carbamate
illness)
Chernobyl, Todine-134, Caesium - | Radiation illness 300 injured, 28 died within 3
USSR 1986 134 and -137 froma | (including increases in months, more than 600 cases
reactor explosion cancer and thyroid of thyroid cancer
diseases in children)
Goiania, Caesium-137 from an | Radiation illness (follow - | Some 240 people were

contaminated and 2 died

Peru 1991

Cholera epidemic

Cholera

139 deaths, many thousand ill
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AIR POLLUTION CONTROL WITH WET SCRUBBERS
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Scrubbers are air pollution control devices that use liquid to remove particulate matter or gases from
an industrial exhaust or flue gas stream. This atomized liquid (typically water) entrains particles and pollutant
gases in order to effectively wash them out of the gas flow. In comparison to other air pollution control
devices, scrubbers are very multidisciplinary, with the ability to remove solids, mists, and gases
simultaneously while also providing cooling. They are also capable of handling explosive and flammable
gases safely. However, scrubbers suffer from high levels of corrosion and produce slurry waste streams which
are less convenient for recycling and disposal.

Typical wet scrubber systems consist of a scrubbing vessel, ductwork and fan system, mist
eliminator, pumping (and possible recycle system), spent scrubbing liquid treatment and an exhaust stack.
Modern controls are used to monitor the system and make any necessary adjustments.

Wet scrubbers are common in many industrial applications including pollutant reduction at petroleum
refineries, chemical processes, acid manufacturing plants, and steel making.

Scrubber Design and Operation

Scrubbers are devices that use a liquid (often water) to capture and remove pollutants. Through a
nozzle or orifice a scrubbing liquid is atomized and dispersed into the gas stream. The droplets entrain and
capture dust particles through agglomeration, adherence, or encapsulation. This effectively increases the size
and mass of the particles, making them easier to collect in a subsequent filter or separation process. The
scrubbing liquid simultaneously absorbs and neutralizes gaseous pollutants. Suspended liquid is typically
recovered in mist collectors and recycled through the system.

Many air scrubbers, wet scrubbers, and gas scrubbers are available with pre-filters or final filters to
further reduced emissions. Pre-filters are installed upstream of the scrubber intended to catch larger particles.
While the scrubber itself would be able to remove these larger particulates as well, their removal allows the
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scrubber to be designed to focus more keenly and effectively on smaller particulates. A final filter is often
installed downstream of the scrubber, and is intended to catch fine particles that were not removed during the
scrubbing process.

A key parameter in the design of scrubbers is the liquid-to-gas ratio (L/G). It is commonly expressed
in gallons per minute (gpm) of liquid divided by actual cubic feet per minute (acfm) of gas. This ratio is
determined by the solubility of the gas pollutants, the abundance of pollutants and particulate matter in the gas
stream, and the mass transfer characteristics of the tower. Increasing (L/G) increases the collection efficiency
of the system, so finding the optimum ratio is important for balancing performance with operating costs.

In wet scrubbing processes, liquid or solid particles are removed from a gas stream by transferring
them to a liquid. The liquid most commonly used is water. A wet scrubber's particulate collection efficiency is
directly related to the amount of energy expended in contacting the gas stream with the scrubber liquid. Most
wet scrubbing systems operate with particulate collection efficiencies over 95 percent. Wet scrubbers can also
be used to remove acid gas; however, this section addresses only wet scrubbers for control of particulate
matter.

There are three energy usage levels for wet scrubbers. A low energy wet scrubber utilizes pressure
drops less than 5 inches of water column and are capable of efficiently removing particles greater than about
5-10 micrometers in diameter. A medium energy scrubber has a pressure drop from 5 to 25 inches of water
column and is capable of removing micrometer-sized particles, but is not very efficient on sub-micrometer
particles. A high energy scrubber expends the most energy and has a pressure drop of 25 to over 100 inches of
water column, which is necessary to remove sub-micrometer particles.

Types of Scrubber
e Chemical Scrubbers / Gas Scrubbers
 Particulate Scrubbers / Venturi Scrubbers
e Ammonia Scrubbers
e Chlorine Scrubbers
 Particulate / Dust Scrubbers
 Sulfuric Acid Scrubbers

A spray tower scrubber is a low energy scrubber and is the simplest wet scrubber used for particulate
control. It consists of an open vessel with one or more sets of spray nozzles to distribute the scrubbing liquid.
Typically, the gas stream enters at the bottom and passes upward through the sprays. The particles are
collected when they impact the droplets. This is referred to as counter-current operation. Spray towers can
also be operated in a cross-current arrangement. In cross-current scrubbers, the gas flow is horizontal and the
liquid sprays flow downward. Cross-current spray towers are not usually as efficient as counter-current units.

The most common high energy wet scrubber is the venturi, although it can also be operated as a
medium energy scrubber. In a fixed-throat venturi, the gas stream enters a converging section where it is
accelerated toward the throat section. In the throat section, the high-velocity gas stream strikes liquid streams
that are injected at right angles to the gas flow, shattering the liquid into small drops. The particles are
collected when they impact the slower moving drops. Following the throat section, the gas stream passes
through a diverging section that reduces the velocity.

All wet scrubber designs incorporate mist eliminators or entrainment separators to remove entrained
droplets. The process of contacting the gas and liquid streams results in entrained droplets, which contain the
contaminants or particulate matter. The most common mist eliminators are chevrons, mesh pads, and
cyclones. Chevrons are simply zig-zag baffles that cause the gas stream to turn several times as it passes
through the mist eliminator. The liquid droplets are collected on the blades of the chevron and drain back into
the scrubber. Mesh pads are made from interlaced fibers that serve as the collection area. A cyclone is
typically used for the small droplets generated in a venturi scrubber. The gas stream exiting the venturi enters
the bottom of a vertical cylinder tangentially. The droplets are removed by centrifugal force as the gas stream
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spirals upward to the outlet.

Wet scrubbing systems are susceptible to several operating problems. The most common of these
include inadequate liquid flow, liquid re-entrainment, poor gas-liquid contact, corrosion, and plugged
nozzles, beds, or mist eliminators.

Dry Scrubbers

Wet scrubbers are the most common and well-known types of scrubbers. However, recently the term
'scrubber’ has also been used to describe air pollution devices which inject a dry sorbent or spray into a gas
stream. This effectively eliminates the problematic liquid waste stream, capturing instead a dry solid.
Applications for dry scrubbers include the removal of acid and odorous gases from boilers, incinerators, and
wastewater treatment plant operations.

Dry sorbent injectors inject an alkaline material into a gas stream to react with acid gases. The reaction
produces solid salts which are removed in the system's particulate control device. Efficiencies for these
devices are limited, but can be improved by increasing the humidity or using wet scrubbing in addition to dry
injection.

Dry spray absorbers are packed towers where the gases are contacted with atomized alkaline slurry. Acid
gases form solid salts which can then be removed in the system's particulate control device. Spray dryers can
achieve acid gas removal efficiencies above 80%.

Selection tip: One of the key design considerations for packed tower scrubbers is the selection of packing
material. The packing's surface area, material, shape, weight, and cost are all important factors for finding a
chemically compatible packing that gives maximum gas-liquid contact and low gas-phase pressure drop.

Monitoring Information

The primary indicators of wet scrubber performance are pressure differential, liquid flow rate, and
scrubber liquid outlet concentration. The less significant indicators of gaseous pollutant control efficiency for
wet scrubbers are gas flow rate, neutralizing chemical feed rate, and scrubber outlet gas temperature.
Parameters to monitor as an alternative to scrubber liquid outlet concentration include scrubber liquid pH,
scrubber liquid specific gravity, and scrubber makeup/blow down rates. For systems that control gaseous
streams with low particulate matter loadings, there is no advantage to monitoring the scrubbing liquid solids
content. In this way the scrubbers is so useful for control of air pollution.
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Vermiculture is an ecotechnology which harnesses the self-designed and self-regulated ecosystem.
Here, the earthworms play a key role in the soil ecology by acting as a natural aerobic bio-reactor as well as a
bio-manager. They farm aerobic bacteria, the versatile and most productive bioprocessing agents, which use
crop residues (dead roots, shoots, etc.) to fix atmospheric nitrogen, solubilize the fixed soil phosphorus, make
potassium, calcium, magnesium, sulfur and essential micronutrients available, produce vitamins, antibiotics
and plant growth hormones. Their metabolites in turn are absorbed by the plant roots as growth factors.

Earthworms also cull the anaerobic bacteria, pathogens, fungi, protozoa, etc. and graze on sensecent
bacterial colonis, thus keeping them young and productive. In the soil as biomedium, earthworms process the
soil along with the organic matter (valuable substrate) by grinding into micron-size particles thus increasing
the speific surface area. These ground particles, however, are agglomerated by the earthworms into 2-3 mm
granules which maintain the voidage. This soil phenomenon enables a high surface area for nutrient
absorption and a high enough voidage for air and water circulation. This product having a mechanical
strength @ 1 ton/m” and specific surface area of 600 m’/g is called vermicastings which is an effective
biofertilizer.

Properties of Vermicastings :
Ithas aneutral pH & contains balanced plant nutrients in available form.
Improve structural stability of soil.
Absorbs moisture from air.
Enhances water retaining capacity.
Improves infiltration properties of soil.
Contains plant nutrients and beneficial soil micro-organisms.
Prevents leaching of nutrients to ground water.
Improves soil structure and productivity.
Increase immunity against pest attack.
Provides balaned nutrition for plants.
Contains earthworm cocoons.
Ecological Classification:

The present discussion about the earthworms, which has been used in the technology, pertains to K-
selected organisms. These, unlike r-selected organisms (redworms, etc.), maintain a steady biomass in the
soil at the carrying capacity controlled by the available food, moisture, etc. They often construct permanent
burrows in the soil, thereby tilling the soil upto 3m. They also take in rock and soil particles for carrying out
process such as grinding and mixing with humus. They increase porosity, aeration and infiltration by filling
the soil to a depth of 3m as discussed earlier. Species of Earthworms cultivated in vermicultureZropical
speciesTemperate speciesEndrilus eugeniaeElsnia fetikdaPerionyx excavatus Eleshia andreiPolypheretima
elongataLumbricus rubellus
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Pest Management & Role of Weeds:

Healthy soil has a balanced population of beneficial soil microflora and burrowing earthworms. This
eliminates soil pathogens through competition and antibiosis. Vermicastings provide a balanced nutrition to
plants, thus giving them resistance to pests, thereby eliminating the use of both pesticides and chemical
fertilizers. Weeds, too, change according to the soil defi